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'" HORARJ·O 

16 de abril 17:00 a 18:00. 

18:00 a 21 :DO 

17 de abril 9:00 a 14:00 

23 de abril '17:00 a 21:00 

2~ de abril . 9:00" 1~:00 

' JO de abrl 1 17:00a 21 :00' 

7 d': mayo 17:00 B 21:00 

., 
de mayo 9:00 a 14:00 

" de mayo 17:00 a 21:00 

15 de mayo 9:00 a 14 :00 

,,_.., ., 
e 

HETOOOLOIHA PARA El DESARROL\.0 DE SISTEMAS OE INfORHACIOU 
(del 16 de ;¡brll al 15 de mayo d_~ __ l9_82) 

T E M A -S 

.. 
EL ENfOQUE 'EsTRUCTURADO Of DESARROLLO .DE SOFT\.IARE 

ANALISIS ESTRUCTURADO 

ANALISIS ESTRUCTURADO 

DISE~O ESTRUCTURADO ... 
.. ' . 

OISERO ESTRUCTURADO . - ". 

PROGRAMACION ESTRUCTURADA 

PROGRAMACIOH ESTRUCTURADA 

CONTROL OE CALIDAD. 

HANTENIHIENTO DE PROGR!. 

CASOS PRACT 1 COS 

PROtESORES 

lng, Jorge Eu~n Avlla1 

lng, Alejandro AcostJ 

lng. Al<tjandro Aco~t~ 

' 
lng. Raymundo H. R-"n~el Gutiér'rez 

lng. ,Raymundo H. Ra.ngel Cut iérrez _" 

H. en C. Mardal Purt 111<'1 Robertson 

lng. Armando Oiaz:t•r•<ljal 

lng. Alejandro AcoSI" . 
lng. José Orig<ll Couli~o 
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DE EDUCACION 
TAO DE 

CONTINUA 
N.A. M. 

METOOOLOGIA PARA El DESARROLLD DE SIS'fD.iAS 

DF. l~FOR!.fACTO.'i 

H.I,'ITENIMIFNJ'O DE PRo::;RAMAS 

I~G.AR.\t.\.\'00 DIAZ 

• 
HAYO, 19R2 ~ 

Pol..,o do MiMrio Callo do Tacubo 5 ptime• piso O.log. Cu•uhUmoe 06000 M<xieo, D.f. To!.: 521-10.20 Apdo. Pooul M-2~ 
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1HC CONTC~T OF DCS!G~ 

fetu fuuan 
Qniveralty af Calll<>rnia, Irwln• 

1 

Befare un~•tt~king a stoo!y o( SD!twou 
design teo~nlqu~s, lt il hportant to 
undecstand the tnUI contut In w~!ch 
&oft.,are dnl<;~n •~•u phce. Thu paFe< 
uninu ü.e roh of dUi9n in th •o!t .. are 
develo¡:~ent !U• cYcle and 1llvotrata1 tbe 
distlnctions betwHn dul<;~n ond F<09Umrulng. 

Utl>ou<Jb there &U 11any 
cl>a<actec\utlono of the •Yot•• develop~ent 
pr<>CU> {see, (or no..ple, Teichf<>•" !ll or 
.. any o( the enu111 ln Secti<>n VI),>;@ 
belhve ,the follo.,ln~ fln 1ta91 cycle 
provldn a ~ocd ba•h !or our d1sCusslono1 

1) ]!•<'<~• .t.nalydo - TH eventual 
uur---¡;-r • •rn•• diacoven o ne<'d 
for "hlch an ln!orutlon syotl& 
seems to be the answu r the notuu 
of the need h onalyzedt tho 
outllnes of the type of •r•••• that 
vcul4 uüsfy these nudo - ••~ 
utabllsh~cl. ~hls uy bo • for•ol 
stage In the procus or it "'"Y 
occur concur<ently w\th the 
SJM!CIIication ll•9•• 

2) Spect!lcH\cn- F~netlonal 
descr >pdonSCt ne oyotea ore 
developad, alon9 wiU> con&lralnu 
<»> h1 structun and usourca 
uuqe. tccnc•lc ccn~t<Unts <>n the 
c!cvelopent proceu luelt are 
otated. Thls •<•9• "'"Y bo combined 
vith the noeds &nalys!s anc! in uny 
lnot<>.nCOo >• bhn~M lnto the 
desiqn Ha9e• in on intcutlve 
uquence that 90es boc- ond lorth 
betwun atucunt of •P•c•ficMiona 
ond reHnuent Of tho c!Hi9n. 

)) ,.,c~.¡r~nural l>H>l" - ~ork>n9 
fro;;---r¡¡-.,-~ú i1írir 1ons, the 
un~ulyin; stru.:ture el CC.e prohle11 
for ><hlch thls ont•~ w>ll ).e a 
sclutlon ls scu~ht out. ~l .• n Lh!S 
s«uccture 'oecc~u ~~•·•<. • ~~ >19n 
of t~e syotu u ~<""~d. 1l.:s 
d~sign 1~ n<ceooor ¡)y •t • ~'"'" 
level Of ~et01l. '!'t.e ¡><ts o! ti.~ 

'P'•·' and ''"'' ••l•t••,n,M~'' U.e 
b,.lc 11-¡oritl.:o• t<-H t~.e ~f•'.>n 
,..1]¡ ooe, ~nd "" c&pr d"''' 
«P«"<<·nt>ti~r .• U;t ,¡)]ter· •C~d 
are ol! prlrHy ol<."<r.<> o! tr,e 
dHi9n at th,. """"· 

• 

4) toololl"~ '"'"j~ - ";"~.. · 
port.---of·-,~.·-.:.,9" .·• ·:• 
mere c!oulle~. P:o:!se ¿]~~ríe. 
onc! duo otr•cturu ore cp•l! a 
out. !nterfoc•• =·•t~••n rorto -•·• 
c!euile~- ll not alru~y doH t 

tb• a<cbitectrud su:;e, ~oci<>o•.• 
•• te -hich parts .,¡u be ooft~~=• 
an~ ><1\ich >H\l be ,hord""'" ore 
&ado. lluo\le~ dooiqn !U ••ll .;s 
uchltectorol <led~nl, c.. recul(e 
u~u•l lenh of ref>necent. "ih>• 
oto~e stops s~.<>rt Of •?•ll '"1 out 
•11 pr<>9<&M.ing dehlh f~.g. 
houn~Hpln9, local ¿ata 
otructur .. ¡. 

~~ ~leur.totion - HoJudn~ • 
phyo>cilriol!Ution ot the M•t¡n 
indu~e5 progra~-"'!n;, testing nf 
j.n~ividual pu•cu, inte9r•t1on of 
pleces >nto ouhu•e .. blt~s. ~~H•• 
Uotin<J, · JM!<ÍOr1Unce evaluo<>on. 
tn uny caseo, o ~Ood ~u! of 
re~esign on~ r~!mpltr·•n<Hio~ may 
tHe puce at t~l& su,e to ·"·•k• 
the Oct<la) syH"• confor• to :Oe 
o~c!ficotion~ anc! in>Lhl 
r~ulreunu. (lf ~• ~ero 
onv~•tl~ating all puta of the 
cycle, not )~st clesqn, th"n tnh 
H09" ~hould b~ <>ro•en lnto <t.ru 
o<ageo; prog<a-~1Ung, teoting, on-' 
ayote"' lnU9<al1on). 

6) ~.&iHenonce - &uerytb\n~ ti'Lot 
h•ppeñi-"'i"ffir the oy.,ea u 
"flntShed" 1• tor"'ed <~olnten~o-ee: 
location oncl ropa>< o! b~JS, 
arl~ition o! new fLnctions, 
I<O<'líticatlon of e<iotiN luoctlons, 
addition Of featuru ori¡lnolly tn 
tho c!ui9n but never ;ocp uent•d. 

• 

H ls io:portant te recogn\n two thlng• 
that oo hr hove been hft ;,.phcit. rus<, 
the no~es we hove outltne<l hore ore '""~"''"~ 
H~g... Although th•y ~<e na<od by th• 
do .. tnant !E.!.!.:::l!Y of uch stage, os we w¡ll 
•~• be) o,., ~.any octh!ties ~ay oocur ot eacl> 
stoqe. nus, for unplc, dealgn oay occur 
du<1n9 • ulntenance •ctivity cooslltln9 of 
tho ..,ditton o! a n~w hnction. 

Seconc!, we I'Love not cJoo<ly 
dif!orenLiotoc! oet,.oen softwuo d~•!qn •nd 
totol oystem (i.e. h•rclvare p:~s ~oft~•re) 
desiqn. Th!• wu lntentional. In """'" 
situations, tt.ere io lltth or no cnotce of 
ho<doare, nor o! whlch f~netlon• wtll bo tn 
hordw•<• and >ohich "!!l be h ooft><ue. ln 
s~ch cBH, .. ost ol the >U;eo ootltnec! o!>ove 
d<>l pd~>< tly ""h son"-"" ~es>9n. ¡n 
ott.er cas~•. the choice of nor~w~re uy !>o 
opon and <he foccs of <be dHi9n eUert Co .. n 
to • re],_tjaly lo" luel aay ce on the 
l09ic~l a .. l'in of thl total S"""'· ~ith 
d.C¡!ior.s !>H><en hardwore .~~ solt~o<e 
borluent•tlon do!ayed •• )on 9 •• .-osolble. 

ne 0"·<•11 ctrueture of üe ~e,<lor.ocnt 
..-'''~u in e¡tC.er eue i& nurl~ the ~·~•• 
b-,n t:•>o;n the r.ature o! tbe ~e<óoions oad~ 

v'rios. lhuo. lor our purroco• ~~•• wo naa 
n~t "Je • Co><eld d¡•t>netJon. 

• 

1 



AC',)\'IT!F.$ A1 ~ACK ~1A(;~ 

In ordtr to ~n~<r~tand b<Hter ot.~t muH 
be d:ne to erute • •rste•, an >nlo:.al 
~~HU anoly1i1 ol tl>e deve)op¡>e~t pro~u• 
V>ll be h<\phl. fOr U~)> lta9ot, "e V\\) 
l 1n CH pruury inputt, cvtpuu, and u¡ol 
o~•<H>ons. 1nere Ir&, 01 eourn, ""'"" 
,;,y~to (sucll u d>e 90neral knovled¡¡o ol the 
ftO¡>h invohtd¡ vhlcb are preunt at a\1 
ou¡¡es, but "" .,u¡ ~ot li•t theu 
••i>l ic¡tly. 

¡ 1 p<l•ltiv& neado, syna• contut, 
IIHf p<Ob\e=l 

o, ~tnHal re~vlruenU 

O?: \dentiflcat\on of "'ajor funcdou 
and constraint. 

S~ec)f\cation 

1: re~ulre11en ... syste:o ana)ys\1 ol 
contut 

O: •p•cHicationo ol sy•U• lvnct\ons, 
constralnU, and Cbjectlvn 

OP: conveulon of needl lnto u¡:\ lclt 
f~ncuons, solcctlon of consUalnU that 
"'" oporationAl 

~rchltectural !!!!.!.2.!! 

1: sp.c\Hcatlono, 9oneral 
<ie•>re! 'sysu11., ~nC\fhd9* 

contut ol 
ct o!r:>.llu 

oyateru ' 

O: otructural ~ucrlptlon of syste• 

OF: ~\scove<y o! probh• ou~cture, 
l~entlflcation· of majo< piecu of 
o~sto111, utoblian,.ent Of relotlon&~lps 
~otwoen ports, abotractlon 

<leser\pt!~n. 
detolh 

OP: •~•troctlon, eloboratlcn, choice of 
alternot\vos 

!:.2h'!!~~ 

1, bh<p<ints 

O: pro~•~"' co~e, ~•ta ond file l~yovto, 
"OÜinq syHero 

OPI .. co!in~ ol olso<itko oo~ ~ata 
re;>r< .. or.tot>ons, tostin9, <l•bq9ln~ 

y.! '!!!!!.•!!S.! 

1: ~yotu, do:"-"~~•~totlon, ~puatlona\ 
1<~uiruent5 

o, ir.;-rov~d syotc11. 

• 

'tho roost ¡~.¡.ortont ¡.<> r.t to ~ < 
1<<>11 tnh lnlormol onoly• o ls tfl~' '' 
u>.u ploce durln'l ~•nY o> !•.«:nt ~ • 
<'•• d<volop~ont cycle. ~~¡!e lt •• :· 
to ldentlty so~• ot~il•~ ~• 
dU!9n->nlenlive, the opp1ie.tlon of ci~•.o 
ucr.nic¡uu uy tHe pl•ce at c..~ny p<>inu. 

So •uch oolt~•<e develop.~ent 1".,. bot,o 
don• In the post ~lthCut tM benelit o{ ~.di 
lo:¡l~al deol9n, <leve}o¡.o>ent ~~ 5r.all_prQ9<•~5 
often dou not re ulu o.uch <:!os1;n¡ "'•~Y 
poop)e ten~ to co~lvse prog<U~in; "lth 
dUqn. (ln~oe~, tne de~~lopment o! •~•11 
progrns often don not requ>re nv~h duign¡. 
~bOe thue >S • close >ntuact>on bo<vte~ 
tt.o tvo anh>t,.s, ~l>•y are d>lle<ent •. 'T<> 
n.phoo•u th;s, we "ill nov loco. brh!ly at 
t~olr diile<~nces. 

~ts¡.;~ V$, Fi<OG..,.h!H~G 

11 "" chor~cterh• th• activltle• in 
50ttware dn¡gn and de~elopll'en~ in a 9tne<al 
"•Y it i• cleor that pc~~<•r.mi~9 h only 
por~ <>! ttle total pcocus. fi<st, conoidu 
tU severa\ octivitiu involv...S in 
po;ra~_rning at the lovut leve\ (co~in9): 

-Cevlo\,;9 lo~al aM concrHe data 
<tpruent_auons for inlo<~oti<>nl 

' -for111\ng 'prec !u ol9or lttl"-s 
dcing neces'~uy proceosin91 

.. , 
' -tak!n9 e~'" o! bouHketpinq 

detalll nocenltotood by tbe 
partlculor p<09H"""i"9 &ysto• uud 
(lan9uogo \ plus <un-tlao 
environ,.ontlr• 

' ·ChOOojf19 
~yntadically 
stotenonu,·and 
lette< ~orfect. 

nnu, 
COf!eCt 

nk>ng tne 

sy controst, duigo, ..spe~lol1y 
nlghH le~e:s, 11 concerned "ith 
dlfle<ent activiticll 

-•bstuctlng ne opecations' 
data of tfle tas• 5l~votlon so 
t~ey :oy bo repcehnted lo 
syoU•o 

-~eter~1nin9 p<eci•ely wha~ lo to 
be ~ene by the •oftw~re ~n~er 
dulqnJ 

-esHblist.ing an overal\ structure 
Of tho S:,'sto•J 

' -enob1io~ing interface• it.n!l 
~e!lnHe control ~n~ dat.> 1inkageo 
b<lwoon ¡o.>< U of th~ sy•te'" ond 
b<tveen th• . •rst~;o "'"d <>th~t 
5y.t<OIU 

-~neo, in¡¡ b~t,.oen. 10ajor 
o:t.rnoci~eso 

-r .. ;>io9 '"'!leofh 
~iobal const<oints 
'" or<Je< to 
<~~viceooents sucb 

dictated ~ 
an!l ~onait \ons 
~eH VOl ied 

-. <eli•billty, 

1 



'lenor~l!t'/. uur-<Or-<e<e~neu, on~ 
50. on, 3 
'then >0 "" fUY ••Y o! ~lotln~!óhhin<) 

"'un the two ~cuvltleo. o.nen 
.,ro;ra.n~in~,, >~e au construcOn'l progu101 
(olun ;_n """'• hi~O<r-level lanquou). ><e 
•~·st biM ~oto roprosentat>ono' an<l control 
U<¡lóencu so that tM pro~< .. \llll eueut• 
t-'<<>yerly. lo'llen ~Ui]nin;, we .are deYioin~ 
!~!~~";!!c><>nl <>1 ¡>ro<¡r•"'-•• not actual 
p<<>-¡ra:s. t!iiny, •• .. ,u be doln9 so~• of 
th• sa:oe thingl 1n botll aCtlY!tieo --va may 
choooe so~e delinite conu<>l sequencu ~udnq 
dul~n, lor uomph -~ and d•hlle<l des>~n 
clhn co~u a<bitradly dou to prorludnq 
c<> .. ple~e p<<>grau tespeclolly ><hen u~ing a 
.. eucooe). 

l<n<>ther "•Y o! eropUshin<} ti>• 
ólrle<ence between pro<¡u:::dnq ond ~·n~n h 
t<> con<i:ler olhat is octually produce<! -- tl>lt 
lo, ,-~at u on the piecu of poper prcduced 
by 1 pro~ru.~or ora <>••i;nor • .1. pr<>~ra.croar 
produces proqrao•• and docu,.entUI<>n o! thou 
pro~<ar>A. Th1 docu~~ntatlon ls neeae~ to 

".~or.e thc p<~~Uu u~derstandabh to hc~.ano 
but lt h not a necessoty coMition <>! 
e~!Atence. ~hot ls. the pro~,.,.~ e~ht 
"~thout the doc:uJ~nUition, thoy ••Y .. e~uto 
>~lth<>ut tho doc:u~eout>on, on<l inde@d "• 
often inotruct oouone s<udy>no¡ o prc;ru to 
•qo to tho cO<le' for tho flnol word on 
program c<>nunt. 

By contrul, "Mn des>9nlog ve produco 
repreHntotlono of pr<>~r•"'•· Thooe" 
repu<entat>ono m•Y be very hiqh-level In 
dHaU 1•·9· on overall block-~• dla;ro,. 
npresenung 1ajor con=rol-flov) or very nu• 
to actual p<Dql'a>:s <•·9• a ·meucode 
ÓHCriptlon of a pro~ru. that h co11PleU 
uc~pt fo<" rolnor h<>use<uplng details), • _., 

ThUI, dcd~n b an •ct>vlty c~ncernod 
»ith 01aldng 1110jor dechlon-, orten ot · o 
otructuul noture. lt ohares "ith 
p<o~"''"''in9 • ccncern for ab•troct>n9 
intcn:.ation ropresentat>otl ond p<oceSSI'l<J 
~e.:¡uencu, but tbo! leve! of detall •s .quite 
~illercn~ ot ~he .utruts. Desl~n "bu¡}do 
<:"<>he<ent, .well-plonned repre~ent~tions of 
pro;¡roms that cono~ntralo on tho 
ln<e«elatlonohlpa .of parto at th• highor 
leveh ~nd on 1.he l<>J>OOI cperotions invo)ved 
at t~e lo""' )evels. Prc;¡ro~.,.in;¡ is tt,en t~e ' 
_ptooos~ of tur~ing s~oh a repruentatlon ¡~;;o 
• p~o~ra10 thot ~ill ueouto on • specil>c 
.,.or.>ne. 

Ovcr th~ p>ot fow y .. rs, the n~<>d fcr 
oyote;oot\c 5<>fw••• deoign llas rece\v~d 
incre~s•n~ly ~i~e<pt<oj ooeeptonoe. 
-rt.ere{ore,!t lo i• "~~ech .. ry te go to ;¡reat 
len~1.hs to o.ctiyote t~e Hu<ly o! desi!ln 
Hc~.~\q~oo, ~<>~Her, o btlof discu~sion of a 
f<V >'OJO! factor o,..¡¡¡ ho\p to f]ace <luign 
ln conteo<. 

P<rt.apo tl>O ~oot importorot r<HOO te 
dosi9n ls uot tbo cr .. tlon o! c~~['l"' 
SJ'ste .. s lnvolves o Hry lot<Je •"'<>un'- <>f 
6otall ond cv~pluity (l.e. rohuonst.i¡.s ot 

"'"") ~orto btt~~on oa~y el cno , .. ~•,. 
thlo c<>.,pluitY u not concrol:•-~. ''·"·'· • 
deolred r .. ulu "'ll <orely he ~o~;o., 
DeO>qn ls tho pnr<•ry tool lct cor.;·o:\• 
and deal;n;¡ "lth H-is "''"o!¿,.,_.;: " 
ottenclant cc:::?lOity. 1hc ·~~;.r;·: 
pr<>co~•u o! 6u¡~n fOUit "" to ~~81 .. ,·:. 
larqe ,uHu o! ~eta>l .. ;n.out be~o.,.r.~ 
b0~9~d down, Tne •~FlaT>ty •od strcct;re ~f· 
Ó0Sl91\, methodo anJ tecr.niq"es •er•e te ,¡ui.:!o 
uo tbrough complu cho¡ns ol ruoonin;¡ vC.«• 
we o:i~nt ott,er.,ise becil:>e loot, 

.1. second i~porunt ruson te <iH>;~ is 
to a id in !th• J,.covuy ol the .. r.~o,!;·>~.; 
ouuctu<• o tne problom oltuotion. :.n 
ortH .. ct ,cuauj for ony purp<>se =c•t !¡~ 
ase}f to tne env>ror.•ent ln "hlcn it -.·>11 
nut 11 H h to be succoo•tul. 1n ""'~:e 
situati<>nl, tno r.•~"re ot the enViron~•c.t "'·-' 
the neceuory strocture of the arti!~~' .~~y 

.be...,,,. ot hu ~~v>Cu5 ond/ot pre•;;:>~~~
ln co.,plu oitcnions thir u r•<ely t:-.~ e>~ e 
and th>S structcre ;;.~st be diocov~ted oc<oc:~ 
desíqn. · 

,. 

JI-. thltd and inc•••oin;ly io;:<~a:-.t 
reoson "fot dOSio,;n 15 ito l~p•ct cr. ,,·oc•:o 
r¡uaHty, loe ••~t syste:>s that &le re:_,,! e, 
uur~centorod, e!lie!ent, p<>ruble, l:-.! •~ 
on. Theso or~ Ul propert!es ol a !!He:~ 
that ate glo~al in natuu ar.<l .. ~.jet.;:,;::~:-.~ 
9l<>bal dniqn j~ci•;cns. 

Du<!nq d~Sic¡n "e ••• -.or\ic.9 ,;i:.h 
loq!col F">H<tle• •~d tU overol! s""·:t"'"" 
of the ~ystn. '"lr.erc js net yet • ~~;;e 
invest01ent in ~<>d~ and deta\l@d d~o:H::-.o 
"hich cannot t;e cc.~nqed "'h~n on Evo:;n¡:n 
índlcatea tht dos¡ .. d ovsttOl prcpert.U aa 
not l><!inq lllot. lf rel!Obillty, ~••f~: c>u 
function•, ~odu)uity, an<l oc en •« c.~t 
plloned fO< befo<e f.l<>~rar.~>n9 u be"¡~c .. "-"'' 
generally they "ill be un<>btaina!>Je. :u•:n 
ata l09lCO) h"Hl provldU tM f!u::l)l~Y 
to 11••• tt.~ gl<>bol decisicn~ noe~o;l :o 
ochieve dulred s:rstu <¡uallty. 

CONCLUSIO~ 

n h ¡,.r .. i!>le tn • ~hort p;e: to 
de5crlb• al oo••ible ~ottvare !ni;;c. 
situotiono. "IU dosl9n proble><• you ~oce, 
the oqaniuooc.ol contut ¡n whlch Y"" •or., 
ancl Y""' poroonol .. ilh ,.¡Jl vo<y le. oQ:e 
re•pocto !rom ... r.~t "o hovo d••crlt>e! c.ort. 
Hc;ooever, thlS">.ottoductloo, c<>epled '"'-"· ~~-~ 
other ,..,eriU ac.d te!.,enees in th!s ,,¡~~·· 
sncu)j prcvide ycu cnC»<Jh ~loba! -;,~ t:> 
be~;n the ;,.~rove=ent of your cle<ign s»llo, 

' 

l. Fre~mon, Peter. "So!lwore :,~¡~" 
Po,.r<oentadcn: M<>li'SlS ~crl 
l~p<o•~-'"'•tso" T~Bl, !CS De~ar:~<c.~, 
Un<ver$ity O! Callfcrna, lr~ine, 
1n~. 

2. Teichrcev, oan, 'l~r-<c,·c-·oc.to " 
the ~¡oce~ Llfe Cych.' h~c. l> ~ 
lf!P Conor~u, ~oi:.~:;¡;,¡;i "d 
hbl••·~;nij'Co~;--¡;p. 'ill-9/a. 



One "<>U!J <>1'"<1 tht """""' ;,_ 
lo.rmation·pr<><<Uin¡ re•e~roh >nd deo 
velopmo:m P'"jecu ,...,.,¡,_¡ t>e mon,ry 
or>cnt<<J t~ .. ard "here the fu1ure p•ol>

km, ort. H~""'"'· a«ordin' 10 ''"""' 
Con,ro>'i<>n~l 1oo10mony ~y Dr. Ruth 
Da,;, ol <he :-.;.,i<>n>l Bur~au of Stofl
dard< {'os¡"" f<~ctolly•fund«< com• 
putin¡ ~1.1> pr~j<Cll: 

11 'i of the ¡irojoc" were <on
ccrnod "ith har<l"'-"' do,i~n,· 40'\ 
"'""' <~ncern<d wi<h lhe needo ol >pe
cio! inl<rc.l ccmmunilie• >uch as n•t· 
ural ociencn. en~Ín«rin¡.. .acial and' • 
t>eha•·iN>I ••ioncn. humaniti"', ond 
1<..>.1-time "·"eml. 14'.< "'e<< in the 
IM&·•••se Pnolr .,.,., of m<talh«>rv. 
"hile onl} 9<-, """' orientcd to the 
hi¡h!)" ·~nni•in¡ tólftwore problemo 
identifie<J by m"'l cu,omcn •• lhcir 
mojo< .:<>n<cm.*• l 

O,. rnult of \be CCIP·SS study h01 
be1:n to bo~in to I<O<ient Air Force 
inlorm>TÍ"f\ pr<><o.-ins o.&O much 
mort tc"•rd .ofo,.arc. S,mibr o.&o 
uond< ore e< id<nt ot t>OO ·, Advon oed 
R<>eareh Prco¡e:lO AJcnq C •••• ). ~ •• 

ti<onal 'kioncc Fnund>!ion. and the 
!';oti~na! Buro>U ol Stand3rd5. But 
mueh remo in• to be d<»>c. 

4 
lndireca costs """" ~:~;r:¡:.r. 

B•t •• the dtrcct co"' oo ..,r,~art 

oro. !he inJ"""' c~m ••• "'"" h•uor. 
t>oeau .. ..,¡,,.,,. f<~«•ll.• ;, o~ tite 
ctl!ocol po1h in o•·cr>ll '""m dc«lop
mcn\. Tho1 i<. an) d;rr•tn in '"" 
tólh~·uo sdÍe~ule uan<lot< Ju<etl\· in. 
to ol<ppogeo in tht o"rall dcl;«ry 
><:hcoulc of lht •)·otcm. 

lct'o ocOwhao this m<ant in J r«tnl 
soh""" d'"olopmcnt for J lar¡o d<· 
len .. ')"otcm. J["" a< pl>nn<d M h>• < In 
opcroticnal hfetim< of "''<n )U" a¡,d 
1 tolal C0\1 el about St.a bollt~n...-<)f 

t.boul S!OO million a HU .. 011h of 
copobilil)". Ho"evt"r. a ;:".month l<'h· 
~arc delay c•u~d a 01\·mnnlh del•)' in 
mokin& th< •n••m a>oilablt •~ ohe 

•.,,.,. who thu• lost ab~ut S lOO million 
. worlh of necdod capabilit)->h<-ut 50 

time• ohc diroct tOil of s: milhon for 
the add,tion•l •oro~"• ctl~n. ~~~«· 
o>«. in ordcr 10 ~<<P th< l<'ft,.arc 
lrom <au•in; "furt""t deb>< ...... ral 
import>nt functions "''" nOt pro•Kkd 
in 10< initool delin" tn the U"-"'· 

AJ>in. •imilat IÍluahons d«<lop in 
domt\lit applicotion• tl\l"t "' 360 
softnre '""' ,..., 1 )U< la«.' The 
U.S. '" traffic <onlro\ I)"SI<m cuncntl) 

<'i""".'''"' much mor< e>¡'<nli<CI.' >nd 
'"'' <ffwi•<l~ N-eO<"< of '"~~"f" ~~ 
)U" in""''"""' (ond .~w har~~.re. 
in lho< u<e) de•<kpment. "-hi:h ~••< 
c><•h--d dor.c1 wh~are <·"" ~~ '"« 
SlOO mi!hon' Oltcn. nrpni'"'"'"' 
cnmr<n•ol< for <Oft,.út d<>ol~p11".<nt 
<lippa¡<o h¡· owitchinJ 10 • noW >)<;<m 
beforc th< ..,ft,.aro " "•'equat<l> 
l<ll<d. k•d•nll to "''~ •octal com .·, 
und<li•·i,.cd ,.,l(¡re check.• r~ f.>mlil<l 
wo<h dtpt:nJ<nt chtldrtn. boJ cr<J<l <e· 

r<>"'· •nd ~·•n re~rle '"""~ oh<i< ¡,,., 
bccau'"" of ~rron in mcd•e•l .ort~.,. 

a .. tti"& soflw.-re 
off lhe crihcBI palh 

Oncc ..,¡,,.,,. Sl>rl< ,¡.~pin; ,1,•"; 
t~e crilkal path.thcre are,.,.,_.¡ morc 
or ¡,, unam.cti•< option> On< optle>n 
;, 10 •dd more peoplc '" n~r" thot • 
human ..... or prcogrommen ... ,¡¡ 
~uidh· wt>due ti>< prohlcm H~"''"· 
Br"'-'~;· e><oll<nl ar11ole"· e!Teotl'<l• 
•ho"' 1 ¡hot ooft" are ;, ',"rtua\\~. in<~m. 
P'<'"ble ,.;,h r«p<<! lo <lap<ed "'"•· 
and•that ""'" meo"""' more n<O<n 
mal.< thinp """' rather than heo:<r. 
Some ntber unhapp¡• opoi~n• ore "' 
••imp ~n tc.,in;. intcgrohC>n. or do..:u. 
m<nlaticn. Thc« u<,alh <n>< m<"h 
more in oOe IC>n~ run. An,•thor "¡,,., to 
«:rap 1ho n<w >)Sl<m and n»L< dn 
with 1~0 old one. Ge~,ll). ohe "''"' 

. , "''"'1' .. oplion ;, to t<du« th< "'" 
T<m to on lllotcrc bu1 "panJa~l< ino. 
li>lcop:oN!ooy. 

1~10 . 

''• 
Fi&. 6. Ha,dwa'e/~oflvv<>, .. COsl lre<>ds. 
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• 
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.~, 

' 

For ohc ltttur<. ho""'"· <c«nl or
pNnonotÍO\ "'"' lor reducin~ >Oft•>t< 
dei•H ond f<llin~ ..,ro, are ollth< <r<t· 
ocol p>lh. Thc>< l<ll in1o t~r<< ml<n 
cot<~"riot: 

!. lncr<>•in~ <><~ indi•idu•l"• ,.,¡, . 
,..,, p<Ctd••<:Oi.,sy. 

~- lntprn•in¡ pmjcct or¡ianinl~'n 

""~ """"'cm<nl. 
~- ln;1.,1in; •ofo,.,,.~ de< olor""'"' 

,·ulior in the <)>lcm dc•ol,>pm<nl 
erelo. 

""''""'"~'"' ""'"" '"'" ..••.... "' ... -... 
''"''"''"' A"·"" Co~'"'" -.. ... ~.·· "•J , .....•..• , •....•.. '""~'"" ""·. '"" 

'k··~· •... " ..... "·~· "·" ..... , ,.,,. " e,_,.,. ,,.,,,..- "'"······- •• ,.~ '""· ... "., O··~··'- ·- ........ " "" ""''"" 1 >N,,_ "•'""~'~· A<'""""· 

' 

1 
1 

1 
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Softwnr& 
lmpact 

lr>Cora~l"¡ ~oft·..., :"111 
pto(l..,ctovoty: Cl•.f.,,;¡,ons 

hf 7 ·~u .. • • ,;mr'""' ,;,~ .~ 
liloh luto>ro ¡rcr>d• :n "'h" "" ¡>lo'<lt:<· 
H•u). h;, rr<'h>N• «•'"''" in tuin-

• l>inonr 01 1<•" • f•cl<>r..-1-10 •r«>d 
t.<ho<ttl tho lfllh onJ 901h !"'I<Cntil .. 

of "'''""'" prc>d,.cmll). hui it 1'><1'\ • ¡,,. impNiontqH<<t<""'· 
Ono il. ''V.'ha! os ..,.¡,,. . .,e?" E•·cn 

th< ccun< and the ln"rnal Reven<>< 
S.:" ice hov< ""' he<n •"'• lo define iO> 
m<l<> >Od N>unJ, preci<.<l¡. Thc ~~
me• oh<>•< indudc cr>mrut<r r•o~r~m 
d<><umcntaoion.. l>u1 nduJ< <>f'Cro\inJ 
pr<o<edut<> ond ht<>>d '~"'"' •">1)>;,.. 
C1url)·. t d•rl<rtnl Jc~nilion 1"t>1.1\d al· 
lcct 10ftv..re produou,·it¡ fi~ur<o <ic
~ificandy. 

,O..nolh« impNt:onl quo.,ion it.. 
"What con•tllule, ><>Íl" "' pl<•du<:· 
oion?" ,o.., earl¡ •• the m•d-195(}<. th<r< 
v.ere ~enc,.J-purf'<'"' 1t>jeclOI)' analy. 
"' ""'"" "ilh "'hich an onol¡·•t O<>Uid 
pul "to:>¡:el!·>ef o m<>dular. IO.OQO...-ord 
oprlicouor" proFam in obout 10 min

",n<<. Wao th" ""'!'"'" rr<'Ju<L><>n'!"' 
w.,¡, 1une. more ond more <UC:h ''"" 
era\.purp~« p.cl.o~" •• KU 1 Mll"• 
lnlc~rat<d Ci'll En~1ncerins S¡.,em). 
P rn~romm '" B ·h) · ·Q u<" io n n • ir<. o ..c. 
" .. ~ "'· and ><EU h»·c modo thc 
<r<.,ion of <>~nificanl !.Oh~•re cora
hlhtin w .. ,)" :¡,u 1he¡ t<nd 10 he 
eliminol<'<l from the <>l<~ory of ·,.,¡, . 
"'are produeliV.lJ'·· "hkh continun 10 
rel« 10 tho" 1"''''""' ol ti>< ooltwarc 
dlle<ll)' re>ulun~ from h>nd ... rinen 
"""1' of ""mbh 01 '""'"'~-1.-cl 
bn~uore ot•l<m<nts. F•1 ~ i• an >l• 
tcmpl lo ch>r.Cl<ril< 1h1> utnd in 
l<rn>S el a ""50'4 >utor:.,.ti~n d.,,., lh< 
I<OJ in "'·hich me>! of, tho ineomin¡ 
prob\oms in an oreo r:ould be ""pro
'"mmed" in k" th>n •n hcur by a 
""' kno,..lcdrcabk in hio fitld, ,.;¡b 
O tiC doy cf o¡xdali<ed Ita in in¡. 

Tll"'. if '""'""'lo >i">~ obítetive· 
1• oboul •oltwarc produ:uvoly, '" or< 
f .ced "'olh the dil<,nm• of: 

l. Eith<r rtdofinin¡ i1 in ltflns ol 
•nurcc '"'''""iM• raohcr lh>n ohj«l 
"·llructions-lhcrcbl fu11her de~"""' 
lh< unit of pr<'du~~>on ¡ .. hich i1n"1 

ccmrl<td~ ob¡«ti>c ~"" "''"' o~jea 
in\1 rucoiono ., • h, .. 1--.>r 

l. Cunt•nuin~ ro""""" lh< ror.¡< 
of de~nitio~ of · >oh" •" ~rNu<U•Il) • 
10 111< rr•orc and m~re don"~tuh rro
~r>m• .. hich <•n"r t-. pul l<•¡;,.her 
mnre or 1<•• aulco•li.:all¡·. 

n.o"'"'"'! "''"ll .• r '""" "•:or 
··.,.,,,,malle P'">'' ;mc1in~ • eilool ·• 111 
he lO 0"!¡0V. [L.I\ l•ll<r loll~< <•<0 
(urther.' -----·---··· 
• "''"'· ~ • ._,,. V • '••• ~·~ •·•1'.• • ·t 
··~·'"'' ,,. .. _ .. ,,_, .. ,.~ , ...... -... '"~""' ',, ... -.... , ... " ............ .. 
·~"·"· "'•'"·'"' "" 
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'~oftware 
¡, • .,. '"'"' • •11• 1• "''"'"'" o~ 11 11 . \.IrA li<' • ' ' 1 
1~;3 h, T"''""'"l 1'-hl•"•·"l' r ... ,.1 .• n¡.l''", •, ' ,·,, ,_. 
,...;!00 

and lts lmoact: A 
l 

' ' 1 

Quanti(ative Assessment 
··Yo~ •o•:~•·• ,-~,, ••o too mue~ 

¡ • • '' ' ~ • -' • ,.,. '~ "• -<o.-,- .,_.,, tno 
~- '''"' •~a "• ~•~ ''~'"''· ""'"' 
.~ "~' 10 ···~· "". ·~·~~··· ..... ~ 
'='~'"' , •• ···~· .. 1 ~·' '"""" 1-··· 
~-.. ,. ··-:.~'"'""' """ _, ........ .. 
,-,,., <Oo:n, "-" wa•t o wn"o ond ot'O 

too• '''"'·<." But tno•o·o noth•no t con 
••• .,. l<>u<n. nc num...,~ 1 eon •olato 
to. no wo>' to ~.e• y~ 0 ; 0 ,.,, tnat 
th••u O•on~ , .. .,, "" tnot •'""'· And 
! ''' 0 0 '< !Oo ~ony PoOd'- 1 ¡.now wr-o ····• '""'" ""' .. "'" ..... _,.,,, .. 
"""'" 01 ..... , ........ "" ...,.,,, ... 

•"--
- "" .,, Fo•co <>ocio;...,..,,,_ 

• 
• 
• 
• 
• 

Rc:cnoh. 1~< A ir fore< S"••m• Ccrn
mond" <•·m~ICI<d a "udj, "lnrormo
to~n Pt"':<"'nf' D•lo AUIOmllion hn
pllo>l•<>n> o! >,il F'<'r<< Comm>nd >n<! 
C~nuol F.<~Utr<m<nl> in th< J9SO.,
or cetr·~~ for >horr. The <hrdy pro
j<:1ed h11urc _.,,, f"N« romm•nd ond 
conuo\ information procc,.in¡ r<· 

qutremona >nd ltk<l)' !U\ure informo· 
uon P'"""in! ••p•b~ni" into \be 
19~01. •nd ¿,-·<lored •n- Air foro: 
"" phn 10 <<>1<«:1 th< mi1matChe> 
frunJ N1~<en li~ely <>p•b•lnieo ond' 
n«dl. 

"llhnuFh ln•ny of the CCtf·~$ ccn-
clu"r>n> ore >peotfic to lhe Air force, 
rh<re '" o ntrmber of poinl> whiclt 

.hot~ •t ]<.,t •• .. ,u <l><~<here. Thio 
oni<lt '"m"''"'" -,lt.c),. onn.Senble 
!><1• ond c<m:luUrnu.. ' 

¡~¡,i,.lh, >be S!ud)" •hc"'d Iba! for 
olm"" •ll •r?li:a~icno, wftw•l< ( .. 
<-rl"<>'<d '"' comi'uoer,h>td'"""· di>-' 
P~O\,, .rc>,itc<tu". <t0.¡,;.-,, -1)._.. toO 
p..•l< '"oLe '<nt""·-tho m>)<rr <<r~rciof· 
~,:",;,,1, fu""' prc•bl<m> ond·:Orers• 
"""•1 ¡·<dúlrn>ne< J<:Mhi<>. llow. 
""· "'' '"""d ll d1llirull ro convine< 
f""vrl< "Ut•iAe Üt< !Oft,.Or< bu>in.-.1 or 
'''" n,,. ~" prim>H!) l•<<>u" o! the 
,;.,<rr~ ol ·~l;d qu•"""''h< d.to ro 
¿,rr.on>Har< r),, ""~'CI or <dr~ "'o o 

--------n.. • ·• • • '" "" ,.. ''" oo •o< "' ""' '" "'"' ,__ ,,, , .. , '' "' ,., ,, ...... .. 
'~,,_,.," ''• ·'l. t'lt,p <t 
' '·" '.""" '- "C• -;-. '" <••' ""'"' t ><CJ'"'•· ,_ ... ~ ,., '"-' .. ··~ . " - -... -~ ""' ... -........ . 
·-~-·"-" , .. ____ ,, .. -....... , ""'" ,., ..... ·"'. ~- ·~·~- ····· ''"~ ""-

~reraoi"n'l pcrfurmane< or lo prevido 
P<!!r<<li•o nn Hoprio1111 ... 

Th< >IUd\ did f•nd ond d<•OI<"p .om< 
~>lo "hieh he1r<d rllumin>l< thc prcb-
l<m> 1nd con•ino< p<opl< 1h01 rhe 
proto!<m> ~<r< si~nificant. Surpri>ing· 
ly, ohou¡h. "' ro~nd '"" ür..c doto 
'" :olrn"'' un\;,no~n e>en 10 sofl,.•r• 
proclllion<n. !Ycu "'" teSI lhi> •sser
tion vio the Ser'"'" Quir, p. 51.) The 
moin PU'J'O" o! thi> •nicle "to make 
th"" "'"')' but impcnano datl •nd 
lht:ir implic..otion> berrer ~no~n. ond 
lo cor~>ince p<opk ro ootl<<1 mo•• or i<. 

!ldoT< r<>din~ !urrher, lhc\l~h. 
pi<>>< tr,· lh< Scf•"•" QuÍ!. lú 10· 
l<nd<d 10 l-.olp )OU h<lt<r 'I'P""iat< 
ohc wf'""' '""" ~nich 1he orricl• 
Ji<><> on lo di«u..._ 

Software ls btg bu sine u 
Ono convindn~ imr><l o! Hlh"'•r< 

is dii<<Ol) on th< pc<I.<IOO~k. for th< 
A>r fO<«. tho <!l•marcd doll•n !cr FY 
1972 ore in fi¡. $: an onnuol "P<ndi
oure on ,~flwar< o! l"'"«n SI Oillton 
>nd SI.$ Oilloon. about thr« hrntoth< 
•nnual "P<nJIIur< on oompuoer hard· 
"'" and obout 4 to y·, of oh o ootol Air 
fOr« budJ<t. S•mit.r ~fUIU hold <!><--

j 1.11 

'" 

~ hore. Thc "'""' Wo>rld \\'"le ~1i~
rory· Con1mond ar>d Cotl<>~l S.""m 
("I'>IC<>) <ompiiiCr pt•'>IIII'O'<nl 
,.,. ,,,ma~ed 10 >n•ohe «p<nJ,,~, .. 
o! S$0 toS lOO rnilh~o for t.ard"'" 
•nd $1~~ milloon for "'!''""'·'A ,-o. 
e-en! csoimot< for "''' ~•• an annuol 
'-f"'nd:<ure o! S lOO mi\lion ror h>rd· 

"''"· ond s~oo milli,,n rnr ""r'""•
o1>ou1 6% or <he onnu>\ ,..,~, 1-t•clsel 

for •o•nc indi,·i,lu•l rrojecl>, hcre 
ore ><>me o, ero u ><>11" •re """" 

...... 0>1]60 

•·e~ 
.'l•nn<~ S,"><< 

\960-70 

S ~ro.OOO,OO'J' 
~~o.ooo.W>' 

Progl'm, 
I,000,Q":'(I,W>' 

O"r>U >Ort~·are com in the 1!.5 are 
probabl)' .,, . ., StO h1lhnn per )'"• 

""' 1"' o! lh< ~"''' ""'i~n•l P"'Jtrct. 
!f ohe >ofl'"•r<-harJ~ .. e r,•\\ ratoo 

•rreon. lol"ided no~. <on•iJor ... hot 
,.;, h>rr<n io the l'"' o),<>d, " 
hard'"l!< JI<" oh<"!"'' .nd -.oh""" 
(peoplc) com gn up •nd Up r;,, 6 
•ho~• th< e>timal< Jor .IOILHr< U· 
poodilur<> in lh< Air rur« ¡;<""i le 
0\<f 9Q'i't of IO!>)>Jp ')>"10 <~''' b)' 
\985: ohi• lr<nd,. pr0b>M)' ch.oractcr· 
iiO>< or o1her crpniut;""'· ol1o0. 
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1 
. • . . ' h !lo~ ele"' 6id you como to thot lar« •l-lO~ for ched.<>Ut! ' 

;,-"'""'¡~o <><im>t<d, i1 ~ .. p•o!'ably l><Htr lhaB lhe pl>n-
'-'1 don< On ont '"'·"' moltimill""' <l<lllot. mulu~<&T (non<\e- ¡ ---!"~'<' ,.,;,~.,, proj<<1 by o major ""¡"'"" «>ol,_., o.hkto -- r.n....., • .:-~~<d •~o .. .,. .. lor ><<<p<>t>O< <ntinr ond t.ii "'«l• lor ' 

j '''"''"'""\ t«tinJ, P«"d<4 ~ a l~o-mon·montb 1«1 plu • 
1'~""- Fortu,.t<ly. lhl> p"'i<!:l ,..., ..:oapp<d In mid"r<UII • ·,;o,. th< '"'in1 iood<QUOci<> «>~:~Id •h"" up. Bol ~milor 
I·'Otdul<> h"t t><cn '""bl"h<d 1<>< alhtr proiecl-. Jtn<rally ' j '>Jo~¡: w ",..n,ivo >Hppo~<o in pbo~n¡ ""' 10 "'"' •l">l<!M. • • • ' • " •• ! ~'j rrom11ur<ly drli• .-od. ~-u,.,;d~<n "'''~-•~- · 

' .\n~t~or ,,.¡,, "''"""'eh app<>" ~ h<n '"" comporc .. '''""' .. :.: ... :.., ........... _, .,._¡., 
! -: "" • aonoon: of <lron thll ~""' into th .. '~''' ~h•""' with lh< Hopolully, )'Oil' Oltim>l< ,..., dot<r to the "up<oi<t><.C" cur<t 

rh._. rn. "foll.lon' on<. Yel. ¡>~nl<>~lllly io h>rd'"""' p,......, .. ··: "'" m•fmtu.S. "' uo <>P<nd>~Ur<l on "'hntqllft to im-;, _ _,, ,ff"'"'""';, ... ~ or •b• ph•..:~ ~,,.,;,.¡1- linio aao moMO. r<OI'l< moh <Jeci,;,"' o>;¡ the fo!l.lorc <Ur>< "'"• ,....._ 
Typi<olly. oher 0 ..,,,,..,... ~ ;, .U..S. h&f'4,.,.,e Í> ¡>I'O<Utft! '· ;'1'0"1 ... "'" t ... "l to~of<! imp•.,·••J "'~~~··· 

.,.~y,.._ 

• ""~'-- on4 'ol>lo!ton copobilth.._ ,..¡tlt onl¡· obout \S<;f ntra c.opocity ov<< tltot &<«.-min<d l') tilo 
1 Th< <lt~mno, in th< lot<t nw d>ta pro~obl• rcn<:t> onotht< 
! -'"f~t: ''" mo" tho•"'•th or.ol¡.;, ond d<~l~ moro than poy> 

IÍ<ioa. pr.,<ntinJ th< 'IOft.,Ol< dt•e\op<r< .,,tb u 8S'l< ..atu11ted 
m>'hin< jU>t 1<> btl'ln ,.;<h. How """onoo,;e thil " ... • "Pl>ined b) fiJ. 11 in th< te d. ¡--:.- Íl!<l[ '" rtdU«d ""'"f CO<tL 

'~m.: B"'hm. B W .. "Somo lnlorm•tion '"''""'"' Implico- Tho>< dOlo obo <nak<1B ourocti•• e•t< lor virtual memory 
IY"<m> 0> ""~'< to r<duot tohwol'< «>>U by tlimin•tinJ me mOl)' : '"' ~~ \11 fo'<r Sr><< Mi<~on>: 197Q.J9,0." A"'ooauriu and 

'!•Or>""" lonuor¡ 1971. Wol><rton. R .. Hr C "" o/ D<> rlop. OOnllrointL Ho~••er. tl~t .. ,.,lth ol thi> <>« ;, rcdo«d to lile 
.·; L:·~•-kal• ~"!'•"''• ,.,... P.¡>< t.~'-"" 1912.) """' .~ .. •·irtU>LI m<mOI)' O)ll<m in<lfi<><O<¡,> li~hl<o ~· 

Software 
1mpact 

l•:re2sin¡¡ softw.,re 
~-~cu:to••t)t: h1c:tora 

;..¡o,.~•er. c~e lo« r<mains thot ""f" 
~ ~., nood• 10 be tOftOU\IC!<d_ th1\ 

''--'-0\IS r •• ,o .. •i¡;nifttontl) infi<><nQO 
.::.: •r-<<t •n~ <ll<cti-.n.,;• of prr-duc
:::; i1, aoci thol "'han ot loo" >Ome 
r= '"-'ur< el control """ thr .. bctorto.· 
ToJ<. t~e mor< we ~now abour lhooc 
1.:-on. tOe moro out decl,iono ,.;11 
''d '" im7tO•'<d t01her lh>n degnded 
.,,..,..,. produclivity. Wh>t are tho 

'"'"""'·~' ~ .. ,.,,._~ 
OM ;, ""''ful<r '~"'"' u>poMt 

... , ~,,.¿,., b)' Sac~mon and olh•"' 

•i "~' btth ""'"' on.[;ne pro
.,. -,,., ... ~own media..~ i.":t-

<e<~otraimL 
1 R<-1.: Willim•"- ,o.. O, . ~ e O Oonr><IL "n>mu¡h lbo 

Control -~ruttipro<<...,- A•looic:> bt<r> tbe Computer 

·~' Al,.OO~Ml«l ond ,{., .... (,uli<l, JuJy 1,0, 

pto><m<nll o! 20% in pro¡ummin¡ 
dfióenc¡ u•in& on-line •P"mo. 

Ho"over, in thesc •ome Oludits, 
•·aria!ioiU b<t"-'"~ i..Ji>•id~~rs ac. 
count«< f~r dilfercnoe• in produtti>it)' 
ol !acton. up to 26:1. Ourly. •electin¡ 
¡he n,ht pwple prcvidt• me"' l<>cu~e 
1han an¡~hin¡ che in lmpro•inJ >Oh· 
""' prnductivi1y. Bu! tl\io i•n't "" 
cU\', Rcin>ltd1' and othe" hO\-.: ohown 
th:i nono of rhc oolcction t<>ts d...-el
<>p<d '" lar haH •n operotinn•llr-<l~ 
pen¿abi< oorrel.,ion with prognmm...
p<rlormanoc. '.\'eonftet¡, in hil cxe<:J. 
Iom b<>ok.10 illustra1ts tite complu.ity 
of th< Í«Ue by '"i~¡ ,..., pro¡nmmer 
annl>11t<> lor uch k:ttt o/th< a1ph>· 
l><t rlrom •r• •nd o~ilit)' throu~b 

......... ~ ... ,. __ ........ " . •·o---
,,,., •.• ~. ""''"' ... ''•'>•" IH r,..,_ 
,.,.~ ............ -.... """"- , . .,_ ... 
'" '" '""·"·"'' e;-"",,.,, ..... ~~, ........ .. ·····--·-·: '~ ~""'"' ......... ,.,,_ 

10 '1 

. 
znooity ond U><liocll 1i¡;n), eaoh of 
""hich mi¡ht be a plau•iblt <l<termi
nnl of pro~rammer pcrform•nu. 
Srill, lhc p<>l<nlial pa¡·olf• are so lor¡r 
th>l Jurrll<r work io 1hc oreu o{ por· 
oonncl oek«ion, training, •nd evalua-
rion sllould be clood)- followed.. For 
enmple, 11>< Berr<'r T .. t o! Pro¡r..,_ 
min¡ Profi.cionoy hu pro•·•d lairl) rw
l~able in "'"'"'"' the pro¡nmmin¡ 
c>p>b.tlily o! e~perionced pro¡;nml
men, 

Orher f•cton •uch •• prot•ow"ni,. 
la"k'•~l" l>>''< m>d< •ignific.ont dti'I<T• 
enceo in oofl.,'lK prod\IO!Ívny. P,ub<y'l 
rl.l t <tudr •ho,.ed dilro.-crxes ol up 10 
1:1 in de•elopme.~t !•me lor •h• ,_.,. 
po1um ... rineo in •~o diff<ttO! loo
ru•~•'- In • rrh1cd el\'ot1. ""'~' ob
rainet;l a l.S:I ptt-:locti•iry i•np'o
m<nl ov<J on< <'1 !ho Ruboy eumrl"' 
by "''n& '"~"'a •pui>l P'"ro~ J,o-

. 
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N • 1 "'"'"""' (A • 1) 

"' 

s."ru .. • " m ' poo t <m lo~¡iy ole !ro h< datL One u tha! 
coto.!"< Pr<><<>mmina it no< o P"""'" lot !.O(twarc ,¡.,.,,., 05 
it ~m <limin>" ooly oomo lro<ti~ o! «qu<na· and •<onor<>l 
won. Hov.e><r, •• Columo • ''"'"">. th< «<¡uoncC at>d o:ont!<>l 
<rTon Of'< the mml óml'(l"'"' on<t to olimi .. tc. nth<y <lln<nt
ly tend to 1'"'"' until th< lol<r. more <!ol!icuh "''" of •ali<!>.
li<m on <mieol r<al-u..,. pro¡r>m>. ,;.nolh<r poím io tllat bn-
1"'1< (<oru,., coo molo o d•«•«n«. u K<n by eo<nporina 
<nor "'"""' ond totoll in '"" v.ith th< oth<r '""'"''" 01o•
'"'~- cooOL, •nd ,o_,.._), ohhou¡h in thio <no an addn,0c.ol 
l"tot ol lo,. P'"''""'"'" 1•"''\ior")- ,..,.~ni> •l•o In~"'"""' 
tho t«uh>. 

lt"o f\"id<nt ftotD tilo dilo thtt m<>U m•H-•' '"""''"" 
u...! io P'"""' ore QUit< 01mplo io fo<m Fo< '""'PI<. M'< ol 
th<l< ljD.OOO <t>l<m<nto ~<1< of lb< >lmpi< !O<m ... =11. \\~;o 
...:nuth "~ th" utd >imilO! di>1<ibut>Ons on th< dtm<o•ionO\tl' of 
o<rOJ"' lll':i Uoindo><d. JO.l<:O- ,.ith o no indo o l. th< k•¡-th cl"" 
I<>Op> 1 J9'"t ,.;th ju>t On< ""'"'<•ti. >nd th< ""''"' of t">O 1<>-M 
tl.t.l<;< of dopth 1. 21<;0 ol tl<pth 21. h<t< Qa\ ht> "'"'""' 

""Th< ••tho< on« f<•und •• i""' >i¡n,fian;e '" Lh< l"t te>t 
(Rol>-: ~oh<). R. 1 .• <1 o!. Compoootio·• Etoluotlon o! PUl. • <eroain tumplt,.,<d motho<l,..,•blo to ,,..,¡,,. th< ""'""'"' 

Cli'J<+II:=((A+XI'Yl +l.7~811L-~1>'<·-">> Z 
intc cnly 19 moobin< '"""''"""' compued ~ "" <h< ll in>l~><· 
ok>o• cb01in•d b¡ o rr._;.,.~, pu~h>h<d m<tho<l .. lb< h<1 
th>l oritbm<t..: "P""'""' ll'lto\ly hh< on ''"''' loopb of 
cnl, •~<> C¡-<<>nd>. in P<•<ll<<. ~t.., Id boto 1-<<n o •"" •h<>d <o 
lb< outho< 01 Lhot timt." 

Unit<d s,.,,, Ait f~•« Rop<>n. ur>-n-68-IJO. A~ril 1961. 
Ruh¡. R.l .• J<•d7 oj So¡"'" Ouontita"" Atpm•. UoiO<d 
Stat<> A.r For<< ll<pon. e>-1 UO-RU~40. O<to~<r 1971.} 

r••&• fot >imublinJ comput<r $)-..
l<m., 

Weini'Ctg ~ .. ohc ohowo 10·11 th•• 
lht cho;,, of sc/r•·o•c "'"'"P"""' 
"''" io ""'' o >ignifi<on 1 i n.~u<nce on 
l<>h"••• ptodu<tl'ity. ln ene "" el 
<>r<rim<nts. p<ngromm<t> ,,.,. ¡i•<n 
lh< umt pro¡r>m op<dft<otion. but 
~"" <old <tther (Gtoup Pl te fint>h 
tho job •• ptomp<ly " po><iblo m 
~G"'"P El 1o pr~J,e< ., df><i<nt • 
P"'L'•'" » p<·t>ilde. Tlt< "'ul<> """ 
<h>< r;,~up E f>ni>trd the job ""h on 

»«o;< of o><t '"''~ •• m>n)" '~"' to 
<cmplotion. but ~ith pto¡um> run
r.i~r •• """S' of ,¡, tim•• r,_,,.,_ 

A,·o:l.'f im¡-<or1:.nt flt<ot ;. tite: 
sdt~a,. lro•ni•& '""'· Th< t;.~l< in 
11-< ttc>t c.Jhmn >ho"' thc c<Úm"'~ 
-----~-

Thu>. ,,_.¡d<O« lod,.oto> thot b>~<h ,ompil,., ¡ono,.lh do 
·,.,¡· oimpl< thin~• ood on< >ltcuM "•lit be"'"'"''""' ~'"b 
ccmpil<t~ tu do >intpl< th•nr~ Ttu> oould be >,molo ti¡ th< ""' 
~·itb <ompil<" ond inl"P'"'" fo< on-hn< 1\>L<ml: he~""· 
ncbody hu oolloot<d tho dota lo< tl•o>< 

(Rol., Knuth, DE-. "An Fmpiti<>f Stud¡ o! ><•>•~·~ p,_ 
¡~m .. • lo/t~~" P•~<li<< ~od (zp<<i<O«. \"ol. 1. 191\. p. 
101.) 

ond oc<u•l pto~romming oflor1 invol-ed 
in producing lhr« <ucco"i'< FOOT~AN 
oottoriler> by th< "'"" ¡roup-'' 

··"'~''" "'" "'""' _,., .. ,~~:""'"·--- ..... .;:~-;:;.- --:'-.é"_"_-_ 
1 .. 7l .. .. ,. .. " -----------

Cle>rly. <oh>'>« <'ti1n>1ion ae<ut.-:}' 
ha> llootnLn¡; '""•· •l•o. 

R111 otl.tr 1.<1<>1> in lhe pro&••m· 
tttin¡ oooitonm«tl mol.e ot lco>t " 
\"<• o ount,ibutLon on >n) ¡ioen ptoi
<et. r\.e ,._~., <'h""''" Gu•nt>t->"ve 
onol;>i> dtc.o ><> r,, on th< Ja"o" 
inn~<ncir.~ ,,.¡,~,,. Ü•<bpn•ont '""' 
an ""' "'d) cl~n< r~• <t.< Air rot<< 

""'~'"" • "· ···"~-· ~" f<rl-"-·"" ""''""' '"~'""""-""'" ,,._ .... ,_.,_ 
"'"'"'· ..... '. -~---- "·'' ··""'11. '"'"· h- ""' , .... . 
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"Elctlfonic S)·>Oem> 0<> t>Íco rn 
t96S.'' whid coll<"<d óto ~n nc.,ly 
1 00 l>otor> OV<r 169 >oft" "' prc'< .-u 
ond pcrformed e>tcnti•e '""""al 
on>l¡sio on the «>ul" fh< "'" f,¡ <<> 
n •• dota in>ohcd 1) lwn". >n<h:J.n¡ 
,,.h;hty of pr~~"m >l«i;n. p<t:cnt 
mothomotic•l in>lnJ'Ii<>n<. numt<t o! 
>ul•pto¡t>m>. enn<U1<<nl ~.,~ .. '"do
•clcpmont. ottd n\t<nl • ., ni m•n-m;-<--
~~~~ <>en ¡hOI c>timat< lt->d o '""·' "d 
d<>i>lion (62 ""n-month>\ '"'" 
th'n ti""''"" 1•0 ,,.,,,.,,,.,,h>l-

lr>c<<:>nir-g softw~<B 
p<OCiu<;t.v<ty, pr~scr;¡~t<ons 

o ... , ,u,:-,,. <t.C-<;\«11> ''"'"· '"" 
tl,< rro"'o-<" of ic"""'"l "'""'" 
íltL!UC:L'tl)" ¡, t'·~<~o"! :---:.'1 ;ot ,¡¡_In 
----------- ---
"S<'''"·< ~-- '" "-•'"'"' ¡., .. "••••' ·-• ,., 

'"'"""""".,c.-;. •· '"· ., '-'~'
"~- '"""'"'· "'' JI.·-~ .. 



~Ct~.'<lf(! 
lmpact 

lO 
h>< !'<en '" dt<,enl'1: 1 -. •••• , "' 
on-lon< r•~l''""'m'"f ,,,,,¡ h~•••· p..,. 

~rammJn: '"'""''· ""~ '"""'''"'C 
•lructut>n~• ~1 lh< •nfl~ > r< rr,...Jno:'IÍOn 
don. An CHn>plr nf !he 1\"1 "'H,. 
flnihlt Cou•J>n<:< Solo"'"'' S)"<m. 
currontl) hcin~ d<>elorcd lor lh< Att 
For" Sp•<C o...! M""'lt S)"'"'' Or
~~nirauu•. 'f1w '<<oNI ¡, C\empllfl<d 
1>)- dw T«hni'oChc H~f""hool E,.,.,_ 
""'"" 1 10<01'0 ond OUigrn>l<d <n~~ 
n<<rin~ é _ ·isn 1 no¡ 'l''""'" "hile .,._ 
""''''"" mucnoun; m•} be >ecn 1n 
<>o;>C:rimeniÚuch »lhe '"" chief pro
f''"'""' rcom IC~TI dfon." Al· 
lhou:h rhc•· are somt,.hll dillef<'nl. 
uch "''""J>I rop<<"""" an oll<mpl 10 
brin1 10 oofl,.a<c produchon o -oop
d.>tt.n- orproaoh otod lo minomi.u lof
ital tr<Ofl and i<>Con>iUcn<oO> lh<<'ll~h 
lttutturol >ÍmpMo.,ion of th< d~L
ormenl proccu. In tl>< co>C of the THl 
>)>ICm, thi> ;, reinlorccd b¡· r<quirin¡ 
>)'11om <odon¡ freo of d"conllnuous 
pr<•&ram •ontrol { "o¡o.to free~). In 11>< 
tbid pro$ramm<l •rproac)l., it Íl oo-
c0mp],.h«< m· choc.,n~ • >in¡lo indi· 
•iGual 10 d<-. lh< majonly ol o<:lual 
d<>iJn oM pro~rommin¡ aM taitori,.. 
• •uppon 01oll or<:>11nd hi> r pnctiol> """ 
l&ltnl>. 

As ,-ct. nonr of <he >}'>1<,,. or con-
• ~"PI> 'dcscribtd hoo bo.:on rirorou~

""<d. lnitio[ ¡nooo•tiOfll 01<, ho"""· 
thot lh< m~cturcd •ppr~ach can 
shomn lh< ,.,¡,,.,,. .1..-clopm<nl prc
t<U ";nifitanll). a¡ k•>l for "'"'' 

« 

' ·-

"'~"""' ., ...... ••" r, .... , ""' .-roc•_·J .... ~,o<-"1 , .. ,, ¡,. 
5(1"; .nJ h·du«J Je-ch•rnwnl hm< ,,, 

~~'< ~~<he '"'"'i "''"'"'"· 
Th< •oloJ"'"''· """'''""" '~" 1'' • 

ct\ worc p,H!Ít"lerl~ '"'P"'"'c ,O,IL-. 

'lnl~ o "'"'~• """~ ,,¡ •)•lcm in!<''"' 
liun. thc \t'h...-•r< """' thl•~•~h ft-. 
we.:h <>f O<<'<P'•""' 1<>1in¡: h) 1 ;,..,, 
f'O"""""I 0..1} !l elf•'" "~"' h>uncl. 
>11 "' ...,,.h ~ ... fi\<ol '" ..... d:o¡. 
s.nc. lh.:n durt~~ "'"'. , ..... ~<>rlh 
Ot <>p<<~lionol "l"'icne<. <>ni}· ~5 ad
dnion>l orfO'> h,,. !><en l<'und in !he 
K3.!l00-inotrucu"n p:ocl•~•·" 

Ar l~i, poinl. ifs •lill n~l tlcar lo 
v.·h>l <>l<nl lhi, r<m>rbhlo porfor
mancc ... , a lun.:oi''" ol ~,;nr rc
marhbl¡ >lollrd P'•'~""'"'"'' l>l<nt. 
and'IO whOI e'lcnr 1he pcrl<'fm.>.nu 
f>in• a>~~ld tw: mot<h<d b} m.olinr a 
1ypical pr<>Jr>mmmf «>m into • Chicl 
Pro~rom~Mr Te.m. Yct ti-.: p<>lcntiol 
g.oins "'<~ so l>r~e lhat lunllcr re
.earch. "pcrimenlllion ond lrainln¡ 
ln sttu<lui'Cd pw~f>~'"''"' con.:<pl> 
'"'"' onc ol tho •~P prÍ<I"'l' f«O,._ 
mcndaliono of ti-.: CC\P-85 SlL>dy. 

lrnprovln& •cftw.,re 
r-n;onaaon-..nt 
ti'-''"" thou~h an inrli~idual'• ..,.¡,. 
,..,,.. pro<luti'\'ÍI} i> imporun¡_ lh< 
C<;lP·8S >lud) l<'und 1hat lhc probleml 
al oclt"''"''" produ<li'll) on mcdoum 01' 
lar~c proj<«> •re l•r~tl) problem; ol 
mana~<m<nt: ol lhor~u¡h or¡->nÍ1-II• 

·-· ..... -·---
·-~~;.R_,.,_ ... ..... ,.;. 

... _ ... ....~ ... ·~·- ...... ,._ ·-·p·- ...... ..._ ~ ... --.. -o.. ..... 
~.... •···~·- ,_ _ _..,... ) 

" 
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F•&- 9. The s-oftwo•• developrnent cycl•. 
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lion, ¡ood ocnlin~<nq pT•nnin~o 
lh<'u¡h<ful <>l•hli•h=no ni rnc»ul
abi< proj<;ct mac>lon .... cuntinuouo 
monllorin¡- on "h<Lh<r tlo< milt>t~no> 

.,. P'"l"' d.• p "•<J. •nrl , '' <•rnpt in• co
l;f•''"" ond ""'""'' ''''·'" in e>~ 
th<o¡ uc ''"'· In the ,~ro ... ,,, "'""~<
"''"' oru. c-n< olol.c "''•"' ~·lli<ulhn 
.. " ..... 1' '.. >- ..... Q-•"'• .... _,, ...... ............ -, ...... ,..,_,.,,, r . ... ...... 

• 



• 

. ' 

. --. r'. 
"fhe "'"''" •' ">·''}'~'" (r<•m ooe 
p•~¡«t ''' .,., '·"'- r"' <>•mrlc, ""'"~ 
ol lh< l<wn< :"rn<d •• far"bo<k •• 
~·•·• ore n(:Of, t¡·c.nreJ '" :i>J,_·, >ah-

::;; P~'~;~:~:~··~:~;·:~l•;::u~h 0~h~~ 
if.,..i<r', t.ce::,"T. ¡er.¡ ~rlicl< .,_. ·• .. 
• .r .... ..r rr.'~ ··'"·"· •. ,,. -, / ..... 1 , _; . • · 

.-.;.. .... ;...., • -.,. ;;r, __ ,. '·'· - ';,,, ..... _,. -~ 
"''""''"''"' c•:M~ilq ·•· f<>.,nollod 
dáunin¡ ,.:,!\, ufly pr<>~otú.c<, con-

'""'"' •l·•rm d<•<lopmenl ond p<r-
lormoooo oul¡ ,¡,_ <1c. 1• , 

B<)Ond lhi<, u "dofficult t<> ,..l any
lhioJ eonci.., obout >el<" U< mon>f<· 
m<nt lhot docsn'l sound lile molhcr
~<><>d. Th<rdore. ohi• uticlc "ill sim
ply cite,,. no ~ood rde>One<< '" "hith 
-t~ •u~¡.,, i1 <•plored in "'"'' de
t>il"""~' 

e~~~· • .-., .. ,, , e E. fiar st<>:-t, 
tl.~ : ~-1M':··~-¡;."' macl'\i'1" 

f:><n if ,,ft.,~rc producu<~l) n<•<i 
J'" U<<nrndoL»l¡ cfñcicnt, m>ny of th< 
mg" "'iou• •ofl" '" >~oni" "ould be 
olloviot<d il ""' could •cr ><>ll"-Ote oll: 
,,,. ~•ioical p•d> ,.¡¡biñ an o•<r•ll ""'' 
''" d<«l"~m,c,:. In k-l'lin! al ibe 
ouuenll)p•~;l h ; "" o'_¡; :''i< ooh-
.... ,. prCJ<ct IF\_!: S_)·;";' <-On "' thor 
lh< 1'" (or ~.-,.~--•=:~->p<nl on 
hord""" pr<>eoHemcnt pu•h<> wft· 
,...,. l>tOhct ""' '"''" !h~ <•i<ical psthJ f 

A •in« oll<n a.o:. • ~, .. .;,o <7.•ri 1,, '" 
'...,_. ·." ail ot "• ,· .n-. · ·he ''"''h- "" """n 

"1"'"'" ;,",,;,.¡;_~ cd. · 
o.,, al rhi: < • ·~ "'P" d<• rl<>prd in tho 

u••·BS 11uJ¡ ¡,., ~dtJnf >Cil\\'Of< 
mo« ofl lh< cnti<".>l p>lh ""' thol <>fa 
"•cflw>r<-firl1 tn.>chino.M Th 11 ¡, o 
hirhl) l'""'l"c.!' cumputer. copoblo 
of "" "latin~ lh< l-.·haVLDr <>f o ,..ido 
•••~·· t>l hord .. ·aroo eon~fUtati<>n•. fi&. 
10 r•<>•id., • '""-'l!h pl•n of •uch • 
wfl,.lr<·fi•" m>d•ino. Ir "ould ho-"1: 
tb< <opobilily of confi~urint ond ""' 
ci•inJ tbrourh its microprogramm<d 
control. • un¡< <>f c<>mrutcr~o. •!Id 
rould ti"' simuLlUn<<>uoly pr<><"ide 
"""" odduion.,; '_ ··Ju :;o aid• re do
', I"J';nJ ·""' 1 •• :•~-·- ._..¡,.,.,,.. 
· !<,'1''" • '. •e• ~-; .. ~'""''n "''"" 

.·' ,,,,, .. \i: ¡· .. ,, · . - - .. ~· "''h. ·. ,,,:·hinc. 
;¡,, f,.", •. i , ... ··"·-"·•hl ~h.·n ''~" 
rboe; :. eontrocnm "'ho i• li)LnJ '" 
dc\OI<>r !oll~<••• fim on '"born• com. 
put<f could «an "''~ • n«O lnr • ' 
no.1<hinc "~L<h i• '""'icoll) th< '"" 4•r. •' 
hu1 l'oth o fo<lor moomol\' ond Joli'<r<nl 
inl< lllopl '""'""" Tho>- >0! L" "0 con· 
lr•<lor c;;;,IJ Jc«dop. "'''"'"· >to<e." 
... , <«>11 hl\ ,,,¡¡, .. ,,. ~ ... d "" lh< 
,_ ____ --.. ,~···· ~· ... : .... , ................ .. ........ ""'. . .. _ .... ,., .... ,-.... , ... -., ·"'- , ..•. _ ... ~ ... '"" ....... , ..... - .. -·- '"'- ·~·- '"" '""'· , .. .,,. . 
•• '•«' ••. l • ~ .. - "" ............. 1 .,,_ 

"""'' -.•n '""'·' (-m•"•- ''""'" ••• 
""•"·~-· ' ''"'K. ••·1<0. ''''' '"'""" 1•<"""•< J.-o._,,., "'B <.,~M C'v

""''"· Ap"l 0>'0 
""·~···~ "- ... _ • o • ... , __ ,_, ... , 
c-r~~ ,,., .• __ ,,,_A_ ..... ,.,. 

mo.:r~rr<•;•om"<>d mr>Jel of -lhe ma. 
eh.ne. Whcn 11 tumod out lhat th" 
ot<holt<l"" ~ .. h1m¡>erin~ tho <011· 

""'' ~''''"~'<"· rh" .:~!lid ol<> '''"'' 
h•r~"""'>•'''""" -,ro,lo<>lh ,.,h., 
.,,.¡_, by ~h>nfiO! rhe micr,•pro• 
~r•mmocl m>th1n< t<rr<><nlalion' •nd 

""'" th<! "'" lini•h•d or <><rnliolly 
~n••he~ "irh oh< "'''""' d«elop
menr. rh., "ould h•>< d«>i~ d"iJD 
<prtifinoi:.no lo: thc hord">tc th>! 
cc>oJid be pro<lu«d thr<>urh <om¡><ll· 
''"' prO<urom<nl in mdu>try. <;1millt
ly, "'''""'" ronru;:mr c~uld t.. d<><l· 
opin1 ooft,.ar< for ino<rlace m.,,.l{ 
prP<n•coro lor commun¡<>h<>n• •~ .. 
l<ono. b>><d on <>riana o! lh< Hon~y. 
"''11 oo~ ~16. '""'"" cnuld be im~ro•· 
1o¡ a t<>hm;:'~,,. f'Coc>;in¡ ••r•bil
iry b•«d on •n urJ!rod< o! • <<>< )800 
compu«t on ono>h<r •iroual mocloino. 

Thc >Oft.,ore-fir" machinc could be 
e>f con>id<rablr "lu< in shoroenioj lh< 
lime from conc<pllon lo impl<mmla
tion <>f an int<ctoted hard,.arcl>oft, 
'"" l)st<m. In Íh< u•u•l prowrom<nl 
pr<>OCOS 1 flJ. 9 l. tho hard"'""' ¡, 
~~"''" fi~l. and ><>il\\ott d~-.l<>pmont 
must '"''il deli••~ o! tbe hard .. ·art. 

v;,¡...,l 

""' d<«l,,,,., ,, ·' '""·' , •. ", .. 
uh""""'l''•••' .,, 
Juron~ lhe '"""' ,-• .. ,,, ' 
' '" h,.J,.,,. r .. : •. ,,,,, "''· '·"· 
lro>m • <1<t>~l,·d ,<,·,.:.-• >nd, "''·' :uiW!f 
¡,¡.,,,,,.¡~" "'""·''-'~'· •h~uiO MI on
Uodu<O dclo" lh'· <><in¡'''"':"'" 

"'"' '"'" '""""d '"""' '"'"""1 
hfo. " lho h"~"''" in•"II<O '" l~< 
~eld " ~ .... d on "'''" ur-•~..oot< "·"· 
nol~n-

Ho"''"'· ohe •oh~•r<·~"' ""~'"' 
con<Opl h» •om< ;o~:•n:iol d:.• o,;;., 
For nample." m¡~hl rrodu.·~ • '«n· 
uifu~oll<nden~•- '" hard""' 0«<1-
opmenl .. \11~"'"• ~"'~'"" to ,,.,, 
h>rd"or< oo' wh;.u, m'~h: ·c,u:l in 
<h'->rrohf<,.ll~n of a <>ri<t• :-: <im•i•• 
olthn.,~h emic•ll~ d:~<r<nl ,,~,~~'<rlo. 

oooh u«d lur > •r«¡,¡ rmro•• 
A final qu<won ·,~""""''; :ho ,,.¡,, 

-..oro-fir<l m.ohine r<m•in> reo¡: C>n 
il b< hulll. u an• '"'· " ' ":<~1..'0· 
•blo" '""~ XrdtiiWur<> '"'"- ., 'h< 
(I>C •r.tt. IUl<C !\, •n~ G>~dl<ll 
IH~..,- 1\- I'OU)d b< <irtuolh '·"'F'"· 
bl< t<> accommcod><e in • • ';'< ,.,.,,. 
chino. Thuo. 11 i> mor< lil.cl; :.o!t <o:'l· 
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Soft.vr.~ ~ 
irnp :;t 

~"' '"¡,.,"' q ,,, ;ol:~.,,.¡,,., ""· 
'~·'"' rr . .:.:·::.>l"' ~•IIIJ< d<•<lnp<d 
lor """"' <•" ¡" ol ap;•loootion•-

Üp< '"'" •:.:i:.nt "~n.kr "'')a\. 
«><h .• On< .\u Fo"< N¡oniulion. 
v.i>~<nt te '-iT•d< "'ithout • >imul
''"'·'"' ~ .. ~~.re anj >'1!1'• .,; d"oon
'"'~"'· "~4i«J >Omr \!<1> ~ mi<ro
r""f:><nm<d m>'hinn ""''" .. ,¡¡ 
ofi¡.•.•ll• 1-< ;.,,.,ll<d <o emul•t< the 
c.i>too¡ ><:<•nd·¡rnrollion hotd~•"· 
On<e 1he nr~ ~.rd ... or< ;, in t•p<t>UOI\. 
lhe) -"<\\ P«'«rd 10 ur¡tode the •l"· 

tem "'''"''" """' a ~~~"'"' miuo
pr~p•mmed ""'·In oh" '"'l' !hoy con 
u;- F>.l< lOe ·~'11om ,. oth o ron>rderobly 
reduoed m\, o 1 , ."L<m do .. numo. 

-~nother ''"""g •rproooh i• thot 
ol <he mocr<-pr<-¡rammed !luuougbo 
111';00, "hi:h pro•·id" o oumher el 
tite aOo-. cl>or•""'"'" plu• cap,bil. 
"'n oc <orpon "dir<ct" .-ecuoion ol 
~.¡h.r-1" el·\ '"~"'il' pro~r>m<. 

OlhN hMdwore
software tr~d~ofh 

In •ddn>on, lhere ar• ""'""""' 
<><C<r ... ,,. on ~hirh eh"l'" b .. d~.rc 
''" l-e tr•J<J <'ff 1~ '"' on more 
<•;-<n•'-'• >oh"•" Je>ch•pment <t•m . -----

' 
•• 

! 5 

; •• 
' ~ ; -

' -

' " 

u~co• '"'' .-.odel 

• 

' 

.. 1/2 

S/tl&O 

''• ,,, •, !•._.,., . ·'•' 
He., ... ,,,.,, 

' ,....... ;;,,.., 

''"" ..::r-J 
''··•~· ,_,, .... of:" , . ., '' ~,, .... , ,·,~·~-

!o. r~o\t ""'" ...... , ....... 
>Lnl. ;~, c<fl" en« he'""" ~fcl•l~re·" '""" '" ,.,., .; '"· , ·, ... 

· <q<~~<ne<" in oh< hlr~'""'-<<>fl• "'" ,¡,,¡, ,, .• ~<•t fe t on 
"'"' c~r-'« •h~~r. on F1¡ 2B or <M ·,.'·'"'M b) >)>=•·n dt>i¡n-
Snlt~•" Qu•• Th" t:>~colf oppor- en.~"' r•en :'.:>r ,enr·.l '''"d' m> \o 
'""''' Ln•·ol•c> bo••n! '·"·•u;h hotd- <hel.•lt•••>r·¡;.:no•~,.,,,-,,:Jcnl: 
""" "P'<"' lo l<cp '"" lrorn !he • 1. O"roll '·'"'rn '·'" ;, ¡<n<rolly 
>l<Op r>>< in '"lt ... a« <C>:> "~'"'""' at ,,;,;,,:oed ~'1 p<~:.<rit.~ <"JnpUt« 
•ltout oh< 05'< /,_.'""''"" poino of, h>Od"'•" .. ,¡h " le>\t 30'1- 10 
cpu •nd m«no" <>[' """- 100,.., m~« <>r>O<l) t t..n ¡, ,h .. •lut<iy 

Thu•. '"~r<'" th" "''' h» ,;,.o • r«<''-'"1· 
~>"·P'"""'in; 101\. •~J ~''"""inerl 1. ll•e onu< r o be ',.:., e f >o•lo ... ., r ·t<>-
1hat • cum~<>t« ol "~''"~" <•p•<>l~ h><~·.re «'-'1 in«<'"" '" ot ,.¡11 

¡,. ith re>r«t to «nt<>l f"''"""~ """ m><~ ,JI• '"'""' 1)-< "'' "''"'· lh< 
'r«d >nd ''"l "'"''"'<d. f<& \1 m<'o< "''" '""'P"''"' <.•r•ó•)· onc 
>h~"' ho-" tt" ooal.é>t>·r'"''"'"l' >houl<l P'~"u" oo n'inon.iL< th< te,.¡ 
\)>l<m eo>t ""'' -"ilh thc •m~unt el ~ 
"""' eru c•r.:io) pr<o<crrJ lot •••l·, ':' ), lo ¡, loo m<>« oi·~~ lo ere by 
""' ""m"" o! '"' "''": of .• idn1" •. 'r"'"'''"~ • <omp<>t<t lh>~ ;, '"" ,m,n 
>ol•"><<·l<>-h>rd">« '""" 1~• lh< <Y<-.- th>n ""' lh>l ;, too l>r¡<. T1'1ii i, <>re· 
le m. 1 "ló<al >o(o ""' <" '"""' Orf. <'!'?~~;; ·~ ·,:;,¡¡)' ir.t!"-'nano. <in« ~ll<'> >nioia! •!•· 
thot "'ould be >ncurr<d.v.ilhmlhany~''t:inl ol th< d>ll·pr~.·c,,inl job ohcm 
«>n•i~<rotion of soi>ini,.;~·éhoidv.Orol:-'¡'il<nd> to Lnrler<<t>m>to ;,. m>j!nitud<. 
••p•city_\ The caku\ahim,:":r'ñ"bi....t;,....._~.:Qf «>Ur<e, ~u)in~ ,.,,. harJwar< 
on lh< p«• iou;, Cuf'·e o_f pro,OriiilOioin&': J do<'< no o c\omiitat~ tl.e n«d lor g<'cocl 
<o SI> >nd '"o modch · el ,J ~·-·d~·ore · ~· ~ ><>ftv. >re enp•neoron¡ 1 h<re> !ter. C>te· 
co>l:_ th< ltnc>< model •<>.~me> -~~~t"j•i fui_ conf.¡ur.ttion• C<'nlfol mu,¡ be 
coot '"'""<' ltn<>rl)· <>i<h '"""'":' '", f m•!nl•it><d lo ,.,¡,, P' ore' 1~· the be no· 
<pu cap.eit)': 11>< "Gro«h"• ,!.oW" f,., el ho»n¡ """¡,,J.,,,. cap>bol· 
nt~d<l "'"'"" H,.t.co;t incrc>'« •• it¡·. •• t!.cre '" •h•'l' 'tron¡ Parl.tn-
oh< >qu"• '""\ of cru <•r•city. ""'''" ""'""'i" oo al""'b ""'" 
Sh•<p< '> d>lo'' m~""'" t• .• t "'"" •P· c>p"'it¡· ~ itlt In>< ~in,l)y. u><f ul _ 1 o;l;s. 
p\"'"'~"' hll >Ome"h'[~ h"""" 
th<>< m<>d<ls. • '" • 

r--------, 

.... .. . 

• 

' .. 

• 

' 

----- - .. ---------------
······.~ .... '- .... , ....... ,~ ....... . .... _,,,, ...... ~·~ '"'' 

Soflw .>'e rcspol'lsi~cn~~• 
"""'"" J,n''""l "'"h '"'' ... "" i• 

m lr<~ueno utll<>p<ln,h·cne" lo 1M 
a<lu•\ netJ> of the organ;zation it "'"' 
Je>eloped lor. Fe< <"rnple, the ho$
poU\ >nft<rm>lion ""'m ~<l<l ),,; >CV· 
uol CUIT<nt ">mpie> ol .. ,.,¡¡r,., .. .,. 
>)!'<rn, "'hi<h "'<" Jc,~k>¡><d -"olhout 
•d<qu>tel) con>uhin~ •nd ano\¡zinl 
oh< onlocmation r<qu>lrm.cnt, o! dc><
oors. """'"- and h«!pito! aJmOni>lra
'""· Afl<t lr¡>nJ 10 h-'< .,¡¡b t~<"' 
·~"cm• fot a '~<hile, ,.._.,.¡ h<>>!'ÓUI 
odminillr•tor> h>'e r<lueuntl)' ba¡ 
nrml) ph.,cd oh<m out ""h >u:h com
m<n" a;, "Wc l.nu .. lh•l·«<nr~''".· 
are >uppo"d to be th< "•J 10 go for 
oh< luoure. ~ut lhi• >J<l<m JUII d~<>n'l 
pro•iJe "' '"l h<lp," O t. -u,. E e of !he 
<)"«" hepn ot • -'<1)' lu.,. l<•cl-•nd 
dl<•rJ"'d ullltum th..·O<.w 

Th< m»n dJili<"lti<> """ !rom a 
l>tl. of eo;,l¡ ll>n•lt·l,hl< ~tocdur« 
o o a id 1n <he '>oft~ ><< !<qtá«m<n" 
•n>h>i< proe<<> Thi• pr<><e» hearS u 
ol\ toO·>tri~ing r<'<mbl,n<e lo lh< cl .. s 
el foil. t>l<> in "h><h • ~<nie com<> up 
to o m•n •nd,t<ll> h;m ~. h» thr<< 
~i•h<> •nd con -'11. lor >n)th,ng in lh• 
... ,,rld. T.'r"_,\1)', he 'P'nd> h» fir<l 
'"'~ .. ;,c., >'l. in¡ rcr ,,,., cthing til.e • 

¡,•IJcn ""'' or~ • 1'';"""· •nd 11'><n 
... ~en ~ .• e ·-·-·-<n '"' ~ ........ o ... 
,~.·"'"'·""· ,- ~ .- .. -,:: ";\.!) i::-pl~ 
·~=· .. ,, or ~:o,,. -'~''' :'<·•· ¡.,;,. 
~.¡-~~ =~ >¡-;-,J ;;, ,;.,_.~ • ·,~ ,:::Lr,$, 

~ ... "' ~ ~-:"' ~· '""'d. 
S...,.i,'~ci\, \!: '"'~;u¡or i> >\NI'"· 

¡Onie -:;..~;;~ ''-l"- 'TII,..~i-o·,,., •Í>'/ 

• 

--

1 

! 
·- ' 1 



1 

;"~'' ~d :-,r,,,..,_:..o , -~ ~•~t. "11 

)~" ""d '" ''"" ,,l-"''~- ~"""1 th< 
... •r•~•·• <o'""'''',_- 1>1.;c., ol•<>ufh. 
'" ro ,¡,, "" "' lite r,.;l. "!' ~n< 
"""'' bl '•"·"''' f. n.o,,,.,, .,r "''" 
1 or nun~'"' 1 of--l P""'"f thw ({•m· 
~irocd ~"h ¡,., onoo > ><>lt~••< r<qUit<· 

""" ,,.,¡.,., But ""' ~<<hnolon 

..... '"' •• ..: .. .nr <~>< "~"''•''~"'- ''"'"' 
~<n>n<'<. ,,.d c.mr•llt.h:~ imrh••· 
'"'"' of 1~< • ""hins •olr" .re ·~\!cm " 
1 ,,,., •n•J<~U>l< ThU<, '"'' ,,¡,nc 
,,~;.,,,.,"' «>lt .. arc de•<l"l'"''"" 
rt:n~••• .' L:n.,<d. Ourro .. ¡h•, · '"' '1 
h"< r<>ehed the point thao th< ,,.,._ 
romeo prdc<tcd l<> ""h thcm ""' ol 
"''""" "'~·'' tho~ rontinuc <hcm
hu' <>ni) •h" ti>< in>c.,mcnt <>1 ""' ol 
molh<>n• of d~lb". In othot '"'"'· 
,.herc no ohorn>u>< o.·n "'il•hlc, 
""h""'' '""'"'' ~r ur to 67,.., l•nd in 
une '"~ r.,~ 'l"<m. 9S<:< 1 h"'' 
.,~ •• rl" •. __, .... , ·~·''fono\"" ><>h"·or< 
roclo¡< ~>d l>.:en d<l,.eoed-in Ooder 
ro n><<ltloe ""'' > ";'<' >lionol r><«h. 

a {"on>i,lwno lh< m.jor nC<d> for b<l
'" rtquitcm~n" on>l)''' l<ehniqoc>, 
"'' odoi!>C lod. of ,,.it,ble l«h· 
n•qll<">. '"J lh< oJdoJ b<t 1 hM\ Fig. 
1 R rl tho S,¡""" QuiH 11»1 ahoul 
_>y; ol 11>< IN>I wl•~••• enon ~·"'' 
intn ••ol)''' >nJ <l<'i;n. 11 i> ""' >UI· 
P'"'"r '~" >h< ><'r-r''""'l .. , r«· 
ommcnd.,iM rr.>de h, th< <••~-8S 

<'col) '"" lor 0<-\l<t itchniqu" lct 

p< •:oo rr '"~ "' ~ • ·"" "'"> .,.,. ........... . 
l)""" "~"""'•'"" ''"'""'· and for 
'"''""'"' '"" •ml"ns <h< '""'lo'"' 
'"'"' "'" •un <) "'"' ·'''"<"'-

The lte<OI D<l """"' <rti'i<> on 
ou•o•m,ll<d ll•lem ~"'F"""' ondo· 

'"''d ,, . .,, r·~m'•mJ '""'"' '''"'"r· 
"''"" on lh" ""' >ueh., le"h'"'"', 
'""" ¡•roj«t. 10>1 "· ••d , • .,-, ''" 
llime·Auonm>l<d G<1<ll '''""'· 
Ol~oer ,;~n•fi<>nl "d' •« 1-<-••i d<>el
n¡><d on 1h< '"' ni >¡-e<i>l lon;u>s<> 

onJ r"' ,,,,, '"'" "' '" • 1. e'" . "'· 
""· •nd l<S> Lo .ocoleoaoc !h< P'"'"" 
of ~'"f" ><r>f«""'" b; >imul""'f on
lorm•"~n-r<<><c"inJ ''"'''" Al10. 
••••• mojor «'<'>«h <~ort '" oUIO· 
m.,;, rro~r.mmin~ ¡, ¡..._,~>ed >!ron~l' 
<m atll~mwn~ th< on'l"i' >nd do>t~n 

P'"''''"-
Sol!w me r.-1; .>bolity 
al'ó certoficatoon 

.~n•·•her "'"JM >r<O on .. hich th< 
c<lr-8~ oUid) id<nlift•d • ,.,;.,,., mi>· 
mo1<h b<I~<On luoun nenh and liltl• 
•uh""~ cop>hohtic> ~" on the aru o'f 
"'hworc r<nofoc•tion: of poo>idon¡ 

~'"'•ni«• thot 1he ·~''"'" ,.¡11 do 
'"h01 " i, '"rr<>"d '''do 'Olh<r ,¡~,., ¡¡. 
""' r•o~l<m or crr<-nonoll "''' 
;,l<niOfoed by <<<•··~~ indudN. in 
order. d>ta "'"'"!- oir\«>tne comru<• 
'"J powcr, muhi•oote< d>lo fu11on. 
d01a cummuni<'llon>. •~urce d>1o 

•~,-------------C------------~~c~,, 
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• • • • 
f • • 
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~ 

.! • • 

, 

r,,~,.~,.~ te ~~·• ~~~• 

~M~Id;;~ ol ho« 
C<"!'p..ICI ;.~,~~ 

"''"« '"''''"· r,,.,:,: ?"'"'""'· 
ond ..,¡,,. .,, u •n•l., ,b,luy. 1 

rhi• ¡, • ·i~ni~<;.n! "'"'"" ••lhl 
"~"- hu1-11 t><c~m., c-. o m•>rc roe'-'

,,~ ~h<n ~n• "'"r··!o"'' '""'"' 
or<nd• "''""J mooe Nmpl" '""~ '" 
'"~' •nd '"""d m <o!< 'od """' '""" 
m•led oid1 10 d<e11ion mo~m; lo11 
c<~n•:..'•r th< <oend• imploo11 '" '''' «· 
1Ui<1 of ti>< H<tftl 4nPS·T;!n< ~ .... 

-c•-~ "-hich ind•n~eJ lh>l '"'""''' 
JO-~<'/ l~r l"hco /O<e< "'"" .lr,ol .,k 
"""P"" " i" llu•r< daifv ~ uol, ~"' ,,,;, 
¡y;, o/ rhr lohar /ooa 1> .,qo . .-rd ~~ 
ha<r nn> und«!!omdont ,-.¡ '""'·"'""' 
[ll,.f"'la<••l lhi> \rend '"'" t.'r 
19~11-.. ><"done'" F<~- 1~. ,,.,,,,,,.. 
th31 ¡--<rh•y; •O'i o! thc l>ho• 1<>•« 
"''1 be tflkl•"J impliolll• '" lh< <e•Ló!l 
p!O<I~ccd ~) «>~npol<r "-'""""'· 

Softwar,. <Cioabihty, 
p<obl»m to~n.ptom$ 

Woll •<>h"-0!< b< Jc>er>IO! ,,( '"'" 
!<u>t' l'nt on ;,; r"' ~ecNd. f<>< ... ,.,. 
pi<.''""" of lh< mo<tlh~;<·u;hh tt••cd 
IOII""' in lh< ""'Id ;, '"" ni '~' 
A¡>OIIo m>nn<d opoocft1gh1 <flnm \" 
on Apello 8, an un("'''"''" ><qiiL""" 
ol "'"""'U' •oli,•n• d«1r<'«d tñ< '""' 
l<m> ol o "<>Id in !lot <<•m'rut<!l .,,,_ 
•bit m<mory-loflun11<1~. n<'l o'"'·'· 
ic•l error in thi> t>><. And on ,O,p,•! .. • 
11. thc dolO no..- lr«m lh< !<O<Io·«o•u· 
radar;..;_; M\ d•••ned dunnt 1h< ,,.,_ 

·¡o_o\ lunor \•ndins "'q11<nce._ '""""' o 
~omrutcr ~•ot\0>d thot "~"""" '"""" 

, n>ul Armllron; to d"''" hi• """""''" 
• hom 1hc P"'""" of l.odon~ oh< •r'"· 
«>f1~fonun>t<ly >~>m. "'"houl ..,,_ 
'-"" cnn>equ<nt1'>. And durin~ th< 1<~ 

da)' Hi~ht of Apollo 1~. oh<«"-«<\~ 
d"<"r•noi•• found on lh< ,,¡,~.,•~ 

·~"'" forton,.,dy. '-'o1h<•UI '"""" '''"' 
cc·qurn<e• 
• Ollocr 'r•<• m111icn•l"' on"o ¡.,,., •o 
fonun>l<. II<<Onll) a "'''"'~!< <I<N 
obo.,d • f«o><:h ro"'"'"'''~•< al '-':d
lit< c>u'<d 11 10 '<oucr¡·cnCI do<lru<l · 
n "'" of 141 hi~h ,,,.,.,.¡, ~"'"" 
l>ollucon>, inllo>d ol "''<oror"•n~ 
ltooon. "-n <>rly U S ~'"''"" in:or· 
p\•n""Y mi,•ion "" \'"' du• •~ , 
oo(!,..rc '""'· And 1h< S<>•oel Cn'"" 
h•• h>d mi11ion• !oil t"<•U>< nf ..,;,_ ..... """'· 

oo .. n on corth, '"""'" r<li•h'"" 
;,,.-1 "")' l><'tlcr. E,ch "'"' ,.:""' d 

o•.'JM '""'''"' '""~hl) 1.1~"11:1 "'~ 
•oft~•>< ''"'" On on< l''l-' ""' ''"'' 
'l'""' cnnt••'""~ >~nut :.)r<J.PlJO on-

'""""'"' •nd unJ<1~non¡ "'""""''"' 
m<odofoo¡¡i,•nl, an ""''f' of on< '-<':>

"'"' "'"' 1'"' ~.. " ~i·c~>e·d 
J:o ni<," •n· m1 Joco\ <, ·!'"' >« h>• o ,,,,,¿ 
i""rl< ·~·,,,,< ,:.,¡, ¡;,.,,,_,.,n.t "'~r,~.:. 
of '"", ¡;;;,;;< ·,- (', '"'","' '>ir«n• ,,¡ • ,._,..,¡ 

'(:;,,.,¡..,;,;~, '.: .... ~ f·l'' '"'"'"· i"'"''" • t::"• ' • • .... ~--.;.....,.. __ '' -,A,.,, .................... .- ... ~ O ........ . 
-~ ', •• ...,¡ .................... , __ , ... '-.• 

• 

'1''·•···~·"".,<;:; _,,. - ... ·"~~. "''--'t< . '~- --~--~;~~ ... f~j;~}\;(¡:,¡, 
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Soft\.'.1 
lmpact 4 
"''' Nnl ·"''•"'"' or cr<dOI ««ordo, 
1~" 1 ro• <• r r •< • • "'''"'· 01 kon¡ ·ol<b)d 
"""''"'' 10 r.O<do !>mt1on <>r >mall 
'""~""" ,\.ho, Í>d nf <erlt~ooo;on 

<>;><hh1•<1 m'~'' u oir~ua\11 rmpo,.;. 

bio 10 prr• oJo "'"~1 ~""'"'"' on 1he 
"'''""l o'r pti••"Y of "'""ti•< or pot· 
'-'>no\ onlorm.tiOI\. 

Software :e~~~lr.cy, 
techrlocaL proDiems 
A>>~< '"mp\e. •""'• >hould indi

''"· "'ir~ar<- oor<ifico~oon i> n01 c>o¡·. 
l<leoil),.: mean< chec~in¡ a\1 po"ibl< 

"' l 
; 
o .. 
i 

, 
-• ! ., 

> • 
.1 

" 

lo••"\. '·~·"'-·r~. r·· ¡ l'o<re 
"''l o J"" ••""' ohet.e. For 
<>•"'plt. Fi~ u •h~~-•• ,_,,~., •'mrk 
¡>r~~··m no,.ch•r1- llrforc )(>0\on~ ., 

lh< '"""'!U"' in; rnr. '" 10 c>l•m>le 
he<"' m>n! ol•~<•<n1 f''"iblc p>lln 
thrnu~h !he nn,.<h>fl '""-

bcn 1hr~O\~h th" .imrle no,.chofl. 
1h< numl>or of doll'cr<n• p.<rh• i< ,,_..,ut 
Ion 1<> 11'1c IIO<nrrerh. lt onc hoJ o «•m-
1'•11<1 1h>t <<>uld checL <'U1 Ooc pith 
pcr "'"""''""d r ¡(t• ""''· ond hod 
>IOri<d rn eh«~ our ll>e ph•;r •m o1 1M 
h<~inninJ of tilo Chmh.n «> 11 
A D. l. 11>< job "Puld 11>< ah<>u1 ~·lf 
dono •t lh< poe"'"' ,;,., 
· So l\(lw doe> one «n•f~· o c~mple• 

• • L>op (:S 12 1;.,.,, 

• 'lar¡~ ..:lontlfic balch 

Pr"Sl''"''l a.-1 "'"'' 

Nu..,bcr 'o~ Olotemo<>to modiflod 

Fi¡¡. l". R,.1iat>itity of software moó,ficetion$. 

..... d~··· 

'~"''" r·~F''"' •t..o : ·" '"""•'·'''' mor< l"'"i~\t r-•1~, r!o>n 1),., oimNc' 
«>mrte~ 1 ""un>t<h. ''"""',u l4 11>c 
rr<>\o,,..,,~ """ ,,:, """' r'"W'' 
~"'"'"'"o O<b1i><!¡ ""'" no.ntl>o:t .,¡
p;~tr. 1h>! ~ ·~ ¡._, < ""'"' ""'· 

Uut lhr unchcc\.~d r>~h> ,,¡n hne 
wm< pr<'h•hobl< of '"'"""•~J· And.
rurrr.,rm .. rc. <•<h nm< thc ""11"--" 
mo<hf>od, l<'m< ¡X>"i~n ol \he te<. 
mu<r bC rere•r«l. 

Fir. 14 oh,•H thal. e~cn ¡., •m•U 
.,¡,..,. mN•f•.:>~i""'-<>nc ....... Id not 
<"f"'<< ctror-h<e l"'rform>nce thcre
ofrcr. Th< d.>r> ind;c~t< lh:r.t •m•ll 
mO<loficoróono'h:r•~ a hcarcr chanec el 
"'or~1n~ •ue<e.,.fully thon ckl hr~ 
ont$. H<>" 01 cr. "en ohcr a <moti nt<>di
~cation rhe chaoco of o •uccc«ful llr<1 
1un ;.._ 01 ton\. ol:>cout ~O'Í'. In l..:t,' 
tllcr1! wcm• 1<1 he a wn of c<>m
plocenc~ focM» oporatin¡ th.r m>\ .. a 
<uctndul fir<1 tu<> ~ prub:lbk 011 
modili.oorion• involvin; a •in¡)e <101c
m<ntthon <>n 1h""' ir.voh inr orpro..;. 
motc!¡· fi> e I!O~<mcnu------->r 1<><1 ¡,,. thio 
<anp1~ 

Al thio f>Oint. it'otiOI <1tar hcw r~p
'""""'''" thi> "mp1< i• of othcr 1itu,._ 

_1iQfd.. Ont rN~h1~ comp.rab1o dato 

! 

point Íl in Fig. 'JB ol tM S<>fowatt
Quiz., in •hich or~ly l'.t or tl>e err<>n. 
d<recr<"<l "'"' tl><:>oe m•dc in tr:<i"f '" 
CONc-<:1 prc>i<>u> Crt""'- The dif!C"'ro« 
i~ error ""'' i> best uplaine~ b)· bollt 
1hc <:rotkoht.•· o( th< application 
thc lo« tha1 tho m<>dllkotinn> ..... ,., 
hcin¡ mado in a >alt,.arc "''~"¡"" 
ralher tkan a ool"..-are m•inr,,. 
environmonl. \ 

1 n anothc, onoh-..is of ...,ftwarc cnor 
dota p<rlormod Íor CC1P·i~ b)' \4c, 
Gono~1<."' 1~<"', of tl>e erron t<1t 
ftom "uno•pecocd •iJc ellcott 10 
ehan~u.- 01her >0Utc<1 of trr<>.s dc
r.eted ~'"' lhree )e>r> <>1 1he devdop
mcm C)Cic al o 24.lllJQ.in•lr••<:tion 
rommand >nd contr<>l p<<>Jrom ore 
>hown in Tobl< ¡_ Tl>ese dota are al 
p;~ni<ubr inre "'" l:oenu ... !l>e)' ptovi.le 
in>itht> inrn tl>e "'""' ol "'''"""' 
error> •• ••1l •• r~ei< variotion ,.;th 
1)p< of pro~ram. 

Cert.ification technology 
Afoin<: rhe <otmidob\< 

ccn•ficotion requittm<nr. 

u-

wftware ' 
in~icot<d 
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. .,.,"" .o.o" ""''""'" ,,...., ~· o~ .o 

o • .,. -·•·•o•~ "''''~""'" ¡o '''"""' 
-oo •••-o ·~~··"'"" ,..., ""'" ·o,ou.-<O 
..., ..... ·~~~ ..... ...., •....... "" ... ,.. ··~o-•u·~•B•O ''"'""'" ~ .... .., •" 
,...,,. ........ -......... -· "' Q ...... , 
•O•Q ¡oo<o>Q OUl )O_.,, •• ,,, ~pn>O s.-o 
.....,. ,non •• "''"""•~• ""'" ,.,,,,.. 
O UOOQ 00 .. 0 UU .... ;00..00 PuO!j OU\ \0 
'"""''-'"" ,., "'''""'""'""' ouo •oe>UO!>• 
u<>•>o .... .o¡u• •~• )O Qnu oo "'"""9 '>O 

0 ·puo1:1 JO ~>O:t uoq ~¡11¡n>~Uod 
puo m¡nbJ~.:I U40f 1[1!"' OUO!nn:>"p 
IUlpuN>AOU >41 U»<¡ 0.~1( ll' j<> >¡qo 
-n¡>A 100¡~ ·•u!s ·g_ puo '1"'"11 ¡o"'"·'' 'M :u\t<005<V UO!/>¡nl JO nntH '11 
:·ou¡ -uouopuv ¡o o¡fouoa;o¡,; ·a ""' 
-UUOlnV ¡ov"' JO ""'!li!A\ "rr :1<01 }O 
UOJ'\. -¡ -' """.L JO ~>!>~H 'M pu-o U<><»• 
·10M -¡¡ :uo:>tf01 /0 ,\oqn¡¡ '11 :.OJO_l 
J\V >>l'IS P>Í!un >41 JO IJ>Oq¡.,.;u] 'Q 
U!01d!,) puo ">I!'H 'V jOUDjO:) IUOu>l 
-n•n """"•H '11 puo zopu•uJ>J ·n 
•¡ouo¡o,) '"''-'"'"1 '11 p<t~ ·utUJd•l(,) 
")l 'll~IJ>.Od ·1 >LOJ>U>-0 >Un UOll<W 
·JO)U! put U-Oi!llt¡RW!I> o¡c¡on¡u -'ll'tl.>!l 
-d•h• 5Ulp!M>Jd ><01[1 lu.:>W"~-' . .,.,, 
·n<¡J-INO~ o¡qon¡u Jp~l ""'M"""l" 
puo "'1'"?!-"P"! .\¡s~d 01 . .:\'l"'•U! 

.\w '"'~ 1 "!¡o UOJ'""" '!~' puo >B 
-¿1'> "' undu! ¡np•n PP!~O•d >!do:>d 

. ¡o '1'"-'P""H ·r¡~~w>'~P'I·"O"J~I-' 

~~ ·Auo >~fu 
[<»n¡ pn J>u:oq aJ""I"' >lnpcnd nó; 
d¡o~ 01 u>f~ ~'!~'"' U<T¡~ ¡ou~!llPP• 
..,..,. dn l'!d LLnoi l"''l ..ou•~• p>o>j 
t '·"'-''~1 ~Jd >~1 UJ 'O<¡V .,,.._,u 
JOO\ ~~ >At>Uod,._J >JOUJ "'~1 ''-'" 
·l)o-. UOLI<J><JOl·l' ... \>1 01 i¡>,!J >JOUJ 
.... ""' ''-'!"!""'"11' ...... ,.,..,,,. 

........ '""' '"'""!"'01'!1' ""' """""' 01 ¡,_,,, ~~ 1uowo aJ.no.\ Jl '"''U 

'1'''"' ·UJ J>ui!">p "1<1'-''P!>UO.:> I)OilUllO CKJr 
••~q <!"' """'JOS: ~1 JO Bt 'I!J 111 
p>od>.o~• .... p .............. '·'~'"")! -··!' ·:>>d<J;J IU>U!O'ou•w """'J"' JO) ¡n¡ 
""'"oJO ,_,0-la >J .. I\Jo>< JO <UO!ln<¡Ul<!P 
¡oo•iio¡o<J"-'4' puo -.w"'-'' runoJ;Jo 
pu• uo¡odwo' ¡o uouS!»P Jo¡ ¡~p•n '! 
.,.,, o¡npow •••r ~"• WrJ!<JJd ¡owo11 
-nq!""~ p>Uy>P"oi>" ¡o 13< o lu!.oq 
,;p.,,S -~~1' "'JI U< l'>JaJuJ p>\IOW 
o p..uJdoo ~·~ u>l•u•"' p~o U>~i" 
-top ..... ,,.,. l"'" '"""' 'U<>!<>idW!IO 

uow• ·~· '"l"'"' o¡du,.., u~>ouv 
·puy Pln<l> JnuJ! ht 

-~•o .. ~••• ·~· •1•~ >u•·••L" .\¡uo ''~' 
~1dw•• '"'· _;,~, .,,.,,, :""'" '''"' 
·!>U o•mn¡ ¡o ""'"'""'><d-" itJo:n>Jl 
·JÑ "l 01 NlMq> "'" "''1' :><no>><¡ 
\OU '"" '!'U -~ .. , l»(o'd •-~"' u~ 
PUl WOI>.lo S«>r >,pu<lt uo '»Uod<>J 
"""¡o "LJW~< 1"'!"!'"1' o,¡ uo p><cq 
nn l'O""S ••u >4> ¡o~"!'!' ""!' 
-op !'!'!"! "~' ¡o u<d ">¡dwn> JOl 

""!'""""'"'!~ '!4 pU~OJO P~tU>!;O 
Xj 01 IJ'I'» U~!<>p Ull\,_(, IU!lln,_,, >1[1 
1<41 puy ll'" ... , ... .,,.,.'1, .. ~,.¡¡o< >•!l<l<lU<n~ 'i)l'"' "'"'I!<>P W>l<-1> 
.. r .. oJd l"Y 1>-'><l'l" 11<¡\ IUOOW o,.p 
.. .-~1)0!1 'I'"'JO .ilW'iO\!O•IU~ JIJ>U>I 
><¡1 •i¡¡U>;Jn:) 'lU»IU! ">q l>•l!P '!>~\ 

"' iu•" •.11 """"''l '"i>Jp "'"''!"' n"!l UO CO<P 1-">\!0l p¡M<¡< >¡~00<1 \OI(l 
:<oUn> ~1 >l!l P.l 'III!«>P U! '¡ng 

~-·~"~!~<¡o >hl' ><¡\ 
Ol P"'-'' 'F" '51q~noq1 >no(_ U! ·~¡.oJo:>> 
h"' no; ¡nq •o:ip>J.'•">Ul JO IU!YU¡bq 
01(¡ "! .i•w U :pu!l .\JOPOJI!J..Un puo 
'"'""' • JO '! >~P'l-""'"l >no~ 'u>q 
·wnu U( " n>Jdu \O<IUI> noli ""'~" 
·u "'"'"'"' ¡ouuoo noli "'4" 1nq :1! 
In~• 3u,q¡ow"' -"""\ nul •uoqwnu 
a¡ u <Uldu pu1 •¡noqo luo~~odo .,, 

...0.( •~4" ""''""' "'' noi "''IM-
. 'PJ'P<''I"."!' 

1>~ P'"l WOJ) "l "!'"'"' ll!'"' ~"'"' 
-1>> J>lndW<>> .. P>UU -"0" " 1~'1-" ¡o 
.:.u:><todUJo:> "~-~lJO!I ~~ puv . ....,,. 
"! "~""P""""' • .(¡ ... JO¡ >q 11!"' ~1u¡ 
•J:»UI.iUO """1)01., o<•14d ><¡\ '>U<¡ 

•••P w•Y • '~"¡qq., '" ¡nun -, pto'' 
PI"""''" u•>w ¡_uuop t¡n:>¡¡¡tp '! wo¡ 
-.;osd uo!'"ll"~ •I'P "'~' ""'~><1 . .,.., 
-.. ~H '>1\n'»J >¡q,_,odWOO> .{¡<¡IROI 15\>\ 
lt im\pDJd <UOU> UOll>>no:> 010p >JU> 
'1)0'1 OJn¡nJ l:\ll 1lR>U! <>1 .(Jn$00>11 S! 
U0\>1) ">4l U0 ~10." >JOUJ ·~¡JUL.:) 

-~lJO,>IO> pOU\jOp Á¡IUOJ>y1p U! 
Op>lo>¡¡o:> IIEP ¡o"" ~~'I!OUO>Olj '9 

. .,.po¡""J 
uod JO .~oJn~>o >41 lu!""''V '!i 

-~ .. _ .... ,,,.h. nww~JI~Jd .... 'il¡n:>¡¡¡op ¡o ao>2op. n 
'l><" nnJu• ~!""!~"' Ju~v ·t 

·ouo::" >->~OW-lO)J>d ¡uowd<>l> •>P 
>qo u>><¡ Pf~ """ Sut'l<_q<¡0\'3 '( 

-ol> .·:xo~d \<31 .. ., 'JC'U'> .. IOJ 
>UOU!'-'\I'P p>tpUo" ~"!4'!\q~l<] ·¡ 

·OJn><>W Ol.,_ll!l'~!'>Od ¡o 
.,.,no<¡1 0~1 ¡o ~>!q" fu!P!>OQ 'l 

:popn¡>U! 
un¡nolJPp "'"li -~pn>< s:a-~"~ ><¡1 JOJ 
01 op 01 <UOlJ> '""""~' .,,'1, u o puno¡ 
,., u-ot•p '"'"-"'JO'! p.>o>l P"'JO> 
01 ltnl'!l•P uoo¡J )In[ <,1! ¡oq¡ <1 _,,, 

uo~ "'-1 , .. ,s.,,J '"~"" '"'¡o >u o 
,U>W"">~d >J•no¡o; J>ql" P"" "'"' 
OOJJ> )~ ~><JI ~U!~·"1 JO) p:>d()j>o>p 
x¡ ¡>¡M> <j<XIl ~"""" ·'"'·>jo>n Jo¡ow 'S 
"<>l!dw~l au""'~·""''~'''" • do¡>'·'P 
Ol uou• an uo uo><¡ >J><¡I .. '1 -,,,¡ 
><(1 P'. '"'!'~"' '' ·~·. '""'~:>-)!0< -...."l!J 
.... ~ '"·""'"~' .,,,!J .... , ''"""·~ 

., .. ,,.. ...... , ........ ·>o., .. ,.", ,..,y--"'""""~'"'"''"""~ 
,.. ,.._,,. '"' •""'"""" ·'·-""V 1'''""1 ..,..,._,~--....,...,, ' ...... -¡o ...... , .. 

-uo "'"! oucS ><4 uou• ~1!1<1 ... oq 
Ju!'!'d•n•" 11 '""? >3nn ql!"' uoul¡< 
·>p '"'P!'"'d ,¡~ OJo ... IJo>< OA!<UIJJ< 
•1l 3JO<U 'U¡>n>Ul lO) <>!I!U•n>o.!Jo 
041 pu• 'UO!l!n¡ut >\q'IIIJ UO >UII!>!:>.lp 
1l!'llJU' Jo!•w ~~~~,<~JO O:j<!J >~1 )O 
opn10U~ow Ol(¡ ""'!) '''!!<"'"!"'"""" 
>q Ot puoo U>lJO OU>WOU04J OJC,._ 
-1)0'1 1041 nol "'"'·'uoo Ol Jood .\¡¡u>!~ 
~"' '""' '!"0 1l''"l"S 0111 uo no:nno 
'""~ '\10¡>0"' .\u•"' lO) '1-0-odoo 1 pou 
':UI.'IIJ"' UO W0!'!0>!' \l!"'n '""IW 
"''l"' UO!Il"'"! uo .\¡>J 01 •n ...,,o¡ 
"''l Oltp 1 40n> ~"!·"4 ION 'UO!)~nu, 
041 >.IO!d<\11 Oj)O>q -M~ u~ I><'J' ¡o2 01 
JO 'IU<JYIUlJI >J»I <W>[q~Jd :><¡\ l"ll 
"''"''J~• 'l'!'" ••!1!"''1"" >¡dooJ »Y!A 
-uoo oo '>lir.>L<¡md "'"''"' Jo 01ntou 
"11 oz.l¡ouo 01 m ..ot¡o p¡no,. ~~!q.,. 

<UOU> a>~-"IJ"' uo '1'1"11'·'~ 01.-p 
1''"'1 ¡o ~urop ><¡1 ""puno¡ (1"'1' ~~ 

·•DJ ~~~ <w>¡~ord """"' >~1 )o '"0 
¿as.,q on~p :lu!J:OaU!~'-'" 
8J.,~j-Os "'-11 •.•>~<>4M 

-~~·p•d 
OWn "(1 Ul Áln!'I'PliO' puo ÓUO!O 
ill• .,_,,..,1)0'1 l>l "'> >lJO qo!q"' o¡ 
IU>ll> ><¡t puo •¡uopurl5 U<>!I'>Y'U"' • 
n >"-'>< 01 ""i'""Y"od' wulwJ P!l~ 
O fU•p<AOJd JO ,\¡¡n>'>!tP ><¡1 'w"'l ,_.n 
01 P>Hnb>J "!U...! U JO ¡>.»J >IJl '"''"P 
. ....,,d ¡oo•J '!1-'L'"' ¡o lOO> pur """' 
><¡1 h .. n><! l(>n< 01 >UO!InJ"' >J'I""' 
li¡uou•woo "'"~R 01 uodJn< 4""ao;>J 
pur 'UQlP '""'!' JO jr>p 10>11 o >\01 

U~" '' "<pU>JO ,..~, ~""' uo.o \ng ·woo 
"-'S "<>!"P'l",\ .<>¡1dwo:) '\O'It>J GCXI 
"'~' "! n ;w•u ..,,...,,"' ••L!"'" ~u¡¡op 
•!JOA "! >¡~:rs JO <:>IWoU\l'lO uo fum¡-.¡ 
·!'i"" 1"'-""' pu:Ul >1[1 puo »nb¡u<¡>>l 
puo <omp»md ''" "'"I)C>O l>U>q ¡o 
UO!IOU!W>«op puo ¡UOwdo¡>A>p ,\JIU <>JI 
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1t h asuntht that cna han a 
e •ptutl under~t ,dlnq of a coaplu 
•ctivity in ord .. te 11uhr its lr>t< lcaeias. 
~IHout auch a frame.,.ork, ene IIU cnly 
1 latt<l hcu and ted.nH¡uu whcH 
lntenelation&h\pl •ay ~. obscur~. lohnc~t 
an unciarHandlnq ot bread chuu of 

npheno .. ena, ""' lo conder.ned te un~ ....... : 
'fe new lnstanca by Hnlt. 

t>uiqn of c.,..,pl .. objecu auch aa lor~e 
in!or~~tlcn aystem• lo aucn an b<:tl"ltY. 1ho 
n r ot Uchniquu, tocls, phcu ct 

'\nfDnlbt>on, and cavaata ftom uperlenca wlth 
w¡,\ch ene •un dul ••• n=e<oua. Tila tiu 
t.oken to 10Uter tha ii.Ctiv\ty of hr~a-acah 
duign la "'e~aure4 in yura of full-U:oe 
activlty U lt can~ auurRd at alll 

c"n be U"''M te take •quue recta or to 
intequte slaple equauona without kno"'l~~ 
"' ' of tha pl>ilcaop~.y of uthematico, but H 
h doubtful tbn on• can acq~üe aven •O'!ut 
Ok!ll in syoU11 d .. >gn vitt.out having a fi<" 
HUp of th~ Philo~ophy o! dulgn; 

Thea lS no O ingle philosophy of dulqn. 
how~vu -- nclthar """ or eve< {fO< tha "'"'" 

· cc,.plu !o<~n of it., at hasq. "lut .,. hav• 
h • hrge nwnba< oi o!IOiJar, but difh<in~. 

• Wlewr. as to the natuu of de~i~n and U to 
iu t>asi.c concepto. ~. • u•ult, it U 
i<opo•dble Ul traln duiqne<S in • si>O<t tia:e 
0< """" to Introduce •ll of the wrltlnga oo 
tl>e pb1Jo~opby of dnigo. 

' . 

ln thh section, "" wlll try to point 
out very brhfly "hat ao~ne otheu have U>d 
about the natute of dulgn and to P<eUnt out 
vh.,.polnt ift ordet to dar Hy some of t_t.e 
presentationo of thla tutorial. Acqui~t¡on 

<>t a .o>ore co01plete understandinq of tne 
natuu of dul<¡n -· and, indeed, d&velop<~~ent 
O{ a10 Individual vlewpolnt -·vil} requiu 
&ddltlonal study &nd tefhctlon. 
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\'ILIIS OF- DtSI~NING 

DUi>;nln<¡ 11 on~ of t~o5a l~totestiñ~ 
hu11an actl~ltlu that !s <>.11 oround uo, in 
Which ~ve<yone engagu in one fO<II <>< 
•not~er, · on<l tha~ el~~e• p<ecloe 
Charac•~•hatlon loecou•e of lt~ "'any loru 
and ;.to Cof"pi .. lty. De•iqn in olhe< f!U~s 
luch" as a<chlhctu<e and 10echan ical 
""'lineuing la an old and .ell-ootabli~hed 
•cti~Hy. ~hll~ du!gnln~ •o!l.,a<e hos \u 
Own charocterhücs, >t o)so ohous auch wit>l 
duign in Othr !leido. a~ o p<~lude to the 
Hu<ly of somo ot the "'"'"' <l&to!led •"••• 
Cur:ently pre~alcnt In tho dul1n of 
~Oftlo'~fO, \t is inEttU<tlYC tO.CM~>~ef w,at 
Ot)•er• h•ve writt•n obout the g~ne<al notute 
O{ des>qn. 

.J, Cllrlu~yt.er Jonu in his boo< [!'~~l..!! 
"HI><><lo 1'1 ~ucdbes o r·""""' of tr.e no~ 
~.>¡;i~n-,.Hho<!o thot have bocn ~c·JO!o;.<-~ f~r 
'•chit~ctural, uttan, and indunrlol ~~·t~n. 

'' .. .. .. 
S<>;ao Of thso ou of quite 
enollc&blllty (&nd conso<;uently 
po"*rflll) and ••Y be ot un in ..,.,. 

;ene u: 
not -•. .,,~ 

ooft,.:u;: 

desl1n aituotionl. ·• 

tn hil lntroducUon, Jonn pulh out 
one•ll.n&' detinitlona of desl,n f<OOI • n.:.:o:oe< 
ot Oulgn phlloaop~ett Cl.o. people .. ~.o ~.ave 
~h·en uriouo thought %<> th• nalurt o! OeH;.< 
and ita underlying, ~enetaliuble co•.c•~~s). 
1heso deacriptlono of deslqnln~ aH <;-ate 
varie~. I>Ut do share the co...,on <'<~• o~ 
a~dreulng .i.he Ptoces\1. ol deoign, .oot t.o• 
•n~lu, . 

-r¡n<!lng the 
CDZ?"IIe~tO 
structuu."• ¡ 

o< 

"Dec!Oion .. aking, 
uncettunty, Yith 
!O< o<ror,• 

•a q<>•l-dincted 
oct\vlty.• 

physi•al 
phyu:a: 

lace o! 
penol"•• 

'Shulating ~hot we won~ to ~·u 
tor do) hefou "" aa•o tor do¡ >t 

&o 11ony tl.c•• os may be necuu:;· 
to ful confiden~ in the ti:".&! 

"1he conditioning factor !o< <~·"" 
par u of the p<Oduct whlch ::-:.• 
into contaot witll p<o~le,• 

"[nglnu<IJI'l dui;n 1• th uu of 
•ciontl!lc prindplu, techn>:•l 
lnfo<•<>tlon and imaHnatlon In :e~ 
doUnltlon of a mecnon,~al 
Sh\lctut•, •achine o< ~yote;o "' 
perfOflo p~~p~cH!cd fllnctions ~:::> ., 
th& ., .. ¡.,..,. . . econo;oy >c,d 
oUidency.• 

·~eUlln9 p<Oduct wlth oltuatio.o :o 
glve oatlsf•ctlon.• 

"'M>• pe<fO<Oiin<¡ 
c""pllc•ted act o! 

o< ' 
!o itl> •• 

"lhe opth .... aolution to the •u.= 'f 
tl>e true needs ol o pattlcuht. SH 
o! cl<c""ounc~s.• 

'The IJOOiinlative ju~p from preu:\t 
tacto to rutute pou!blltiea.• 

"11 cteatlve activlty ·• \t invo)·;eo 
btlnqlnq lnto being sor>ethin~ ~~~ 
•nd use!ul thn hu no~ od.:~d 
prevlo~•ly.• 

Shon 'o !nte<estl nq he tuus '.-.. ',··.! 
sc:~ncu of the Anlhclal l9l shou\! ,~ 
oy--iñ¡;oi>i -coiiC"i'r'il<i".!--with du::¡n ~'-' 
~o•putln9. In th<,., he sutu •ioply ::t>o 
·~·~•9" >• con~orned w!Lh ~ovlslnq Ht:!~c" 
to •tloin gools." Incl~~~d In his lee•"•' 
••• t>tief deoc.>~tion• o! t~• ••~u •~ ~~,~= 
• dui~n<,. "'"st ,,. <now)odgoablo ond of C-"< 
!un6•nnt&l oopocts O! doolgn. Of ,,_.,e;,: 
note >S hl• c.~p~uis on tl>e cor.oee~.- e: 
c. i•roc c~y, •lloc•ticn of tho ~ui;r.e< ·, 
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•~-~rtu dur\'14 OU>>n• a.,~-···--· 

tn~u ••-•~ ""''""L'1, 1~ c=plu J~u¡" 
&ituat!ono all eonc~¡>U thU oh<.ul4 b<t 
l~,.•ll~r ~ th~ ""~t~u~ ~~"'9""'; 

Unt af the ouo~<>.rd ""'~" en tradHion&l 
eniiU•rii\J 6u1~11 1• th• boolr. by Ar.''"""' 111. 
rne o~~n•ng untenn of t~t boolr. provl~n 1 
succ>nct 1'hw< ·~n;¡lneuing dutgn u • 
p~•Fouhl activtty cHucud tovard tM !"' 
of fulfi\ILng bu~a" nuda, parucutarlt t oH 
""'"''can ba •et by tl>e ucllnol0\1\cd factor• 
ot our culture.• T!'lt U10ainde~ of lila boo' 
ducr ibu a ut of otapo U>at c.,. bt fo11"""" 
~o acttine thot cbjeetlva. 

i 'ru l~cvatlvc thlnhr OTI arch!Uctural 
<lestgn, Cllristopl'lu Mtoan~et 11], vho la 
ofun quoted by tl>on concHniNI ,.¡u. a<>ft,.at& 
Oes,~n. nrassu the ·de si red <eoult of 
desig<ll • 

• , •' ave<y dtdgn probh11 
be;lno "itb an etfon. te echi.Ve 
!it.IIU& to.tv<!e~ '"'" .,ntities1 tlla 
Lot• in <;¡uution and ita c<>ntnt. 
TI> e Le>ta 1• ... the s<>l ~ti<>n to tlla 
P<<>':ll•; the c<>nt .. t defines tila 

··~¡ P<<>bles. l1> otber w<>rds,", whell ,. 
apua 11f des!~"· •uie ual ol>je<:t ot 
discwule>n i.s not' t:De ,forll .tone, 
b~t tba' ense•ble • c..-pd&l.nl tlle 

.\ !ora ,.,,4 ita ce>nt•~t;• GocKI fit h 
' a d .. i<.-d~ptope<ty of.thi.s enaullh 

into' fors and conte&t, 

'· • 
,' Lucas ]7¡, in int<O<I~clnll a naw approach 

to th• • des1gs:. of .inforsat>on •Y••••• fe< 
of~anlutlons, fccuau.on a poorticulu upoct 
of·:ú¡e da&i<¡n """""""ent "l>lch he,llas deaa.d· 

. to be • of. paruount •l,.porunce, •trutlve 
~Uq11 t<l(.llniquu ara focuaed on a.oluHe>n& to 
orqaniutlon behaVior probhms In •yates• 
~""'!"·" -~hh toe~• on one pan o¡ the 
fr_ob ea h typlcal o( sost atternpta to 
"'-HOVe • actual ded<¡n practica and can be 
oun, for exa.ph, in tha von•'" of tboP 
.• ,.., .. concer01 h relhbillty or etflclency o< 
;:ser•canur.Onus. 'ftlh i.& not surprhin9 

·s.nce, •• one gou dovn to .,ore 6HUl fr
one ~nnaophicel nu.,.ants q~ohd abova, tha 
~riva•'·to be operatlonal force$ one t<> ulect 
;art>cuht daments ot tha p<obhll on wMch 
•o cor.centrete • 

¡ .-
• • "• 

:"KE 

. '\. 
• 

l<on o( tbe vle,. of design q~oted al>Ove 
ngh~tuUy •-"phuio.-d U.e hro;~er purpou of 
:oat i!e&i<¡n acthltua -· cuaüno;~ ortlfacu 
to attdn goele in a sochl con~ut, :Mie 
:atril ot oct!.vit!u 9*<1l'ane to'' any dUign 
~cuvlty 1s :q~>jte lnvolved end e.Unaive. 
C.ne must con~idar or¡onaatlonal and 

-ht.aviOU<l hctora üat lte in th d<>11a!n of 
<U a<>Cial sc;encn, 11ana~end conCe<n& that 
are addreued by manage:unt aclence, 
,~~~-=~~~~~-~~~:::rns tYU! ~un In softvarel} 

•"SatiS!icing• ha Hrii (nt<oduced by Sln~cn 
to describe u.e c<>.,,:oon utuotion in .. ~!eh "e 
w>ll accept a sol1>tion lhat o;~sta all our 
conatralnts, even thOU<jb it "'"Y not be an 
o~<i~d a<>h>tion. In ~<ost desi.gn o!tuauc-n~, 
tu co.-.pledty "Hu lt dd!icult, 1f not 
l.~oulbie, to find e>pt\~ol sclvt\enl. 

Our concern bere h 11"\te<. 
ucnnical aspects el du¡gn, "ot b~c•~•• <'•Y 
are necnurUy the • .,.. Ce¡><>rt~c.t ·-··· 
becuoe wat.out a aolid '->ndo>r•unJ'''~ "' 
th••• the ol~er concern5 ~ave littl.e ~.,n¡,,~, 
lf one 1tapa bact !res tl<o poruculor ó~si9n 
U~hlliq~u dlsouud In t~i• vo)u:oe, tJ-.ru 
buic purpoau o( dUIIIn ca11 be di•c~•nt<i 
t•••••ber, ~eruner ... ue focu•ln~ oa tbc 
tecnnlcal doaaln only)o 

17 

- d!IÓovery of p<Obln suucturu 

• crutlon Of tlle outllnu 
tuch!tactvre, 1~\tal structu<e} 
of a eolution for the problemo 

...... ¡., 

.aace<tain 
<;oa1s, 

o•, 
u 

ruult• to 
aoct the shUd 

'Tilcre l• n<>thiong ,.aglc•l or i-utabh about 
theae object!vea o( dui~n 4nd, indo@d, 

"Otheu al<¡~t cHracurhe thing:l dlfllrently. 
1:rhh U simply o,.. ""Y o~ abstractln9 frem 
tila detaih involved In Ule &tudY ot doslgo 
tecMiquea. 

.. 

Goo<l duignerl unda.stand intultively 
thet a auccesdul dulgn i~ one thu •.ate~u 
the etructure of tila problu. fo< "hich the 
dUI9ned ebject ls o solut\on. -..~at h o!ton 
ditflcult to underatond for be~inn!n9 
dellillers h that ooat duign sltuHions oH 
i.ncr.-dlbly co01plu and tbH the slructure ot 
thl Frobleoo t.t>at 5UIU to be obvio~• .at Hut 
gl.ance ••Y n<>~ accurately .eflect o( the red 
s\tuatlon. \'he tint purp<> .. o( cl.esi9"• 
t~'en, mvlt be to dlscevar cnou<¡h of tbc 
atructure <>f the p<oblee. ti'la~ tMre h a 
reasonoble chanca et devloin<¡ an approptiate 
solvtloo. • 

-'• an eu•ple, consider a sull b~t 
qulcUy 9re,..>n<¡ coapany. l.a the o<9•nhation 
'"'""'' tl>e old •anual occo=t>.ng proce:luru 
becgse too sle,. and inad@<¡uate for ., .. ti~g 
tpe deaands cf e g<o,ln9 C<>~>e•ny need>ng ~:ere 
tre~uent and .current infcr•~tlon on its 
oporations, 11'oh>p\e·10in~e~ appreacb "ccld 
be to ai,.ply auto~au t~e funct\cns """ 
cattled out by ~and. llut ,..ould tllat b• 
•uffl~hnt? P<<>b&bly not. 

So•• of tloe eth .. a5pects of the probl.._. 
t~•t •un be c:onsiderrd >e this s\tuat\on 
incluóu l>ov to C<>IW•rt e.asily (roa e•iUI"'' 
ayato,.s, tr&ining of per~onnel In use of <he 
na" aysts., dui~ll of 1nterhcn so tbOt 
currcnt peroonnel can use the new 5YIIl•• 
"lthout nten.!v1 Ualnin9, pr<>violon ol 
bac•up and ueurity of critica! fil~c, h<>Y to 
prov\da ter .. panolo01 Of the •Yot•• In the 
futuu as ti'le co~pany continuas to 9t<>" in 
voya.and • .,ountl lhot are· not pr.dict•b~e 
becouu of the nuuro of the c.,.pany's 
buS>nou bo~e, Ue econ.,.as of v .. ioua 
pos•l~le i~<ple!Oontationo. interf&cin9 ,..itl> 
ethe< planc.ed and u>at>n9 •>·U•"'• o( tbe 
co01~any (lnventory, billing, pro¡~ct 
111ana~u~nt), ond so on, 



Tt>• po!nt U that tt.eu oro ,..,.J 
• •albh hoton that wlll 1:-paet <t.e 
eventual •="eu of t~e sysu" ~ein9 
dulgnt'd. ~'hile ono In general "annot 
eonolder al! poulbh hetors, tho "'oot 
d1nl!lcant muot be l~entitied and their 
1 .luonce tHen lnto account. Dio<O~voring 
t 1 otructuu d tha probh11 c:~eano 
uNl..roun~lng tho lnt .. octiona betvun thtu 
tanora and · tilo deslr<>d functlonol 
charactuhtleo o! the•aystea, 

Once "" thln- va undeuund the problea, 
t~ nut zi•joi aup la to •davelop tha 
outllnu of .t,M •olution. Tttla la · th 
crutlve upect ot,dulgn 1n the &ttl .. unu 
of the ~«~rd, altho<>;¡b deve!opln9 on -accuute 
undentandlng ot tho probl .. TO<JUÍ<tl juat. u 
aucl> eu~th•Hy in 10&0)' euea. ,. . 

T111 cojor actlvhy ia the ut&blh~toant 
of tbo arc:hlta<:tuu at Uta ayo;Uit •. T~at u, 
wa on¡ai• In a coiOlll,.atlon of spallh1g·out In 
gon..ral ter10a IIOV tilo utlbct "111 lo<>ll to 
tbe ~•or -- wb•t tunctlona lt .,¡11 perfora·--. 
ond """ it will bl built th~ "'a)or 
al~orllhot5 and data repre .. ntatlons lt will 

""· 
s .... parta ot tbla proce~s o!, opellln¡ 

out tho oveu.ll atructure ooay uquia that wo 
o ry tl>e'desiqn o!ovn tO a very o!otalhd 
leYel in ordsr to deteuoine tba fuubillty 
ot,per!outing c•tUin functiona. aut. In 
~ <al ·,.. ate utabllol>lng tbe O<ajor ~ISCU 
of tl>e ayat-. , thotr relat>onsnl¡:a, 
l .. urtaces 'to .othe< syaums and tlle o,;Uido 

lo!, a<>d cautull)' apeclfying ,.¡,at =~ot' bs 
loaa aloni wHh roug" .indi,atlOiii"'or no" 1t 
1•,•~ ~. <3o~•·:X" ,,. ... . '" 

'l'bl third purpo .. ot doslgn la to revle" 
repeat.,dly wbat hU buo done se;, fa<, to 
c011puo it te what h dealud, and r;'"" · ·to 
avduah pr<>greu. llevlev to~ea placo at all 
&hgu of t"e devalo¡:unt cycle, of courae, 
b lt ts .., .. eontral to the dui9n phau. 
~ .... lew of ee><!o prod~tlon h intendd to 
detualne thot .. nu hu been •~.pluanted h 
What ""' speclfleo!r uvlew of te't ru~lto 
11 O'Unt to confl<ll that a suffic1ent oet of 
tous ,havo • b~•n run, uvle,¡ of 

lflutlona·:·au<o:.t<> determin~. 11 tho 
1 lly'nato.t~re~ulrvllonU of the cultO-"et 
h 'bull..., c:.aptu<ld In operatlonal ur;o.a, 
llevlev ot·_ 'tbe du!g'n· phuo, thougl., ~oea 
ba~onO jun daU,.,Ining lf lcmHbing that 1\a• 
o .. an pru!ously\a..-lhd out bu induJ b .. en 
d~ne -- lt la.,. lnta;ul palt ot the ~rocen 
ot dhc:overin9 the nuurr of the problo:o · &nd 
tM propcr struct~re oJ: t~e solution. 

., ·:,_ . 
Dl,Jl~N II!:THOoS'.o.¡;o ~LTl!COOLOGlES 

Befar~ ve di•~uu 5oftwa<e dui~n In 
~ou detoll,,,_,sothare d~sign, lt ,.,¡¡be 
~w!ul to. conaidlr ~esi~n motl>o~a •nd 
••lhod<>logl.,s.; ~""'st reader" ~-•ve p<oboOly 
hurd ot top"'<l""" ond ~ott=-up dulgn 
~Ut,oda• ond ouy ~.ovo lloord ot varlouo dnl~n 
·n~octologlea, lt' h counVrproductlvo to 
ttnpt to defino nouovly any cf th ter u 

•ud In duign, -but con•ld•ut lOn of brod 
~•flnltlona ·at'tbla stage .,¡¡¡ cl•rUy lotu 
"""-~cnto, "" ' 

• 
.. ·-

• u 

• 

»ll•t Jo a -~)'.od7 &l•ply, 1t h • "•l 
of c!O>II9 t)llnoa -- In U.io e•~e. de~:;~>o;.. 
1. •ethe><! lo< lindin¡¡ th• r<Otl ~t 
polynomlal or lor !><thndni a general :·~~<>: 
11 usuolly ~ell s¡oec1lied "ith llttU or no 
roOII lor alto<ootive couu•• <>f act¡on • .O. 
~-etho<3 !or solv>o; crtn soci•l prool•~• will 
not be so •·ell-del>nod ond Jeave "'"'~ 
(..-uelly too ~uchl rooa lor d>tferent 'i'H~-s 
to be uken b}· n.e- ponen foJlow,c.¡ •~• 
method. '111U un;e of <:onstr•ir.: ~" 
problam-solvin9 :;ett.o<'lo fro• ~:~cae 
Ai<JOdthJIO on tne ona bond to :ooae 
colleetions •of ~•urlst1ca on tht otber -- il 
true of dasl,o~ "et~oda U ... u. Ahilo 
precise ocft•·ore dul~n 11\etllo~& <:>~ !::.. 

"eonotruete~ ¡!o< exo~p}e, "'"P' to fol::~ '" 
deoi9nin¡ o o;-=~ol table •ystem], the !~si~" 
"ethGda u<ua:l;• • "~~u~e .. d !or med•= ~" 
large-s~oh oaftwcu s~&U>~I und to.,;d tt.e 
heuriatlc •n6 o! ~~o scole. • 

for our p~qasu, a dealgn :ethcj 
S¡><'Ci!loa t~reo ttin911 U "hat deo:~•ons 
uo to ba =•<~•· 2J '·"" ta cou üe:o. •·-~ ll 
ln what arder ti'.ey •hould be ca~~- A 
pattlcular o.u~od ::~a.J l¡nore or :-..~·.·e 
iotpllclt one of thuo elount& and ,e, CI.Oo: 
enea the •t:Otonnt l>f the "'ethod oven:l u 
dona lnfou.olly (hr fram en ol~o":n:r.¡: 
ropruentatlonl! Let uo loo• brie:';¡ ~~ 
severa! co=only ar.countarad dul9n .,.,,_-,,ds. 

The bost-<~e·~ eeth"" 11 c•lled ~~-~C-':1 
d .. l9n. t.et 111 loco •• tila thrae paE·.oe:• 
o! t.bla Otetl>od. ~n• deeluona t<> b& o::~O• ~: 

.any point In""~ ua tnou that aH•;: t:.e 
9te1test poss!~le «=:.ouat af th total Onq;,. 
1he or~.. tl·o~ !ollowa1 11 we ha~e ;o:ou¡oo! 
decioiono into cl~H .. or Jevola, té_~, .-a 
m•ke declsionl ot t~e hi9nUt hHl !un o.c.! 
tben lterat>vdv ::oa<e ~eci5io"a at the :~~H 
levelo. o.clo¡~-.5 wlt!>ln .leve la u e ~,;;:ol!y 
'"""" rando,.ly. or =~re corr~ctly, oeo::~l~.; 
ti> soae ot>.er :athod. T11e hvel ~~ o 
deeiuon u o!Un ~e!iuo! >n UutS e~ lOS 
diotanco ~•:OJ lro:o actual i&ple«ec:Hi.o:. 
c<>~cerna. -r~uo, ri@eidlng on t~~ f<><e :1 • 
f~nctl<>n 1s hl;;l'-levol ~hlh ~~c1dl~9 >~ ti'.O 
form.t o! o SF-<>01 toblo ls lo•-:ovel. 
Variouo mean• ot u~ing drcisiona c~y ~" 
spedl1•~• but • ~onuol covut in t<:~-do.:> 
desi¡¡n 11 to ~O<e decisicna that ta.~ lnt:> 
account u'~on-¡ u F051Ible ol the r•:~var.~ 
du1gn goolS on~ conatuinU an:l tt.o~ 
restrict tne •n ol •lternauve• 1": 
lcwu-levol d•ciuo~s u llttlo u PD"'"'¡.,, 

11 dooely r~hte~ .. t~o<'l la call•! t~.e 
outslde-ln 01etMd, Buicolly lt 11 tC.~ sa::-o 
-.;srop:o¡;;;;:n, coly ~H oeou el direct>:~ :o 
deflned In lH~-• e! the auui~e or t.he <:;&U:. 
(what the u>e< -.ees) Hroul tU inolde lt~.e 
i~.pl•"•ent&tion). Obv!cualy thio m•t 
corrupon~ to to~-do~n H on• Cdin~~ 
top-level dec!slor.s u tt.ooe that ~~·: wit:> 
U@ !unctlono o! t~-• ~yate~:~. On the "th~: 
h•nd, 1t or.• def>nes to¡>-level u tho_._~ 
dec!sions dulin9 "''-" th ov~roll ~trc:U><e 
of the ¡.,p)O;:oe<.tHlOn, the~ t~e ho onho~o 
will •po<:IIJ ~¡!{erent oro!••• of ~~<ir.; 
~eciu~no. In foct, tt-e ouUlde-in a;o:o""'· 
has been d~v•:o¡><'~ )o,~~lJ to co·"nteroc< t:.~ 
tend~ncy of SO;>e de5>qners even .. ben c>in9 • 
top-do ... n •~P<Obch tO pay !n~uftoeler.~ 
auentlon to t:.e n•ods o! tho ond u•ers • 



. ·-· 
~U ~b"'""" eo.oll>ry o! ouui~Ó~In 

d~ .. ;~ :o t11o ~~~~~~-ou~ de•qn "'-'hO~. ~hen 
us1n; U>u ~;;p,O:i~ñ;--onc :::ous ~ecis¡cns 
r~lo<>n9 to tne l~p:c::o~nutlun of the "l'''"" 
¡;-•t ~•Ion =•-•nt c!ecls>ons conc•rnint the 
• n•l functlono o! ~he StHe:o. 01 courn,
o, ..o~st h••• 1 <:len c:o~cept of >~hat !o 
ne~•~ on the outSi~e e>efoU intuul 
~ecis>ono can b• ~ade. This ~•~hod ten~• to 
óetlne ten clooely what ~ectuono are to bt 
~•d• In contr&ot to the tcp-dovn an~ 
<-.U>Oe-ln I'>Hho~o. Tne latter brooden the 
eh<• o! decislons to be cade to include 
tho•• th&t Uhct the lun~t!onll archltecture 
of tn"e oyote•. lhe criterio for '""'""9 
de~H>ono is alS<J rtore ot le=><d to~·atdl 
sandy¡n~ dlesl~n o~~ .. cth·u ulltin9 to the 
Ü'-fl<S.ntat>on of & •ystu. 1h• ucl\niq"U 

• for :oakh; t~ese óedsi<>r.s can tr.YI M "'"'"' 
ri:;¡erou~ dne~ ona is c!ulin:¡ ..,¡,~; ti:~~e-spo.c• 

t:•~•<>tU "~!el\ can b• <;~antiHo~ U cPP<>•~d 
te ~ualiutivo '"usurea ol uur UtLsbO'tion 
{in tne cau ol externa¡ functlon•l. 

Anott.er mHhO~ ottc,n diacco .. ~· h t~e 
!!<><~~';::~!! a;:oproac~. J!tl U.u :tetho~.· on• 
"''""" UM lo~·•at·hvd d•chiOU flrat and 
;¡r..:~ally l>~lld1 >:p the c•Fal>tllties of ~he 
syuea. Tha <1ecision1 . to •b• ade ara 
<lel~""•~•~ by .vl>ua one h In t~e procen. J 
at«tlniJ wlth" decldona eoncernlng bulc 
b"ih~n; ~IC<OILI ond lntund lunotiona of t~o 
sy•a• an<l procedin:¡ up to , dlodslons 
cor.~ernlnt .. urnal' function.. ~"• dech¡on 
rulu uud aho dopend en tt.a polnt in the 
proce .. , tU lo.,-hvel ~eehlona un~ to 
co~~enuate IJ<>re· en · iotern•l erlteria, of 

·-,<ur):> · ttol lf.ter declalo~• · 1<< more 
l"*nce~ by . ...-bat is ... aila~h fro11 u .. 

.• ~.-er levela of dlui<¡n. • • • 

crlte< 
lo tl>at 
uü•lhd.. 
dlul;¡ne;l, 
•o~• OtMr 

• 

.,. 
'" p .. u 

la 11o•t 
procesou'9 

sysual. Tilo 
to make thell ... . .. 

'" 
, It 11 lmportant to atrua th.t nene of 

tMu "o!d>nltlons• shode t>e tuen a5 hardl 
an! !Utó':J• rurther; r.,ely are they ever 
followod · In precfse fllhlon. ,.. st<iet 
top-down approach u•u~lly vlll only ·.,o<k '" 
eu~plu tn~>,.hi~l'l a f'rlcr ~•u;n e(tort hu 
alr•l4y ~.u,,.¡,.,~ "~•• h ¡:on>bh ot the 
Jo.-u. hvah. ,.. real deo!:;~ e!!ort u&in; a 
to;--~o-..n a¡:.proach wt11• no<:oally be mheo! vlth 
hottO"--up and/O< criL•eal-co=?Cne~t-flrat 
~U>ill approachea. 'l~u~, the dleocript!Oila of 
H.ue meth""a •~oul<l be ••·•~ u conceptual· 
_•o~ela, not-a& rl~orous prUC<Iptl<>na. 

One <>!ton l\eus t~• term 'dle~lgn 
nnhoc!olo9Y·" lt :is i~portont te undustand 
tu <listlnctlon bet,.een a • ut~<>d and a 
<~e<-hOdoloiY espec,.lly S>nce tl\e 

•tlnctlc:.n · h not •!~•Y• caufully 
.intllne~. In eHence, a at~odolo<¡)' 11 a 

colh<tlcn of ~.ethcdo, choun to co~ple~.ent 
ene ',•notl\er; .ton<¡ wltiL ruho fO< apply1ng 
tt.e•• 'Il>n, 1 co.prehonslva M•i~n 

IL<tho~oloiy ""~Id apell out.~•-•·-'<~1 '""""""' 
(fcr e•u.pla, t<>p-~o""' an~ cr>tC~l-co~f"'•r 
anll prcY>de rul ... for \~!>en t.o c&e <>ne •• 
wt.a~ t<> ... , • .,~ to ~no~hu. ~-"'~ iU·'"l;y 
~UI;Jn un.oóolo<¡y lnelu,cs ;.¿.-.a;< e· 
tecnnjqueo, o!o~u .. ~ntotlon P•oc .. a"'""• toe.•: 
to aldl the · deugn .. , ua,dards for 
o~etfleot;on& ~hat nrvc u toe input to t~• 
duign .ptoceu. an~ oun~•·~~ [or the output 
ol the proceu wnicl'l 11un ••rve as tl'le. Input 
ta tne iroph<ll<ntatlon prcce~ure•. JI ~~odl 
.. uph of • JOethodci<>'iiY h th 
chief-pro:¡ru••e< tea• concept . of !BK whlcb 
s~clhU ~.ana~uent techniquu. progrU-<Unt 
procedluru. dloc=~ntation standard•. •n~ ao 
••• 

Tl>e i<>portlnt polnt .o:•de in't~il ncti<>n 
la thlt there are dllhrent ~?proact:u ta 
dlul9n difl .. rent ,.ethodo andl thU 
!oolatecl nethodo ""'" ~e.eoupl•d.with oüer 
~.ethods and rules for applyinq tt,u in tho 
lor• of "'etho~cloglea. >ie have not discu .. ed 
now one choou• P"'tieular .. ethoda nar ~~ 
one. puu tcgethe< mathodo to f<>r• 1 
"'e.thodol<>;Jy. 1h~se toptcs, "tille_ utruely 
taportant. are beyondl · U•• sc:ope. of our 
eon.Sldloratiar.s bere. .,_ 

' . • lt 11 tmp<HUnt to une.,t>er' thlt t~o 
Olajn purpoaa o[ tl\h papo:r• lo te abHuet 
!ro• thc partlcuhr' .. cl\nlquu of dul9n 
dlocuned el•e>~here ,In tl\h vol"'"•· Tilo 
aUto of understandi.ng at the de519n actlvhy 
u f>Ot suUiclent ta per•lt a comphte •<><1•1 
or ab•tnction to be built that ,.¡ll 
oecurotely .s .. scril>e In general t0<101 al!, or 
•ven - 1 sitnlticant haction, o! tl>e 
actlvltles ¡observable tn dlosignlng. >Hth 
tllu ... rning in :.tnd., let uo brafly canal~er 
flvo ~oncral operotlona that can b• !oundl In 

.uveral ~ifferant plocu. tn th• dul9n 
proe•n• 

-operatlonal iutlonr 
-abat r bctl Oftl 
-elaboratlonr 
-verificationl ' -deci~icn-~aklng. 

~lonall~atlon 

lloklng sq,ething operatl<>nll -,.una 
"'s~ing lt usaDle or hmctional. lt uy 
lnvolve c~an;Jing non-tutable ecn~tr.tnu 
(e.<¡. "Tha syste• •~o~ld r~•pond qulc<Jy"l 
lnto cnu tllat are. lt .. ay ~.un e.p<eulng 

'VliL>e req~ire .. enta• t•-t·- "The systom o~culdl 
llave & com!ortable lntuflce"l In ••••• ot 
••Pllcit functiono to be perfor!O...S an~ Jata 
lo be repres~nted. 

Statin~ tl'l•t - ... nt a systu to b,. 
~ .. r-untue<l h all very ..-ell. but tbh la 
not op.,ational alnce 1t ls not clur "hat !o 
10unt by tl\h stueunt and we ~•nnot 
una .. t>ltuously t~st tor Ita fuHill~rnt. If 
wo apodat 1cn•llu lt, ~,·,.;ll hove t<> lfst 
out spPcif¡cally the ~h.,octeristicl tho 
syste11 must pone.. In o<dot h be 
u •• r -con ter a<1 • ~r.othe& typl ~•l 
ncn-operatlonal &tHu~nt oft~n found In 
d<SI9n sHuation• 11 the uquirezent that tlle 

' 

' 

' ' 
1 

• 
' 

_ _¡ 



' 

H'"~ ~.vot 
o¡'<'ll>nq o<>t 
by "t¡Qe>d". 

prov¡~• •-;"ood" rHpOn5~, "lt:,o~r 
>n t•H•~Ie1 t~rmo O'hot u moant 

o .. lgn Idus and oonc•pu olso reouue 
0perat;lonallat>On. The purehasu Óf o 
oyote"' 01~y ban an- I~U of o syote• to 
oup;o<>rt ~•ccutiH ~~CI~!on ~•Hn,.-. Dut untll 
'"'"!~ea is cperat\onali•ed by o¡>@dfy•c~ 
·~·•• Ui@ •rn•• u todo, the idu .,¡¡¡<be 
•nrulln~. Lih,..lso, one moy un~erstond tbe 
,oncept ef lmplurntln~ • Set o! decuions u 
a [lnite sUU outo:.atcn, but the conce¡>t 
""st be.01ad1t o¡>erUionol by spellin~ out w:-.n 
tt.e Input paUII'Hero, Hateo, and outpuu ue 
te• l>o. 

• 
• 

Abotuctlon la tho operat!en o! 
90n~rallz\n~, o! t~ro~tnq a><oy i<releuant 
deto!lo, o! separotinq the uuntiil.ls e! a 
olt~H•on fro• Ue inusentlal, of 
coulde<lng oo:oethln<¡ u a genetal' ~uallty 
uMelated to any pertlculor cOncre<e Ót>j•<:t. 
~• abstract in IO&nl' dtuatlona >n or::er to 
ue tlllt oveull otruct~<e o!" sc::oHH.;¡:. 
1t.O<H<U in "'"tnuatlcs, phys1cal l~ws, and 
9eneraliut>ona of al! klnda 4ra abnucti~.;o 
'·'"' permit ua to bettcc ~,.ciuHood 
ln~lvldaal situationa by rehtb9 th•<> to 
other situoticna e! ab!lar ch<octerist>ca. 
Abotra<:tion"ha& len~ b .. n used In p<~;ra:t.11lng 
throu9b the use o! subroutlnu in •=:icll "• 
•~at<act " Ut of ope<atlons into a sin~le 
non. "11le vdue <>f thlo type <>f at>Hactlon 
11 utreo;ely illportant at the hvel o! des1:;n 
u well. 

E .. •plea ot ob.,r•ctl<>n ¡.,· o .. si;n u• 
at>undant, hhen "" aurt to work <>n., ~ui1n, 
n o<e v<>ri:ing "ith the concepts e! U.e e~d 
vaer, nHed _ In the Jont¡uo,.-e of tr.'e ~<<>bln 
deoain. f<>r .. ample, ve "'"Y nee<l to d .. ) 
vlth accoui)U roco!vabh, t>!llin~ leJ:;ers, 
ord•r books, pcotin<¡, ~ohncing, bill>n;, and 
10 on. ~hll" .. eh o! theu conce¡>ts vlll 
•vontually hove a rulhHI<>11 in the ~acnine 
In teas ef var!ai>lu anr! oper .. 1ons In $~~" 
rro~rarnmin,.- l•~guo¡¡e ur in hudwo<e,_t!"ley ar~ 
not tied down at the intttal sta~e -- ~hat 
ls, they ore IDOre obHUct. 

There la anothu dl,.enslon ·in wt>lc~ 
•~nucnon or ~enerallut!on is ~d~•~h. 
i~ppou ve are pruented wi~h ~ho 
oequhuents for a data """•~uent 5y5te:o 1n 
•·~ten the<e arlt ~.~and• to enter dHa, chan;e 
lt, lht lt out for checking, ~elote a, 
cCon;e lts O<d~rinq, ulect subs.,ts of 1t for 
P<l.ntln~ ln.any of oeueral di!ferent for:r.Ats, 
pruJuce b~cku¡> Upu of the datA bose, 
produce output Úpu for dlotnbution, onr! se 
on, 'l'hl• lUt <>f uqu1<e111enu (evon Jn the 
porUol forll presented lloro) io <O<"e"hH 
b<wlldering, By •botroctin¡¡ and notlng u-.u 
•o ~•u edltlnq f"netlona, eutput !unetions, 
•M •dntenance !unction•, howo~•r, we can 
9<t a· cluru p¡cture o! tr.e pr<>">le10 
Ut~Uion, Tillo In turn vtll ~-<'1¡> u5 to 
de> !se M approprute sysho dui~n. 

floLoratlon ---------
"-1 U.ou~h n<>t 

olobora.;ell is '" 
• co¡r.rlete 
cony ""l'S the 

co~pl~~•nt, 
O~?'>S>te of 

' 

HHroct!on, "l"<> e!a~orot~ !-o-<H~,¡r,_; '"" •• 
nok,e lt more ~·t~!le~. to •''d [occ·c: .. c, 
~oH 1t out ~o ¡..,<f~ct!On. :e,;-~'"'" .• .. , 

-procedures .o<e ,,,_ovf ~u of ,~-~-or•tl">c. ,_, 
othet oppre.o<:hOI and os¡;•c•.o el :l•coo 
tnwdve eh~ora<ion u ~•11. H ><< "• 
foil owing o ,•ou-cr i t ¡ cal-c~~ror-e·.t-::: >t 
de!l911 ~pproach, tnen, ofUr d•vio:~; t:.o 
colcicd co~pn~ntl, ><e eh~orate o~c ~o<:¡n 
DJ ad~inq odditiond hu·cr>trcal :o•:c.. 
~hen ,... Uke a ~en~ral sltt cf f'-'o:t::>~• ·~~ 
lilt •.t.e portioular f~nctionl i:?lid, •• <:o 
ohDo<otin~. ;,non ve tH~ • ¡¡r>•s 
repr .. entat¡on of control flov oo~ aj~ '<.o 
~ouuk .. ping ~eu\15 ~• are elo~oratJ.n;>. · 

~hen "'" take a~otroctlono on~ ""·"-~'' 
thell lnto e~u1vohnt f~nct1on• .c.:! 
representat1cns u¡><e!led In oH.er toros, ·
la a fe<., el "e)o!X>ratien, t>ut not "~• ,.-. 
predsely •• oCdin~ doto!!. In tnh case -e 
.ro rully co«yin~ ene ut o! "'"''~-·=~o::.o 
lnt<> &n<>ther oet. ~ney:!..!.!: bo :oou <ie"::.~. 

• but noed not ~e. for ua~ple, >e-~·~· :_o-.-o 
otut .. d eur CHi~n .'!ulln9 "Ítb absue:t :o:o 
typu sucn u ••l.,. ode<O, thn o:.•.: o•; 
ü.ue lnto ~Joch and lista, t~en '"'"' oc.!S~ 
obH<a<:treno into e«ays and ¡.o<>>nte<s, .:.::: 
tfnally tai<en tno repreuntot!on ¡,",tO ~ •---

" 

directly i~ylem~ntabh 111 te.~ ~•:")' 
otructu<es of-• on anud ~achine. :'·'" 
roflnuent process io ouentlal t~ t•.e ·-•~ o~ 
obstractiono. 

Verifica< ion --------
1'o verify . la to ascut~ln "·' 

<:orrectn~n o! so.,etr.ln~. 1-:any to;<~S ir. ''-• 
denlepo~nt . proceu we IOult ce.·.;ore '" 
developin~ s~sum to "~~~·•~•'·''· 
spe<"i! ic•t len•, sun~ar da, 011~ eo~•o <'"ti, 
~• ucl!y tr.e ~erfor,.nce o! • s¡·"~=-. ·• 
test ao~uleo to detel."llno if tc.ey <le .:.n 
thoy ore S9¡>osed te do, ond so o~. ::.e 
process o! >erficat>on, nct necesson:v .... 
teehnJ.od preceu ot ve<lficatlon, ~eé·.-•0<1 
tho develop:nent proc~u. 

~!~~~~~=~·.!~ 

fn the )a<t analyo!s, d~Ci$J.o:.--,-3<ic¡ oo 
what do~i~n is oll o~o~t. he flrst i!ert:~y 
what ded•bn ~uH t>e c:o~e. U.en l"'·''"" 
olternoti•·es •~on¡ vh>ch to dec>~e, •••l"''' 
theso oltPrnotlv .. to lor:o t~• buu :o: o 
ratioul deClS>On, a~d f!nally choo•~ "·• 
al<ernati"e, Tnis p<oceu !S >.oteeco:o:•! 
w!th and ~~<'• all tt.e oH.oH' fcnJ.o:.o·.:.: 
opeutlou of dUIJn. Ao "'" dioc~ssed o::••, 
t~e or~~~ on~ form o! ded••oñ-r.,o<lr.¡ :o 
detu~in~~ by the mfthod an~ the rolatlor . .:.:¡: 
o! ~oel•¡or.-;oOOl·n~ te othr u~•n• ,. ''-" 
methedelo9~. 

Ther~ a'e three punete<5 e! too ~e,:;cn 
¡>ro~eu ,ü.at aro. ~•?<C~o!l~ cr><ical to :a 
suc~n., H.e <~¡>tesolltHion ~oe~. o: . ., 
e.pcrl<~ce el no du!~nPr, ·~~ ::e 
!Mor.:oti>n aua•l•~!e, "e v1l! ~''"!:y 
dhc~H no, n.atua of u~h o! t: . .:r 
punH<'<5 aod ill~strote the>r lrrortonco :o 
dco\gn, 

20 
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!eP!.!:~~~Hó'.!! 

Onr woy o( char•ctuil!n~ óU\901 b tt.at 
it • pre>cus of bOlldln!iJ a upruenutlcn 

t •~)act t<> l>e cre~ua. ~. tne tt u 
.11-.,·uhnt t~at "'""" upruuution ol • 

;n~ce cf o.ofhc,ue u1iti froa •n••PtiCII untll 
• t>,nuy iaaga \5 loa<le:l >nto ••*"•Y for 
~xec~t>on o< an lntunal fora 11 <¡ivu to an 
;nurpeter. 

'tl'.tre ••• severd rus<>n• vny desi?n 
r eprurntotlon h importont• 
~epreunl&tiona, In $CU tora <>U••• than 
c~ntenu of a human, c•~ory, ou nud""' so 
'"H the >nf<><ll>at>on l~voJn~ •can be 
co~.,_~ICiteó t<> Others: the lu:lt~ <:Apacay 
c! t.he nuo.an aind fo< Uc!:cnoc<>.l dHul "'""' 
ce ·~~aent.cl ,trepresenH><>ns O( curUnt 
so!t,.au syste1a& otteo "'" to hundrO'dl o< 
ev•n t..~ouu.nda ol pnnted pa:¡ul 1 th lora 
el the rrpreuntation may peltly &f!ect tM 
podor~anca of vodous, deu~n uska. {tevlew, 
=>ac~u~, ¡><•dl.ction o! rooulU)f tM 
~ ~pre .. ntaUon o! in!o<•ation aUecta ""' 
~u<:~eu "' tailnrR"in pro~uc>n~·:ooa ¡<dinr4 
repa .. ntat.iona tttat au c)onr te tl>a 
de~!••~ Und·r.,.ult. · 

<epunntation of ao 
a dnio¡n U a 

tbot uHa uo 
want to create, 

vleve<l u 

:t followa ttuon t~u ~uio¡n la a P<Ocau 
o!. ücldino¡ w~at infouulon to inel..Se in 
the 6UÍjJII and w~at iHor'"atton not to 
indu6e. ~~la has loo<! uo ¡¡, an uTliu paper 
ltl te Propon that it h pdrna<ily t1'1& 
~ecls¡ona ll"·&da in n.e couua o! :!Hi~n that 
10111t O& repreaa.ntcd. 1 

1 
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U .la l~¡.ortant 'to ~iHino¡ula:, 

r<·¡>ruentatlons !ro,. docu~<:ntat;on, 'l'oa 
current uu of the word 'doe~,.~ntolior,' 
uou&!ly ~enotea infcr••t>on deacrit.ln<¡ on 
ot>ject auc:b u a JH09<•• ~n cperotln<¡ 
¡>rece~ura, or the ruuha of a ~eol~n 
¡>rocua. lt ••Y al so connote ~¡>eclllcot>on• 
thot "dccu:~nt· • nt of needs. ThU word 
hu tlle !urthor ccnllehtioft i• .. ~ny 
ln~la~cu, .. specially In ÓUl91'l v~cu Úle 
objcct <l.ocl not Yet ulat, ot reprUantlng 
eve<yth>ng ~e ~""" about the ot.jeet, ' 

" •• 
"' ~oró 
belicve ,.. 
dUlgll 
prao¡rn 

'" '"' '"' &ubotonce. 
9 iven to 
pro~ram). ln 
ho.,.ever, tne 
uiou, '!'hus, 
ibO.:rt:'u object 
a upruenUtlon 

n>e failur• te be clear about "ht the 
tlo"o>choru, lhls, d!atraiOSo and volu.10inouo 
pro.. ~anerne<! dur\nq desiqn rully 
eennuute has prevented us lto• lhlnl<inq 
clurly ~~out the role of these 
•!.e<eoe~utional !O<JOIS• DI cours•"• ueryone 
ieccqñíiiS-<ñitthOffieh o! papar 9oneroted 
durlno¡ a duign proceu conteln (In theory) 
all tne information "o>e hove •~allabh •bout 
the ob¡ect ¡uau•lly, there is additlonal, 
unracorded infouat>on), Yet, fev people 
han speclfically treeted. _such ~ ~ 
colhct1ona o! ln!o.,•atloll• u o 
reptenntation in the saoe ""Y lhat u 
archltect vieva gropllical representationo of 
a bullÓl"'J or •n eno¡\neer "''""" ••theootlcol 
reprenntatl<>n• el a phyatcal proceso. Juat 
•• othor •deslqn p<ol•&slons have coretully 
evolve~ (aM in "'""Y caaes conaci<>IIS\y 
cr .. u~¡ the reprounUtlonal f<>rmo they uu, 
oo muot we ~o tne uu ter softwa<o dul~n. 

J;.ecendy there h•a beell !n¿reooed 
ccncern ta~en vit~ aeft.,an deslgn, Somo ol 
thla '''"~ ~ .. upllcitly addresue:l t~• inue 
of tepruenuticn ·structure ct.arta [IDJ and 
pro~rn de~cript•on lan~ua;u [l,lll are botn 
lorma l<>r apreunting prcgru ~nl;na •n~ 
havo been u~ed "ith •e•• Sllcceu. Petera anJ 
1rlpp [8) ~urvey a nu~.b•< of <¡tafhlcd ~oolgn 
ropruenta<ioll scne~u, 

Our 0"11 ""rl en solt><ore ~uiqn 
rationaliutions' \1) provided another rono 
fcr r~presentin<¡ a ~os!qnr "'h>le typicolly 
requiring too r.uch el[ort te carr1 out In th 
!ull f<><J;ot propcud urliu , ita a~illty to 
capture the ~ecia>on5 boing ~&do dudno¡ 
~eu;n lod te one Of the repruentatlonal 
!orea ~><o<c~ssed In [~[ • 

• 
• s~rt~are dH!~n rotic,cali,•llon ls a 
tochn,~IIO fo< copturlng not cnly the dH>;n 
aeciSIOIIS, but lhC !USO!Ilft9 lh&t le~ te 
tne... SpeCI!ICa)ly, ene la inHruct~d fo< 
e•ch deciOlon, to lht" •et of •h~<n>ti•e 

' ' ' ' • 
' 
' 

' < 

' 
' ' 
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Tlle role of ~ncwle~~· In ~esign h 

hirly o':lvlous. S!nce the -ob;ective of 
deoign ·ls to ane rat!ond chou:es .,oon9 
altunuivos ¡n ordu to fulhll a ut of 
••quire,enta, thue is a ., .. d for >nforonion 

"hich- to bou dechlou. "" nud 
kno,..ledge of '"" type•• pre+ui.sting and 
developed. 

P<e~eoistin~ knowlod~e lncludu 
ln!or.ut!on o~ut th• e~ulpment snd other 
oystus to, "'hich the neo.• sy5te•n •un 
int.,hce, l<nowJe~g• of the oper•tional 
requiru.enu of t.be syatoa, ond <novl<'dge of 
alternativa suuctur••· ror unph, '" the 0 dulgn Df a tut-ptoc:euin!ll syste,., the 
dulgnu should Onov at>out oltunative waya 
of te?«sentin~ tnt, of seuching for 
orcunenees <>f .stdnge, and so on. 

Soft,.on dui9nen do not hove hofldbooka 
"hlch porolhl tllou avaihble to de•lgneu 
In other thlds. Lven lf the<e edHed, tcu' 
eHnple, intc<!r.otlon.-on a variety of softwore 
Hructures, theu vouJ.d otlll be a need for 
other lmportant cl .. u~ ot JnforOtHion. 
Curln~ design, upedolly U it deals wlth a 
new aituatJ.OII, ... ny 'nudo for infO<OI.tlon 
o<iu. In tha deaign of a Uulnal lnter!aco 
lon9u~i<"• fe< uuph, """"Y need te know 
tne p<deunce of p<>tent>d uso<~ far 
alternatiu for"'• of co...,an~s. 0<, In th 
des19n o! a spi>Ol Ubh, wo :u y ne..! to know 
tlle u~cted u~a;;e donshy for the ¡wo.rtlcul.r 
oltuotion n h._nd, 1f>!s ty¡>e of infouoat>on 
•un M develo¡;oed by ""'"ll eope<iunts or 
an~lysea carried 01>t durln9 dui~n. ' 

:rhere h a Halt te the uount cf 
ln!cruüon tHt can ba und e!tecnvely In 
tn.o deugn procesa, hov&vor. H one hos too 
much infcrmatian to prccen in rnaklng a 
dosl~n deciaion, tho of!ort espended In 
eva}uating it- may 'ucud the gaina, froto. 
UHft9 a sl191'1tly 100<0 ratlonal dechlon. 
Luluating thio t~ o! tradeoff re~ulru 
o•poc!ence. 

The esperien~• th .. 'a designe< ~ult 
hhe, ,just u t~a lntorEHion he or •he 
lhould poueu,• lt of: uve<a1 typnr 
.. pe<lenc., U 0hitnin9, with slm!hr du>9n 
situ•tlons, and With the tecn~o).o~ieo thAt 
~u•t interh~o to Ule duign ptocess. 

, l.a we have noUO, de•i9n1ng i~ • complu 
P<oceu that cannot be captor•d in the Ion• 
Of o set_o! ezpllcit lnotructio~o. C.ne ~uot 
loa:n hov to ~eolgn by doln; !t. But, b•yond 
tnto 11le10entuy oto~•· 10any o! •~• cper~t>ona 

·-·----·---------··------···-·-·------·---····-·-·---
<:holc<"l, an ev•hatlon fo< ueh aHernatlvt, 
And ll>e ru~on for the one act~ally cr.ooon. 
•~!le !t h clur that this ~<ovrc~~ • 9rut 
•~o~nt of lnfo<.::Uion not nor.,~!ly !ound ln a 
dH>9n, >~hiel> ~•t be very "••1~1 t<1 lote< 
ot<o:::pu to .,.,deroun<l tne ~esl~n, it u not 
clur· that the added •tloit o! produclng thia 
deuJhd •r•tiona¡jutlon• lo cou-eflective. 
1ho dechion <nato~ent reyre.entatlnn 
dlsc"n~d t.clc.v •rrcar• lo te • 01cre natural 
<•pr•untotlon lor ~uol ~··i~n Sltuotlono. 

• 
of du19nln11 uqulu • t'M9<' "-~~"'~~ 
lntultton on~ d•C,.>or._·u•tnq H~~ ~~~~" 
••P<esu~ eHiuly ao ro~¡oc-•1 d•c;<:" 
raf uc-¡>111," ~now•nt M>W .,_.,)' alte,na<:~H tt 
co~5ldor, -r.:icb to look'at fl<st. ~~~e~. v 
rej~ct out cf hand, and •o on, ue dedsiono 
th~t 9ener•llY ou 10o<le ""11 only lf ene t.u 
,.._d• tne"' bofote ond , l .. rned froiO the 
u¡>ecienelt. AllDCitli>'J the r~souce-es of t~e 
dul11n te&.'l r<"qulru e•per >e neo "' ~h _.-ht 
typcs of activl<y wHI pay otf b•st., Sine:. 
•~en decislono ccae up repeatcdly ond '" ~.any 
dlfler*n~ form•. ene muet be p<ep~re~ to ma<• 
the:o tuleUy. 

E1¡>ericnee Vlth ptevlous d~sl9ns of • 
sl10ilar natura i• critlcd. • ~.3~Y d~ciuor.s 
eonnot a oude entlrelY r•tionall~ eiU.er 
becouu ·af Jaca of h.,d info<~aticn o, ~t.~ 
altern<>U~u· cr bec•un tt.e 'nteroctions 
bHw.,cn • lar;• number Of tactoro cac,c.ot ~· 
cloarly di~cerne<J. rurt~er. _ <no.,J~~>e of 
aimilu Gui9ns previdos <>n• >1lli'l o ¡;r~totyp< 
en whlch to bo;e t~e cur<ent de"~"· '"" 
typ• o! expeu.,nca ls acre thar. ju~t scr.,~h 
>.no.,hó;e, m1 nce <>lt<'n tlle protoq•pe >ervu 
~o<e u • guido te dechlon·,.,•<•nl tha" u a 
te,.¡>! oto. 

n.e third type of eoperlence t~H u 
uun:iol i• vlth tne Uc~nolo~ie~ <<> w~>e-~ 
dui~n lnte<faces. U • a.,si;nor l'.oa no 
rersonel ~no~led;e of p<<>~r•~a."l"S• ;, >~>ll to 
di!ficuH for Ol• o< nar to <peclly :ea.,~Jo 
at<U.:-t\o'!U ttlat can be ... 11y poo;r"-"':oe<l. 
~nO>~h~~e <>f the ll•ltl and pcuit»liuu o: 
natdoaro are usentlal to t~e soltwau 
dnl¡~or. ESpotiienoo with creat1nq ne'-
ay•te~ organiution can be • ~reat •id. 
Lxperie~ce wlth .,ana¡1n9 t>oth the ~e&>gn 
ff<>Cua •~d th~ i10p uontat>on procecluru 

'o¡¡un ;o<ovi;lU tht' dosigner ne<U<ar~ 
lnai;¡Hs te sOTOe of tho fact~rs t:>~t m•:r 
>nfluence the eventual auccus of tho design. 

OESIG~ AS 1\. GOI.L·O~l'fEN AC:rli'I:I'Y 

lt h clur that dul9n lo an activlty 
,.jth a defl<.><., goal In vlc" - c<eat><>n of an 
utitact that I<Uto certaln goals. Tt:e 
obvloua ;cal in I>Oot dnl9n 5ituoüon~ iS t~ 
cr~au a oyne• th.. previdos cecta>~ 
f~nctiOflB. Ul too o(un In oohware de~i9n, 
thia ue:'OO to be the only tdal te wn1ch 11uch 
ot<ent>C:> i• i>"id. • 

7here aro othor very ;,.portant goa:s for 
.,.ny syste.u, nowever, auch u <~liabllity, 
usor•cenceredoes•, lOOlnto 1nabll1 ty, 
etflcancv, , an~ security. lncreasingl~, 
the•• ot~;,, go•h oro soen to be ot least •• 
importo"t •• the 9011 Of provld¡ng certa>n 
lunctions. 

It io a fund ... entol char•ctHistlc ct 
desi9r.ic.~ that it per111ts u& the "~?Crtunlty 
te ocnieve ony ut o! d .. sir<'d ~oals. lf •e 
...nt • sy.re• te be ~"'Y u•••·centerej, •• 
r.~ve th• o~¡>ertunity to dultn it t~ot wo~ 
(or, ~t l~,.t to c01phnia th•t <¡oal With>,, 
otHr ulHH.g constrolnts]. On U.e otHr 
h•nd, lf "~ do not p~~ .. untion Lo all ot 
our ~o•ls durln~ de•i9n, nere ls usudly 
llttlc that con be <lene htu te lncorror~to 
th"' into the s~sto,., U we have ~e~u~d ., 
•rtltact winout p•ylng Htenti<>n to .. n,tM< 



" 
ll XH•"H .. 

·~ ...... ~¡~ t• 
t r.e ~ l 

«-rt~>n <;c~l!tlu or not, Uen 
no <~rrna th•t 1t <lcun't "'""• 

r~e prlmary "•Y In whloh o~icctl_.s 
<:.~el >nto thr <l .. i]n procn• la thelr use In 
~•·iq ~ecislonl, H we ue suKin~ a bighly 
n!>t~l<' •rstu, tnen u~h dul;n docision 
""-~~1~ ~• evol~&hd .os lo whetllet 1t vlll 
<-~~• a sl;nHlca~t ;.,paet 011 U•• _syuu 
ali•~illty or not. H h don, th•n ve cac. 
:o~u tno d..:hion on the buls' or wl\icb 
¿~~~•c.nive contr\butes •on to uliab!llty. 
¡,_ ·-=!t. ~ui9n dt~nlons "'• hav• a n~er ot 
O~Je::iv~• ~nlch ,.~ot be balan.; .. d. Not all 
wili :• e~ually •P?l•cable to evuy declllon, 
o~t ::, ü-cu thot do apply to a givon 

' ~e:ioo~n we .,ust ccn•lder thelr lnteroc<ions 
a:.:i ulativo lnportance 1f they lnuract in a 
r.•;n;~• wey. 

' <ónally, all of the IO&jor objectivu of 
~ !"'l" effo<t' sllould urve •s ~uljelinu 
t~' ~'-~ ce of the overdl srne• nruc:tcre. 
1-.s •• ~.ave p<lic.tej out .obove, 1 succusful. 
~~~:;c. ,thoul4 tit the .trunure Of tbe 
p~~:o::-~litu•tlon: On1 Of n.e (leter•lnin~ 
••:-:c:o of .U>e proble!l envlron=ent ls 
F<-r~l!!ly th• COn<!lticna wa placa on pouible 
"''~"~'~•-• i.e~, the 1objlcthn of the 
<!en;~. 

,, 
::.la ·"sr>ort ;;ap•r <:lrh"inly• ha a o' not 

u·-~•d all tbu• ia to uy obo<Ot tl>e 
~•• of deli<}n •. -- that Wll not •· it"• 

!--:;<:u. It .. ha preunted anou;h of the 
c":-:e;~~•l up,ect1 of dnign, nownar, to 
1.".!1~••• th• typu ot concernl that ;o b.,yond 
t:.o o::.-le preunuuon of deoi¡n uehníqueo. 
S~;;!;·~~~ the •pniloaophy Of Ulqn 01ay not 
t:ac-•:••• ilom.,..iltely into· improved de&i'ln 
F•:~:::.ane•, nor =•Y it ner ba <Hr•ctly 
l~o:::~~i&oh u 1 pHeu• cause of imptove<l
~e,;';,::ooee. lklt, u "!H 1001t activitles, 1 
=~~;•: ¡:¡~ern•n~in~ of tho ~e&lqn ?toens 
.,:: o·ant~lhy pay off. lt "ia for thil 
••~•~" tnlt ..-e n.ov•"•ntroduc.-(1 you to th\1 
H:¡>~e: O! 10H"I<I i!U\9n • 

.. 

., 

'· 
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•• 
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1\>& pop&r o...-.oyo hvolo~M~U ... uooda,i~ lnio<.,.tio• ~<oUUi"* orno• Ufo <J<lu. ~orouoo d 
Ule llh O)'<lo lo .tocuulns, ood ncopnloc. ol tOo dlvonh' ol O<oUobh "~"'"" p<op<<tlol U 
fo<:os1~s ouoaol• oo <ho Uolleofto ..-nl<lr.-"""' ~.""~'lo Oooll"- 'n>< ~oto h ... o oul>optom u '"''v'~' 
l•••ooo<d ouooti,., t"''hoolo lo olllldos'troa tho o~bo~oto= ao!idtl•• Cou<b oo p<o¡r•=•ll <e 

,o,_t.,...l•"l «<IIUo«uu ood,bdp. n.ooo uon4o OPJilJ oloo •• '"' l.nl•<"-'tio• p<oenotn¡ o<<ivl,l&o 
e! .,.-,..., ,..,r .. u.,olo cu .. u 7 ou, holl"oto, ~··•"-'"• «<·l •-'~ .... n '"~~dly loo~ <o •• 
¡oto¡<atA,, ,..,~<ot-al4 .. ,•4oto-lluo-o<1<~<d lolor.,.tloo proco""-' oyo<o:. dul¡ •. oo lor <h••· 

1 
1. urmwo::n111 

¡ 
10< ,...._, o! ""'~''""' ..... to!o""'d- oyo<- lr.oo 
uuo .. ed Upl¿J,y lo t~o t*"t .,., ot-udu. n.o oiu 
ot><l <&pa\>Htc, o( lo~hld"""' &JOU .. lr.ao oloo ¡.,... 
~ro...<!'. -7 pr..r.,.olonol.o' '""l•a•• ~~ ~oolyoio, 
O•olp', l"'Phaootouoo ood op<<otioo el oyO<~ "" 
o•< utioUo• vUh tU p<o¡NOO thot ~·• ~ ... ,..., -
OJo<- toloo t- lonJ tO bulU, they eoo< "~oh ooo<o 

"ti>OA pndl<taoi oool <lo not ved< oo p<cdood >'ha 
i""tol.bd. T"OoTO oro ... ~7 ~llhTl~• cpinton• oo 
vl>o< •~• tM -~o4ulyln¡ problno, ""-oc oro O)Wto:>< 
utJ>or •- p<ololo..., oM \lbO< o<o'<Jr.o """' P<""'""' 
""""""'" o! U'll<...,.."'"'· Jo< • ....,.lo,- ono n<n< 
u~ .... ,.., of tho ttu .. .,. • .-10 .~ h-. ·~ uplJ 
'Oy loro"" (UU) w u OTtltlf; ~J looha (1913}. 
;.·~.-.y..(. . . 
T1r.b "'"':l.a ~-· vt<l> tloo 11111.......-<"* ol 
,,.,...., to - doo b!ouou- uodo el ouoahr 
u-. ··_na -..jo< J ... k u tbo "'""''"<lo¡ of <U 
ouloor ... _;(.¡~pHuoiQfto oolt .. •ro, • .,. buo, 
• ...,.. • ..-_._-" ooo-<-~t<TlUd proooMoo}. 

.11> ..., • ., .., K<e<opltob tbo -!¡o U 10 ho<¡uoatlJ 
""""o•ey·.eii' <lulsio, l,o., "'""'"""• <o<.ll. of ,,.... 
oillloyot..,.,to oovnal l""or 1o•o\o. Sevnol ,..,.,.. 

1', ~ueodo hoyo,_ "'li.,.«inl (&O Ol'l'li<d te infor
f<~.~ .Nt_l<>~ fto~ooolo¡) o« uuol••d lo <h• loll""i~¡ 

,... , , •"'1-•.\ n.o lltH <und (So<t!on 2) ~•H• vi<h 
ro<op!tl"" 111 <~.o Ufo <y<le proe .. o. ••~r1oo l U 

~ i'' l- ...--n.o.,-·vt'Cit. <he ll.,.lftl •~•••""•' o! tho l~toT• 
f roto<i._.~,-(!.,~"""<17 <""lllcdn¡) ol o o..:!oo< o! .· •, ,, ·~·l.o-·,...;,.,.,._ ol .,. ...... '"' .. , .. , ·~ .. h 
:'i' "HnhotOO' ¡r...So.& nun<i- U tbo doto bo .. ool>-• ~.¡o.,_,_ {Sacrt .. 'l· hctl"" S U coo<erfl~ Vl<l• tll<l 

h .... uu.U,.-ol'<l>o ~ .. ,,. p<oc•n. 
~' •... 
. ·- '. 

lll ol do- Uodo paht to •~~ro"~"" la 
.. ,h~olo¡J !o, 1alora<ttco oyo<•~• o<Olyoio, dooiJfto 
hpl.,..tou ... , opouuo~, ..,, ul<.tooo •. oo. rroHoo 
oo)yift¡ -· •••Utoo ... ~in¡ "'tlr...Soloi)' oto hlnl 
oppHod .., OtotU oc¡,lnoorlnl• h oOOitloo, OjoL<O 
'"''""•<i•s u •he bOl"' oppliod co <~·• oyot•• 
"·¡<Mo<i"' ''""" llool!, 'n>e •'"•'"' 1~ <hlo 
-l<«tllla"h ""'llnoO 10 ~"".,.,. 6 oo<l l. 

C," 

l. l~fllJIMtlQK PkOCESsll:c SUTDI ~IH e>:CLU 

n.o holc •«>• lo <h• U lo <y<l• of hlo<~"'"" 
,,,., ... (inHio<t...,, •·•IY"'• ""''"·• '"'~"""><•, 
'""• tooullorho, ·~•rott ... , .,. <or~too•tool 
••;••ud lo <ho "'li"t opplt<"'""' •= «=e"''" 
to "'l"'lut!""•l ptoO;,,.. lS•• loe '"'''" 
''"•1=?1 otl~ Cooftll~ (J9i,l, Atl.on <:•l~l, Co..,IOl 
09~~). ood Ctol•<! ·~• ""~oro (1"'-"l.) :~. ,,,.4 
lor lo=ol, "'"·"''' p<o«d'"' lot '"">"·1 
•~'- "' )Uo q<:o ~•• '""l'·'ud; '"''' "''">;" 
''< <hO ¡i.~ {lliJ) ~0~ •""\!<lt10", l•'< f"'ll¡o 

AAIII '-"'""' (l?i•l, ,._. t\o !X'"'·""· 

' 

• • 
1111\vo«h (l96•J, h'" loot lov 1'""• o l"l• 
o.,.!;or of b""U ....: P•>"'" o" <hU o~.l••• ~ .. 
~ ... r~bliohe!.• A ~-=looT o! l•••rollu! "'"'""" 
oro <-.<«i•ll• •~dU~lO, or.4 =oot oru~<u:c.-_, 
b,... o!thlf od•?«d ""* o! thooo ot dovo~;;K ~h'' 
"""'-• to th< ,..jo<i<J ol <•••• th• lotu' ;•o'«'-"'' 
hoo boon fol!o••od ojo.ea 1t o¡puu thoc t.'< •.'ot.:J' 

dopo«=~• of oo ••s•ohotloa v<U oot ""?' o 
pto<oduu Wl)ooo 1.t hoo booO involvod in ''·• 
O<volor"'"' of tho ><ocodu<e. 

nooo p<o«d~«• =.,,._lo nor<>•ll! ln<loO" {1} • "' 
ol O<ttvldoo vhlrl> ::..0< b& <ot<Ud out, ~""""""":' 
puoootod 00 o fUT ~11¡<1~, (1) o oot el io,.-_. '-' 
loo ~o.,l<tod o< ""''"~' "'''" o! '"" o.,-,¡,~::.o~<. 
""'do <oo¡>rho '"¿••-nouco,~ ••• ()) • ''"'""' 
..~••-•• oyou.,, oooot<:O.o tndl>'!lns o ;=-.o:o;
hool «eotding ood u;oor<ho~ ·~"'"'<o'"'~'" 
f"l""' ''"'"' t"- pho. TI<••• pcoe-<~« =-="*; 
lr.a .. 1<""" 11~< o! p<o«ieol &r,oOT!oo<o o-! 00~0 
<o<ol•od Utclo lono<l o..aly<!O, 00< ua;;toc~ " 
11\c V'lflt el Ulo<ly ... ~ Le~><.•~ (1971), "!'"~c.O :• 
.... ..,. '{19733_ _ lo <lovolopl~l o ''-" o-,.de: ·~<! 1 <O: :o 

to lu¡o ''"''"''"'"' •Y""" pujoeu. ,--,_,~ afor " 
.., 00<)1« popet, Lo~ ll~6~) ~~id> ••oo«' .. o= 

iot<IUt•d lom.1l~ o! to<>h for o cotol ·~·"~ 
hvolo¡r-1"< cetho~olo¡~, po<tlc~l•th •'"''« <• 
ltmit1n¡ th• p<op<>¡otion o! •«oto lo '~"•oocCvo 
<oho.o•o ot oof<"a<O •Y>'*"'· n.e.e ,.:,:o "" 
,úoi.Uadvo .. ,d oPI~l lo< uo~o,.tondin¡ o< '~' 
p<e<ooo, ro<hU th.., p<ovldin¡ ot i"P'"'"'~¡ OJ'ed:C: 
.. thodo, 

eo .. t .. rlno tbo P"""l~l 1"Pononu cf 1.-:Io=-d<O:: 
oyoto,.., .,.,. tho to..S.~<J !or p<Ojo<to t: io<:<o>o 

1~ "'" .,¿ '"P'"""'''• 1t lo ouo~s• t~>< =-"'' 
<ffofl h• o.ot h"" ~oYIIt<d <o thlo oroo. fe•>~:· 

<Oo ,..Jo< '"""" lo '"" nor~ono h,.. bo., f"Oly 
O<<Up!<d 1ft ~cov1n1 <bo idi~iduo.l u~o:«•otiOI 
of th< f<o<••• ..-h•u _,. '""Id~· •«=:<o~od. :.= 
o uooo~obl< ~<Ud ol ti .... To<lh<=•<o, ..-!:'oec: 
utooo1ve •""<otl"" ud t<olntn1 <hoto '' él!!,<> .. :.~ 
<o, oo<l •~•'•''"'" to, uol~~ tooh dov<l:¡-o~ ;y 
oth<ta ovon in tbo •<=• o<¡onhotiou. ;--,. ''""''' 
IO<o¡nltloo el th• ht«tolotlon•hlp o! eCo <ctlo",• 

"" '"" b• oqo<to4 u hod to •~P'""'"'"'" 
••<11<-<d <o soe<l.,... 6 ood 1. 

!o<t .... <h< =>< ot'lki<>¡ l<on& In 1M<,----...o<i<>O 
''"'"'• "lo>$< .. o&p«oento~ •• ~~-• :<:<" 
lo <'·• <'.o·<• •~ uloo.ho '"'"'"·'<• o!<«<~'' 
'!'>< l!h •J<l< _.<1 lo on l~or<on< •~•"""' lo :~o 
!c.<cc~><too •1nn <utde~lo P<•>eoCd <• Ü-< '='-" 
<•"''"'""' (<c="·hUo C<:;o•«< '""'",'"" loo 
~ .. oo¡n<ot; Jo>tor.~"'"' (1~1!), o \IT (l'"lll. 

! 
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1 
/ 



,_,_,.,, .... , ....... , ................... ,., .. . 
'"~"'"' •«n-co<-<o-. .. u, .,.,.. .... <O'"Illnd pd-
<-••~17 ·u~·~·'""' .. "•l•••u~o· -••••· ~~"""' 
<C WU O<oto• .... OU"l'(O~k hnf"'IO, Od h ... 
•lor""' U wo&. "-• !""'l'"""'~'" of oyoto .. ""'" 
Hh••<11• <onoo,n•t >'!th >'ll<:~ot th< O)<too <ou14 fU 
lnto u-.. onH .. l< ._..~..,. opo<f; oD<! u ... <ono(lolot, 
u4 uoootortlJ ~td• tho coot ol 4nd"'' .. "' .... ,. ....... _ . . . 

• tho loot hv , .. ,. tl>o l"''ortu"" of <onolo o!,bot 
fTC'$«UIQ hQ be<- Ooi .. Ot k<h lo·tho }Uo<O\atO 
..., ...... ~o ........... ..._., tbo -·· l..,..;, ... lo 
<no u<'r-<«oo al !,loo ud te ho oblo to ·-•••d.o." 
:ho "1"""' .... <o "•~opt" U '" ch•¡K. Aa oo<IJ ,,...,.¡, <1 tbh <honp oppooto 1o tl>o """''' of tl>o 
X~ lO toofo .. >teo. la <bo h<Ot npott [hu< ..,, 
PAodot: (196~) ], . tho <<lt .. lo .,on<lonod "" roU
Ctu,, ""' l••lul '""'~lotonoao- Tho oo<od upon. 
l~"-'to: o,_. .. odotll (1910)) lo con«rfld ..,u, ~~ol1Q" 
(<Ott«,~uo o! tho ptooh>rt lA pe<fo<..! ... <"
opHlf!t~ taok ao.o! lto p .. tD......-. offldoo<r) .,.,. 
!hoth:U~ (w~lcb lflel""o.o portobUit7 o.od 
•~•f<o~ILUJ). 

t:ooro t:tlz.¡ 1hoo o liU oL ll"¡:iroponl .. , ... 
0~-=-o<t: .. ~bo <Ur<Ut oitootl• u: , "tilo ll<ot 
~•cuot<r U for.tho ocft,.o.ro d .. tpor- Mo 
<,.., ... ,, te> r<<OI~i<o t~ot thou.u o c""fUct o! 
c~j«H•·u, o>(! U...t t~o<o lo tho fiOd fot c_,ro
=.!oo," ~~oto (197.') h 0<1 ,.-,.lo o! tbo l<o>IIÚ<I 
<rood ~~ p<c¡><>ooo.., of o.,. ootbo<Lo to 111<11<&<0 ~ol< 
o!loO< .,_ tho V;odouo pocpertlu. A:HI~or hUot• 
<1"" o!*"""- P<<>POHlU U Jhn by >"ou .. (lJIJ), 

1:ofon.:oulr tl>e<e U u JO< 110 l•••rolly oe<optd 
001 of lollnttl""" lo< tbooo p<oporUoo. ~ p<OF"'d 
eluot!toot!oD U ou<Itoo<! 1o fll• l .. Tho ltrot 
~•-ol <! eloo•<fl<ot<uo 41o14oo ptopett~ looo 
t>.roo e!oueoo fometloo.ol - vloo.t t~o oyói: .. dooo; 
~"''"'"'' .. - h"" -u (q,..D<ttot1Yoly) lO pufo""' 

r .. eH-; oth<r ,...,.,..., ... - Qtd> ... oolJ' k 
.... u.~ ~,..u~ottv<ly. 

• 
to<.l! of •t.ooo <loooU> """ h oubU,fh<l huhor. 
T =<tl<:ol cop&l>lll<toa eonotot ct ovo oob<laoooo' 
«robt~!Uoo (or"'"'t""" ñteb ttoi o~otoo ca 
~·d~~. "'~'intorh<u onó cono.tn<nu (intu• 
co=•n!o"o vhido <bo •1ot•• lo o\> lo to ueopt). 
:":<o pe•:ornon<e cl>atO<tO<iUI.CII cao ~. ~l•"•d lota 
<Oooo toou,. vltl> t~o ototOB ttuU, ... thooo 
toollo¡ "''b tho pro<ON hy vbtdo tilo. .,.,_U 
¿o•ol<>;t~. no~ "o<hr" chorottor:hdeo oto ~hl<ld 
~~to (~«lito U>"*) p<otortl• itf the OJU- la 
~'''""'~ (a~tb ao uUolltU., o.od rotonrobtltt7lo 
o~d t~oo teollDJ vith lto ob111<J to bo ~odlflo( ot 
c.un¡o~ <C oult <h""l*" 1o tbo H""" onYt<o""""r 
(ourh U llodbilHy, odopt .. tllty, "'d Ol&l,.tol,_ 
o>nu,). 
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<e¡. l. looo•-r fo< pto>•<ttU> 

o! '1"=<· • 

• 

.. 

• 
l'ntU '''"""'" th •oh< ol lq->t:O~<• o~ <-....-••« 
of tnloru,!oa procoootnt ,,.,.._ voo <c"!dou4 !o 

~" hoo•••u, ""'"""""' ••'""'''• <•U ~ .... •"" 
fho!h, coo·<=l"'"'"' t•~"h•••· ..,,, woo 
o.ruhlr ""' '" oeto¡ttfl<olly.o<to•ud tonallo· 
tlooo whuo oe--.J very Oflf ood pov•<f~l <ooputoto 
hd •!~plo >•P<t <opo tnpv<o. Co~putor othn<o 
lU«ot~" boo o:pho>lud ol¡otlth"" o...t potd Un lo 

'"'"''"" to to~o ...,,¡¡ '"'""'''·" lh• ••oblo• 
oooo<lotd vlt~ tofO bo•o b .. o uol1 \"""" lo tbo 
buolouo luo proco.,lol f!o!,;hvt '"" tboro t.o;,., 
<1to\vod l•n '"'""" tho •<bo.< oopoeto, •·l•• .. 
' ono lodt<o<l011 o_l •'•••• lo tbo .. .., o<Phaolo .._ th 
doto booo U tho bollo of o oyotu. Uhln1 C>ut of 
tbo '"'or•ttl•, thot ti o •r•,.,. 1o u b••• • 1••1 
lt!o vlth o ~=!~ of thOOIOO,· t~• o~ot011 dool¡o 

ob .. ld '""'""""" oo ,.,.,.. f••to o! <hO •ro••• <~ot 
"" <h• """ ... ~lo. n.o '"" tho< chn¡o fro~ • • 
~uontly oho~U bo loo<1••• •• oooUr ••••llfto"o 
••dtt<ono. h =• '"""• <loo doto 1o .. o "'"""'"" 
lo <loo _., c~Mto.;<; U.o p«<toulol ...,¡ upo«O 
uqui<od ho: :Oo orotu eh•••• "'"'" ooptdlr. 
Thof'fon, '"" loto booo o'-'ld h dootpood fttot, 
lo oueh o vo¡ t!.Ot U nud not be cha""d oa , ... 
p<o.od..,.., ot '"""'" oto <hoflliod. n~ <on<opt la 
""" bol•l fol!""-.~• •• L<on I~Htltl1, U tho 
dulp o! ~""1 lu¡o oyoto•. [5- r.,. ..... lo 
f"••••di! (U7l).J · · ' 

lo no<vrol ~~o••~~·••• of th< duo bo•• crlonuu
in loot¡D 1o "'" do .. lopMn< of oof<,..n olbl.d. 
p<o•tdoo o<oi>O!n• p<oeoduu•lndopor.dont cotho<lo ol 
o«u<turlnl •~< occooolnl• 'l" •ooont fU<o oud. 
oolt~o<o, =do< <ho o...o of hto booe ..,.,,,,~..,, 
•r•«• (D!~.S} nos r«ohod o ¡roo< doal of &tt .. -
olon ~ ~OO<--<>rtoato4 O<IOOitoUono oudl oo toll.Uit., 
ool•~••• 11~ o.-.d ••<ilr""nt mon..toe<<li'ora,"th<rvp 
...,u¡ .,.,. r~eo~tly tt h• .... t-..d .-.. "" 
<«&tM~t ID <~o ~-~<Of oUo~co lU«ot ....... , 
Ol!'IS 'o aro <"<roatt, sol al thtou¡l:o o· foornla1 · ,..,..,., 
tho •-~~ ... ~lo olio« do...,<d to tho~ to 4oetoao-

1ftl n<ooU~o evort.ud, ""' thoi n~ '"'""''"' • 
oooontlol f'"' of Uot cocll""' aad !or¡o lnotoUa
tiON0,0_, Th«¡, to O"<I"J' tndieot!"" tbot In tbo out 
¡oootodon o! o~otou oo!twO<O, tbo dota "'ft'l-• 
foe1Utl,eo ..,11 Oo loto¡r.,d ,,_u, ond plor o •J~ 
rolo la,,~no<l•l •••--~ {S1n<O tato l>ooo 
-••a-• ·~$:co •• .. ka P""l' ..... "'"" dota 
lndopeoileot, <~• ltfo ol booh p-rc¡u=- o<>d 
boou "" hO oo:ooo!od. TUo lo""' o otton1 -u•.
tl"" lo• 'Y"'"" doport<10oto to "'I""Uo tholr 
o<t1Yitlu orow::4 o Pa."'S dooplto tho <oo< ood 
roorlootoU"" ... ~lrod,} • . . . . . , -

, Tho nood to ot~dotdho hto ~lo~•"" ot ""'t""o 
lo•olo- o~pllto•l~, o<tonltotlon, n•tt~nollr oo4 
tnto<"'tl""oll~- U o loo bdo1 u<ol'>hÑ. • 
Soando.rt .. ouoo lo p<e .. od<n& unoler <'o •~•plcu of 
th AM«too XotiO!!a: ~·-••do lr ... <:~to {.<.'<SI, 
191J); h«nn lo *'""'"' In ,,;.,.~""" o•d oolt• 
voto nel> .. ~·•• dle.,ono<J ao4 doto dh .. uor 

.P•<>1•o» to =·•1• doto ole.,ont ••~• [unr ... IU 
(1911)]. noo dou ''''"'"' • .,.,,,."""' o¡oto• lo""" 
•••m,lo o! d<,olofO<nt o! lnlo~t1QO oroto• for 
""" ~1 ooolyO:$ otld pto¡roDI>O<O •. 

• 5oo for .~..,t. tho '"'""'"' of l,tl, lorboro,.P 
(191l) to hlo r<Yl.,. of o •••••r o! P'"l"""lo¡ 
loOl"'IO&: -.;, •ont~ro te pto<ll<t ot¡ntfteoar 
<h"l" 1~ pto¡to=ln¡, vUh P''"'"' <':f~Oolo oo 
hu 4 .. <rlpdoo, <~O ••proooloo o! ol¡ortth• 
tollnl o dto<oo< o«o~d ploeo. h o oonoo <hlo 
""'' loppoo, oo lo< too "'nr doto o<rou plo¡.,;, 
~•• •~n•~• uoO el ol¡orltbO>O.• 

+ Sovotol h""t"• pooplo ft<rnt!J otundod tho 
S1opoot"" oo ''' l<onoJ'"'"' of h<a !loMoto h 
tr./or"-"<tco Pro"''''* ~•Id bf tho Notio".Ol Juun 
o! hoo4u~ to ·.-.,~''''":"• Jo•••.-. nn. 



• 

n.o h<«•d•l ..-. "·'" ot '~' f«< t~ot ''"'"f!o 
~ ... •• h .. o. u..=1 4niroHo o• t.o ef .,,, 
(o<~to <•~•••"• ""·' ~top<r<y f~<~""ntly hu o4•ouo 
!opo<t ~ oO<O othor pr~eootloo) h•o <<Oul'•• •~ tho 
roe .. oiUoto ol <f.o ooo4 lot •~ """"'"" of tbo" ~.olo 
.,.,_ '"' Ita "'"""'"' o1&.1lo< u tbu r••~Ud loy 
ord'IUo<<o. ':\oo toro "ooohl<oo<un" 1o bo<n¡ onllo4 
'" <oto,.,...ttoo. .,,.., .. , <h...,¡h ••• '" '"""'"'oa1.• 

• 
.....,,.. «<oot P'?•'* dloe""olo1 th• oppll .. tioo ol 
o«hltotturol oon<opto <o lolo~tin oyo<""" oH 
Stouot< (l~>l) ..,4 Splr<> (l.9J3). Tho o«h!UttUTO 
opprooeh ohtf<o O<tO<!ti"" f<"" tndt•l'ual ouboyo<o2 
(o¡>uo<1n¡ ''""""• •FPHto<lono oohv&<o, doto •ooo 
,...,,,.,.., ''""""• «<.) <o thO otno<turo of th 
oyotoo .. o whol... Tho uo4 (o< th<o lo htrouio¡ly 
)o\nl u<or<u~ oo, for uo~~lo, )y 1&<< (Ull) io 
o <ool.,., " ••• ~odolor p<OITo=IOih not ouffl.t.,..t: 
-~la• orthH•«un voul• ~ • ..,,. <olovollt.w (S,. 
oloo I'Jlo (U11l ...,. Spo""or (1911).) 

Oo<O t~o rol&<i<o 1-P••totltO of,t~• ~lffÚ~ot 
fJOp.o<Tti<o U dotont.in<d Oft( tbo OY<TO!l O<n<<I""O 

of o oyo<om o•l««d, <boro '"""'" oltemodv. voyo 
of r<o<<Od!ol• Sovorol .. poeto, of th<n ol<ornotl.,·oo 
o" diOOUoood In tbo foll""l"l oubo<e<iono. (>no 
lo¡>ortoot d!~<OO!oo h b"' tho utlYI<i .. are 
ouuuurod b ulotlon to tho -J•• )oYOlo 1o tho 
hl<torthy, o.,., '"""""·"""' )ou=·up, ood b'"' 
""'TflY <ho <o<Ol roo•••• ohould )o divlded tot~ 
o,._oetlv!.Uoo • ...,.,~., •••••"'"" 1o ton<ornod vtt~ 
h"" <h< 6<oiroblo ><Oi'<rtlu on to h o<Movod, 
!.o., by foil""'"" ¡uldollr.u. oo«<uivo opp••"'~
tloo, o< )y ool«tlna "•r«•""'" nluoo. 

• ,.1 $tTOt<oTing of ouh oetiYI<I•o 

l'boro 1o .. yet oo ogroo~•n< on hoW oharply tho 
diO<Io0<1<><1 b<tvooo oool¡·olo, o!oolrn ond lopl0111<aU• 
tloo ot.ooU )o ~ode o<>d, tf h lo "''"'• vbothr tho 
otr.,.turlnt ""tbod ohould bo ti>< '""" lo <oc!> ''"· 

C:«•Ol"J O<>d """ IOTII (1'6(1) lo< uo..plo dlotio¡utoh 
hrv .. ., o.oolyoto ood .Woirn •~• cl>•h«or:ho onolp\a 
.. w'-"1""""-"" •~d dooip.oo "loet:..-..p"; "n.o 
olooipo< .,.., •11'<~•>1'" or pu< tol«hor el>• '"'" 
<O -oYioo ot1 o;><utioJ o1ot... 1'111o lo "" nUr<ly 
-Hrotoot job r.- tbot o! <he onolyot, whCI 
000))<00 • lltorol1y, toOoo oport - tho p•o«•• .. 
lo ln\"Utllottna tn o.dn to un~o<Orond u:• 

• 
O¡~lo (l~1ll "l••o •sdnot o oop&ratlon o! dool¡o 
on4 1Gfl•-orotlou; "Tbo dlot<'Otlon ~«~ton d•ttp 
*"llql~nto<!on to.untlur. lt lo~ p~oolblo 
to op••lfy o •1•<•• ond tbtn tvro tho oyo<om ovor 
too p<Oiro"""T for oOpotot< 1oph.,.ntotlo<~. Thoro 
ooot ~· o <unt<nolos ~tolo¡ hot"••n tbo evontuol 
_.,, th< oyot<"- 4o>IJnO<, and tho f<o¡¡ro=oo. !blo 
lo oo.o t<oooo <hot pto¡r""'-OTo' utlli<y p<o¡roc> "' 
"""'111 oo voll 1.-pl*-otod; <h< ,;,ootuol uoor, t~o 
"'"'• 4<ol~< ""' oho pua••=• oro otl tbo o.,. 
p<UOI>l" 

~o thoo doo<r<h<o <UT<ont prortlto <o pTOI••• l<olro 
ond i<>l<...,totloo oo "oottllo<lna b,tv«n <ho topo 
"'"'" oM bouo,..up «<hnt~uoo." O,o of tho ""'"1 
o4vo<otn fof <h tof•do..-n opproooh lo loko< (197!). 
h hlo olrud, <looolt papot oo tbo "Cbld 
flolfO''""' 1o_.," opprooell ~o •4•otatu lt lor )otb 
t••lJO ond pr~¡•~•l· 

•ro< ,...,..lo,. l<ooO. (1911) lo o ,.,.,,. """"' 
"¡ woul~ d<opu:o t~•• t~ •• r•ror ~<><dboo •• 
"<M<«tuu, o <•= orlainoUy lo,.odu .. a oo4 
"'""•llr ''"''<o ... ,. o lunetton•l loo•rtpti<O ol 
~ ''"''""'"• &O ~<olbio <o> o ""''" Th~ oo:Oo< ....,.,¡ 
<ho votd h o q~i<o -tfhunt O<«<, ood M.o 
dollot<loo o~ lt l•o't tl<•<." 

• 

• 

~ho ••«ce-u> .,., ,.,.,. • ~ v, . . .. • , .... 
\loOHi<J o «•.-?IOU O<OO<"<o<·of "' oav 

q,tno<Oto ot :ho < • •olio~ 1ot·•l. :l>o,""'P 

r•• .~.. '""" ''"""''·' "'" .:'"'"""" 
""U• of a~Uhooo~to •~•• 10<<<< """"· noooo 
'<< th.r. ''""''d •~u 0<ll1 h: 1•• ~Mu, 1hh 
'""'""lly l<'b oo ... ~.,., .. _. ••·• e>•~ u ,:,o untt 
or ••J•« oyo<o~. N< uoop:o of tbo 01'1'<•*"~ U 
"" ¡1~•" ~, L.~,,¡.,,. l:in) ""' ·~ ,,. ...... ,.ur. 
lo o to=;utor p<OI"" ~y ITlUI (19&6). :o 1< > 
<ho ~u lo of <ho opproo<h Ol """'~'"" {1911) 
"""""'·'~.bol"" . .. 
0..0 of <be "'Jor 4tftt<~ltleo o.tth tho )o~~--"P 
oppoooth lo tho hvol ol doroll to vhlcl> indl•l~u&O 
"'" ole,.o<a, procuooo. O<t. ho-<11 to ~. dofloo4 
)afou <h'l ton bo '"tobl~od. 1< lo th<<o!ou 
roooo•-••lo ._. «"1 10 ~<volop 1"'1'< "l>loúo" ~! 
Vhl<h lnlo<"'''"" •Y•to- ou ,~,.,¡ v~td'l '-!1~' 
tten >• ... .,.¡.¿ '" oJ"'tl>oo!od a. fo<< ,,. "'"'""· 
lo or~oT <• r.o"Q thh "'thod ofl1<1tftt, 1: 1• 
"'"""t"J <O ldon<lly o ulottnly o~oU '~" o! 
'loeU,.ot <JP•O JI UocU, vhl<h th< •~•lofOT t ... 
to un~e:ooot>OI od rnocbor. to OTdot tO :o<lntot< 
,....rol!ty, 1< U thoo n•••oooty •~ proV\.eo 1•< 
P~"~'"'" oo t~o< tbo )locU <•~ loo o4&1Ud <o 
<ndlvld.sai ol<ooUoo. l'blo Ofr<~&c!> :1.o tolloe tbo 
"oynb•oto" o< "fun<tlonol~·,pprcoc~ • .u: Oo-=~h 
of tho ~••olop-o< of ""'"" f=«lono <o 1'""" t~ 
~.lo~ (1969). A ucont ottompt to npo~ t~O 
f,..r<looo.l •>f<oo<~ <o <~<•11~ u 1<••• ~-• loC•or 
(it7l) ·~~ ····~ (191)) ....... ~ .... i ... '"" 
"'"'"'""" of lnfo<Ntio~ n<tvcl'll...,. oh :o_..lo, o! 
vMth h•ol 1 u th< lnlo...-.ouon oou.""'· A< 
lovoi l tV<> l~n<ti""O oro OOpOTOUd' O<tvOT~ 
JU«,.I .. od iúonooU- pro«•>l•l• lo~th •
divt~oo 1nfQ"""''"" ptotooUnJ tn;Q lho !•••~• _,, 

'P<•""'" <ho functltmol oprroo<h"" o. Oltf to-.·or<"o 
•loplifYina tho d•olln r<<«coo'lt•~lf •• •oll oo 
u~p1Hy1na tho ouboo~uo<>< <holco. ol ob'""'"l or 
otootin& bordvoto ond ooft.ioro ol<mon<O. "" 
4ootrtboo th< funetlono lo oulfl<ioÚ Je,atl oo 
tha< tl>o too11nu un o)'lltOnho ~ .. ~oo<¡n b<'• 
oolottl.,. <~< lunttlo"" b• noodo. .,.:' 

·l;. 
"""'" (19Ho., 19/ll>l od•"'•«o to¡>-d""" •ofev••• 
too1¡o (t>hi<.hol>o rollo c...,oolte Do<IF.l &~4 t"ot 
diot~•ooo eh< rolotln .~vonua•• .. ,. dlootvo""l" O(,.,...._, on4 loot<O.,..UF ~oodln1.~ Ro ""'~~!Oi' 
"1 .., •-ot uood tovord '"""""""" dovolc;Cttt .. ~ 
(b,.,on<l tho otl,...•<o for ond O!;o<not tOp•lO'"JII 
dovolOP""n< on4 )ot<.-up Jevolop.,ont "'*'·'• 
<oov!odnl• Eith<< ono,oon.bo bOod tO to'Oio~ o 
P<opoa •••lanOd vlth co .. po51« n .. ,,n, Ho~"'"• :< 
1!. tooportont to tbooh ono or onoohu o.~d to ot!" 
Vi<b !<oH 

· \lho<~<T lc¡lcol 4nlfn ohou)d bo tcp-4""' or ~ot:.-:
.~p ood - •u<b <~O lo1hol """~ dool¡~ o~<~lt '• 
O<fo<otU rr- tho phrol<ol oyo;oa •• .,,., ~•;•""•"' 
·~• oto:~o·..,a ,.,~l«<><nto of •~• P""'"l" 
t~fGr~tl .. otot••· L<fo q<lo ""tho••:ou obo~l! 
bo odoptoblo <o ony·<-btnotlot> • 

5o»< 4üoodl""" of <bo&IOVInl hoportoc.<o '""~·•' 
"to •••P"<<ti<O ,oloto4 to <he t>Od!BobiUty o! 
"'"""" 1~11 thot podo"""" lo """' cf ••<<~~,,.. 
!•pononoo. ht ou~fl<, Donolrlooo (1'7)) """' 
"Jo cut obl fto U <"!'booto h•• """'"' ¡., ••• 
f!oU of ooltvou 4o•olor .. n<. Th< p«,;.ory «· 
'"'""""' to )o-· in ODft<.<o<O ~r .. k;-..oot boo 
olvoyo butt te porfor. '"' functtoo or<<i!ioj ht 
n.o'"'"''"· !ut, vb0« •• "'"·' ,,.,. "'""~'...,. 
•~rhoolo voo rl•••• only on ooftvo.t~ of~td·· • 
thot lo, oot< ond <i•o roqutu4, todoy <hto " 
loetOTO 010 «to••h•4 U f<quirlnl _,,,lo¡ . .-
:~~. ~.!:~:~b~ ;::;:: m ooliob<Uty, ,.. <n,.l•o!ol ~,.,.. 
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' 1 
' 

':"'"" 1".1:) ''''"o V:""J ¡,l«.u of ,,.-,.,~tt 
'· .'•"'"~ ;ufo,-_ • .,., ·~ rr.'IJ·~eot 1,.., '"P'•-, 
'" '"~1 1•. ""~a.l~¡ •ltt..., !Uea oo cruhu loiO 1~0 
""'" OU!o14o. 1 ;.,.¡, <eoiJno.l or>-Uoo •-•••• 
''><<~. •• "' "'"" ~-•~• ole .. boho•u In o .. nnor 
.'"'"-'~' 1 '"" 10 

'" '''''"''~ .. u,. !< .. ~ ... Tork ee 
...OJ A·••loo,• Mh ~- .-l<h h lo«ndd 10 ~o a 
'"' «. tho •••11• ol .;...,;,. '"'"""'"' ,,, ..... , 

:;d• t'lt ptobl~ o( t<tiJl'l"l porlo,....o<O lftto 
·:•-~ ., <ho foll_,,, otou•nt: ''h do o,_. 
p.oto J<•, wo ohouU <loo bo oblo to p«fo"' o coot· 
•"'«'IV<'fl<o > > '' ' O .,, JO 0 of OUT I)Otoa 0 O .. JO<t 

""'"" b ••>••• tilo "'''o! thU loo~¡,,,•, 
1:: •l~ll•o voh lootlo (!91)}, lo ~lo b""\ 4oo
"·''"' th< lunuJo,.¡ opptooob U .. to blo c .... ou¡o 
;~--:~· bll.,..,n, o<atoooot (pp.' 11--Ul, •n.o 
· ;- ;'""'' 01o•••cll do .. oot, ol • .,.,.,, ooiYo •11 
<~ 1· • dou,,,,,•, ooob¡ 0,.., t< t ... 9ot dool •10. 
'-•< ~ .. ,,,l<o"'" ~r P•rf~"'""'<O looton yh{.Jo ou 
<<eoou,.,. «> <O"!'l«1oo of cl<o1¡o.,.~. 

~"' 11 • 00 •~• ... dd u¡,.. tbat ..,•ll••l• coot ~•nofh .., ......... ~ . ' '- ••11• toola on pufo«, tbon oro 
'""' no~lo~¡,, lt h 1onouu7 ,,._,,,~ tbot, 
'"'"'" ••~~o~ ~o ""~' relhlol.e ~ tootlns· «U
<><:!t! ""'' h •••He loro tt. A oloúla. ~"""';--='><' ''l"'~ln¡ P«~On:>O~co- uo porfor .. nu M . 
;"'"'""''d ~ ~to • s~•u: o hu tt lo lnlllt or doa 
-< -''"' to loo ¿OHc-<1 1<>! ClooU7 "'7 dulp 
""''"'':or. o".;>~ld •=•'l'erato ooch -•hodo oo ou 
"•<lo,lo <O ooi>Uvo O<co;>oblo lovolo lor podor
:::...,co ( .. ••U •• lo,- otbor dool<oUo propu<Joo). 

S.J n.,t<n ·~proocb-

f!:"'-•~•noo on~ ptlnoleloo 

~.<ir~.' "'P :..>:: cl<vol..;op<~~ p<<><<dwroo lodlol to 
•••• •¡·no~ h to C1do=.if7 ..,. loroulou 

;0!~<1>1., Ot .¡uldol!.oooo '-""i<l> oboul4 loo follow••· 
~ •••:>1• O~ n<h • CUoo <>f p<lnclpl"' lo ¡I .. B •1 
""J&.O! (U.'.") !o< '-"~• -~~n al r .. no¡ooont lofor
;"''•~ •r•a=-o .. ~ •~r o! '"'""' to><b......, rroot 
-•~-~·=.u <~;~ lovol... To~ ''"''l'lo, Tourd .. jl9U) 
~: O -~• fc,_....ino <>-~loo ~ho< •• oppli<O<icno 
e• 01"=" "~'""' he¡> '-->n =-=<! to ooMo'"' olflcl••• 
P'<¡rca• •·.,.~1""" :-=,_c ,.. vrlttoo u o ""<ulo< 
! .. >.;<"= <~oto """ b.,, o ct<><~d o•·orlop of 1/0 ...;¡ 
<Ocyvtotion; !~Jo occ""'"'-'" muo< bo alnlaho,," 

S;:"b '"'" of <:ch=b ,.._,,._ ..., o choclo llot. """"""'• •--•1 ~o Oot In tho..,...;._¡,.,s T<p,.Unt o pcocoduro tbot 
~ < .. J;oo< '"" loll""-• '"-""""' tb<)' &OJ" bo a!ohodl.,.. 
••• "•:plo, "-'"" (:·un.:: puoco,. s""" of tho 
l1~>0<I""• o! ruloo <-<>f <:;._ !Of filo d<Oip, 

{") ~~'.'.!.'.!.~ our.-.. .• , ... _ .. ..,. 

• 

"'1 "'P ~•<)od 0 • OOt. of 1•\do\ln.a h to dnol.,. 
~,. "' h"' hr.:...-.,o¡ ;:totduru for tho ptoc<ao. 

·=~« o! ••= p<O<...,<dut<"to ~u op¡><orod h tho 
.,, "'P•rt o..!! tbo ,,., .. ·llfo <1<10 

-c~'""''- -<'--'>Ion<>&<! lo 5<<tlo~ l. Thdo 

· •• ·•~><:Ir ~"'""'''"'~' o! • •••~·,~• o! •••P• 
·•o :~ r..urrotlvr.o lo,.,..., ,...,,,...,, '"I'Pl•""~"· 

'·'"'"·· 

27 

:o~• •1 <bolO •<)oJo ~••• O<oo ooo¡ •- •• 'T"
'"tlooooh• Ir- ... <bool• tbot ~•" Qt!&<.,!\J 
<! .. olopd !Qt ,.,,,.¡ d .. !&o p<•h~o, lor '"*~lo, 
tOo lDU15 o~proocb o! •••••• 11"1). ~. ootl''" 
···'""""by d ... ,., •••• tbl '"""'"" th>t <l>o •>•"• lo to o~hlovo, vlthlo tho looot <outl<th·o 
<onOtttono, Ro thoo tovolopo '""''"' roootblo 
;~ .. ¡ Sroto,.. (FIS'o) hoo vhl<h tbo fooo!,lo !Oool 
~,.,,. 7o<a•< (FUT) u .,lo<tod, "'' th~tt ... ~UJ~o 
'"' rt•T to bon4\o oll "uoovoldoblo~ conottlo"'' 

.., .. 1\t!O), ~""<1"1 o 1~60 Rl1 npott, dloeuueo 
tbo ""toldo lO "'""' tb• tnotolrou< ..... ,..,,, 
~ ... ouocoootvo oco¡oo ol,pro•l- otot••nto...., 
¡r<&<O< ood orootor rolo u<nto of th• 'o•t&lool, 
'""""'"' of tilo ptobl,.., Lodo '"'' 1• <Opr .. utot 
10 "'' ""''"'"11"4 bJ tbo lo.._ ... ,, "",.,...,.., 
otr•«uto. Tilo ~• <eoult lo o .. fUdoo<lJ roftnd 
oolu<1"" ro tho orl¡lnol 1001 oeM•••' bJ O""""" 
o! oloborotlono, """H~oolono, toou, Od e•oluo
Uooo oll o! "hlcll tokon toJOtl>o< coosUtute lbo 
o•·olutl<ro of 010 ~nr-clooror 14u of juot v~ot tho 
ptobl•• to tbot loto loo oolvo~ ... ~. ~u.d>or ... 
1'-oMoU (TtU) oou tho oppn>ocb "HoUtlv• -1u~ 
\ovo) ~o1!1nl'" •,.,o ""''b"" of .,QIU"' O 
'"""''"' oyot .. ~•"P oo 1t •-heo, oo tkd 
,.-oluo,¡.,. """M,..,. "'1otesro1 patt d ••• 
••!IP p•o«n.~ '~ 

ll!J""'" (19$1) lo blo colobiotd ropor oo tbol,' 
~ovOlop.,.ot of "In ..,Jtlproa<o-lol ,,,,,.. doocttbu 
tbo proeooo 1o ,,.,.. o! o ,,,. ... Morotchy. Tho 
OP?tOO~b U oln aootlou4 lo tho npo«o ol tl>o 
~.U~ Ccnfor<OU [~out ond '-'n4oll U969) ool 
!wcton ond "-•ol.<H (1!10)]. ll!<tb (1971) collo tbo 
p<ocooo "pro¡r- d"'o1opmont ~~ otorwlo• rol!"""'"' 
,.,hO&<o""'lnl lo ho<O cooolhrod oo o "~uort<l of 
•••~,n do<lolono '""'''"In¡ tho doeoopoot<i~ of 
too~o loto ou~tooko ... al doto loto doto otr.o
LU<eo.• 

lotultlvolr tbb opprood>, ut.ot .. ot tt lo ullri, U 
·~PIIIIn¡ and ..,.. lool<to upootootlJ for '""''"'ful 
oppllcotl""o. IJn!ort\motolJ, o<pnloneo 'fltb tbo 
totbod ....... to bo u.olto4, .. ¡.,., '"p<<lonco 
tbot hao tooultoO ~ p~bll<otlon, turcbor ool 

. b.~doll h tbolr p•>e< .,.rloo oo "portanul 
1~1•-ntotloa, Tv<> otbo< ottoopto llovo •••• 
npo<tod< ~tolo .. {1~13) üoer<boo tbo dovolop ... ot of 
DL5 (Dool¡n ood tYOJuotioo $yo toa), ond ... loo loo 
(l91l) doocrihU o eof""'a" d<•<l<>P~Oot proJoct t• 
•·Mob ovah .. tiOII ..,¡ ...,deJHo1 woro intoarol ~""' 
10 tho boot ol ""' ln,._.lodJO, MnO of thon o•port~ 
"'"" bu rooult•d 1o op<Totlonol oof""'"' ot <o a 
prou~uu \lbld> <oo bo orpllod. Tloe oppro•"' <loo 
~ .. loooo <l>oUoo&oO; lvooko (1912) lo blo rovhv """'U' -re ch•ll•ntoo, ••rofuUr on4 (o<,.,.,, 
oou Yidoly .!oor4bod tboorloo, ln<ludlft& I>IJhtr•'o 
""IOB·oklo dod¡o <<>O~opt, • 

~••ot<boluo, tbo opproo<b b., pr021oo on< obould be 
p~rood hortbu. Probl<• a<ooo thot nod """"
lnclvdo o -•• p<ool" dofiotiloo of tl>o biOTotclly 
o! lovoh o< ~1ovelo o! obo<uctloo. ~ Hov tM• to 
tobo dono lo ""' ~ort<culor •••• IÓ not oloor, 
d•oplto tbo 1nclinotl~ by •oeo tO dlo~l•o it os 
obvloua.• Tloo "'""d probl•o lo <Ofl«tnod vitl> 
c.okln1 tbo opproo<lo ..,,;. "hoo tbo lndlv<•~olo ,.bo 
wlll ... !10 onO <onotruct tbo 010<00 OTo not tbl< 
Ofi<O opoclfylnl <ho ro~ult<~onto. A thi<O ptobl•• 
orlooo !too tho oUo of <b• OJU .. ; the '"ho~ NY 

•Yor ouqlo, tbo todOY loy Tl<«~<r (J9U) of o 
popu "" ¡,..,lo 1a o filo ~ .. ,,. ""'""' ~u,.., 
~ont to ~"" vbot lo leplld ~7 Ullns o¡o<d 
....,ulor!tJ tb•o rood tblo p•p«; tf yov •hoo~f 
,...,., ,,.,:.d to tbo ""' "''""·" l"Mo l"'llho 
thot flt• ,.duhd<r lo , .. ,, obvlouo aod "•U· 
"""""'• 0 contont!Ofl tOot ooeo .t¡ht dlopoto. O<.e 
lotrl¡oln¡ P•••lblllty for o lor .. l •Fproo.J. <o 
otruotvrln¡ hU<o«Moo lo tbo ol&o<ltl>• 

to .. •lor•• 1>7 ~:·~''' n'~')· 

' ' ' 



• 

.. 

.,. ' 
.,. ... """'" ~~· .,,, ... h oro U, ~- to K> 
·~-u4 U <bo ,,., .. lo lo<U ,., ¿••-"'"'t."" 
-• •• .. iotUood .,.,. .1on1 pO<t .... of ti;'"• 

,_ ... ';: 
un),.,.,,,¡,, •trro"~"" 

' ·~' . 
tU oO<eoutvo o~pt•d•.,loo .,.<bo4o, 6 .. ip 

4•t~loal oto l<;>r,... .. );7 o «l.ol ..,d •rtor pucuo. 
...... h. ""''"''" ...... .., ... ,.,...u •• '"" 

~ooiP ftO<oU oo o (.ukt•u.-ol) -el ta ,¡,ido 
,,.., owb·,..dol caa bo uood dUoc<lJ <o ...U O·I
•,Mrat.UJ '"out" .. w.u .... ..r Po foodUo ••l.,.. 
of tba-...,ht.oo Yor!ol>l•, .... - '. -

~ ,0.;;,1o ol thU qpr~o<~ bos h .. U.olopM ., 
.~<7 (1J71). a. .. o-os.opo<1!1co«- for tM 
utp< •ro•- oro ••• h oo.-...of ~~-1u,... of <loo 

·• ovtf .. • <111-..l<mt .t tlo.U ~-lltJ .spt "'co<ltOI .. , 
.¡ o«~<O<J', r••P-• tW., .... oo ""' Thuo opodU· 
utU.,. "vo .. ""'"" 011 <l>o ....,, <ff <bo •7•<'"" .... 

'.,. tM voluo of Uo ""'P"'' of tlo.t. t><l<t .,.,,. to 
<No "'''"'' C:"rvu l<ot U.o roluiooolo.l,- bot .... o tl>o 
orodhuuou lo ,._. of ... .tuy ond <oot <NI N 
ponulatod. Tho opocUteoUo"" o<O odoetod .. tl<o 
.-aluoo of ~~ol.~ty lor ,wl>idl tloe vol.,. coot 4Uhro<'oo 
U lot¡Ht, '·,, •,,:::• '' 

• 
A .. .'o .... ud. oÑI ,..,ikh prO<du.- h donrihM 
W Stial.or U"'l · 1.., the MoJa<> <>f raol ti

,.,.,_, l.o><Otlo.ao ... .,lo or <hio qp<eod& h •'••<> 
W J.....Wor CUn). lo .. no.u or,oli<ltlf '"" 

, olljo~tho r .... ~o-, tlo.o "-<toi"" .... t.obl'"' - U• 
• ~olto....,tt•••·i no oola<:tl.<o<O <Jf ""~""u-~ •r••
.... tlooioo •c'c-ltohooi.h,.,. opp1ico.U010 of oa ·,,, 
.~tnott.w •PP'"""" lo "bldl ooluti"" ~otbo<lo- ·
'•• -•-•too! prosro-•s ••• uood lot ~ l...._l 
"-~bli<M [o •• ., •••onJ.tl.lnl blockh¡ fact~O) .,.4 
~• .. tul< --·~- 11> eoooo wM<o o¡>titl.l<otl<"> 
ol¡odt- orio.aot ooatlolll&., ... , •. · -~. 

, 'tho 4tfftcultJ """ <loo. ••• ,...u ... .,.,boola to thot, 
1R p<Ktl<0 0 tho fOoblO• 10 ... IOTJO ...,! <<>mJ'IU .... 
ll>o ....... , of ol<a<no<iv*f ,;.•te ... noo on4 vnotruc• 
•••:ro4't~ot lt b .. ..,.,,ll!fl.<ult u eombi"" •~•• intO ... -•-"•n•~- -.1. 'tcnooq.,.ntlJ, thcro h O 
...... o:Qq to o«o~k ta.lhidual ovb<=PO-to Uto<.' 

"' P<oc••• c.,."" ..do b7 o<>lvln& o•booddo, b.t,Oineo 
<l>oJ .ro-p•rt Ol o lorpt Problo» <l>uo ""'" W o.
p<ovUt. for <eo<4UooUn& tlo.o"o.t> hh oo tn41• 
<OOd ID tho oost ooc<too.. 

'- -- , 
•A pM .,._pJo U tho uoo of ~••• ~ ... holl;a, 
vlltdt lo o lottl.l4olllo pr<>bloo 1o lto """rtpt. 
s..e for u>"''l• c.,~ ..... (1.117Jl. 

• 
' " •• 

• i 
..f 
' 

.. 
"- o,..oor al difhuot uehnlq••o. u dlott'·l'''•h<o 
h.,. l'"'"'ol oPp<oO<h .. Uo<~nd ol•ov• au 
ovothb1o fo~ ""' h .... , ... o<•~•• ~r d•oill~. 
:<oao<ru<tiat~, oo<l opH•<l"" of hl~uotlo~ 
prouuinl 01oto=o. lllolclo. onoo "" uoo4 ~.,.oodo oo 
...., huoro, o..dt oo tho oho of the ,,.,.,.! .. <!..,, 
<b• ul"'rieoeo ,,. o"'ll.tltotiono o! tbo •1•«~• 
,. .. ....,.al, thO.f...,<tt.o• ••d '""' nf oyo<o:oo, on4 
oo oo.. .lo bto .. dooolfleotln lo nf!tUoa< to 

2 
~onUJ "'"" of tM v&Jo ID vhlelo. <loo tocho<~u•o" 
ctoul• h 1=;<«• .. •· · TobU l U o .. o o....,¡, u ol 
U<lo.r>i'!"OO claoot.f><~ b7 tho '"''"" U tbo Ufo 
<J<lo od 'J tbo te¡roo ol ••<• .. ttoo.• 

• • 
thot U<bll!~uu cloool!to4 lo tho Htot <O'V oo 
·,,. ... , <Ooth<><lo• aro r_-ooon<OUvo .,1 pto<ti<e <o 
tho tJ"l'ieol -di"" or 1or1• 'f"•"" do?O«O><ne. 
-:'b&oo <oth<ltq•eo '""'' ft- no for""l prcco<utoo (in 

ovol..a<to¡ p••••""' ·~"-· uoU••• •<·d ""'"''' 
"""" ""d ""dHieo<hn) U "'""""l .,.,¡,.,&o (h '••IIO 
a:od prorro=oinl) .., ta<Oputof•oidod proeodouo (io 
eo:piloti"" ond in opototi,_. o~Oto..O), fl<,o .._.jot 
ehoroc<o<Utle of thlo lovol ol ovolution to thot 
,.,., of tU affort <n o7o<•• dooip, oonotrueUon, 
oeodq oo.d ""'i<.tonaou U •anual. 

n.o .. ,..,.¿ "'" ·-• ·- l*f'<O~d <ethn<ouu. in "'" 
U ouo o<l.,.hoti"""· Th• l.P'"""""'"'' oro "'b\y 
ta •~• ¿¡,.~uon of ¡,.._auna aoo..ot pr~<-'v< ... 
$<:. c.,.,.uoor·Ol~od o<opol-olotvo .. tl>oh ore oh<"" 1~ 
U.• t~1tt ,,., lloUT ,., tbo toebat~.ua ltoo..t i< 
eh<o ~.., •<o ~•• n.,.¡.~,....,.,, ·~•« a<<op<one• ~ .. 
""' boan <Oplt,• oo4 U lo lno<<u«t..o <o <0~--"10« 
OO<* ef tbo """"""' 

*""• U<hntqu<l lhtot (~M oh o<o Uiuotut<vo 
tnbor tlo.t.n ~""•"'tlv&) ato <b<>O& uood 1~ lih 
~rctoo of ¡on•rol ,...,..,. OJo< .... h por<«"l.,, 
opo<10li•e4 potko,oo doot¡nod <o ocem=plioh 
orocUi< oppll<ado,.. ouch ao nut•U«ol anolyoh 
oc poyron aro not tncludod • 

Hor .,.,.,.t,, <M J""""'' un loo•• of DAT4 
,PJC<ESSH~ l:'.CEST poooo oho ~onund""'' "\\hat 
do ~O<Uioo t>bloo ,,.. t.LGOt. ~••• 1D co-1" on4 
11Yoa th< ••--"'''"• "hotb oto •oro 1\onored <hao 
...... • ·~O<k (1.117:1) il> biO OU<VoJ Of •• ,.,., ... 
o<lo<<too -thoololoiJ, .,.0<10100 tho ¡encral 
'"""'" .,., .. olnlo<<>ra, St1n, CASE, ond SI...,, 
on4 tt.on oto<h, •c.,.,.t.n, lo o 19(.6 or<i<le 
'"U"''d """ ol""loti- NJ-... <ho p<olor<ed 
U-tbc.! of nool~o<too., hp-orlor.co to ~oto h.ü <<>< 
oupponod <th <On<cnUoo •• ,,• 

Toblo 1 

7oohniquU uoed la o~><•• Ufo <J<h <looolfhd by ootiv!tlco ond d•atoo ol oo10oati011 

• • 
rua:ntOJ 
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,_.,d la,:>.ot ~"' or•t.., l•<•rt'<~U wl.., ""' ..vt•. 
•01Óo •oftworo ~1:~ OWtld•• ~-·~· tMO ~O tbo 

, .. ,¡, ~~ ( ... r~n..,o<o) .. ¡>OrUooa va~ tryi"JJ U 
l~l<~ft< o~!t·'"" •ro4U<•• ,.,......,u, oloo; """"1-
tt l• """"d b~ tho ~IM (""~ot lo•<ntd Moio"l faotoo:, 
A .,,ood ,. .. ., to.thot v~u 0 fot"O.d •••l~ou.,. So 
,.~ •• the tonatderoub .. oro fu~oo~tlp nOH-. Por 

>l.o, _do<lol"" tabh pro<•••~ .... , ~· owol~ot•• 
U~ of ptOIIu:DootO, hoplttltlJ at Uplldtl)

t- ~ ~•• oo t~dt <tltHiDa udwtt1oa lo pro¡tu
t::ir.¡.rt .... O. tl>lo hoto ol••· doetH• toblll 
"'"""'"'" .,_., ""' oppur offo<tl .. ; t~ou¡lo U tlut 
«i<odoo. ••>o )roodeoO<I to lfl<looio t~e eulJoto . ,. 
<'~.,. ..,¡nU.IIoa.<o u .. , tll<t hdoioo tolllll 
''""a<.~~ "-'•~>• ..... n ._ do:><d. ntT4, ..... a 
o ~=;oteb<" .. l•o nol .... u-, tb .. o <o<loo.tqno fre
<~tlJ ouffor r.- cbo hct thot lhq ore oto
.u...,,, n.otr ''"' toq"'-«• th ,, ... oror-oU• of 
• .,... <o o r,,.,. o«optoblo to th poc:l:.o••· oo4 tbo 
pooOo¡o prohcoo outpvt vht<b boo to"l>e u .... ro,._,¡ 
tor <loo ~nt oto¡o." Coaoo•U&S•IJ, tb. uot fll. •• 
"""'' Ulo pool<o¡e to ¡<only lncuaoo.t, .,4 tloa p•...,••• ••~ rt...,d b)" tb• 1noode4 uouo u ... ott.ot 
h..r~!e l.cl <halr wotll ~uhot tho~ u o~ o!~. A fouc<l> 
, .... <~ orboo frg,. tbo fon thot va<h¡oo ato e>ftn 
P'""""''<"J'• >lenco, "'""'~"'" on """ to ~l4o tb. 
ozo" ol¡O<Hh=o u pte><edwoa uo..!. 111"1.& "'okoo h 
•~oro.,.ty di!f!cwlt t4 o)ta<e cuHd~noo 1~ t~& 
o!hcti-nooo of tb& pod<a¡o. 

th.to Ho<to¡ of .UfUc..!Ue. vt<ll .... of pro•-• 
Hth.eo 1nd1cotOO 00Wt&l OYOOWOO Of lq>t.,..0-0 
Syot"" d<>ot-ot """"'''" ooed to ic¡or-. <Mlr 
oYolo.at1oo proced~to& 0 par<lcoluly la <llo ''"""' 
no: .. ~, 'll>le>l ou<ll otu.li•& uo urried ....._, to 1>e 
"""' tl>oo tba •J•<ti<oe f""<tt- ,.,...,o <ho oq..,¡

"""" ..,.~ <ha "'"'""" leportiOOot a.c• lo DOt 
'""''""~ u od7 ooo oor•« of tbo ••"~ 
¿•pon,.~t, aucb u""'''''""'""· Socoo.:lly, tho 
l••o¡uLloo cf tho pocko¡e~ oodo to bo '"'~'''""''• oo 

tho ""'~"'' of o ... 10 oocoptoblo u.tho tuput to 
out OM. 1& tll• oeq ... Aco. Th!o h odmittdly O 

~J.!Ucult objo"!- to ae>lio"o vhn the pockoau 0<0 
prcbecd br d1Hotaot """"''"'"• bu: preoou•• hca 
"'""" oho~l4 "Oollo it obvtowo to tOe '""""'" h~"'"' 
tho: t~O<O 1o on o~wantoao to ot&ndor4hotlo~. A 
"""" =oto dUft~lt Out conu~~•n, 1~porta:~t oto& 
oeo11~1 co~Oidtrot>IJ """ ouontl.., f<om tbo 
co~;"'e< pro!ouln to tbo uoolutl<><~ o! <loe toouo 
of ><o;><iet&cy oofrvo<o; portlcub<IJ tbo oUmi,.o· 
t10<1 cf·o.ode oec<OU u tho ""17 way la "bici> 

• loHot;ono ~- )e prot&ctO<I, 

• ,, '·' 
CIIOlCLUJIO!tl ~ 

,, 

Cootlnuotfoo of-'the oowuo! tu~,. ulatod to tl>e 
lih cyclo of tnfOtO>Otln p!O«"''~• oyotc~ ~avo 
boeo dUcuooad ln hcUono 2 to ~. orul the ov~l~Uao 
o! <eclmlqu .. "'*' !n th vot!o"" oto¡eo of tho Ufo 
qclo o~tllnod h ~ectlon 6 o~ould ylo!d pco¡r .. o 
1.::1 provldh' tachnlquu thOt ~uol1f7 for iD~ha<..O 
lo ..OUtlono! t...,o of toblo 1. ¿ fow<!h rov ~IJht 
bo u.oo4 to Uo~ !nt~1Uto4 co=puu• oldo ond eweo
'"'117 • f1ftb ·,., f~ ou<oo.o<•d lou¡roted •J••-· 
Yllu e<>nd .. ¡.., foil....,. ••- <h• .~ •• ,..,tloo tllot 
tho lt!o <7tlo p<O<OOO h ltoolf "" lofo,.,..t! .. 
pto<ooo,n¡ ocU\OHJ ""' <ho ¡Ho<ol troodo tbeuforo 
oo~],J oloo <o thh portll'.lot •>"••· 

7"'""-' ~tpon:oou" la tbo poot hove b•o• -<O 
coo,.,.,,.d vlth h<ln¡lor tho hor•!tto o! <=?•tor
ht<d OJol< ... to tt.elt <ll<oto tl-... Yltb to¡>ro•i"'" 
Üolt""" op.co<looo, fbot ho~• <o:o,.t<d ~•o-.ol 
acthodo ""-lclo U.<y wo~ld .-,ud u in<ol><oblo h 
"'"' <linto' ~;>.r•U=o. Th!o lo n"" <1-..~¡lq. 

" 

··~· .. 
ThU vlll uco.u¡e tho te_l.,....n< .o. '*'"~·~
dUo<tiJ .. to .. ot <O <ho '*''""''""M of puf""''' 
o! tl>o ,,.,_ ~~~~,,...,...,~. lrot.,. r••feoolonolo 
oro "'"l"ldnJ tho dive<oUJ of dui<oble P<'l"'l 
tloo o! <he•~ ,,.,_, Tho ,.,.¡, vill l>o pro¡tu; 
Jn the dlretUOJ\ of o co=p•Ut·U~•• ptoeooo t• 
.. ~tr.h dota lo otored In a '""P"tettud doto booo ond 
-do owoUoblo to thooo ~\o.Oero" "ho noot lt, llo& 
uooto • o.o.olyoto, ¿,.f,noro, P'"A"""''"• opototoro, 
pufo=on<& owltt~<O, ou. • vlll wo<k ""M• • 
otru<tun4 r,._...,.~ b .... "" .. uho4o oue~ •• <bcoo 
bOtllned la Soctl._ '· Tbo oot'""'" oooocl•tO<I 
""~ tbo oyotn v!ll p<••f .. hldolly clo<l~•l 
&l~o, tha <=¡mtoUonol oDol dota J<OCeUlna oUo, 
..,.¡ eveot.;.lly •optt.,..• u-l<o.· 

$.,.b o OJ>'~~ vl.ll ho doto h&oo e<lutod. Ao tbo 
obJ&« &Joto~ 1o be!n¡ "'"'lO? .. , oll lof<>noulot 
obe•t ~~ lo otorod 1~ che doto )ooo vht~ "111 
uplooo <.onuol doc-~totiOOI. · Tbo o<thitl" t. 
tl>o·lll• cyclo uo tbe<Oh "'"'"''ool to "'"!<e...., 
of "hatovoc dota ob ... t tho "obj•<t· o¡Uea lo o1rody 
avUloblo &od to add oow daca u 1t lo d"olopod. 
Tlüo <=«p< to ooc ne.,, o&o fot u-~ Ttop,..ll 
(I'U) •• 1< to, b.,..evn, • lolle&l • ., ... ,.., of 
t/lo ttoodo •~<Unod obowo and ovont~ollp vlll btl"JJ 
U tO• ayuoco p<ofoooion•l..o ...,~ ol tM bonoflto oL 
•-putat·)ued OJO!emo <bU th.,. bove pto•tdod t& 
otho..-. bwt ~·• utiUu• •bouehoo: •, 

,,, 

'" 
'" 

"' 

'" 

'" 
'" 
'" ,,, 
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[ 11) 
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Scn•·ara ~n¡ir.Hrin&, prc¡;n .... tn¡ =ethcdolon, s<:f\.,..ar• d~ü&n, systu:atic prova• 
úvo~ep:o4nt 

tiseipline io seftwara dui&n an<l d&velopment coc.dsh er a ut or practlces intended 
te ic;r~u botb tao proeus o! software prcd:>ct10n and th• quaHty o! t~e res~lttnl 
sc!~w~rs. Tll.is pa~er euc>r.u tbe c;e&nin¡¡ o! d.uci~Zi~e 1n ,..,,.. <letail, ill'Jstratin¡ a 
c~:;~or e! Hcbniq~es tnat anc·"~d ba :.:~sed te áuura tbe ~·Jallty er the C1nish&d product ond 
c~~l~c.in¡ SGIO& e! the are&& ><here &dditicnal prc¡;r~u ::.~>t be l&do befcre tne ~onav~eticn 
cf s~f~o&re ma7 tr~!y be~cme an enstneorin& ae~tvity. A ~e!l·crsani~e~. deliberata 
~p~rcacn to sott~are ccns~r~cuoo 1s uen te in•ohe s~•¡u er requireoenta ano!ysis, 
eo:~!<:e a~ecirtca.ticn, doaUed desisn, ic~leo~"nt&tier., and quality a•suranc•, aup~orted 
by fcrcal and infcr::oal dcc"J::.~ntatien. 

~ ',,-t"~ ~ DlScJP!IijE 

~lset~!tne, ~hleh cay be Oefined &a 
t~r.av>or cr Grder a:¡¡intair.o4 by trainin& and 
ccn~rc~. ta~ea 10any fcrma, Discipline !or 
c:r--•e otr.lotea, re~ oxao~lo, tevolvea a 
r• '· ir.c:~dinl extonHve ecndHtcntn&, 

. H~cr:, and a c~ntrclled dht, the 
'""~: ciaclpline renco•ed by a cnese .. uter 

J,:vclvea at•dy &nd ~•~cr1zoticn cr many 
~a:~a. a:cr.¡ ~>Ub ir:-de~tn analysta er be&rd 
~cSHicna a1>d pcsaih!e Ol<>"fe& &1>d 
c~:.~n~e racvu. 

~ CiHhrent ron~ cr d.UeipHce cal> be 
s~tn in en¡ine•rin¡ r~~ld.a, ~ependin¡ upen" 
c~nrcrcanct ~e a :oet cr r~l•• ~nd prcc~durea. 
J.r. u.p~urin¡¡ ertcn tnvol•u a apecific 
s~~:.er.ct cf s:epa 1>~g1nnin¡ with a general 
;:ar,, ;r<>ntdtn¡ thrc~¡;l> düailed dooi¡n, and 
ccnc!•cln¡; ~ith irnple~~ntatlcn or tbe deai&n. 
•~ eaen a:a¡a or the p~ocosa, tt i& es:oential 
:e carry CJt a aaries ef activittea in crder 
~e ¡"o.ra~tu the :o:>ecua cr ti>• errort. 

In ec., .. tructtn& a b~il~lr.¡, ter ":nmple, 
~~e ~;a: be&tn witn artlot>C r~ncer1ngs, 

yrcceao te mer• detallad arch>tectural 
C<si¡;r., and t1nall1 te h~· .. aprinu Pr>cr to 
~C.e .c~¡lnun¡ e! constr"Jctlen. Uso, the 
t·"iloü.¡ a1te 10:.:1st ~a tested and prepare<!, 
C<-~cúr.¡ !or tl>in¡e s;och aa drainago 
c.oaracterh~ica, soll qJ&litJ, &nd stabUay. 
~u Yár1e-~s aap.,cts cr a bJlHin& tha 
;::-"::ir.¡, the &lcctrlcal ayale;::, tne t.utin¡ 
"-"~ voc.tilatieo, an~ tbe nr~ct~ral ~nte¡;rity 

=~~t oll ba ~•~i~r.cd 11> ~~~r:oo~J in crear 
~~ ••••r• tl>at the hnhl>td bJl!d>ng "ill t:e 
cr •roe O~Hred q~a!Hr an~ vill function 
~ rly. i~rtt.ercore, all of these deoisc 

.~ ~reoede cenatroctieo. 

the &te~s involHd in the deoisn and 
<O~n,:nctlcc e! b::ild!n¡;~ are ~•11 
~'-~<r~tecd; it ta pontbh te lepen a 
~~~o, he cotr.odeloo or. tha entl.ro ;>rccau. .. 

Jt the ~=e tice, ~o~ever, ~nare u ~ac<¡oace 

roca !cr 1nd1vid~al creativity ar.d 
1nnevat1cn, atnco detnh~ deat¡~ acd 
blueprints can serve to va~idate tne ideas. 

~ISC!PL-~L 1H ~~ ENGI~EEftllik 

Tt.• pro10ia. tbat an ensineering type ct 
disc1p:ine anculd. be oppl1Cd to the procesa 
cr so!t..-are Cui&n and develc~mont resulted 
in the coininJ< et tne tara . •:ootto·ar• 
O,npneenn¡• 11> 1968 l1). lt wu recosni:co 
tnat actt~&ra croatten was a l>it-ar.d-.,i:os 
hus~n~ss, bU~d·largoly oo JJ1 h.Q.;. tocbntques; 
J :ario n~ob~r cr aajer software projecta fiad 
feilec cc"pletely er had bun s·"bject to 
sev~re \iC>O dolayl, cost o•orr•ona, or cther 
seriC'Js probl~C>S, llany e! ti>• . seft~are 
sy a te"a ubi b1 ted. 'Jn~ro di ct ab!o , 
hard•tc·CCrrect errora, ~ore·-·· poerl1 
d.ocoo:ecud, and reu ancrt er ~:oer 
reqoire::enta in aucb .,us·"ras aa rcspens& 
t1co. ln &d.d.Hion, thcse systees ,/er• erten 
d~!f1c~~~ to ca1ntair., st~ee t~• cede ~•~ 
>ncco<~ror.enstble as a resu)t ot pocr 
pre¡ra~in¡ pract1c•s• 

1~ beeace pain!~lly apparont tn•t thera 
wos • need te 1mprovo tne q•ality and 
d~per.OoMlny o! sertwore produet>on. ThO 
tac~oi~•ea beinJ usad <11.<1 r.ot wor~ 
ecnüs~ecüy and t.&d o distur~ing ten~ency te 
C.il •:r.•~•var a r,ew cr ccc~le1 problem .., .. 
atte~pted. Tilo devalopcent e! suitable 
~-~•--•:a .,•thpdclp•rtl pruented a n;,~~er 
e! p~:entl,al ben&fits, 1nel~41n¡ thO 
fello~~nst 

2) vor>fi0~1!1ty, 
h.r~rcal unse 

pro&rar.:l 
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NC>v, •• ln 19~6, hovonr, ~ott\lal"@ 
or.&1 d~& ~u,aino moro cr • vhh _than • 
, tttr. la tho intervenill¡ ru~•. nowever, 
t~ere n•• beea • ¡reat ~>••~ or ~nveat~¡at1cn 
111 to t~o nature or Fro¡ro:.:oir.¡ onO tne 
pr u or ~oft\lare 'eve!c¡::o~nt. T!>e ~··~~t 
ot thh effort t;u been tho roeo¡nition lllat 
a tora ot en¡1r.~erin¡ O!sctpltne c~n bo 
a,pltad to soft~are ccns~r~ctioo vtto 

• 
11donb!e •~ccus. 

.u with the 
construct1oa 

dulln 

ono ot tbe prot!e~ :nat haa recurr•ll 
con.tston"t!r io tbe sott;.·aro erutton procesa 
u tnat the d.esi¡n su.¡o iS not aeporiltod 
r tne c<>nstr,.ction su.¡e. Ustead., there 
uisU oa ~ur¡e to vrite ec,o", te be¡in tlle 
conltructicn process before f~!ly <!eter,.inin¡ 
tt>e uture or tt>e object te ~e ~~tH. lifl1le 
t~1• tocnntq~e vorka ~P te a point,. 
rarticuhr1y "tt.h ~maller PrG¡r&Ola, H has a 
cen~oncr to . collapso wt:n more comp:ex 
o1n .... lt con be seeo, by ar,o!ou, that a 
butl~in& contractcr, can aaf•lr p~rcbase 
roctln¡ eot.orioh, w1r1n¡, pbebtn¡ fht,.rea, 
' l~&ticn, ond. alactrtca! applianees for a 
~o~se l>ofcre tbe desi&n 1a cc"'p~eto, but h 
~1 1 te 10aka .. o= 1nccrroct and irr~~ocallla 
oeciüona in trrtn& . t<> •n•eble tnoao 
eo~~.pcnaota prior t.<>. tila cc:oplahcn of tila 
a .. i&n. 

J·Jat as tl>e builder li'Uot vait tor the 
arOh>lOct to complote ~ho cet&iled. plans for 
1 bu1ld1ng, oc m·~•t tne prc¡ra,;'Oer wa1t for 
\~o "acftvare orct>itect~ to complete the 
>YatU dui¡n, Tnu •• a key' pri.ndple in 
\M act>hve,..ot or a ducipHned apprcacn to 
oonware deu¡n aod llevelcp~ont. -. . . 

In lile re=ainder of tllh paper, a numter 
tr opproacbes ond teChniq~U wr.i.cb conni:~\o 
a 01acipl1no0 approacb to software 
•~•elopaont v111 be eumtMo, •lon& >~itl> ~c"'e 
cf t~a •~óitio~al st~pa r,udcd ~efore the 
iO•h nr •ottvore en&tnU~in~ can ~. 

·anteved. 

~r.ot.n<!i..n.t 1hl:. prcb~em 

T~~- i in~·~toop- ~ .. "the ·.o r;.rt .. are creat i.<>n 
;.rO<OIS 1s to ¡oi~ a coro:pletc l)n~or'StaM!lrg 
d lh prcb!ec and • cl~o~ ~ertniuon of ~~.e 
,r<traoo re~,_,::rcooento, ;.,lt.o;,t tM.s 
·'·"«ocu.Cii.n~, it 13 100~cooH~c to proceell 
"•"•H~~~~~J. ln so:o~ caou He oef>.~>Uon cr 
•.r.o prcbleiO ls .otrat&blforwud, u in "Print 
<~l lt.c rirat 100(1 ~d.cc nOJ::tero." 1\<lro 
<fhn, bc,.evor, the ~ro~l•o is l•~• clearlr 
:~flr.~4 and ncl ent1rel1 -_,,e•r•tood, u tn • 
""•·•P o "'-"P~ldl" ayn~~ te ~-~lp >n 

'-hrvt l ~nQ renun¡ a fleet l~OC 

""tc=~bllu tr. rtrteon ll>tfere·.c ~c~.t,:c.s.
In tr.- !atter caso, thcr• are tvc Cl:cc:~·. 
arell or otrhe~:ty: 

32 " '"" StatHent ,, '"" prob!ec: " " •~stract tn•t " 
,, oecesHry " bruk " ~D"n tntc • n:>IOoer " •"'•ll•r proble:oa, .. tnat eoch " t1>e10 "aJ be solv•d " conj·oncttca 

\lit~ ••• anothor. 

tnc :>.su r:ay not f~ll1 under~:anc al: 
of tn~ io:plicanona or u~ ce~~~st 
and e•'f not oo aolo te •r~nfy 
eo0>p:.~te:1 tnc vartou~ r~,.~~red. 
octiVit;es of tno aystec~ ar.a tne 
vori<>JS taska tllat :.·ot be 
acce:.~lu~.~c. Tila oH-~~~icc. ~• 
parUcularly l1~•l1 \lben t.~~ ::Hr nas 
Htt:e ~•pertenc~ w1lh oo::¡o.t•r 
ayste~s cr >~1th tll• preb!e~ t:tn¡ 
odclresHO; t~ore is often a p~ricO 
of tu.e in wllicb tno :>ser CCH not 
f;;lly :>nderstancl al! or t~e \';;r;.ous 
¡>cuibi!>ttu "nich ca~ ~· 
accc"plisned \lHh a siTer. ••= or 
~acbino-atored dato. 

T!:ose twc areaa ore acUal!y c:cse~J 
rola:ed, It ts .:;eeeosarr for t~e so:·.warc 
cana;r.er to ret>ne tr.e o~atract •u.:e:;•,-.~ of 
tne prcblem into O><>ro onll ccre ce:u!~d 
auao.e:-.ts, and t<> rormJlote the c~ne~pts 
~ractoe!y. In so ooin¡, t~e desl~c.er \/Íll 

lurr. \ne preeue oet of tosks whiC'• t.C.~ •ur 
w1s:-.u to acoe<DP<ial> in n~ eo,-.tu·. of 
sclv;r.¡ t!"ie Oread proble<D. At the sa~~ ~ae, 
tM :.~ser \lÍl! sein •n und.erstan<li.~~ Of wn~t 
ia ~ossi~le in ter=• of =ach~ne prco~s•l~l of 
:u ca~o anll "U! bo al>lo t<> dofir.~ $~~otric 
,..,~es c~r~ c:uny. tne procHS cr ref;.ntr.¡ 
tu ;rcb~ero tnto • nu=ll•r or s~:a!!er a~~• u 
va~·~ab:o ror bctb tbc ayate= o~n~_or a::c~ tn• 
·~ur. It 1s ofuc the can .::.¡.t :>ajcr 
cnar.¡u in reqOJi.re,unts vill be ll'~d.: o~ thU 
su¡e. 

F<>r ua:<plo, a hos~1tol pc.ar:oaey T>&y 
Qesire ~e nav~ an 1nrornat1on nys:~~ ~~ Ke~~ 
treCJr. Of patunt "edicapcr.~, dr~E 
ir.ve;.tcd.es, ano pt>aroí~cy a<lciiliotraneo. ln 
:~fbin¡ tr.e 11ste,., tlle pl"l~rmacut/ ~sor can 
<>bU~VO tllat tna avd~obilHy of :o~oi.oH>cr. 
tr,rcrc~ticn <:al<es 1t pnsaibh te ?~rfcr:: scee 
cnecl<a ccncun~n¡ dr~s-dr:.~¡ .r.t~r~cttcno or 
c~eica:1cc :~vele in od.d1Ucn to t.~• C\~.er 
~11!t<: ~uks. \ontla tr.H added r~q~>l"!<:ent 
:::a~es a 01¡niricant chan¡o ln ~"~ ~u;red 
o~crahcn or tho ayat<ll, •t nas tun 
1du.',1fi.ed at tr.o ~reble• <lef>r,it>On ;us@ 
ra~t".er l(,ao ot some lotar ~cint \lt.~re ~bero 

wojld be a ¡¡;reater 1cp•ct on t~e syst•e 
d.Ui¡n and str~ct~r•· 

It h orun tne casa tr.at prcb:er::• and 
re~'Jtr~;:ent~ are statad a:::bl;¡~o·"•!y, <:>1:11".¡ 
it j:::pc• .. ~!e -t.o--4a;.:olcp -1. ~ro~r•'" Wh>Cr. 
u<tS ~M su~ell needs, tr . .,.e prc!>l«IO:>-are;
to "" utent, ;.nr.erent tn noc~ral l~r.o·~a¡c 
~r.G i.n Ht,.~tl.ono wller< ell cf ~ne 
¡.CHObllhi~o ~.ove not bun ru;;y u~:or~Q 

rrc;.or dnc1p!~r.e, r.ovover, r<<;Hr~• cr.~t 
c!•ar $tate~en~ <>f •n• pr~bl~• ~r.c/or •l•t• 
req~ir~:o~nto te cbtained pnor to ~roe<cC>r.,;: 
r ~rt l.er. 



' 
Tnh h an arn ~~tch .t;u r~cdved 

r~:othdy 'Httle aUent!.on in ~ortw~re 
en.;~neerin¡; J.n root, "'""' peoph do not 
be!• ~• that th15 procesa. cr req;¡J.re~>onh 
de: Hon io p•rt ot soft~<ara en¡tr.ertn¡. 
.le~ .• r, 1t U so baste to t.lla acrtvau 
cr<.atlon preces• tl>at U. •~ot be re¡ardad ao 
tne fl.r~t stitp ar th ;ott .. •rs: l1.Ct ~ 
ano tb.e tirst ata¡a of' tna deal¡ll.' proeeu: 
Ono or tne aon prcchiL¡· aftorta to 
for:alh.e tll1; atlu ot desipo ts tila Prol>!oa 
St•~eoent,Lan¡~a¡e ot Teknroev (2], a!tllo;¡¡ll 
tll•~• are a nuobor-ot otilar atte~>pta •• voll 
(~u [3), for .. ~uple), 

to-•!fu Probl<;.~~ ~rtuttpn 
- . l .. 33 

The procu.a or ¡aidn¡ cc:<>Phte 
unu~standic¡ or the probl"" h•&ds te tilo 
deu!c;>:::eot or a eo,.phte apectrtc:attoa or 
tno ta;k(al te bo porrorc~d by tr.o Fro&raa. 
Once t.no concepta a~· tor=•leto4 and t.U. 
pr~:"e• • ta cleerly deliaeated, the ne~t 
ot>:~:ttve ta-: 'to wr1te e r·,.0 etional 
•H:ifteation <>f tha prg¡ra,., 'l"tda 
ape:trio-.tioo vill aUte what. .tba pro¡ra!l 
wi"~ dg, h<>w'•it'vtll ba ~,.,,;by tu ~•era, 
"~-•~ nQ""i"•-1\U ln terc~ or perfon:>anea ,..7 
•~ht, . and .- "'7 other 1ar~r-10Uion vhiel:l 
cla,iftas,Lne obJactivce. La"ao.e laet~a• 
lt U, el so .,..,.._.,,.y ·to •tat. ..-nat; th~ 
Pr-<:¡"u' el>o'-':d nm.· <!o; it le oeeasio-,;-e.Uy 
i~~"ant t.het t.ba pr-o¡ru,- do onl7 .. hn h 
apo:.ried and ao ocre. ... , . . . 

The · spect-fleat!.on ror a pro'gre• ,.,y be 
;hcrt u e_:: t1n¡h aente.woe <>r ca7 fill 

1 v~l'-''""'• ea Di¡l:lt be the .,,.. tor e 
prc¡rac· te- per-for• eir traffie,eont.rol, ror
eu:~l•,•, lhe ·epecitLoaticD ca¡ be axpr-eeaed 
USL¡ ~• ::oathe-tloa.l fore>a tso or, llora 
ec=only, us:l.ll¡ less tor,..l proaa. lf'" ~ha 
ec:~..-ar41 devéloper U work~ns '-lndar ·<?ontr .. et 
toa e"atc"er; U la au .. r.thl that both 
Par~lea co!H to a . ror-m,al • agraemant at an 
••r~rúta¡a' aa to tr.a nata.-. or the rinished · 
l>rc~Je~. 1he ~ur 10'-ISt deter-11ine that tha 
apa:;.t1ed pro¡,Oa., cuta tha r.aeda and tha 
aor:wal'il • Cfavalopal' ' a~st • .~se thls 
speoHieat1DD· te prooud with the "de.t¡n of 
tha ar•t••· -~-. •-'·--- ___ ' 

• Cerhart ·~nd Yalowitz ['] 
ern~a• in •paclfleUtons 
lr.~:rra"t pro¡raaa. ial:r.er 

have sbovo tht 
eaa :u<1 to 

{5] ha a . ~Had 

" 

~="'• ot tha ~o~rcas ot "'''col! 
B¡>ecttlcathns and ao,.a or lb~ ~ro~:.,... o' 
dultng ·wlth lb•"\, paruc~: .. r:y ..,;_t•,,_n t~.J 

c~ntu:t of &Jloo:.att_e ~ro¡ra=H•I· - · 

' Th• dlffieuHr of .•wrltin¡ a 
s¡:41eitlea:icn varas s~.arply acc:r<llr..> to tha 
natura or tne task b~l.n¡ epect[iad. lf cr.a 
la vrltir.l a coc¡>tl"" ror a pro¡ra~icc 
lan¡¡ua¡a, fcr auc¡>:e, a for11-1l daflr.ition of 
the h~¡~a¡a, inClJé~n¡ syntu •nd ~e.:anties, 
1a a val;~~b:.e ot•run¡ polnt, 1nh tor-cal 
def~nitlon, \lnen s~pp!eun~ed by certalD 
in forma t i<:D ~once rain¡ .::acht ~~ • ~"Fendencies 
for the b~st cc<:p~ter, provide• a &OOd 
speeitlcation. ror manJ othal' progr&ae, 
thcu&b, F•~:•c~!arlr for central prosracs, it. 
u "'"<h ""'"• ~tfhc~lt ti> ,;rtte a ec=plet• 
spacltieatlcn, une• 1t h orten diff!.e~!t te 
envtsaca a!! or tne pculbt.l1t>u .. 1-.ich oay 
arl•a a,¡rt.c¡ pro¡r-a~ e%ac~t1on. K~~ce, it la 
diffic~!t te apeclf7 "hat la· to toa ~cea lo 
aH euea. 

_ Alihc"•" the naed ror ¡ood 
sp•clrtcaticna la .no., bec= .. tn¡ "lQelJ 
r~cc¡nit&~, tbera are &ti!l very fev gene~al 
techniq;.¡u rcr writtnc tha• ar.d re,. a~tooated 
alda euilabh. Lhkov and Ztlhs ~ave 
dtscussaO a~actricatlOD tace.~iquea ~s ~h•J 
"-PPl7 to ca~a cbJacu (6]. l<~~r. LondoD, and 
Shav • • nava ro,....l1J ~ncorpora~ed 
spaeirtcaticna lnto tha dertr.t~lon of a LU!~ 
(an •J>a~ract data typel in ALp~¡RP [71. tnls 
\/Or'k la direeted towar4 tha ~~Valop~cnt Cf 
.<~~atboda for tcroa!lJ specifJln¡ the scmant!cs 
<>f a progn: "atns a pracin neution roth41r 
than tho lnforoal prosa w~iel:l !s nov 
¡eneraUr ::na. o,·eraH, hovevar, tt-.era la 
atlll no ec.,prer,enstn methodclogr for 
software s~eclficatioca, T~era la need ter 
addltiooat vork ic th1a •rea, sinca 
~pae1t1cet1oD la a lr.e7 atcp la lh41 soft,;are 
lit• eyeh, 

• 

DlJk•~-• ha& observad that. IUny ·of owr 
p"rcDhu iD ~rova=ing at~"' frc"' "onmast~rc<l 
coJ:JplultJ" {6¡, tryin& te· <!~al with- • 
prohle• ~~lCI> h too cC:oplex ror the 
pro¡ra=•r to ~~dersl&O<I eoc:ph~cll'• Ona ot 
tha keJ ceua cf prob!e .. -eol•ia¡, th-en, la to 
ba ab!e ~e dacc~<Pcs.. a !ar¡a probh• tnto a 
nue~b&l' ct scall41r p.-oble~~:a \lhicn cae ba 
aclwea se~ara~el~, in sucn e wa7 tbat tbe 
sol·Jttona ean ba •ssacbl~d to riele! • 
solution to the orillnal prgb!~m •. 'l'bese 
teehniq:.u •~• •familiar la =•·-~e.,~tica, rcr 
cn!np)a, ~nore the proor gf a tt.~ore11 1s 
oftea prece~ed by the prcora of n\lcere\l& 
le"'-"'••· rc,e •vai!ablllty of the ·reoune or· 
the la~• si:plifiea tha proor cr the 
t.heor••· 

ln U.e,sortw~re devdopEOent" proceas, tba 
ccmphte o;.eeif:cat1oo gf tt.e task must be 
followed by tne ~-esi¡n or • scl~tioo to t~c 
probhm(a) •scat-ed. Or.ca tMs step has b-e-ea 
.cc.,;.let~<l, 1~ ~hen b-ecooo~a ~cuib!c to wrlta 
tr.e . prc,;ru Le carrJ o•t the sobl!cn. JI> 
short, prc;.tr'pro¡ra=l.n¡ dlaciplir.e ll.,.,.,,:a 
that the ~rob:e~:(s) be sotved ~ .. lorc tt.e 
pro¡raa l& writteo, lt la vcr7 ditflcult, 
UC41Pl f~r tnvt•l pre¡;racs, te ¡o <lüectlY 
froo¡ lt>.a pr;~l-ea specHic&Uor. te uee~hl>l• 

pro¡r•a coda. !hia p~•s• or ~roD!e:-so!winl 
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35 
lllo co~~:eted c!~~l.gn nDW urvaa aa tt.o 

bula ro~ tt.a program, no pro¡rac:H·I 3~~&• 
•c-olH3 ~ne tran•fcr<Oation o( tho prob!eo: 

Jt>on, i.a., U.a da•l¡n, into ceda ~hicb 
'""Leo reJ.1ably and effic1cr.:l7· .l 

>'Ol!-atr~ctured <luign shculd had te a 
"*::-structurad prog,-am. 

Tha ccnc~pt cf 1o1ht ccnstH:.tet • •¡ccd" 
prcc.r&ll bu chan¡ed r~-~ar ~harply c>ar ;t,a 
~aot faw yaara. Accng tne earlier 1Coala o( 
¡;r~,r~:l.l ;:u cocpactneu, bOth of ac~rca cc<>a 
a:.; cf obJect <>Ode. l'rc¡ra..,ara rc•~i~e!r 
u~:o~:ec a urUtJ of tricka tD acr.tna tnia 
c:~ect1u, ·ofUII prooouo101 ery~:ie '&:"od 
anvcl:>Ud pro¡¡ra!U, fhh ncu~n cf 
co:::pactnua or aowrce coda u an Uul haa 
~~" been p•rtidl7 discrodiled ir. favcr ot 
pro¡r•m ra~dabilit)', 

Sirti!arly, aubtla prc¡ra...,.i~( tric~a 
;ont uud i'l the r.a:~~e <'f a!rich.,~y ia crdel" 
te ~av• a f•w 01iHheecnda .,,. • rew ,~,.da ·cr 
~:-illu•I"J <:&mory. lo/hile eftiohncy h s:1U "" 
J.:~oi"U'It pro¡rammiol ccn_.i~•raticn 
¡:orttc~1arly ter tbcsc pro.¡l"aiO& wlach will !>. 
·o .. d nuvily •' tt must M ba~•ncr•c a¡aic.at 
c:n•,. ideal• or-. prosrat. .,.,,.,. • .,~.,... an~ 

"~"~,-..hena1b1lny. , Tne efhehno:y or • a 
:,&re¡,-..,, la irrelevaot -tr 1t deu cct yhld 

t~.e cr.rr•ct atiSltOI"&. 

fl>ls co~cern "about pro¡ru c:cr:-ect~ua 
ar:d • tn• · ucbniquea rer verifyi:;' tnat 
~re¡ra.., {aa well aa d .. i&na) en tl:alr 

·cificaticn• .,... a key rancr in tne 
;o¡nition cr•the need fer ¡0<1d ~rc&n=in& 

ciaetplir.a •. .' Fer axamp~e, 1t waa c!u:-ved 
tt.at pre&r&coa aro ·llOre ,...adUle ar.C ~Uler te 
V~l"1fJ. if tlle <ly-llftie ncv ot prc¡ra:. can•.rel 
c.caely ruelllhl.•• the static appearar.~e, l., 
e., the liettfts, 'lf ths proarae {17]. rr.ts 
c~u,.,aUon led.to_lengthy debotu ower the 
... ot t~e 00 ro stBtecent in prc¡rao:.:.in& 
{;8,19).'' lt sbo led to a &rn~ eul or 
ruurch into l''""'''"""'"'ins :~n~"s¡u .~e tt,nr 
cui¡n, inc!;.Hiin& mo~if~cattona te cxis~in¡ 
!&n&;.,a¡u, <lest¡o of new lar.¡"a¡;u an<l 
lln¡"a¡s teat~res. and tne advar.ce~er.t ct 
¡ueral criteria for pra¡ra!tlllinl" !ar.¡"o¡¡;e 
'•at¡n {20.21,22.2)). 

M~cb llaa~t>eee:writtec. abe;.¡t ;.rc¡n=inl" 
•~Jl• (2 •• 25], -thou teohnt~;.,u .. r.icb 
C<>ntrtbute · t.o the ruaebllHy an<l 
~:daratan~ability ot prc¡rams. Á:Cn& tbs 
:;n ~c•on recc=endatl.oas are ¡cc<l J.r.arr.al 
¡:rc¡ra8- dccum,.nhtion, ".lao cf :~•=odc 
nrlable naoea, mtni,izoticOI cr the ""U of GO. 
:G a•.ateooenh, and"OICd:<~ar prc¡rao strJct;.¡ra, 
C.f all ct tbe ·aspect• et ~rc&r•=ln¡ 
ehciplin•, tll• conoo~ta H Hr.<ct.r~d.ocdJ.n¡ 
~re th• moat WJ.do!y ~oc~plee. M~ny 
cr¡ani:<Hicn• h&Y& establhned pn.;n=.tn¡ 
aandar<!a an<l ~nifol"IO prc¡ram •lr~ct_¡r<s te 
e.o!orce cedin& dhcipline. · 

Codlng, tbe co~str~ctioa phou of
~~r• ~ev•lcpr.ent. is ncw aseo to occ"l>7 • 
tlYdy sm.all pcrttcc cr .. <he eMire 

~roe••• et sort~ar• dest¡a and d•v•lC~<::tnt. 
fJI"tl:ltrmore, lt e .. n be- seea that ecdn¡ is 
r•~•tt•ely atrai¡htf<Orward, ¡heo a ¡oo<l 

ee~i¡n and a soc~ ut or ;.rc~r•=~r.¡ 
inel~d1n¡ • prcrraooto1nl l<.r.¡.;ago "~'~•~:
well-s.JHad ror Ha l<>t .. nded t.,,~. •·.,e, 
¡r~at deal ct innouucn or.o cr•at'"-'>~ 
pcssible at tht d~ai¡n ah&a. lile ce~-";;: 
st•ge h much '""•• U&htly CQr •• trained. 

Iutln& 

Follewing pro¡ra• ccnatr~ction, 1t is 
r.eceaa;ory te dHcrooln• whether the pr<>gram 
worka cerrectly aad relhbly. H la 
>c~o:-taot to ~ote bere a diat>nctioo tetweee 
ccrrectn"sa ¡;nd re!hb111ty. Co:-rectoes:o h 
a provo=ar':o nctioc th•t tne prc¡r•• 
p~rtorms .. ccCr~>nt lo .tt;e sp~e>fication." 
~eliability h ,.,,.. co...,cn:r a ••~r·a ,.,uoc 
that th• pro¡ram dota wlla\ ls ~~si red whea it 
la deoirsd. Id~allt. t~ese nntiona are 
e~.Jival~nt. Hco.;u•r. corr•ct prc¡;rac:oa =ay be 
""'""!iable 1! t~ey run 'In unr•li&bla ~~c:oputo~ 
syste.,. or if they ar• pa:-ticularly 
~cforgivini or ~ser .rrora. 

" Thera are h•c roojor ~pprca~h~a w~ich cu 
be taken teward dU•rminin& o.;J:~~ner er not • 
progra'" werka prcp•rly: teatin& and 
verificotton. Ttatln¡ 1nvolvea the 
¡eneraticn ct an ade<¡uata r.W<btr ot d;ota oet• 
So as te eaerciae aa 10any pOI"ticcs of the 
presraoo as pcsoible in or<ler ta G~termine 
w~ether e>r nct tM prc¡ra• perfcrcs prcperlJ. 
In •o.. i~sunoaa, t•aUn& i• ~••"- te 
<letermine tlle c;>eraticn of th• ayste10 ""r.~er 
loa<l. Sucb ae .approacb 1a r•~•ired. rcr 
exa .. pl.a. in <>na;¡rin& respens• t~oou ancl iD 
atu<lyin¡ a •~!Upre>¡¡;ramlnn¡ o~er&t101 SJstea. 

Yertr>cotlcn. by contr<~at •• 1nv<>lvea tlle 
cenotru<>Uon of • riaoro~s proof ><hicb 
conrtr•a th•t the prcsram oeeta 1ta 
$pect!"tcation. l~ ¡eneral, vc:-ttication ts a 
formal opproach te deteriOinin& ·cerrectn•a•, 
wnile tuttn¡ 1a an· tnfor,..l apprcacb: 

8oth tut1r.1 and verificatioo r•17 
largely on -lJl t.u. methoda. Nouth~leaa, they 
pl"1 a ooajor ro!e in P'""''""'"'""l discipline. 
Programa aho~ld b• eonstr~ol"d o.;itb the 
netton et a prcct" in mind. lndtvi~•al 
prcgraoo aed;.,lea C&ll be¡ •eri.fied "Witltin -, 
l~rga aystem¡ contidsnco in tho ccrrectn~s• 

"' a lar&• pro¡ra• can ·be sair.ed tllrc~sb 
eonf~d-.nee in the co,.rsetness cf tt.e •o<l·>~•s 
of ~-htcb H U cotopoa.cl. C.O<Id ~.u t~r<:olll 
tllis appreacll "prcubh pre>¡ra=in¡• {26]. 

Tlle testin¡ cothO<Ia:en ter a prc¡:-~'" 
oho:.~l<l t.• Covelcped be¡inr.inl wttb tbo 
•;>eclfJ,.coUon ata&•· !no -.JO.I"lc-.:os easea that 
m;¡at f.e hand!e<l teo:ace op~arent at a ver)' 
early ~ta&e or tho software dovelepcent 
procesa. .In cony nttin&a, a proarac 
~pe<:lrication ia ¡iven to u c•t•ide p~rty 
who develcps a sst• of tost data !er the 
prc¡ra... ne ~ventual ~ee•ptance or ~,. 
progra:o by tne -..sor U <l~termü.ed by tto 
•bility te ~erfonm proporly en tho test data. 

To;-dCWn teslinl invclves UsO Of O 
tasting ~•thoónlO¡J whieh pal"&l!els <h• 
óen¡;n ond pro¡ra .... u& opprcocllo. le thts 
w•1• t'sting prccee•b oa tt,e prc¡raa ·u 
ceveloied. ~•~int it poasib!e to test tlls .. 

• 

• 
• • 
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'"~ l~~•H•cu nrst áno <o diatrH;,ote =on 
cf t~ 1 t•aUn¡ tl>rc-~gMo~t ti>• p~oara=-=•~·i 

;;n~u, wlth a r~SJ:tant d@cruoa ir. tc:a! 
u<>• rer pregr111 ecr.s~r~ction, loYrOec (27) 
'"tllnol t.hia ¡>~iloupnJ 11> ¡r~ater Ca!:oll, . . 

r.:atin¡ ol>e~H nct ~~ confy"oo wi !h 
~Jtiln¡. Deb:.onlr.¡ u an ecti•ity wt,lcr, la 

uud 1a an atteiO¡;.t te lccate k.ri.mUl acf!.,ara 
~~rora, whllo tasti~l ls an crdarly prcc~é~r• 
urried OYt ln ~n n!eopt to dehrclne 1!' 
s~cb errcre uht. la geceral, Cet~Hl~¡ 

\d bo ccmpletod betcr• testln1 la tao~=· 
ccncept:.oaUy, o:.:¡s aris• trca tW<: =•;cr 
•<>J errora 11> tila proceu ., cr 
~ransrc~mla¡ th• prcblcm aclutlca u;t~; • 
;;rc¡ram, ncrmally ca:.:ud by icproper :.;u cr 
, prcsra=inl lo:,~•t•, aod errcra iD :~a 
~rc~h• aol~tlca HH!t. On!y tila nra~ <t 
<Un t><O ~OJl'<'l& ia ¡>.~.rtlalll' ae>u.a~le ~o 
tradlt!ccd deb·~¡¡ln¡ t..~hnl~-~ea¡ ~t.e 
~r~ •e• ot b'-'IS a~c~lll be a ca~Ur:<: !e ~t.• 
;rcara=otr to revle" tn• ant1.r• prc¡r&::.=l:r 
prce•••• • rat!ler tb&l> proceadin¡ la ac 
•nlllracted uarch fer t.ha bug(a). 

In tl>a P•at, o:~r.y' informal ru:aa t&Ye 
buo app!taa tor .. tte aelect:l.on cr tut Ca:a, 
¡• al17 invclvin¡ the bc;mdary cases a:( 
tna .. go&t ce-= patba ct. ·centro~ !"ltv. 
futlns ~u ua•d. to · rtnd prorrae •rrc,.a, 
r&t thaa to ·ahoW that., J:J<>oa uiatac. 
hccntlJ, hc,.ev~r, a.n ath=pt 1s bc1DI ·:io.;a 
te aamonatrate pro¡ra" · cor,..ctnua ~~.re~¡~ 
tutlnl• Gnhar't ~nd (;oodeno"¡ll ~n·e 
~• .. Jopad ., the rudi:::>enta ct a thaory e~ ~u! 
~ata aelcctiCD (28). systeiOs nave al•e beor. 
e ·ucted vhlch uecute prcsr•:s 
>yaoOollcall~, 1n cr(er to ayüematically ~est 
all patlla or control nw (29,30). 

~lti>C'-llll a fell autom&tcd aii!S fcr 
vorit1c&e1cn., han bt.óo. develcped (3~.32), 
\hay ara ¡anerally ll~tted to relc!lve:y 

ll prc¡rou an~ connct u.sUy be a;;~le~ 
te lert• ayate,.•. ene·' cr the preblC:s lr. 
<Ha reGard h u.at 1 rorooal verltic•!l.=~ 
r~q~lr••·• torcal apeeiflcat~oc le ~;r~~r ~o 
~· eunin¡!YL C1Hil the absence cr sJct. 
formal sp,ci(ic•tter.a for • progre::., e'·" 
eonnot hopa to '<crlf~ it. One ot t~e "~Y 
ru ter tl>a _ ·prnence __ Gt rcr:al 
:. \rlcat1cna 111 &i.?iu~D (7) 1s to prO'<:I~e a 
tuh ror pr~;¡r- •_erifleattcn. 

~Htyort. Oue~ity· A•••r•tc• = P•r~or;,~ct 

Th~ .~ •uurance ot progra• q~~l1~7 
bvolvu, aot Gnly correctneu, b~~ al5c 
•tn~ancy. Utbt>"Jgh ccrrectneaa ecnce~r.a 
~re ~aramc~nt 1c sctt"ore develc¡;:::ec.~. 

·;.ro¡n" parror,.ine• cannct ·be r¡e¡l~c!~(. 
~ony prc¡r1ma, par•.lc~!arly tl>osc HVC!nr.3 
•:o:anta ct rul~ti.1e control, ha"e - Hvo~e 
~·~tcr«anoc ccn~trunu. Si111ilarly; prc~n::s 
'·'>Oh uy ce :.ull ter ler.gthy cr re~~~Hic.s 
"'"P~U\ion' 10~•t portor:> efflci~ntly. ·o~.> le 
o b.Jbbll oo~t may· i~d~cd correctl1 ~cr~ a 
.. ~•en~• cf nY~bera, can1 mera e!fec~ivo 
<Orta& te<:hnlQ.J~s Hi~t; one such t~c~r.1~"' 
•no•ld &hcst cert.ir.ly Ce ned inateao e! a 
~Jtbh sort, t:~oentary analyns cf 
•!!OriU,u ahculd be .Js~d durlns the ~rc¡ro:> 
"'"l~n sto&a tD evabote altorca:ive 
·~~rc~chos to conslr.Jcticn e! an ol¡ori~h~. 

~ti 
Jt tha d~oi¡n and ccdtng ~~oge, e~~ ~-"

be canful to ~•:~ct ao ~rre~~ove ¡:e." • • 
a~prcacl> to tM pro~:.,. acl:n1c~. ~e a::,-~ •. 
•pace carafully, ond te a•·o1d ~~neco<o"cr 
d ~plle• tioa. o! cocp•ta t1cD. licweve r • :::re 
a~Hla prc¡ram IOO<Ilfioaticr.a s~.o~!d t• ::.oa 
enea the pro¡raa; 1a rJnn~n¡ correctly, -.,~~ 
the poaaibla excepttcr. cr cer!•ln critica! 
r"Outln•• whicb l>ava apec1t1c exee .. ucn t~:o 
llmitatlona. 

R•flnem.nt cf perrcr~~~ce 1a r.cw 
¡enarally treated •• s•ccndory te reli~bi!itr 
ccnsldoraticns. It h "all re~ogniud !:ot 
co~t ccmpYta~ pr;jro:>~ spena a ~•r¡a 
parcenta¡e of tl>eir ex~c~~ic~ :1~e t~ a ~:a:: 
percenta,o cr the cede. '!"t.Js, ~r.e ic••! 
·~;>rcacl> to the ~roblo:. cr prc¡~a:. ~rriei"'·"7 
ta te constr~et nr•t • ~r-e~ro:> ~'"-'-~" 
parf 10,....a cc~~ectly, H.en te ·!eeau tt.eu 
prc¡rac ae¡mo~ta whi"r. .. r• J:.o~t t.~aV1!Y c..;ao, 
ar.d (lndly ·tO cptt=i:<• tn" ~He~uc~ ~f 
thcu ¡>rc¡rall u¡.,~:.U to i=~nv" CH,.t:l 
perforaanca. It the i;Jid~:~~~s ~ene~,.~:~¡ 
procra. 11od~l&rity u.va he~<> rc:lc·-":., lt 
becomc• pcuit>le to revri~e "'eO·J:es ~e 
LcprcYI perfcrmaneo .,,~ te '"S! t~e •rc¡r .. ~ 
:.sin¡ tho dithron; :::ed'-ll~o te cc=;;;re 
perfcre•nca. 

taH<>rmance enaly~h •nll cp~i=i~~"c.'. 1s 
crten much mor• s;¡btle tt.ar. it .,_;.¡r.t ~;;•~r. 
~r.al~ala ct al¡crlth:>a a~a ;r~¡;n:o 
reorco~intlon are ~~~fJ! ~~c~.n1~"~5. tJt 
H.oy dO nct fylly take n.e prc¡ra::. eY-~CJ~l~n 
env1ron111ant into een~i~~raacn. ~ .. q 
~rc¡ralls witl be ~sea in a ='-'H~prc¡n=i~¡ 
onvlrcnllont · or a virt~•l e>e=ry e~nrer.:"'·' 
ter both), In thou ouea, tt.e pufcr:~,.ee 
cf • provam, wltb. re apee•. te re5per.~" ~ic;;~, 
for eu .. plo, may bo a:rcr.¡;:y ¡,ffee~e~ ~y tee 
c~rrent oyetem load, 1or.~cn typ>~al!y nrus 
sb.arply durln¡ a day. Pro~r¡¡::;$ 1JC.>ch l~~:!vo 
ccr.versationa: acceso te a da~d ta~~ aro 
upacUll1 a~~joet te aJen '""rht1cr.s, ::a"i~~ 
1t p&rti.,~!arly d>f!1c~lt to pr~cict cr 
optiml•• performance. 

" 

Quallty au~rance is tt.e fina: s~~~ cf 
thl ~evelop=•nt proeeu. &ooa~H :c.~ co:e 
r.ao .¡rudy cun "ri~t.r., !c.ere h cf~~n ~e• 
tendenC1 to placa :~so e:~~asis !~oc 
r.ocu••ry en t~u ste;>. ~c..-ever, 1! h 
usentUl t<> follew thc prc¡¡;ra=ic.¡ 
disciplina t~"""'h te tr.is pcln~. ~:~t.c";;ll 
tnc acf~waro deol&ner .. c.~ ~rc¡ro::.=~r cao t.a~c 
a certa1n a10c~nt of Ui!h in tt.c ~rc~ra:>, 1t. 
1s cn:y thrc~gh tutlr.¡;, vcnr.c .. ücr., oc.d 
cptialzetlao that t~ls faith """' b~ 
JJslifled, T~h na¡e e! Q'-'ality as.;r~:::oe 
aho~ld h treatod u ~art cr toe ccrcs~r"etlcn 
ata¡o · in tH ••=e ~·ay u :ar.y "'""~tact'-lrin¡ 
ccncorn• rc"tlr,e!y ~erfcrc q•aHty ccn~rcl :,, 
their prod"cu tetcre snipp>n& ~C.em te 
cHtrib"tero •n~ e•sto::;ors. 

ln 01any waya, th~ c::pt.uis en 5o!t~·ue 
q••Hty tliS b.en rH¡>er.n~:e fcr a.:l cf tr.e 
out .. alrcaay ceM!tc.~~- It tas ¡:;ctivat~d 
llJCh of the res~~rch lr.tc pr~g'"<"-~H¡; 

=•ncao:ogy an~ ocf\~or• oc.¡i~Bnns ~c.~ c.as 
re;ult"~ \n ~na ~u~:c¡;:oor.t ct tr.e d¡ >Cl>'l<c.~ 
dHcrlbod h•re. It 5~CJl~ ocnti~"'" te ~. a 
~ccic.otinc ;nrl·Jen~e in the ~·~~:o~~er.t cr 
~~~rcvcd aet.r.lqJu rcr tostlnl ac.d 
"*"l!leation ot ~ro¡ra:o•. 



ji 

on. of the pn<lodnar.t u~dor!~lnc tt>e01~• 
or disc~vl~n• ;n aer=~~rc dcsan and 

•:<.p~ont 1~ t~e <ee;) lo c<.~1t Ul ma,lor 
P• ano dectslcns te wrH1n,. In &nJ 

~ort~are oe.elop~ent effcrt, a :sr;e amo~nt 
<>f erfort te e~pende;) .. ., cc~JnicaUcn agonc 
peeple. \'erbal co=Jniutto~ u not onl:r 
~Jb.'ect te cuinterpre~atl<.n, b.,t h u$1lJ 
fcr¡;otten. As a re~'J!t, H h i<:portant to 
~:~lntaln ¡;ocd docJ::u,:~:tco tnro~r¡;ho~t a 
projecL ln• ~pecihcatl~r. C'Jot be :..sed III&IIY 
L>tlea tt.rc.,¡;hoat the ~~fwara ~e•dopm~nt 
effort: te perform ar.d va!uau lha deotgn, 
to wrHe tne inpJt ano o~:;a: rcJtlnu in tne 
pretrall' to confora to r~pcrun¡ formats te 
~eve!op le$Un& a.nd v.rt:ic&t>On proee<l~rea, 
ano te eval.,ate tna r.uo :o cl>anse tne 
~~eci!lc&tlons in re<?C~aa te ne~ 
~cr.s1dtr&Uons, j~ .. ~ t:> 1\0.:t a hw ot tll• 
"JOr ">U&. ":"~·••• tas\.;s CCJ!3 nct 1>• earri•d 
c~t in tne abscnee cf a .¡ood writt .. l 
apeetf!.en!.oo. 

Likewiu; t~e des!.¡;~ &I;C"J!d l>e clearly 
"r1tten. 1 ¡ocd C·osi¡r. cceJcer.t u nct only 
uun\ial for "M.ttnc tne ~rc¡ra.:, b'"'t elsc 
rcr catnt•n•nc• oC t~e ~rc¡ra~ cver ti~•· 
111e ceai¡¡n dcc~nent ~rcvtc~a ac tnsi&llt into 
tlle cverall pror¡;rli" a~r.:c~'-'re and logic, as 
"ell as indtcatin¡ se~• cf tn• alternattvee 
tllat '""Y llave b..,n ccnstcuod ar.d rejected. 

tne n••cl for <ICcJ:O<'.:O&ttcn utends i.nto 
tne actJel pre¡¡ra5 cea. aoc~JU programa 
~t!l be :.~ud tor a ;oe.•icoc u ao:e acd "iH gc 
tllrou¡to n;.:.c>ercua· c!>a~;;u . <l>r1n6 tru•ir 
l>feti~s, t~ey "1:~ b• raae by c~re tllao one 
¡>e~eon. ti>• cr1pc.a: ~r;;-a;rac::::•rs 10'-lst. 
prewtda •• m:.~ctl in!cr::at1c~ U pcuib~a to 
auiat otl>ers ( .. n~ ~cuibly tl\eQsel•es) tn 
o~'"prehendin¡ tne prc¡ra:: lc¡i.c: at a later 
date. • 

\lser dec .. 11oentattcn h or.:dal ss well~ 
"l"l>a ¡>~cr qJality Cf .ur ~00 .. 110ento tn tha 
ccOipJtin¡ CHl<l ;.s a:!:cst le¡eneary. "l"l>ey 
tenn to be tleevt~y laóon oi~l> aorn~yms and 
Jer¡cn, alcng Wl.tl> r.:or."cea te other 
tr.acr'.ltsble doc=e~~a. In c;ar,y ~ases, tba 
l>est apprcacb l.s te deve"ep :>ser 
coc.:::~ntat.ion trc<> tM ~~=ira<> s~ecificatton. 
Pre:.u1!.nary Jser COCJ!:O.t:s ca:: be avsilab":e 
before prcgram c•n¡¡c. !.o ec::~:.ete<l, so that 
pcton'.iel users llilve a"· co;:;..crt.JnitJ te ¡et a 
f~e:.>n& Cor tl>e c~erot1:a nf the program 
before it ;.,. b~il: anc t.o recc::.=.en<l c)>an¡es 
11> U>e apecificaticr. liC.~/cr ~U!.gn. 

DocumontaUcn 1s port!.c·Jlarly important 
"l>•n •~el> a cl>on¡¡e h s;¡;,uteo or <>•de. Ttle 
ruaons Cor t.he é<Hr~~ cr-.u.u ~llo~ld be 
d<><Jr.:~nted. lf tr.~ et.ac.¡o 1s to b• <::ade, tt 
1• r.•c••sary te revue Ue o~ec~ficanon to 
rer:.eet t!>i~ chan¡e an~ then te a~ ter tila 
deO!.so •• needed. 

Thia as~eet cf ~oe.:~Hto:tcn pc1nta out 
He nud !or sco.e Ccr~ Cf dOCJ<>~r.t control 
oocnanism. llnen o cn¿n¡¡• u "'•~• in a 
dOC.J~eot, th• reHHcn ~r.cJld be c;ode 
.. va!. lable to overycne •llc U~ .cee~a · to tho 
cr!.¡ir,al doe.,.,er.t. ~~t.er>~Ue different 
indiv;.duals cay be wc~•i~¡ ">ti> ~noor.HHent 

~OC"JO•···~, 
"••ut.r. 

Tllh netd ter gcod doc~o.cet•. 
practict• h recc!.v,r,¡ con•1~• · ' 
attentlon. bon& tho :.an1 oi~o 
doc~10•ntat1on • ..., HIPO {H~erorcn' .-. t 

lnp~t·trccou-Output) cr.arta Dll an<l ns 
01et11o<lolcn ot Ctour Pro''"""""r "l"u:~o (3-1, 
ia "!>lc:b • un¡le 1n<I!.V>dua1 t.u 
reapcnoibil!.ty Cor doe.Joont control, 
incl·•oinl code. tl>e abiltty to c<>~<ln>caa 
clurlf la reco¡niud u • key q~aHty ror 
•o!t~are en¡¡ineera (35,36). 

Da pi gJ rl.Ul..r. cl. Jlittto a u1 

D1scip:1na in sertvaro deoi¡n and 
dcvclcp=ent has '"any faceta, llo.,uer, tlley 
en .. ell s".J=ed up by tfle ne<d to follo" a 
aat er r•l~a and procecurea tflro.~nout the 
eroat.ion ot a p~et;ra01, to revle" earlier 
4ec1ainna in. ti>• H¡bt or new ;nrcro:aticn, 
an<l te rocor<l Ul oc tbe dech1cna l.I!.O • ...:~;;fll1 
to aell~ev• effeot1ve co~Jn!.cet~oo. 

~eycn<l tnat, l>ovevar, it 1s icpcrtant to 
not• that tne sottvere creation proceso is 

.nonanoar. Various steps cco~r 111 Fara~hl 
and tn•re are ccca~iona ~ur• t.M prccedure 
OI"Jst back up beCcre !.t can onve fc~wsrd. TM 
p!>aua ot prcble,. detin1tien, prc&ra" 
apecH>Ootion, de sigo, and cod!.ng must eacb 
be cc::pleted beCore prcceedin¡ te the 
S".Jbu<P•nt pllaoe, althc~&l> 1t o:ay t¡e 
naceuary te ret·Jrn ,..hen a s;ec!.f1csti~n 1• 
Coun<l te be >ncomp!ete or 1ncorrect cr .,t,en a 
<len¡n car.nct be ef!ect>voly t~p!~:oonted. 
Ko~nar, tne tasi<" of docucentation, teotins, 
ver1f>c~t1cn, anO perCercance reviov occur in 
para:!e! V>th ~Ma• other ~fl·uea. All o! 
tnue ateps o·Jst b• c<>.rr!.ed out as part er 
lile SC!toare Cevelep5~nt ~>Scip11na. 

Qne romatnin¡ aspect of tne d1scip11ne 
le te o:an.'•ain the dhc!.phne, even in the 
tace cr adver,tty, lf tii>S cethocolcgy i& 
ustd and tne res•lt1n¡ ~rcgras. ia 
in~ffici~nt, too larga, cr hh1nd scMd'.lle, 
th.ro 1S a U10ptat1on t<> abandon tt.ese 
t•cnni~·Jes or to try C"Jtt1r.¡; cernera. >"hile 
~of~..-are .. ngi~eenn¡ pr&~~ioes are ~ot a 
po.r,acea ter pro~ra10111!.n¡ prcb!e.,s", tloe return 
to "Jft<luci~hned praoticts can b& 
C&ta,.\rcpfl~c an<l v!ll &lEcst certa!.nly load 
to ao Inferior final pre<luct. lb• 
"h<>r~cc<:l.r.¡;> of any progn111 ccr.Hructed ~slnS, 
theu tectniq;.¡es u 010st co.,..on:y d·.:~ to 
OlnruaH>c pred1cticr.s cr upeot&Uons er to 
~~proper a~plicat>on ot tne ce~hcOclcgt, 
ratt.er tnar. to tlle ,.etbOdOlo¡y itult. 
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lqrc•~o.ent in prc¡ra.:.:1r.g dHcipHne 
req~irea ~otb incroa..•<l '-'••g• ef t!>C 
oethoCelogies usocuUd ,..itll syst~ooatlc 
pro¡ra" ccr.otruction an<l the <l•~•"ep::~nt of 
ne" t~cl>n>Q~U ~ase4 cn lhh exp<~ie~ce. 
l>any or tlle l<lus ad<onced ~n sef\11ara 
ec.¡>r.eenn~ llave no~ been ~~~ely used or 
tn~re-·~-~ly Haluale<l. "l"Mro 1a a r.oed t<> 
~·.:ant>fy """" oC u.c sJb.J<ehve :e~l!r.&S• 
~~~o.t, ror ~u:.¡> le, ts He test ""1 t<> o;<a•cor• 
aon .. ar• relizl>il\!t? Can •r.yu.¡ns t 
"'uninsrut b• uid abo~t ct.ar.¡os 10' 

-------



,rogco"'"'er ~ro4~ctivHy uünc tt.ia 
,ocomcet.~o<! 4isoipHnc7 tn¡ineerin¡ ta 
i' '•llt clofl,.ad ~• ~~~. app:lc•Uon or ~ore 
od ; H "" .ra ~o ~•nieve ~ha real1t1 cr 
o~gl •e4 3Cf<~ara, lhen we auat ue1< o;¡t 
ond ldentlft 30U baaic prlnclpha of 
• ót<~•r• aolenea, • · 

Jlot onl7 la 1~ !10portant to de•elop and 
u_ tr.esa eoncapta, b~t lt h abo 
i~pcrtant to "- ablt to teacb th.ea ¡a¡; TU 
~,~utr cf acrtwara prod~otion vlll onlr 
1cpro'>e vhall tbeu pro¡ra=1nl metho<!Ologleo 
~re "'ore vidoly uud, rn,a, so:oa fora of 
aehnolcs,v tran3rer la rc<¡,lrad in ordar te 
lnereaae aw;oreneu of theu ldeaa and te ¡at 
tbu• aooeptad and routinelr u~cd. Fro11 ao 
tndu~trial atand~olnt, tha nourcea or tnls 
teehnolo¡¡y transfar .•an. be bocka, sunc1 
artioles, consultanta, ahort ecur~ea, or n~v 
~~-!oy~cs who nav• bean c~poa•d to t~eaa 
t<loas In aabcol. 

fro11 an ed.,eattgna~ ahndp.otnt, 1t 'ls 
B :ia! that gocd pro¡r&CIIir.¡ habiH ta 
taugllt te studenU frCII the o~het of thelr 
upoa01re to pro¡raiDIIillt so that tl:ey Mnr 
acQ,il'e uodeslrabla and aodheipllne<! 
pcaetices. tva11 intrc<1.,ctorr prosra=tn¡ 
co .. rsu should IÍYC eDphuU to tfle notions 
of prob:e~:~-solvi<>l, · ded&r., and progra .. o:tn¡ 
sty! r&tfler than eoncen~rat1n1 en the 
"astery cr a prcgra .. c:lnc lang~a¡a [)1}. ror 
thcse atlódeots ,no tntend to work on sort><are 

1dopoent in ind•strY cr govern.,ent,· 
scft>utre cnsineerin¡ ed·•c~tioll aho~ld gtva 
tbe student some e~pcs;.>re te the prcble:s 
Hscelat"d with the dev..lcp111ent of !&r&• 
aoft<~are systems tn a;.>Ch uttlngs [38). 

These ehanges will not oceur overnt¡ht. 
•pite th• maoy rapi" c~.an¡u in computing, 

~ortware devclopment practlc~• uva char.s~d 
dcwly, F~rthermore, then 1• a o:al:iOoth 
ir to:ent 1~ exi•tin¡ &Oftwarc to which 

teohn1Quea cannct be oa~ily app:lcd. 
H a pro¡ra,.er·a job lnvolvea uinte~._nec cf 
a lar¡e .&Ue!Obly lan¡~a¡e progr&ll wntten u1 
a cluoc¡anhed way (and prcbably a:~~red 
r. ·o~a tt,.;u), rew or the Idus •dvar.o~c 

·e vul be of praetical uu l.n c•rry1n~·c·"t 
tnu job, ~ntU tha pro¡raoo h throwl! out a~G 
r~writtcn. ln a~crt, H h nurly loopo~sib~~ 
to impon dheiplina • ~ b.ru:.; ~na 
diseipltne muat be inhcrent in prosra'" 
Gcvelopment in orcler to be uurul, 

'fhus, lmpro .. d dlac1pl1ne <~11! cn!y oo"e 
"itb t1me. '!"ha requircd e~ucaticnal process 
wlll take many yura, .tnce 1t 1s nece~sary 
to retrate th& teaehera b&f<>re the ~tudcn~s 

be propcrly lau¡ht. ~eanwhlle, r.~w 
pro¡;ra"ming teehniq;Jes <1iH be eva~uated so 
lhat thcy can be reflncd into effeet~ve 
<.ethedol~gles, and botter tocls fcr ~Dftl'Me 
clevel<>p:lent wHl U prc~uced, E•entually, 
tt.en, an 1ncreaaed percentagc cr pr<'gra=s 
vill exh1l>l.t tne ceau:ta cr a d~lib~rote, 

l:•ortanlzed, and cc~occr.t approaefl ~o 

tt.ur desitn and den:cp:::ent. H se~• !a:Or 
point, ¡;err.apo tU deugn o~d ocnstr~nicn cr 
~rcira,5 can b• · . .n4ernccc s<> l~oro~&l'>~J tt.~t 
oc.e c • ., o;ana!O tl>dr ocr.slru~~l.on l.n tho •~=~ 

~•J that gne ~ana¡e& tna constr~clion o! 
~hysical struct~r<s. 
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!t•~ti.oV<l •ith r- cm~.,;., t.om A""riu"- F .-d• '""'~ of 
ldo<moobo "'""'";:,' Soo<t;,._ <Opy• '""' 1; 1~. ;\\ocO>"oJo. 
No•Jo,.,.,.o;6n 

A design metlioclology for rcliable software systems* 

b~ B. H. LISKOV' 0 

' TM M /TI/E Coryor.o.!ÓA 
B<dfonl, N..-a<bUJ<IU 

• 

Any "-""" of o. ~mpl.t\~r •}"&l~m is ~wan: !ha~ ~urrmt 
•)-.ttmS are unre!iab!e ~ • ...., <>f c.-ion in thcir ooft
•·are componMits. Wh~e S)-stfln dosign~rs and imple

.rnontcn rr«>¡níze thc n.,.d for retiable 10f1":u-e, they 
h~'" lJe<,n unable to prod\1~ it. For ~xample, operating 
0)"$1Cnl!l suet. 8$ OS/360 are rclc:>.Scd lo the public "~th 
huodro& of erro'" stil! in lhem.' 

}. projed is unden>ay at the )liTRE CorporBiion 
whicb is comcrno:d \\ilh karnin~ how lo build reliable 
.Óftwore syslen>$. Bec~usc •)"stems of a.ny ai~e ~nn al
W~)"& be Cx!>""lod to be oubjeet lo d>an¡o;rs in require-

tbe ptojed g<~al is lo produ~ 1>01 onl)· reliable 
aoftware. but ,...adable aolt" are \\hioh is relatively I'MY 
lo modify a.nd m~ntain. Thia papu de..rribes a d.-sigo 
metbodology dcn:<>pfd u pan of that projeet.. 

" • 
R<lliofllllc 

Befan ¡o;oi11¡o; 011 to d.serlbe the methodoloc\ a few 
"ords are in ord•r about ,.·by a drsign mcthodology 
a¡>pr<ach lo solt "-nre rdi3bilit)· h:>.S becn scl<'<'led t The 
unfortun~te faot i• tht \he ohndArd approaoh to build
in¡o; syotcms, invo!ving el<\enoive dcbu~¡;ing. hu not 
pr · sueceuful in producinr; rdloblc wftware, o.nd 
tl>~re is no I"<'.:S, to IIUPJ'O'>" it ~v~r "i!t. .Allhough im
pronment.s in debu¡¡gin& teehniqu"" rnay lead to the 
d..tecti<>ll. of more e-rronl, !hit dC>t'S no\ imply that ..U 
ttrors •iii be found. TI> ere ccrl ai nly is no ¡;uo.rantee of 
lhi• implic:it in dcbUg¡;ing: U Dijk.lr~ S3Íd, ''Pr<>gJ"&m 
ltslirlg can be uu¡:l to show thr pre&<"nce of bu¡;s, but 
nc:vcr to show th~ir ab$en«." 1 

' T\üs ,.orl< -ocas ouppon.d by M- Fol« Con"&<l ~O- F19(62!}
?J.e-.v;m. 
"f'«><"!l.\ Addruo-O.pt.n.m<nt ol El«triul ÚO~Ó>K"Cáo.g. M .... 
a&<hu•<tts tn_,:ll.uto of T o<lo~><>loc, Csmbridt<. ~h•hthu,..tu. 
1 n.. .,,,.,¡,¡in thi• o<ct,on i> o<>t"tt<"d ln rnu<h '"''"' dctol\ '" 
U.h• ond To•<t<1.' 

• 

In ordPr lor t !"flin¡¡ lo glJ<ll"o.ntee re1iabilit)·, it is n<'<'t-5-
~u-y lo Ín.o;uH thal al! rdcvant trst C"-'0$ ha,•e b~n 
ch<'<'\;ed 1lúf. f<•quirts ro\vi.,r; t..-o prob\em.o: 

{1) .A romplttr (but rninimal) se\ of rdr••ant 1~1 
C:I$CI mu-'1 be identifi..d. 

(2) lt mwt be po;..<ible to test a\1 rde,·ont ltst 
cast~; thil implies tho.t the set of rele•-~nt /tst 
cursis •mal\ :u'ld lhat ít is possíble lo ¡;cncrate 
ev•ry c,..... 

·The rolution.< lo thr;e problems do no\ lie in the do
m,tn of d•bugg\ng. "hich r.:.s no rontrol ot·cr lb e ;o u re('! 
of \he problrrru. lrnlfad. >lllce it is tht syst~m d.-;;gn 
"-hirh d<·lrrrninl'S how many \tsl. c:LS<"S lhere :u-e ~ud 
ho"· n~-il~· th~y ron bf' id~ntifi..d, the problems ~an be 
501\·od moot ~F."t"Otiv~ly durin¡; the d .. i¡n prO<MS: The 
n..-.1 for f>.hall.ltiv~ IP!'!Íng rritl$1 in!luence thp d ... i¡:n . 

Wc belie'"e lhat ruoh a d...;gn rnethodology con be 
dewlopod by horro.,ing fmm lhe-;t,·orl:. \win¡ don< on 
proof of «>rrf"OtD..., ol pro¡ra..,.. Wñile it;, lOO diffi<'ult 
al prtstnl to ¡;in formal proofs of the correctne!J of · 
lorg• pro¡rams. ít ;, po.>;ible lo structure pro¡ranu so 
lhol ther """ more am~noble lo proof!P<:hniqurs. The 
ob)t"<"lin of lh• rnelhodology prcsrnt...d in lhi< p~p~r is 
lo produ,··c 1urh a progum slñ.cture, "bich willlond 
it,e\f to i•if"'"'"r proor. of <orr<'<lnes11. The pt<>ol•. in 
addillnn lo building confidrnoe in thc corrcdnc"$5 of 1he 
progrom. ~till hclp lo hl.rnlify the rcl<nnt l<&l rM!"<, 
"hirh r.n then be r;J..oustively trstod. \\'hcn rx
hauuh·~ t<'OIÍng i> rnmbin..d \\ilh informal proofo, it il 
•=onob!e 10 cxpP<"I t•liable soflt~·are altor ltsting ;, 
complett. This ~xp<"<Ototion is borne oul by at lcii.SI one 
e>porimrnt pcrformod in the p!lSt.• 

J.. )..ey "ord in the diS<'U>.Sioo ol •oftwa..., rdi~bilil)" is 
"rompln"; il is only \\hrn <koliilg ,.,ith complcx ·~-.. 

iü 



u ha\ r~:iobility boi'om.:.. an acule problem. A two-
!,'. ..finition ;. offrr<-d f01 "romplu." Fint, thne llll! 
~y sy$1~m M.t.t.N in su<"h a ~·&tem, and it is difficult 
"-' or~:u~izr the pro¡¡nm \o¡;ie to handl~ all 5!&\cs cor- . 
J>'ctl~·. Strond, th~ efforu o! m:my indh~du.>ls must ~ 
rc<lrdinatt'd in ordcr to bund the J)"S\1:111. A dcsi¡D 
.:::~thodcl<>t..'" is concemed ,..¡¡h pi"O\-idíng tochnique~ 

"'b.kh en,_t-¡, deoignento ru~ .. ~lh the inh<"rrnt lo¡;iul 
nmp:nity cff..ctiw~ly. Coordination of the eliorts of 
'=.di,~duah is aceomplisht'd throu¡h manag~ment t..ch-
r.Jques. ' 

The fart that thill p~pcr only disc......,. a deoiga. 
::-.•thodolo¡;y ohould no\ be interprrted to imply th .. t 
~'ona¡;emrnl lechniquN o.re unimportnnt. Both de~ign 
"'~thodolo¡;y and mann~rmrnt I<'Chniqu,.. a.re -•ntial 

·,., tl::e surc~ssful roll!ltrurtion of reliable spt•ma. It il ·~ 

rJS\omuy to di,;dc thc rnruaruction of a ooftwa.rc 53~ 
:cm into t!>r~ al.8~: droi¡t~, implrmentation, And test- , 
0:1¡;. Desi¡D in,oh·cs both makin1 deti.sions about what 
;c·=~:r"' •Y•tem ,.,1) do nnd thm planning an o•·erall 
;:ruruue for lhe 110f\l.-ar• "hicb. enables it lo prtform 
i:s to.sk.. A "gOOd" dcsigfl. U. an ro.<ential fint ¡tep 
:~"·:ud. a re!i3ble system, but th~re Í! •tilla long «ay to 
;o be/1111' the syatem actually exist&.Gnl)" man•g~m~t 
:t<hniqutf can insure tht th~ ~~~~m implemmtation 

''" the slrueture establish~ by the deoign and that 
•-.. .-ustin lesting il c.,...;ed out. The manavment 
'""hniqun lhould not only han !he form of require
::oenu ph~ on peno~~nel; the org~nizatioo of person· 
~el i! also importaot. 1t is ¡eTigaU;- ~reepted lh.o.t the 
>rpni•ationalstructure Ímpo!u • struoture on the ~ys
rem bein¡ built.• Since ""t wilh to ha ve a ~·stem struo
ture bued on the dt!igq methodolo~·. the organ.í .... 
tiool..\ druellLre muat be a•t up accordingly.• 

.. 
CRlTERIA FOR A GOOD DESIGX 

The dt!i¡D m~thodolo~· Í! prtfented in t"·o parta. 
Thi.; ...:t\on d~fin .. !he rriteria which a systrm design 
•hould ••ti>fy. The ntrt M'<tioo P'"""tnl> · gu!Mlines 
intended to belp a dt'il"er de,rlop a dtoigu .atisfyin¡ 
tbt cril.eriL T • 

To rei<tn.U, a ron>ple-x o~"Jitm ¡, ont in "}.icb there 
""' >O mo.ay syrtem $1aiN that it is d.iffioult to und.,... 
>".and how to o•&•ni~ the pro¡;ram logic so tb~t all 
<lat<* ,.;u be handled corr<'Cily. The •ob,;Oill ucb.
ttique to opply -..·hen cxm!ror.tlo¡ thi.s t~-pe o! ,¡tu~tiou 
is "divide and rule.'" This i¡ ao old idea io pro¡;rm~
ming !t.DÓ is known u modillarintioo. )!odulari.ation 
..... -.ist.s of w,;run, a pco¡:ram into subpro¡:r~ma 

·~h.no.¡;;t,no\ l«b~i~un io«odod to ""PP"f1 0.. d«ip 
P><th«<oloc· p,,..,..,¡ !o !W.. p•;oo• u. d<><ribod by J...i>l<o•.' 
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(modules) ... hkh c&ll be rompiled •ep~r"!~ly, hut "·hió 
h•"e conne<-tions "'ilh oLJ,.~r modul,.,.. We ... ;n use the 
definitioll of Patn .. ;' ''The ron~octior.s bcb-em mod
ules r.re !.he a.<.<umptions ,.·hi~h lhe modui<'s make abot:t 
eaob other." ~lodulcs ha"e ronnl!<'tio..,. in control via 
thcir tntry. &nd erlt point.; ronnl!<'tions in data, n
plicitly ,;~ ihclr ar¡"lllll('nb ,.,d v.Uu.,., &lid imp\icitly 
throu¡h d~ta rdcrrnrt'd. by more th"" one module; 
&nd ronol!<'tio..,. in th~ scr,;ca -..·hich the module~ pro
vide for one anothu. 

TJ.d.itionall)·, modularity •·M chosen. ..., • !.tchnic¡ue 
for syatem production bccause it m&kH a large syslero 
more mana¡;eable. lt pcrmit.s ~ffici..,t u.se of personoel, 
since pro¡:r~mmett cM imp!emcnt ..nd test diffennt 
modul .. in p<>ralle.l. Also, it permi1.1 a single functiou to 
he performcd by a single module :u~d implemeoted ..nd 
u.rted just once, thua eliminatin& ~ome duplioatioÍI. of 
effort and aloo at:U>c'nrdizin¡ !he ... ·ay such fuuctioM 
are p<!riorm~ 

The bo.&ic idea of modularity ieem.s , .• ry good, but 
unfortunately it d0<:11 not al..-a~-s "·ork '~~11 in pu.otice. 
The troubl~ U. that the di'lisioo of a system into mod
ules m a~· introduN' additional rumple:city. The romplc%
ity rom .. from t~•o .ources: functione.l complexity and 
compler:ity in tht c.onn.,.,tious bctween !he modula. 
Eumples of 5\ICh compler:ity &ll': 

(l) A module it made todo too many {rel~ted but 
dlfier•ut) fuortiona, IUltil it.s logic is completely 
obloCured by the tat.s to .Wtin¡;uish among the 
differeot functions {function.J comple;ity). 

(2) A rommon fuoctiou il not identified. udy 
e®u¡h, "~th the result thal ít ia distn"buted 
amon¡ m,.ny diffcr~nt modulH, thm obsruñnc 
!he \ogic uf cach aflccted module {runctiooal 
comp\exity). 

(3) :'>lodul .. intcrad on common dota in u~ted 
""&)"$ (complexlty in connectiotu). 

The p<>Íot i.s \ha! if modularily is ,;c-..·ed only .... Ul 

aid to mana¡;tment, thell any ad hoc moduloriution of 
the oyotem Os atc~p\.ll.ble. Ho"e•·er, tht ~uccestl of 
modu!arity di"Jltn<b directly oo ho" y;·~D module.o are 
chose-n. We "iU urept modularizatioo .o..o; !he ••Y al 

. or¡:an.iii~¡ tht pro,rammio¡: of romple.; sofh·r.rt IJll

t.ems. A major part of this p&P'"t •·ill be ron<'<'rn<Ó ,.¡t.b, 
the qu••nion of how good modulo.rity cao be achieved, 
that ;., hoa· mooiulcs can be chooen so ""to minirr.i~ 
the ronnectiona bet"<'ell thrll\. Fiost. ho"ever, it ia 
ne<-=~t)" to ¡;,-~a dr~nition of "¡¡otod~ modularity. To 
emph .... i<e the r~quir,mcn! !ha! mc<lulos be .... d:<joillt 
.._. po .. ibl~, Md lo~c•w~ the lerm '"moo:\ule" J¡.,. breft 
u.<Ni ~orto~ and oo diver.;ely, we will di.;<~rd it o.nd 
define modularity u the di,W,.o of the &)s~m ioto 
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"p...titions." The delinition of ¡ood m<>dularity wi!l be 
· on a 8)-nth""il <>1 tvoo t«hniquca, racb o! wbkh 

o.ddrCS$t'S a. ditr rrrnt upett of the problcm of eonst.ruct.
in¡ reliable -»huc. The fint, leve!. ol abatrut.i011, 
permit.s t!,., dcvdopmrnl of • ly¡lem dtsi¡n • hich topel 
,.;th the inhcrmt eompln:ity of the l)'llel!l elf~tivcly. 
The ":ttond, •tructurtd pi'Oifamminc, ÍI!..SW'D a clev 

· undustandahle repraePiatioD ol the dtsi¡o ia tb. 
•>"Jtem wf¡-..·uc. 

• 

Lenls al abstraction ,.-efe liJ"JI. delinee! by DijUÍra..• 
Thcy pro•·ide • C'Oaefplual lamo:"wlr. for aehit..;D& a 
· l!ld lo¡:iral ,¡.,;¡n for a. sy1Um. Tht entire 11)-.tem 

iscol"lt<'ivN u • hicruchy o{ lcvell, the Jo..-.st levrls 
btil11 th~ e~ to lhe maehiM. Eaeh leve! aupport.., 
•~ imporh.nt ab•tr&rlioll¡ for uample, one leve! mi1M 
>Uppotl ~enll (namod virlual. .. memorii!S), •"hile 
anotbc:r (hi¡:hrr) 1~ could 1\lpport lllea \\"hich tol>list. 
of se-nral ~gtne!IU C'OIIIltded toptber .. -\.11 eu.mple o! 
a lile 5)-sTetn desi¡n' boud entirely "" a. hiersrchy of 
leHis can be foll!ld in ).fadnick and Ahop.' 

EaJ,b leYd of lbolfartion la compofCd ol a gi"O\lp of 
rrl&t«< fundions. ·one or mcn o{ thcse funct.ions may 
be refercnced (uTI!<i) by lunetio!IS belon¡:in1 to oth"' 
¡.,.-.la; th..,.,.., tbe u:t~al fundiona. There m1oy alao 
· il"lWnal funotiOos ·•:hich are uaed only "ithin the 

· to perf<>rm nrtain lub eommon to all•ork bcil"l¡ 
pcrformed by tbelevd l!ld which t&~~not be refcn:nced 

other leveb of abstraetion. 
Levols <>f abotri:ction, which .. -m ccn~titu(e tbe part.i-

- of \be systeii, are ae«>mpanied by rul'"" ¡overnin& 
of the connr<cticno bch,ecn thcm. There ..,., two 

imporllltlt, rul.-s ¡,ov~rnin¡ levcls of abs\uction. The 
tit~t conoenu resources {1/0 cleviers, data): eaeh leve! 

zw;our= whicb it o'olis nclu.ively and which other 
lcve!s are n'ot prrmitted lO a.occss. Thc ""'ond invclvea 
!he hicrarclly: lc•·tr levcls aN! not awore of the exlncnoe 
of higher lrvcls and tkrtforc rr.ay nct rder to them in 

: ., .• ,.. Higher levela nn.y appe.ol to \he (uternr.l) 
1 'iona of lown-levd.o to pNiorm tul<$; \hoy m~oy also 
appcal to thcm lo abtain infOtmatlou containcd in the 
<O>Ourcet ol tbe lower lenla. • ·. 

< 
• lo lh< Nadnirk .,.¡ .IJ>o? ~·P.• t<l<t<n...,¡ u11ier. lho hl'<ard•y 
U 1<-V<lo b olrirtly oN<>r«<< io tf.o otnoo tho\ 11 tb• thlrd lo-•d 
~_~boo to molo u>< el tl>O ...,.,.;,.. .. .,( tho 6nt ¡.,.,~ it IOU>L do ao 

• 1¡ tk ocrood ¡..,-.¡_ TI.io pa¡o<r dO< o not tmp.GJ<" o u oh o otrirl 
""'-"'""'"'"';a loiElro k•ol ""-T ""'h uw el o 1"·•·1 ..,,.,,..¡ ol.<po 
\.)o,. tl lD tbo bir~W<hf -.ithCKtl nn.,-... n1y .-.quirin< '"
L.,.~~ ol in<otmrdio"' k><b. Tilo "T\11.~ r¡OI«n' ond <"
v,., ... o¡tte"'" _,.,~ <umpl<> ofl,.tlo.......! in th .. ~·•7· 
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Slnlcturtd prc¡nmmiu¡ Íl a pro~rammin¡ cli<riphne 
•·hich ..-u iotrodueod "itb re!isbility in mind."·" Al
thou¡b. ol !airly rt'CtDI origia, the term "strudured pro

.. ¡nm.mia¡'" dot.i aot bavt" st&nd&J'd de!icitiOil. We 
..-;u use tbe loTio•in¡ defmitiOD m thi.s pr.pet. 

Struc:turtd progr:unmin¡ i.s defined by bo rules. Tbe 
&m rule at.st" tbt ¡truetured progn.om are d,.._·elo;>ed 
from tbe top" clo..-u, in l.-veis. • 1l>e higbest l~vel de
Kribes the do.- of control unon1 mr.jor f=ctional 
"""Jr<m'".U. {majOt •ubsy11tcma) al the $)-.tem; tom~ 

ftl1ll ""''''"are introduced \1;1 represmt the """'P""~"tL 
Tho C>al!lell are •>.~b!...{urutly LSSOtiau-d ...-:ith «><<e "hicb 
d...,n"ba tbe !o.- of control amoog still lo•C1-Ievel 
N>mpoDHIU, .-Nch are apin tepr""""ted b}· their 
CQmponet~fnam". Tbe procesutops wben no unclef.nod 

"""'" re~~~a~n. 
The ...eond rule clelini'S ..:hich c~ntrol •truc\urt"S m a. y 

be USf'd in •:ruetured programo. Only t.he !o!lo...;o¡ 
control otructure-s are permitted: roncatenation, Hlet
tiou of the ne:rt •1 3tem~nt based on lhe testing o! a con
ditiol!, a»d it•ration. Conn..,t.ioo of t"'o otatemenls b}" 

a golo;.. no\ pcrmltted. The Matern~nts th~=eh-.. m ay 
mab use oY the eompooeQt names of lower-level co!D
ponentlo. 

Structurod ptoi!Tanunlng and proofo ol 
corrcctnr.o 

The ¡oal of otrurtured programming i.s to pt"Ó<:Itic• 
pro¡,nm otrurt.i'r~ "·hich are arnenahle lo pmo!s of 
correetnl'!IIL The proof ol 1o 'tructured progrnrn i; 
broken down into proofs of \he correctnefi.'l o/ encb o! 
tho romponrn\5. Brfore a cornponent i.s eoded. 1o •peti
tiratioo e:U,.t... expbinin¡ il5 input and output and th• 
l~nction whirh it ;,. suppo...d to perforrn. (The sp;:-ci6-
cation i$ define<\ at the time the componen\ narne i; 
ictrcdu<"ed; lt m ay ~nn be par! ofthe namc.) WhPn th 
cornponent i.s coded, it ís upressed in terms of fpeti.fieo
tiOna ol ¡.,.,-" leve! componen!•. The th.,<em to ~ 
preved i.s that thc eode o! the component maÚh~s iu 
opecifirations; thi.s proof will be ~iven b.....d oo s."<iorru 
oUtin¡ that lo"~<cr leve! eomponenll! mBt.eh their •peci
~t~tions. 
Th~ proof drptnds oo the rule about control ~truc

t~re in two importsrtt wa)'l. Y1n\, Jimitin¡; ~ t<>mp<>
nont to combinations ol the th...., permissible conUC: 
strurturco in.~es th~ot control alwr.ys returao from ~ 
romponent to the •talement foUowin¡ the u;.e oi lhe 

• Tiot k•-.t. 1~ a otnr.tu.d ~~..,..,. u< MI (u..,•Uy) Je<-<b "
ob!ln<t'o<>, bouue th<J do ""' obo7 tbo nJ< >bo;;t o..-~<nlu¡o 

""-

• 



' «>mpc>ncnt n~mt (this •·ould nct br 11'\1.0 il go/11 st.ate-

•
u "~re permitkd). Thil mtaJ>S thn r~a.<.Oninl: 
ut tht flo,.· of co!.trol in tht &Ylltm may be limit.ed 

to !he !lo.- ol control u dcr.nl'd loeaDy izi lht romponea.~ 
brin¡ provrd. &eo~~d, noh pcrrni.lblt f;OIIt:oil~ 
ture is assodaUd 11ith a ,.-eD-ho"ll rule of illl'rre<>ee: 
ronoate~~~tion .,..;¡b lioe&r reseo¡¡lnc. itentio11 •ith io
du:tion, aud condition&l aeltctioo Y<ith t"Uol: lU'lalysis. 
'fhi'SI! rule. o! lnlerenee a:e tbe_ tools UHd to pcriorm 
the prool (or undemand the eompoumt). 

Stn.1C!ured pro¡¡ramrnln,; and oyotcm deol¡n 

Struetured prograrnmin¡ il ob\iOU5ly applicable to 
fyotem implementat.lon. We do no\ brlie•·e that by i_t
u\1 it eouütut.,. a auf!ioiC!lt basiJ lor Jyotem dcsi¡a; 
rsthu "'t belie~ that s,rsl<•m desi¡D ohould be based DD. 

iünti!ication o! levcb o{ absttaotiou..• Le\·els oi lb
msction provfde tht !rame,.mk around 1<hieh and 
"ithin ..-hioh 5\ruetum:l prn¡rammi111 ean tili place. 
Strurtlll"td programming is eompatiblt ,q¡b leveb of 
abstraetion bec:ause it providn a oomforuble ro~-i.roD
rr.mt iD "hleh to de.! "i.th •bstracliO!l.l. E~h •tnu>
turfii procr...., eompoomt is "nu ... iu terms of.the 
names cf !o,.-u.Jevel compo....nls; thrse D&I'M!I, in ell'ec:t, 
·onstitute • vocabuluy cf abstnrtiOilL 

lo ,.dditioa, at:uctured pro¡ram~ CI.D replace llow· 
éarta .. • .,.,,. ol •peeiry;n, ..-hat • pro¡ro.m is sup
posrd todo. Figure 1 &ho"-. &llnlctured progrsm for the 
top leve\ of the p&nl:l' in a bottom-up cornpilor for I.D 

bftin 
int•r rfl•tlon.· 
bwl .. n "'"'U<".,_, 
<tring r~mbtJL• 
uod< f!M>I..JIK~ 
,.,.~ :• ,,... 
p~<h ( pm~..suck_ oo!Jr>rry/;_ • __ 
w/"lilo O"IQl f•nhi>O'd(poTJI..J/K/1:1 c1ao 

begin 
lt """UCI" <l>on rymt:>ot :• ICOn.Jl•~uymbol: 
'~'"''"" :• pt«odltf'ltV~!ori""{ropli»TJ<.S:od:/, symblJII; 
-""~•'~l>fl.rfiOl>OI>Irfl•r;.,.,. ¡»ru.,rod:, 

<ymbol. ,.,.t..,., ... ... 
Ti[Ut<t 1-A otn~e•un-d _,..,., f<><., opuO-Iot 

pn«"d•~<>< r..-r 

• A r<Uo\ ~·P<• b7 Jl*oof.,..,o ood ~oo-.<d•nu d,_..,n"be> Oll 
er;•"h«nl 111 whl<l• o\NOt,,...j fi"Of"''"'""' ..-u the ocl7 
"<hnO;oe w«< ~ butld o P~'""- n.. ~"""'"m hd •n '""" io 
<t "b;,h .... <loo dired ,_,¡¡ of not id..,IJ)i<>& o k•d a( 
&b•'-"diOL 
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operator pl"!"<"odl n<e ¡ra.mmu, and Figure 2 is s ftow
c"hort. rontaicin¡ opí>JOximately lhe Yfl>e amoun~ of 
detail. ~lUJe it ia sli,ñtJy more diffirol~ 10 writ.e t"he 
•II"U"!:u-ed pro¡ram, lb""' ~ romp<'ns&tin' adv&D-
1-ag<$. The olruttur«l prova:n is parto! lbe final pro
¡ram; .m traru-btion is nct=-ary (-..ith !he atto:-nclant 
po<-~ibility of introduction of errors). In additio11, a 
atrurtun<l prot<am ia more rigor01.1.0 than a flo,.ohart.. 
For c.ne thia1, it ís -..-ritten in a pro¡rsmming la.~gu'"it 
omd th~fore lhe semar.ti"'IJ are -..cell de5nrd.. For 
anothrr, a ~owch•rt on!y deseñbc< the .ftau> cf "'".!rol 
amoog pa.rU o! a system, but 1. structured pcog:um al a 
minimun> rn11.1t o.lw define the <!Ma controlliog it.. fio;o, 

' 

' 

1 

1 



IIJ tbe dC'I'criplion it provi.U.. U. more ~oncrcte. ln addl. 
tiol\, it define. thc ar¡.'Umcnt• and v~lucs of a rel"e"red 
romponcnt, and if aehan¡e in lev•l of ab~tion oceurw 

that p<;oÍI\1, tl1rn the data oonnection Nt><..,n the t"-o 
romponenU is complctely ddin~ by the atructured. 
pro¡ram. This ohould help to ovoid intrrfaee tri'Orl 
,..uo.lly uucon~rod dllrln¡ l)'iltm in tegratioo. 

·; d<Jinition 

We nol<" pre.ent a definition of ~ood modu\arlty su~ 
portin¡ the ¡taol of oolt"'""' r~liabilit)·· The lj"otrm ;., 
dividod in lo • hitr&n:hy o! partjtíons, n·here eoeh pnrti

rrPfest'llll Onelt~ of abstraotion, a.nd consist• of 
or morr funetiON 11·hieh ahsre oommon rellourcrs. 

At \he •ame time, the rTttire ·~-stem il expresa«! b)• • 
•:rueturrd. program "'hieh de~nes the ""IY oontrol 
. amon¡the partitinna. The conno<:tíon~ bctwefl> 
the !):U"titiOM.,.., llmitrd u !ollo"-s: 

(1) Tht connect.ions in «miro\ are li;..;tod b)· \be 
~ about the h\er&n:hy of \tvc\s of abstraction 
a.nd abo foil~ the rulos lar ¡truetured progroms. 

('l) The ~neetions in dota bct"~n pu~itio"' arc 
limi~ to \he ~~p\ic1tar¡umenu pt.!.Std from thc 
fWI<:"fions O{ Ollt po.rl.Í\ÍOII lO \ht (Uternal) fu.ne· 
limls of aflothtt P"rtitiorl. lmpllcit interaotion On 
tommon dJ.ta rna.y ooly 01'0>11" amon¡ functions 
.rlthiJI.. partitioa.. ,. 

(3) The combltle4 Kt.ivity :>1 the funetiol'll ·in t." 
partition 511pporl iu abur"tion and nofhin¡ 
1'1\an', Tbit mo.k~ !he p~rlitions logiclllly ind .. 
pmdeot of Dne lnclhf"T. For enmple, • po.rt.i
tion sup¡¡orlin¡ the •bstracticn of filt1 r&mpo!...:l 
of many virtual mcmori~ should not contoin 
any rcde 511pportln¡ the oittence ol virtual 
mtmori!'S. '• . - . -

A S)'S\em d<11i¡n .. tiof)~ng the above rrqu.irrm<'Pts is 
tompo.tiblc with thc goal of 1.0hware rcliability. Since 
lht l)"5lem atructure is uprN.Iod u o. atructurcd pro
¡ri>m, it should be pco.s¡"ble lo pro,·c that it oatU.~t·s the 
•>·•tcm •J'<'clfira tio ... , a..<Sumin¡ th&t !he it ructur...:l pro
K'>'IIII \\'hich "iD cvrnt u a!\ y ~uprort !he lunction~~ of the 
lcvd, of abstraction .. tisly thelr opoeifir~tion.s. ln ad. 
<!ilion, it is rcuonab\c \o ·~~ct tht cxhaunivc teuin¡ 
o! a\1 To\c>"Ml test CMI's wi\1 be p<JSSibln E~h~u.ti,·e 
l<;,ting of lhc ,.·hole ayotcm mr""" lhDI ca<:h p~nitlon 
n,,,, be exh•ustivdy tcstod, and al! combinMion.o of 
rutiti~,.. must be exhnustívrly lrstcd, Exh~ustivc 
1•-.t in¡ of a !Ín¡::lc partition \n,·oh·cs both t rst ing b,.cd 
oo input p!U"omctua to tht funrtioll3 in the p1rtitioo 
t.nd tc.ling bo.scd on intcrmediotc ,·a\u<:$ of ato.te ,.,..¡_ 
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tb!"' of the p&rtition. Whcn thio te:o;ting Í!l complote, it 
is no lon~r neees>..-y to "()rJ"Y about !he sbte v~riobi~ 
be-es use of requirement 2. Th\IS, the IO'";ting of comb;~,._ 
tions o! pnrtiticma is limitcd Ío tcsling the input 11.11d 
output puameten of the externnl lu.nctiona in lile 
pM!itions. ln a<ldition, requircment 3 ~ti.J'I that par:i. 
t.ions ue logically indepcndent of one o.nother; thiJ 
m...ns that it is not noeess:uy wheo oombining: p:>r.:i· 
t.ions to test t:Gmb1,.,tiuu of the relevant l~st t.o..-es ior 
uch p~rlition. Thus, the number o! relevan\ test • ..,.,. 
for t><o parlitions equ,U. the .sum o! the rolen<nt ten 
csus lor caeh parlltion, not the product. 

GctDELIXES FOR SYSTDI DESIGX 

xo-0.: lhat ,.·e have o. definition G! good moduhr\n. 
t.ion, \he nc~t qucMion is ho'll" o. ·~""\cm modulari•~tion 
•slid~-ing thilr dcfinitlon can be aohieY\'d. The tr:cdi
tional techníque for modularization i.s In an.Uyt~ :he 
uecution-time !\ow o! the oystem and o•pni:.e thc • :a
\~m •tructure at<~Und each majar •eqllf"ntio.l t,.,;k. Tnis 
l<'<hr.ique leads to o. struc\t11'1! 'l<hi<:h has wry ~irr.ple 
«>nn<'<tions in control, but the con~tioru in da:-J. ~end 
•o be complex (lnr ""amplcs see P:uno.s" and Cohet."). 
Th~ •truoture thcrdore vio\ates requ.itemMit 2; h is 
lil.ely to vio\ate requlrement 3 also ,inec there L; no 
l"'':l.'Ot\ (in F\l<'ral} to assumc nny «>rr<M.'pondenre ~ 
,., . ...., the ~urntial ordering of e,·cnu a.nd the ide
pendrnce of thc e•·cnts . 
. 1f !he n~ion flow tcc:hnique is di.Hard.d, howe,-,.., 

,__. ""' lelt with almO>$! nothing ronrretc\0 hclp u.s rr akc 
d..eisions abou.t how to orp.nUe the •Y•Iem ~lnJC<\11"1'. 
The guide\in.,. pr....cntcd here are intrr.ded to ñ.elp 
rr<:tify thill situation. Flrst are .ome guidelin,.. a~ut 
how lo .eloet ab.tractiona; thrse guidolints tend lo 
onrlap, a.nd whcn doslgning a •y•t~m. lh choice ~r a 
partirular .. bstraetion "ill probabl)" be bl.Wd on oev~ral 
of the guidc\in.,.. No~t lhe qucstion of how to pro.:,...! 
"'ith \he desi¡n i< addr=cd. Finally, an t".<Ompl~ ro! the 
•elretion of a particular abstraction ,.;¡hin thc \"~n~ 
•>•tcm•• ;. presentO<! lo illustrate the o.pplication o! 
se'·~ral of the principies; an und~rst:>nding ol Veo"-' U 
not ncccssuy for underst.anding the enmp!~. 

F•rtit\on.o ar\1 ah,>a)"S \ntroduecd lo >Upport o.n ab
~lraotion or ~oncopt which \he dosigner finds l>dpid in 
t\".inklng aboul tk •>'SIL'I!l. Ab.tro.etion is a vcry nJu. 
ab\c aid lo orJcrin¡;; oomplcxity. Ab.traetions ~re intro
duct'<i in order lo mo.J..c w\u•t tk oy;tcm is d,,¡ng cieo.rer 
Md more undtr>hndablc; an abstra.ttion is a concrp' u ol 
>Íml'\ification bcume it <'>'Prc"tSei what is bcin¡¡ J<,ne 

• 



"ithm;t ~pccifyinc how it is do~e. The purpase of thia 
r >n il to ~ the I}"J>Cif of a00tr3rlion.o ,.-hich 
~ .. ~ be rx pec!.cd to be uscful in del'i¡nioc a >ystem. 

Abotra~tlona o( reoourc .. 

E;·er~· h3rdw&re rcsource a ;·ailable '"' thc systom "-ill 
be r~prcscntcd \>y an abstro.ction havin¡:; u..<elul rh:u-ac
leristirs for the U><T or tho syst~m it..r!f. The abstr&e
tion "ill be support.ed by a partitioo "~<ho..<e funetians 
rnap the rh,.urt.erísti"" of the abst.-..:1 r~><>W"«' into íhe 
cho.rarttristies of the real underlyinc reso=· or re
¡;ourc.-s. This mappiog may i!~elf make ux of oe•;er:ol 
Jo,.·er p~rlitiona, each •upportinc an abst=tion uselul 
in de~nin¡¡: tbe fuortions of the origino.! partition. It ia 
likel~· tht a lrtrict bier~y "ill be imf'O'ed ora tbe 
¡roup of partitlo"'-; th..t ia, othu· pMts cJ the •yown 
may only rderence the functio111 Íll tbe original po.tli· 
tion. In this ca.se, "~ "ill rder to the lo..-~ partitio111 
u "•ul>-partitioaa." 
· T"·o eumpllll of abstract nosourr .. are gi;·en. In an 
intersctive S)'!tem, "ah•tn.ct telP!ypes" "~tb end-<>f
m .. uge and orasing tonV"'>tio!l5 are to be e.-pected. 
In s multiprngrammln¡¡: systcm, the ab;ú...,tion nf 
pro<:~"'es fr~l':l the rest of 11).~ system iroill conc.,.,_ about 

true number of proee$$0.., 

Abotract charactcriuico or data 

In m..t 0)'1\ems tba users an intere;oted in tht stru~ 
tun of data rather than (or in addition toJ'H"""'" of 
data. The sy~tem -~ ....,tisfy tbis int~~ by tb• inclu
.ion of an 3b$traclion supportin¡ the rb.mo d~ta "'"'~ 
IUJ'I'; functio111 of !he partition for that ab;trartion •-ill 
map tbe >tructun into the •·ay dr~;tl' ;_, attw..lly r~p,..._ 
•entrd by the maehine (aga.io thi..o m ay be aC<"Gmpli;hed 
by •ner;l.l aub-partiti<>lll). For eump!e, in s f.!e mon• 
agrmml •ystem EUch an ahstraetion mi~ht be an in
de~..! ~uential a.occa ~m-thod- The ,_-,. 0:n it>tlf also 
ber.l'fiu frmn abstrr•d repN"oenbti<Jn (,¡dan; for u
ample, thr sC11111er Íll a rompiler pormit~ tbe rest of the 
cor.:;iler lo d...:J •ith ->·mbo\s rather th:!.ll ..-ith eh >rae
~ 

~implilicalion •i• limitin¡; informatioo 

Accordin¡¡: to the third r<"<¡UÍtement lor good rnodu
l~zation. !be functions romp,.;,.ing a p!ortiti~n >upport 
noly ene libstraction and nothing mo~. So:o.et:mes it U 
o\ifficu\t to """ that this r-estrirtion is boiog ,;0!~ted, or 

r<'CO¡;ni~e that !he pa>-<,Oility for id•ntilieati~a of 
..Jl~ther ah.tn.ction exia~ 

Ooe U>ehnique for sirnplification is to limi~ tht ~mo'Jtlt 
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45 
of id!nrmation "hich tl,c lunctions in the parti\ iot 11<"" 

to know {or cv<'n bave acct:s~l.o). Jr,n rumplc o! •~eh 
information i.. thr complic~>t..d formal. in \\hich dat& ir. 
stored for use by the funetior,. in the p:u-tition.(th~ 
data \\'ould be a tCSOurc<! of lhe partlUon). The funr· 
tioo.s ""'uire tbc iuformation cm'uedded in the dMta hut 
necd not kn01\· bo..- it is derived from the data. Thit 
knowle<lge CBn be succcssfully hiddcn "itbin a \owu 
po.tlition (poss!'bly a sub-pn.rtition) .,.·hooe (une tio~ will 
providc requo:sted information when called; noto t~at 
\he dat& in questioo beeome a re.<Ouroe of lhe lower 
p&rtítio-a.. 

Simpliñeat\on ria gcnualizal\oq 

Anothe:r technique for aimpllñcation is to rccosnl~~t 
lh":t a olight ¡¡:cotr~litation "' a lunctlon (or group nf 
functioni) \\iU caux the lunclions to bcwme geocraOr 
useful. Then a ~p:u-ate partltion ro.n be cre:r.te<l \.o coll
tain the generalized f=ction .,.. functions. Scpo.ratin¡¡: 
sueh grnupo is a comm<>n tc<hnique in syttem imple
rncntation and is aho useful for error :t.\'oid>nre, mini
miu.tion <JI "-ork, and stand3rdintion. The e:Wtcnce 
of S»th a group oimplifieo othcr partitions, which nted 
only &ppeal tn the lunctiona of tht lo"tr partition. 
rather thon porform the taakJr lhcms<'lv.._ An e>:ample 
o! a generaliu.tion is a lunction ..-hieh .. ~!\ ""'" • 
specilied number nf ch:u-a.cl.ef'l lrom one lorati<JCI lo 
another, where both localion$ ue also apeo:ified; thit 
funct.ion'is a ceneralitalion o! a fUDction iu wbicb onc 
or more nf tbe input par:unet<:nt is assumed. 

· Some\imi'S an alr~ady u:istin¡ p:r.rtitiOn contaiM 
functiona supporting tasJ<. vcry oimilu to sorne •otk 
whith mus! be ptrlormeri When thil is true, a ""'"' 
partiti<Jn cont&ining ne•· vtmon~ of !hose lunction1 
rnay be crut..d, pro,ided that tl>e nn· luncllo!lf an 
not much more complrx than !he old on.._ · 

. .. 
S)·otem •nainl~nanee and modi&ulioo 

Producin¡¡: a o)Oiem which is e..,.ily modilied ud 
maint.ained ;, ene of out prima.ry g<Jalt., This goal can 
be aided by ..,p:u-ating into ind~pcr¡dent p:ortiticnJ 
functiolll which are poríorming a tuk wb<»e delinitioo 
islikely to cho.nge iu thc future. For example, if a parti· 
tion 5UPP"~ po.g\ng of data bet.,·...,n eorc Md svme 
baokup stors¡;e, it rnay be wi.., to isolate ._. an ind~ 
p<ndent pa.rtition thooc functions "-hkh toeluolly bow 
"hat the baclup o\.Or~ce dc,ioe io (and the do•1ce be
comes • rN-Dur<e of ~he ocw partition). Then if a ne..
dcvicc is Wded to the oyotcm (or a cw-r< nt dovice ¡, 
'""'o.-0<!), <Jnh \he functions in the lo"~' p~r:..ition o.ill 
be o.ffeded; t};e highu putition will ha;· e bor11 isobtcd 



,, 

autll ch&ngcs by \he re<¡uil'!!'m!'ll! 1>bout da.t& COII.• 

~..:tiONO bclwcen partitio111. 

T•n ph&or'll of dosi¡n l1n' distlnpi>hed. The very fust 
phue '?f the dtsi¡n (phue 1) ,.,;.11 beeontm~cd "ith de
!ining pr¡,c~ 1}'5\o:n> spccifications and analyling them 
y,-ith re!lpcct \.o the cnvironmcnt (hard"'"' or softw~) 

-.·hich the 11}-.tem •ill Cventually ui.t.. The n:sult of 
tllis ph...., •ill be a nUmhcr of abotro.ctions ,.-hieh ,...pre-

Q the Cventual'.,steru behavior iD & v~ general 
n,ose &b$\r,..,tions imply the uist~mee of ps...'1i
but very little is kno"-.:r. ~bout tbe connectio1111 

b.t,.ecn the put.itions, the flow of CODtrol amoi.¡ tb 
pUtition.s (althou&b á general idea of lhe hiNUclly of 
partitionll .. ;n eüat), or ho,.· the funrtiom of the parti--

•ill be eoded. Evel')' imporlant externa! rhlll'u
teristlc of the IYIIem should be ~nt .. an abstrae

o.! this lllap. Many of the a.bstractiom ha. ve lo do 
•ith the mana¡eiiM.'IIt of oystem resourcea; othezs han 

do trith ,cruce. provided to the usor. 
The oec:iond ph...., of aystem deaign (ph!LM' Z) inv!'fli

gt.tel thc practicality of the ab.otraclio!lll propo...d by 
pho.se 1 and ctlah!W.ca the data oonn.ctions betw~"' 
the pa:rtition. and the fto,. of rontrol among th~ p:u'ti· 
1 Tbb b.ttn ac:rciae ettab\W."' th~ pl.o.~Pment of 
the ..... nou.s·parlitiona in t.he hiN..,..hy. The =nd 
pha.tc oecoua ooneurnntly \.ith the fir¡t; .. ab>tractions 

proPosed, thcir utility and prQCtic:álity are i:n
. ~•tdy invertipl.ed. ~ot aample, in an information 

utrievali)'Stem the qÚO&tioo ol \\"hdher a given ... arcb 
t.«bniqÜf! ia tfficicn\ tllOUJb to utWy &)olem oon
rinlnta .nust be investipu.l. 

A partition h .. bcm ad~u•tely invesligated when 
oonncction& with the ron of lht oydem are k.no'"'1l 
• wheo the dl!liper1 an con!idcnt that they under

Uand euctly .. i>o.t ita dl'ecl. on the 5Y>Iem "ill M. 
'\ !'in e 'de:pths of anol).¡;. .. ;n k ne<>rssary to aehieve 

1 thia confidei'Íce. h m ay be neces.""'· to analy:te ho,.. tht 
runctiOns of the partition could be implcmcntcd, invoh"
ing phue 1 !ll'lolysi. u new abstr .. otiona are postuhtcd 
requlñnc lo•rer putition& or oub-partitions. Poo•iblc re-
rult.o of a pha.se:! invcstig3tion are tht an abstraction 

_ be! a.eceptcd ,.ith or "'ithout ohangcs, or it m.o.y be 
ujcc\.cd. 1( o.n • ~ot..traction ia · rekrt('(i, then anothcr 
&bstr.etion mÚsl.'bc proposí'd (pbse 1) and invosti
pted (ph...e 2). The ilcr3tÍon bctw<-en ph~ 1 and 
pba.e 2 rontinucs uotil \he dcsign;. c<.omplote. 

Sttu<:turrd pr<osr¡unminl 

Jt U not ele"' """'tl)' how urly •lru~tur<-d P,.o¡;r>m
ming o! l.lulsyitcm oho,ld bc¡:in. Obviously, wh~ne,·~r 

4G 
the ur¡e il felt lo dra,. 5 Aowch&rt, a &lrut·\t:rí'd ;:,._ 
gram •hould be ,.Titt.cn i~o.d. Structur..d prop·...-... 
connp.eting .n thc partiti0111 to¡ether ,.;n be ~~pc<:t..,j 
by the rn.d ofthe desi¡n phaae. The bcst rul~ is 'proba 'o: y 

to kP<:p 11')~111 to .. -nte rtructured progrtms; hil= 
...;n indir~e tht t)'Jlcm •bstn.oti0111 - not ~·: 
"'fficiently ut>dtntood ·..,d pcrh&p! thil ._,u~ r.} 
shed sorne li¡ht oo .. -hue more efl'ort is n...ded or "'h"-~ 
othu abstr~ctioas ue req,~ 

When b the deslgn finished! 

The di'Siga .. ;n f... coooide~ finished .. hn tbe k:
lo•in¡ rriari& are p\islied: 

(1) AU major abstraetiona h&ve l.>een idl'lltifil'd oc::i 
p..rlitio~ de!\ned fur them; theaylttm r~ur'"' 
have OOn' distribulcd among the pn:iti<"~ oc::i 
tbeir position• in the hieruchy P$lobfuhl'd. 

(2) Tb• aydem e1i.ta .. al\.ru<lurcd pro¡;run. •h~-
in¡ how the f\o"· of control posse-! omong •'-• 
partitio~. The oiructuud pro¡;ram con>~ .::: 
....-eral <omponcnta, but no compoo•nt ~ l.ikE:::
to be tomplctcly dcfincd; l'lllher Paoh tompont:.: 
U likely lo use the n~mes of lowu-level =
poncntl "hich are not yd ddin..d. The int<C· 
lares bctwcen tbe partitio~ haw lxen d<'fiJ:<-'- · 
and the rolt>'llrlt test case~ for uch p:utiti::>. 
hloYe hC"CO idcnti!\ed. 
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(3) Suffident inform&tion il &vail&ble so tbat & 

olc!eto,. ef a USCT's guide lo the sy•wn rould ~. 
,.-,.;ttm. )lany dctaib of the guide "'Quid ':~ 
lilled in !•ter, bu\ new 6CCI.io~ ihould not :Ce 
n!'eded.• 

.(llrzamp/<from t'tnlll 

The follo\\in¡ ~nmp\e from \he V~nW $)01PIIl" '! 
pr~.•cnted h<-c3~ it i!!ustnt"" m:>ny of the poi::·~ 
m~de ~bout ..-l~tion, im-pltmcntation, ao~ w~ of ~:
str~rtioru añd panitiono. Thc ronc~pt lo br di.tU>-';..i 
is thot of e>krnal .. gmcnt namo, rcf~rred to "-' U::( 
from now 011. 

The ~on«·pt o! ES:-<"'"' introduced"' an •bstr_c:
tian prim~ril~· f<or th~ bcn~f\t of uscrs o! tho •pt<::o.. 
Thc Ím!"Jrbot point ;_, that a >csmcnt (noml'<l ,~,.,~,.¡ 
•nemory) e><is¡_, Loth conccptually (as a p!,oc wher< ~ 

• Thil t<"qUÍ,..m<n< htlJ>I lo inour< \hol lh~ d<!igo lul!ill> "'-< 
r;,·• ,.,. , P"", r. ,., '""'- 1 , r ""· ¡¡ u., .-. ;, , '"'"'"" , r ., ..-1-. ""' ' '--" 
•)~'"" ;, \~'"' d"doJX'<I, a ~rclom•n>ry u>n'l <vido doc.--.! 
¡,..,,. ,¡,, ')"''" d .. i~n '"'"Id be • """'' r .. .,,;,•inc 0 
""""P''"' t!., do,;,,, 
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SOFlWARE 8\IG!NEERING: 
PROCESS, PRINCIPLES, ANO C-üALS 

Dou¡:lao T. Ro ... Jobo 11. Goodenou¡:l>, C.A. lrvine 
Sofftth, t..... 

lntroductiDn 

Th< conferencu 1pon•o<od by NATO in 196! ~d 1969 
P''' popolu imp<tus U> the tertD ~oor,,..,, <n¡il'leerinz;. M 

S.nct" that timr the need for a more di<cipH.oed and 
inl<&rated opptooeb to •cft,...rt de...,\o¡>m•nl hu bten 
tnü< .. i:ogl)· rooo~~iud. Ahhougll u,..ful dertnitioc., of !he 
ltltn ,.,.,....,. clut.i•<, >Oft """' englnoering deor\y lotp~o< at 
le:!.!.t the di«iplined ..nd <~il:fu\ "" of luitable <oft-..·Me 
dc,·elopment too!1 ond methods, u weU n a >Ound 
wtd">t~dill¡ of anWt b,.k principln. In ¡hu P'í"''· we 
llltmpl lo Up.Jwtd ""'' ¡¡, ... prindpln are, >nd how 
ther :o:< •pplied in th pr~'"'"" ohof¡,_.,,. <n¡in«rtns. 

h is pcth.o.P' beo¡ 10 ,.;,,.. thi1 p•pcr .. an .n01npt 10 
idtntify the i"'?Oll>nt unj.,l}·ilt¡ i<IUU of >of1...,.C 
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<r¡ineering in a forrn thll p<rmit• th< inl<r>Ciion of thell 
U..uro to be bnter und<mo<><!. We ,.;n di~t~>< the,. iuun 
in "'"" o( fou1 fundam<ntal ro.als: modirl4tililf. 
t/{icl<nQ~ roliobi/lry, and 1mde'fra,.d.:Mi1J' o\ ,.-en u'"" 
principln tllit aiTect \he r•oceS> of aminin¡ 1hue ¡oal<: 

• !he modul•nry principie, ... ~;<~ ~<fin" ho"' " 
<!ructure o <ofH'"t< 1} u un a~p,vpriately; 

• the sbe"a<hon prindplt, whl<h hdps to i~cntif~ 
""ntio.l propeni<s commc n to su~<rfi<·i•UY d1ff«<• 
entitie>; 

• the ~idins rrine>ple, ~hieh h~O\i¡hU th< un~orh·'" 
of not rner<ly obltrulin' comm<>n ptopenieo but <> 
mot...,l ine.,enti>l infonrnt>o~ m•«<Oriblt (~jdc""l 

d"b witll Jefinilll and edorc"'& eon<ll>inu ~ 
•<~'" lo inlorm•>ioa); 

.... 

• 

• • 
• 

n' 
'1:~ ' 
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e•., ' ' 
;.<1', ! 
o.,~ . 
"~·· 
''b~ 
••• 
""' 



so PROCESS 

• 

1 . MODULAAITY 
; 

ABSTRACTION 

LOCALIZATION 

I'RINCIPLES HIOING 

' UNIFORMITY 

GOALS 
COMPLETENESS 

~~---+~-11--~~~ 
CONFIRMABILITY 

• l~t /oc•llzarion principie, "'hlch ho~hli;;hto'"m<lhodo 
for brin¡:in& ro\a\«1 thonp toJelhu Uuo phy<icol 

1 pro•imlry; 
• lh< ~nif<>rmtl)' prln<ipl<, whlch cri,ure> <onoi!.tcncy; 
• tilo co,..piUrncu principie, .,.hkb OOIUfU lhal 

notlrin¡ is ltft out; 
• \he canflrmabillly principie, whicb ""'"'"' lhot 

informa!ion neodod to •mfy conectne" luo bon 
uplieitlj outc4. 

l e prindpl" o.nd gool/. ar< >pplied in the proeti"' of 
"'f¡,. .• ,. cn¡ineerin&, whidl deab wllh '·ariouo 1.0ítw3re 
~'"lop<n<nt "'¡.;c¡,s: 
l!t~r,.,,., ,.q~lrtmtnu-the P'"""" o[ idcntif)-inl th< 
"qui~<m•nt• to be sati•fied by • ooftware lyS!cm; tht 
oh,eot;,, i> to define tht problem to be so !ved in tumo o( 
l~e coc<1nints 1 >olution muil >>ti<fY. mcludin¡ '"" 1nd 

'"1 ''''"''· 
{)""" ta[r~~,.-lhc procns of con>id«ÍIII: <><h "'" 
"'_-- rmenl and autin& the cono.ptual b><i• on "hith lb< 
r•Q~I<m loto be ooh<d; d<SliR ;, !M pro«» of ~<eidinl 
•~,. to_ >ltilfy usu r<<¡ulfem<n\1 Wl\hrn thc •llo,.,,d, 

'"""""'''" 

Sptcify fmplcmrmotlo~-lh< prO«<> of do"ribinl IM 
int<r>otiono betw<<n th< dniJt!<d modul<o of a oo],.tion; 
lh< r<oull el lhi> .ctl\•f}' 11 a dea~ed opec.fleation of 
constninll the •oft..-ar< impltm<nuticn muSI oatiOÍ)', bl>t 
not lllo ooltware it,.U. 

Code/drbut-lh< pro .. u of octu1Uy produdnl the o<>h""u< 
"'"fYira tho op<cifie.üon, >Jtd vcrifyinJ: lllot th< produ«d 
,,¡, "'"" den .. tiofy the u,., requir<mtnt .. 

Tuninr-the proc<" cfrnodif)"inr: >lcgioal!y eonoet >)"ot<m 
until11 "'"" perfotr..one< &ozll.. ' 

D<•pite the obriouo differ<nreo arnon1 !he .. acti>iti«, "'~ 
bebo•< eodt renecu a common P>tt<tn "hich we cal! the 
[und:J•nt~llal proc••~ This proce., ""~""' of fl'-e baUc 
"'1"' (1) c!)l.,allizo o P"'P"14 or objeui• e; ( :) f ouculate a 
conctpl fot how t!-.e rutf»f,. c;~n b< •<hit><d;(l) dom-< 1 
mc<l,.nrlrn lhll irr.p\em<nts th< C<lr.ceplu>l m~cturt; (4) 
lntroduC< a notativn fot <>pt<'<ÍI'g tbt up:.bditi« of 1he 
m«~·•ni<m and on•o\Jnt ito u"; (5) ductil>< tM ""'!e of 
th< ncuuion in • >;><C1foc problem C<lnlht to ~-.,el< tbo 
mochanit.m"' th< purpo><" od'li<Hd. 

3 
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.-~,P~'<- deftno lh< "~Uil<m<n!O for 1 S)"l!<m; 

<<:< - dori•< llto O'thile<luto cf a ICf!"'OTI S)'II<ID 
.... '-''"ft llt<" «qu,.emonu and o¡iocúy tho module• 
thl\ c~n<titute L~< ')"01<111; 

m<<Moil"' - impl<mont tbo .o~l•n< 0)'1\Cnl (d..,.is\nf, 
'-"' rc<<hanism is cb•iouli)' lho coclo/dobul/IIIM 
aa;,-,:;<S in !he de.-<lcpmentprocna); 

n<>¡•r.~n- dcftM lh< commu.~ lan~U>J< cr olh<l mUIII 
a U'-': •ill <mPl<>)" to in•ole lho.c.pabilit;u of \111: 
wft.,v< sy<l<nli · 

"sarr - <l<o<n"b< bnw !he <.<>f<•·•tc 'l"'""' is oonuol!cd 
ullis ~<scriphoD moy UL< th< fo•m cf 1 u..,,., maDual 
for ""' <y'ltm). 
EqU3ei!· .... n. \he patt<UI d<ftn<d b)· lh• fund..,..Dtll 

pro~ <>.•uld b< applied dtffor<ntlr. to h•~hli~t a d1fforent 
u;:ooct c-~ ooftw..-c d<•elopment. fcr o-..ampl<, ""' CIIIJW 
l<a•~ lh' d<'CiipltOn of purros.o lftd conc<pt •• abow, but 
«placo =<haniom. nototion . .,d ulo>i< wilh lh< foncwiltJ 
d«:rip~i.m.: 

mod:,nam - the computcr en "hi;:h th< ocftware ru:t1; 

~01.:::;,~ - thc pr<oJr>mminl \an¡ulP' iD "'bio~ lho 
seft" Jft will be ,.,;ucft; 

f"'v'" :Z. Pu•-·Conlit""'b;tl.,_ 
Mod;l;oblll ... 

Tho '""'" .. ol o 
""'"" eho;oo '"0V'f"--------(• 
bo "' ""' .. "'" • J 
oy<IOm"' mo ol
fo<to ot o <hon111 
""" bo •••• ;.,,.. 

""'" ....... to. CONF 1A1.\A81LtTV 
o c-....... ., .. 

opp!odto U.. •.. _ .. , ... 
, ...... , ····- ''---------'" '"' ........... ~ ... 
•• .,, ••• tlo.ol ..... 
,....., >t >totod '"o Ioom lltot moOotlt p-;blo lo '"'1\y dtod< 
d ..... ho•O bo"" ...,,.,.d, •.1 .. on objo<t .. o "'""" •dt"'""""' 
-uto '"""""' modo!..tlii<IY wou\d bo to ;"'"" lhot only <lo<lota

''""' '" • ··~'"" - bo ""'""" ..... l••nrt• .. ~ • "'~'"" .. 
a,.... ''""P"'ot. Thi< ;., con!.,mob!o ""'-"' o1 olojo<ll
..-.~, ",.duoino "'' ""'"bo' .,¡ ""'""'" "'" "'"" bo modo~ 11 
""' 00 <!oooty con!;•INblo, ond "'""'· • not >0 u .. luL 

F;,.. .. •- eo~•·-"""' ... "'"' """""" .,¡,,.., .. . 

o ""'·-·' ""'u'l• ¡-"'--------¡/ ,< 
""""'" ·"·'· o¡,•'-' 
··~·''"'- • ..Qt-"""""'""'1>11 -~-~.;.t-
"'~"'"....... ,;¡--.... •' .... ,...... ,F 
"'•~M,.ab- A~S1R.O.CT10N .............. 
'''"' ... ,, .... 
""'"' unoloo. 
........ 1>\ .. 

o H,,,..,....,. 
loo; •....-• ""'.,."' o con-t ;., ''""'~';"i "'' ""~'"" nOob;<'" 
"' '""""'"' by ,,.,.., '"' "~"' "'' """'' ~~ oomputo< ,.,.,.. 

~~~~~ 1~< llhllnl 4u<fibinf, bo..- 1n< <•· .•. •• u·""~ 
10 control tho eomp~\Cf. 

• . ' 
Th< ifllo<ptet oticn of th< fundorr.<nul 1'' u;;c\0 i• < :<ar\r 

hishiY (Onln\~f"'lld<n\. lt b alw <nllmat<l~ ll<d 10th: 
netion of ]1/(f~r~hi~ol d«<mposirion-tho widc!y ••«>&· 
niud phono,.non ef putl-..holc t<htico.hipo. A purpo• 
b compo .. d of •ub-puti'O'«; 1 medllnism h•• mony P"" 
"'hldl "" <hemoel•<t •ub-mochl.ni~ and in i<MI>I, th< 
m<chanism luelf i1o ottly 1 pan ef wmo oup<ND<<hanhm, 
<1<. Thc ~nmeotins phenom<non i< thll bath lht p>l!<ttl cf 
th< fundamtnul pro<.U ~nd pan/-..ho\< hieurchkal 
J<btionohiJ>' m"'' be <mploycd in all llp<<U. cf .,¡,,.-,., 
<!lin«rin& p!&Ciial. · 

Gi••n lhat p111/whol< hlewchial d•<:<>m;><><ition pi'Y' 
1 • pe1vu1.., <ok. th< fun~omont al procrs• in!e!'óct• fll1~< 
""'" U.. vuious princip\., and ¡;oah of >Oftwatc 
cn¡in«rin& U depicti:d iD Figun l. Ft¡UI't 1 i< OU< 
fumewo<l:. fe< di•cunin¡ !he nalute and i..ueo ohofh>aro 
en¡inoerin¡. Ci<u\y ln <xhauoth-c uuiment is not por.siblc, 
bu< thc «maindtr ef thio p•p<r is int,ndod 1o •how how 
the •uu.:tur< of Fogure 1 de« yield ;n,;~ht into lh< lh•ory 
and p11<1i<C cf <cftwo.re engineerin¡. By way ftf illu•l11li0fl, 
conlide; tht fcUowilll uompl« {Figureo 2-7) uf how 
ptincipl<o, gools, and procn. ckm<nt• interact: 

figu.-. 3. C<o""'pt·lo-<&\\oot;o,.. 
"'"" ,, .. tlh"f. 

• 
• ldonlil'fi"" onlo 

.,oduto too¡..,. 

"''"''"""'~ o od>odut;n¡ po!;CI' 
"' on opoootlno¡ 

"''''"' ..... on,plo Gf tl>o 
ofl~t 0\ÓlO 
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o Hoo;..l d«;d,~ o o"'" poo•.ou• ""~" to, o<hodu\•og. '"'con-, 
"'"'el o tob1o-0o)o.-oo ..-o<lul,., wto;.,. '~'"-" ,.,.o<!ufoot p01o<Y 

lo o''"''' """' "'"M" tho """'""'· "''" "''"" "'o -·'• ..,_ 
ooodl\.,~lo. T"- •- "'"'•""' "'"""" ll>O oolo o! hó .. >o<hy lo 
.,.,.,.,.., tho p•..c;,oloo, ooo<o, '"" p ,_,. ,,.,.. 

,;..,,. ¡¡_ ,..,...,;,...Hi<f ..... 

• 
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........... ,. ............... '''" P"•"'". •""~''"'"'"' .. _.¡!y 
-M"'""'""""""" lho ...,_ «o ..... nO oooioblo;. Dul gt 

.. -. ....,..,. ,..,.,. ...... ,;, ~Nblo tD oooily "'"U. o

......,,.,..,- ;.""''"""~·~d '" dnoluomw ••-001' 
,....,, ... _ ~ .......... ""laliOft ..... IOIU< "lio~i .. "-
................ -! •• ..,.e;ty .................. .,. .. .... 

Tht<e cumples cm only ierw 10 U\u¡Uate tht uyle of · 
•ppro>ch {Ofl a pir<UM baW) u.eo:l IO~makc lhe ¡oal>, 
p~inciples, and parti of the fundament.ll proc<SI ul'!ful ill · 
4<Kiib<n~ ond un4crs!onding upecu o( Software engineer· 
if1t. The foDowing section• di>cuu the hi<ruchy, goalo, and 
!"'inciplOIO ID <r<~re specifie ltrrm befare - opply them 
}olnllji In an extended eum¡>lc. 

' 
Hierarchical DecompOsition . . 

Th• pri.cr<S of d .. elOpinJ hltmchicalotrucLute majbe 
•'i<W<d tr>¡Hlowt~ u IUc:Ct"Ui'ely lmpo•i.ng incr<ll.inJiy 
o¡><rifw: oonsuoinU"" tht form of on ultima\< ..,]ution. U 
D)" also be Yiewed lx>~ro,.up u su~oeuwdy uploilinJ 
lht constrai11U at1Á1td b)llowcr lewh. Aro unokmand111! 
<>fooftwarc en~ llH in undcmmdina thc a,trraims 
ndl <n¡l:lccrin¡ ac!Mcy pboe• on llQ oth<!I--<=.J., hO>I' thc 
desi¡n coow•illl !he lmplomcntatiotl, md how th< 
impk..-ntation posoíbilitiH confl"in !he de>ip. n.. 
prottu of hi<urchl~Uy and itcra¡;vcly lmp<>>ins con· 
11r>i11U oppropriJtc 10 thc ono\pll, d"!¡n. <pccifintion. 
ond eodm¡ phuu is "·hat o,mifou thc prlcti« o{ 10ftw:>re 
<n&in0Cri!IJ.. • • . 

The proc<SI of hicnorctlkal decom¡><,.ilion lnvo\vcs both 
:.¡, '"•lysil. and r;ynth«i<-both takln¡ ap>rt ond puuinJ 

i"lCther. Whilc onc d•ocmpo•"' 1 1ubject by rcoognizing 
• thc di/lt~/11 sub-porn of which lt ;, oompc,.d, ene muS\ 

also p>usc tD cuminc tho o~<<a!l dccomposition and \cok 
for >imrr,ririt:J amon¡ thc lo"·<r·le>·e\ con>titucnn with o.n 
•Y• toward rccompclin& coll<>tions of thcm into lu~cr 
~<>nmuots. Foi cumple, purc decompcoitlon would ncw• 
ruult ill r<c<>&nizin¡ oubroutln<l thll are ncedcd in 
><pJrat<d P'"" of thc dco<>mpooit•<>n . 

. For a ¡.i\"cn prnblcm therc are many Mo<>rrec\M 
dccompo>ltioa., and ti•·on a llr¡e cn\lc.,ion of soluliono to 
J>lioliti>< •ub-pr~blcrns (< t·• 1 .. , of CPU in<aucticn<). 
ti,.,. IR rmny wireot <;<>mposilion, .. hkh ..-,u ool•c 1 

lÍ'<r. problcm. Timo, "-h<thn OM i1 <Il!>$•d in synlh'>i• or 
>n•I}"IÍI-. wmpo!.ltion <>< dt<ompo>IIÍon. the .. l<ctíon of • 
~t~rr•ct~ >oluti<>JI mu>l bc bo~td up..>n >OIT.C o•·o:tid>n! 
<ri1<1il. 11.'c mu11 try lo ..cloct th< n"tO>t doli<>blc >Olution 
frcm the set O{ CO!I<CI lO!U!Íl>Il1. fcr thil re>>On W< be<IIl 
flr,¡. in our cl.>bo!ltioo of 1ht the;io of thi$ p>p<t, -by 
•w.oi~<rio' tht goa\1 of >of:"">l< tn¡IM«in¡. , 

52 ; 

,.,. .... '· 
• ho ........ 

ti<>n "''"''"' .......... ..¡_ -"' "'"' -·-"~''"'" .... 
• oll ¡,ut~ 
' ... _,,., 

P""'"""ts ... d...-
.,..,..~, ... --''"'"""" ,...nuol •-'" ...... chono.,;.,. "'- ""''o~l ood ""'"'""" 

o , A ., ........... ,.,_ ""inot ... o P'OI""' k><Ot;,,. dio ,;.,p;pr""' 
al~"" o O"' C.\",.,,.~,,,. u ..... ond tliO<•Ir( "''"" ~ ,...., 
"ID , .. '"''" .,.. ofl..-u o\ potoM•o\ d>ontK. 

The Goa\1 of S<>!tware En¡¡ineering 

Th~ •kili wlth wltich ,.. can opply ongi.-ccrin~ mcthoJ• 
ltld tooU wiil dcpond on the d<goee In ... ;,ich we h•ve 1 

dou and procise view of our objocUve•. !n 1he r<alm of 
ooft""'" ens~neorin¡ our nbjccl\vu wm 1lway• be 11>i<d in 
1Uml of duircd properti" of the ro•uhan1 sof1""'· four 
proporties that are ouffi<eitntly genua\ to be •.:«p<td as 
goob for !he tntir< d•sdp\ine of •ofowaT< cngin<trin~ ue 
""'d'["' bil• r¡.•. t/fid< ll(y. r~/iQ b ilit y. an d u n de m"" Jc bil ir)'. 

The iO&I of modr/14br1ny i• hi•toricall) the most 
d!fii.:uh ¡nal to muttt. ModiflabUity implieo ~ontrotled 
th!nge. in which "'""' p11U OJ llp<CI! rem>in th< <.am< 
"'hllc olh<rllle ahcrod, al\ in.Judt 1 way thot a d.,;,.d ncw 
ttlu\1 i> obtaincd. Tht chafl<lerintion of ""'m<n<'-'~ or 
ÍI\Hrim<:< may be vo<y subll•. lfld thc <ffe<n of chongo 
w.ay be ~atd to prtdi". Thú m>kcs the act>i.-~m<nt of 
m:>dilhbili•r diffi<lllt. Modifiabillty is aloo diffioult to 
••hi<•• be••,. chln¡u occur for so many ~iiTcrentt¡ p<l 
of r<>OOIIf- Foo enmpl<, in transfcrnng •<>flw•ro toa"""" 
compUlcr ot n¡orutin¡ f)'ll<m, Lt is dcsü<d to koep 
inHrilnl !he \o¡ica! offecu o{ the <y>lem. ~miling changu 
only to the r.cccuor!ly maebine-dependont aop<:11. C"bngcs 
lf< ilio t<qUi«d 10 remo•c cuors from ooftw.,c. lO >dd 
M"" cap¡bUitiu. o.nd tll lmprll"" o syotcm·• pcrfor ma~<e. In 
~<nerol. difle¡enl approacbeo are """"""'Y 10 "tisfy the,. 
diffcront typco nf modifi>bllity. 

.\!n~of,.bility r<quio« not cnly the abiLity to ho.·c an 
•<'•rllble, ovolution•<y dtsign, cntploy 11and>rd.:Ud 
"'r'""" buildin~·blod<>. tune fm pcrforman>e, etc .. bu• 
•~<o 1he more ;ubllc abilrty 10 maintain project <eh<duk< 
o.nd buds•t• by allowin¡ dummy tUl modulnto be u<ed u 
drt•·•n b<forc ¡.,., p>m of a •ystom ••• prcpattd. <t<. Th• 
,.,,;.,¡· of .. -,ys modif,~bility affccn sof1 ,..,,. enginecrL!lg " 
ono of th< l<>OOnl for Si"in¡ ~ a primory rol< in our 
di>""";," choft wa,. tnJlne• Mg. 

A muc!l-abused tn•l i> ~f[u:i~!!Q'. u•u•Dy b<cau" in >n 
"'"" of ,.,¡ ¡, u prematuoely p:rmltt<d 1 hifh pri"'"Y in 
<n!in«<inl tr>decffl. Blllln\ lr,.ftocicncy c>nnoo. of 
"""'"· b< tcl<r>ltd. bu! 11$u1Uy dfrciency quo>liM> '" 
h!>t tr"ted "ithin the a>n1ut of o1h<r ¡.,~.,. for 
no:nple. ocblo•in1 1 hi¡h de¡rce of modifi1~ilny cltl 
pro"dc t!lc bni> fcr medlng •fficiency goal• dmin~ th< 
tunin& phue of "'ftv. "" d.-<lcpmtnt. In •ddihon, ;n,.'bllt> 



rtfit<llfiF • m~" unified ~ndersundifl& of 1 problem ha<e 
fu ""'" io•pact on tffieO<ncy (Y!a abrlrac1ion ltld 
llfliform.ty) thu1 any amount of b11 h<iddlln~ within 1 
fauhy 1Uu<111>1:. In JODtrll, nttpt for tilo ki¡hnt 

ptu.-1 l""•ls of 1 dfii¡;n: ~re ,ross U..tricion..-y 
<¡- _,;...,, nur pby dominont rolK, lile etriciency &oal d0<:1 
not dolll!nat< lhe pro.:~t.:o of sofrMre tfll;inu<Ln¡. . ¡:;: 3 

. R~lillbiliry ls 1 r:>li much ill wpe lod.ly. lltlisb~ii)'LI _ 
m.at both pro~nt failure in concepUOII, drsip, ud 
co~<lrucu •. 1, u well u "co""r from faDural:i op<ra1ion or 
ptrforrr.>na. Unliko efficiency, whlch froquently is 
prrmm11elr applied, reliobmty is more oftn conold"ed 
roo late, 01' not 11 ..U, in mosr software de1-rlop,...nt 
offom. RrlUbnot)' >'U! only k bu!lx ill from 1111 sutt; 1! 
=ot !K 1dded on ar !he cnd. Hena, roUobillty hu a 

11 _l"'"'~_ll., 111<! nucill cffcct on ooftwa~e ensin .. .,J 
pn;tiC0'1. · \ 

1 

The fLnal fOil whi.:h •hould ncrt a mona ltiOuenc:e la. 
all ll¡>"'U of soflwaft on¡ineOJin¡ 11 u•lde'lUmdab/1ity. lt 
dop<nds, of couno, on th.c intended oudtoncc:"technical, 
m:¡.oo¡ornont, in u..-r. Noto in pani<ulll that und~m~nd· 
abll!ty b.·not mm!y 1 property of lo¡ibUHy. Muct. mOr~ 
im;-onantl)", the entife conccpt~ stt~W:tuft ¡, involved.. 
Aho, in an)" f.lvm cirauilstmcc m occoptable l<vd ol 
lltllentwdabilll)' ritbc:r il Of is 1101 pmenL Thue 1s no 
mi.!d!o p<l:w!. Ahbo\ISll"unokrS!211dobillty ls, 111 Utll$<!,:0. 

pr.-:eqttistu to reliabDily and modifiabRlty, 1t is also 
imnonant u 1 ¡oal in il~lfbreause il dtaws oltonlio" to"' 
im;><>runc banier to undemmdabillty-compluity. Man
·~•r:lmt of «omplnity ls 1 crucial upoa of wfiwut 
ond:leo,in¡ methGds.. .o,nd the need to manl&t compi<Xlty 

; from tho 1oal of undemandability. The only woy 10 

" ,ovo the ¡ool of undeutmd>bllicy wllh re¡ard 10 211 
inh"ently complu: l)'otcm is lo lmpo,. .o,n appropri:lt< 
"'"""'* and oo¡anizatlon on the ly>tem. The u 0ucture 
mw;t br represent<A in 1 clear· notalion that pounia 
"""hanl:al tr>n1laton-e.g.; compn<rs. ttC.-10 b<id¡t !he 
PF b<t""·,.n tho ICiual system >nd "" undemmdabk 
ropr<Smllllon of h. Thus. •chinin¡ under>tillld>bility 
dootnds U much upcn the softwsue en¡11teotin¡tocls '' on 
tho methods. For enmple, whcn compilen do no! produce 
a::optab!y dficien• codo, a=mbly l•n&u>¡• rnay havo to 
br u .. d, 11 • <::<>ot in prognm unde.,tand>bilily. 

Tlle Principies of 
Soflware Engincering 

Tht pnncipla of $0(hn.~ ~ngin<trln& .... u we 
men1ionc:d eulic:1, modulariry, Qb!,f'~ctlon, Wcoli,on"on, 
J:j,;¡in$. u¡¡ifwmil)', comp/e/em:u. ond ton{umobility. Thesc 
pn'leiplet app\ied In variou< combinotion< within 1M 
fur..:!ammto/ prouu wi!l work to produ~o hitrarchical 
de<ompositiútU v.hkh ochievo our sool• durin¡ aD of lh! 
~oCLOUI pho>t< of software deve\opmen1. Th• hieurclucal 
do:omposuion of 1 •y»em depictltho <::<>notuuonu of th< 
~-.,,m orpntud into 1 1Uucrure by th< rebtion>l\lp> 
•=nt tho" con<lituentl. The abo-. """ piln"p! ... 

o .nd tn combi:1otl<>n, "'" ""d 10 del<rmir.: and 
JOI tho .. r<!.tion<lúps. They ltt u>td «>tnmUy u 

.lt::'.;ivn alter u to en>u:e that lh< retuhin¡ ¿orom;><"<iuoo. 
au ... ns our ¡o>l!., md thus eoch dub with 10m' upoct of 
L';o "\oticn<lupo-i.<. lht intorf.c" aroon¡ tho ""·""itu-
rnu. · 
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~lodularity Modul>dty &al!. w\th ;:>toperlie: e~~·-· 
vchieal $0(two•r nruc:turn.. lt hu b<tn ¡ivtn ~""'--' 
~dinilions. Somo:tinl<"l it has boC"rt deftnd in term.. <·• 
<obj<c:tioa: • • 

"!One ob¡tcliY< of modulu poosrammina illo be oblo 
10 ....,-.in« oOH<lfl of 1ho cornctoua or 1 p<cs.raa 
rnodul<, Jndependea11)· ot tho contut or lu .,.. ia 
bttildin¡ hrp1 units or software." (Rdereo<" 2.. p. 129) 

M~lodullrll)> d<noles the abllil)> ·te, combl.n< ubhraty 
p10¡ram module• i:t1o !>rpr mod~l<l "W1thout !<no'*'" 
ed¡o of tbe con11ruc1ion or tht modulos.~ (Rdorei'ICC: 9, 
p.H) . . . 
""Modu!11i1y U nol ... simp!y the 11bitr1ry d.iri<icm ofa 
larp p<Oiflnl into •m•llcf parts 01 modttles. "Jbc 
ptirury JOII, .• lhould be to docompc" 11>< poOJUin;. 
<ucb 1 WIY !bol !he modl>lcs are hi¡h!y i:tdopeodo:o1 
from otl< onotbei.R (R.Ccrueo 13, p. 100) 

Modul11ity ls more fo•qo•ndy deAned Úl l<lms of 
muctural properti<s pm"'ssed by Mmodu\.uR ~y~tems: 

M A propom i> modulu if il il wtitt;n in man~ reiativtly , 
irulopond<nl putl or modules which havo weU-dofrnod ' 
int•rfo<d lu<b that <>eh module maitu no nsumptiODfo 
1bout !he opontioa of otber mo4ulto cxoopl wbal Íl 
contain<d i:t the inlotfoce lptciflcll.iolll.- (Rtfor<I'ICC: 4, • 
p. 1) • 

"Modttlu!utioa co~lilll of dividin¡ o pro¡rom into 
lubprosums (modo!<"<) •·hich C&tl be compilcd sep._ 
ntdy. bul wbicb ""' conotttions ..;¡)l. olh<l moduln. 
••• A dofrnilion of ··~ooc1.R modulllri!y mull emphuiu 
the r<quirem<nl Lhat modu!tl be n di>joint as pOI!ibi<.R 
{Ref«enccll,p.l92) 

"A modu\u prognm il 1 pto¡ram 1h•vln¡ o bicrarchical 
<trucluro!. (Rofuon« 1; p. 34) 

""Modulu prosummin¡ ;. the or¡>ni<inz of a complete 
proJr•m inlo a number ol 1n11D unlto ... whcre there U 
a "1 of rul« .. hich controlo !he chantleri>tko of thow 
unitt.. (Cited in Rdercoeo. 10, p. 29) 

In gene11l, rnodularity il ciled :as ~elpin& to impro>-. 
softwOlc <eli•bilrty, h:\pin¡ to 1Dow multiple us.e of 
common do~gru and prO&Ilml, and holpin¡ to mili il 
"'""' to modify progums. Mol! d"~u'llons of modulllit)' 
focus on on< or another of !hose obj.cti>es >nd olltmpiiD 
"PIIin why cort•in muotunl cnn<tr•lnts make thf 
111oin menl of thc .. obj<eti>"<S .. ,le¡. 

R...thtt th1n !.<l<<:t any on< objecli•t as th< mo•l 
lmponont one, o.e propose 1 1 genefll unifyin¡ definilion: 

)!od~lority d.,h with how •he ""''¡~,. ot" 1n object cu 
m•Lc th< 01Uinm<n1 of wrn< P~'P'IU euloc. Modulllri:Y 
U P~'PO>~f~l W>~nvri~ 

Hon«. tht ptindp!e of moduluity is n10de conortl< by 
<>phinin¡ how cernin ronmainu on the llructure of 
<; st<rru c.a.n m a k< it .. .<ie'r oo harder to achieve s.om< 
purpose. 

for eum¡>lo, ,..!\11 -;ort of otnoc1urol con<tt:oinL.< 
fatihUI< modrfi1bili1y" effidency! ..,J,obilíty! lmposinJ 
•u<h constuin!l on uructm<"<" tt.t •~•ene< of >pp!yin¡ th< 
m'dul>rlty plincipl< in ><tft.,art <n¡,..cerLo¡.0•' f<» 
<"mpie, ¡oto·ff<< prop•mr.~in¡ forus pro¡runrn<rl 10 
m> l. O up!ic11 1t,0 condition• un.:ltt "'hkh a ¡i>en <lll<rnolll 
i> "ecutod. 1nd thi> c.:r.n help enlutt undtrltrn¿,bilit)' md 
pr<><nltnura. 
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Urnroan R:f<r~nl Punciplt. Thi> pnndplt, opp!ied ro the 
ror.O<"p! f<>r rr .. rk>n "'P of rh< fundamonul pr<>>tU. yl<ld.J 1 
<~n>i>!<lll -l"d ..,.11-ddintd '"' of O<miR!ic COM<pU lhll' 

«111 Po ••r••••nlod with 1 ~nifcrm srnuL A unlfcrm 
nomioul ')'nln is not pcmibl< lf lhore is no 1<manric 

!tifouniry undorl}·inl !he nouucm. · 
55 

Compl<lon ... Complerenni U 'ob>loull)' an lmporrant 
pnncrplo. Th< purpo .. ot Ibis prin~íplt rs ro tnoure thll .:0 
!he <<~<nli>li of 1.11 >bm>C"Iion. for n>mpl<. are •~P~cit 
Z:ld rhar nolhinJ <U<IIIW hu b<tn omil!ed. Thb doto not 

_ ,.qulre rhn nocy t!rtaO M oho,.n-moroly thu rbe m of 
•bntael con~pu oorv1 t>'OI"}" do u a. ApPlied lo noulionll 
m>.fl<n, o:cmplerenns Jtquueo lhar 1 nor.üon pnwid<s • 
moltls fot '">'inl ~·ecylhlnl !hit o~ •11n11 ro· s.ty. 
Ccmbined with 1bollloalon, 11 lmplies !h11 1 ncrolio;Q 
~ould b< conciK, J'<rmlllinJ lh< IUp¡nt"Uion of inv11i1nf 
dor:UII itl favor of hi¡hliJhtin¡lhe por<ntWIY dlanF•blt •. 
Compl<r<neu combinrd with uniformil)" ond •bm1crion 
ar.d. •pplied 10 lhe roll uf efficltncy •U&Jt<ll r!ut 
P'Ofl'~m""'" <hnuld M >blr to <l'l..CI diJTerent lmple· _ 
rr.•ntarion m<_dliiÚum 10 run~ a sp!< m"• performa.nce, but 
.,11hou¡ chon!inJ the form of 1.11.!' subroutine can, for 
~x.ample. A notalion rhar do.,. no! permit thi• purpolO! ro 
b• •dlie•-ed ;, incompletc. 

Confinn>bility Col1flr mzbmr¡· is 1 principie thll dil<ct• 
-lile<> <ion to med>ods for f"~ndiJ>! our, .. helher ltll<d goab 
hno bren 1;:hie~. Applied to design i11Ufs, confirmabitiiy 
roier1 IO lhe suuctutin¡ ofa SY"'"' 50 Ir u· rndiiS _ln!<d. 11 
11111.5' be pos<iblo to slimuhn• rhr conuru.:r•d rvsrcm;, 1 

-~!lolled 11>1nner 10 In reopon .. can t., .,.;luared f01 

<<IMU. Applic<l 10 noiarionll manen, conflfmability 
o .. <anJ ohll 1 notltlon should •<quite t~plicil •P"ci/kition 
of connr¡iriU tlu.T affect 1M comctn<lS of 1 dc<i¡n or 
imple""'llllllon (•.a~ dtu didu1tiOno th11 •peci(y llfiiO 
of nh>u' and- \IJllu . of •~lur u •••U "' ....OOC of 
repr<oentatlon). App~cd 10 •lu: pracriee of software 
cnpneenn¡, ccmllrmobili¡y rtfen tÓ rhe use of sucb 
motl>odl 11 rtrueturcd a11ll:·throuYll of designs, rfOI«s 
progrornmina.'* and other m<lhod• lh>t help ro on•ure 
!ha\ norhln¡ has been o•crJoolced. 

Tht principio of conflfm~bility Clll bo reali.zrd 111 many 
u .. ful forms, b<>th 11 entiroly .ma.nua! pto..,duru and 
rt~ngly aklod by th< tools ond d>u base of o so!'lware 
en~!neerlnJ flcillty. Con. in kind• ot l)"p< ch«kinz ond 

f <on<incncy cbecl:ing r<flea th~ prindpl< of confirmobUtty 
1pp~<d •o' tM des!Jn of pro~rammin1 l>n!u•p• 111<1 
compilen. 

Compleren~u ond conlirmobilil)' 11< tuilr confustd. 
For ouinp!t,ln tho-'lnuoduction. '''' pr<stntod <xompT" 
lllu"ratill! rhc interaction b<t"' "" not>tion, compL!ltO<Il, 
and rcUabillty. In One of th< .. oumpl"· ,.., nored thll 1o 
<nou.-. compl<l<ness ot <>se <tor<mcnr con11ol 1 pro
ftomtn<r lhould M p<rntlu~t! by lh~ '}'ntn to 1puify """ 
<hould lupJ'<n ..t><ll a cu< <latcm<nl •-..ri>bl• ¡, out of 
ra.n¡:e .. ConfirmobUiry applied to lll• s.tm< ü.su< wou!d 
imply .a pro¡r>~r oltould b• ~qui•d 10 ,,. •• whal 
lboul1 happcn. Of munr:. ,r he !..no .. ·• lhal oul-of.rang• 
., '" not p>t<lble, thir. 100 ""ou!d M Hpr .. •iblt, to 

implemcnrarion omcien<y. In ~ort, th• cvo!ution 
ol com;N<Ioneo¡ 10 .. tisfy conr11mobilil}" rcqcirn !hill 
orhrnr.ist ob<eur• impU<>tions k ll>ld< ro ""o"· in Úp!lC"It 

'"""· 
68 

An E~ample of 
the Framework's Uti!ity 
•• 

¡ia'<liiJ discussed !he o::>mpon<n!S o( thc pro,:¿s>.¡;,,.¡ 
principie from<,.ork 11 cruter l<¡¡¡lh, wc now inlond ro 
"'o"' ho"'· rho (romrwork c:1n bt wcd lo 13in 1nd slnr"urr 
lnsi¡hll into llp<<U of ¡oftWII< engm«ring. By g"tving an 
ntrnded enmple, wo hopc 10 lhow thatrhc fr~mcwor\,. 
not mere!)· tuonom~c bul can >eli~<l)· Ulrsl in de~ in¡ wirb 
lh< compluitiH of soft,.-.re on,in<<ri"" ' 

Oar exomplo wi!j >hc!w bow th< fr>mewor\ C>ll help ID 
"'B'IIil< our undct<tlndinJ of lhe notion of 1 •tbroutino. 
Wo thoose this <-<omplo M<:ouoc, alrrmugh "subroutino~ is 
fund>mcnul to •of•"·are, ond. ~<<rns ""•11-undcll!ood, h i¡ 
abo on< of •h• mon complea concr<pu 111hon conoidtred in 
]!$ totalily. Firw• 8 •hOWI !h< ~n•rn ofthe fund•mcntol 
pro.;.,. 1pplied 10 rh• subroutine ccnapr. The notarioa 
pr<>postd " ""<nli>IIy lh>l of AlGOl 60. Orhcr noi•IIOI!I 
o::>uld ha•'< b«n propolt<lequ>Uy weU. The &sc:riptioo o( 
tho- subroulíno <r>n<"<p! !Q F¡gwe l h _Obviously \'tl)' 

pnen!. In panlculll", thc dto<riptiott of WMcclu.ni<m~ ¡, 11 
1"high 1~1 or obs111ction. 

_Appl)'ing hienrchical decompo;;itlon, th< meth•ni>•o 
IIJ'<C"I of subroutincs Cl.a be decompo"'d inlo I\WI 
leSl-abftra~r II>I!Chani<m< for lmplemontio1 thr subrourin< 
concr:pt,-o~ for bline sulrroullt, .. 1ncl uno for c"Jo...<l. 
oubroUI~. Th<n. the fund1""'ntal procr:u can be appUod 
•r•in with r<op<CI to thr~< m•=<h•n"tlm•. >l •hOW!l in Fisureo 
9 lnd 10. We ha•-. insrrted p>r<n!h<ticll commonnto lho., 
how variouo prindpl" and/or soals ue bcina .. ~. 

Con•ider no., 1hc clo><d subrou!ino, FirJT< 9. Ow 
d~•criplion holdi no swprtsr.s, for ~ •rr llib 11 1 h!¡h 
lc~•L Thr nolions of F,zure 9 could he rofmed in ..,.,al 
111a)'o, ho"~wr. For uample, rhere ~ atlusr lwo diuind 
kindo of 1ubrourirl• link.op mochanisrns: 1) Ji'tct bi•ko~ 
whidt 11 U>U>l!y oii¡)ported by 1 m~dlin• in•tnrcttoit Utat 
.. .,.., rhe re¡um 1ddrou atod 111nsf<" coiluol lo rhc 
subrouline:. body. ond 2) im!Uur lirr~•· a motha;,;,m 
emplor<d in AED implementalkms,' in whkh 1 
oubroutine caU !s lmpl•inented no! dir<ctly by tr>n•ferrinJ 

. control ro tho lubrou!in<, but indhctly, by tr>nsfcrrin& 
control lo 1 .,inh!•- iubrovtin<. The purpo"' or"tiris il ro 
,...., spaa: on m~chinoo for which <lock manl;iulalior.s ..-. 
np<nsiw and to kJcQ//zo 11 run-rlme 1U subroutirle 4lls so 
drffuenl linbJ• routin., con br oubclrilulod...., .g., o Íimin¡ 
~nh¡e t!ut B•th<fl itlform~r><>n obout how much tim• rs 
spenl In e><h subroulin<, 01 1 dcbug¡inJ llnhp lh•l 
p<rmiU inl<1"ceptloa ar.d lr~cing of ul4 by a drbuggi:lJ 
pod<•J•· This 1ppllc>lion of the loc.a~ution prinoJ¡>i< to 
subroutin< Jinka¡< h•s rh• odvontq< of m>king it ,.,;.,¡o 
ur'ts!y rho dfici<ncr roal {by g>rherin¡ tíinlna infotrnaliOa 
Importan! In tunins 1 oySlcm) >nd the rcll>b!Ury ¡oll (by 
mal:in¡ iJ o><icr lo track do.., bup). Furthormorc, whra 
complrx callint <cqu<n<-<• orr requlr<d bf tho T•nguqo 
implom<nta!lon, th< >hsh• nrn·time ces! of <nter ond !uve 
m•cro opooation• )'i<ld1 >ignific>nl srougo ,.,;ngs l~rou¡:h 
loo>lization and •harin¡ of !he m1<hine instru<llon• needtd 
fo1 uch r>D. . 

Thc c.otJ.-.r«urn conc~pt coo14 1bo M •~prr<a"J furrhor 
by díscu01in1 moro opecilic nomp!~¡ of !he <Ooctpl, in !he 
stylo of Fi$~•• 9, For oxample, thr "'"o( sud fromes 
{< ~~ I<C Jk(o .. nce 14) ""· th~ E!OrinJ o( r<lurn >ddre.,.. 
and olhCI informotion rol.red lo •ubroullne invoco¡ioq La 
••di oubroutino"o Jlo'"'" sp>co an bt cl>lifled by 
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"Similar• bu¡ no\ "'tho oarN" imptits that d\1 •,.,...~ portio mull be co!le.:tt'd In Me ploco, bu\ .;o·.~· 
bined ¡, uch eo>O with U>• "dillonnt" paru. Tho •oombiMtion" rnuot .,_ how the "4if/oront• •nd 
"'urN .. pitiO intor..c1. 

Tha """''" part Ílloub<OIItino body, loeaud in Of\1 pi- ond ,.terenced by Nmi.. Th• "difle,.nt• 
parts.,:o the actual Plrometer valull IIOoci•tr:d in t~ us- will'llhl wbroutine namo. The p11amoter· 
....,..;.;¡ mochani.m and coding o! tho tubroutitlt boctV implilmtnt thf: "combln.otion" of tha por& meten 
..rm .,.,;. bodv ,, coll 1ima. • · . . ' .. . 

, <proeodure •t•torNnt> ::• <proc:.dure idontir..r> U(<xtu~ parorneter>7111 

{

O E;~~~~> e~ .} •" 

~ , 1 <!>rocech.oro idonlifier> 

<xn,at param.ttr> 
• 

<procecluro dedoulion.> ··• l<type>J proetd..,.. .Ctdantifior> !l!<idonlifiOf>-"7] 11 ;-o .. .. !••"'• <idontir,..>;-;1 ... 

• 
. . 

-o ¡<.pec;tior> <idonlifii•>7'J--•· .. ... <.totemont> • • • • 
lhe oynU.o ond 5em1ntia. of 1 pro¡¡rolmmi.,g lon;uago do r.rw the conl<xtl h• ..nich procedure• can bo 
imobd. • 

, .. ,. L T..,. L.Ool fopiEot;o, o! "'• hboo~til'o con eo...,.o, 

"· " n.plidtly uprenin¡ pwpoR, con<:epl, mecliantsm, n<>U· 

enounous uvtngs in run·timo efficiency. V.'eabrou' 1 

uplo<" lhi> p<>~büity and «latcd OMI in more d<tail. 

1100, W uu¡e:• . . 
11 Ir. u .. ful• 1<> note !he dirfeT<nco ln.. w. "l'l>rpo .. -

compononu of .Flgurtt 9 and 10. Althou&h the ¡oals 
inMritocl by ci<"""'J>'sltion f1om Fl¡u.rc a are thC 
uiiiO-illlprcwt.tfrldmq-nol~ ill Fi(Uft. 10 thot inliDo 
... b!OUtinn" Clll ilnprcwt Or!kioiiC)' la IWO .... )'l: 1) by 
ol.mi:IIJ,IIn¡ "!brootiM a.lJ <>'lerhead ancl 2) by perlorminJ 
um.iD compt!IJ.ti6as""' ti compUt·llnw rather th&n al 
0111~, wln¡ actual puometer valurs. For oumple, if aii 
puomoten. uc eonaunn, ti may b< pow1;11e to compute the 
•"ib.J• of tho <UbJo\1\iM at compile lime witb eon><quml 

PutPDD: • 
• To '""" <poa by neouti"'l tht ume body of 

""""' with tli!ftrtnt po<a!TW\tr Qlua 

· Concepr: 
• C.ll-<eturn copobitíty h••n<fer controlto thl 

subfo.ni,.·s bodv. remtmbtrri"'l -...t>ert tht 
c:.al1 c:.ame froml 

M~onivtt: 
• • Sptcol'c colllng <e<¡uoncH, e;. • 

• di<tctlinkogt 
<\ • indirect r.nk.ge 

• 
A'ot.rion: 

, 
• No\ot\on fOf col\ <hould not btr ditlorent from 

n<>t.Uion .,..d to invoke intine <ubooutineo. 
(Nou thll \1\is i< on applic:.ation ol tho unilorm
lt',o prin<:ipTo, 1nd '"""'"'lO lo'ler p<ogrom 
modifi•bmtv-.1 

• '"'"''S. Q.,.,..,,;oo olu .. CI-~Svb<ou< .... Coo-<<pl 
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Fo< p\lfl'O'""' of iUumatlng the u,. of our propo;:d 
!o~•vok, bo-. it i1 wooth noUn& how Fi¡urts 9 >nd 
10 Mlp in eompari"l ancl conna1tinl two related bOJt 
differing lntorprototio111 {lnline ~'"'' dosed) of the b""' 

' . .. 
""'-' • To uvo tiini' ':,f otlminating col\ .,....mud (tho 

efficftrq goal); · , · 
• To uve uocution time by permittinv compne

timt <imnlilicoti.on of .. ubroUtiM body baMd 
lltlactual volu01 of p.arame<MI 

ConCI/pt: •. 
• The oubroutitll body il oub<tltul~d in ploee ol 

tl\e call, wilh act"'l ¡>oramotor volueo •ut>lti· 
tu\ed for for<ntl paromettt votua 

Mi<CMni>m: ' 
• Macro oub<titution, followod by compile·time 

optirniution; or 
• $,rnt~octic wb>tilu\ion, in !he wn...,lhOl local 

vari•bl"' doclored within tho <ub<outine wi\1 
no! b! foUnd to c;onfhct wioh ¡imilarly-named 
variable. in Úll o:o<>l<xl of tho call, u mliht 
t>1ppen w(th miO" O sub<litution lwhicll <><:cun 
Ol lholuicollo-..1 of a pr09f•m le~t). 

Nr>Ution: 

• 

• Should not btr dlffe<enl hom c1ll nctotion u•ed 
10 On....,ke clo<ed wbrout(n.,_ (Tt>io io on lppl~ 
cot;,n .,¡ tht unllom>¡tv princip~. &fld '""'"' to 
fo<ter P'Oil'"" modifilbility .} 

• 

' 

• 



.. 
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<ubrourino ~otion, No<t aho how "'" h1n applicd 1111 
inmt~ -·le (u•ino 1\ieraschkll decompo~tion) ro a\totnllÍW 
'"l~e' ;n~ and U> o.llem>live "Concepl" com~ntor;l' 

p>he<no In Fiturn 9 and 10. Thio rrcun.ll~ ~ppllatioil 
of th• potlcrn withi11 C<>lf1">n•nn of !he paucrn ls 1 
pr in~1\ 1\traction of U<in¡ thc framcWOfk for undtrlW'14-
"'I'"f!waro <n~ineering topic. in depth. . 

0\IJ mumuion so f11 app<>r• to impl)" that thc procua 
••poel of th.o frameworl< is of pa<>~nt im.po<llno;o, 
bet>uiO! M ha~• orpnized nur uarnpl .. prim.arily lnrcrms 
of th11 pmem. But u.:b of 1111 o;omponcnt• of the· 
r ........ ~.lr. u of equol impoou ........... .,lly.n Cl.ll be 
orpniud oqually ....,u in tc<nu of-&oat. Of prindp\t~-
1 . . 

Con!it,..bility: 

Pur¡XJU: 

Compluonuo: 

" 

To """''" errets in lorming o c.n 
arrdrt<Ctlbla.. 

Cistinguilh input ond outpul 
patameten.. • .·, 
u~ o colon ot a .. micolon to 
so;>orale input ond ou~S>ul o••,... 
ton,. o.;., flA.B:C.Cl ot 
f{A.B;C,Dl. 

Pro.ide indicotion ol_.,.., oxeeflo
tionsun ~ raiood. 

Seo below,' under Complltonen. 

Avoidun,.;e<:OS$1<Y drl!oronooo in 
lorm ol caU. 

Enwro clo..ed and inlino u\11 ha-.. 
úto oarnoi>OU<ionallorm. fThit 

"""""""'' n.odiliabllitv" dincliy, 
and elhci•ncv indi,oc:tly.l ~ 

•" To """"'" o\1 propon.;., o! wb

·"'""""'"'" rrllrctod in tho 
nolotion. 

hramote" o~ould b< both , .. dable 
and "''itubto; nototiom lo< oxpru• 
sing ,.,pon,. to ••cePtiont ~ould 
b< .. oiloble lor u.e. 

• For , .. dlwri\e poramt1<1"1: 

U .. pu nchlotion ID .. 01Utl 
input ond OU!j>U\ par amellf'L 

Doclo:o which por•moton 1t1 

Óf\put ond whieh art outp<Jt. 

lnc<>r>"''•t• bo<!y ol subrouti,. 
in proogr om ,. 1><.- i1 ;, rtf•· 
oncod "'ilOb•~ onaty1l• can 
do¡e,mine ~;u, por•metor•oro 
ir.put •t>d wl>ld>-are ou~put 
~~-9-. •• in AlGOL). 

• Notation•todut wi1h tho var~ 
~u• typo• o! ucc~lion ~onlf,. 1 
••onL 

57 ., ...... ,, 
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' . 
"' ~ndina 011 v.·hfclo dimoruiM 11 ud, the cmp~nb dí· 

be dr(f<r&nl. b.Jt'u•in! i.ny of 1M lhm =ponen\1" 11\e 
domrnalinz orpnizu>t a>~~~p! u nlid in •prl¡·in¡ rt. 
r .. meworlr.. \\'hich of tl1em .tloU\11 be uud de¡><n<h on the 
purpoll of the di,..uuioÍI. • ! · • 

To doi!IOMiflte the nlidlty and value ol' \ldn& one ol 
the othcr comp<>n<nli as the Otpnll.lnr; prindplt, M 
dC~.C<ibe in Fi~ 11 lhc noUtion ••pro;J ofsubroulioet, 
organiz~ in tums or prindpl<s t;atisf.rd by Vlriol;ll 
sub<outiM e•ll noutions. We ,..;n dis~uu ucb bri<ny 
bdow.~ - -

70 

lbc purp<>$0 of (On[~rm~~bfli¡_v .i apphrd to notatlonal 
maturs U lO <iuun that irnpor11111 proprrti<l of 1 

f>u<-__ _ 

Modulority: 

l'urpo~: 

T o 0.prfl.> .,..ty once oth-i>l ,. 
dundont information c:oncou>lng 
u~ptiom. 

A"rxiote handle• with lorg« wn-
tactic unit \han the c.ol¡lt'"LI. • 

Use noution wgg .. tod in P.cfor· 
enct 8. • ' 

To prohibit acc'"''o inlormation 
that >hould b< o>ailablo only 10 
tho ,ubroutina. 

U.. abmact data tvPI in dec!oring 
an actual oororno1or'o data tvJM. 
bulo mofe dltailtd doclarotion o! 
V>• formol o•..,..to•'• \Ypo. 

To pr..,~ .... ntiat pro~oni .. of 
c.all tn thl notation, lu•iiiJI oll>lf 
d<toilsto 0\1>11 nDtalOonol do.;.:... 

Tho .....u>od for hondlin¡¡o•ctp
ticno ohould no¡ be <:l""'ly t;n;.ed 
10 impltmontotion mtthodo; ¡ 
choic- of 1 varioty ollmplemtnla
tion t..::t>niqvn o~>ou\d no1 bl 
lo••cl<>'ed bV \1>11>0\ltion. 

U>e on imp\omontation-nou\ral 
I\Olation lor ucoption hondtin9-

To on>Uro \ha\ >Y nuctlc >tructuro 
lo""" oppropoioto¡¡ooll. 

Euminc impJCI of oyn\lx on go .. 
o<;l'li.o>em<nl. 

O>ooM thl JOVIAL mttl>od ol 
d"lifl!lui>l>rng inpu\louq>u \par...,. 
ot<<S ro\1'\or th.o~ o dtclorotivl 
mott>od, oinct thr JOVIAL nola
tion im~ro..• un<lorl1andrb•liry. 

f .. ~,, lt . .._pply~ 1 hO Fr.,..ow""'- oo 
$u1><""t;,.o Co~ NOU\ÓOI\-· 

, 

1 
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pbiOIIIin<'l intctfa« 11< np!ic:itly In a eal\, ll h·~·•-1 ~- ·''P .. •w·-~ - .. 
clt>< ...t><t~c! lhly h.,c 1!1 b«:n dult w¡th cor<•~- Two ""'''" lllo..,, lhl mb10ut1M ,._.., .. ,.,¡,, to •' • 
"""''" of • ••1l d<'"'"" panicubJ mcntion 01 coneepts for ob<trJr:t :a type lnfonnatiocl nceded fnr the '""'"·'""'. 

-J<)licvii'IJ thil. p~rpos&. Th• f'im 11 lO d.ittin¡Wib 11'1 tho die call. Thus dediraliono off01mal P"'meten. ¡,_.. .. ,. 
·· fl()!ltiDn of thl gQ whi<:b parametcR aii 'reod-Oniy (!.<., intid• ohhuubrouline)ueb•oken in lo two po.rto, and o:,. 

..t.iob 1« lnp\11. pw..,...tcrs) and. whlch ••• w¡ituble (•.<~ 1M abslriCI part ¡¡ m.1d# anaablo 'to \tul U!.CJ fm n... 
og~put paramcll:rs).'~f-tecond U. lO di.tin1Wib In thl dedaration~(e.a;.,teeRd'utnQt·l2} •. 
l'ot<" nrthe caU -ioll u"'ptlnn amditiON 1 sllh•o.illne ean 1'1\e prindpll: of Q/llf•ctla#t o;ombl!1c4 w¡th unifoun:t) 
oailc. '• •. •. ~ .. · 5 f}"UHII \ha! the notltiDA for deoUn¡ wilh ucepticn 

,;·!PUl Íl dcl'lckDt la t~at no inclicatioft;ol outplll· condlúON 1houl4 be tfllltnd wllb J<'P"'<:'I to •oriom 
.• p>JICICtm IJ 11114e. lll \hil, •npea JOVIAL ís tupe1iof, implcmcnutiort ll:chniqt•U for handlill& uccpticnt. In 
'.;nc. 1) caD · 10. 1 JOVIAL wbr!>UI.Irw, •-i~ f(A.B:C,D), . Rd«eDtc 8. • notation foc e>;ecption ~.and!ln& Íl p!epo!.<d 
·-o~>ou'uplit;itly lhat A ond. B = 111put fW"""UR IJld e lh1t c¡a be impk,.,nttd. utin¡ sutus '"&<;~blu. tctu.-u 

.,.. P 110 olllpoi\IP""""''cn.. In tllil cuo, !be JOVIAL codn, subrcutines pasad u p:>J>m<t<n. or PL'I OX 
··I).,IU: \$:m t:umple ef • 110tationd mecha.nism for ~onduioils as,imp\ementation rnothcc!> fo¡ ckolins with 
,ilapltnllindn& thb CCÍ1cept. /ul "'IO»>Ir recd. ~ oxceptieo., llcpcndin¡ on tht lo¡lcU connrlÍllU a..ociatc4 
{corul4<red ooltly from 1 ~onlhm•bilil)' n...,.,ínt) """'Id. .,.hh lhe •~«ption. Th• pcint illl\11 tht notal!oP <hould 

''b<"..-ady ID nquifc Iba! in the decWation Óf alub<oUIII1t. pennit a prog,ammeo te ckd with thc ab~'""' roncopt o( 
tbe klpul/o_Ulput 111/lbutn of panmete•s t.,. 1peW\ed.. an ucoption, withcut beirl& ti<d. d.own to imple,-,•nmien 
c~l<illY- 10 thl: roqul<emcnt Cu. be I:Mtb<l 11 detaUs until he il oudy to tune 1 sy~tcm. Th.i< p;>inl is 
"""'fi'•-~_Jmc, ~- unJfounity ~lh meN modcm ;>IOJ<llD' e:~~p1erod. in ¡tute• d.etail ¡;, the dtcd rrfct<r>a. 

'• Jllin& 1~~~&114et, V wen 11 erdinl.l)' En¡li<h. ml¡bt u y lhil; fiti1Dy, applyin¡ th< ~/Griry p<incipll: to notationlll 
:-·" tbt ";~ or JOVIAL tnl¡ht bnur be a M;"' lO fllf\hc¡ maoton ,~PCans uplorln¡ how \)le structurU_ con•hoinll 

-- in:>provc lb• unOontaridabill.ty ofhs 1yntu.. _ .. irapoood by 1 <ynln (:1.11 help te lchit•• s.ome purpo!.<. fer 
:-~r- ~ n:plidt~ladk:at>on of uO..ptioe·"'nditlcns lsa namp\o, tbc goal of wodcntandabiluy il tnhL~ccd by 
""":CIIIIlflrr¡¡abi!ity lswl iD tbat it p<:rlláll .. overset>u w1111 JOVIAL'a oyntu for d.iJiitl¡u!Wn& input and outpUt 

ICSJIOd 11> ucaptlncl coriditions te be ~octed. mDrC euDy. porunr¡ns, "" oppooed. lo d<clarin¡ "'-hith p31amc"'' are 
- ' We .. ;n d.§cu .. lhll coocept funhel: un<ler Cnntplctoneu. · lllput plflrn<t<JI but ROl 4lstif>auiW"' in lhc nn~ctu1o of 

-Al f!" lllli/C#_"'Iry, wellst mc1cty Iba concepÚhn itll!no !he oall v.-hich pa•amct'l il m input psrametn. Of counc . 
.... dOud S\lbfoutiDi, lnY(J(:I.t\ons should havt" !he sarDe 111• JOVIAL nonticn d<&rlk• modifiobili¡y. m that ~'>ouid 

·~. fCJ<illf-Th" enhllitcO modif~>.blll¡y for tw>in¡ (eff\clency) an irlpllt P•••rn<teo cwr be ch•~¡od to an eutpur 
~ I"'IJI!?le..-•hloa chanpn¡ a dccision •boa1 whtthe• te lfUI 1 p:u-amot<J, .U ca\ls wou1d haw ID be modifi•d.. ~>·h•«u the 
~ u~ied DI ~line wW nct then :cquife chanpn1 lec~ti<>ll inheront in a sopar~le dedautiOn of •••dl,.~ite 

.,.,, roet)'ÓÍI.-'·• ..... ,_ ~ • .. , - • . •. propertln wou\d not haw this dr>wback., Hum..., 
• · .¡ l.lp'l:r t>t>III,Dlr/ln,t, we a¡aln 1i.a:t tM conC.¡Ít that 1 . judgemmt is u .. d lo ma kt "a trodeoff d•ci•ion in rhi• Ca!.<. 
~tine\ ~!Ion ncuUoiÍ lhould.p~ fcr dellin¡ Th• poinl ia that !>Y conrlderlng the effeu of 1}-n,.cdc 

¡ . .' ·-!111 n.ccptlap ~t10111.. Thc purpose ~erved hl:u 1s no\ atruct"": on achicv•ng ~rnr J<>al. wc ha•• lhcwn b~w tho 
. 10 _,.. t!la! all CO~t!<"ns u• dealr wilh. approprtltel)' (u modulu1ty p<iPciplo applin to notatio~al i><u... _ 

. • b , conlh~bl!lty} '-11 rather to en101e tUl e .. ry In lhort, flgu,.. 11 ~ws thol 11 " •quaUy po ... bit te 
'· S ~ty of ,lb< lllblÍ>uline contcpl h mappocl ¡,¡11 1 ~1Jllli2t a clio.cuWcn ef aaptt;ll of the subtou<ine cone<~l 

-,. lUlllblc_netatioAforlnooldnglhatcapabUity.Theabilityto 111 '"'IJU of prtnciplcs u in l<rm1 cf !he fund.omcnnl 
<OQtiOI the ·~ 10 an ue<pticn is an Importan¡ upea J)Jocc..,Jpattem. {M an eurcise, tht , .. d., mi~l •on.ider 

• '\ of oubrout-.e _bnocation, and nolllien lhould be provi<led. "'h•t pnnc:ipln ore 1>tilf1Cd o: d<&raded by the net3ticr.al 
to.~ wlth iL _11tt confirmabUlry purpo~e ¡icthapo conceptofop~lonall!Jurn<ntl.) 

~ :>- • •. ~ 1 ~~ ar¡umrJII for as>o:)datin¡ exc<ptioo .. ,Th< ana1y<ll in Fi¡u.r<~ 8, 9, 10, ond. 11 il only th< 
. handllli¡ ,wi.tb , can~; but' we ~te lt ~re be causo it aho bcrinrun& of • compll:u: expllcat!on- o!." the oubteutine 

( >' •• U1illrlet., 't~l ·,.-coinplotcn«> piinciplc u wd. Similll1)', ccnecp1, but wr: hopo ow d>lCUuien ~~~ L'>o""" th>l by 
:_;. • inb'o<h>dn¡.the abiUty-'e ><>i&n.lo paume1eu 11 i ~onccpt r<curai•·e1y opplyÍIIJ tbe f••mcwo¡k, in cenjunction "itb 

"' "'&&Utod '."bl, .. \lle eomp1ctcnen principie; diltin¡uiihlrc. hicu.rchical deoompooltlon, ot¡anl•cd. L"d in,y¡¡ful oxpil-
. illpK, ond o\1\pul pl<amcleu In tht foom ofthc ca\1 (ll' ¡, 1 c>ti01\o can be devctoped 1C account for thc oinu•• >r.d 

J _. drclorbion 1;1 on applit•tion ef the confi•m•bility principie, ~e(aciencies of varlous "softwa<l en¡inecrin& putpo!.Cs. 
,-.; • be ea.,.. thil ,...u it coslcr to dc!<cl <JTOJJ ot cOmpilo time. c<>nccpto, m•chan\1ml, nolltlonJ, and "1111"'-

- 1'bo- putPn¡o' of bali:•rlon •• app\ied tD noU\ional · ·· '-
m>Ue~ fo.r .S.alirc, wlth n«p1icn' condLilons miV>• be Co,.clusion · 
..._,d'a. ';Wbtn !loo ume uoepli01\ handlcl U to bt 

_1S>Oriat<d ;Mth ...vetal caDi:>¡ poinu for the wno 
•. wbtoutino; .lht nolotion fet u«ption h•ndlin¡ 1heu1d 

. !"'•mil \he _handlo¡ to bc ,. riuen """'· rll h<t thon '«¡uninr 
~ to bc writttn u pan cf uch ca\L~ On• <<>ncept for 
':'lilfylng this pu1pm< ¡, le "'"'date h•nd1c11 '"itb lor¡u 
l)"ntoctk unlu or lut ¡h¡n" lh• ean i\ .. tf-•s .. ,.¡¡h 
"•ternontl, loop bodi<t, etc. Thh prero,.l il uplored 
l<:nl>er In Rd«or>a_ 8 and • sp<ct(IC Jyntu ¡, p1oposod. 

' 

.; .. 11111<1..' ,. '•, ';\ 'o 
' '" . 

" 
•• 

' . 
Oui inttnt ¡, thil p•pe• h11 bc<B to cons.oii<htt wd. 

llru<IUr< softwa¡c en¡incedn¡ i<lc11 ÍJI\c 1 cehetent ;nd 
ustful ft•mcwe¡k foo undom¡nd.lng tho 1olt th<!.C id••• 
pby. Th• pdnciples, 'e>b, and p1eccu "'P' ccmpri>in~ 
this fromrwoJk aro nct our inV<ntiono: thty t.>>< boea 
••cc;ni«d by c.ueru1 obJ<J\</1 of o<>ft-..')lt e<>~in<«ir.g f'-W" 

"rnlll)' yura. Wc hove mtrdy a<templed to pt<senr thl'-" 
id•os In., ofd<J!y and ,.,.¡1-ddm<d way. We do nel chita 
lo ha ... ..:lenhlicd aU tM lmpornnt principios e1 ¡o•h 

1l 

. . 



rr\"'nt lo softwar~·<ntineean¡;. but we are •urf cr !he 
lO".¡'<>riOnct of tlle on<l v.·c ha"< identifll"4. l''e hope that 
ott.ers will ftnd this irpruo,h u .. ful in botll ~nd<ntan4111& 
anj impnwing 1M •aftwore ~n,o;eorin, 1\alf or !he ltl .• 
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r~~ 1 
PovJioo T. looo t. h<>i6<0I ud found<f of 
SoiT<;\1., al "d 1\ 111 cl>><f 1Cthnic>ll<o4«. A o 
.,.,. .... ,;...,u. \no"'" outhonty oo .oftor•n, 
h< " rho I'IUI<'I of lh< Al'T S¡.,<m fe· 

'"'"''""' "'"'""'"'"" "' """'"'''n¡·..., ... u~U•d m.ohin< 1oo1>: 11\< J,tD L•.,••• 11>11 
. ¡' PtOJWl>m"'l Sy>"m and 111< Al,foritbmic ¿ .. , -~! 1 

'\; Th<~><Y of u"'~'~'' u .. ~;,• ir ;. ba..,j: ~J. St,<<ncd Anal¡ ~" o ,.,.. t<<hniquo l>ri"f ¡. 
U.<dtt<o;-hn<4 'PI"•"' oloorr~-.,. <"1;,..,.-u. 

to 11>< ""'"'' anii!Ú> ><<o: onol th< "'' Th<Oif el prob'lc,. 
mo4difll "'""' P•"'-!.1" • "'"'"'"a rl><ct<lkol bo" fo1 h;. o<hQ
ach;...moniL 

p,;,., ro fouodo"' SotToch m /ul)·, 1~69, ~"" ,..,. oo 1110 
Ro,.uch StalT of ll>o Ek<lfoni< Snrom• lobcii!Or)' ar ~IT. !<r>inl 
os H .. d of lh< Cornpul« Appli<>I>Onl Grcup lrom 1956 on~ 
lh .,., '" oo¡on\<ot attlt ponkipotlt ·"' th< P'ATO Son,..,. 

_["Jin<"Í1'C (o>l'<t<n"' 111 G:umlodl, C.<.,.nr 11~681 ><d Rcm<, 
ll,jy (1~69). Hio P'P'" ""' ><«1><4 pri.t<l 11 AFlPS on<l AOI 
c-onfo~tncu An o01l¡· ludu ia laiiP'&• sundotdi:roti<>n ocr;..;,;., 
1t< umaino.,. o<ln< n><mba- of th< lrtl' \lo'ot\inc Gmop< l.l oo 
PtOCRiflll' .. y...,Js. !.4 ... J.lochitw.Orl<n!<d Hit:h,. 1.c«1 
t...p....., ot>d 5 .l oo DI!Ct<l< lhnufocl.ri"" 

lolln B. Good<t><>urh ;, Pit«1o1 o! p,.,,,.,... ,f""\ "'"" l<chMlor> al SorT«h Ho "" b<cn lb< 
prtn"pol l<chtucol p>fU<>ponl 111 ,,., hn~u.,. 
deown uod"' ond • "''""' <ffor1 ,.¡m,. 

\! cb¡<<Ln< ,. .. , lo der.no '""'"' prnblcm< on<l 

d
• ..., lit< <UI< of 1~< ul 1n l>tllolfl'< pr<>«""'' . -L •«haoloJ> ond mod•l"'"l l«hno¡u .... H11 

._. cunur "'"'k r.,..,., ~• •~• "" of ..,,.,...,. 
q · j r<l>:abil><) ond 10fto.uo l<>l"'f t<cho>!u<i. 
• ~ o. Go<Hl<,..¡:;,b ... f""'""' itt<IIJ<j .. 4 

ynn wllll oa A~ Fon~ poycbolo$y labomol)' u o ,..,., .. 
m>thom&licllll or4 "'""' P'"l"'"""'· 11><1 1~ ) nn .. ;u. tho A• 
Force Com""n~ llld ~bn,.<m<nl Syl1<mt 11 il> [l<<lronlc S>"'"" 
o;.;.., .. a """cto morh<mal"""- Hor< h< • ., ;,., choq¡o ol 
<>ploralory d<'flopmoor pt<>pamo U< c<>mpul<l "><»«, "'itli. 
<mph"if. 00 ptOII>mllUnJ bi\JU'i" of>d IUIOmOlod piOJIO'" 
&:•olopm<nt l<rhniq""'" 

P•. Go<Hlonou¡h t<:<~d ,bi> PhD in Arr~<d ~h<hcrnollco 
(C~mput<t Sd<ncc) fR>m 11""'><4 Um•«~>r "'" • d""!l>lioo• 
dul,. "'"~ anal¡-sll >t>d ""'"~""" ol Pf<l'l'unm"" ,.,._.. 
l)mtn ..-.! v.~' ..... 

C. A. 1""'' h o op<riol>ll Lo <>¡><lOiinJ '1'"'" 
d<!il"- \Ofl.,.,.. '"'"'""""' ompl<m<nlol;.,ll 
!.oovuo: ... r~mwuo ••<hll"'"''· ~;,,a,"'"" 
rr<><r,.,. and compul<t """Ctl<<, •n~ 1) <1<"" 
''"""""""' ood ooolvn~ Ao DU<ctOI' or 

, : , ,-:· ~. Suppon S<>ll•~• D<"~P"""' al SoiT<eh, b< . r 1 • • > ¡, "'"""""t. for ~"''"P"'·""' rifono lor 
•• ;, «>~~<!<, """ <O"'f'~<n. ,_,.¡ intqrii..S 

/
' luppon ooft•"" fonlllon. &Od h" plflic~,, .. 

.,.. ¡., ll'< d"'"'-"' ol Stsu«•~<d Anol)·<ia, ,, .. ., • .r, ¡,.;,. ...... illt Th< ,.:,, .... ,., Ú!lt ~ ..... .. 
Compuoy'o Dou ,,.,.,...,,.. n..-n ., )Ion,. .. of Sor ... .,. 
At<bit<C''""- Ho ""o fcund<t- fotfMII)' S<O>OI Sto!fScicn!;. 
<>1' hcol>t ~)>l<mo C"""'"'"'"' .,~ h .. h<l:l l«hni'ol on4 
m•n'l'<mont 1"'•" ""b S'""" D<v<'lopm<nl Co'l"'rollo" l>Ct.A. 
Hufh<l Air<rllt Ccmpon}-. ond Spoo< T«bnol<>JY lab<, lnc {now 
1R\I'Syn<m<l. 

•lt>Ut< >crv«< for "'""' moolbo 11 h"d ol lb< C<nluoy U 
l><>:,n Tum .,hkh •" '"l"'"'"'lc r~, 1hc h"d"'>•cJr.,.,~.,./solt
.. '" d«iro of o ,.,. rrodu<t ''"' fa m~,·_ A> O.i<l D«irn<t, h< ,¡,., 
du<<t«< ltlf .oh• "' d<>lt><l> ch"l'~ • 11b P'""•<"' a d<>W• an4 
=rk"""'"'"'" pWt for • fomil)' of fourth1"""'oo• o~llirc 
oy!l<m> '"' .. p;<>" oor ... ..._ 

• 



1 • • 
:. P'·"!N r- .. _., '""' /3<~ 
l!,Uc \916 
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SC.fl\:A<.[ R'-l.l'•lll'o1 A>~ O[S!CM: • 
A S~·~HT 

'"" ""'"""' lfllhorol<r o! c.uro..,h, lnoloo 

Su...,ory 

'l'hi~ p<pec ~eqins vith on uuinatlon of 
the notuc~ of ooftvue <ellobllHy, not\1'1~ 
that tvo faceto o! <eliobll!ty koccen~us 
u~ <~bustne""l o<e oHen conlused. A b<ie! 
ourvey •• qiven of cucrent atto,.pu to 
!~¡>ron p<oqcoll correctneu ond deHlop 
oechanis~• that p<OV>de robuOlneu. SUrti~Q 
feo• o discuulon of the dhtinction th&t 
oi>Ould be (bat ohen i•n't) du><n be,oeeen 
duiqn ond proqca .. •inq, ..,,. ldentHy •ix 
tnodo In ooftwa<e Cesiqn that can be 
.. ~octed to !01poct oiqnilicontly our abllHy 
to achieve reliobh softwa,., The pope< 
oloon with o brief discu .. ion of the hpact 
of •<>ftvue dulqn outomotion '"' <ollabil\ty, 

~!!_uct~!!.~ 

'!'he ever~lncceasir.g up~ctHions ond 
nuds of let9~ 0<9oc,\>ations ar.d the advent 
of la1ge, c:hup »emolies h.. hd to <he 
cuatlon of n~•-hrgH ln!oc"'atlen syste:ns. 
Ono of the ceoulU h .. been Ho di•cove<y 
that >'hile o •~•ll syste10 eould o! un be 
thor<>U9hly teated (o, oll pcaotleal pue~c5n, 
h19e syate"'s of lnto<oetin9 h01dvare, 
u!twore .>nd pecple eould be tendO<ed us~hu 
heeoose o! untellability. Si neo the physic:al 
ar.d eeono11IC eonseque~eu of ln!o<:oation 
oyst .. hil~<e aay be ve<y ;¡, .. ,, int~cut in 
to\ia~ility hu gtc"n aloe. 

h "lth systus of ony kind, ve O>uH bo 
coneorned with both the ecm~~nor.ts ~~ the 
oyot.,. and thelr lnte.acuono, AHd>l~<l 
d<0i9nou haye Ion9 been eoncNned liith 
<~liobi\ity ond, jndc~d. ue abh to ccute 
~·'9~\y celiat:>h h•rd.,a<e, '!'he HH• o! t~e 
o<t in softvoce i• =ucn len •~••nced •~d w• 
u• enly be9!nnlnq to und~<•t~nd the iu~u 
lnoo\ve~. 

S!nee softwace 1• the do,.!Mnt com?Qnent 
rto:o o sy<te10 eont<Ol stan~polnt, ~• "'""' Mt 
only underaton~ the int•<•~t!cn becwcen 
~n<ollot:>h hotd~oco a~d ooft~••• •Y"""""• '>ut "• h•~• tfle op¡><>rtunay of hproung s;stos 
••li•billty by P<Of'O<ly '""~tu<ing the 
ooft••••· Theu issue• oce •~•n le•s vol\ 
onde<Hood. 

~.o•t p~oplr >~tuit!vdy viov u 
<ol\oble,- soll>~<o t~•• d<><s '"'' fa<l \o ~o 
"~ot thcy """' it todo. ;;t,t•n ve ~ons1do< 
l••~• colhctior.s of p<o•J<"'·•• r~<h<pS ~•eh 
"llh •··oll ••<<><S, •nd c;tho< oynu ~l~.-t·nt~ 
•hkh con ir.t!Oduce ~<<<><S o•o< ~"i~n the 
Ooft.uo hu no control, out intuitivo Vlh 
••>< be o~lo<Q~d to cor,si~N ,,¡,~.,,. t~.H 

7S 

hu so=• ptoboblllty ot rdl!n9. c~"Pnt 
oo!twate <oliobllity nsH<e~ ~.u tvo ~•¡or 
Ucusts; 11 bohtrci~9 c~r i:.t~itlve vavs 
with uplid~ (an~ •ocotioos fo:~•ll 
dofinltions, and l) pr<>ud1ng reC.~>n 1 s~• •nd 
n:Hhcds or oüioivin~ celi>ble >O!t-ue. 

heous• software does not f•ll Jn ne 
HilO ""Y that o pieee of "·"~~••• 
!>olfunaicns, lt ls i~po<taM ~o t..,;,. •i<h a 
clu< un~erHandln9 of vhot is =Hnt by 
·soft,.ace rell•bllity.• Ou< survoy t>.en vlll 
connntrate on ~uign ~e<."ause ol tho c<itical 
rolo it p\ayo Jn b<ioglr,q to;ener the 
vorlous aspecto of •cfwate telt<bli 1 ty. 

Whlle lt contains lnfocntion of 
lnte<ost to o vi~er oudience, this '''"' i• 
pcimolily o SU!"ey foc profess!oo.a\s [!.oilior 
vlth duign ond 1ello~<tity In onor a<en 
vbo wish to ~now ,.o, e obout oof\wo<o ~·>i~n 
ond celubillty. Sp•ce proH~ito out 
presontin<¡ o co!OplHe sucvey o( tec~.o.:~~u 
ond lhe chong<n9 nnuce of the !>el~ "'""" 1t 
dlffieult te choou • ;>actleulat exacFI• on 
vhieh to conc•ntroto. Tnoteod, "" wiil 
prevido • structucol ov~cv!~w t~ot vil\ 
pocmit the rudec to un~o<St.nd •o~<. t•~lc 
concepts oM te then placo in pe<<¡:octiv~ 

~thot VO<k on soft>•••• deo,9n •nd 
cellability, 

"" f><•t Bpliei~te th• ~uc.inq of 
aliability an~ ,.ention scvuo\ ot~~~~,. to 
imp<ove • syotn's <~l:~billty. :r.!m ~• 
d~<e<!he th• .coges o! sotna.o c<~>Cion ond 
illustrote tho impo1t~nee ol ~·•·9" to 
telíobility, A~o~t ha\! of th~ <>>?PI 1s chen 
d~voCed te ~xploining «v~!Ol c~<tent L<~ndo 

In softvau dosign ~nd dloc"o<ic.'J t~oic 
i~paet on "liobili<y. Poss!~llic: .. foc 
•~tor:ootinq so~e o! u~ uchn!q~es ~~se'l~•d 
uo ~entionpd ond Hv~cal l•'"lY f~tu<e 
d~velop.>ents •<• di.cu~s~d. 

Th~ !i~!.~~! <.!f g>!S_>::~~! ~!l!~!_U!Y 

n.~ce ••• ,..ony dilfe<~nlO or.d o~an 
contusinq notions cf •<>fha<e •~ll•~ility ;n 
thP lia•o<u<e, A q"ick sucvpy ef tbe r•~•n 
he• on i:roportant c~coH cr.n!•<~nce JlC"S, 
197~). fe< unpho, "•ll tucn up ~•~Y 
dlff••~nt d~finitions. 'l'ho ce~~-". -"~es 
fro~ sc·;~r•l thlnqs: ~~ncern "''~· .i:•a<e 
Hlioh¡l\ty ,. ree~nt, a ooiH .ocv tofur. 
'""'" by ~'<O)<o.t."<><s) focu•,oo ¡• .. ot on • 
prog<<~• on<l not on tne !O<~.r con'"' '" 
·~i~h it muu ope.ote, aod sof'""" 
<•l•obility <loes in~P<'d cr.nsi5t of <"'''•1 
ir,t•roctin~ cr..~ple• hsun. Cor•rd 
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~oo•id.rH!on of ·-~.at 
• uJ;obili~y nn~ or 
.o be <ol•~d, ltads o• 

otUr• t.ne ><<liten 
the prfj~l<:a thot 

to the !Oilo~lng. 

The<e a<e t~o hosle concepU t~ot .oa~e 
~r "hH "" loouly coll <eH•bllity• 

Corr!S!~ - 11 pr09rU \S CO<Uet if \t 
Forfor~s. prope<ly the functiono t~.ot we 
in«n~ed and hu no ~r.wonu~ sido 
effecu. 

~~!>_u•tness- 11 progru lo <<>'>uot lf >t 
'iil!cont>nue te do tonth\n; , .. soooble 
>n the P<Hence of envi<on~onol c~on~u 
¡ouctl as ha<cl><orc tallure) ac.~ cle~u~s 
(ouch os bod dHal thot were not 
fouseen. In odditlon to co!>utness, 
tho te11•• !ault-tole<ant ond 
e<ror-resl$tant ••• often ~hd • to 
ducdbe th!o prope<ty. 

Cor<ectnen ls a ""'" no«ow concept 
••neo !t e efe< o only to lh opetotion o! a 
syotea whh nspect te condltlons t~.ot we c•n 
!ay clown "' od-.nce. Sinco Jorge s~stus u e 
e!hnioely lntln'!te in tecu Ot the>r 
poUible inpuu ond stotn, !t •• dur U>u 
•·• conn<>t <l~tecO>lne th e<>r<eetr.~•• ot 0 
"~"'?le• syste• tor oll ¡><>U!~le oOtuotioH. 
lt •• at thio polnt thbt tbo wtdet co~C•?t-<>f 
tobiiHneS$ ente<•· 

S<>flw8ra <elhfllllty •• we u~dorotond 
thon, connotes • pjoco o! so!twa<a tt.ot 

is cO<Hct .,jtl> <O$poct to outocl 
requl,.unu ancl thH, funher. 11 obh to 
"ithuand unantlcipotod d<lllando •• weH. -.; 0 
will uy to un the tet11 '<Oliol>lht¡· fo< the 
cor&blnod propertiu of boln~ co<rect •nd 
tobuot, wl>ile <ou<vinq thooe taru fct th<it 
•ote opeclfic Monnlngo. 

Sou havo contused cotrectnou witb 
<oliabllity, Stating thot tr.e only ptcbleO> J.o 
to enou<e that prog<oms woH correctly. In 
facl, an lnco«ect prcg<u =•Y Hill bo 
conO!d<<<d tellable if lt !s <c~~n and 
p<evanu oteo<• f<OO> caus!ng o dls,no<, fe< 
•••:>ple, • P•Y<Oll pt01<a• IO!qht lnco«ecHy 
eolc~lota • llttle-uucl cleduct!~n ~~~h 
hovlng caceful chec>s on Input dato thot 
pcevont o l>ad input (ro~ cous¡,,~ 5yue~ 
fallu••· 

C~< < e~tnus 

Co<r~e~neu ls o pcop~<ty lih be•~ty 
that lo oHon ~ostly !n the •r• o! t~e 
~eh<>lder. So!t..-o<e aboH nuer tucno out"' 
~· tctally what <he c~stome< had in 10hd -
that i• why !o<ul opeci!icot!onl ond 
cont<11;U a« neecled. .O. cu"'c~u =•Y ~.-ecify 
ü.•t 1 •ystem '"ith coctün !u.,ct)eoal 

-------------
.u coteh l$ U.e ter."l "lnt<r-~ed," •1,-.ce we 

~on intend foc ~he soft~He to o~e<ote 
pcoporly •t al! thPS, Thh isn't c<ic~et, 
ho•evH, •nd al note~ b~lo~ ene ot t~e 
.;;urrent t<ends h t<> -,.H o~~<ot;onol out 
:r.Hntiono loe o p<c9t•t> so that !to 
co<<<'ctr.ess can be ;dq•d o.:cucotoly. · 
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pr~pe<tlu should ~· bu!lt- ~•"•·'" l<< 
en•><on~>ent in whleh lt .,;:¡ be ~'"'' ¡, 
cc~pleo and so Yell •nown to tOo ""'~o~or. t,e 
faill to s~e!l out "''"Y of tflo ü.>ngs tbt he 
ta~es fo< ganted. toe cescl<>n¡ systc:~~ oay 
tMn tu<n out lnccneH ~ hl•. 

For ou~pl.;, the uc.e;er ot an 
order-ent<y OPN•tion accustc~ed to t•Unq 
e o< e of 1 bcye< "o need, eHn if pootly 
Hoted, •·•Y !ail to oreci{y what octicns ate 
to be u'en by a co:~~put.riu~ •Ys~e._ fot 
di<•ct otdot entry in the n•M of (ncotnct 
input. The oystu cle•!gner. not ottuned to 
deoling wi.th custcme<s, "''Y bo!ld a systeo 
that ,..o<ks well as long u st•~~ord cot•log 
nu~bet5 ate us~d but ~hat prod~es • sooow~at 
<ude cospono if o~t-ot-~au n~r~ecs a<o 
und. The cesult1 o sy~t~co H.ot soou 
c~<<cct to the l>\lildoc, b<>~ woefully 
ln~ortect to the custo~o<. 

It lo beco~se of this po••ib!llly of 
•~bj<ctlve op1n1ono on the cO«ectr.e" o! 1 

•y5te'> that "'"'" p<ociu notions of 
corcoctnno ue b<inq develo~ed. We wlll 
cliscuss those o~proaches belcw as one of tho 
contcil>uting hctoco to so!t><o<e cel•obilHy. 

, llobuotness io conce<r.ed w!th 1u~lng 
prog<•ot• woll-behved )n t~.e face o! hotd·-.<e 
fHlute,- l>a<l inputo, une<~ected de~ands 
e~cn !nco<rect ope<•tion ol porto o! itsolf. 
1111 SO!ha<e ope<otn In on envl<on~tent ove< 
whtch th• buitde< of the software 11u little 
0< no contcol hocd""" h!ls. othe< 
solt~8ro inte<focod oto tho systo.~ wo<ks 
incorcectly, UHrl ptovido bod in~ut and 
ova<load the systn. lf wo a< o conc«n•d 
.,lth <elhb!llty, we "'ust "''"' our scftwo<• 
<obust so t~at lt c•n copa ,.itb sucb 
•ltuatlou. 

Coping noy "''"" tinding •ltotnotiva ""Y" 
cf car<yin9 out tequiced functions ,.,·u 
thouqh so10ethinq \s wconq. It "'"1 ~.eon 
notlfyin~ a hi9hc< outhonty tho< soc.olhing 
h w<on;. H al~ost ohays ~eano not 
P<op•qaUn1 the a«o< so thH p<<>l:ol~r.• ato 
contaln•cl ond ~~>t01t<oph• does not eosuo. lt 
~.oy rneondinding oomo woy to r•cov~r [rO~ t~< 
."1\alfunctlon. 

lt !o h•po<l•nt to suess tMl 
Co«ectnus alone is not odficient. ) 
pe<fectly corcect progcn tha' cloes not ch~C~ 
lnputs to r.:.~o suro t~ey ore within ¡onq• ~•Y 
proc~•~ to overw<ite vaboble f!)u. 
pro<!ucing hiqhly uMol>O~le oehov!o<. 
Cocuinly O p<O]<~ID "'uot be la<~ely CO{(ect 
before w< c~ll it <Oli>~le, b~t thi• h only 
• neces•o<Y co~dit><>n, not a •~tf>CÍent on•· 
~~b·,.tnuo >S An eosentlol lngce~ier.t o! 
<e)iobillty, 
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,,, ¡ .~~ !.!~~ n<-o~l! 

'!"~·~•~ !1 a wtll~d~vtlO~Pd t~~~<V of 
,.¡!ot!llty In Dlhe< ~-O'JtneP<In9 O<e•• ]Lloy~ 
ond Lipow, 1962] "hich h•~ been ~sod 
onen;ive}y In the deslqn of eo,pute< 
'>td•·Ht ]Sh~O~Jn, 1~6·). S~verd 
1,.oo<cl>eu [Trivtdi ond St.oo~on, aH; 
""'"~el•. 1975] O< e H1.u,ptin<; 1.0 o~ply so~e 
O\ thue oo;oe <<lubility ~usu<U ond 
'"""'otion •~chnigut·l to so!tvo<e. lt ~ttould 
o. clu< f<o~ ou< di•cuBion •l>ove that ""•'" 
;;<Si~le ou< ~MNSto~dinq of reliobll>ty 
·~uld be q<eally <~fir.ed H we Md pcec 1 a 
•o<ucu of a sys:.e::'s ce\iol>i}ity, T~e 
.,¡ue of belng obh to Ut11">U a syHera"s 
!"lu<e relial>ility on U.e boois of post 
p.rlorr.>nce is dtac. 

Li<e mo~t of tho vo<- on oo!t..-are 
<•lio~illty, thHe focul studiu ou cecent 
<O~Ugh Ü,H we COOMt &CCUtoU\y OoseH lr-ei< 
"<ntuol Hcer.gth. <he hct thot so!t~oe~ 
<0-"•;>ooonts do not havo a foil~< e <He that 
''" oe ••l•tecl to t~.e un~erlyinq te<hnoJogy 
•~ tM """"""Y thH tt.e fallu<e <ate o! 
ru~•He ~or.¡>o~ents con be ~uc.s tnat r.ew 
•rp<c>ches "'"st L• d<veloped. f••on in the 
o¡¡<eqote, l"<oo·evoc, one con ••~dy ove<all 
fallu<e -<O\ es ond thooe "•Y be cel>te.S to 
•o!t•O(e ~ttuccme tn """'" c•su. 

fhose foce~al <P~<oachn te studyinq 
1<\,.~Hity .,¡¡¡ ce«ainly c<>nuibute to ou< 
•btlity o! c<eatinq <eliable oy,tems -•nd .-ust 
bo studied by ono seti<>usly conce<n•d ~¡,¡-, 
<oftvac~ teliobility. Ho.·evu, JUot •• 
lo<ul app<ooches t<> insu<>nq tho eO<<ectnes; 
0 1 • P<<>g<o:o wlll neH< M- abh t<> o<ovi~e ~• 
woth totally <eliable softw>c¡,, fo<tool 
l•foni•.•~no ond ~stimationo of cel!ability 
~o11 r.-u< be oble •~ cr.oroct~d•• complete! y 
~Mt ~• l~tuitv~ly unde:sto~d. 

:n this •ect!on we wlll in<li~.,~ the 
'"·'l~ of CU<rent offo<tS aihd n i"'p<ovln'ó 
·-ol<w•<e <eli•bility. 

Conit<uctive p<O~cauin; is a te<~· 
•;;li•d to any p<q<out.oq r.ethod t-~~= 
<:co.-;,ts to '"~duc• cotcect P<ocroms wit~o~C 
"'• uouol te~tin~· ond d•·bc.j:¡ing ot,oseo. 
''<vocur~d progr'-"~>ng, too-do.·n ~roq<•~~i-l 
.•: •",owon oM ~elly, l!I?OI, an<l occp-""' 
'•! í: · •ont l>'i<th, JS7J] "'" all c<.oH< u o :ice 
•;;<: >cl.u ct•l '" c,:-.y •~•t~nccs <•s~H ,_, 
;:"''"''' nn uc ~u»s:.o•i•lly =·"'" co«~c< 
'"" "~"' ,,o<luo<d >n lo .. o<qao:z•d ••t•· ~ 
lv·._, '<•n".ol ct,j"r:ti'e o! moH ·•O<> :n 
rr:;, .• ,-,,.~ .·.dM.Ooloqy i< to -,,, 
'"'•" "rin; ~~<e ""'''''""'ivo. f 

'''"" J is ü~ fi:cor thot i~ :~•··~~ \ 
to ·l•<mJoe !! a p<<>'J<>~ 1o co«•n,' t 

;;··~ ~nooo"t. T~''-'"• aoy '-''"~'"¡'~"".o~·~"¡-, 
·• <'11<-ct>-·~c.ot;-, of tooc 1 c.q ~'11 rcoc\t ~n 

'><e COff<.:-t P<~J<->-~- '~'O' >tic t~H 00" 
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~onuoto<• [Ho.,den UJ>), ;o•tfc<~"'"~ 
"'onit<><S [Stuc•i. l9ll) ~nd •ut~-"'"d ~"tioq 
sy.tno l6c<>vn, UH! • ol! Ml;> ~• >o~rove 
tut>nq. S~ec¡ah:od teotinq procedu«o fo< 
?•cticuhr cl•ssu Of softvu~ con •~•<> W 
d<vel<>?~dr •evHal are d@se<ibe6 1n [h,al, 
191)). (Hettel oloo p<ovi~eo o qo<>d 
classi!icotign of testlnq HChnlques.J 

"• with.'-"<>n<t<U<Ct1ve p<O"l<•~,.i~q. neny 
tuünq Hchniquu ond tc"lo oa in the 
do\•elop"<ent ~uge. T~us, lt i• otlll 
u .. ntlal in mOH shop• to H•• so« ü.ot 
P<<><¡<U>'e<o use •<•~~"'" ::oa~uol te:c_,_,qcu 
fot ~ootinq jv•~, -rusd, HH: T<!¡:~ell, 
l HJ). 

Pto~<am ve"<iC.cotion tecl-.n!<;'•• l:onJo,, 
HHI o<o b•s•d on "'"~-•~"-•~•! p<ocf 
p<oceducu anoS olfet ttte o~Hc.to:;~ of 
¡;et~ittinq us t<> p<Ouo <!·.e co«<eo:-•os <>f a 
p<oqco~ wllhout cesoHing te t<Hir.g. 
Stríctly spuUng, p<oq<o"' ,-ecificHlC;-. >• • 
p<c<:US o! p<cvin~ matheTO.Oico\ly vC.e<c.o< o< 
not o p<09com "ill !ul!ill • !H of 
uuct>on~ abo~t !to ope<otion o·!toc. it 
tetiOJ~atu (•hieh •• t<ebto<l as • H~ot~•• 
ptc~le::o). Tite asH<tions or~ o<~c;-;.~ ~" 
••pr~•• out te~~icer.•nts {oc c><<~c~ 
ope<Oti<>n o! th~ P<<>Q<arn so Hot by ~:ov>c.g 

the pcoq<all o~•Y• the as.ettions, •·• v!ll 
h•ve pcove.S •<• c<>r<ecv.e•~-

u,..{O<tunately, tht.te aco two F=~bl!c-s 
~lth this ~ppro.ch vt.ich houe n<>: boer. 
ontHely ovc<Ccft.o: Ficst, "• tooy ~ .. e • 
~ht•h in stot1n9 V.< o<H<tions oo t~ot 
ne~ th<>u9h t~e P<c9<altl ,. sOovn tO ~-~et 

the.,_, "e =ay havo taihd tO c•P'"'" o~< 
intuicive u~dds"to~dinq o~ c<>t<ec: o¡;o:o<!orn 
lor ne p<o~<am. Secon~, the ;:coo!s 
tl"<u.selv•~ "'"Y be qulte co~.plicoted ,c.~ t-c~s 
ate <>pen t<> e« O< i! ~one by "·""~ 0< a< o 
bcyo<><l the teoch or cu<<ent au:o~•~ic 
<etho~s. 

Tl"<e unde<Jyinq <O)ionce on ~-n!te:!li~•l 
ceosoning, howevec, is dosoly tied •.o <!te 
o<iginol notions O! cons,<uctive pcoq:n:<;og 
u put fo<th l>y 0\¡>stn (see jr<e•~-an, ¡s~;. 

p. Hll fo< '""'" dücuu!on). Cce ""' 
d<volop ne . .sso<tioos b•/o<e o::u•lly 
p<o~<•:n~.ing ~nd th~n '"'« the P<<>9''"~ to 
ma<e the o;sertion~ tr~e. A 1•<9~ ""'"'o! 
c~ 1 <ec.t <<•soa<cl"< i• oimed to~a<d doq!o;H~q 
p<oof techniquoo )bottt lo<m•l •M ~~~or~ol) 
ond to.r•<d <le"el<>Ptnq pcoctica). <><<"'i"··-~i.'9 
la~q~oo¡es thH !ac,litote ouc!l p<o~~•- -:-•_;, 
resu<ch ls too ~•tensiv< t<> <e•·ie.r r~ce. ~~< 
con bo c,~.,cc~d to p<ovido s>Onl!;c•~oh 
i.~¡><O"ed ~•thod~ O! cbtoininq "'"''l'""' c~.H 
o<e co>«ect (le. He btc>de< ;e.-.se of -•e"cq 
ouc ··~""'"-'"""• n<>t only O<J< lo<.~olly 
otated ··~~""~-ents). 

A .,jJdlo groHnd Lct~o.~ cc·clet•lY 
fctc>l pt~'l<O"' p•ool '"'),e.;<¡oo$ '"' 
co.cp:--t•lY r>c,.ol o¡:.,o>c;to• u<H !~•~•l 
CO<:)c.<q•;<> c.:~~ '> p<é<:t•,·•l ,-.1 ~-"~,.-,:~.~ 
•~oa IC~<.>d. •• n, ¡<¡;~, ~:-:>i, J<;~~l
'""" o¡>;•<oo~h c.¡ "~1\ pf~'·:~e ~• •lt~ t:-.e 
ooo~s to ¡:o<•oc• t.iqhly ""''""'- r<oc¡ro.-s. 
fcot •~to"-'.cd ~<01<•~ .efll:ooticn 

, 



' 

niques •>e Hill • lonq -..ay !ro,. bolnq 
, .tly proct,cd •n~ ..ost ~>onual oc 
u~>-oc·cCo-~otod !echnlquu ore not widely use~ 
too~•• cuy •till roquue o qood d01l o! 
eflort oo.d coce lO uu ;><o;oecly. 

T~'s br\el revlc" ol hchnlquu for 
coc.st<uctinq cor<ect proqramo uy qive you 
th i~presSl<>n t~ot no one hÚ nouqht •Mut 
t~e l""~;u until recontly ond thot lt i• oll 
still !>:•e~ "'•91C. ~'h!l<' p<O<jro,..,.e<l hove 
al••:r• trie<! to bu!ld cO«PCl ¡><oqcus. h il 
uuo ~~•t ••plicH concern wiU> proqra11 
coc•t<~ction tHhni<;.uu and tooh loe oidlnq 
t~• f<O~• .. He recent ond thH lor tho moot 
pa<t ve •« only beqlnnlng to utillu 
1r;roved "oUods. 

l~provlnq our ob!Hty to bulld c~<roct 
pro;rn• il o very general hs~. l~prov[nq 
ou< •b:l>ty lo bulld robust p<<>g<•"'• p<ovldeo 
a ~""h JIOU focu .. d qoal: We "'"st devise 
rec•.ac.is"'~ nat vil! p<"ralt oolwore to copo 
"''~ "~ote"@' une.p~cted occurroncu th<•aten 

• >U operatlon. Somo of the celiablltty 
~ecoanis:"" O< e <Oa"l1y no more than j~st ~ood 
pro-;< .. ~~-'"~ practices that ha"e bun ~sed !or 
fe&rs: · ct.ecn·>:::S, chectin; ol p~<uour 
''";u, dato validlty checks, and so en. 
!Cc~~enou;h"o !19751 thorou9h conslderat>on 

' .. ceptlon han~Hn9 io nhvont In thu 
)Hd). Wulf 11915) describes •~•erd 

,c~ •• n;su utod in tho Kyd<a <>Poratin; syotom 
to p<MCde robo5tness, bot feeh co~>pelhd to 
apologin fe< 11entlcnln9 the10 sine• U>ey all 
no,. 50 obvlooo. Yot, the ud hct is that 
"""Y pro;ran:liiUS do n<>t use such '"echon!SIOS 
ond He<e ore nally no ~ood "bandbcok•" ono 
con consult !or toc~nlqueo. Thuo, untli an 
eo:ylo?edic U~Hrnent of ce!hb!11ty appe"'' 
yo~ "'us~ lob<>cic~sly qathe< 9<>od "-<ciU.nhroo 
!<""- ü.e ~escripüono provi~ed by oth~c• or 
ello invont you< ovn. .. 

~~~·J1o<ltv (so~ fr~e~on IH75) p. IU 
ter dill.:iilroñ¡ providn an opportcnOty (o< 
l'?tovin~ <Ob~HMSS. 1\s ~aU ond po<ao~•••• 
oro ¡oa .. od be,vH~ f>od~les, t~o oppo<ludty 
ouo:o te checO the:o b<¡ainst upec.e~ vo!Jn 
and t~u• d~'""" pcoblus befoa H.ey 
<~r~pogbtO. Th>• and the follovin9 ~~.:;>.onh'" 

o.i<l~ •~•• are ohon colled firo· .. .J1s. 

~ony of th~ •«hanh.T.S d~ve\opod fo< 
u<tn~ systus secu<e, so:ch as c•~>billtln 
[()eonu •~d "Jon l!orn, U~Gt raC.ry;-··¡~HJ; 
olio p<<>vido inc<oued rel>aMllty. •~•n 
rosourcu .,. corefully con<rolled, lo< 
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no~plo, ch~c•• ol rosou<CO c•c~<shlp ,¡¡¡ oe 
petfor~ed. Thlo prcv¡del An c,>f><><tunity .:, 
catch erronooul (not just ilhgal\ systea 
op<tothn throuqh th~ dHoctlon ol >nt.rna1 
erro<S. 

A nc" Hructure ~~volop<'d specllicdly 
to p<ovido robostn~ss io tt.• ideb of ~~'-Y 
hlo~! ~~~nd~ll, )915)", S>,.ply, t~ls U 1 
oc .. no el ind>c~ting po<tion" of • syst~• 
"~ou operotion •un pus • dyna~1c 
•cceptonce uSl d~si9ned to d~ter<>lne ¡>l"<>per 
op•ruion: ¡r th• test fa¡Js, alte<Mte 
r.oans of aohiev>nq t~e dnlr~d f<'~uH aa 
indicatod and auc~~•ti~a11y tried. (T~Ia 
,.~chanin ob•loosly connot b~ •pp\lod 
eoe<ywhere unce ll oss~vu 1 CDI"'putation con 
be rouhdl. 

'-• stroctu<U prcvidlnq robo1<tnou aro 
d~·•olopod, tho tosk of ,~un; synemo 
<eilabl• vi1l bocoJOo corrupondin~ly easi~<. 
1"h• e<lticd roh of dulqn '" p<<>vld>nq 
ooeull rollablllty ,.¡1} <<'Daln, ho~evec, a:l4 
H ¡, thi• r.ctor that ve I">D" ¡,.ves¡,l~ate. 

!!'.! ~!!.!. Crealion ~~ 

Althoogh thec• "'"' many 
ct.aracte<i>otionl of the syste• desiq• 
pro:uo (seo, lo< ua~:~p!@, [Teict.roo", aHb! 
ond [YoU<don, aH)! "" t><lH>Vt thu hvo 
"ain &<aqu in the lite cycle of a plece o! 
softwa<• y<ovldo a qcod bula fcr 6hcussion: 

'"' sort~a<•t 

evontual use< o! 
need for so'! 
the n<ed · h 

a,.alyzed: 
solha<e thot 
••toblishod. 

•devolopmont 
the u:,. ti"'e 

of th• type el 
tbe.s~ noedo oro 

be ·0 (O<Ui 
be ca« ied out ot 

o<e pro~~ced. 

" 

deocr · 
a1on9 
<osourc• uuqo: · 
dovelop~ent proceos 
su;e ~>aY be ~o~.~lned 
and In many ln•cAnces 
~ooi;n sta;o In on 
;oe& bac- on~ torth 
•pecll>cotlono and 
d .. i9"· 

]) Deoiqn A ropcuenutlon o! ti"< 
•ystu is de•eloped. Thil npcuentatl~ 
ofan uuts H oeve<ll 1•••11 of d~tol. 
typicolly calle~ overoll O< ~ysto:~~ doU! 
~otoihd design, ~odul• deoign, ond •o ~· 
~ojo< ~•<U of the sy•tu• o<e detormln•~ , •. 
no.••d, lo~icd ,.tat;onohipl of control :: 
doca b<tween por U are ut~blis~.ed, AO~ , 

ope<otioo o! ir.dlvi~u•l pi•ces is detotalnf· 
T~.i1 r~ptenntotlon ~<•Y t>o cor<!ed to • l•~ 
o! d~uil app<~•i~otln9 ¡><oq<O:III, 
sto~ping Onort of ndn; all dedO>~. 
noroony ... odated "lth P'"""""", 
!houoe•H?ini ~.tul>, l~c•1 ~aU otcuct"" 

----·····-----·-

>)">'• 

'"~' 
"'"' 
•ho· .,.h, 
OC. U 

. ·~·' 

, .. 
., ... : 
' ,..: 
.... J' 

.• ·' ¡ 

. "¡, .. , 
'' !1' .. ··' '.,¡· 

"~··· .. ;,. .. ·." 
'' :-11 

•• 
"' . . ·) .. , ... 

... 

' ' 



' 

' 
" " ' • 

•••• 
ion 

" 

'"' '"' • 

r: . '. 

• 

• • 
p<<c:IH Oou, k~~·· ond $<> on,) 

.. P<<>q<oa;o.lnq, tutlnq 
lntoq< Hlon <>f plc~u 

pi«UI 
unuceunt. 
,~on;cl to 01oh 
1 ¡oec i t le otlons. 

c~eckout of thooo 
ond pe<!ouoonco 
<edesi~n, oncl 

•Y><u confotm to 

~~ 110\Menonce tvuythinq ofur u,. 
oyotn I."Tii\íSfii3•z locotion onc!. <epolt of 
~oQs, ·~~ltlon o[ luncüono, olte<nlon of 
HUtin<J functions. 

ll h i"'p<><Unt to polnt out that one 
o)<O<>Ot novet \jOH throu~h theH fivo otoqes 
•llhOUt bOÜÍn9 Up. U.e I;>OUndoriU ~ot~Ut, 
th•• ore onen blurud ond lt h uoually 
noc.su<y to !tu oh Ut,.een uvecal lueh. 

1 """ type o! lptelll, it "'•Y De neceou<y 
to ottupt an ~~~lc':'entHion in orde< to get 
"\locutlon cotlcal to 10okinq desi<>n 
Jocisiono. Fu<thec, moot hcge systuo v!Íl 
'•H uveret o! the oct!Yit>H undecvoy 
uoullonoously f<>t diffecont po<ts o! the 
<oto! syot .... 

the precise dollneotio~ o~d na;oin9 of 
•cttvltlu in the cycle lo unimporunt for 
""' putposu hero, lloH peopH hoH üei< 
""" ~t<~ctu< in~ Of the , cych "hich looks 
~ .. ically like thot preoent.,d above but .. ~.le~ 
••Y vuy slíghtly or uso dHh<ent ~•cou 
>ndigo~o~• te thelr o><n e~vlton:oento, !lofou 
considc<ln~. ~rondo in software dos!~.~ 
<ully opoc>hCatlon and do5i<¡n u out Hu~ 
•I>Ove ond thtÜ< i~>Po<a on oottwor., 
«liability, ..-e vant to dlocuss b<ieUy the 
nature of ~oftwore desiqn and how it d>!fers 
!too P<O'J<a.,min~. , 

DUI'l!!!!.:. Progro,..,¡ng, 

\<o wont te charocHdu the act;,tities 
•~ oolt,.oce dHi<¡n in o 9ene< al woy to 
<=?h>OIU thot "'" o<e not ju~t UH>ng obout 
P«><l<.,.m!ng, r;,st, confo!de< the seve<Ol 
••hvltlu involved in pro,.ro:<!ling 1t che 
!owut leve! tcodln';J!' 

-hvis!ng local ond conc<ete 
<eprosentotions for infc<moticn1 

-forting P<•cise olgorighmo fcc ~oing 
necesu<y p<ocessing 1 

.-HUnq <:ou of bo~~••eeplnq ~eto!h 
neco•s.itou~ by the portic~\at 
P<<>~r~:~~;t.\n<¡ systeo> ~u~ (long~·~· ploo 
<on-t;u •~~i<cc-">ont) 1 

-choosing r.o~~s. fo<,.ing oynucticolly 
<=o<tect l•ng~•9• HHt~enu, ond >"><in¡¡ 
\he p<C9<'7 )ettet. pec fect, 

ey <onúost, <ltsiqn, npecially H ,~ •• >0:;~ er 
1 <~~~~. Íl cc,,ce<~t~ with SO:O<•fiH d1t:.,ent 
•=t>v !ti OSI 

' 
' 1 

" 

64 

-•L•!<acHng the opo<oti~ns ·"'! ':u ct 
tbe tu~ siluodon S<> \~1< ''·•Y U) ;,., 
ceptuented in U.e syn~"l 

-deter,.¡nln<¡ prodsely "~·•• lo to l><l 
don• by the •<>ft~o<• "n<l•< ~osign1 

-estob'\sHng on cvnHI otooot~<e of 
the oyst••• 

-eotab!lohing !nur!ocos ond ~e!ln\u 
control or><! <late link,ges tH .... een ~atts 
<>f the system ond bH-.·~en the systoTO ar.~ 
othe< oyotuo: 

-chcolinq bet><een 
&lte<notiwes: 

-moUng hodeofh d!ctated 
conotroínts ond conditl~ns 

meet vuio~ reqdce,.ents 

by qlobd 
>n o< de< co 

•uch •• 
<elhbillty, 
u ••< -cento < eón es o, 

qen•rolity, 
o~d so en. 

Th~re han oooy "5Y of dis~in~~i<hi~'l 
the too•o octivitieo. l<hen pcogro~m>nq, w~ o< e 
const<octinq p<o~<omo (o!ten in •o~e 
hiqhe<-lnel lonq~oge\. We '"~st ~\n<l do~• 
<eptuentot\<>"-'> ond control ••o:¡~ences oo ü•' 
tM proq<o• ,.¡¡¡ eaec~t• p<oFe<l~. :.-;,oc 
desiqninq, ve ar~ dev>un<¡ <o~rese~t>~iO"-s =~ 
progruo, nct actual p<o~<.ms. C.ucly •t 
><ill b~ doinq '""'" o! the H"" thinqo in toe:" 
octi.vltlu "" "'"Y choose oomo d"hni~e 
control oequencn ~~·in<¡ ~uign, fO< u•~ple 

•""' detoile<l deoiqn of<en coou 
arbit<o<lly clou lo ?<<><luci~g co::?lo« 
P'"'"'"'"" ¡espedolly ><hen ~•ing o o.eucode
<ee belDv! . 

~noü.or voy <>f e;t.phuüln'l t~o 
difh<ence betwoon p<<>qco~=in'l ond d"'i9~ a 
to conoide< .-hot is oct~elly ptod~ce~ -- =~·•= 
h, ><hat i< en the P>ecoo of pope< p<o1"c•' 
by o p<<>g<•"·"'"' <>< o ÓH>9M<. JI. prog••~=« 
pce<lucu p<oq••~• at,d ÓOO·Jmentotlcn of n.o•e 
P<<>9<&tol, '!'he doc~mentHion i• nee1ed ·.~ 

"'""" the p<ogro .. o onclecotonclohle to h~,•-~• 
but it io n<>t o necuoory conditi<>n ~! 
eii&<•nce. Thot >s, the orog•o:t.o e>iot 
w\thOut tho docuHntation, t.he;. o•.Íy ""'e~:. 
><ithoot th~ d<.ocu~-enutlon, ~nd tndeed "' 
in>U~ct >o:ooone n~clying a p<oq<u to •qo ~> 
~be ce<le' fo< the final -wo<d on wb6t l~< 
proqr~n contoins. 

B~ cont<ut, "hen duiqning "" ptod~=• 
<ep< .. •nt•tions of p<<>9<•~$. T'·''' 
<~?<UentoU~nl :ooy be H<y ~~~h-level " 
detoll !•.9· on o.·ertl\ ~l.c>.-~o• ~'"~'" 
<ep«·sentin~ ~•)o< co~«ol-llcw] O< ~e< y ,,eH 
~e •cto•l P<09'•"'• !e.q. • ~•tace;• 
~coctipticn O! o progcoo> tt.lt h co¡;plrte 
e.cept for '"'""' ho~so< .. pinq detoiU). 

• In lrrceun, I'HJ vo cli><OtlOs oo~e of t~e 
te<hnicol issueo i<>'Olv•d 1n ~•inq o·J:h 
<ep<e•ent>tion•. 
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• 

thot 

• 

~ougn op¡><<>oc~~$. 
rocent yeuo. T~• 

o! lB" l2o<ec, 
proq<o"-.-.in~. 

well, Jn 
con ha 

te<·"• we 
TP.\1 

neir 
U7S) 

-;~. 

et sl, 

phos"' 

Ttlue on~ olher 
,_verd c:hocoeteciu!cs 

T">~tho~olog!U ~hou 
o! o gonecal ~ot~<e! 

- they stcunuce the 
procus so that ~i~ila< 
.. ode tcgHher 1 

<lec:l$ion ,,.unq 
decisions con be 

- they prov!de 
tbe desi<¡n 
•iO!bleo 

voriouo muns of roüinq 
ond iu proqruo 100<e 

V 
- lhey pcucril>e 10anoqueH 
or<¡oniutionol proccdu<es <o be 
lorqo desiqn projectl¡ 

- they .strou the no;<! fe>< o cleu 
Uotor>ent of objpct !veo os veD •• a 
cho< stater.~ent of the Msiqn ltsoH. 

- lhey mHch th ~ctiv\tiu ot di!!ecent 
phuu of U>e erutlon cych to for"' o 
cohec tnt ond hu.onious wnole. • 

" '""" <>l these t<et~odoloq\u ore o ponacu ond 
'.>o .. u e yet fuHy drvoloped. llo>'e,·er, •11 
of thu, ond otht<l as "'011, typlcallv "!he 
•o~e ¡,.¡.roveunt ov~r cotc~)etely · :d ~.Q<: 
-"u>od•. 

Th~ bp~ct ot o cohuent mcth~dolo~y 
<'o<>)<l be clucr Pcodocin9 • rellable 5ystoa 
,. •.n •ctivity thot "'""' be ·~<••d o•·e< th .. 
n~plotc creaticn F<Ocen. ~n~n tha'. "'"" .. • 
" <:o~¡>esed of ,.i>HtCh~d ttohniqun o.od .. oen 
'~·• OH< oH mo.»;e~ent cont<ols pe<coi' •o~o 
P'·Hoo te be 111iued üon prodocin9 :eLoblo 
'"!t~ou vlll ~. n .. t to if'?<'SSible, 
Cctuont ,.ethodclo,ieo cven:~olll' o!!ec 
'Olutions te these o<qonlutionol <:>~<es ol 
'-'"•<Ollobh so!t•H•. 

B<•o~inq o pre~<u o< syuu in¡o 
''"h• e< "'odules, io one of t~-e ol~o t 
<>napts in co~putlng; Vet, lt io oho one 
o¡ lho cu«ent tconds '" solt•·ore do$l.¡n. 

66 • 
Tr.e do!lnltion o( w~ .• t .Lc.HCt .,,:"~ a .-~.~~i
io now oun •• an '"·F<''' .~t ¿,,¡<;~ F-' ant~<. 
~IJls (1971) on6 othe<~ o<gu~ · ot.,cogly thot 
~~g~ento ef c0~1 ·~~uB ~r s~· .. e<ely ll.,iH6 
In stze to heHnoto ~r~~<su.-.dinq, h<nn 
[U72b] hu sc;qesa~ <"·•~ ~oJUIH !>e uu<l t~ 
~!de dtslgn d~r:uiens and thn. w10 111ust 
~odul•cla- ·• •rnu In ... ys ... ~ioll m•ko lote< 
c~anges In tho desi9n usy. Jt is elU< tho~ 
~odulorizauen is a r.oces>a<y cond!tlon fo< 
P<•~"tic F<<>~<U ••riflcatlon. 

>lh<fe .. , p<odeusly ,¡oJulo<izotlon ,. .. 
o!ten'si~~ly useJ to ti<eo• • ta•k into pi.,cu 
uall on<>ugO fe< a sb9h por son t<> "'"~ en 
Of Slr.o)} rM~gll tO fit inte a ~e::O<><Y •poco. 
~• no .. ue t!>ot :o~~loriution viH hove a 
"'"'Y <ea\ eflect en ou< ol>iHty to undusur.d 

•. and dul "'~~ t.~.c cocph•lty in a syHe"l. 
".odolatiUt><>n 11 j~st t.H lo~;omentat>on o! 
the "divide ond conoue<" approach to ptoble:> 
s<>Jvin<¡ an~ is UOIOn,iol t.o •.~cbnic¡ues !He 
c~.ief-p<09<~~=-• teu•· n.~•. it is no~ 
•~cpdolnq •~~• lf we de not <llvi<le ne 
sntu a~p<o;><iotely t~.en 1t ~•Y be rooro. 
rothe< than leso, ~ifficu)t to oc)ve tr.e 
~uiqn pco~le:os lnvolve<l. 

Kodulocize:io" )>as a vecy direct impact 
on p<<>g<l<ll ccrrec~"•ss !>y <tducing eo~pluity 
lnto manogo,~le u"its"•M thus reduc>ng ee 
cl>ane.. o! e<ror. Fu<ther, ~oduluity 
p;,ooi~s •Hlict<lo" of !o<mal ve<l!ication 
techn>ques te ;<o9ro:u s.nli eneu9h tnat tU 
p<ooh a<o ~esna~uch. 11 

The l.:opact on <obuHno"" can b~ geir.o~ 
thcough thc un O! eo~~o,.ents. S"'&ll, highly 
<e~ust ""'dules can he develcped and t.";en 
ceused In oner •ys<c~.s. Since they e<e 
~nown to be <eli•!>le. t~e tes< of produdnq a 
ne~ <elht>le sy<'n is <educe<l. 

1'. founh u en~ in ~cflvare deslqn, not 
yet so v~)l do'lelo¡oed l>ut co~elvinq • 1•<9• 
&lliOunt ol otter.,ion, is the use of fe<~•l 
speclflcations. Eotliec ve noted l~< 
dilflculty of usoss;nq the co«~ctness o! 
softv.,e in ::.o<ly i~s'>ncu b.caus" it is not 
elea< vhH tlle softvere is supposc<l to de . 
In <espcnse to """ so:oo have •tt<<c;>te<l to 
dovelop ""'" eo;lica "'Y" of specilylng tno 
gooh fe< • Fiooo o! so!t,•<e-

The f<oblu Stot•~ont !.an;uoge I?S~l 
us~~ In ISOOS !7eichcoev, 1971~! ls • 
lang~•qe !~< stating soft,.o<o <equi<er>e~ts in 
on uno:ol>i;~<>~s •n~ functlon~l "'onne<. ~o« 
!o,nl ·~?<<>•=~.e•, typically • us;n~ 
~ot.t.cmaticol lo.;c t.c otate <<<¡uiro:.~nu, 
t.avo boon t<ied ~~t ~ove not yet been t~<r.•' 
lnto ¡><a~tlcol tools. Thc oss~<ti~n 

lo.o1uo¡u te;u,., efton bosed on p<~dico<e 
cal~ulos) cHd to 5tou eor<P~cnuo 
osse<ti~n~ !oc ~se ;n pcoq<oto vlcl!icot¡on 
ace • ""Y e! fc<~olly specllying vhn J 
pro~< u is "'do. 

focr.os ~u d~volope~ o techniquo !o 
<ped!y>nq :oo!~les !l9l:lo] ~n~ t~is Hcnni~o· 
has beon cO~?led witll a """'~rehonslve desqn 

• 

¡ 
.i 
1 



.:rtho~o\O<¡y by o q<~up H SU [~obiM<>n, 
u- :o ntac~ • ~i<¡nlf>caM uud p<cblu 
H óU><¡n ot o •rcu< e operounj •1H••I· 
~ob_,,scn lH'H) odó<UUS üis rnt ce issue 
>n "'"'" dtto\1, Tho h<.,vlty o!'"" coe-'Oonu 
<>n thh l.nue are duo to the foct thot hh 
F•F•• h be[n<¡ p<es.nte<l at the un sulioll 
•• t.hh papu ond sllouU not be consuue4 u 
•n. l.nóicuton th•t 5~c>llcHioo ts 
"""''l"'<lont -- quita tilo contn<JI 

Tho prl•••r h•poet ol f<><~ul 
•?•CHic., Ion ,.¡u be on corcoctnen. llot 
<>nly ,.; l1 ouch tcchnlquu, ><hn fu<.thor 
clevoloped, , .. ~. tt ushc to chocx lor~ally 

1 ~h! Co«octneu ol o sy•U•, l>ut the 
enstenco ot clur ond uno:bl<¡unus 
specihudons ..,;u help focuo Uto olforu of 
tM ;leol<¡n.,s, resu1tin<¡ In dni9ns of bettec 
quohty, 

Pes ion verlflcaUon 

~ t<end only bo<¡¡[nnlng h thot of c!e.ÍI<¡n 
vo<iticHion. 'rhe I.Su h ~i~ph anoS In !act 
has hun p<•cticed fof '"""Y yu<s' \;O would 
Hk~ to un that o .s .. l<;n is couoct t>efoce 
~• tucn lt lnt~ the actual object. t>uio;n 

·'""!""" u• 1ntended todo tl'lh. But, they 
don t fully succeed becauu t1:1a co:cpluity of 
7<>•~ duigu and <>u< lnobl)lty to P<~dl<:t tl'lo 
'"'Ph<:ation~ of software desio;n dociaiona 
11otes lt >11posS!bh - to vc<i!Y deolo;ns vlth 
ony aecu<a<"Y usin<l lnf<>r01•l 11uns. 

'hc~niQue• that pec•lt ua to vorify tha 
<~«•<:tneu of a óuio;n vltl'l aoso oceucacy 
V>ll huo a o;<eot lmpoct on <e)\obllhy. Not 
<>nly will tl'ley he)p us to improu vostly tho 
co«eetnou of out soft""'"• but they r.oy 
h~l-p us sea tl'la cuulU of u< lous 
poahblllties bdou bullóino; tl'la systea. 
Thos_vlll pen•lt us to bull" in ,..el'lonl•"'• to 
!'<<>V>h cohustnus on the bosio of thh ""'11 
fee~back conce<nlno; poulble vulne<abillties. 

-~etacode te¡>reuntatl~ 

lo'• noted abovo tl>e i~poauca cf 
U;><Uenhtion In sohw .. e dul~n •lnce in 
dufo;n!n9, "'" ua solely bulldin<l o 
< ep<nentatlon, not the final objan. A vecy 
valuo!>h tnnd in ooftwo<e deol~n h to use o 
F<C:¡rom.~ln9 l&n9"•9e-ll'e nctat!on in "'hlch 
to up<us • software de•lo;n, Hpec\Olly ot 
the levelo of most óHdl. Theoo n<>Utlono 
He nuolly ~•lh~ o ~·to~ode oc ¡><e<;< o•· 
'ncciptlon longuaga (POLI [Colne onO Gocdon, 
19nr rcae.,on, 1976). 

'rt.t<a la no stondocd ,.ot 0co"o ot pcuent 
lindoa~. there ""Y nevo< be) but o:ost >hoce 
•o~.o Co"'-mcn fntu<c., · 

-otondaró cont<ol structuroo, usuolly 
li~ltad tD . tho•e conoide<ed 
"•11-otcunu<ed (do-"hih, 'if-then-<lse, 
cue, He.) 

-bl,ocl< st<uctu<••. 

-obotroct "oto ty¡>eo¡ 

bo 

-loco! ond qlobol 
po<o~ote<s< 

-condlticnols and.cperationol >l&te~ento 
uprund '" tn<¡lhh {pethps o 
<es u icted oubutl1 

-<<iulor p<o<¡<OT011ln<; languoqe ototnento 
oo nuded. 

Kon ~tetac<>llu ore bonO en Al<;DI-U or 
PL/1. They uoe the tut~ol stcuctu<e o~d 
cont<ol m~cunluo of tho b .. o 1ano;ua9e vhlla 
p~<mlttin~ moca !<eedoOI In t~• e>?< .. •lon of 
condltion• onO O?ototi.ono. Thio f<Hd011 moy 
<•n<;e feo• co:rp\noly un<ntrair.ed uu of 
Eno;llsl'l to hi<;hlY c:onn"olned u•• of 
p<eóefine" ond •ne<>onically n•=~~ functcns. 
P!<;u<U l to J pcovide 1 l><hf ~·~:;>lo. 

, ;,;:¡;:•!::¡:¡:•:•:n:put-cc~t.~an"l • 
~ ~ ptovide e«o< 
....... 01 

elu 
~ ~ \lnl!ut-cc,.mandr ·oFtll••o?en, 

P~OTECT ,pcotect, .•• j 

rtguco 1, Ki<t~-level 1\ehcode ;.epceoentotlon 
of o t"":>and D~c<>llet 

g< ocedu< e p< otee t l H 1 e, ovne< , UU< J 
b«pn 

chec~ foc po<a.,ete< vallditYJ 
if not vali" n.en ult vlth e<<o< code¡' 
iirk tilo <eail::¡¡¡;ln 
~ -~-

1\<;u<e 21 llio;h-level lletac<>de Mpusentotlcn 
cf ·Frotect• Co,.,,and 

ovne< ~ usec then u\twlth{'uu< ~ 
owne< 'J 1 

!! file \1 open then ;!!ltvltb{.llle h 
uoo·l' 

gH diucto<y !o< ovneq 
if nono then nitwlth{'owne< don not - . ~---.. ,.. " 
find U le ent<y1 
i! none then SH<etucncodet ·nh does 
- not e...-s-t·¡, 
ehe beg_ln 
--¡¡;,(\ Hle <ud-oniYI 

sH t ot u< ncode t • """" 'J 1 iñd-- -
<elmo dl<ccto<y 

~ ' 
fio;u<e 1: htülcd Hto«x!e for 

'P<otect' Co=~anO 

>lotaeodo uhs vltlhle 11>ony •f tU 
109\<:al dociolons conee<nlno; ccottol and "••• 
be!<>< e tU loweH leve) p<oln-~in<; detallO 
a<• od~~~. This permlts the dui~n<< to 
c~ed tha dHi;n fe< lo~>col <<>t<~c•~ .. , ~o<O 

' .. 
r• ~; . '' ~ ',·« 
'"~~ 

"" , .. ; ... 
·"· ",,, 
'"' 
"' • 

'" '•' '.,, 
'" ro: 
•• 

" ·.' 
" " •• 
" •• , 

•• 
" • 

i 
1 

' 1 

1 1 



• • • • 

llY olnc~. the 'oe\oco~e lo uuolly 10Ucb 
•::1•< to ~o~p< onen4 t~on 1 tu U 

. •r. -j••-1••· • u o~ e cepreunhtion. Thh· 
·:~·~ • 11 • ·•·,"et not only to ochieve .... 
-~,,::tn~ ... · bUt dso to osseu th• 

·;, ••• ~ •. •~"·~f the syotos. 

Bocouse t~e ~•t•coje hU the ume 

1uuctufl U 1 p<o9<o:<minq longuo9e, rooU 
frOpH lind it e>t<O=ely euy to eode fro• 
"" euleolly, th~ use of fiHICo~e ~·• the 
,uect ot pushlnq 6etolled deuqn •nd 
.,~u9'linq up 1 lovel >nto 1 trP<HeMotion 
;,,at rodh~otn, <nhe< thon h>nóe<o, 
,,..,nin<¡ eo«eet •M <obuot pcoq<ns, 

' ~Jco"'O~ !!, Sortwuo De~dop~ 

., ...• On o·¡·.pe< uvord yeoco HO (Fceo!lln, 
J91J}, vo poioted out •evecol -..ayo in .,1\lcll 
oof<waco des>qn coul4 be ouqt<onu4 o< 
avcomated. -rr.ooe qenetd lpp<o.Chn, lf 
«alioed, .. oul4 ·hdp vi enhanc• the 
c<\!abllit'i Of syHUs in "~YO si .. ih< tO 
-.~.:« c<uc<ibed lb~ve. 

'··~'hile t~e p<i1fl&<y pu<pon of thio pope< 
·,,··not to dlscvu cl•s>qn OHOmati~n, th<. 

··~-..• tu<e of th .. eoting {o< vhich it "U 
p<op•r~d Dokes 'it op~copc lote to conoide<. 
oc ie!\y woys in which oof<wue Msígn can be 
rutOI'&te4 o< ovg~::en<ed, fu<the<, eost vovtcl 

- •. •¡ru that och>ev>ng r•llobl\ity of both 
•'YP•• ¡., complu •yste"" "'ll require 

oo<¡nnution o! ~"''"" copabilities. 

:·,.__ 
•-"-

Uve< al oc o u of · sof<,.o<e cluiqn vltb 
•:-<"da! ce\eva"co to achiuinq celiability 
<t.ot c0<:14 bondlt q<Utly lt..- ntoruted 
lldl .... 

PcocHsln<¡ of ~!J,ontation, "l'he 
ilei",qn"O! lor<¡O syste.u !ñVOIVO:~ a !ocge 
a!>Ount o! info<utlon. Desiqnu s shouló 
be <elieved el bu<4enooao cle<icol 
duttes on4 thei< ~ctbtiues ..,honcod by 
olroph oi~s ouch u c<o•s-indo.inq onó 
oyntu check!nq of óuiqns, !hll vil1 
pe<mit them to focus moce on the c~ntent 
of tho 4eol9n. 

.. ~;¡¡;:::r: ~¡~:~ l::i:¡::;: ::¡:~!~¡¡¡ 
pa<o~ete<s be to rrau 
su< e thoy are set up to Mndle those. 
po<o,.ete<o. Functiono o< dou 
H<uctures v<e~ in one po<t of a dHign 
•u•t bo s~<Clfied eh<~Hn. fh .. e ~-~4 
C<hot QUCitlOOS Of -~~pletOC,0$0 .n~ 
co~shuncy can be cho<:Ked out~~otico\ly 
In •·•ny inston<ces, 

~~-~~!.!._!_~~~ ~ ':!'.!!~1'-~[!!~~' nosi~n iB • 
fC<>ce .. of e<oot1n9 an octi!.ct YÍth<n 
c~ns<calnts. 1! thou cons•••lnts oce 
fou.olly stated then a dovel~pinq 
d~.,gn, properly <tprc•ent~~. could be 
-~~cked •~tortoatlcoliy fo< confoc~ity • 

• 

68 
ln lat91 oyoten 
conste a i nts, o uc~ 
•ssentlol. 

vtth ra~y, deto::<'cl 
au<~ut~d c~.eckin9 =~ 

Su'l'.le•~ of oltetr.•thes on<'l 
cam>f>C"'!Onll Anothor-- fun'•~•nt!if 
c::hai:Oci:O:fi"i"t""ic o! d .. l9n is t~e •:Ooic,. 
botveen alte<r.ativos. tf o ~u,;n is 
deuelope4 in a mochlco.ble 
n~renc.to<IO> on4 lf one tos bui H up a 
llbcory o! pos-ible structuas, '""" a 
deo\gn-oi4 sy•u• codó toH•"~ 
alt .. rnatlvu to tU ~esi~n"' • Thu 
would be ts?ecially op~\ >co~le ~o 
pcov14i.nq ou;gntiono "ith '~c.., 
<eliabil>ty. P<O?ertiu. ldditio~ally, 
.. hen óuign decislono .re <I!Ode, an 
outomatod I'OnitO< could detetrnlOO if 
anythln9 i• <novn oboUt the 
cbacactulnics of this suuctuco 1~-9· 
IU •uscopll~ility to e«o<l and <>9q<'5t 
to,.ifiCH>ons of tlll 4e~,.lon "' t~e 
4uigur. 

!~ese b< hf ~~ser iptlono of a<us in 
"~lcb auto:ution ond/<>< a~g.~entatlc". look 
<euonoble s~.ould sdfice ~o inóicace .ays •n 
vhiel> t<end• •n s<>lh'a<e des>9n ruy top•ct 
ou< obillty ~o bu>ld ulilble s~Hns. ~o< e 
complete t<eot~onu eon be !OC~' •n 
)Rama<Oootthy ond ~o, UH] an4 \F<oile<, 
UH}. 

• • Concluoion 

Othe< <rondo con be disar~~d in 
oort .. o<e deoi9n· u wollt w.o<o """ o! 
~cototypes, un of propoc~og~d compooen,ts, 
oi,Ulotlon, and !O<TUl d~c!Sion teCC,,.,qcos. 
s.,..e of thue ""Y hue u ~~eh o< roer< i~.,~c< 
on desiqn and <elio!>>lity thon the t<on~s---• 
havo ehosen to to<~ey h<<O. 

ln •4~\tion, tho<e oco olhe< oc:tho 
ac~u of <<>ea<ch thot will un~oubtdl)' 
af(ect out .~,lity to p<oduc:e <elio:>\o 
softwa<e: • p<~~<uOiinq \Ongu~q~ desi:¡n. 
ope<oting sylt<"• H<uctuces ond d<slq,. 
tochniquu, ond ol>suoct 4otl <)·;ot. ~M 
lotte< o<u, espec\olly. wlll ~awe • locqo 
impact on the way poople a~p<ooch oof:~•co 
dosi~n and thu< on the qoolity O! the sys~•~• 
th~Y p<odueo. 

!!,.te th!n:¡s SHIO C)UC fo< t~e foJt<.'<O: 
1} oclditionol :::echani<:nl ~ill loe ~<velo¡>•~ 
thH p<cvido co!>~stnesu 2) t~e t:•c.~s "· 
<le<>gn 11.en<ioned abovo will contir.ue 'o q<oo 
In i~p<><ta,.co¡ ]) au~:&enut\on by CD"'?"u: 
of oo[t><ue deoign ,.,¡¡<¡<o.,· in >topOr<o~o., 

esp~d•lly '" tt.• ~~~~~n ot vocy l~<;• 
syHe.:s. 

" 

1 
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did on a~!Oi<tbh job cf typtng thh po¡>~< on 
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" An Extcndable ,A.pproach .lo Computer-Air~0d 
Software Requirem'ents Engineering 

Tll0~1AS t. BEll, Mn•~ra, \LEE, DAVID C. BlXlER, "¡..o MARGARET E. 0YER 
' . 

• 

Ab~·«• - Th• o ... t\opmm< ot •> 1 '"" '"~ oit<rn<nll ~u bo<n "«>11· 
,.,od ., ""' of ,,; m>¡o1 poobl<mo;, L~t po<><.,. el d<•<loprn¡ dUo 
.,,_,, tpt<m ,.,¡,~,,... Wt ~"' O"<lopeó o rumrut«->id•d >yo. 
un 1<>< <>W>IojnO.•f >nd .,.._,,.,. <>><~ ,.qu~tmo•tL Thd >~><<m' 
ncl~oo lb. Roq ummrn" S1111mon1 L.on¡¡uo¡< (llSl), • no~-mitnoe4. 
""l""i' fcr 1!>. <'p;ou;on of 1.01<~ on r"'luirem.ou, VId W R...¡ u ir .. 
n~u t r ¡in,..nn; >nd Yo~o.,;.,. s, "'"' (REVS). , ..,¡,~"" pocl>ro 
•IUdl r>.:lu<l., • mno!.o<ot lo< R$1... 1 d>~> bo>< 101 ,.,,¡,.,..,.,, lh< 
''""r'"" <o: n~"'" ..<.uDomoou, a..od • <»ll<CI>O• of '""" to .,,1,,. 
.'>< onr~'""""" "' lh< do<• buo. H• .<)'"'"' ""phutt .. o '>l>nn 
,.,_,., lkt "" of. 1ho arou'•\11 of hum>l'l lho"jhtpOO<""'> on<! lho 
,...,, >r.~ ohoo<>uflu"u of tomp•l« •~•1;~~- l<> m>intoia lhio h>Wi«; 
"'"loo ~'"i" pt~ndpl"-""'"'ibilur >1'1<1 ~ildplinool thin~in¡-~<re 
loUo•oc! "'"'"'~'"" t~e 1)'11<"'- Both tl>t bnl"'l' an<l "'' ..,¡,...,. 
u. Q") ""'"'~t<l'l<lool, bol od.o-quol< lo<k< .,, ploood "",~t"tnliOn<, 
"'~ l>=11.1oono '"' irnpootd "" .... , "' '~" ~O.drliM io ou¡mtnled 
,.,,..., ,~.., d<crt.,ed. _ ' 

ln4'> 1.,-m•-.\vtom"ed ,_¡mut:nion f<Ot<>l>OO, outomoltd to<>b, 

"'~"'"'~'"' ''"f"'!'· RE\'5. RSL •imulotion, "''"'"' <npneorina. 
10lt~v. "'Juirem .. u, 10/toore ,.qu~•monu <n¡in<<rin1: SRE!.t, 
SRU', ' 

• 
" • 

J. ];>;TROD\:CnON 

T HE dn<lopmenl of d>t>p<aoo:~,ing •>~temo h><too afien 
J<Uhed Íll <;OU DVOilllnl, "h<du)e lhpp¡gOl, 01 f0l11ltel 

lo P"'~~t• • •:11om whith latt.ne• the origina] rer¡uilem<nt< 
p] .. -U B.>thm 111led., "Sof""'"'' (as oÍ>i>osod lo computor 
hud"'>«. Cilpl>)\, >tchitoau're, i1c..) is 'the 10U pole in the 
1en1'-:C.o m•jor "'"'•• of diffocuh future probkm• and o¡>et· 
ation•: ¡:iefiomunce penaltieo· -[2]. Hi• Alr Fotc< 11udy 
•hcr.t.•~ thll the ann">l expendnure• by !he Ah Force and 
~AS-~ ¡'or "'r'"'"' iro twi<e tt,e •~pendilur., for hndwan:. 
Th.is ~-.!i;:,tes 1ht lremendou, impaCI thal problem• in dovel
orlnl ...,rN.art can havo on !he budg011 of 1ht l<f'ic .. Or ·On 
1he <=l11 of an)· J:u¡e IOftwue·b•s.ed '}'"<m !hot " b<ins 
deHk;o'<!. • · 

' A n·,:nber of <rudiulaviidentifiod lh< symptom, and , .. ,. 
f"'tl<t 1001 e>~,., of problem> In "'r, .. .,, <l<>elopmen1. 
Amor¡ thts.e are die MMnogiÓ [3} uudy for the Air Force, 
11ud: .. l>y B>rüm ti. DI. (4}. ~1udi•• On ,.,¡,,...,,. problem• by 
Tha;., f(. DL [5]. !6}, aod ~ <tudy by lloU and Thayer ¡7]. 
1~ ac!!::ion, studiu by Tho ~liTRE Co!pO<>tion [8] and 1ho 
Appl>tt Ph)<i_c-s Ltl>omoty of Th< Johm H~pldn1 Univ<r>ity 

~~-- ·-.~~ ,.,,¡,tJ Jul1 n. 1976: ,,-¡,~ S•r""'~" H, 1976 
l. ·U ""~u~ tht lR" DtO.o>< OJ>d Sr"' S¡,<ml Gta~p. 
"'' 8oach. CA 11< h no• .,~ lh< M•Nr<rr.<nt Co"'"'""l 

-'<r.:c.,. '"'· ''"· \1,,..-;,k. 'l•t<l,,u ~ ( "'""""'• ¡~,. Yor~. NY. 
D.(, B'"" ;, •llh th< lR"' O<l<n>< Ol'd Sr•" Snt<m> Gto,p, 

R<do<;, ~<.;ch. CA 90171. 
'oj [, O>«;, 'illt lh< TRW D<C<r>< "'d Seo« S11t<m1 Gmup, 

H ... •..,-.:;.,Alli!.O$, 

(9] ron«n!r>!<d on ho" .oftwue il ,.....,,;:od. For<mo<l 
•mons 1h< pJobl<m> in ooft""'' d<>elorm"'l iJoohfied in 
lhe~e s:u:lies i< !he ~ontJ>tly und,.tiplined Jpp•o•.:h whkh i< 
u<u>llrt>ken. · · 

The s,u:nk M•nile Defen« Ad,.,.,cc:.l Ted,r.o\o¡;y Cinw 
lB.\JD.-\TC) "•ponl.O<Íili >n unegut<d ,.,¡,,,., ¿,,.lo?tn<nl 

·<O>< ¡¡oh Pl"'l'r•m []O! lo im?J0\'0 tho loe ~~i<¡u<l fo< de~e\OJ>' 
in¡ (l,)ln:CI, rdi•ble 8~10 •oftv.ar<. Rel1e<lin¡ th< critioal L'Il' 
poru.;ce of rcquucmenll "' the de>elopm<nl r-'<'""'· !he 
Softv.;¡;e Re~uUOmentl Ensinttting Pt<>fllm h" ~"" ur.J.,. 
'uhn :u • p31Í of 1hi1 ptogram by TRII' [),•fcn« On~ SNco 
Syltetm Group1 lo im?rove lh< qu:illty o! rcquuomcnll <pec
ifkatoOn1. Th• produtt of 1lu1 ptogr=l (lh< Softw>t< Rer¡uire
m<nll fngir.«rin¡ Methodolo:;y, SRDI) IJithul« l<d-";iques 
Uld proc<.olure• for r~uil•m<n" decompc•nion and ¡.,,mur· 
•sing '~' requu<menu de,·elopmem proczos. ln additíon, 
SRE\1 in~!ud« th<' Requitomen" Swem<n1l.:!ngu•~e (RSL), 
a ma;hino·p<OO<IIJble longu••• fot "ating ,.quilemenl<, •nd 
tho Ú<Íuu<menn Enginoo<tni .,.,d ValidJiion Sy<t• m (REVS), 
>1l llllt!Uiod 1<1 of 1.001! 10 <Uppot1 th< deveJopment of 1<· 

.'c¡uitem<nll in RSL SREM "'"' d<1i<ned to brin¡ lh• romput.' 
.,., lid 10 the requ~emonu engineertn& plu" of so!twll< 
de~olo?m<nt in Old<f -te <educe th< n"mbor >nd '"'""Y of 
prob:<m< encountered thct<. The purposo of tlul ~'P" i< to 
de~cnbe the type of outom•l<d <yl1<m SREM noded lo be, 
tilo óll•-'<nlti« ofSREM 1ha1 ""cholO lo mee! th<s.e r.«d<, 
ond """ "' hJ>< che(\-.od Our,.otk lo be lllr< th>t both human 

· creon' ny and arntpulor-impo,.d d1<cipline ar< uhi<>cd.. 

11. SRf.M NllnS fOil Alll0"APOH 

. . 
De"l"P"'~ wflw11o JOquiJ<menll il gontr.Uy • difficull 

Íllte]l<'-'ual job, and ¡!\e job b<gÍill to look nearly Ílní"J"iblc 
:...-h<~ n in•ol,·e• J¡¡¡e dat• proce.,in¡ I)'Stemo lila 1ho~ in a 
II•Ui\lk M!l.,l< Defen,. {B~D) <)11<11\. The requiremenn 
doo:um:nt f<>r !he CUtl<nt (IMDS)'II<Jll (1hO 5)'1ltm Tecl>t>cl~ 
l"rotnm, s,,. Dd<n,. J>roject) ronnln• 8~4S ~<quirern<nt and 
!Up,..,n p:u:o¡:raph• in a 2500·p•ge 'l"'ciftoation. M .. ;uoUy 
checl..in~ ea eh p•<>gtJph o~ain" a U o1hon i> an enormou< !olk, 
and ~<n<fllin¡ them toiti•lly i< even h.udor: •uto~ntod !<eh• 
nic¡un ._., deatly netd<d- Ho"'<'e<, 1~«< ¡utorr,ltod !<oh· 
niq"<:> <houlc! not force t~< enpncer 10 <;><11<1 l." E" jlmoun!< of 
mennl <n<rg duhng wilh "mula!or< and <Onlroll>ngu>r<l: 

h< :Lh~ul;! !>< Ó.bl< 10 "'" 1he s«¡uirem<nt< in • '""""'bl<, 
nOiu:>!lJ .. -;u>g< and lh<n h .. e <t.< au!om•teJ «cM;~"" hep 
'"'.k of !he chmgn, <n<u<e com;.ten,-y, Jod I<¡>Vt1 the .-.m

'"" e eífo<;t 1 of hJ< s1 >l<m<niL 
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ln "'~"' ,., 'El- • tl" "'->" ;, : n""u '"""'"' lo ""' hi< <reatlY· 
11)', tbt •1 ~•:r• ''"'u:J bt e ohi:.•! and fl<uble: u <hovld al) o..,. 

t<> "'""' roquitcm<na ;n urms of concept< "'hich ve 
·ro ldm. lf "'"" "'tricüon< ''"bu~\ into tht 1)1i<m. 

'"'h ., ht¡hly conm.,ned ¡ynr•~ rul~ or 1 paudty o( con· 
<.<pts, ti>< <n¡;ineer would 'P'"d more time uyina te> """'k 
th< <)11em" and ler.s time ... orkin¡ the requilemenu devtlop
rn<nt problell'l. In oddilion, the 10chnok>gio. in.ol•ed in •· 
MIO J)11<m •~ ~ '"''"'"' and •dnnct "'upidly thll no 
l"<d<f,.,ed 1<! of concepu c:ould <•ti ~ ,:,pocted 10 uti<fy 
th< •?'"dfk nr<M of aU futu•e projects. ThorefO<c, 1'-"h a 
<)<L<m <hould bo <XI<n<lble al th< conccpl kvel w tlut a 

11 rmooul>1 poojecr wit h an •rrliootoon re<¡uinng • new conccpt 
~""·'l' •dd ir to the sy<tem .. 

A cornputer.aidtd >ylt<m 1hould enforco oom< mu•uro of 
d"cipW.e on rhe ue•!i.-íty of tbt ~ngin<er .11> rlurlho de,-.:lo¡>-

1 P"""'" a t ... •)~ move~. in lh~ dirution of r~ducd ._..,b¡. 
,uity and inuu~d ron.;•toncy. For U3mple. the computer 
'""Id p<o furm SI> tic ohed<ing ofthe requiromenu to illum.iute 
"'"""'i>tentios 1ud1"' conflkting námes, impioper ,.quené<s 
of procrtsln¡ sttps. •nd connior in¡ "''' of ittm• of infonmtion 

!'"hich mC!st be ¡,re,.nt in the systein. Wnh 1 flcw 1)nen¡oti011, 

•h• «>"'i'u:er o>u!d •dditionally eheck t he d)"Il>mlc con•ht.ncy 
of !he ')._!em tiu"OII8h the u" o( 1 :Umul>.tion. , 

Tht s...:,:,.,.. ... lltctuircmrna En&U\eerin¡ P,o¡rom ha; pro· 
Juc<:d 1 o-o,~uter-aidcd sy>tem for the d"'elopment of requue· 
"""" "~d! fuHiUs the need• demibed obove. The foUo"mg 

: «<ti~o• of this paP« prov;de an oV.r'""' ofth•t 'l stOm. 
fofl""-ed: Coy descri~tlons of the Requ~tmcnU Sll!em<nt 
l>nto>r-. the Abou>.:t Sysreni S<m:r.nlic Modd (lit< centrai 

. rtp<ailo") for ;equirclnents), and tho toob lhal provtde outo
mared mt for !~' enginee~. 

• • 1!1. 0VERVIEW 

Th< lr....--<uiremonn Enzinc<rin¡ and Valid>tion~ System 
(R~\'S) =n•i•llof 1~.ree mojor <e~mmts: 

1) • tr;:lm\hlol foi the Requirtmm" Statemont LU,Eu•ge 
!RSL). 1 

=> • c:emt¡¡\l.-d data bu". rhe Ab<l!act Sy,tttn Semantic 
~~~.1d (.A.. SS\!). ""d 

l) 1 !< .. '1: O{ >Utom>rcd looh for pro=li!l& 1ht ;,formAtion 
~ "'u .. _ A "..E.;;,..¡_ · .· 

A dl>!.,"'f"..:t.m of rhe 'Y"• m is •ho"'n m f>J. l. 
C"enm.•: "" REVS is thc ASSM;, ><lauonol data b•,. •imilar 

'"".">n'<Ojl1: lo th< 'Y"'"' u,.d in 1~< lSDOS Problom St>t,ment 
L>n&"'!F"tl'rnbl<m Sutoment Antlyzcr (PSL{PSA) '''""' 
[IIJ , ! 1 ::::;]. !lo" u~r, our n"d for ntcn¡ibi\ll y tnd confl¡;u. 
"""" r.::=•t•ment, u wcU •• tho fluw •rr"•o•<h neodcd for 
~""-""" :c.>rr,, h.ave ncee.,itated many drfforonco• from t ~· ~On· 

f «~ts u·.,_.,:iJ in I'SL{PSA, and ti .o reio,. diff«< nce• U\ dotJ b3 .. 
• ~"itn. • 

n. ~o.,;;gn of 1 ht ¡\SS,\! r '"' id•• • docouphn¡; be 1 "'"". l he 
·'"1 l~n¡u'"'· KSL, and lht >.nOl)"o:> lo<>ls. Th" clrcOLlplrnS 

f";mao; "''" nd ing RSL v. it he u o ho\in¡ tu wr. ,¡der il.• '"' •uch 
"«>m.".!n>~J,¡ the tooh, intorhctr>;; y,jth thc hoot o¡•o:ning 
'l"•m •.. O>nd do;ng ott.:r !hin¡;, v.hkh v.~uld <On>pron'"' thc 
'·" "'':"~"" ncedod in RSL. The Jcco•Jpllf\S h>1 o!, p<: r.:it ted 
"'lo «:..C«cl!< &re¡t frcedurn in lhe dtli~n <>f RSL; .,.; v.cre 

. " 
{roe 10 dev<lop !he mo.r nolurol wo~ ~·-''·"'""·• "'"'' 
rroent• withaut'mal.inl o:>ncn;oon• to ~-.>n::ol 1>.1.:·"..,:<¡ o·. 
probl<m• of conft;::unuon mlfll¡;<mcnt. 

RSL is <!e.;pred 10 be 1 mran• fD< 1101111¡ :oqu~<c:>onil r.;l 

ur:aUy "hile sr;U brin e ri¡o¡ouscnough for m1d>~,. ~"'""'""' 
rion. We pur1ued thi• scio~ in port. by Oti:nllllt rl.e de1i¡n 
around the >p<cifiwion of flr>w ¡uphs of re~·Ji:-td ;-¿<>«llin¡ 
<tepi. Tho .. flow ~uphs an: <l<pr<llrd in RSL in tcrrru of 
··strue1ura,- ,. h.ich 110 the pre>dur·• of • mop~i:tg of 
'"o..:lun<n<ional graph (<.&-, Frg. 1) onto 1 one<tr..<nl:"on>l 
1truni "uuble for computer·input (e.¡ .. f>t.l). Su~orure1 
are ~uilt from primiüve 1\ow •?edfio:alion block• m~ch u !he 
oontrr>l flow of a cumpiui:r progrom U built ftom c<>.~uol o¡tec· • 
i ficnion p rimlti••s. The typa of \trUCtur< pr'.nmws •' ...:; .~re 
in RSL •~ fucd in OTd~r tr> Pro•id• di~eiphne by ¡>rrcb;!ing 
"tt.t form¡tion of I!JUC!UfeJ wh<>l< rne.nin¡ may b< un,]ur. 
n,, •;><<úicarion of the pr~;ng lt~pl th<,.,,.h<1. •~d cf 

· Ort.or 111fommioñ ¡eJaled to ""'" ptoc<Uirll '1<;>1 (0.!-.• thO 
dora'n•m• which lh<) ul<), ¡,done m 1 mu,h more f,,.ib\e 
nunn<1. In fact. tite ecn"Pts which rn•)'bt "Pr<><ed i.~ tlw 
nonprocedurol "''"''"' of RSL. are not n<c<moily frxed. Tht 
lint'u>!• .s cxren•iblc ot • the ecncept levd in order to 1e.;)ond 
to >iru>tion·<pecifk n<eds and uew, un>nti<Jpot<d n<<~• for 
1ll.tin¡ •equllcmenu. Th< >tru<:tute> and rhe nor.pro:<~unl 
>tltement• of RSL are inpul to Rf.VS tluough • •ra~ll>tof 

"h"h anolyl<< 1hcm 10 ensure irldlvidu.U CO<tectn<'\. The 
m•anrng of rhe 1\otcrnent< ls tben ob"rotoed and enteoe:i into 
1 he .>.SS~!. no uecur 1b\i codo " gcneured. onl) en tri" lf\ t t.. 
d11o ba.O 1h11 can b~ uloed by <he too!>. 

The •ooll' dc•i¡ne,. 1re f•eed from 1h< wru•x of RSt: th<y 
~ ork with rhe o bit ro~t<:d mformation in ·;h, ASS\1. Thu•. 1 
oynllx chang< "' RSL does no1 usual!~ compromise an; of th• 
to?li'. too!• m•ybe acldcd o• mÓdúkd u ~hr Soft"'" R<.;uL~· 
m<nll En!in<erin& Mot h<>do\ogy (SREM) e--ol"'· '" •• tht ap· 
rlication of RE\'S changes. Th< trooh mrroly ''"'" •h• ASSM 
ond in r>O v.·•y art dependen! on RSL >ynu,._ 

The mform11ion ·available in the A !.S~! ~.U •upp<>tl • "'id' 
'•ri<ry of an>ly•is tooh .. W~ ha~e implerner-.r<d • ba~hr.< 1<\ 

o[ "'dtly app\ieable !r;>Ols wlúch p<rfonn .r.al;«• prl:::anly 
rc:attd to flow ptoponiel of rhe info¡mJtion U\"lh< ·~':¡ft;;a. 
•ion. Our ano\¡t~i1 uf requi,.monts prob!Om• p] in-'~<11<¿ 
1h11 lho~ upobihliu ore ><ry imponant in ~ mcth~~IO!'Y 
m..e SREM \13l fo, ¡enrr11ing con,;s:rnr. co.: re<t ttqui:<mona 

·ond «lfornl1g tlu: d"ir.d di•ciplL~• on tho rec¡uir<m<nl> gen· 
<tll1on prO«SI. An><>n¡ tht,. tooh "" on irueraoti\"< fr.L~hrc• 
pl.:l.>se 10 oíd in th< •p<ci!io>tion of tho llow path<. 1tatic 
con<i>t<ncy cloeckcn v.-hiel! pr\'";rily ch.eck for o:>n•i•:•ncy 
in 1h• u ;e of Ulf<>rmotinn rhroughout lht 'l""<m. VId 111 auto· 
m>l<d SLID<>)•Iot &<n<rator md our;urion P"~'b' whi31 aidl 
ltl lhe <tudy of d)namk interJC1iOnl of lh' 'UiOU1 r<<;uire· 
-;,<na. Silullion-•pe~úi.c ;,poru and .naly"'' v.·hich, ;.>rti<· 
u\ar ""' nlly n<<d in ordcr 10 •usm<nt !h: ~~fonnatLQn.'"'" • 
b)·the b'><\Uletooll a1e E•neroted t\uough the ""' of o ;<no: al-
;, od oxtr '"ron ond reporting •l u< m. rru, <; ;: , m " :r.~'!''n· 
den\ of lb< <>ltnliom 10 RSL w thlt now c~n~cpt• o~!<d t 
the brs~'f' rn>y bc induded in q~cric•to th< ~>1> bn<. 

A un:flLll& ron>opt t1n0u¡;hout tho SRBl, !ncludir1' RSL 
•nd RE\'S. >$ th< •rodficallon of t<qnL:cro .... ~, for "'¡'"'" tn 
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., 0 ( (lo,., th•~us!> th >);'em (14\. The ""' of lh<"' 
,., ~• h<lp> lo b1ing •bou1 • ¿,,.~¡¡,,~ app<03ch to the devo~ 
~-""' of 101lworo r<<¡uioemenh. much •• mu<!u,od pro¡r.m
;~~hu dun< for the:.implemen!llion of l<>fl,.are. ? 

4 
. 

N. RSL 

rumn! 10frworo ,, 1u~ommto dotum<nl• .,., lypicoU~ wrl!
"" 01 n>lunl Ensh•h and prevido inform11ion •boul !CI>Iiv<!~ 
,.. -:,t<J ponion• of th< .;,,. p !Oe<•.i~.¡ sptom.. Som< oflho,. 
¡<><> of~,formotion ll< ••1}- nobulou•. llld oome *'' 111 luch 

1 uo deuiL that1h<~ «Pr<ltnt an i:npl<m<nt>lion-an impl<-
• -~n<>lien dut ma~ lu•e been thc,.n v.ilheu¡ oonoid<uloen 

_t oh< """"'d" ef the d>u p1o<<11in¡ •Y"<m. Th< une•en
·~u aion< ¡, anne)'ing, and t~-= p'ob¡bilil~ u h!¡;h •ho!'oome 
~·:"!• of th< l)'ll<m will b< l•h ""hout In)' wnllen requ~•-
• "'" The )¡Uftll cldlo..,ncy ef luth decumenu. hov.e«r. il 
·w •bl:y oflen faillo p•e•·llle eutical informotion abeut how 
::• P"'" ef th< l)'ll<m ,.-;n fit l<r.<lh<t. Th< im?l<m<nte1 is 
::~n kfl "-ilhout ode<¡ual< ;,.ro 1ma~ien, and the requir<m<nll 
rr¡m«r unnet be cortarn the •>ricu• pie=><< consi>l<nl; 
·•ltrn th<r '" ncl, and no diocipline ¡, appHed te ma~e lhom 
"'""<len\. 

Our •PP!Ol<h invoh• writing reqmr.mentl ut RSL [ 1 S\. an 
.,,.r,.;,¡ language. RSL pro,;~., infermalion en hov• p..,,., 
.. ¡ th< l)'l1em "iU fitloteth<Hhreugh ""' of 11>< f'b"· >pproach 
'•' ~rft~~inl th< ><qUir<rn<nt\. W1th 11\il appreach. 1 he ccnnoc
'"'1)' utfo¡m>tien ¡, C<ntnllo the d<><lopm<nl,'""d ccnl"· 
1rncy m1~ be ealily oherh~. ofun 1hrou~h aut~mat<d m<an>. 
'""thcr benorn of u<ing an an 1fici•l Langu>gt i> th• abiltly to 
Oef "'' pro~;,.¡y the m<illing ol conoopt\ in the \angu•g•, Wtth 
• n>tu::Ollanguage •uclt "' Er.gli1h, "eh f"""" hu 1 clifferont 
ole> •bcut tbe ronno!>ticn of 1 ponicular ph,.,. and 1hur 
J,ff<rin' itlu• J .. d to >mbiguiti" '" inte¡pr<lltien ef ¡he lp<<· 
rf">lian, When m arttficial bnfUag' "U><d. the pr<<i>< m<~n· 
•r¡. of <ach roncept rn•y be fO>.<d ancl doc~m•nt<d. Thi<l<>d• 
'". '.'"'mbiguou• int«p~<ta\ion of !p<crl'tcation• u>ing thi> lan· 
I"'S'· Fin•ll~. '" artifi<iallanguagt cn,bks th< d<>•~ntr 10 
·••n>uoin !he "''"'"''" (;md 1 hu, the requircn10n1 1 lll\' \ntnt<) 
'" • •intlt, >ppropriate k'<\ of deuiL Tbe¡cfore, tequi• <mtnu 
"' RSL can be (ar><l are) \inú1ed te >lat<m<nll ef uuo 1<quir<· 
"'<nh thll ltt !e.,•bl• in th< •of'""' and are ne! o•er· 
"'"'!llininl. 

KSL,. lht primary m<•n• thll o 1<4uire:nen" engir <<r U><l 
\g rommunicate "'ith REVS .o U1 ct.•,><l<llOit'> <:>n ,.,¡¡.
r,~n 1he '"'""' or f>i\ur< oi SREM. Th<lefore, we devc)!ed 
·••u•id<~ab\e offort 10 RSL d"i~n •nd p!O>Íde .ome of the 
""i'<'!llnt d<lails ef \ha! d"i~n belo'w. 

11,,., 

Tht me,\ obviou• w.-¡ te 11>1< 'l""<m «quil<m<nll fer lOft. 
~,,. ;, te de>cn"be lh< ero<>t•<>n• 1h>t '"'h .of:" '" modul< 
•• ... n rorform, ti:"" "q".:•m•na diff., ~111< r,.,m r'"t""' 
'i'<<ifi••lion>. Th.l, lj)'< of -roquil<m<nU 'PHifoc¡¡ion"' 
'''"'•in• Lil!lo infolm>\ion •Oout the truly w¡uired <«¡uor.c< 
~r r•~<<\!inr. or <'en obou! oommu ni:llion hetw« n J<>·gned 

h.Jub. Suhng tb< "'1"~""''"" {"'" ú they :ore 11 o he <or· 
"<1 be]) "'il >1 indic•li~~ tht «qu~ed ><q~<nt< ir_\,;" 

prcblem• in B~ID •YII<n-.• and mo•t olh<r proh .. centro! 1:, 
te mi- The ba¡ic •r?•~•"" ther:forc mull b< '"''"''~1 of ~
quu<d or<ralion. ., flo~o< II·Jou~h the <)>l<m.. Thd e'""'• 
tion ¡, h<tbtlled by th• !limuh,rrl<•pome """" efpto.·.-... 
rontro1 •r-um•: ••eh now ori¡'-""" ""h • 11i;nulu1 >r•d con
tinuos to !he rtnal rel¡>e"'"· Sr«ify¡ng r<quuem<~tl"' tlus 
f.,;hion m>~<• nphdt th< "'quoncn ef prt>c<l'>ng '"'"'"d. 
h al.o pro•ide¡ fot di!<<! ttmb,Uty of 111< """"',..'"";;he 
.of'""' moy b< t<md lo ve lf !t p1o•id., th :<<?On~ 
"'h.i<h "''" >p<dl'rtd "'b<n gil en tb< '"''ctal<d "~"" clo.1. 

Flo...-1\hrou,lfthe ll"<m aro lf"'Ctfr<d m RSL ,¡¡'«;u!!-<· 
m<n" nel~ocrl•. •\"' called ~-"H"I. In adduier. te'·"''='~~ 
ccndiuon•, •~fermotion r<qu,•m<nn, and n1her r.;:.,Ll! Ul 
R_SEl'"•, th~y h»·e flo,.· '""""'" Nn,.ll!ng ef no~''·" l"J,:b 
•P:cofy plO"'>lllg op"crlllen>, lfld rhe al'C$ "J.hkh .:onr.t,;t 
t~em_ The b>~< nodO' inc\udt .üPII''•· "h.i.:b a:t :_•,. >;".:ci
f>eations ef functiona\ P"'"'""''i ''<N. •nd sL·s.-..¡cl"l_ "l'~.:h 
.ro •pecif"tellior.• of pro"><in~ l1ow1 11 a lo .. -., k• ,! in ,~_. 
1-.ier>!chy. In <'>Cnc<, th< SL·s-..(T h an ••T\-t\ ·• X.:h ~~ 
b<en e~panded te indu;le in¡ern>l d<r>il• oi t!oe '"""~~~. 
AU ef the bnie nod" are •in>l<·entr~. '"'s\e ... xn. Jo. ,~ótbn 
10 1ho "mp\< vquenu•l flow ,.·hich m•l bt upr<>nte;l b¡· 
connecting thtl t~p< ef nodo, mere compl•~ nc" "''""'"n' 
ar< nprou!ble in RSl. by \he~" of ""'""";!no-'" '-'tJ.:h 
fan-in and Ion-out to <pecúy doffor<nl proc.-;,;,.,:;: ;"~: th< 
IIN<turod r.od<>•ro ~~"-'"·o~. >nd FOil ••cH. 

Th< ANO nod< i!. 1h< 6rst of thre< >tN<IU!<d n~!u. Tt.< 
"'"ning ol on ~><o <l!u<l\lft, "hl<h conuun ,.,,,.¡ rattu. 
;, lh¡¡ th,,. porbs aro mu1uall)' ot¿er·ind<putétn¡_ T~e ;>ro· 
'""' on pan\\c\ p•lh> may be n«ul<d ¡,In) o:d<:.Ot e• en 
on p>f>lloL. The-hn-m 01 !be <nd of the -'"o"'-""" "a 
s}·nchroniz>lion point; aU of th< pa,l\el pa¡hs mu;: \:e com· 
pl<t<d bdo!C ony "'' lb< pro e<•,.~ follo" in~ the .,_,o:n >.:< 
perfotmed. 

Tht "'cond ,l!uelurod nod<, 1he Oll node, ah<> t'.l• ,_.,.,..¡ 
pat¡,. A conditien;, al,ch<d teoach pa<h at •n o;.-;~7< !mf 
oul. T~e ene patb whh a IN< con;l"ion ¡, p:o""'¿; 1h: 
othcr• ore Jtno«d. h<h o~ nodo r."IU>I h>""' OJ-l[~"lS[ 
poth lhll ;, procmed if nono o[ the <c•n~olions 0:." t:uo. h: 
'""' rno<e th>n one oonditton" 1 rue, t be r">'· P" h (" oo é1 .:::~ttC 
b~ <1lh<• ~nrUcil or •~plidt er~.,ing) ;, pn>ces<cd. 

Tht t1111L •lructur< \¡pe io tho fOil r,.c>t. Th~ <'IIIC1'"" 
ronuin• nn\y en~ path: tltl• pth is p10ce,.:d on:c ¡~, ,.,!-. • elem<nt cf a ,., ef óta-rrece.,ing '}ltem en,;,_,. 11\lt ;, 
currtntly pres~nl. for •~ompl<, o "~~if•rr.:nt "''-h< !'a\0 
thi.t pre,\n,i!y or if\\<rcepton b< dete¡min<d iCR 1 ''" 
"""~ ubj«l. The ro~ r.,.cH, therefore. 'r<'~·,., 1b1, 
rarticu~ar pro"" ·er ..,¡ ef pro'""'' ;, 10 be ""'"d c;--on 
.. -;thoutr.cquential imp\ic>ifon•. 

Tht •yntn ef the sl>u<turu 1n ll_,nr'• m»." !l-,< ¡,,..;, 
nod" and the ,.,,.,.¡ IH'" of f>n-out noj" ~'?~<:t. H. e f!n· 
Jn n<>-l<l and al! of th: .ru a:t •llible only by ~-n?l;o.l\On. ),._-_ 

''"""'Pl' el>u<h o"'""""" !h< e~e •ho""n"' fiJ.: Jllcl '~-' 
S) n1n !o r <p l'«nl i1 ;, sbe" n in Fi~. 3. 

lh< •ynta~ of slrU<tu!O' in ~---~ti'< i> ""'::,,te,;,, s>·o· 
oftn•n~ >IIU<'lurod p¡o~""""""S bq;uo¡o; >nd "~":.e.d IV 
•do;,,, lh< .,_,me effc<l; th¡¡ ;,, '"furcC~¡ o dt"Í;"i:."< <-n tk 
"''"· Tl"""ilt lb<""' of • ft>ed .. 1 cf flo" r<'~-r.,·.i•es, ,~,,. 

" 



1::-;:>uttl v.hJch >t< .,rr.b,~·"'"' cr unrl<., il< p!<clué<d fro;.m 
a;¡nr"'.; 011 ~-Nt.1"1. nh> L<:~s lh< trquucm<n" <n¡.mc<l 
k::-.1 ·o ~<h<l< he ,. '>~ue <>r ambr&uou•. :rid• tn !he o.•m· 
7.:..-.. .... .>n cf r<quilcmona bot .. <en rcquucmcnl> on¡in""· 
.~..:pe: m"' • highly autcm>tod •n•ly•i• of Lhe requilomenu 
b_, ti>< tcoiL 

Lr.nn>onJ 75 
~L u an ntoc1iblo hngu•s•ln ord<r to pormll 111< lndulo>Oft 

e: ~:1< """"'?" thal "'')"be needod for futul< requir<montl. 
T:;:oioa!:y. B~ID •of¡,.·or• mu<t porf<>rm gui<iinco {largely •n 
ti~,k:ol pr.:~i<m), mu<t oUocate re>OUf'rCS (a heuri.,ic prcb· 
lt:-:r, ~j m~;: mitran """hall cther pan¡ of tht B\10 '>""""' 
ti ....or.!ma:r~o pr<>blem). Tht prcc .. •rn¡ demands of 1uch 
•:•:m:> ar< .._, lar¡e !ha< tho staoe of the art {in hard"''"• wft· 
"'·-"'· o:Oom.~.m ecn«<pt<. ttc.) is rq:ulorl~ iH<lched b~ tho 
c,:;t~ of th duo pme<¡nnJ S)S<em, and the art adnn<U 
<;~:.• "'?:dl~. C"ombined " ith 1hes.e diflicultin fcr pro• id;nt 
a :..r.¡:u:.~t t~ '"" d11a ptccelling requ itemon!lll OUJ inab1l!<y 
lo "o.nC'- >b:n futuro pol<r.tiol do..,.loprncnts in otbrr P>M1 of 
• ".\10 ·~'"''' (rad~t, kii\ mech>nilm, «c.) wlúch may require 
•;orcW :Ote,:":: .. 01 prcce«ms 1ecltniqu<s. Any lan;:Uor• with 
r:-.,.¡ ;:en"''' ~·ould quid.!) ~orome inopprcptiat< fo1 ¡ming 
'""' le~u;,_.,,nu b<em>e n would lac:X ll least one n«dod 
.::~:t;<. Tc.,.<fcre, RSLn.orled tobe extensible. 

"!"o fa:i!n>:t thc impiomorHttion of <>-fe~tibiliTy I!The con· 
.-:-¡>t lt><l a.~~ te pm•id• 1 d•ar fumC"Wc,.. f01 1he «>n<'pll. 
t.:• rl~:c.o ll<hilee!ur• of RSL h.a• boen kept ver~ •imple. 
·_...,, .ro iour primili~, cu1lined belcw, whleh fcim the 

¡; >~di"On ~:";h< Wt¡uagc. 
l) E:l.m.-tr..'<: Elemtn11 in RSl ccrrt~pond roughl~ to noUll$ 

, i:: En¡bh. The eloment t)"P"'" limpl) $1ondard pmloL~p<l 
.,;-J;:h 110 u..,j 10 d"cribt the propertiu pom1s.ed by eaclt 
• ':mon: ofl~.< 1)-pc. Somo na mp ¡., of st¡ndlld ele men¡ type• 
~ RSl >rt •L""" (Lho closs of funetionol proce,.inj fl<pl), 
,q.., !!he :.'m of conee¡rrual piec .. of dolo n<«"->f~ in the 
o:·~l<r:"tl, >n;l ~-~E r (the da,. of proc••srn¡ flow •peolfi<><ion•). 
:¡ RcLriom!ripo: The !<loticn {or r<l>ti~n•bJp}1n RSlmo~ 

;, CO:rp>a.; wtLh an hgli1h verb. Mol< properly, il coUC· 
'?'~rw:h 10 ''"" r.u1h<matical dofuuucn cf o bi>Ur~ rthtion, • 
'"-'"r:"!<r.1 o! 1t1 •nocia1icn of ¡eme 1ype be t., oen t"'o elemenn. 
T::o RSL re:Juon is nonrommutall•<; n hn a •ubJ<<I tltmen1 
.t::d lit CbJ• >< "hich are din inct. Hcwover, thero <x"" a com
;;.m•r.tlt)" e<laticnlhip fo, each •r•>kf;od rebtion•hip which 
:.. :ho conH:;e of 1hs1 opodfied relii>Cn,hip. o...r ... b•in& 1S· 
F":t to >n ..-,cPHA is ono cf 1ho reb1ior.shipl in RSL; the o:om
,::mtntat) "lotiondtip '"Y' that thr: ..crttA '"run. the 

• 
3) A."lrihr": Attribul" ut mcdif1<r1 cf el<m<ntl IOffit· 

,.,_...,, i.~ '~' "''-~ner cf adjoe~i•Q in Er.¡;hh; 1ht} fomu~" ;,... 
·""""'' pro;xrtiu of the ele mena. Eooh ami'ou!<lu¡ ".,_ 
;".."l:ed ~oi:~ JI a $<1 of •·alut~ "hi<.h m>J" Le mnerr,onic r,,m .. , 
t. J.!" • or ;e>\ urings. E•<h p>rticubr tlemonl rT.ay h•" 

'1) .e of tho,. .. tut~ for •n~ lll!C'oute. An "'"but< m•~ 
, .c1lir. m •:J:\omon\1) p<•or m>) bt r<Urict<d 10 Le u;.od A"!lh 
c'll}" a e<nairl "'' of <;r••· M• <xarr.;\e of ¡¡¡ ltlribu:o u 
l'll!Al_VALU~ v.hich ;, •r~lioable te clomon11 of !)pe 
r..r .... lt h> •·olu" which ¡¡o<cif~ wlut 1110 initi•l >:.:•,o fof 

'~' 1Jt• item mu~ be in the lmplom<n'<d ~.r,~,, >nd for 
s:r • 1 • • l.WOnl. 

·li Str~«r~rcJ: The frnal RSl primili•·e ;, :!>' <lrcotuJe, lho 
RSL "P"'·•nulion cf ihe flow mco.Jd mor.tbn~d ,,~ ... h 
;, • mopprng of 1 1wo-dimrn<icn~l p:rph >tru<turt into 1 <>n1-
d!m~nlional me>rn cf a>mputtr input. lt morlels the no .. , 
1hrouoh the functicnol procoi•inc step• (Alfi!A '•) cr tho llc~¡ 
bot"«n pl>oes ""heJe ac.;ur>e~ o• 1imir,¡ requ;,oments "" 
1l11<d {V AU OAT10N _I"OI~<T\). 

All conreptl in RSl are "'P'''""'d in l<rms of tbos.e fcw 
primitiv ... The s<ructur<< "" not n«n<ible; Lhi< P'"""'<l 
th: "'"""'~ di><irlrne for llcw dt~criptions. On the cther 
hlnd. ,... ... 1ypes cf tlements. rehüon•hip•. ond onribut<l 
m•)" be ad¿ed le tho\on~u:r¡;< 11 wm 10 ••prc ... n<w con"pll 
ln f>et. oll conc< pll (both "'""""d old} .re ddin<d 01 ''ten•ion•. 

A! lll "'"'pie of u<in¡ 1he '"!Onsion eapbi1:1~. a toquilo· 
m<fl1 of!<n •~volv" information <nlerin~ tM d•11 proCeuin¡ 
•)~t•m flom ouaidr hordw•r< {r"d'"· opemor «>n«>l.,, el<.). 
Th~ pctt into ohedooa proc.,¡ing •ystem" om'oodoed in atr,. 
cf etem•n• called an tNeliT_l,..fl:RF,..~E. Th• <om~lex of 
inform>tion whi<h il handl01 i1 colled a >tlSSAOE; !he iNfUl. 
11'< 1 E~ r ~CE th<n PASSU the 'n:ss ... cE into 111<: doto P"''''*" 
s;·>ttm. The definiliono cf 1hes.e 1wo 1y¡><l of el<mento on4 
th<l! connreting rdation•hip '" RSL are •• follo" "S' 

OH IN[ ELE~\LNf _ 1 v fE• INPUT _lNTH f AC!t 
{"A pon bet"ten th• <!ola pro
coso.ing oyllem ond lh< r«1 of tht 
•YIIem which ><<ep!S d>ll fro,. 
•nclhor par\ cf lh< <yllern"). 

Otrt~~HEMENT.TYPE• 1-!fSSAOE 
("An a¡;gr<~>licn <>f DATA and 
FIL~S tha! PASS lhrou¡;h In Íll· 
terf>:o u alog¡col uniL •). 

DUl~[ ~ElAliONSHlP• P_.,SSQ 
( 

0 ÑltNPUT _]),"TU f ACE ""I'AS!oli' 
a logi~ol >r.l:<'Sotion cf d•t> eal!od 
1 MESSACE frúm th< oul<ide sys· 
1<m into the d,., pT<>ce>\Í.lll 
sysL<rn"). 

SU 81~CT; !~"ll _tNTlllr ACL J • 

OPl~CT• O<USAG[. 

After th•" der u>itiun• '" prOC<I!td b)· th< RSL traml~tor anl 
er.10ttd lnto the ASSM. they '" .-aJiabi< fnr "" b~ vty n 
G'"«m<n" <ngin«r "o1l.i.~g \>oÍlh 1N1 da" b•"· Of """'"· 
to m• l.• th= p.nrcubr dofvlition• us.ef u!. •d¿¡¡;o,.,¡ J<bliotl 
,¡,,,,m un be drf111td; <>f pani<"ulor impor:ance is ti.< rdatio<· 
1llip ~~ich 0\IOCllt<S porlkulu ilems of DATA ,.¡¡h tl>l 
>1l~SAL[. 

Vo"uh on ""·"'"n m<oh•nilm ~~~' po"<r!ul. 1'. -ould lit 1 

t<mptins p1upo.nion te p;cviJe on!y thi< mtJ.,-.,:n "'1~-" 
tht r<quiltruntl en¡jnrer "·ould t.a.e 1 <7>"n110 p;c•id< luf 
":" n roncepts. Thi>. hú,.e>CJ, wou id de m:illd Ü'>t lh< er ¡;in<•" 
do•,.:n hi• ,,.., \.aOf'J>g< for r<quitorro<nll <l•«rr•<fll n~•~" 
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"'''necli111 tl.e toq."l'"'"•ll Ll.o~..,¡. ... lñ«<fo1o, ''" t "' 
,..o• •kd • '"'" "'' of mn,<pt> th.>t •rr••a 10 be ne<dod ~ uh 
p<ll ro¡ulm1y, or,d ).J>e al10 provlded thl: m"'h"-OL>m io1 
""n~tn¡ ¡),, mto«pll •1 noeJed ill plllitlllar ptobl<rm.. Tho 

,.:ampl'"' <:lf "''""on' '""" abo•• ltt 1 P"'' or th" .:en< .. , 
1).ung vonh 19 OLhet don><nt t}'l'"'• 20 rolationslups, ¡nd ~O 
,, tr>b u l<"l. 

7G 
Tho folloiiiÍI'II nampl<l •ho"· 1he U1< ofth< "'"' cone<pts lo 

Jof~:>o r<quiJements. Th•y include tt.. deflnitions of '"'o t<· 
.¡ut~<d procnsing ueps (~utu '<), of a '"'l"iltd item of ~:>ior· 

""'""" (o-.r.~) which Íl oo be ounut rao .. une of th<: 
".,'·"· and of • •ut<mont f1om another document ,.ru,h 

O "''"'""" the indu<i~n cf ,..,.,.¡ !turu ;, Lh< roquilem<ntl 
lt>~IGt ~-' TtSG _REQUI H11['o;l). 

~LrH .•. [X TR-.t:T .Mt-.5L•RntENT. 

I~PCH, CORRH .• TED_~HURN, 

OUHUTS, V" liD _RETl" ~N. '1(\SU~E"E ... T. 

OISCRIPTIO~• "OOES R.\NGE SELECliOS rEJI CtSS 

REfiRENct!.7". 

E~lERlO B\· ""\1 RICH!IIr,". 

•LPI< .• ' OL TE RmNE.lT. RE 01.1~"0-.HT. 

l~I'UT$, CORkEl.\TLO.RLTURH. 

OUTPUTS' RIDI~D.\~T.:t\t-.GE. 

ll~SCRLPTJO).:' 'Tti[ L\1.\Gt 01" TH~ R\0\R Rrll"R~ 

15 AN-.L~'lEO TO Dr:TERMIN[ tr 1T tS R[Ol"· 
OANT "'lTH .• ,,OTHER l>t-.GE". 

~NTEREil_!Y' "f.SURN~". 

o-.r-.· >IV>SURE\tl.q, 

I'<C.l UDE.S; R "GE_ 11 '""- Tt~tE. ""PL 11 L"llE. 

R A~G~. \" •R 1.\SCL. RO. V -.R l~I'Cl. 

R_-.ND. RD_cORRTlATION. 
OUlrUT FR0\1 .. \I.Pt<' [URACT_MrASL'R[IIE'o"l. 

ll[S{"RIHtO'o;o ""lKIS IS THl ESS[l>Cl OF THE l~FOR· 

.1-.TLOI' L..; lH[ RrTUkN". 
EI'IER~O.BY' "T. BL'RNS". 

ORlGl~" TJSG _klQC'IR [\lE~ y, 

DI'SrR _J -~-l.". rUNCTIOH"I.· 

Dl.SCRlHIO/o; "'CIJO.'' SENO RAD-.R OROCR IN· 

t0RMATI0"' J~FORM-.rtOi'lo RAD•RORDER, 

"' -.GE (~[ Dl SD~NT)". 
t RACLS JO' "trH , ca"""" O _PU 1.5ES 

' ll!ShGE R-.DAR_O~DER _ IIESS.•GE 

llUA REOUNDANT l>!AC.[ 
L/ortrv _n-.ss "'"Gr. 

[NltRED BY• ""T.[.B[I.L". 

Tllc Ttantl~tor 

n., RSL lr.r.;\3tot ita <ompuoeol of REVS: m P"'l"'"' ;, 
1
" >n•!)'>< tltt RSL ""'"''"" wh"h '" ir,puo Lo ll '"j to 

;->l< <ntti<l in lh< ASS\1 <cm•p<>ndo~! le lb< ""'r.:r-g of lhe 
,. >=<meoll, h doo> thi• br n m<Ling 1hc RSL p"m" "" (<:o· 
'"·<m<. r<i>1imt~hip•. ou"butr<. •nd '"""'JTe>) "lu<h '"'';, 
"·< i"put <tJI<I1\ena. and l;iy m>ppin¡: lh<m to '"""'""'m 
'f·< •\SS\1, TI o< 1 nn>IUot >h<> p10X<!I<> tnodtr.: .tic;,¡ J:i~ d,. 

lehons from lhe dan bn< which 1 <om~·.c: ·~ ~} RSL 111··· 
m<nll spOc,fying dunt" to alt<>d)'-<~"1.'."•~ inttan.:" u-.~~ 
ASSM. Thi• i• dr·n• in • rn•nner simih: 1<> th11 u"d in ''"' 
ttwn¡ th< 1ddtuon• lo tho ASS\1: U..: i•. :h• pt~""'".i"'" '" 
u"'cttd 1nd lh• ttftreno.d conunJct "moJoft<d cr ~el<tt~. 

fDr lll lYP" of input pr<L.:tuin!. th< ultl•IOIOI roi"'"'" ~'l• 
ASS\1 10 do 1impl< con•it!tn.:) chtd.< on U.< input. Tlu> pr<· 
.. nu th• D.:cumncr of di1.1st rou1 '""' ~ 1u'h >1 1h< int roduc· 
lion of 1n rlrmont ,.nh Lhe ""'' na m~ ,. 1 pt<11outl) <Wl"'l 
tkm<nt Dr an imt"•nc• Df 1 JOlationthip " 'uch i> t:od 10 .on ~· 
log>l 1ypo of <kment. Besi;les pro11Jing a m<~>ut< of prot•;· 

tion for 1he data b'"'· tlu<type of .:h<d.ior '"''~'"·., rn <lll}' · 
<la E<. <ame Df the <Ín>pl< 1}-pe·, Di .,;on~ "'nciu Lhn ~le OÍt<n 
found in requi!<mtnu •p«ift.:ation•. 

In odditiDn 10 pro<e.,tng r<qu,;orr.cna !la>lr.1<n" !f."" in 
t«ms Df lh< e ore "'' of ntrn.,on<. U.< "'"'l.tor •:cqt< iw. 
Lh<~ ut<Mion• and '""" th<m into lh< ASS\!. 0':11otalr. 
U.• hl<mion• "'"" b< tr<ated ,.;,b "'" mo!< .:.:< th>n 1~.< 
r<quiremenll <La><m<ntl sin.:e U.t dtl<tiDn of, <l)' .l p:ttiOU>))" 
letal elem<nL _type m•)· in•·>tidll< 1 latge "&mer.1 of th< re· 
qui~rm<nll. On th< Oth<r h>nd. 'ddmg ne,. (on"?tl in te· 

<pon>< to nch indhidual"• d«ires i• a pemi.:1ou1 F'""'~e. Fm 

th<,.. "''""'· a lodt m"ham•m hll be<n but!t int;:> the "'"·'" 
latoJ tD onoble 1110 r<j<<J any •~ttr.Uon• ,.,hiJ, lo.:krd. Tió 
anow1 th< mana!<m<nt of a prDje<1 10 connclth< u;o ció< 
nrension1 in thtir projeol and 10 <nfor<:< a di>.:t?hr,<d "" oi 
the pow<r of RSL. 

Th< uan<\•tor hu b«n in>pkm<nttd wiog a ¡omp.l" w.ri:L'I! 
oyst<m [161: 1hi• adds •d~mon.al i'.<>Jbiitt}" te th< ia~"''>'· 
Chang~• te 1h< s¡ntu <>r u.~ pnmtlt>" of the hn~"•;:e .... ru,~. 
would bo unLhinlabl)" hpen>h< ""ha hond·built t:•mioto1. 
m>y be •uomph>h<d ~i1h rel01h<l)' smaU char.¡:e; '" th< '". 
puts Df th• <nmp¡\<r .. ntin¡: iy>t<m. Thw. io1 '"mpl<: Lf 
rvolutiOM in lhe Soft" ot< Requuem<nt< En!ÍII<<ri~g ~l<<l".od· 
olog,y in~rodu« • t¡ p< of flo, nruoture "'hieh ~"'' r.ot ,~,. 
1<ntly tx.ln in lh< l•n!"•~<.th< ""'""" portron o:" RSL ""·11 
be ch.ng<d throu~h 1he "" of Lh< <omp~<! "n;in; <) """· 
Of cour,.., th< itnp,_t of rh•n~<l of tbs ma¡:m;uó< en ¡;,, 
ASSM ond too!< ore ¡i~rllli<l nt. Th<r< ¡.,,.. th: u;e oi :hl> (L~ll 
l;~<l Df flnibility i< ti¡.lnly ronu~U<d. 

Tho RSL '"'""'"" that •n <n}'n<<J ;,,puH ro tht R<qa:,.. 
m<n1> Engin«1in¡ ond \"altdltion Sy>L<m tRE\.Sl '" an>· 
lyzed, 1nd a rtpt<><ntlllonof th< informdon ;, pot rnto > !;><· 

cial dau ba ... Thi< dan ba,.. il cal:"<! th< "AO.~::•~• S.'"'''' 
S.m•ntic Model" (..\SS\l) l><<lu>< it morn\>1:1< Jr.fo1m>t¡o~ 
obmll the req"iled dlta p1oe<,.Oog S} "'m (RSL >emor.ti,·,;¡"' 
on •b<troct, !<l>tiOnll modtl. [loh '""m<nL" .r ... :.d fcr 
•ynuctic and elem<nt>l")' ,..mlntk cot!<Cin"' p:ivr 10 ~<tq 
pul into the ASS\1. Th<afo~t, a number ci ~'lferen1 "'"a 
''" '"Ur '""' >h< lata "'ithuut lh< noed 10 <h<<k iot d.-,.. 
t;,p•• of comctn<» "'i1h <O<h "''"· 

ln >ddiLion 10 m•ir,utnint ido<wmon •b<>ut ;he rt~~'"' 

"''""· the ASS\1 m>~nuin< 1he cDn.:c~" ""J to '"'r"•' 1~.< 
~<quitem<n". Thi1 ""'"' th>t oll <~l<n,.ons. ooth Lt'.t ,,,. 
conuplt >nd the ,.Jdition< and ,.,...dtlintron• oi >;oc;:ni' rr<>
j«L>. '•' in Lh< ASS\l. Th" allD'"' 1t,, R~l t!ar.~llot to 

!Ol 



'"'"" ""~<~r< in a ''"""" ,;,¡:., to th~t in "'hioh 1t ?•o
."':"..e! :h• ,,.,;"'"'"">'>amena_ The moolroed <on"p11 
._., ,~.~ .,,.,~¡, for~" 01 •oon utho~ "' cntcrcd. 

,.-"'"'";''" in the ASS~I i• not >imply 1 coU<ction cof 
:nL '~"''~ of !hit, lt ,._¡.,. 11 1 rol•tional mOOel <>fthe in· 
i.-:m.::on <on:.irlod in the RSL <Uitmen\1. In thls model, 
o:'"'''-:S'" "P" .. ntrd b)" nodn (rcce><d>) in the d>u bne,, 
>..::~ r::otio~sCJ¡>S .,, «pr<~ented u connt(tions bet ...... n 1hc 

~:~"- "'"""""' •nd thoif \"llues then consitl of 1 node f01 
~· •-..!~• •-d 1 conn,.tion 10 th< e!ement nodo wi1h .. -hich 
l:.<- ~r::ihu" i> •••ocÍJ1<d. The struttUI" 11< e •p•nd<d to lhe 
p~h "-hi.-h tlley rep«><nt. Tnis T)'pt of rOp,.,.ntation fa<il
,._,,., """'-,¡ of info<m>~ion f<om the d111 bol< in 1orm1 of 

;.:;.<des :oho~r the «litionship> btll'<en elemenu; complex 
<-:mbCr.>:ioo> of rehtion>hip> o>n be moed >imply by follo><•itl¡ 
'.:".! P''P" <~c.ne<tion> in th< ASSM. In mdtr to support u
"~nor.> or,_;, languor•. anc1h<r 1.-·cl of modo! ex:i>t>. A< •tus 
!:>el ;"o¡o;~;:s fo< u.-h t)-pe of rlem<nt. relation>hip. or a•· 
,_-:~uu r.:a~ leplly bt tept<,..nttd. Addin¡ concOpts then 
:."'!fló~:s te •~db¡ "'"' pro<Ot)'pt< to th< model. Eoch in· 
'"''"' of •~ •l•ment. relauon<hip, or otlributt ¡, linktd 10 its 
~~~C~l"- Thi1 faciLtateo concep1-o<ientod rettleval oper:o
:;,ns <"JCh a; ~rll\d aU rlemonts of 1ype DATA .. -hich are not 
O'?l't to ••l :hinf" u ""<U u facilitating u•enoihil1ty. 
L~ z~;imün 10 ptO\iditl¡ > m'""' to enhoncr thc ertlcicncy 

:::· p<<>:os=;. th< ASS\1 pto•id<S 1 «1\.1111 tepOIÍtor~ fot lll 
::.:·J=l<ion •~out the ~-.,em dan p<ateu.ing ,.qui•ements_ 
l". •' • en"'~~''""' of 1 la•~• B\ID system, thi> typt of con
-, on "'"''"'"'Y oince many itldi,iduallo" conlinual\y 
.;~,.,~- deldn!. and chan!ln! informallon about requlrem<n\5 
f:' t!:< da!! ?IO«I<in! ~·>tem. The ASSM p10\Ídel 1 m'"n< 
:·:, al: oflhcr:t lo \I'Oik "ith the same ha" of cutre ni informa
::Jn; tl:cy ''--~ lind out obout 1he effecu of th<ir work on othet 
:-t~uh:nonts cn¡inttn, lhe ch:orac1crísti" of p:ons of tho s¡tl
:::n '-"•t o<.1" p•ople '" de!ining, and th< cumnt >mus of 
::,_,¡, o,.·n ""'"- Th• nnuoliz.otion a\1""'·• both the r<quire· 
::::nu rngi.""' .nd th Ul>l) "' 100h lo ..-ook f¡om ¡ common 
~=E~• and on:oblu imp:tm<nlllion of m>n>grmont conuols 
r::: ch"-""1!"''-o this hu•llne. 

Thi iunC!ion of thr ASSM •• a centul rrpo<iiDry fot a U ín
::rm.:ODn i! crucialto both <he ex1enuhilit~ and di>ciplinrd 
't;~r~>:h "?''" of SRfP. Exten<ibility of 1ho longu>g< al 
"'-< I<Hl o: ,;¿,ng. dolotin¡. or moJ¡fying con<Op!l would be 
~!ul;· im~uible !f !hose concopll "'"' opread th1oughout 
:·.o ~ .-:em. Ir. add11ion. !he <e>idence'<>o•all infotm:otion >boUI 

~,:j, the ..,;:v,-.,, requi••rn•m• and t~e concepu u sed for de
•:::-;.;_..,; •h•m in the ASS\1 m•h• it po'-'1blo total< 1 rncddor 
e~ ''-""¿>:!e approo;h 10 1he too!Jo_ 1t al<O p•omi<s1h< im
p~tio:> of :onfirumion mona¡;em<nt <on~rof¡ in on oflicimt 
::".lM~f ,;,-,:< blodUn¡ of modof~CatiM< to tho r\SSM fl'<«l 
:le confizu:a:ion, Finally, thc analy<i< too!< e>n tuily ''"" 
&.rou¡:h !l-.< eata ba<e1o ¡he;\; for comi>lency.• t•<k "'hich 
~ o·•'' be <>l:«mly d1fn:ult-.. i<h,,u¡ 3<«.,10 !he rlr'-'<iption _, 

' 
·Vl. Al1t0'-'Al~D TooLS 

For 1 hrf< •oft~ are >)ll<m. many f"'ople d<•<lvp r<quir<· 
"'""·" ior d:fi<r<nt ><¡:monl< of \~.< <¡ >lem; u1in¡; ~J<EM, <a oh 
¡.:nn~ do.,]cr• RSL d":npoioO> of the rcquiwnenrs for his 

7r¡ 
p•llieuh< pan or tho system. REVS "'"¡' in th< aothio; 
,,f.lso r•cl'iJ .. m<chani•m• for im¡><>'i-•f ,.:;,¡p]i,.c. :.~ , .. 
u ni on the r<q~"'""'"" and the roqu"""'"" < ngincmnt rro 
'"''· Thi< i1 a:compli>hed by th• thitd "i'"'"l of REVS, H" 
auwmated tooh. TI!< roquncmonll cn~onccr u,.¡th< tools lo 

ideotif~ tho" "'" which n«d f~rthu r<><lhlljon, !O o id M!ll 
in r<<ohui1 probl<m<. >nd to ••·aluJI< hi• input._ At ''IIÍOlJ> 

mÜ<ItOn« in the ~<«lopmont. th< too!> >t< alw mcd lo e~. 
u:ote thr entil< >tstem. T}pi<al J<quir<rr.cot< en¡ir.eorin¡ ef. 
foot> ,.iJ! hl't "''"al ite1111on• of thi• typ<, ,.;,h·th~ toch 
beiol u.., 11 <>clr. m¡e to >how """ "hich n .. d furtht1 
"-O! k, 

n" b,,,..hn< .. t of 1ool• in REVS con~>in, no ... o:iontrd 
an•l)'IÍI and ,·a\idation aid• for ,...,rying the comfl<tenc'l, 
consi>leocy, and corre<lnO<> of the >p<ti!ied f<quioements. 
A ~enor>li:rd extra<110n and o<portin¡ l)'llem ;rrovi¿« add~ 
uonll an>l) m ond """' info<mauon. \\lúl<o t~e flow-on<!lled 
•naly<i< aids 1ft nor u>ily utensiblo. 1he flexib;< n\llctiOCI 
spl<rn Íl 1 pG"'<rful exlOn>iotÍ copob~ny •~>p:atle l>alh by 
th< <nJ!n«< to <va!ua•e hl> requio<menn, and by mamg<ml'nt 
to maintlin •·ilibUity and control. 

• 
f1ow Orirrrro<ion 

The 11>ting of o<quioemenu ;, RSL 1• ba><d on ¡dentif~lnl 
ond J<latin¡ othet «qui«menl> informotion ID >;redfied funt· 
ti.:.nal no"! of proce»itlg st<pl, In REVS. wc h3>< impl•· 
m<nt<d tools to pro•ide ¡nplliu inpu1/output. to p<tfonn 
>mi< anll¡til. and to ere U< wnulllon bl>ed on thio flowop
proach. The<e tools aid the <n¡ino<l in dovtloplng th< nowl 
and in validllin& th<'con>l<l<n<"y, comp\t~cne;¡,znd COHO<I· 

""' of the >p<cl!ied now muctu«s and lh<il relllod 
r<quir<men\1. 

hr!rrocr/!·r Crop/¡¡c•: Th• inleracti"< K_l"'f.T t<n<r31ion tool 
pr011dt1 JllphiCS capabil111<1 for """ of REVS. Through thi< 
fadlll)". the requirement• <n¡tin<<l moy inpm. modif~, 01 d~ 

·play "-"~r·•· lt aho pro, id<! an oh«r.otivo 10 the RSL Han .. 
bror fo1 opc<i fic21i0o of tho flow pon ion of tho oequi«mentL 

L'>rn: 1hi1 tool, th• '"« "'')' "'" drHIOp • goaphic "P""'"" 
•••ion of >n ~-I<H pre"oully '""''d in RSL. Th«e no ... 
dJO¡olffil (Fig. 2) ••• in11o<tmly '"'e dim<n>ional, •o their dll· 
play on 1 S"rhico sy>t<m pto•idu a mol<·<•oily unde11tood 
tept<>enuuon lhon th< (on<-<hm<n>ional) lanEu>ge (Fi¡. 3). 
Throu~ the u .. of th< ASS~I. th• u,., m ay "'orl, with eith01 
the ¡:uphic 01 RSL bngu•g• HpJ<I<nution of R_NH'I; th<1 
••• com?l<t<ly int<rchan¡<ablt. 

Th< Íllletlcti" a_~ET ¡ener~tion hci!ity pol>e> .. l fuU 
'~"i"' cop>~ilities. Th< u,.r m•~ input >n ~-''Ef ""from 
"'"'h .. 01 l,e may modify one proviou>ly entered. Al thr 
mndu<iun of 1he od11ing $0\lÍon, 1he now II_HT repl>c« 
1~< old un< (of ony) in the ASSM. An alphanumeric key• 
boa<d and a lnckboll<!ri,·en cuuor "" the mean< by whkh 
1h< u .. , (ommunicot'S l'ith 1ho ¡llphico ')'<!em. !lo e>~~ 

,:.ct •ny of • ><nes of funotion• from • m•nu of ... uabl< 
fu~ctions. n.e <dllino fun<lÍOfl\ pto•id< m<ans \O po;itiDn, 
rou.oct. :>nd ¿de¡ e nMe<, lo mo\0 tJ-,om. to di.:onneotthe¡n 
foom otl-.tt noJ". 1nd to ent•r or <h>n¡e thio .,w<¡ated 
nOJnel 1nd <omr"'""l')'- Mer.u ,.lowon 1nd .creen po>itio~· 
lfiJ aro Jone um.g tho t"c\,ball: "'"'" 1nd <t.rnmon:a,¡y ~ 
ent<r<d thr~"&h the k<}~DIId. The We of .n R_I<ET j¡ ROl 
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F~- 4. REVS loymd du;p.. 

to- RSL and in•u\>1< Ihe tooh from the de<>il<il or¡an¡>>lion 
o' the dau ba>e. The ASS~ can be phy•i<.>lly '"'""ctuted 
.. ;,hou! impocUn¡ the tooiL ,.. 

Th• REVS •~•cutive tnvok .. the automated tooh b•sod oo 
<";nmand from the me1. A new too! ma,y be ea<ily in~orpo· 
<>:td into REVS •• anrnte&~•l pul by modifyin¡ tlle H<cuti•e 
•~ J<.:O¡n\u a nevo command and \nvoke the added tool. 
S~c14/ RrpotlJ: The <uue!ure of REVS euily accommodat., 

•~trnsicm te the ba><ilne tooh. Hov.· ... er, oddin¡ 1 new tcol 
•e.:h timt a requuemen" enl)neer n<edl 1 <pedal repon or 
¡.~L'y>is ;, coi\Jy and does not oUow timely •••pons\vrneu te 

-· need•. · RE\ 'S •ll••·iates thi• prcblem by ptC'o'tdin¡the requi«· 
r:,.n,. rngtne" an e~ten<ib\e loe\ (th< rxua<tor) to produ<:e 
•~•<ill<zed ~<poru. The u >e< co.Ttpletdy control• the 5<ope or 
l'.t 1111\)'SI' and ccnteot of 11!, ~eporu; he is not burdeord 
1uh thr details cf •p<cifyin& the formu nor with look.in&•t 
ti-,u\lt fcrmsto e~uact noeded inform•ticn. 

Thi• ne~iblllly cf txtracticn from the dota hue ;, provided. 
t:· th< f'""'lued •~tractor •yotem. U•ing this •y•tem,tlle 
~'" can •ubm the element• in the ASSM b"'ed on lDtne con• 
6.tion (or co.nbinwon cf conditlon¡) and di•?l•~ the eltme ntl 
ci th< oub .. < "ith :rny appended in feo mation ho <rlecto. Out· 
;ur "in a St>ndudi><d fotm compatiblé with the RSL Input 
ionn. Prepo•hion• and -,ddition>l pÍinetuotion are •ddod oc 
t:-.11 • fotmal documentation cf thc requuem<n" con be gen· 
e:oted In "' cJd<r 1undardi2ed 10 the nted• of o particular •p· 
F~;uion, B<in& "'ndardilcd RSL, outpuu of thc e~uac101 
an be e"ill' corrrlated wilh tho RSL input> •nd the cn¡.ineor 
b.• te deol .,.llh only onet<quiremonl! formol. 

lnfOJmÍiton to be r<tm>Od ;, idenhfied in torml cf RSL 
>one<pt¡, Fc1 cumple, ,r the "'"' "'""" • ro pon li•üng all 
n_H_, o:cmer.11 ... ruch ,,. nct t~PUT 10 an)· AlPHA (proc<U· 
~'! ll<p), he <nt<n tho follc.,·in¡ ccntm:ritdL 

SETA • PATA Ttl•T !S NOT\NPUT. 
LISTA. 

By combinin~ •<U in »nou• way•, he can d<!ec\ th< ab,..ncc 

o.od P"'"'"" of d•"· """ r<feoonc" on thc "'"''"'"'• ond 
Lool)ze. inreu<T .. ion<!-~p> .;,ubt .. t,ed m !he ASS"l. lo •r.•· 

1¡-nnt "''' I<QU<Ill and cxttor:tlnt inf•;:rcrticr. f:o"' 
ASSM ¡he """C!Qt 1ntem "'"' tho de~n>ttor. of \he '"" 
e~pa ~ont:uned 1n th< Ass~t. Thut, al RSL" •~",.,~,-, 
u<on•icn• and !he~ u>e ¡n the t<quircmtnts ao< imJ;t<:l:J;,;;· 

•••rlable. 

' • 
• 

Th< e>lfl<IOI •ytt<m nn be u.cd. botlr for oá hO<" inquirio1 , 

ond fcr tctllinoly crner•ted c.:trictcr s¡>tcial apOr,.. B<>lh Ót .,. 

rrqut!emcml enpneu and ,.;~n•~• ment m•~ pt< <lertne tq"Ort< 
.nd onter the requ<>tl te thr utracteo as necdrd. Thi• >11n~-, 
tito l<qutr<noentl en~nrer te •subli>~ a re put~ur of •ituJti<>n· . 
>¡>e<ific conto\tency •nd eornp\etene" chrd1, and t~ pro ro,.,. 1 
automatic r•cr.,.,ve te¡tins. Man>t<r> c•n periodicol\y ¡equ<n 
ro¡tert> on th< ttllu> cf th< ASSM to imJ>"'< <tandard• l"d 
cc~tJolthc ~evelopm<:nt of requir<mento. Fe1 cumple, RSL 
.,·pporto the troceabiltt)' of •cft"''ll< ¡cquiJemcn11 ro •)>l<m 
¡equnemcnlltc p<tmit upid, cconcmk•l, ond ocmprehen"'" 
change control. Uorng th< generaltúd e~tr.ctor S)~t<rn, 1 
repon can be p!odu<ed al any timo te ,))cw, for cumplo, 
"hkh ¡equi~<mtntlk><·< no docum<nted <r•ceabüily and lte 
thcodore ,uspect. 

Vll. (O,."CLUStOI'IS 

The REVS scftw•r< i< now op<!ltionol on the Texuln•lru. 
nicm, Advanced Sdonufic Ccmputer 11 rho B\IDATC Ad· 
>anc<d Rnutch Cent« in Huntsvil\e, AL The .oft,.·;u-c •~•
cutes in the mannor de•cribed in thil pape•. Thi> fact.thcu¡:h 
ccmfo¡tlnJ, il ho,.ily adequau for • justifica lino of the • !Ton 
so p!nd.ice W ')'lt<m. lfwc ,..,,. to conclude tlt.i< P3P'""' 

nothin¡: moro thon the p1oud UJUfOnce tha! !he :~:,~;;,::: 
not abnonnally t<tminote, wc wculd foil intc a 
'Y"""' ~uildert that 8. 8ochm hn cal\ed ~computer 
...... VCfi.H ' 

R<ferrinJ lo pecpl< in lhi• <at•I"'Y, floehm mted "A bulet 
., .•• ver h•s• v~ry dtf!icult job. He "'"'' plan hi• b .. kcs ><ry 
carefu!ly ond ht puu o lo\ cf lc•ing elle into it; ~· builds 11. 
•tudiu h frcm »IÍCu• angl<¡, di..eu=• it "ith other b.,~<l 
weavn<,and thon !""'•offtobuild •ncthcr b.,ket. Vcry ru<ly 
though doel h< ~o out and ,3mpl< i.r¡en to fllld out "'h<1h<r 
they are lnt<Jeoted in bo>kets with handl« or with ,.,.,,¡ 
oompanmrnts rother !han on< computment, and th< like. 
And, unle" ><>mcthing ch•nge• con•id<rably in computing. i\ 
will r<main alirul of computcr bo¡\;e¡.,ravinC ¡20]. So<hm 
u crt'ticizinE computer «i<n« J<l<>rch<n for no! dcin¡ ad•· 
quate ,.quiremenu •naly•es and re, not che<lini tl".< d<"« 
¡o "'hich the ¡¡.-•~em> fulfilltlle requirem•nt• afrer their impl<· 
mentuion. A 'Y•t•m pu<pOrtin¡ to impoo>e roquir<ment• <~· 
o"n«u,g e<ttainly h., o •pedal re<pon•il>ill!y to idrnlify iu 
r<qui,emenu and •hen to check tho degr« of futfü.lment. 

Tho <entrol na1me of RSL led Ul te con;:en\Ul< on it• r<· 
~uir<ments in ou.> early dc>elcpm<nt-ond to dccumenl tb< 
Je:¡uiremonn oothat "'' cculd uack our rroó'«<>. The mll<rill 
tn S<crion 11 of th« ppu i• a •ummary of tbr do<umont oftef 
,.., had np•nded o~' requiromentl to indu~, the 
kEVS, .\:o.-ely hJ>in~ •o•ríe ><1 of rrqui"~"""• of 
~'"'' nol rrcvo an)'lhin¡; how "''\! doc• U,, 'Y'""' 
,.,;,ry the ""'"' n"do1 1 

S~m< cf tt.< to•t ""'"'' u><d tccnlu•t• req~il<m<nl .. tilf.:· 

"' 

. ' 



' 
i 
1 

' 

' ' 

1 

• 

"';;,":::--:.~·;¡:' ::¡'' ·""'"·'""'· 
"""'"'" ...... """" "" ... '""" ....... , .. '""" ..... ,,~ ,,., ... _ 

... -- ...... """'..... "· u:.b_.-<1. 

"'" """"· '""""''' .. "'"' " ""'"'·''"'· 
"''" --,..,..,.., .,_....._10. 
,..,. , ... ,, .. ,_""'"· ............... ,.. " 

- .. -.""'" ..... ...,¡~ ,.,,. 

'"' """ '''" 
"-"1<1! '"''"'''"' "'"" !"'''"'""' ....... ~ '"" ""' """-"'" _, """''' ... ' .._, '"''"'-""' ... ""... ,,., .. ,., .... ,.,:-_ 

'"'""· ........,. .. "'"· "'"''" '""· .._.,...,., "'"'" n•'• ''-'"''"" "'"· ........... , ., .. ~'"'"' •.:.:.r:·- ......... "'''·" 
::~:~:~;.- ,;::;~~:;.:~;~, =;,::·;:;,;::;_ 
...... _ .... ltr" '"'"·''-':"!.-

...... ''""" ""' "'·'"""'· ''""'- "''"'il' "'"· ,O:,':.~l,' ~-"'TL ... f<, 1 ... 1,1> . 

... ,. ·- " '"'" """"''"- .... ,.. .. '"' "·""" """ , .. ~,.,,.. - .,,,., '"''" ,,.., .. , -::: __ ,,. 
'""' "" ""'" "'"'" "'":a.•n .. -

flf,.l- RSL lrom 8\ID ""~loop. 

'""' uTirtl SREM ue noted in A!ford's pap<r [13). M<><t of 
tlul,., llowever, involved othe1 para of SRE~ th&n RSland 

~- The '""' noted l>clow ""'' p>rllcubtly ¡rnport:uu in 
.,_ ·'"~ 0111 "'hether u.en wcrc inter .. tcd in thc .. baokct"thot 
•• hod v.-a~·en ""ith RSL ond REVS. -

One of ou1 flf'l tell "'" involved """'in& into RSLo por
'""\arly in"<>!><d 'part of th< requlfern<nto for 1 medico! i~fot. 
r->uon JY•I<m. Wc hop.d thot th< RSlst,.tmen\1 would be 
,In! rnough thlt thc ""' {á prof<11ional d>\0 p!OC<,.ing 1¡>t· 
:t.hot d«pl)' invol\·ed in m<dical JY"<m•) "'ould find ¡nphical 
:<r:o>tnlllion< •upernuou•. ln11nd, we found thl\ the tnph· 

'·' """ ,feally "'"""Y for him 10 undert•~nd the now, 
tll•~uth hi, ')'ll<m. Wben he uud botb RSL and fnphie<, he· 
lound fi\'e e ritica\ probkm• in the f ngli•b roquirc m<nu \tato· 

"''""· Ont uf the>t problemo, for n•mple. in1 ol><d 10quuins 
• rh¡ oicion 1 o cheok the u me med ic•l «cord r,., time< "hcn 
• ""&l• ched< I'OU!d hove suffl:od. lmplemen•mg thh !)""'m; 
~ou!d tu.ve requifed cbang<o m (•nd """'&' of) phy•ici•~•· 
''m<-if thoy hod u.ed the oy,em ot oll! C\<l!ly .~ur u>h"'"' 
"'l<m n<erlo 1raphical output lf it i> to h•ndle "'"'"""'liko 
th ... 

'11, ""' panlcularly tnter<<ted in th< mod.cal ')'11tm for tht> 
<>>lu>tion b<<>U" >1< nowl "'"' far >ho!l<! tbn ,n > E.\ID 
'l ''<m. Thcref os<, >ny indi,ation of ccr.fu•ion in tbe ab>tr,« 
.-rr,•rhi:o would bem>&nifi<d in thc a\~D 111u>tion. W11b thc 

"'"1" d".:rib<d >bove, "'' ""' <<rl1in thll tnphic> ..,.., f<· 

'"'1<d for our "1-.-ket"to .,,;,r; th< "'"' n«dl. 
\ ¡,., '"'<»e 'n•ol><d l.,,ins b\ID.dJta P"""'"•''t cng;. 
'" dc•<lop tht l'quimn<nl> for an actual b'ID Juncllon 

lh>c\Jng). In thio ca..: th< RSL tron<btnt H\ impl<mont<d 

•~ 11" ruint 1h11 "' <ould inru• tho RSL ""''"''~" ,~dha-. 
H.:m eh« ~<d for cor.>iot< "'Y. o~, np<•i<n« '" ,¡,;, "'" tn· 
~''"'4 t?.ot Horno of tbe eoncc;11• ir.th< <O"><! of RSL '"" 

ioopp•op~ll<ly concehed: they ""' unambi¡uou,, but they 
were not suft1d<nt to <'PI U< 1\l of the r<qulr<mento. 

lnil B~ID '"" J<oult<d In revisions to RSL concept> thot 
"'"' incorporat<d intq the b>.ehne veaicn of th• \Jngu>¡;e 
duerirtion. We found th111bc ·~""''b~"Y fnture> cf RSL 
"orhd, ond "'' ,. . .,, oble to ""'" th< hnt"'S' ""hout <h>nr· 
ing the tun•l•tor. Thu• ..... found 1hat "'~ ""drd '""'' r ... 
turu of ~ur ''b.-ket"' ,.,;.,d{th• coJO ccnoe~t>) but 1h" other 
foaturo• ., . .,, >olid {th< <M<n<ibJity). 

After thl ft\"!510R> 10 th~ core cone<pll, •nother B)!O datÍ 
pro~«<tn~ •~>ifl<tr (ont new to the rroject ;nd r.ct f"'""" 
10!1)' •;·mpnh:uc to many cf "' conclu•ion•) mtted "'" on 
tr>ek-luop (.the 1r><\Jn! funotion) ~•ing tite,.,;"~ RSL He 
found • few furtbtt ro•·i.,on• that bo d<>iltd in • corre<pt "" 
not full)· •~plorod r"''iou,ly. Ag,in, con:ept chan~<l "''" 
lt;ndlcd ,_¡,¡, 1he •~"n<ion <>pability. The ''b.,l..<t" s<omed 
to l>t !•nin~ quite dooe to thc u.en' n«d• (or >l>tins 
r<quil'mtnli. 

One ty¡>t of ""' i< tlt< ¡><""" "Tiling the ,.quirem<nl1 in 
RSL, but onother 11 1hrp<r>on l<>ding tite rnuh•nt >lli<IT,on11. 
TI« lnfo!m.,ion nted<d by thc rcadct mu11 be in tlle RSL 

""'""''"" "ritton by tho "quiremen:, cn&ino<! or lh< 'Y"'"' 
io," lto\t.><><r<i)' crirplod. RSL "" i• "'"'' <l)rli<:,.ond 
t<>rlen nrr<>1<d con« tn al>cut ,. h' lhor od<quue lnfOH:11\ÍOn 
•~i<ted in it> <>>~y "titttn form. V.:e performed anotll<t tht 
'"' to "~~~.,. "'htthc• ou• "b,.l..ct" fu!r,nod the ,.,~.,,. 
infolm>Oion need>. 

TI>< RSL from lh l!>tk-luup 1<\1 "" bdgr•tn '''~''' t~.< 
i<"prr><ion t\,., in•~,-~cr>lt infwm•ti~.r "i~<,·J thC!<, lO ··• 

"""d 1he oCio o! RSL r.~m th>t '"' "" {an t>l!><t •:'P""jn 
ft&. S). Then "' mo-J•iiod tite RSL ""h rl"'"' lh:tt <ubl11· 
tutod for th< "'nda:d RSL<Io~.><nt, ro:.ttlOnlh•p. >nd o:uit-~" 

~''""'· Fin•lly. "' h•d thc rr.l\<ri>lt)r<d in • """''n"~r->1 
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·--·~ ... '·-~····· ··~.,- , .. , ""'~"' .... ""''- ...... "" ""''•<• >"•H,. "'~: '"" 0<;1L -lo ""'"'"'" .. Q lO MI .. , ... "., .. ""'"· 

' .... ~-· ,_.,_,_ , .......... , ... , ,....., ,,..,, .. _ '"' ,..,_,,. '"'' ·~·-~"' ~,. " .... ,.,,.,. .... . 
',_,. h.:"" ••• ,...,.. ,.,, .................. ""'-- .. .. 
"'·-··~ ... r: ...... ., ""'' , .. 
] ! ' • .,,,.,. "'Si ····~ ....... , ...... ,, .... ,_, """"'" '""'" .,, ....... ,.~ .. ,, ....... , . ''"' " " '"'~ " "''--' ...... ""' .... "'" .,,, ,,, .•. , , . .,., ... ,,. 

.. ~-.¡ ,.,,..,..,,. .. ...,,," ..,, .... .,. ..... ... , '"""'"'" . '·•' .. --,.~ , ........... '""'' . .,. ..... , ....... -.. ,.;:,.·· :--.( -'-~' .. , -~" -·-· .... ,_, .¡;,,,. "'"-
•":0ot< ;:...:. ;,,. ''-" """ '·"'-' CO;J"¡ 0:'"1 «<l,._l!OO ti-<A. 

0:"! ........... ' ''"'"''"'· .. -~- ''""· •••• ., ..... .. 
~-" ....... =·" .... _,_,., ,.,., ''·""""' "'" 
• .,. •.w. ,, • .,,, -... '"" ""'"'' ""'· 

lo,_.,..,..,.,,,,,, .... ,<~<<, K .. ''" ... '""' of ....... 

"""' .. '" ,,__,,_, "''""'""-
'·'·"' ., .. ,' ... ,.;o·-..¡: '"''"' '"""''"' ........... .. 
''""" ·-:. ,, ,.,_,¡ ·'• ,,., ,.,, ""'·' '""'" »-IL ,., ... , .•.• " ~"-' ~::. ,.,., :,.-•. ,., '""' :: .. ,, ,.,,«1 .... 
'"""i ,-,a,.-.-,,.,,. .. ,.,, '"'"'• • .,. .. ,.,.,. •' ''-"'· "" ""'" ,., ............. ,.,.,, .. , .. ,.,, ........... '"''" .... ... 
"'""''" ..... '"'~" .... , .. . ,.,_ . ~--· .,. ,_ ... , '• ~" ......... ,. ··-·· ... ... 

•• ,. ""-<:: ~··· '"" , .. ,._.,.,.., •• , ----

&u 

:"orm>t an~ addod tllo u1uol P"•¡raph nurnbors. All of tha 
¡ddod no now information: aD 1M ohon~« oould uWy h¡ye 
:..~n don• by ,· com?ultr: in fo;;t, "'~ di).."Um<nt~d our al¡o
:1th.:n• to b< <uro that ... <>-<m«d no ~i>.:t<tioil in m>lon¡ th< 
31an¡~._ 

Wo tem<l the •ufi><i<nty of tho RSL 1h>1 wo had pul tnto 1 
:"unili11 fo:r.o., ("·itlt lo" of rrduncl:mt motnial) by P'"'oting 

;t to 'Udtll """"'""'' of ill od!in- \1'!\hOut "«ption thoy 
·_>,_ou;ht th: :•~•(•n """" i< .hown m F1¡.6) wos from 1 reo.!, 
::.,rmal 1r.:1f,cilion. In f.-¡ th<y 1ornolim~1 ~•~ded lO~· 
:ho oriam;;l RSL 10 h tonn'"'d that n "'•• me10!y th< nrne 
::~aurh! "fotm•md. Th• notdrd informotion, >1\<><1 11 the 
?>t>¡:toph love!, U oontain.u in RSL 111.t<men11; perh•P• .., 
;;u10m11td <>p•biln) 10 pt<><!uc< moro fimiliu-looking cut pul 
<hould 1>t wcluded •n futu!< ••nion• of REVS te m>k< OIU 
~b .. ~tt" .. .,,.¡u! •• ;t<>"iblt. 
O~r O\'lb>Uon of RSL and RE\' S\, Cltar!y not Y<t c~mp1ete 

rince ""'" have no! ) " omplo) <d lh< nmJ 'o nions of th• <oft· 
~·ve. lllt "'ill c<>!Uinu• out ">luation ofSREM utílity loon· 
!U!< thu '" ~V<' o;>uoU¡ ptoduood an <~lor.<ibl< l)'>l<m thol 
<OCOUI>¡:<> d&ipll.o<d llunki."g in enPn<<~t oorreot, com
;>l<tt. mtóJlin~ful .oft~a:• "quiromont>. o ••• ,.,¡"•tion<\0 
~'" Give <'<'l' ind">tion tltn_RSLond RE\'S aotuolly nti>fy 
> cmicol ne<d in fur:herir.Jl lhe dt•elopment of l:orgo~ole ..,¡,,. . .,._ 

'" '" 
• 

l. Co~,..,,,, ~· .. !ro<. SJ"'I'· M rll< /1'4h Co« o/ 54/<•-•, 
s,.,¡ r~''<-'~- ~:~oot, Mon'"'' , e'. S•p:_ 17-1 9, 1 ~n. 
11. \1_ ~""""'- "'Soh•o>< ... ~ "'"""'"Jo.~"'"""'¡,,.,,.,.. 
"''"'·-D<"""''"'"· 19, pp. •a-s9. "'" 1 ~n. 

tJI l. D. ~~-<:~nulo,~~""~' ol t "'''"'" ~"clurrnent ~"'''"'
¡,.,., P. -'"~""'" ~ ro .. 1 "" .,.,,,,.., .••. r.~. 5<r>. 1 ~ :1. 

(41 J. C. ~>111<tl " ol., "'Solo• ,,. -.1"'""'" ''"-'> ,'' LOCICO-., "''i. 
DS-1 2110-11.! JJO, H\S Po-t. A D·H~ 161. tOGICO-.,. 1 "'·· Sor. 
1<dto,C~. M><. Ul), 

ll1 T. A. Th,y<t, "l'nd<11'>nd1,. wlt~,,. thtO"fh <mr~;c>J r<t.
>bU,t¡ •••1) ,,.,~ in /'!<><, J 9IJ ·'"· ConiJ'•<. Co,¡., 1 un< 19JS, 
ro. lll-!61. 

[SJ l.~- 11'»>« tr al __ ~oii•OJ< «!utUur ""dr: l>c>l <«hni<>! 
«ron.~ ""dr p<rlotm.-.1 b, H"' Dd<n"' ,,.¡Sr"' s,,,,. 
Gooup /ot 1M J<.ir r "'"' l• '"'"' ( nm.-und'o Jl.om< ~u D"'lop
"""' f<nlot,Grúf,,. ~~ s,,._ Rum<,I<Y ,1 eb lJ,)916. 

[71 T. f .. 11<U '"~ 1. A.lh.,.,, 4,,,,~," ><quu«n<nt>: -'" lh<)' 
><•ll> • rroblem•,- in !'toe, :...s l•r. 54/'••" C:<V. Co>!/., Oct. 
1916, 

[81 -"· ~><h, D "· ~'n'"''· l. P. hther.lll.>,.! l. (o""'"'· "DOD 
~<>ro• '1'11<m ,h.,,. """""'"" ,,.¡ ''"""""'"' <~u~r. 
••1•"" \, "ITRE r,,¿,lll'' ,,., '''""'""en~>tlon~- -'11 1 JI.[ 1<<11.. 
Jl.<p. )\ t R-6~06. Th< )\IJH (o-p., "•L<••. ~-A, ~i>y 19lS . 

[9 J A. J;oni><ofl,l- P, Sk>j:M. ~; (. Pt<u' '"""·'· M. fu~. oo4 P. L 
H.,an, "000 ~'>p<IO »>t<ml >oft••>< m>n .. <m<M >tu~r.· 
APl,IIHU SJI. "ll-J, Th< lohn> llork'"' 1.-'n;-.- . ./o.pp!. Fh>'-- hb., 
~d•« Spnnt. MO. Joro< 19U, 

(101 B\\0 A.~""''d l«hnolol~ t:'<n><<. "S"!JHC •~f,~>r< d<V<~ 

ormtot '-"'''"'·· YOI- 1 onol U. B>U"'" "'""'' Od<m< .\ "''""'~ 
T •<hnolo¡:y ''""'· Hunl«<ll•. A.t. lul> \9Jj, 

(111 o_ Teicluoe~. E. ~- ll•""'l , .,.d M. l. '"'"'"""· ~!.o inuo-
d"'""" 10 FSUPSA.," t~ DOS ""'""" P>f"J 86, UN>-. )(i<t.;¡,., 
~nn A.tbot, M><.l974 . 

[lll l. A. H«oh<r, "A. d>to bo,. m•••~<m<nt .,,,., fot P';A. b>><d 
on DBTC 71," l>OOS Wotkútl Pop<> 88, UnJO. ~ti<hit!>n, Mo 
-"•bo<. S<p<. 1 ~n . 

¡lll '-1. 110. J<.lfol<l, "A "q"~''"'"" '"'""""" """'"~olou r~, J<IJ. 
'"'" P'""'""'' «quu<m<nu,- 1ht> ;,..,, , pp. 60 -69. 

p4¡ )), W. All'oJd oo.! 1. f. hu ... "'11-<t<t<- A v•ph mc<ld fru r<-&1-

'""' ,.¡,~.,. "'"'"'"'""·- ,. f'>«. Symp on Con•l"''- So/1• 
"••t Enr., MRl Symp S" .. •o!. XXI\'. Broo~(>·n,I'Y: fQb'· 
'"""" P""·'" o, poblioh<d. 

(l) 1 T. [, 9<U ond D- C. B"l", "A flo~ -on••••d """~''"'"" "'"' 
monl I>OJUlf<," In l'w:>c. S• mp. M Comp~r. 54/1•3" E"J:., MRl 
S)"'l'- S...-., •o!. XXI\'. 11roo~l> n, !<'lo PoJ.>·It<hn>< Pt<», "' b< 
p,N><II<d. ¡~l>o "' TJI.ll- Soft~ "' ~'"'· TR 1l'~5-10.0U 

(161 O_ ~«""'' and G. V. Bo<bm•••- -A (uul,¡ ""ble ond p<>JUbl< 
l>>n<l>tot ~lit~ .,..,,,.,- on J. t_ Ro><nf<ld, [d,,/nfomoiU>II 
l'tottU<"' 74. ~mo1<1dom: Jo,otlh-HoUond. 1974, 

(11! f. 1. ~t•U•n. "Soh~v• "" toolo.~ ., F"'<. rRw s_. mp. "" Rol!--
• M•. Col< Eff.cn-., S«~" Sofr•~"• TIIW Soft-..,< S<!. R<p. 
T R\1 ·5S ·1• ·l•. pp. 6-- •1·6-•1. -'!>1. 1974, 

(111 J;, /on"n onol K 1\dlh, "PASCAl: U><r m111uol >nol ><¡<o"," 
Luro..- -"or.,"' Co"'/"'U• s.-... ~ ... •o!- ti. Bhlino SPrir.¡"· 
V«!o¡.1914.. 

[19\ f, E. J<.U<n ,,.¡l. Coeko, "./o. ptc.,-om dilo no~ >no!,-oit pu>«• 
4u><," Co"''"""- ALI. Comp•l. Mo<~ .. •ol. \9, PP- 111-141, 
~ ... )916, 

(lD[ a. W. ~oehm, ''('omm>n~J<ontro! <tquil<1n<n1l lo< fulu" ~~ 
Fo¡u 1}'11<m<,-"' MuiiiAcc<tl (<>m;>ullnz; -~~ad'm R""''~ 
onJ R<q"V'"''""· lto-<h<U< P .,l, S)- 11•>''"· 19H, pp. 1 1-19 

~~~-
\-- ••• 1 

.A'·-
ii:___ ~t 

P,omu E. II<U ($'6l-M'6l) "" 'bo¡o '" 
Phocn\,, U, in 19•0. M1<1 "''"'in< Ho,-.tl' 
~J•dd (oU<,., Cl:t!<mon¡, (~. lo< )\\ >'"~ 
h• """•d <h< s.s. 6<tr« 0n •er~•d rh>"" 
lrom th< l:n"'""l o! Col~orn". Lo• An:<l<t, 
In J9U. ll" M_8,A. >nd Ph O. d<!J«< "''" 
Ioom tiClA'> Gnduo« S<bool cf Bu>L'<" 1> 
1960 '"~ '96!, l<>;><<l>><ly. 

H< U! o "'""t.<t of lh< ltond Cor,oorotio·· 
ptofou.,nol .,,¡¡ lwm 1907 lhto"P., ¡9' 

ll""'-J >h" "''" "' P"l"'"'«< "''""h"' 
•PP'"""'" l<<hn.;•" to ~"' <ompu>er rur~"' (1-oth it.""""' •-"" 
o'/-""<) "' ~""''~ p¡oblem ..,¡. on¡. H>~ ""· h,. "'"' <mr'-•W ~ »"" 
\l'l< d«<I'P"""' ol <«h•"'•" fot <O"'P""' p<rf<mr.n<t" .,,¡.,,.,.._ 
lo '""F"'""" of "" <Onlnbuuo"' ~o<.h Ooo.r.¡ 1h1> f·<I'O<l '"~ ,.,-,_ 
qu<n~). M~" ,..,4,~ lh< ~-Jo._ Mo<~ ... 1 .. o A~ud,.19H fo_.ou<· 
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~~o~!fll p<>"'o.ol ',nulbuliono •o <ompul<t ¡-<rl.,m.n« ,,,lu,uon. 
ln 1 !'~ h• jo¡n,·dt~' Soh~n• P.<" '"h '"~ i«l.ool~¡t s,.rr ol 1 R "· 
~., <r!o•u ""' J•••«• lo tmrlo'<"'l lh< d<vo!opmonl of 1.01\""'' 
· ••• ¡h "'"'"h and arrh<>tlon.,. <h< •"'""""''"' ol '"''' 

><"P. ·""' .. An>b lis ol ""P''" >1 dm. 4<-.k>pmont ol "''" ''""" 
""-""· and d<ncn of a 0<"' <ohwno rc<¡uuomoi<u >l>t<m<IIL l>nfU>$• 
"'" omphll<V<d. llo i1 <••rontly a~""''" 11 P<><. Mo,...i<'o:, l.lot<hcll 
l Copattn<n. In lh< ~>OoJ<I'I><nl Con<ullinC Dopon:rl<nC 11< u 1<'1'0 .. 
.... ~ [Ol P"""" dr,.!optn<nl ond oppli<ouo••• lh< "" o( p•odu<t""1 
u>l>"""'"'"' l«h..;o;uu loo «>mpu><to on<l th< hununo .,., on<l 

"~""""''h'"'· 
O<. ~·n i> • m<mb<, ol !11< ,l.<.o<i>lion for (O<tlf'l'<inl ~,;,~in<t)', tilo 

¡1 EE Computor S<><i011, 1ho 1n>litul< fol ~h"J.!"'""' S'""""'· on<l 
lh< Compu<01 ~l<>w«mont Group. ll< io ll>< >ull>o< ol ""' 30 p>p<ri .. "'"'~"''"" ,.;.,.,.,. 
• 

o,.;.¡ C. Bi--.lu ,. .. bolO io Youo¡'"''"~· Olt, 
<>o A-JI 1. 1919. H< nc<,...! 111< ~.S. ·~ 
i<l <h<mi<OI <n¡ln<<l,.,;"' 1911 ond tho M.S. 
dt¡.roo ;. '"'"P"'" '""""In 197l.bo\tl bo,. 
M1<hl$>n St>l< llni"""Y, Eou Lln•illf.. 
Si- 19H 1>< ¡,., b<on ,-...,.,..,,d ~-lt~ \11< 

.lppb<d Soh•o>< 1.->l><>To""l' ofiRW Dol<nl< 
on<l Spoot Sy"'"''G,oup, Rtdo""• B<><lt. CA. 
"h<«: he ha• "otk<d "'lh< "''" of !Oit•'ar< 
1<quU<m<nt1 on~ln«nnt. <omputo< do.crir<•o• 
~uq<>, ond oompot<r omolotionl. Hu pn-

• 

,..,., ""' of ~,.,.,, .,, üM ..,.,-,,ntln of •·~~' •• '"""• . 1 .. , -· 

><t.fo<>llon "·"">1"" fo< «>"'r""' P"'""'"'._ 
M1. Bi\l" "o "'"nb<t of loo BolO ro ond "' """"ti>n 1"'~~--

put,n¡ o,(><hin<ll'. 

81 

,\ht¡1Z<I E. DJ-n "'"'"•• th< J.S. ••• \I.S. 
d<l!«> ;., motl><rMT ..... l9fl otlll 1965, 
r<>p«ti•<l}, ftom lll< \.'no•<!<it¡ of ~1><hr.><>. 
Mn AtbO!, 

F1om 19" to 1973 oho ... ,.·,...,01,'<4 ,.-;,h 
T<l<d) n< ~,.,... E'llinmiol•h«< hfl P""'.,., 
I<WIIn<ii-~lll'> "'""' \lto .U><~I!t<OI o(> «<R· 
•«glion>ll>ntU>i< PI O«'"''· ~~< 4<•<lO?.,OR\ 
and opplkot oon ofo,mul>lio"'. ond lM <Cot>pO!· 
oti«t<''Oiu>t.ioO o( ft>o"h ¡<o< .. lion d,t> p!O· «"""· lo 1973"" b<o:>"" • m<mb<• of -.~. 

T<<hn..:al Stolf Gt th< Wllll (<q>o,.u.,., Al ~liTRE ond, ""b><· 
• qo<n<l). •nlt TI!."" D<l<n>< ond Sproco Sr"'""·' Gtoup."" tu b<•• 
""·'"'"~ 1011h ¡h< ~"<lopm<Ol o( od;oncod T<cboic¡o« kiT '"' '""'~"' 
m<ol o! '"''~ .,, ror l>•¡<·>e>l<, T<o!·htt'!< oonl1o! '> "'"'~ Son« J~'""'l 
TRW in 191~ >h< h" oon«ntiOt<d o~ '""'"h olld d<'<\Jpm«'t of 

'""""~ "'¡"'"'' rc<¡uu<m<tll> '"''''"""' ""'"''" on~ '"'~"''"" ID<>\._ M ~hn•l« ol <h< REVS S<llt .. ot< on<l Lao-l">i< D"<lo~r.~<nt 
ll ll>< TI!. .. - llontr<>!l< F>c~>IY. oh< ,. !<>pon"b\< (ol th< ~'<<>'1 o.-.1 
d"<\Opm<nl oi lh< P.c<¡u~omonU En;ino<tin¡ ond V>iidotlOn S¡ n<m. 
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THE EVEREST OF SOFTWARE 

~-~M. 8nn-mb .... --..-.:. ... -..... ..,""'-"-. .. '-·"'' 
Wl><ll hao be<n '"""'n about the lmDol>dC>.~S odnnoeo of <<>mf>'l<lfl8 ovo¡ tho pul 

fcw óe<tdoo. In fact, "hen wo rompuLerniks ¡ot tQ~tlher, we &<nm.Uy poi uch othet on 
tl>e b>ek ond L<li ounelveo how 1<011 we Ole. 1, my .. lf, om qutle ¡uilty of quoli"'! 
lrcquontly lh< lomo .. o!Jtomrnt by lolm PieiGC, who ..,d · ''Mtet twenty-fl.o y cut of 
.. u~ordinaty PJOer< ... the oompul<r lD<Itml)' ls ~a.dy 10 enur tU IJifor>o:y.H 

ll<foro 1 commont on thio IUtomenllll de!o.il, lot ""' <Oiftcl IIII hiStortul uu•:cwocy. 
lt ls 1101 lru< lhat computort h.a•e beon with u.s f or only twonty-fivc yun. In foct, tho 
oullesl reoordod ,.¡,,..,. to computon wu mado by Jonollwl s,.;r, "' bio ~A Voyqo 
to l..apüto. H Oupttt 5, "llct< 1>o des<ril>t< o riou ofCuU...t 10 Lhe Ae&<lemy of Loputa 
1lus puaqe deocribct o dt\'i<e inocnt«< by the l'rofouor of Spo<Ulali>< L<ammg. whl<h 
<011 be d...:ribed 10 nothlnslea thon o computor, ond, m fott, cootains mony of \he 
elemento o! oome compuler scien<o projecu of our doys. 

The comput<r of Uputa ..,., a "F..,<" thar «>n!&inod ''· · · all 111< "'O<d• of 111<11 
lantwJ< in lh<ir ..V.ta! lolood$.. T.....,, a.nd Decloruoono, bur wnhour ""Y Order · · ·." 
fh<s< wordo ,..,. crankod our by rilo P'rofesoor'o pupds, and ony OlrÍI>f> of rhem lhll 
rould compose o pre« <>f o """"'""' w«e pul o<kl<. Thu1 lho Professor u¡o<<l<d ro 
aul< ~, r:omplel< Body ohll ArU ond Saon«o; ,.hich """"""' zni&hr be Olill impro>«<, 
ond mud\ oxpodilod, 1f lh< l'ubbd; ,.ould "* a fund for mUin& and employinJ 0•< 
hundrod a.ch Framn • • ·." A1 you un ><e, thio P"""t< conroitro 1101 only a foJrly 
l«htlo<>l d'"'""'"" of • m<><i<m Monl< Cario tul 8•t~Crallon pro.i<ct, bol, ol10, rho UJual 
app< .. for 1""'"""'"' Juppon. 

Ur m< nov. analyu lh«lern<nU oC • e<>mpuün¡ """""· Acwrdr"' lo Hodaro lollllo, 
• «>mputln¡ proceu i> nolhin,! in<»"e nor !011 lhan lh< Op<fl110n of • muhrproe<!Sifll 
l)'ll<m. E ven lh< limploot oompuliiiJ op<lilion U>•olveo ti lenl two pr<>ce»on' a 
h..,..n b<r"'; and • ocmporer. ID ordet to mUo lh<"' '"'" pr<>ceUO>r> ,.ork lo¡¡elher, "" 
-.1 r.ro <>lhertlerntntl·. o ""'ri lanpop whic!r llll<rf ... , wrlh lh< homan boln¡; lrld • 
..,r,...,, .,..,._._. whioh llltorfouo ... nh lho """'PI''''· 

Ut "' now !1" o•er lh<10 four olem<nU of • compuling pr<>c<S> and oee how well 
John p,.,.,., Jlol<m<nl reflom le&Uty; that ~. how "'<llwo st&nJ todo y wnh re<p«llo 
111< dOY<lopm<nt of lhcoo four <l<rnent~ and .,.,.,.,.,.,.. '""'' lrom h<rt. l<r'• ,..._, 
the hwnlrl being flflt, lthlnk il i> furto¡ay !1111 !h<re IIDO "'""" fo1 peot c.one<nr /01 
lh< technolo¡kol de .. lopm<nl cf thtl olernent. 11 hu l>een <Oirn<erod /or many cenlu· 
,.., anrl iu m&nufa<Lurlnt proce,. h11 berm pafe<l«< to a ¡re•• """'- 1 wouW Do 
potf.cdy "ill'"'l'" "Y rno" •bou1 lhi> IUbjow. bul 1 undo,.¡¡nd '' iJ auUrd< the ocope 
of lhi> meoling. 

Tho UJ<!I' mlltlual ~ • punling wbjo<l w mo. Al n011r 11 1 con mal< o 11, tho¡e ""' '"" 
kln<\1 of poople tn Lhlo "'orld, lhe wntell of !ll<n' tlllnu•loond rhe re~dm o/ uwo' 

m011u<IL Tlr< I"<>I<CIIrpo "'<<rk "" '"""l<tely dtfl'<rent p/011<> <JI undmtondlf.! '''> 

~•J"u pr< .. nteJ ol "" ''"'l'" '"""~'"' tiro ""'"'"' ,;,, .,1 "" ,1 "1' 
Co"'l"'''-' '"' f '"'""'"'>. Po,l<<hol< ln>hlOI< of N<• ~":'· Ap"' ~U· " 



fORfWOIIO 

limo 1 op<n 1 _,. moma!, 1 T<T1'10mh<T the followln1 <>¡>enln¡ l<nlenoo In o book by. 
.1. • .1.. BJuav 0 ¡ "'""""" Unlvor111y: "'"fh< pw¡><* of tN PIC1011\ counc lo lile dotpenlnl 
..,d d .. dopcntn\ of dlffJ<uluot ""d<TIYUTI oontcmporuy tboory .~ Nn<nhol«a. 1 r .. l thol 
_. on: <Mily 1 couplo o! mu\&tlom. ""Y from dntlopitlll broed of «>mJJ""' 1p<oialksU 
wt.o <&n und<rlllnd ... n· m011.W, oo 1 ...W 1101 ""'IY ab<>ut thlo portlr;ultr tapie. 

Tbo thiTd elenuml of th< pro<on 11 the comp111<t ludf. Thcn "' hove olm>lutoly 
oolhin¡ \o ""'IY aboul. Al ovoryono l;nowo. th< odvon<:<& In rompu\or hoTdwoT< ""' 
been .., ph<non!<nallhat ovon 111< pioneon In lhe <Ompulin¡ ind1111Ty ort arn.ued 11 ~!<>o
fu ""' tuve ..,.... du11111 <11< pul r.oenly·fm ytaTO. Thlo ll. of """"'"· nto:tly "tul Jobn 
l'lerce mcanl by hll fomouo &101....,.1. Prop<D tn <OmpuiOI lur4WIIO. 'O'Ith respo<IIO 
"""'· sp«d ol <ompulltionl, ond d<01e.,. In Pu. 10 rn<llllml by O<vtral ord<n o!_,.,. 
t11<k. m<1 U.o mOol\ dnmalic " lh< 4(Y.l; oompound &nnual ni< of reduction In \ht unl\ 
""" of memoTy UTd IIOrlll<. Tlm tu. ponnilted all ~Indo of l!>onromln¡¡o In 101\Wot< 
em.:iency 10 bo owop\ uodor the '"11 of expondmJ momory. 

So """ lol "' t&l:o a lool. ~~ \h.c l011nh eloTD<n\ of tho procea. 1ht oofl"*'"'· Th<r< 
_. ><en> \o·.,. 1r1 uoublo. We 111 ~110'* 11111 a ~<"""* of sofr.oon: !tu Y" oo be dovdopod. 
SofiWII< deu¡¡n ¡, tlillluJ<Iy &naTI, ond you good people ore the S1NJ.11h!t! pfOcliuonon 
ofthll Mblo 111. 1 knowbow doffocuh your otrual< II. ond 1 WITTI to \dl you lhOI Iom 
''"Y l)'mpolhollc .,¡,h your prob\o<n>. Of cour~<. f<>r mo to d~ploy my &}'mpathy wlth 
yoor problemo io vny moxh [ol:.e 111< procoice of cerllln Groel:. peollnlo oflykn11ln bed In 

I)""''"IIIY fo< tl>e11 wovto """ u• '"""1<ocon1 fiOfll duldbirth. 
1 111 wbol 10 ruUy '"'"'"3 willl tho oof<wue pr-"1 Ont of tb< problorns, of COOfl<. 

¡, tho "''"'"""' complo•ily of wflwue. l"'rti<ularly oyol<lm propomo. Th< .W. of 'Y~ 
tomo p1og10rns wu mouuT<d in o fow thouJ.and ~nolru<tlons in tilo oarly doyo of com· 
pulin¡. but lt lo """'""d In m.llUOTT.I of matructiono tod1y, m somo UOO"L Wluot 11 mo«, 
.,, O<<rn lo be unoble 10 d..,.lop buddo~ bloclo of ooftwuo. onologout 10 1lle buildinl 
bloclu t111t '"' tuve de"loped fot hard"'""'· In foo:t, ol "won< lllo.o lhat. lt llos boen 
a.od th1t ov<ry l)"mml ptOCfllll !o done by ITT lJIUI<U<. bo(,.,. ... ryono wbo llos P''" 
po.rod 1 'l'"""' progrom onoe doe~n"t '01<11 lo do l\ ever 1pin. 

E•eryone who hu Jivtn ony d>ou¡hl lo lhe problom of oofr...,, oo "'" to lh< conol•· 
""" tNo womu1t develop 0 d<ll&ll ITT<Ihodology foo oollwor<. 1 wilh 1 oould ha" 0100<1 
b<fore yo11 todoy 1nd g:iven y<>u o bluep<int for Th< d<•<\opm<nl of lh!o d<sign molhod· 
o1oo. 1 QIUIDI pe y0<1 thot. butl ..., \<y lo >denlify 10m< pnndplu lhal "'' IT'IIY 111< 

1ft al "'f. lhko -rrun&IY 1mr<.....,blo l>riaho, \he E..,..,< of oort.<ore. F1nt of .U, 1 lhlnk 
- ""'" do owoy with our 10mo1iru .. •""""ve prt<><a~¡>~\ion ~th efficlenl Ul< of lh< 
hlfdware. ThiO m•y 5011nd hko a Klf ... l'lllli oiOI<mon\, "' vi<w of th• noture of m y 
omplo)'IIT<nl, bu\ 11 uno<. 1 '""'' you \hat 1om op<aklnpt thlornoment 11 • Ul<tofo 
comput<r. m<1 nol u 0 ..Uor of 1\ordwaro. Thete mu1t be o bolonce4 cono!dmoion of 

qumiono of dflcior>ey. 
lel me Olultrol< wh<« offTCion<y nuy oom<\1111<0 Leod you by r<odin8 o P•"''l< h<lm 

0 bool:. 111lod ""A Rllldom Wo!L In Scocnr:e.~ whoch Cotlllkno 1 «poli by ., ononymouo 

authO< of o"'" by o 1<om uf erOdency """"' 1<> th< Royal Font .. tl!aJI· 

"for O<>TTO>d<flb~ ponod1 tho f""' oboe pl1yen lud no\hm& lo do. Th<ir 
numb<ro >hoold O. redu<ed. ond tho worl; o¡ueod mo10 ....,¡y ""'' the whole 
o( the co .. <tl. thuO<hrrunOiini p<U.. of O<li>lty. All tt.. IW<l>t f<r•l 
""h"' wer< pl•yl08 iJenl>,.t ""'"· Thll O<< m• unneceu.ory mul1>pliro1>un. 
n,,. 11 .,fful 11m 1<ction 1hould b< d,o<l>cally cut; of alargo >olume ofsouold io 
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"''lllr«<, il could be o!noin«< by meart1 of eloctronlc ompllfie11. Nucb 
ra<111 wu &boorbed in tilo pl.oyb!¡ of den>il<""'lua"''~ Thko ••m• on <>«Wv< 
reflnenlonl. 1t ¡, too;ornmor•ded lhat olli>Oln 11sou!d be """"'..:! up to \loo 
"""'' ....,;q,....r. lf lhi& w•~ dono 11 would be p0o1aO!o to ..,. t!WI<-n ond 
¡.,..., ¡;ode opentiveo more «lensivoly, · · · Thm scemo lo be \00 much 
rop<tl\lon of somo muol<al pOSIOIIO&. Soor .. ohould be dtu\>Cally pnmed. ~o 
u~<ful purpose ~ "'"'d by repeolin~ on 11~< horn• • poous• whkh 11os olready 
b<cn lwodled by \bo otrin¡o. 1t i& euimoled \hol if .U 10~und1TTI -• ••"" 
eluru:oatod !be wholo oonun lime of two houn rould be teductd to r.oon\y 
'"""'lOO. &nd thore would be no need for ., inl<n-al."' 

On o moro 11rln"' veln. cffi<lont"" of luldwore "'"''be b•lonu:d opm>t effi'""' Ul< 
of olio 1""11"""""" who wr1lo O<lflwm. Somotlm<1.l fo<IINT wo "'" boen oond>Uon<d 
from tho dayo wh<n """'"""" ,..,. -.cry <>cp<nU" tools lh01 [Ud lo be extr<rt>Cly .... u 
utd&ud. Tluo koo well-ltnoo>fl ._¡,; pnnclpl<. th01 io""' only oppropuot< fot tl>o 111< 

o( computen. A. pi«< o( """h>n<IY mull O. ulilLled o lol botl<t "' lnd10 whm '" r<lo
\1>< waiU< wlth reSp<ct lo human labor i1 mudo hoshor 1hln il 1> ITT lh" country. Th< '"'"" 
pi<ce of rno<hln<ry o:an be ln<tntd ITT th!o ooun\ry U1 oidor 1<> "'" • few mon·houn whTCh 
uo upono!H. 

1 lb;..~ th.,.. ilo cert01n 1.oJ in """ 1,...,.,.,. of lhe decr<Uin¡ coou of lurdwore u o 
porcen\qe <Jitho total <<>11 of tho compull:>J pm<:e~~. 11 w< Jook ot my dato. we como 
to lbe oonduioro lhot tho rol111>0 eost of lurd"'""'· "bich Ol110ed ol 10m<lhing hA< 9{1), 

0¡ lhe to\ol """ of rompu~"! in tho <lllly do yo of <Offipulmt. lo now w<ll below Sll".t. 
ond ~otod 10 O. luo th1n l~by oh< rruddle i9110L When ohe 1<>hwore co>>t be<om" 
"""' oim<l th< honlwore coll, r.imple orlthm<llc ..,,u 1<tl you tho< you con offord lo 
dooblo 1M cOOI ofh&rd"'"'' lf you can ,.. .. &nylh•llll moro tlun 01>0·11111111 <JI youf ooft· 
"'"" upenchlllfft. lf y011 wan11 moro o<>p[WtAied ''"'"'"""' otol<mont. n muil be: 
"Tho oocloeffT<ocn<:y muot b< ot olnd "'eh thot tho <OSI foro mll&inol '""''1< of 
eff>Ci<n<y mull b< equ.ol 10 1he eorr<llpondin~ mugrnol d<erem uf h..-dwore coOio."" 1 
hove 1 nogin¡ 1110plcion lhal w< o« not runmn¡¡ our c:ompulin¡ i>uoin<u occordinJ Tu 
thio prlncople ooday. The probl<m hu !U roo.>U "' the la.;k of 1 m<lhodology fo1 p<r· 
JottrW>C< ope<ifTCa\IOn ..,.¡ <voluolion~o woy 10 pon ro;geth<r lh< oppropdor< mi< oi 
lwdloar< ond ooh .. ore to meer pe1formmec r«[ulr<Jilento. 
· 1 hove rured ., economic pnn<ipl< on balOTTCIIIll oofiwot< d"elopTT>Ont cooiO o¡..oru\ 

turdwut <OIU. bull am woll owore thot oven th< bost oconomlc priflC>ple doe• nol by. 

1¡,.[foolve lho ooftwaro dotlgll ¡>lOO lomo. 1 hovo montion<~, urli<< m my talk. The dome 
tohave modulll'ty" in 10f1Wore. whlch would p<mll\ buddin¡ 1 IITJ< 'l''"'"' ou< of b••ld· 
q bloo:kl. But mo<htlaril) lmpi'"' llobilized int<ñaceo. And U.. 101< o! "oluu"'' of 
<1111 p.-.oinl ledooolor;y-lbo ¡h.rt from batch P"""'""l'" \1111<-<hoting. •nJ from 

""""' job ontry 1o mo-lino "''"""""• pluo t>Coworkin,l[ ""d d10toobu1<J 1""'-" .. "'6· 
"'""" lhio llobihzollon very d>ffloult 01 th" 11011< of ohe c:omputon11 mdu>try. 

u .. doubT<dly. "onr induotry motur.,, wmo olabolu.atoon on oofrwore d"'l" >n<<r· 
(a«o wdl b< unplemonted. whTCh woll hopofuUy oe<omphlh lW<> lhUOj!l. f>nl. '' ~-•11 
onol« th< deo;,n of 10flwuo more traciOble. And, """"d· n ,. dl <l<<t<>S< 1.~< oolr.-01: 

nu .. lcnan« e<>ol~ Tluo xcond ob)oc\ivt 11. of """"'· 1 "'Y hU~< ""'· Wo oU l · "" 
\ha1 0 mojol and in<r<Ul<ll poTI of • dlla prOO<:OIITTI dop>rton<~>l"< hud~o " ,, .. • 
mauuoinin¡¡ 110 ooftwore l)'$lOm Thus. • mojor l'"""m of ""' '""""' m>n~ ',. '• 
''""' '" ,.,.¡"""'"" raoher th•• J•v<IOpm"'' of ..,¡,,..,.. In 1" 1. ,¡ r""'"· "' 
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10 e<>nlln .. , ono could ,., thé do~ "btn O<H do .. lo¡nnont oiTon would ¡rlnd do"" to 1 

beu,.,. oll our oaf1wou l!l&llp!>W<" Wwkl be uoed In rnolntonmce of ,.lnlns oofr. 
wvo. 11. molho,...ti<.&l frlond of mme p<opooed 1 nip.tnw'l O«OV>D buod on tho 

hypotbt110 lhot thi> pou~t oluro <I<Yeklpmont 1> 1101 <t<caarrl~ alimitlq one. llo 

.... "' 1!urL r1 io p<IUiblo Lo h .. o n><>n !han 1 hundfod porcent of Lhe ooflwue manpo,..r 
\0 ooflwaro malniOIWI<e, IOSOtloer wrth • noptlvo ><>hware do,.topmen1 eiTort. 

AOUOfiOmtro would ncotnlu thn &r tho block holo of p<<>grlrnmirll! Lhat followo the 
<1ll!aptt of o ¡iantll>flwu .. fforl Wh<* <<t<IJY lur1 bumed oul Oearly, wo mu<l otrt.e 

10 a..,;d rudl o diiUUOUI fato. l!.nd "'' muotaloo a•ool f.Uinl>kliln to "Con,.ay'o 
4'*.8 F .. thooo of ~ou wl>o do not k,.,., Coowoy io o l'rofouor of Compu1er Si:len« 
'lho obool\'oQ Lhlt "lh< orpniuuon of on operoiU18 O)'Jtem rtoemb1os tho or¡onaotion 

of lbe sroup that ""'"d "·" 
1 ,..¡1:a t!urt oD 111)' _,u &ro elabo11tio<u on lh< r::eatrallbeme thot oof1"are 

.....,_,, illo§orll! bohlnd h""'""" dtYtlopment, and "'' m110t conoct \be 011111t>011. 
1 UIUit yw that 1 didn'l come hrro tooiJ!IIjusL lo Rub lt fn. Softw&ro d ... lopmttU is 
...... boocouoe 11 101 much 111010 diffiÓUII Job. lf 11 IOifiy coruolottoniO you, Lhere " on 
onaloo bet-n lh< oomput<r 10flwa¡e • .,. .. h~rdware oltuo1ion •nd tho 'OIOrld prcture. 

Y"" look &< whero tho world ot.ondorodoy, you oee that "'' lur•• be<n oxtromoly ou.;-
d 111 .....,.g;., ow ltarJ 4iocipline of p<od10<tioo, but not"' 3ood m d"o1opin¡ 

th< IID/1 doociplu>eo ol .....,¡;ni the 0>11¡>111 o( wr prodl><tiOn apo.bib1y. 
F~n~Uy, l<t me •.•Piain 'Oihy 1 10lec1ed th• opeciflc rulo of rny tal k. Tho ¿-,.,.,,. of 

IDf"""' 1> not dunbod wlthout haurdo Bo110o "'ho ore derili" abouii)'Oiemo pro. 
.......,.un! produclu•ny-whi<h typiull~ tuno 16 imlruci10nl per progrommer por we<k
fO<FI l>ow oflon you Oft -pi owoy by ..-obnd>u, how eully ono go10 ou1 of brearh, 

IDd w!urt11 fulo ltl:o 1<> lino tom00n0 ebt duob "9 your boc~ "'"""8 crompons_ 
lholon "1 . lho o!oqU<nl 14Yo<ale of t<>p-down, ouucL""'d progrommln1. uy1 '"" 
toehrnb LM E-..reol i> to worl< ""''""· nol h•rder, You don'l O!arl 01 Lile botrom
.. ., knowlfl! wh<lher ~"" io a lop; ~ou otorl ot tho tup and wurk your woy down, 

Lhe "'""' ""'"' '""'' utd ....... 
ThU$, Lbe moto! olm)' talk i> 10 unpro.e on Lhe old ~dote "you chrnb thc n>OUn1l111 

boc1<110 11 10 Lhere_" ln>t01d, )'(lU "'"'' ape<ify, d<>iJII, ond lmplem•nl tho mounlain 
)<IIU101•"-boJinnln¡ wirh 1 q>c<ifloouon of "'h<r< you wanL lo ond up aL Lhe top. Then 

cut 1<11 the roe~. anow, and i<< factorleo "'"" you "'"'" them to bu Ud ond how n 
fll to¡oth<r. And oll oround lho boUom of !he moonnm, you ""' onoch lush 

..U.y>, bn¡ll\ rivero, ond JfO<n foJeN, l®wlng Lhat tho poople who tn)o~ thom don'! 

- 10 "'<m)' aboul nollftCita ond "'<k ohdu---or even nttd 10 kno,. "'hal lh< mounta1n 
loob W.o und<r ill nlljnl!c ohroudr of clwd,_ 
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KEYNOTE: SOFTWARE MANAGEMENT 

J.S,G-_, A..,._, s-""' ot C.- , ... ..,., A..,....,...,¡, 
,,_._. -·~- DC 

n.- .,,..,lollo or .. n ..... oc1,.,, """"' 111< DoP., ..__ h0111, """ ... <ril-•1~, -~ d 
....,, Pr-.., ,,.., , .. 1ll<lt P-tKm 11u ... p """bl< cy<lo .,. "'"""<4 ""'" "lth ,._, lo 
,...,...., '"'"ll<otollon> ood "'''"'"" ""'" An .,.,.,... af "''""' ll<po~mool o/ P.lonK 
""""' to ,..,.,. "' ,, .. ,.,.., tho1< prabtomo ~ ''"'""' Th< ldonnfl<d '"'"f'O"'"" o/1~• ><>1"'"" 
1100 11) "'P..!uloon.ol focu ~uh l>oP oliO tho NUuo,. l>op><bn<n": ()¡ polky '"'""!>•: 1 )) P<O<<I<< 
,.. ,..,...,. inlllol~ ... ..,. (OI1«~noioll' ""'~11• .. """""' IOJ<Ih" """"" tho th"'" .r ... 
"""" ~ ... rio<>< m'-"" oon .. .,. ,..,.._ o...t..,. .. ,_ .. ,...,.,,.<m. ""· .,.,,.., .. '"" 
_,.,......., "'""..,. f.o<> al,_ <ampoooou u dh<•N»l. ond • JNoa...m .,... '"' ol""""' 
·-.,,... Do>t> o.r .... s,~ ... Son..-... ,. .. ,.. ..... ,,..,..,_ 

l. 1NTRODUCTION 

Wrthm Lhe l><pitlmenl of Def<ru<, ,.., ore proocnlly lpt11dlf1J o•or threo bUhon 

dollan por ~'" on Doforue Syotem Software ("cludJrll! Automoflc D•!l Proc.,llnl). ln 
my opllllon, "" "'" l><on dol"' o poor job rnano&m.~rhio in..-eulngly unpollanl 
ldOIIta. ar>d furlher we hooo boen drung 11!11< r<>ear<:h utd d ... loprn<nl on lh< "''Y' 
and muou lo ltnprovo 11. Bolh of """ ohoriComm¡:o "'"" chonro~ 

Todoy l'd ltke to dncua the ptoblern•. tnd 1heu und<tl~1n¡ ""'" "luch oonfnmt uo 
m <hilar<•. lo rummoruo oho oortecti•< iOIIOnowo a~e now tol:ln¡, and final! y lo sohcil 

your help In corrylllg out tho mojor "'" initilli" we &ro OIId«llkin¡. Nollh<r !he pr<>b-
1<010 noo <he propo>ed solu~onolho1 1 .. 111 diJnooo or< now. Thoy hove b«n otud1ed at 

¡mi lm&rh•in l<dmicol m«Un¡:o. ond 1n induury for lile 1111 Llu-ee yemor moro. n.. 
11<'1' thin¡ thotl.,..n1IO<oo"y h•ro !od>y io lho lOme, 11 olll.,eb of DoD, oflh• noed 
to ICI de<rll•<ly and 1o 101 now! 

0.0! u,. pul !ew yem we h"e lud i oerleo of otud101, uch of which hlghl1gh1<d this 

orea of l><fenx Syst<rn Software ao ono roqu!tin¡ ch011ge f<>r ,....,., 00 o;.ost ond relio

b~i!y. Dunn¡ tbt pas1 ye&r, "''"'-"pul <ogerhor (wrth much help from unlu•lly ODd the 
Wln'Onl!y commurutieo) o preluninory pl.an of octoon, Lhot io m y lopic for roela y, 

!.el me bo111n by ll)linllhll lhomllin lhruot ofmy r<morks will notl>< dlroclod 1! 1ho 
tr>ÓIIIonal,gon"al purpo10 Auton>atic Data Proceuing env~ronmenl, tho ADP com

muni!y h" been in "i>tenu for soveral de.:adeo now and thoro d<><O <•is< &n adoquote 
orpniution ond enoush ldonrifllble t<OOUI«11a oUoc~ lh<10 problemo1n on effcclivc 

woy. lnlleod. 1 "'111 conurn my10!f with rhcoe issoeo .. llkh p<IWHie !he 1n<-<nl!"' fw, 
ond lile b&rrim lo good ooftwm <ngtnecront ond manogemont 1n the D<f<nso S, 1Iom 

O<quimion procu1. Rcc"*"izins. howover. the noed foo- full coaoi!lency wilh •h• 11llP 

~ .... ,. ..,.,..,,.,,. ..... " th< s,-m,.,...m oo C""P""' Soft..-.« '"''""" 
""'><«hn~ '"'""" of N•• Yo1>, Apo•llO..ll. 19 !ó. 
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ftrabillly of k >Oio, and ledudquo._ 
In pnooal, ,_. odio-a lh&c bc<o ... of U..u RAO ,.,..,., oDd clooo !le-in with oth;r 

«eponenu o( o.r ..... Syuomo, thoo ooftw.,.. pratt1<a moot applbblo to ombod4ed 
C<ll'llpulen "' d<>ltly lllied to lh'* !lllOig<m<nt prattk<o whi<h ha.e boeo d...,loptd 
for lwduro oequui1oon. 1 wUI eloDonle on th11 lotor, but fltlllol u o conddor the ocope 
Uld tho problem.o. 

IL COST PERSPECTIVE 

Sollwore 11 bl¡ biWnou wuhln thc Oepartmenl of DofenO<, The currontiMual 

Gpenrhlu" on Oefonst Syllem ooftwou " oow eO!lmaiMI "' oxoea of lhree blllloo 
dolbn; yel ... n 1:11" IUb>lontial Rlm is lh< up of 11M labtrg. lt tndo4eo d110ct "''"" "''ly 
uo4 ttpr-.u o ....,..,....,,.. .. ,imlle b....,J on inccmplel< and IID(ION(orm doto. Thio 
Or>C<f\olnty, "' o fl'lllln of foct, lo indk.luvo of 1 cloor ptoblem in 110<tr, Tbc dmribut.,n 

of """" fot o 6"'" Y'" lllcWI chao 1\.8% of the known cooUIO comumed m oyllem <1<~«1· 
opm<nt, whdo lh< "moinl"i Jl'.t of lhc known oolt io clwJfi<d •• operatlon and main-
1<....,«. Al wo m""' furtl><r lnto lhe "qe of computor~" rnrue 5)'01<1110 now m 

de.olopmonl w~t """""'" lo 111< openliOOl/maml<""""" plu~e_ Thro, oouplcd "'!tlr high 
I}'OI<m lcinrnlr~. ""'~ ulttrno•.ly rtsult In o r,., <>< ten lo oot ratio of operotionJ 
"'""'l<rw>e< cau ro d"'elopmtnt coot IO!Ion vi<wod u .. r the total hfo cycle (l.<., oirnilar 
ro ti>< hardwaro rotJa of lift cydt ro dev<iop!llt~t cotto). 

• 
tu. MISSION CRITICALITY PERSPECTIVE 

O.or &nd obove rho ooot prctur<, oofrwarea fmdlnJitl woy onto the <rltloal poth of 
""'" and noor< O.fe"" Sylttml_ Mojor Dele,.. Syotenu ourtontly .. hibltiOJ a crllic.tl 
aol'tware dependency numbor oppro,.motely 11 S, ,.lth 50% of th ... in the Rne.,ch &. 
OeKiupment pluoe and the remaitlifli SO% in the Operar.,... ond Mointt""nco pl'la«. 

The funcrlonal opplications of Klftwo,. wrthin rhe DoD pero-Ido almo&l "'''Y pr<>
.,..,._ Soft,.aro tf'!'li<Otiolll can bo fowrd in dMrw l)'lttml fr<rm the 1trJ< W<>rlrl-1\iide 
Milrt¡¡y Comm..ond and Conuol Syatem and tht B-1 Str>l<Jio Bombor down to mlnirr· 
turued ovionko ¡>ldatoo ond "''h liiO~lory operotruntl equipment u ltolntu. ~~mulotor>, 
.. toororrc t<ll oqutpment, ond «rllln typeo of teot tlllltl ond t .. t vehid"-

IV. NATURE OF THE PROOLEM 

Se•onl deorly ob..,ro-oble mantfOitotkm.rouch" '"'"'"' development ond moln· 

l<nancc eo<U; 11<heJu1< ~IPI"!" ond doilyo; '""'"' "'"" or fouho; and duplrcollon 

' 

• 

' • 

' 

~-

' 

KEYNOTE: SOF7WARf MANAGEMENT ' 
11111 Jo¡;k of otartrloldizotlon ra.. mroflod f10111 our ~ieaofto leun«i~ ·, , thaz.<IOI· 

iotk- peoblomo of ,_ mijo< Deferuo Syotemo ocqwlltio<tl. n.... <IIAAil<ft>IIOIIl. or 
..,.,,.., .,. I)'Jrl¡rt"""l>; of rrnd.et-lytoa probl...., ..-hir:lt orPte r .. eort...r in tho d<,..l· 

oprnurt cyclo. TI><,. lr.clude; lod of .. tly "'""&<'"""t vioibmry ond duciplint; Jod< of 
bf• cydo P<"P<<tlve; mouflkirmt l<a.D; lruutrrc!Cn1 ronuol o .... r o~penditureo; lor:k of 
ot.ando«<lzoli<m: lor:l; of IIOIIJftr>bWty; lor:l; of hlldWife/ooftwore tr:odt-oflo; ond tho 
Uealnreou of rol'lwm 10 doto r>ther tlron o <Onfl&ru>.tioa lttm "'' sorne of tlro ttll 
lrv<raao poirru fot rol><vin¡ the 0001 ond qua~ty p.....,,., undelly"'i the oblt..,.oblc 
ma:ril ..... iono ol tho peoblmr_ 

O..r 1he nc>t ¡.,. doyr., you w!ll be lloouna mony ¡>lperr wlric~ dtll wJth th<>< ba11o 

probltm~ Leu briefly explore "'"" of tilo i1111eo whrch oro of p11tioulor r<lennc< ro 
rh~ r:onferenco. 

' 
Srud;., by induouy ho.,.. concludtd rh.or rhorr are n<> olnrplt un<W<roal ,.¡01 for 

coorlrq¡ soflwm oe<uratoly, arrd rtat to """"" r1 accurotely lt lo """'"'!)' to und<r· 
otand the natu" of thelnd .. Kiual propom ond the indivrduoi ruut!ne witlrm tl>o prr>&r&m. 
1 &m oure rhot tlUo wiU ,......, in rhe oituotlon for oontt time 10 oomo but wc mu>l be"" 
- to r&ke IICtlon to r<duu U.. ornount of~rndividuoHry~ ur cost<>trm.atrn1_ tn th11 
lqUd,lt m\ISI be •Id rlut wr ;>.rneolly "'flrr from o poor hinorrcll coil dolt bol<. ~ot 
orrly.,. wo unoware ofwlrot we in U.. DoD m >ptndrns on ooftware in thr dovelopmont, 

l'oduuion ond <1pe<lolly Oper>tionoland maintonan« ph'"'' nf J.l<fen>< Syttem'r hfe; 
bul "'' '" uruuro of the proporrion• ofdollorS whrch wo ohouM be opendrn¡. Ar 1t cur· 
rtnUy ltondo we do not oltOYr doll.an or time foo tite likely problomo orrd dtOOI<I whJch 

00<111 in uch of '""" plt.un_ 
Thlo <inr&Don is '"" .. ttd by the lod of IXlmniO<t definruono, procedur<o, olld 

orpnlnrrion in plonnrna 11nd """"'"' ..,n,..,, dtvelopmonl. Wlule moot opproo.<hoo 
may tu•< meri!, ond ocme oro ex<eUenl,lll> n<>t proclleoi for Govotnmtnt remw <>ffi
aolo to be weU ocquointed wrth all the approaoheo presenled re lh<m. Ao 0 ttoull, tl><y 
.:urnol d,.e]op br<>~d 1ppllcable yardstlci.o-lhoy e&nnol r<ally underotand whar ¡0 pro

pooed O< in "'""'• fr>< erdt pros.<om-thty cannot >pply 10Wid ¡udpneot m ll'rm mm· 
..,....., t<1p(IIISib~r\le~ In 11""'""1. '*<IHIW"H rhe ootimareo '*hrch ore prooldtd •o uo

oo mattor """' optrmlatlc-ond budll"r 1<> tlrtrll. Tirar' o """' tho probtom 10' oru!<d! 

O. Trar:king User R.r¡ui,.mertts 

Thi> u 01>< of lht b"*"t cooUibuton 1<> the hillr con of ..,flwore n ""' nf your 
IOIOIOM~IU- The prolrlom llou 'P"' hu todo wirh the oboen« of 1 de 11 undor· 
llondina on lh< l'llrl of th<»e mln>&i"i 10fl"ore "' ro whor <on be aceomploohed ,. 1rh 
O>ftwm. F roquon!ly, thoy enher uoidoreollmale or ovmotio~~ato lh< lla!<·of·ll" ., t. At 

1M""" t~rne n J<lonportanllhat 10ftware opedaliiiO bo obi< 1u '"'><tpore the ¡,).,ly 
dirf<tlono of cluop and deoi¡n ooftw11e and ooftwlte tooh oo th" rt 11 ¡111iy "', •~ 
uommodate <tunaoo ,.t.on tl><y r:cmc_ 



c.~ •Cootf • 

Eath t<lrllraclor lw lho problom of h"IIIJ hitdY """''~ ln~t'<id\104 to 4nolop 011d 
onatruoln Uro 10ftwll<- .4.1 o recont """"''" oonfermce, ol>lloll" wero pt'o<luotd lo show 

lbo tu~or timo f<>r 011 averap PIO&Iommei wu obour Urr .. yeo.rl. Thtro lo • 
m<>tmllloo. probkm r .. lbo ocn-· Hproch.:tlonH w<>rkor, ~~~~~ u wiUr the hardware -

·-y hne" worler_ To illll!tn.lo - h!JI'dy.W.O.·inl....,.. .,J'twore l'f"''""tl<><> ll. 
i1. becnU!lnuiC<d thol JD<Jea>int: pt'"JJIIIIIII<I productMiy froctr. 111 .... ..,. af 1<11 
irloln.:tlono P"' mo...doy to ''"""" <OOld ,. .. u mucll u 45 milllon dollan por you. 

"""'he' pan of the oofrw~te on•honment impoell"i on Ult poroonnoliuuo ls th< 

0¡""' obiluy to moh Uro """"'"'l' Uod<-<>lfo botwsen hordWIIo ond lllftwllo 
onpl....,ntoU.On. ro """' rho ortOJ>&Ihl. wookn""''· and onourn¡ rmpl!eotlono of rhe,. 

offl"" llfo oy<lo oOd ond rollobUtly, w< n«d peoplo wjrh in-dopth Ulldonl&n~~ 
.,¡; bol)l divipltneo. urd who """ oo;oc:ll\'oly ¡>trf<lml and lnr'*"'" tDde-ctrT &noi)"'i to 
JIOI>duoo o baloneorll)'otom. Th<t< people ,.. 111 oxrromoly ......, oupply and Ur<ic culu
"Hon kn Uro fu!uro romoinoo mojor oduollionolprob!<m. 

E. Duplication of Applic:ations Software Etforts 

1 ~»>• oo woy o/ l<n<w<inl on<tly how mru:h wo in O. lo,. rpend "" "opphconom" · 

10¡,.,..,. whrch hod olrudy boon oo~mphr11od, lor romo orhor prosram <>r P<Oiflrn'· 
hoplo w11h .Znom l havo tolkod ur rho Strvioe•, lell mo thit Ir ~''""'¡"oro! rhot OUI 

off orto to con11ol ""'" rl1outd bogln In lhls '"'· Wlthour <loor roftworo dovdop
orondord.o aro! odcqruto ooftwllo mono¡omenl "' Dele- Symm> o<qulo.ltion, 11>< 

R:Jeuo "'«"" 0 """ to tho duplicoto<>n o( o!To.-11 r:m only bo oxpectod to J<OW, 

.4. ""'""""' COII fotiOI hu bo<n tl>o oo!twore enon <>.- p1obi01N dtocov01od woll 
oftor oe<¡..U..Uon Onc ro«nl D<>0 orudy lho- lhlt .4.~ Fon:e anook::t ooflwo<t<OSII 

"'""'tlunllil« 7S doll.aro pOI iratNctl<XI lo develop, but tho malnl<nlll« of th< ooftwore 

1t.own """ ln lh< 1""" of 4,000 dol!.uo po1 ln.,ucllon. 'Jbo purpolt of quOIInf; 
theoo fl¡uros i1 nol lo oll'er lhem •• ropro .. nlati" numboa bul lo domon>lrl!e thl! lho 

of """'""'- oro """Y Umoo dwoo for dO'I'olopmenl. 1 rn~l menrion he ro thot 
oohwa<O ....., .... .,..., in oddttion lo C<lft«lloo of proltletn>, Wlud .. updotlnl utd 

,.,...,., of oprhcatoono prop1ms awod by dll.n,.. or uponoioc> of Uro opcntlonol 
.......,.,_ In rtre futu10 ttre D<>D wm nood lo tallo a stronc look 11 lho lifo <yclo opproodl 
10 oe<¡utRRI wf!woro. Thl& will indudo tho IOJmululon of d•orgn and mo!\Opmont prlR· 

cipl01 10 usuro roftwol< llfo cycl< cool modo!>, utd dou&n f<n '"" of rnatntononce orul 

P'CI&<'"' up<luo_ 

' 

0. IIIIUfficient So h-.. AloD • 

Tho n .. t ¡..,., whOch 1 wouM lrke to t&k.o up .;oneemo Uro 11e<d fw m<>re duoclod 

""'r<h and do,.lopmont 0<1 10ftwm. 1 refer .,.,. lo 1he n"d ro""""'' roltwlro from 
&n ort into • toclmol"')'. Thlo con only bo occornpliohed by ~.m¡ kncreoood O<l<tltion ro 
lito R<OOUch and o..dopmont of oof!wor< toob. 'lr'e muU rot oway frt>m Uro notion that 

ocftworo """""""""""" tbo 101o domain of"ruged indMdrWisto" o1 ·orc~.~u_H Tbo 
lroOI pr&ctillot><n, IDdwidl'&! ""~ ""' pr<>;luce <~e<puonolly fino ooftworo on rdtodulo 
&t ¡¡,.. <»sl Tho pr.orolrun of piOJflrnn>or• ond onolym are, howovor. fu from rlur 
lllr>d&rd llld inclUSO cho COII, och<dlllo~ and quollty of our procuron1<nll by ono QJ two 
orden of moplludo. lt lo not "''Y uoeful to .. y ";ust hiro !he: 1<>od JIIY~" Wo h••• no 
""'""" ofeilhor tho ooftwm <>r llo prootitiOD<fl. 1t 1> oll ''llnknown," ond lho loot 11ur 
ooftw.,. is "ín>...trlo" mol" it thol mud:l lwder. ln this 1epnl, 1 o.m lf<'otly on«>utqod 
by fiWI)' of the t!Taru wltich 1 hi,. rounUy ob,.r.od m lx>lh 1ho Govemmont ond bu>i· 
,.,. '""'"" 10 inorel!< ooflwuo ploduction <apobdooro1. Th< "10ftworo fa<tory" cooup1 

~ fosl beconung on unportmt ""''"' fur offoctin~ rho noce~y d .. n~OI lllit "' n<'<IOO 
"'ooftwlrt dOYolopmont prao:tlcn h Urvol .. , lho employrn•rn <>f &n onlopatod ICt of 
...... lo> f'<""ide • d,.;plinod ond roptot&blo approodo to oor ....... do .. lopmenl ond to 
~ od hr.: >al<>rtoenotiooos of do...._nlol <odut¡q,., and toolo wrlh o 1ton.lorduod 
t110thodoloo. Ono of tho key obj<<tr.oo of lhi• oppooo.:h lw beon to muoduu monu· 
footulln(l moth<>:lo ond <n&i,.,..rint pnndpleo "''o tita" wllwaro production pr<>«""' 

whlch .. tWy rommon dosJgn, rmplonl<nt&tion. ond "'<0<gom"'on1 roqulr<monu of poOj<Cio. 

H. tmufficienl Sottwar. M.,.gomen! lo Control ce 

"' My ftll&l lf<& of o•orall concern hi1 lo do with Uro oubje" of wfrw•l< mon•som<nl 
kn tho Dop&Itmont of Dolo..,, ond rpeofrcolly "ir perlaino to O.fon>< Syll<tm- W< ""' 
bocunt JOm<whot upert ot knowiiiJ h- to d;..lclo tho resporwbili<i., of Uro 

"requiremrnto" ond tho ~p<OCIUomont~ pooplo in tho hordwuo &equ!ljtion P'"'''"; and 
there ls o foirly <l<lf lino of demor.,tlon bol"'"" ovho1 >1 hudovare and whll ronohM., 
doto. Softworo, ltaW<'"· croateo IOm<th"'i of o problom, for up until rooonlly mm1 
n~~nq<ll and oontooct~ peroonnel wero oonton1 to trul ti oirnply oo do!&. A o coou 
l><po to ocu 11 be<.am• obviour Urot lOmo """'&tm<nl changco woro rn <>rdor. lf "'' oro 

10 nwoqo 1Dft10110 In tho ..,.. "'"'"''as wo do lwdW&to pe!!upo wo rnuot btgur '" 
thW; of oaft.oro os "propon y~ and fiD1 del y u "dato~ (fuUy reco¡¡numg lho lepl 
onpli<otion• of the """ "proptrty"), Cost dtt& whido "" wbmit1od for d&t& jtoms "' 
<Onlloc:tl oro uouolly only <~limlt., 111d do nol provido fo1 dotoiled coot brookdowno lo< 

ooch data mm. FroquonUy, 11 is dlffir:ult lo F' 1 deu and distlrtct 1<p&rllion of d•l• 
o:ooto from <n&in«rinS offorto lied to a d.oJ;..ertillo «>nru.:t >cllodulo uonr. 'Ir' o n1111r C<1· 

l&lnly l&lc< rl<l'-' 10 cloor up thu ""'"" fm ..,¡ro..,. "r""'t.,_ 
ltiOf< to tho poinl, ha-ver, wo muOI I"""'RIU thoc from • funct!OC'Iol Olutdpoinr 

compuc.r ooftwuo ;,. oquiq[ont to hor<Jwaro, Hld mu01 be doh•<rod " on O<lr" ryorom 
compon••l. Thn m <In> thot l<chnic.l ond mono¡em<nt control 11 <O<¡UI re<! ro rn11111< o 

woll o~orod quolr<~ pr<>:lucL M&noj<monl in01nunonu 1114 dr..,rpluroo 0\nr•:n<'-'8 

oompul« ooftwore ..,....nn¡. protorypi"'. conn¡¡mrion ron !rol, q,..lay '"""" o, 
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pt<><l•"""'" ,~nu<>l, """"'lo< y and nuonl>mob~oly, ilan~ .. J<Ut!on, m>dut.l P""!"'"\1'1&._ 

dt>LJ" "'"""· and IJI< .y ele ccoung muSl b< •ppheJ. 

V. CURRENT ACTIONS 

1 n, probloms ond ¡.,.., 1 "'" IOJS<d aro «ll.>nd L~<1 "'~""' our 1tlll1ltda!< amn
""" W< ¡.,,.be'"" lo IJ.ko acuon onned olllTlplonng tho "''"'~'"''"' 11tu~uon for 
Outh the ,¡,,,, ..,d thelon¡ term. l would llk< tu ol>bmat< funher on s¡><diL< •:lLoros 

"'"" tV,.IO¡ pi ..:e wiUun the O<>D, and to h!lhlt&Ot the '"" Ln "'luoh furlhor pol,.y 
poJ•n" ,.,u ooon b< forthcomtng_ d 

w, "'" '""«! tht prop<r orpnaouonal fOCJi ,.nlun OoD l>oth u !!>< OSO lfl 
S<moole•olL 1\ [)oD-wide>Oftwal' miiU!'n><nl plon ""''" oddJ<ue• lll of tho prol>
l<m•l ha>< •poken of thio morntng hu beon dom<d and dovdo¡><d. Th~ plan hu been 
rel<o><J and " 50011 to b< "'oloblelhmu¡h tho lJdensc Docum<Olallon Contor: oDoll 

Du«to>< ett>blistlmg poi ley for th< "''"'""''"' and """""'· by O<>D Comp<>n<n" of 
<OIIIP"I" "'"'""' tnd ooftw~« du'"'S de•dopm<nt, o<qu'"'""'· doploymenl, ond ":'¡> 
poli 0¡ D<f<n>< S)ll<m>, hn bo:<n wntren, <0-<lrduuted tl'lt<>Jgllo•Jr .U OSO ond Sef"t« 

otiJ"'ual<on• • .,,d subm•lled to tl'l< Deputy Se<.-¡eW) of Defenlt for ,;¡;nalure. Tbe 
th<tne P'"''dtng ¡JI of Uoese mps " to elo>"o<< ;of1wm p<>h<Y, P"'"""'· procedu!O, ond 
l<'iw>l<>iY f,om '" arll!lic enlerpn,. lo o true en¡.tne<rJn¡ d'"'pl<ne. Orlo"")" 
11\other "'Y· lo lr<ll oofl"'" mote lk>< h"d"''" !llrou¡.houl "' comple1< \¡fe cyc\e. 

VI. SOFTWARE REOUIREMENTS ANO AlSK ANALYSIS 

T"- ¡,,., '"' of empll.,,. .nder 0111 nowly form<d p<>h<) '""'"'"' <<mC<rtUthe 

"~"""'""" •al>dOI""' 11\<l ,t>); analySI• onendent to «HnP"'" ""'"'"" •nd IOftware_ 
Thll "'P"" ,.di be comed .., one of youf '""""' IOler lod1¡. Br,.ny '""d. compul<r 
,......,,,, 1equortme01> wnh p>rl~eular emph"" 011 ;.oftw.,., ond on h•rdnro/ooftw•« 
traJe ,1111 "'"" be "'""''d, anal)ud, &r~d ••hdot<d dunn¡ lh< Concopl Fom•ulollon 

011J ~'~"i""' v ,IIJ•<iun ph'"' of IJefonl< Sy,t<m d"<lvp<~<nl, PHOI to lh< f ull "'1< 
.><>elopmenl d'"~on po1nt. Th" onaly11s muol omrr< <<mf~m'lanoe of plonne4 oomputer 

"""""" ~ '"' ""'4 ""'"'""'al requirt,...,.tl- Rill:. onaly..s. pr<\unm .. ~ du'3fl. _ 
h&td • .,e/wf1wor< mi<Jronoo m<thodol<>i)o',"" of eai>l>nS ooftwaJ< mod""''· mndard~ 
.. """·"'""al mttlfo« '""trol. S<curlty ftalor<O, and \ofe cy<le ll'""" pfanninJ ":ifl 
be "" lúd<J 1n 1h< '"""· ('u"'"""'.,¡ IOÍlwor<, refiabolll~. tnleguty, "'""1"01biflly, 
''" 01 moJ<f";"""· ,.,d l<an<f<llhiflly wlll b< ""l'" <onoid<rot"'"' m tl'lo '"'"'1 d'"!"-
111< '"~ ""'· anJ, plw for 1h011 rosofunon ohafl bo tr>Ciudod '" 11<< D«~><on Coordo
n>llnf P.or<t 01 th< OSO\<,.(, In odd<llon, «>mpol1<1 ltiOUI<O "~"'""''"" woll h< <on-
110...,..~, <0-<ltdn"t<d orul rwm<tled v.llh <1'>1""' op<latl<'"al <<o.utrem<nlo lhr""'V<out 
'Y~"" .i .. elapment alt<t <he de<llion 10 '"'"foil ,.;¡le d<'IOio¡>m<nL 

Th< tfle<l ~r thll l"'li<y woll b< 10 tmphosiu 11>< fronl rnJ 1<.:hnt"f dfo"' whoch 

'"''"' proor to, ""1"' """'3'"'"" wmmltO)Onl, an41o '"'"'' ''"' 11" g>><n lh< ""'' 
'"'"'"'" ,. t.arJwor< Jurws the ,.,¡y ph,.., 0¡ ¡ymm "'"'"~"""'· In addnlon ll woll 

~ --------------- ---

' 
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• 
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.. 
' 

KfYNOTE: SOFTWAIIEMANAGEMENr 

pr(IT>d< "'1' 1<"1 S<.-.ic< ,,..¡ OSD >t$1bduy mio'"''· oche<lu\o, Opl,.,, and 1 
'"" 11, ,,;.,_hen ,;,boe~.;.nt de'<foprrr<nt can 1>e meanu;pully nnpooled_ 

Vil. COMPUTER RESOURCE UFE CYCLE PLANNING 

' 

A ''"'"P"'" r<WIItt< plon "'lll>e d"elope~ prio• 10 ''" dw~~~~ "' '"'"' fcfi "'1' 
.Je•<loplll<lll, onJ Wlil be m.,Ol>!ned lhroughout lhe hfo oyde. TI, e fl'J'P""" ,¡ "" pl•n 

" '" >Jtnt<l)' ""P"'""' \.lofonso Sy!t<m oomput<r ""'""" •<•!""""'" >nd ¡1¡0 9 .¡, 
pl•nn\IIJ l><~or>. bolh d<rect •nd trnluoe1; and lo oll•bh>h >p<Ctfic ¡uiJol•n•• to ""'"' 
..,.1 t!>o" f..:ton are •deq~atefy com;dered in lho oequtsrtion pl>nn111g ptocou H<IOOI<< 
pfann101 "10 tndude equopmenl, ooftwor<, doe~rm<nlllion, or>J "'''""'"¡ 

Tluo pohcy will pfa« <COnomiC uode-offo, O<qOl~Uoo """JY, momto"""" ond 
mo<J¡f"'"on doct~on• on o hfe cycle b""· ond ehmmole !he t<ndoncy to opllmll< """'
upm<nl ,-os<>.sch•dulos. ond qu•ltly ol lh< "P'""' t>f tho ¡ub~<q<>ool Of><'"'""' '"~ 
'"PP""I cOIII. Wo muot stop mortgogu'l! oor futuTO¡, "ChJn¡e fur fleOitn¡ l>entliU 
Jur101 de><fapm<nl . 

VIII. CONFIGURATION MANAGEMENT OF COMPUTE A RESOUACES 

TOe n«l p<>ll<y "'' cooccmo '"' configunt"n m>.n1gement of cornpu«r """'"" 
'"'""l"' Otfenx Symmo. We can no fongor offord 10 trm ..,¡,,.,, "'' ~.,. ,¡,.,.,,1 '" 
D< ocq,orod by • ooe-lone <otry on • Contr.ct O•ta Requtrem<nU !,,.,, fnll"d" • di t.. 
"""" ", full-ned3<d coofi¡¡uta<wn llem. Wllltoll 1he ot<cnd<~~ dtsetplmeo •nd conuol 
.,,of>ed. Tho <mph.ow wdl 1>o on product de~nuoon, reqmrem<Oll ul(.ub<llly "'" ,¡""' 
Jeft11ouon wd control, cost &r~d equal¡ly ""'"b~lly, wd 11-.. oorolfory con u~: '""'Pitr><. 

lX. SUPPORT SOFTWARE OELIVERABLES 
. ~ 

l'ñen 11" ro<t-otl<cll>< 10 do oo, unl<j<>< wpporl "'m' requued ro .;,.oiop , 0; ~-•~-
wn 11-.. d<h•<r<d compolt<r r<IOUfCOo.,et the <)'mm's hfe cycfe "di !o<'!'<'>'><~ •• 
Jelt><ralllo, "'"' O<>D ocqu~rn>g ngl.t, 10 """ deugn and(or u><. ~ ... -.¡>1" ~1 ""'- ";.

po>rt tltms "' romptlm, ''"'" '"""'"lal otmul>tor~ d"-""'""'""" ""'- '-'" "'"' '"~'· 
otuu .M •n.U)LOU, "'" \""""S .,J,, The P"'"'ion> of tho A rmeJ "";e; Pn~'"'"""' 
R<Jo.ilollOII> wdl go>ern th< ¡mrl<tnenlollon ol thu p<>l«y . 

n.,. pobo:y ;q¡¡rn em¡>h"'"' th< hf< eycl• <ost-dl•""'""' """" o! :• .. .._.".~''·" 
'''""'on. 11 ..-tU ""'.,.. tl~o: lonJ "'m Jop<ndenco on o ~"lile d"rl"""'"-' ,.,,., •• _, ·,, 
(th<reby P'"""Ul~ Doll'o "'"'"'"'"'" ond lurp<>tl opUoo• for the [""!<" ¡.,,._::.;, 
rtm<), ond 11 r<pJo!<nll' '"""''}', althou¡h not RJflimnt >1<p tuw.¡,: "-'""'•' , 
"""ltub•hty ~r !1Uppo<l ,.,¡,,.,,. ""'" "''"'"" and applic""'" ¡..,., 

• 



• C()MPUffR SOFTWARE ENGINfERING 

X. LEST DEFINITION ANO ATTAI t r CRtTERIA 

Sp«ofk m~'""""' to mono&< tho Me <Y<Io do.olopmont of amputer '""""""• 
oncludtna rompul<r ayllemond 1Uppor1 10ftwm w~l b< uad to ""'"'" tho p1oper _ 
.. q..,..,. of anolly•~. duisn, lrnplomonto11M, tnt<gration, !01!, doo:un><nta!lon, Op<r3\00fl, 
moOI!Onor>er, ond modrl\ootion. 'Those mlletton., wU\ inc:l<>de ~;>«lfl< erilodo lhot 
_...,,.lO. ir oll11mnen1. 

Tluspohcy rolo~es to !he ptoduct dcfuut~an md wo.t """"""Plishmont -U of 
canff~Ut&tion mill.llt"OWII but lho od<htional """'<XI <¡IUIIIII.Itive daliOIIOIIOIIOII Ul\<111 
io wpuncont to nOI<. A loo of p&nu:ullr IIPllluneo io tho risorou• tr<otmont ,.¡,¡oft must 
be o<:<:ard<J to "'' Uld e .. JuoHon, bepnnonsm tho euli .. t ph.i,.o of oyotom d .. olop-

md eulrninotins'" o complote operatlonal ten ond onluolion by Lhe ultLmote 
flliii!M;' ..... 

XI. SOFTWARE LANGUAGE STANOARDIZATION ANO CONTROL 

'Tho ,..., pDbcy isw< dulo "''"' pt<JSiunnunslanJU*'· which is the .,bjm of 
aoo~ber of yout .. ..,ion, lluo week.. Don opptO>t<lll'lh Otdtt l'mgramm!nl Lon¡uoges 
(HOL.o) w111 be~,...¡ to rlowlop O.fonso Syuom ¡oflwll<, uni<IS 1t "' oonohW•oly demon· 

;hot """" o! tho oppro•od HOLs 110 ooll-<ffoclivo o•or lho l)lltom ILfe oycle, ond 
.ru. wll.l IKII bo easy, E&eh OoD oppm•ed ltQL wiU \>o ISSI¡:tl<d lo a dOioÍ¡rl.ltod oontrol 
'F"L who o. .U \>o f<I{IO<ISII>I< f<>< =ins tilo ilab~r<y of tbo lanru"3<'. nlodot1n1 «>mpp~ 

o{ <Omprlor lmpkri'IOn!aLIOnl Wlth th< >tond:ud laf!JUig< apecrf>Coi!Oni,IOII><<"'' 
dol.o u Lo Lh< u,. of the IOfiiii"S", ¡,. diUernln•Ling ~nforrnotion, oomp!lon, &nd toolo, 

for lmproviflll it nm IlmO. 
Thro pol~<y 1mpoou boLh lho lan¡uogt oelewon and prolrfmtion problomo 1 b .. e 

urli<r. In gtnolll. h¡¡h order lorr¡u•l" do olTOld consldtublo hfe cydo l>onofrto 

(porti<uWiy 10 tho Opt!atiCifl &nd JUppo<t plruoo) '""" lhou¡lr """" intffl<lono .. o Jrul} 

l>o e>pcuen<ed m d.,oloprnont. E1<epUoN 10 lb< ..,. of hlth ordor Janauaa<• mu>l bo 
!d o•<r the hfe oyclo, ond not just fur de....,lopment od.,.ntogea 

Our lun¡ "1111' objcctivo ~ te gtl down lo o mtrritnum numbor of OoD Hrgh Ordor 
Utcuaaeo-&nd we oro wo1kln¡ In Lhat dlro<llon; bul ow objcctr.o 11> o<hirvln¡ tWo 
JUo<lud "!or <X>IL udllthOn.l-10 we mu" bo !l .. :rblo In bow ,... opply 11 and ho"' "'' 
olloo. tllu unprove o•er 11me. 

• 
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KEYNOrE: SOF1 RE IIANAGf • 
XII. CO·ORDINATEO RESEARCH ANO OEVELOPMENT 

lo ltlo ,,., o( tt~tor<lr &lld de>olopmont, o dbo:rpltned rncrnocr"'' appr(IOCh to m.,.. 

"""""' of ooftwore deoip, en¡ineerln¡. ond prccrommiflll a .,..ntW " ~oor conferen« 
O'ldar.._ Wo h"t &lrood~ 1'"" fund111g guodan<:< 10 tho Molrtary Uqr>~lmonu ''"""'' 
lho1 lh11 methodoloar lo de,.lopeJ and ll u .. d. Speclflc octrono undcrwoy withm l)ull 
oro: 

(l) Plan ond uccut.o l..,..,.dinated r ... mh tnd di:Y<Iopmcnt Pl"'!rlm lo identrfy 
or.d oupply lb< teclrnologjcol bno r100dod lo l>.lpport tho pohcy, practico, ond 
pmcedure initialiveo cnotoinod 111 lho Dofen1< Sy11om Softwm Mon>.j!<n~ent 
Pl&n. Q¡,.,.iously oll of ll>e ,.,.ion, to De oovored in lhn conforonco ore g<rrno.r.e 
to th11 lllhor brood dlan¡t lo tho ,....,eh orrd developmt:nl communoty 

(l) ~np.,. ond nWntorn >ppropriat< ¡u.id&n<e okH:umonu (e ... , ¡u!delrn ... <h<ck· 
IWJ,Iwodtooob, &lld d""riptioo oump!a) C<l'll<nns requinmenll deftntllon, 
d,.doprn<nt,ocquisllion, oporation, tnd support iuuoo ottond.ont to romputer 
oofLwote tn Pofense Syotoms. Tl>ooe document> wrll bo , .. lloble for "" •o 
neceoury by program m.an.o¡<nand th<lr ll>ffouwell "orpnrz.otJOOI taoked 
wilh O¡>«:if'>< "'f"''ISlbUity fO< dovelopn"- ocquUln¡. optn.trng, otod ouppon"''l 
lb< oomput.or I<IOUK< elornonu 

(3) Eotobhsh ond/<>< muUtin appropriato educat:ron, iramins, ond o~perience 
cor<Or path.s wuh ocoomponytng cmcr ¡"""'"" Lo follot lho de,.]Op~~~<nt 
urd retention of profe,.lonal computer mour« ongnto:<rl, monago ro, ¡,.¡ 
t.o<lrnicionL 

XIII. LOOKING AHEAO "' "' 
1 l>o•o IUII\rtWUed thi>""""""'"""" of tho moro lnlp<Ktont poli<y OCIIOII> wo ,,. 

""" túing "'lthlll the Doportrnent of Dofe .... In "'Y'Illl d<poeo, th<x to<lrn¡qu<> aro 
l>erngappbed totll curront ond new ll<f<nl< Symm programo 1 1hmk "''"'no" 
F"lflll to tho poinl whoro wo con lmpoct rnli!Y "''" wlll<h w~l chonll" tho woy we do 
brr..,.., wllh!n the llofensc: ooftw:ue eommunity. We hove gr<ot neod of yoor help ., 

och"""i th.., ob¡oetiv ... [ am <ertour thot ,... will bo ablo: lo roly "" yoo, u we ha., in ...... 
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MODERN SOFTWARE DESIGo • 

• 

. TECHNIQUES ' 

R. E. Foir1oy 
,,_,_.E¡' ... --~ r-. .. A . ._.,...,-_,,._ C.- S'lo""". TK 

Tbo Sol>-• ~- di>dpllno" <ODOetoool.-1 ..... ..,... ... '""''"' ''"'""'" _, ... 
- ... IO<Iwq ... "' ........ pino..,,*"".., .. , ... '"''"*"' .,....,., ..,.........,,., uf 
,.....,.toe''""" loch.., .. l fo. ooftwo" <l<1(p U ont ol lh <co~ol U.." in Sortw.,< •~_.,, 

Tho pop<o '"""""' "" notur< ol ••• .. o...,. ,.,.., po.-, '"'"~'' "''"' ul lh< mo" popol&< 
"'"""""''~" oppwp•i"' for """'"" "'""'"' do<ion. "'~"' ,..,,.¡ n«oHonol ,.,.._, foo 
IO><<>frmo o ....... 011<! "'""'lo"' U.. o.n,...., o! th< inoplnnnl<IIQn u,.,.,. on lloo ....... P<O<HO 
, ~ ·~ .. ...,. di><>wod ioclo4t 1op-do ... •1>11 1»11-.... ......,_ ....,.,.... ,.r,....,.,,, 
•""""" ,.,....,.. """'-.......,.. oo4 ,.,..._,"'""'"',... b• .,.,.a~;,, el.,,.,,;~,,.,¡, ol ... ,...,. 
-;ou-1 ......... , ... .,. ... tion .... , ood --· -L N""'""""-·-- ondo .. "'"'""' <Ntl~ IIIPOo ........... ,, ood "'""""" dow· 
"""" l'rop'">ml.,. .... ..,. cbo"<O"'"'" meotion..o In UH popo< mdude ••• roo«ptuol O.~• ol o 

,.,,,,.,,dolo ""''· d>to '""""'· """''""· oo"'"" n,~ "'""'"""''• '"""""uf'"" 'om"""'
"""" t><r-=• '""''"''""~ '"" om~k"""'"lon "'""" of ·~• !.onp•••-

• n.. m'-lo< lli<J"" of lhio pope< ~ "'' de>lp ,.., .. iq .. l•"" no,.tlo .. m ..... bl< lo fulllnl< 
1lo< poodu<OOn of "'lh quli<J 0>!1 ... ,., ,..,.., ~ _,. ,...uod ~ ,.,,.., .... ,_,..,.,.,, ol , .. 

........... "" ............. Jc<hno¡ .. , Thg ................ -....... .. -· o/ ........ ... 
Ono_oo_m"''......, "'"""o<lnUo . 

• 
l. INTROOUCTION 

• 
Durln8 tho pul few Y<&rl, lll<t<&lin8 omphuio hu •cen pl>e<d on 1.11< do•olopmonl 

ond Ulilizllion of mol.llodologiu &1\d l<chnlqu" fo1 dtsJgnmg, ""plomOntm¡. ond nwn· 
luning wflwlf< oyOiems. Tho l<nn '"'Softwou EnJin«Ma" h.u """ colllfd lo detcnbe 
lhrotand reblod 1<livltiol.. o.s~&n toduuqu" for prodUCUII hig, qu.aiJI~ «lfn.l<<IJI" 

1m1o io o a:ntnl '""'' 111 oofl-.....re ORF-rirll.. 
l1JU paper d10011- lh< natu<t of lh< ooftwut dolign p<OC<Ii, sunoyo tom< d<"&ff 

m<lhodologiooopp«>priot< for rnod<rn «lftwore dooi¡u, montiono oom< rcprea<ntah<>nal 
o:hemes fo< optclf~lng o d<oign, 111d d<ocril><s th< lnnuon<e of l.llo irnplemont""'" ~ 
ru•P" on 1.11< do~gn pr«"'-

Iloolgn IIJ'PIGIC!IOI dDcuooed indodo top.<IOWI> ond bottom-up dfllu!; a<«<..,.< 

rof~~~t~~~tol; lrtiOif>l«< top--dO'No dt1131', <odint;. &1\d '"'""; pro¡¡ruun"" by ""''""'" 
dumn; in<b of obll<octlon;nucl<lli """""'"; lnf ormolion hid1"1!; 01>11 """?""" 
de~¡n. 

• 

p,.,..red ,, ,., ,,,.,....., •• c ... p.,. !.o(, • .,. E..,._, .. , 
P.,l>l«lu.Oo '""'"" of No• YO<O, .. pril 20-ll, 1 ""· 

• " 
• 

• 

• 



" COMI'UrER SOFTWARE ENGI!JEEII!NG 

Jteprnontalioa dlKu-.:1 !ncWdo Jll , 1111'01. p.,.4ooodo, 
IUIIcnuod RD'<I'cb&rU. ~lo.,..... chancterlslll:o m ... tloned In lho papel 
includc lho OORC<ptuol b.Uo of oi.lopp, dota lypeo, d.ota otn>;turco, opcraton, conlrol 
floo¡ mochonkam&, llnacture of ll>d r.omrnunlcoHon betwoon oubpr"i'amo, ond bnp!.. 
m<ni.Oilon upecta of lhe lanJ11180. . 

Tbe rnajor lhnntl of lhio pape~ ore lhot hl¡h quallty dtwue <&n O. l<h1<Yed oo.ly 
by !hwsMfW de>!p &lid o:aroful impl<fiiOalalioli, &lid ':"' dcsi¡n t«hnlquoo •lid '"!""• 
oonUtLonoo!O ovoU.bl< ro fO<~ita!< thc pmductio:l of hiJII qua!ity 10f1woro. ~\ " """ 
requiied liwid<~pr<Od dluomlnation of, and uporlmontatlon wirh, thooe rochmqu.,, 

nu. popCJ conoohdauo """" ol !he exi>H"I knowledF e<>Dcomh~& mO<Iom ooltwue 
dui¡n. 

- 11. THE SOFTWARE OESIGN PROCESS 

Thc ooflware dellp p!<><<ll 1> conoerJIOd wllh d<velopill& toftwue 1)'1\emo lhat 
lmplem<nr aooeplablel<llutionoto C<lmpullllonol problorno, Thero oze two bnk lyp., of 

computation&l problemo: tho10 due to lho "''"'' of lht oompulor_ rt.<lf (f)'OI<~o 
prosromnu•lf prob!eot~): ..-.! lhooo sm<rated by thc ...,, ""'""'""''Y (oppll<.otO>ns P.'"" 
¡r&mm!lll probl<ml). Tho dolipr to.:hn>qUCo 4io<uosed h<r< ue o.pp"""bl' ro tho d••'Sn 
ofbotlr oyotomo propomo ond •ppli<•horu pi"Sf'&n>S. A...,¡,,.,,. ~olopment pro¡oet 

ty¡ncaUy """ wlth tire forrnubt!On of lun<lloriAI roqu~omonto. ~<hi<h tn<ludo • Sial<· 
ment of tho problem to bo oohed ond tiro conotalnto thot "'" ror 110 "'lu11on. Th<. 
oy¡ttm deoj¡rr 11 den"d fJOn> t1r< fut><tiQruJ requi«monto-tl pr<>"<tdo• dotailod doocnp
tlono o( t1r< &lpnluns, d&to nrutM<J, and tntorfocoo 11\al •iU (bop<fuUy) oatrsfy the 
,.qu¡romonto. Doll¡ll 'l"tlfkot.,nr form t1r< buis for om¡olorntntatron lfld .. l!dot"'o of 
oooftll•lfesystom. Thus, d"ipt opetlfltotlons oro tire Unk bet~<eon "tlr< •h•l" 
{fut><tlonol roquir<monto) ot>d '"tire how" (o IOfiOI&tel}'lt<m ll'ltlt ,.,..r;., tlooot 
«<¡UU<m<nto} . 

Cr<~Lr•< up«to 0 ¡ tbo ..,¡,.,..,, desi¡n p<t><<l> i>ldudo ootablistun& 1 tOQC<plull •lew 

o( tho oyllom. idenUfyqo •• of ~ lo,.l fur>etioru to rello<t 11\at conuptuolln\1011. 
decouplln1 ot>d derompolrnJ tlr< hijo le>t! functiono lo more e.lomenu~ lc,.ls, de><l· 

0 inloi¡Mthrrur and doto otruc\ures to omplemenl tho olementazy functrono. ond modu· 

:ti%ln& tiro rnuiHn¡ oysl<m. ModulorU.otkln in•olveo tlr< uoot:iation of • p1011rom 

modulo with e.oclt oyll<m funcoon, ond t1w <1toblishmont of woll defin<d tnt<rfoceo 
• between modui<O. 

The de~n pmoe• muot Uso rerult In o 1Qftwm lylt<m rtoor moeto <erloln opero

uanol requlr<mento. oatlofios vortoot de~&n cunstralnto. •nd pmmotot d<Sitoblo quolrty 

oUribul<l of the oystem. Vpontlonol requif<m<~~lo m l<n<rally oto"d in termo of tiro 
Jurdwore ond sohworo on•korrnenr r>eodod ro ouppon tho o;·stem, <><a>llOn Um01nd 
memory 1¡>0<0 limltationo. an~ the 1<><1 of oopltiotJa.tio.o 11td numb<l of portono re

quirod 10 operare tire oylltrn. Dosign oOMroonto m irnpoor:d by tiro functlonal requue
montl. ond by th• raiOUrC<oovoUoblo to omplemenl 1od nulntoln the oyllem, Tho 

furn:toonol '"lurremen10 mlght, fo¡ ••omplo. ope<lfy COBOL 11 tho omplemenlaUon 

1.\nsu.a¡e (perhopo In tho lntereot of trootponobillly). ""'" tlroo~ "chnltal to~pd~,.. 
tiono .. ould fnor the lllt of o <p<cialpurpo10 IOilJU08< moro ourted to th< op¡>htOuon. 

• 

MODE DE$/GN 

" 
lo ""plommt múnlolrt o indudo lho hardware, .,Ppottin¡ 

- .... penoruoel ú>rOC<""""'n. opetoton, on4 uocn), ond lbne. 

Tllt portrarlot quollty lllflbu¡., tlrot m emplwitod rn o "''"'"' oyllem dopend 
•lho funcLronol roqurr<monlO •nd lrllon~e<l Ul< ol tho •ystom, Tiro 8"ol of OOftl'ote 
..... lo 'P'clflcltlon of l)"ll<mo thot provlde optimallovel1 o( rollob~rry, offioioncy. 

lloubility. ond pncrllrty for tho porticuW ciO&r of problem• lhlt tilo 'Y""" lo dow¡nod 
0;1 oo1 ... RellabilUy 11 tbo IIIWI lmportlltl 01lnbut< of a prostam or l)"ll<m ol P"''lotni. 
OlMo" qullrty olltibut<> becurno lntmllml on1y wlron t1r< oyotom e>.hibi!t rohoblo -·· TI>< koy ro OQ[twore quoloty lo d.,f8ll clarity. There oro two "P''" to deugn claroly. 
In. lo !he dorlty with whlclo tiro oystem ded¡n l<fi<elt tho fu<>ttlonol •equrrom<nU; ond 

-o lo'"' d<JrO< to whido tOe dni¡n specdlcotklns ore minorod ln !he ""'"" codo 

nplemontotion of tl;o.., speci(""'"'ns. Both up«to of dolian cl1nty ore '"'""'' to 
dnorll .,,11 d<1ip>od o tiC! propnly irnplenrontcd ooftwto« oyttem. Dooign clorrty con

'""'"" lo oll of the quoloty ottrlbutes, lncludrna cfficioncy- rhe por f01manco of 1 weu 

~ ond properly irnplomente<l l}'llrnr U by dollnrtron eulor to "'"""" 1n<l tu"' 
11u.o tlrot of a poo>ly dosiy>«t and badly moplemonte<lsy"''"· Sbndotly. 1 clurly de
_.,! oy~~<m u t.,;,r to und.entond. dobug. ond t<st; thus relabohty aod m~uttouubjljry 
profot fn>rn d<~1n cloroty. Aloo, o <leuly de<i&ne<l I)'UOm wdl bt ouiet to moOofy. 

o.up. donty lo onhancod by tho f¡mcti01\ol modulority ol the sy11em. Functlonol 
rooc>.Matil)' ~ Wol"od by docompoo~n¡¡ o l}'llem lnto di.otmct pro¡nm m<>duleo tlr.ot 

_,""""'' thtoltlh "'dl..:lofiocd lnt<rfocu; ucll modulo ls ldemlfiod ~·ith a 'l"'lfl<, 
...U<Iofurod l}'ll<rn fum:lioo. A modulo ilo ,.,.d ooquono:e of Ollt<m<nl1 tlrot <•n bo 
..rmed to by o oolltcti.,.. nomo. lotolhods ~r m>pl..,.ntinol modui<O indudo <loocol w¡,. 
twtlr>eo. moctoo, ood librozy momben · Tho lypeo of Interfaces b<tw<en modules In elude 
dilo, c<>ntrol. ond """"' interfoo:eo. 

fllll<tlonol modularity ,..¡,.., oy11em campl .. lty ond P'"""'''' deso¡.n d011ty by 
-ph<tj: lh< inlenctiomr l><tw«n moduln. Th,. d<COirp!ina hao """"'ou:r beMfkal 
lff•u: lnt<rfiiUI berween moduloure .. pllcldy 'P'<ÚI«i 10 part of tho de<r¡n 

,_.,; onodulu con b• l<>ted eltlror lnd<poodontly or in '""l'"'d f1.tuon; moro ond 
.~n;p dof>eiondeo "' more ouily l<>r:>lllod; ond modules can bo repl"ed or moJofiod 
auh mrÓimil oiOe offem. 

Tht on ond craft of 1Qftwlto design con.i.o11 of idenufytnl oy<tem funcllOns. 
4oddq whot fun<liono 10 pullnto wtuclt modules. 1r.J oot.obiWun1the 11>Wfoo::u 

llt._n modulu llo"'"'. modu!uiution of o l<lftwore oyolem ll 1 tome~ hot 

-"rtruy prO<eSI uol011 oon<eptuol guolellnoo oro fullowed to ll)'llematically ocluovo !he 
,.tt of lho dellsn proo .... Woo 11 J dU.:u..., the loct tlut unptllper modul"i"llon 
.. , l<ltochu.t &ddrtloru.l complulty inro o 1ystom In one or n»re of tire followi"S woyo: 
( 1 ¡ ooo mur y relat<d but d;ff<!tnl fu,(..,., in 1 modulo wiU '"'d 10 olr>eur< tito l"'i< 
wn11 lttU to drstonguisll .,..,.,.,. tire vorious fu<>ttlon•; {2) • cornmon fu<>ttion 10 not 

..,ntú10d"""" moogh ond u 1 l<tulr 11 ts d!otfibutod omons •••raJ d1fferent moduleo. 
obocuiii'\R lhe l"t!it of eoch; and (J) rn<>duleo moy lnteroct on cornmoo da lO In 
-lj><<IOÓ WIYI 

Tho <ff«t of tut ood ocalo muR bt 10hn into oo:rount rn 1ny m .. run¡¡lul ~ls<u~.>lon 
of .,r,.,.,,. d<li¡n. In o smollsy01om (OD< """'"' by ono nun in ""' Ot tw~ mootl ·' 
-•hoJI<ol ~.o~p w.U te>ull In • tup<rio¡ prodoct, bu! Jt por hopo oot <>><ntal ro ti>O 
-•uoltho projeot. In largor oy>l<mo, tho l"'k nf o m<lliOdi<>l •PP'"''" oo ~" 1·c, •. 11 
.,.,.,,. th< compl .. rry oftho projeor, ond moy In fa<l rondeo tU<oouf J.! cornrl•. .. 
t.Oo proj<cl lntp.:lwblo. " 

• 



.. 00/HIJTEP SOFTWARE ENGINfERING 

Tho foil' oecllon.o of !MI poper deu:rlbe .... ,.¡ .W.gn 10<:hnlqon that hovt boon 
dc .. lopod u, 4ptual fromoworlu for oohH>o!og o mo.><lul" 10ftworoi)'IIom dell!!n . 
..U.O r110lll<lod "' d!OC.WOIIO ol ropr<S<!Ilotk>n och- for opcdf)'lna tbo deoign, ond tht 
l!lfluen<O of 1M ilnplcmert!ohon lon¡uago onlh< dot41> proooa. Tho tlteúo of lbio pop<t 
u Iba\ quolny IIIUII bt d....,.ed Itrio o O)"!< M, o!><! tlw dosign ucluiqlln ond D<>l.oue>nal 
ocbcmt> "' .. rn.ble «> lo<ilnate tho ptOdocl~<>n of 111&1> qu&hly ..,r,....,.. 

m- BASLC OESIGN STRATEGIES 

f.,o bJiic otra!- f01 l<hÍ<nt\10 moJulal dnign UO thc M10p..S0...n" ond 
''bouom-up" opproo.chu. U!.ln' 1he Lop-<loW11 opprooch, lltention U flut locusod on 
slobol n¡>e<IO of the ooeroll oy~em. A• 1he dool¡n P'"l"'"' tho •Y<Iom 1• decompol<d 
lnto oobryotenu and '""" coruldoatmn Ílli"n to opec1fic !su" Thotop-down Jtro"Jll 
o( dO«lmpoclllll uob lnlo oiJ11rllhml on<l doto lnlo do,. rlru<totoo hu be<n termed 
-.,..,...,. «ffnement,~ "olop..-loe prog<>m de .. lopmom; and Mouctoul .. reli....,.nt'' 

]J]. n .. bolk pril>dpl .. cf "'P""" rofi""""'"' !nclud<: 

(l) O<comp<>stns deJi(ln domiono w el<meni"Y l<"b 
(l) ]wJ>."n& deJI¡n "1"'<" 11 .. 1 m nol "'"Y l"t<rd<¡><ndonl 
(l) l'o>lponln& dot"'""' "'"""'""lJI tcp«>CniOiio""l d«ll111 u long •• poWblo. 

Nu,.ro•u oumpl" of 1M Sl<pw>"' pu>pom developmonl p<o<ao con be found i.o Jl-S] 
Ono of lbo belt lnown eumploo illustulln¡ Slopw ... propam d .. <lo~nl ,. 111< et¡lil 
quoeno pmblomd~><:""*<* by Winh [4] .ond by Dl¡l::1111 [>]. 

Tho roncep1 of bac~noclan~ lo fund.amont•l lo lop-down d"l¡¡n. Al d<slgn d"ioion1 

'" dO«lmpooed to ""'" olom<nwy le"h !1 moy l>ecome opporenl !ha¡ hl¡her level 
dO<ioloollllo." lcd lo on lnoffk;eol or ow~wa•d rnodolorwotion of iowor levtl f""<1lono. 
T!u.tJ. o hlab" lc><l docldon ""Y ho .. to l>< toronUd<tcd ond tilo oyltom outructurcd 
o<eo<din¡ly. In ordor lo minimlu bacl:Ua<~i.ol. mooy dnlpcuodi'<IQ.I< 1 mlXcd • 
ltt>IOI)' wlrl<:h ,. prodomrrtiltoly 1op down. bul whicll pormi" optdfl<llloo of lito lowoor 
lo"l moduico flrol. Thlo " oom<llm" caUod tho ""toul)hOII-flm"' d<~l¡n 1ltol<g)'. 

In 1ho bollom·up opprooch to ooft,...,. do~¡n. tho do~er flm ottompts to idontlf)' 
1 k1 of p<ltnitivo ronoopll. notl<lno. ond actlono. H<¡lror lo•el C0""<PII uo then formu· 
lrotcd "' <orms of tho bask """· Systom okslpl illhuo fociltiOtcd by ldentlfyins tho 
•popa"" oot of p<lr'I'IUI'" loloo1. A<;cordm¡ lo Mo:Ciure [6], th< bonom-up de<ipr proce, 
d01e lo ono of wnootenotlon. u oppoocd lo lile top-down rr-» of d""""'pooitlon. Tho 
bollom-up otrotegy oombln .. r .. t~r" d~teolly l>'llloblo in tilo implemonlatioo lo"""'" 
lnlo moro ouphilt!otiOd 1lructu"'. Thoso auocturuar• 1n turn comblnod until o .,1 of 
modulot ond data otnu:IUrtl ho" boon conotrU<iod from olemenu •"llablo in lho octuol 
pru1nmrntn¡ en •ironmont . 

In ¡>roctt«. tbo <~Wtn of o ooftwo" oy>IOm 11 ooldom (of ovtr) o<e<>mplidrod in puro 
top-down or puro bot1om-<~p foshloo. A prcdomlnl.nlly top-dowft llni•O" u mo" 
""'oallful ,.hen o wcD dofinod onritonment '"'" for ooftwm dnoloprnen<; •• for 
uornph. In w1itll\l o compll01 for "" wllh •• ulotlnJ oporolin& 1yotom. Whon tho 
""h""'"'"' ls tll ~.ll,.ed. "In tho do,.lopment "i '" oporatln~ IYI1<rn for • n<w 

IHJDERN DESIGN 

" 
-"loo. !h< dcol¡n IUatoiJ murt of "'""''"Y boa mtxed '""'O"· 01 p. , 1 PIC· 
_,..toly bottom-up atratogy. AcoordlnJ to Ranokll [1], lhe top-<lown opproa'h u 
Wf\11-..bon ronauucun¡ compononto to m&ich o ool of opodfl.catlo,.. whilo lho bollo m

.. -""" io wtfulln olt"'liono when thc uUhly of o rompoD<nt ..nl\in the lulo\ 
1)"11""""' be determinod. 

IV. INTERFACE DESIGN 

Tho t<chnlqueo by w!lich II!ICifoces O.t,....n modules 110 '"•bllohcd pro'lldo 0 poinl 
oi10I<IOt><O for di"w.sl"l rnodulror d01l¡n metbodoln¡j<o. The 1ypoo of intotfo,., th<1 
"111 N:t"''" modul01 '"'ludo· con!JOI mlerf>m; d.> lo JOL<rlac"· ond '"'"" 11uorf"" 
(onttol mtedote• <xht in rho in•neotlnru, ond in lho mtty onJ exll puin" ~f the """"' 
.,..Jula. O.alnterfaceo m eotob~IMd by !he pa11m<tero .,.d to pass 1nfo1m""'" b<· 

-· modul ... ood by ¡lobo! dotolhot 1> roforeroc<d 1n 1"o nr ''"'" ft"AA1ulco. Ser VICO 
IOiafil<l •mona rnod\11., ore.,..,¡.,. In thc111pp<o"lln8 furoct...,.,. 1!>11 mndulco pto'!Jo 
¡., ""' ono1hu. 

A. Con1Jol 1 ntetl ... Design 

TtodJttonolooft""" dOSigtl !O<hn0qu<l rot~cenltol< on «>nttol inl<of""· Sy~•m• 
4"'11"cd oiOOll ronltollnterfoee lino• "' <hotottonud by 1he ""o1 flowclam 01 d,.;an 
IWio. ond tbo pro¡rom moduleo.,. typl<aUy unpi<menl<d u oubroutln ... TI!IS otrategy 
<&11 produce d .. tly dcflnod control lntorf"Ceo. but it oi><J 1<ndo lo produce complox ~"" 
ltll<rfac<l. 

A <Ontrollnlerfoco d<>Lpl rnethodoiOiY tlal n .. yieldod lmpt<s~" , 01.,¡,. lo the 

•"1<1)' of m1<¡n.1cd l<lp-doli~ dcst¡n, cod'"l:. ond '"''"' [8]. In lnt<¡rll«< 10p-down 
~. e<>d'n&. ond toUin¡. lh< dosl¡n pr<>««b tnp-down from lho hi&h<>l lo><l <OUtinOI 
"'""" pnrnuy funcllon io to coord1no1< th< ""!utfl<inl of lowet lo,.loou1u><> \.ower • 
1"<1 '""""'"'"'Y be imploment.otloN of olomontuy funelions hho" which c.ll no 
olll<r roulin,.), or they m>. y'""'"" more priJmti•e roulln" i.o otdor to accompll~o t!O<II 
tunction. There U. thuo o ltienrchlal otruotu<o toa lop-<luwn 1yotem in whoch 1outin01 
"" ln..,l:o lowor l"cl rouli"'l bu! unnot lnwl:o rouUnes on tbe oarne or , IH&her ¡,,.¡_ 

Tho inte¡r~uon of do"'!" • ..,W,.ond l<olln¡ is ~~""'""' by 1ho follow1n1 eumplo. 
lo 10 "'"'""d tluo1 lbo desil!'l of tilo oyotem lao proceodcd 10 lh< pr:rinl 111uOirOI<d on f...,,. l. Tht pu!po>C ofprocodwo MAlN" to cootolnate ond oequence tho Gk r. 
fROCE.SS. and rm rnodol.,. The., litrO< modul" can <ommurucate only !~<uuoh 
IIIAJN: ~m~orly, SUIII and SUH1 ("hkh ouppurt PROCI·.SS), con , 01nonuni"10 only 
Ohrough PROCW. Somt dedgnm would ollow MAIN w ,·ommuniW< di1"'1Y ,.,, h 
Stl~l uod SUD1 "hile Oth<r> wuol~ ~tquioe lhot MA..lN "'mmunkuo wuh SU~I anJ 
SU~l by ~oin,¡ through fROCE.ss. . 

Tho rodif\lond l<ltona otrat<l)' fot lho eumplo m<¡lrt Do os 111u>I!OICJ on F,, ,. 1 

"" otubo refOJ<n<ed in Fig. l '"dummy modJios '"ill<n '" >1mul.o" 1 u~'"" ·' 
"'PI"''! of h<¡lrer lo10l fun<tion>. A< codhog ond t<st1ng P'"~""" 1h<y "' , . 
'"'" full funcoionol unll$wlu'h u~y In lUlO <equ~t<lo'"' i<V<I fu"'""'""'> 

9' 
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COMPVTEII SO~TWARE ENGINEE fi¡NG 

'" 

STAAm;v, an: ,..,. 

$1\E> "" [fl. PI((ISS, FIJl 

TUl """ 

= ~ 
TUl P'l>l~. (f1 =-'""' ><>< ML 9.1!2 

'" M<.l~ , ¡¡n, PROCESS "" = " "" 1\1.1". "" 'f¡[KH5, .. 
= .. , 
"" "~[N, GEl. PROCESS. PUl. sua1 

= SUB 1 

"" I'J.JN, GEl, OFI(lCI_SS. PIJJ, SUBI. SUBl 

1 .. '·'" ll~ltr<hitl ..... ,._ [bl , ................. ~ ....... <od ............ u.,.~ ..... . 

thern fh< Olub eon fulf.U o nwnl><r of u><ful putp<»<~ priOJ to '"P""''on lnlo • 1 ur.c
toon>l unH, Stub• con provide oulpUI me,..ge>, te$1 1nput po!lmelero, deh>" Slmuloted 
output p.ar11n<te,., ond "mula te t11nin1 reguiremtnl• •nd '"'""'"' ut1l1utlon. In lluo 

mlHIIItl, o olmulated oy>lem an b< O¡>e!ltlo¡¡¡l •• tho d<Oi¡J> pwsro1Sts. 
In oome 1ymms, cbto con!lllunl<:olion b<tw"o th! modul<o 11 , .. meted to 1"""'' 

''" JiOlo, whlle other liluatiom ollow aJobo[ ..,,.bies lhat aro wnunott to n.o "' II'IOit 

modulo>. A , .. ..,l'llble .:ompromloe i> lo twnmumoa1< dot.o l><lwHIII ..... "' pa10m· 

.,., lulO, ond ¡0 p<rrnit oeeen to oomrnon S)obal doa by modul<o on the ""'' l~vtl of 
lli<"'<hy. Thll 1pptouh is putlculorl)' '""'""" "''h<n uoh hlerardliallo"'l "1dentJfood 
., , "lovel of aboUtcllon" '" tho o~stom d"ign [9) Eaoh 1..,.<1 of ab!tfo<tiOn PtOYid., 
oupportm~ funcuono for 1ho r><xt h1g)10r l"olln tho hJoror"•Y, onJ ir oopported ~y lho 

lov"' lmmedioldy bolow 11. 
Tho 1nl<gwod rop.dm•n do>isn oU&I<8)' provid., on ordtrty and oyotematic ftorno

~·ork for syot<m de .. lopm<ot. Dnl&n ond "'dins >1< UI1<J10l<J b<<to= <XP'"""" of & 

nub will ty¡ia!ly r«¡Wre mouon d R<w l!cb> lo Jllppo<l 11. Ton <0101 ,,. d .. <lopod 
'Y'"""''"'"II)' and eoch nl<>dulo b l<ll<J 10 a ~mulato<! op<tlllng <nl'ironmonl. A furth<1 
aJvanta¡e 0¡ th< IOll<g<md top.d ...... n oppro"h " tOe roduct"'" of !he r)">t<m r~l<tntoon 
pha>< uf o he pn>i'<l ~ the IOI<tfam m "'•hli>l><cl, co<l<d, •nd l<>t<d as th< d<>LJn 

P'•'~"'"' '''·~.'',.'"m.lfY ""'"'""""ge <>f o he t<>p·d~wn •PP"""' " tl~>t e"ly. lu~lr le...,] 

,. 
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.... dodw,. may huo lobo rocoruid<red when Ult J"~f><<>w•'•" lO lhtlo .... r 
lf><lluRttiOno. Thlo moy roquirc de~gn boc.<tta.klna.ond considerable ""'r<Tlng of .... 

Tudaion&lopproocheo lo dalir coupltng beh .. on progrom modul., lnclude: 
,_,.,;un of P""""'; ll$ts tn !he colltn~ >nd <>li<J modult,; globol •or<>OI<! kno-..n m 

c.u<Jf moro modui<S;ond ""'"lO • common dal• Du< by sevorol mQdul.'l. Mony 

u......,uon dti..,. >YII<mo are do~gntd oround o lir<g< dou ""'. whi<h " 1he fo.:at pou:t 
uf<hfdeqn. 

lul;ov lw d<1Cribed o dcsign >lroi<&Y th.at cmph .. l>-<> da<o lnl<!f>m )lO). In h<t 
opproodr, o .a!twaro syUom i> vie"'ed ., o colle<t!Dn of obslracl dolO lypes anJ o¡><ro· 

1"'"' oto t- d.ato typeo. An obotract d.ola type is deflned in on ""Ope<ation Clu11er," 
~h defin<> lh< d&ll lyp< In"""' of 1he o ¡>out tono that con be ¡..,r..,,neJ on !1. Fur 

cumple, o 11><1-. tnlghl O. donned by obotl><1 uporouum '"'"os: pu.h; pup; '""'" top; 
.,..., lop; ""' <mply ""· Tho inlomal d<!.,lr uf op<r•llon clulleu •« hldden from th< 
oroJol., oha! malee"" oflho ciU!t<f'l. Thuo,a ,,.,k con only b< ae<..,.d by tho defontng 

.,."'"" ond lhoir puorno!ero. Thio reiof01c., lb< funciiOnal modulatlly of lho ,yu<m. 
~ pr""amm\na bn¡uot< r:all<d CLU is b<lng do .. loped lo iUpporl dlroco 111lplemtn· 

..,.,. of ocfl...,< syll<m> d«Wted fo!lo'"'fll lh< dolO interfoce >UO!<IIY. In CLU, o 
J•""' doflnllion o:omi"' of fou< patiO: (J) o destrlptton of rhc rnt<rl•« whl<h 1h< 
,¡.,,., pt ... ntl !O ltr Ul<fl (clu1l« nurlO. P'"""'""· and h.!t nf op«ollon.l de~n•nl lhe 
<)uow 1ype), (2) ""''lo <Dn«rnmg lhe lnl<rrurl repre .. nlillon of the dala lyp<; (.1) the 
.Wo tcqwred lo creo le lru<&nces of the dat• lYfl<: ond {4) tho opor.tur ~<Hnllio•u. 

Op<'""' <Jefuritio"" '" s]rrulot lo ordotwy p<o•:<du" d<eliltalloru, ""'P' thot lh<Y ILO .. 
....., .. 0<11¡1 u patt of o dual., dtdoration. 

Tho du>l<f desuipiiOn dtflnes the 1<m¡>lirle ol onaboUo<l do t. tYp<-knsr.anuo of 

ot.ol type ore creatod by o"'&ning lho tomplll< rurmo to t><•&r•m ~rublu. h lo therefo" 

l"""bl< ro dofono the ohot"'l <101& lype -uock'" ond to """ •l)d m.nipulate "'""1 
"""""' of mds Jn the progr>m. The <ituatlon ls onol~gous to o he "'""""' <>f ,.¡,,.., 
m Sl\tULA { 11 J • Becaur< lhe monipulo\Jon of abmact J>t• !y pes tn•olver lhoir doftntnl 

operolloru, moot of tho proced"re <toll> (•bsttoct operuioru) in, pro¡,rom ••• spedfi< lo. 
anJ oubordinote to, lh< dota lyp<s b<in¡ monipUlated "' the prOifim. In thll manR<r. lh< 

.loLalrrlorf>'"' m oho pro¡ram aro <mpha=d. and proce-dure coUo ore lncldcntol to lh< 

.,...puloi>OO of abUra.;< d.o10. An llhurúnatoo¡ uomple of prOgrammln! ""h obma<l 
.lo<& typ01" pr ... n<od In rel<rence J 1 OJ. 

C. Stnoic:. lnlerface Oesign '"' "' In 111< oernce mlorfac< deolgn methodoi"'J',O "'lt""' ¡yotem ""''"ed" o' 'nf 
....tules 1!1ot [l<!'form '""""' for OJI< onolh<r. Emplulis il pl•"d on ldonuB ... u 1 ~· 
.,1 of ..,...,, funot»m lllrrt wUI implomonl lh< oy>l<m oa<l<. Tlu« d<>•¡;n """ 

ll.e """;,, inl<!fa" cat•IO'Y •ro: l"ols of '"""""""; nudeu> "rcm•~n; ""'' , 
'"'" h•~rng. ~~ ong<nally d<stllbtd by D!Jkllro {9) • lo><ll of abw,. '";,, •. ., 

up .Jt\ljJI todonrquo 111 whlch ''' oper.ll"g >Y>l<m wa> dCIIin<J"' IOY<f' 



l>ierorduall .. tls. w.tt!nf; with JOV<I O (pto¡¡C...,. ollO<Uion. rul-tiiiiC d<>;;k i:Uot.,pl>) 
ond buUdil\1! ' ·~~o 1..-.1 of procoulrt indopond•nt uoor P'otr""'"· l!a<h 1nt1 of 
obstnctl<in ;, , ,oosod of o ¡roup of rclot<d funct!olll, tome of whlch m •~torno! (can 
bo ll:o•oled by fun.:tlo~o on hl¡hor lo .. lo of obotnction). 01\d ocm< of whldo "'' intcm•l 
10 tho lood. lotonll.l fuD<I- eu1 Ollly bt lnvohd by olher funcll<>no oo tho Wllll ltvtl 
and ore,_.¡ to perf0<111tub oo.-totbt ,..,k brin¡ pnfo.,tood oo tluor lo .el of 
ab>tro<bon. Eadt -1 of obotroctlolt prrfO<ms o sot of ,.moa fO< tbo f1111<1io1l1011 lh• 
nnl hlaher lo.el of obotnotlon. Th111, o fll< man!pulotir>n oyotcm mlaht be loyt<od "• 
oot of routlnea 10 manipula!< floldo (hit ""'"'" on lovel O).o ,.¡ of rout1!1<1 lo manlp
ulato rowrdo {soto of floldo on 1..-.1 1 ), ond o 101 of routin" ro manipuloto ru., {solO of 
1<001do of lcvell). l!a<h lovd of obotuctlon bu oxclusll'< IIIC of certabt 1<1001<00 {1/0 
doi'IW.. d.ou) tha! otbor Indo llC 1101. pnmllted to O<Cftl. HrJh." itvel fwo<~om an 
kn.oko fiUictir>m """'""'' lcvelo but loW"Otl"'l f=Uonoannot in.Okt or on ony "''Y 
~Mko ..,. of 1\i¡h<r lc"\ funotiono. Tho lortor rfllrlctoon ~ lmpo<tont l><auoo lo...,r 1o .. 1 
m<>duloo tl><n '"' Rlf . ..,fllclenl for oupporll"' •~•trao~oN up to lholr le .. l; t~oy con 1>< 
01611 wiUtout chon .. u tho lowor lo .. \ routlll<l kn othor oppllootiono, "'"in od.optlono ond 
IDC>dilialtoom to :m o>.loll"'l oyotem. In oddiLion, Uoe """' hlonr<hl<al ordtrln¡ of 
"""'""' fodltut .. Mintollc •uol ...,....a~~uuy" oh compln ooftowaoo I)'IIom [S J . 

A rclo!od <1u1p tochruquo Jo lho nud••• ••~<nslon opprooc~ deo<nb<d by Brindo 
tto ... n [ tl]. Usirc thlt oppr010ch. lho booi< nucleuo cf o ooft.,.ar<l)':ll""' io •d<ntil1ed 
on.l bnplomentcd In oucl! o W>Y " lo ¡><<mil oyU.rnaUc """'ion of th• nuolouo lO 1 

complote oy>tem. In tho coso of in op<nt!"f, oyottm, the nuolouo mlgiU oonolot of 
Jo¡;llrtteo ro hondle dynomtc crootk>n. control, onJ romo.,..¡ of rro=ot~." ... u " oorn· 

""""at""' be.-PI-· 
Alrtro<rah l...t:o of ol>ltto<ticn ond nuclcuo <xtrnsion WOIC .S..Cio~ ope<lfl...ny 01 

l>ottom.gp tccl\nlq...., fa< tho dooi¡n ond lmplomentotion of cprrotin¡I)'IIom>. thCf '" 

0 ¡ onuch brOI!dCf oppUco.bUit~. For inoton«. otopwo!O rcfinoment can b< ch.oroctcrlzod •• 

1 comblnr:d top<lown ond 1tl'ol1 of abonactlon appro.ach to ooft,..oro dcsi¡;n 11 ) . In this 
co.ot. ln<l> of oblltoctlon provldoo tha oonce¡rt,..j fromework for ploccment of m<>duloo 

... uun thc~ap<lo""' hltnrdry. · 
Thc thiJd- inl<rfoce approoch to be dlscu,...¡ lo tho '"inform>tlon hidtnl

ttdurk¡uc dooo;nbod by POfllll [IJ, H]. llol"'l tilia tcchnk¡uc, oach modW. l:o .Uo!F<~ to 
hldo.., muoh lnfor,.tion u pooolblo frum thc olhor rnodulooln tho oyotem. Thi> 
orotorioñ 110¡ only p!ovldoo 0 baolc .Usljn olroto¡y, but aloo pro"oidoo a mndord fur olabo· 
rotloo ood rcfinoment uf o dcu¡rt. Potaoo ob~<rvtl thot tho oppr"'oh mullo on .U<l;n> 
tb.ol .,0 Jw>«<IOIII!¡¡noo;><htlot, ond that ha .. aunimol <-011plln1 b<twen noodul.,. "I"hi< 
111 tt11o Pf.md<> inatoOOII darlly of tho doolp.. 

An Jntorooti. ... 1>¡><<1 of tha lllfO<motloo hldin,¡ OP!"OOoh io lho ,... of a Oo>n· 
prO<Oduro\ spcdflr:atlon lan&U>I' to deoctlbe tho fun<llonol moduleo. lo o woU knc""' 
ooomplo. Pornaolllurt"l<l tho oon .. ntr.,nal oontroltnoorhco oleotsn of o KWIC lnd .. 
prt>!...,tloo o~otcm. ond on ..no:oo .. ntlonol dcqo of tlu um• oy•tom uoin¡ tho lnfonaa· 
llon hldw@ otnlOI)' [131. Th< lottor ole.t¡rt lo doorly ll!j><rlor to tho """"ntlonol .Usign 

lA tonno of fur><ok>nol m<>dularity. 
[o [21]. Pomoo d!o<uooeo 0 ,.,.¡o, problom lnh<rOf!t in the lmpiomutallon of oll 

hl$h!Y modular ooftwoto oyotcmo tlut oro lmpi<!Mntod llliRilho sitbroutlno and macro 
faclllt!OI of con .. ntlonol prc¡romn•lllf; lanllllJOO. lmplomentoUon of o proe<ooln1 '"" 
In Du.,.rouo omall, lndopendoot moduloo roqulno froquont owilohin& botwooo tho 
noodulot. lf lb& mt>!ul" 010 lm~otod u •ul>routlnoo. froquen\ ow!t<hlna wUI ,oqulro 

--·· 

•• 
..... , • ..., and rcotorJne: of ..,brollll."lt lirlb&os ond cn>"lrolllt>O•U. 1• • hi¡llly 
-"""' I)'II<m, tho ... ,h .. d of IUbtoutlno Hnlta10 b<oornoo 1 &J&nlfte~ tion 01 tho 
""o[ uooutlon timo. Corntntioml mooroo <ruto problema whcn tho "'"'"'~ doOnltlon 
... "'""'" "'"F OJO l¡noront of""' onothtr, "olllich l:o d<llt&blo in o high!y modular -ht010 ptop<IIOI that pro~ "-aa bc dOil&,.d to o[lcw ¡rou,.. of declaro· 
- 1<1 bo dcfiood u oovlrOIUII<JIU. ond lo ollow lho usociotoon of on envlroounont with 
• 11blrory otgn~<nl of oouro:o "''· 11w would ollow thc ""' of "'"'"" to oltor onvrron· 
monto 01 compUo lime by tho ""' of inlrne c<><lo cxpansion •nJ opcc,.I>Z<d ltnlc.a¡o 
lllt<furnlom. bolwetn routh><•. In thi1 woy, thc O"<orh .. d •uocooted .. ith altor in¡ .. ...,.,,.,.m.t run 11m< <OIIld be reduud. 

Uro mojor dmd'lllto¡< of thio opprooo;h io tho roquirtrntnt of mointaitu"'l a moppllll 
ltototcro tho hiplly JlriiCtured oow<:< tul ond tho rdo~wly unotructurod ~oct rod<. 
Tlw moppt"'l lo neodocl to tlurt tho progrommor con rolat<tloe objec< codo tn rho tource 
<0!1<.""' 10 tb.ot tho oomputíng oystom con rcl>to run time trror ..,..,.,., 1<> th< "'""'' 
cod<!. Ao:O<dln¡ ro Pamoo, thio probl<m 1> boina mve<tipt<J. 

• 

V. STRUCTURED DESIGN 

A ooftwotc d<siJ!! metbodology collod, "'Structurtd O."J!!'" .,. "Comf'O'liC O.sia:n" 
... bota dncribod by Myon. Src .. m. ond Conouotmo [l S. 16]. Thc <ont<pruol 
appt<X~oh ¡d"o"OC>t<d in otru<turocl d«i511io ro ronfiJUr< tho r;yotcm ootlut tho numb<r 
or>J "compleldly of oonno<tion• b<(wton moduloo io monrmlttd. nus 11 acoomphohod by 
ounimllms lh< de¡roo of coupli'l! botw .. n modul" •nd by maldmizlfti th< '"'"""' 
<OIIt~on of ,.o;k modulo. 

Th< otroosth ol eouplma bol~""" rwo mDdWoo lo innuonoed by ,...,o[ fo<two • 
.ll.d.,j .... {1) lho r:ompluity oftltc intorf..,;{l) lho oypo of «l<<l!octron; ond (J) th< 
1)"]>1 of oornmuni.:aliOI'I. Obl'io"' rolotromhlpo ro•ult In 1.., complu.ity th.on ob ... ul< or 
,.¡.,,.,¡ """'· For o"'mplo. in!orfaceo 01tobllohod by comno"n control blocks, <omri!On 
doto blooko, oommon omlay ''lÍO"' of menoory. 'ommon 1/0 de>lc<>. ondlor Jlub•l 
•rooblt nomo.'" moro rompl" (morc hiJhly coup[od) lhon 'nlcrfaoo• <>tobi,.¡,od by 

""""''" lbh l'"''od b<t'""" mnduloo. 
-..Jn "'""" ronnoct10111 oro .. trrbU<Ited by «f•mns to oth<r noodulco by t/ldr 

l1111<doul """""'oro mor<loooel) ooop[ocltlun .,., mndul<o ...,..,,. oonncclioltl rofu 10 

ootornal clomonto of othco module¡. In tho lattor ca ... tho en\lro eontont of o toftron<od 
..,Julo moy ""'' lo be ukon into occount whcn upd.otln11thc mt>!lllo th:ol rofm to lt. 

Thttypo of oommunlcotlon b<tw<<n mt>!ules lndud"' l'lllint: o{ do !O, puoi''J 
•"""" of ronuol {such., nop, ..,.ltdlco, lob<lo. ond pr..:«~urc no meo), md mo•JC~ 
"'!loa of 01'1< module" o codo by ooothcr. The dqno of couplr"' il "'"'" fot d. o, aom· 
..akotlon. Jughcr fOJ «>Rirol communl.:atlon. 01\d hi¡hcrt for modulo! th<l mo,!·fy 
oohor modul ... 

Jntor111l """""'" of o modulo lo mouurod In tonm of tho otr<n8th of bln"t<., .:, 
lk""nto wlthln tho modulo. Hind!n¡ of elemento oocur:o on • Jale of """"'" • ; 
••011101lln the fou.n.trt~ordor: 



(L) Colncl<lmltl 
(l) lollcal 
(3) Tompo<al 

COMPUTtFI SOF1WARE ENG!NEERING 

( 4) . C<>rnr~W!!la.tlo""l 
(S) S.qumtb.L 
(6) FuntHonal. 

Colnddonltl bltld!Jq¡ occ~n wh<n lk< olomeou wUhln o rnodul1 ha" oo oppuont 
tcbt>olllhlp to ooo '""'"'"· l1W rcwlt ¡,.,.,. '"modiiLatiWI¡" LO OJÚsÜnl! pro&~om Uno 
Olbltror)' O>OCLuloa,,. from 01.,ti,. 1 module of IZIIrtb.tod l111tn1Ct1001 that 1ppoat 
-"11 tlrnOI in otbor modW<t. 

L.o¡jcol bllld"" Onpheo ornne rolotlowhlp &rrm>¡ Uro el..,.nu af the module; &OIOf 

.....,p~c, in • ma.dulo úu.L porformulllnput and output oporauo,., or In a modul< that 
od!b ol1 dolO. A logac.olly bound modulo ofton toRdo to tomblno ooverol rolotod functions 
ID 1 «>mpp<x "'d lntmolatod foohlon; UriJ roiUito ltl pa ....... of unn<G<OSOry paranoetera, 
ond iD dl.&rod orod U id< y «>do whlch lo dlffu:ull te und .. IU04 or modtfy. Fw oumplo. o 
rnodulo 10 odlt oll dota mi¡llt bo de<Om¡>010d lnto !out O>OCL"'"' for odltlnc mu~ .. 
rerordo, odltln& updato rn:onb. edUI:I¡ odditioo reoordo, ond cdillna <l<letlon rocordo. 

Modlll" ">Ur tempor&l bmdm,¡ ton<l lO exhibit Uro •m• dr .. dvani18" u lo¡jeolly 
tround moduloo. !Jowew¡, thoy 1r< hiJhor on the ocolo of blndins "'"'"""' o11 the ele· • 
noento aro o>.e<utod &t one time. ond no parometoa or I"'IC ote required to del ormino 
w!llcllolomento to exocute. 

Tho -•11 of o GO<IIr'llunlcotl<>nolly bound modul< oro relot«< by re fuer>< O to the 
""" oet or input 01111/"' out pul data. fGt eUlllpic, ~pelntltlrl puncll the ouLput me· 11 
armmW>K:atJonolly l>ouod. Conun\rnlaoLion&l biod"" la hJ&h<r 0<1 tbo bindint ocole than 
!Crnpor&l bltldl"f t>o<auoe tbo elonoelllt uo ue<uted 01 ooo timo ond olio rof<r to Uro 
IODIO dolo. 

SequonLiol b!ndln¡ ofelemonu ""'"" whon Uro out pul of oneelement ¡, the Input 
ÍOl Uro nut olement. For cumplo, "r"'d noxl trorlt.rotlon "'d ~pdote ora<tor /Uo" b 
ooql>lnLiolly bound. S<qucntiol blndirt¡ b hi&h on tito bino:! in¡ ocole becouoe Uro rr»dule 
ll.rucl"'' uoually booro o cl""' «oembloncc ur tbe problern ll.riiCIIIJC. Howo .. r, 1 oequen· 
n&lly bowul moduk con cootola M .. r&L fW><t>on><M pur oh fur>ot10n 11n00 Uro peoo:e· 
dunl peo<:OIIOO>n o prosrom ou oft<n ~'"'"" front tbo f1111ruon a( Urt p<O&IIm. 

Fu~>~:tlrrnol bt.ndinl it Lho ttton¡on, 1nd honco rnoot deolr•ble type of bindln¡ of 
olomento ltl o mo<lule ltocauoo ol1 el o monto oto telatod Lo tito performonoe of o olnilo 
fttn<troD. Ex.ompleo of func~onally bound mooulos "'' "«>mputt oquarc rooL," "obtain 
rmdom numl>or," Olld ....., .. , reco:d LO out pul fllo." 

Accordln¡ to Nyero, o W.rucblaltroo "'""'""d dool¡n. b tho ¡tner&l tolutlonfllflll 
thot wiU uouolly rtsult In Uro lowoot coot lmplem<r~totlon (whert coot rtforo ro the COl\ of 
~in¡. «>4"". t..wr¡. mointaiol,., ltld modlfyinJ Uro t)'lt<m). Tiro JUbdi.WOn of 
lut1ctlono 1nto O<pototo moduiC1 lhoWd b-e <Ootlrn><d untU C10h m<>dule «>nt.oino no oub· 
•t Of olomonu th&t tould bo "''fui olono. ond Wltil oooh modulo llomoll onouJh thot lto 
tntue irnplem<ntollon "'" lto pupeJ ot once. lt ~ oug¡ooted tlurt the implemontoLion of 
o modulo lhoul.l roquiro botwoen S 111d 1 00 exooutoblo oowoe Jt•tomon!o, Wombor& )w _..,4 tlllt o I'OUP of obout lO olatomonto b Urt uppor lmtlt LlurL con bt uolmilotod 
<m ftrn readiq of & module ]17]. In tilo rmLial llniln. eme thould wbdloldo t"" flnely 
whon la doubt Meo"" omoU !un<Liono con eudy 1>o r<combin<d btoc, .,.:1 dup!rClte 
fun<Uol\l rruy not bo idontifl<d 1[ !he wlr<hYWon " too '"""'· 

~--------

MODE FIN DfSIGN 

'nlo «1-J'll of "tc:opo o! <011Uol" 01111 "ocopo ofeflocct" oto ouqeotod 01 uooful 11<1 
lor .SOtonniniD(I tho ttb.U .. ~~- of moduleoln o hl<rat<hlcol rr...,. k Th 

0 

-

of ol"of -. • «r>>tr 0 rno<lulo lo thor rno<lulo pl\laoU modu! .. Uro! oruubotd¡,..., to 
.., modulo, In FiJ. 2. Uro O<ope of control of modulo B lo B D and E The ·--0 < 
off "al ' ~ · -~- · · · -pe o 

0<1 • oo_.n,. u .. 101 el oU O>OCLuln thot contoln tomo ro~ o wllnoe """""~" ¡. 
- "" tho outoome <>f thot ~<clolon. S)'IL<nu.,.. simpl01 when tho ooopo of off<et af 0 -·lo wlthin tho scope ~~con lrol of th& modulo oontainln¡¡ the decioion. Tho 
fallowln¡ oxomplo UlUJiroteo Uro ~luollon. 

Rd"errlotl ro FJ&. l, if tbo <U<:utioo of tomo codo ut modulo A lo depended on th< 
out- ol 4odáon X m module B U.tn <ouher B will haV< to return 0 11o¡c toA. "' tilo 
.......,, wiLI ha,. to be r<peot«< !nA. Tbe !orrnor oppeao<h <auLlo in •dded oodtn¡ to 
IIIIS'km<•L U.e fb¡,ltld tbelotter rooW11 '" duptr<otm~ ><>mo of Bl function (d"lllon X) 
lo Modulo A. Dupllcoteo of doololon X roault m ditf>eultiO< .,¡ ooorduutin¡ <hongo• to 
loo!h oopl'" 11 Uro"'""' ondo for doolllon X ohould bo clurnsod. In general tho oco f 
off..:t "'n bo brousht ..;Urin thc "'"~'< of centro! by movin1 tho d«:bron ,¡;,,ni u pe 

0 
d 

• U.. bl•ror<llltol otrt><tur<, or by to\;1"' <hose modula lhot are '" th< ""'1" of .rr:" 
MI ""' "' Uro t<Ope of CO>lln>J ond """"11.1 Urrnr oo Uut tt..y foil ....,,IIUI Uro ocopa 0¡ ..,.uoL. 

VI. SOFTWARE DESIGN REPRESENTATION 

b ooftwuo da!Jll, u In moth<motlcl, tite leprt>Ontotlonal odtomc employed 11 0¡ 
l\tlooll.mont&llnrportonC<. Good nototloo "'" olortfy lho lntetTelotiorW!Ipo ond !ntor. 
to<tlons of lntoroot. wlille peor not.ttlon atn comphatto •nd lnterforo wlth sood ~"~11" 
pn.ctlct. Al lout lwo ¡.,..¡, of doit¡.n opeCJOc.atlon oxi>L: lenerol de"¡.n opocinwlons 
afu<h de0<11be tilo otruo:ture of Lho t)'ltem (what fuocuom, whot lnterfoc.,). 011 d 
4owlcd d"'i" opedflattlono: ..ruch descrthe cantrolllow, dot• no ... , ond llls~;lt • ·•~ 
c.aduotlono witlun tbo nnout modul ... Somo dqil" ropr<Oooutlor., '" •L··;~•.,.11 
¡,. tUhllna both J011"1&1 ond dotoded •pedflcotlom whno tome .,, o~¡>~<>prio:t : 
W ot <r. Commonly uxd r<prooentotloru for opecilymJ o oof1worc ')'''"" : 



, COW'UTfJf SOFTWARE ENGINEER/NG 

ouuctutt ella• 'I'Oo. P'''"'""odo. md """''~«d no•-.:ham. Thne .......,., ""' 
disciJolod WU) .ly ln' !hb .. pa • .~. ...... .,...... .... 011.-..y<>f*lip ,.._nt.ollo>l• 
!<homnll pr<>ri~ by l'el..-oao4 Trtpplo 1 compoalonpopo: to this""" [211 . 

• 

Stf\ICIU« thot11 &rO oseful dunns po ... oi!"'OII&m deol¡n 11 on t!d In dotermlnln¡ 
lhe fun<t•ono, p"ometon, &nd ont01facoo of the oyotem. A otru<lUI< chart dtffm from o 
flowchattln 1100 woyo: • a!Juchm• chut hu no de.Won bono; and the 10quenH11I 
01derln& of t>W lnhmnl '" a Oowdlort U oupprouod In a ltJU<ture chort, 

The otruotun of a hiem<hul ,yllem la ofl<n deiCrlbod usina 1 OlrUCIU" dan 11 In 
r,. ... J. The d10rt ""' be au¡me:ued wlth • modulo by modllie d<><nptlon of tilo U.put 
or>d out poli puom<ton . .4-t th<Ju&Mr l<wla pot..,..,on ... abstr10ct;th<y beco.,. moro 
OI>IICIO!O 11 tho '"""'' le..J> of lhe lu<t.rthy, Tbo lowal l<vel routines deal .-lth pllyotal 
datl obj«U u Input md outp•u por..,.,.ten. 

' -
. 

' e o 

B. HIPO. 

ll!PO !Aopo""' [Hterordly p!LIIInput-l'roceu.O.tput) wm dO'elopod by 111M ao 
doollsn ••pro,.ntatlon Kberneo fot top-down toflWI!O developmtnl, ond QIOftware docu
m<n!>llon olcb; dool,¡n oped!lC>tlOW ond documontulon ue thus In tho .,.,. !omu.t, 
whu:h !oclllt.otu compuúon of lh< dc<ired produot o<>lthe octu.ol ptodw:t. ltii'Oo ><t 
f<>mllUlad tttvc!U<o dlotU; u oudlt~ omph11ltt fuotllollll ospectt of lh< d<slsn 
n.tller thtn lnlctwl conllolllo., mc<lwlluno of o 1)'11<01. 

Typically., 111 of HIPO DUtcromo contalno • nuw toblo o! contmu, owM<w 
ohqnomo, and dolail dia¡>omo Tbo n,uol t>blo of «"'tonto io o dtrO<tOf)' to tho 1t1 of 
dU¡nmo In tho pocl:.o¡o; 11 <:<l!!II.U of o U« ouu<tured toblo ~~ «>nten!s {colled 1 
otructwol OyOt\Oew dlo¡:rom), 1 oununary of tho <Ontonto of .. ,h o! the ovenm• 
dlogran>t, on~ • lopnd of II)',Y,boJ deílnlUono (110 fl,¡uto 4). O.erYiow dioatamo doocrtbo 
!Jirull, o Pt<><iN lo ouppotl tho fun<Uon hei"8 doocrlhed, ond tho outputo from the 
pro.:ou. Eooh ovorvl...,. dla¡rorn may potnt to '""ol oubordinolo detall dtogromo,lht 

·. : 

MOl!ERN OESIGN " 
.u loe 

INPUT S PR<ICESS OUTPUTS 

. 

~lloo:od• not.ouoo""' be UIOd In bott> ti>< ,.nerol ond thc dowl do<ip p~wto, 

!loo <lnlplct doocribn ti>< d<sl¡a osi:t¡ """' coD<ioe Enafuh lon¡u.¡o phn><• that '" 
•-w•d by key •ordooudl" ff.rn~~·El.SE, 00-wti!LE, &lid END Key wotdo 1,.¡ 
-..Mttt>tton do1<1!bo the llow o! conuol, ""U. the E.o¡IW. pha ... deS<ube th< Pl<'<<..in¡ 
'-llon. 

Ao '" uamplo ..,ro P«ud<><Od< dollgn >p<<tfl<a"""· "'"me ,...,, 1 ,...,,d f«qu<n<y 
-lyllo pr<l~rom loto be deS<rlbed. Tho P'ov•m "'!11 read a"' of toxtual ,., 01J 1 •nd 
Ul11<l todo lndivlolu•l word from each roootd. A toblt ;, lo ho const1ucted ti ,•1 cono,;.,, 
-h unlq"' word found irt the l<xt, ond 1 <ount of the numb<t of '"'''" .. d.""' • 
"'"'" Whtn oll t<xt record• ha" boon pn><.,><d.the contonll of tho ubio 0, 



IURI1IIal)' lnfor,.Uom 11 co bo prl:lto4. n.o poouclocodo dM:tlptioa of tbo """d f•
r:r l.llAiyu. P'OF•m IIIIJhl llavt tho follow!n¡ fonn 

INITLALIZE nu;PROGRAM 

READ THI! FIRST Tf!XT RECORD 
. -

DO W'Hl!..E THERJ! ARE MORE \llOROS INTIIE TEXT RECORD 

DOWl-fllE TIIERE ARE MOR!! \llOROS IN THE TEXT KECORD 

EXTRACJ TIIE NE.XT THXT \llORO 

SEARCl! TIIE \llORO-T ABI.E FOR TIJE EXTRACTED WORD 

IF 1ll.E EXTRACTEO WORD IS FOUND 

INCREMENT niE WORO'S QCCURRENCI! CQUNT 

~· 
JNSSRJ. TitE EXTRACTE O \llORO INT0 niE TABLE 

ENDIF 

[NCREMENT THE WORDS-PROCESSED COUNT 

END DO ATntE END OF THE TEXT Rf('{)RO 

READTHE NEXT TloXT RECORD 

END 00 wtltN All TEXT RECORDS HAVE BEEN READ 

PRINT TIIE T ABLE ANO SliMMARY lNFORM.ATION 

TERMINUE TilE PROGRAiol 

In th< top-d<>'•m do<lp 01111<1)', ach f.qluh pllraso in tho pseudocod< can bo 
oap&ndod into o more deuUod paoudocode.s...riptloll of tl:i&t pllru<. Thll con 1>< <0<1· 

unuod unt~ tho dc~¡n 1acl>n the actual O>dl"' I..,..L l'loudocodo con 1<pio(< f\o.,. 
du.no, ud roduco tho unoual of o>t<rnol dO<urnontalioa roqui~ to dncrib< <he deol¡n. 

D. StnoctuNd flowchll'tl 

F!owcharts .,, the ltodtllonol mun> fo1 spcdfylns and docunltntl"'l o ooftworo oyt
tem doli¡n~ alor111 contr<lllnlO!foco Un<1 Typlally, flowdu.rto lnoolpolliO r<ctantulor 
box01 !01 t<UOtu, dlomond ohopod bo•a for docillon>, d!re<tod ora for I¡>Ocifyl:l¡ lnt01· 
ooono.:uonoi><IW<on bo•oo, ond oemol othtf ipocially Wpod oymbolo [18). Stru<turod 
nowchoru dlffo1 f1om lrodlt!on.ol nowdurum tllltotructurod flowchorto ore ICII<klcd 
ta cornpooi!lrn10 of <..-tala book for1111. Thio makco tho ,.,wurra flowdwt tht poph!cal 
Oqul"'lent of o tntual pooudocodo deocrlpdon. A 1ypka! "' oi b•llo forms ond tho!r 
poeudocode oqui"'lenu m tlluotro\od In FiiU« 6. Th< buoo formo ort durla<tenud by . . 

--- ------ - . ---

' . .l--

• 

•• 

' 

RU'UT S 

'-""l p 

IF P THEN So 

(LS>O s, 

r. ~- ..... '"""' '"' """''""" """' .. '"· 

anP <Dtf)' _lnto, &Rol o:inJle Oall from the form. Th .. , formo con be ncsted wltl\ln formo 
10 any orbltrary lo.,l, ond In ony arbltr&J)' foshlon, oo lons .. the linglo entry·olll&l< lalt 
..-operty ro pre10f11ed. A compo$LtO l!rlrctured Howchort 011d IU p,.udo,udooqutvalent 
ore .UIIIltllod In Figuro 7. Bocou>e Olnrctitred flowdrarl• '" lo11l<lllly oqulvolent lo 
pot.-loo:odo, they ha., lhe ame e.proulve powei ., poeudoco<lo, In ¡urtlculor, tho 
'""'' entry-anglt n!l property ollowo ltkrarclúcal nostin3 of •t<uctulod nuwdwll lo 
doo<nbe o top-Jown dod;n, tlltllrr& "'"' genetal dtsi¡n conlidtrallont and pr<><ocdlft! 
lhr""si> detoilerJ dnl!ll- Structured HO\\Icharts tond to place lrlClO"'d emp~"" "" nuw 
ol <011trol mochotlbmo d11<1 10 tho pop!U<Ill llli!Wt of !he •lsu.l lm>¡e. They "' ,hwr 
opp<opoUI< when tho decUion rnedu.rwrno oad •quen<i• of conttol flow ,,. l<• ~. 

oropllosilod. 



• • 

• 

~. 
~. 

~ a 
"' JO" , 

• 
V>"'~ 

• • • " 
~ 

' , 

' 
• 

~ 
~ 

• • ~ • 

l 
l 
1 
l 
' • t 

-------·- --

" • 
VIl, INFLUENCE OF THE IMPLEMENTATION LAN"'''AGE · • 

n.o llllplon>oatolloa lan¡uqe prooldoo a OOOo<CPtu.ol fruno*<tl\ md • ,., of baio 
....... (Of lh< d..,p of 1 oofl-.> l)'lleDI. Tlu>o. a LlS?-hlolans""# b.a"'d on r<out· 

· .,. /-'100 lhOOl)' llld Hllllructwoo w1ll enc:ouro!< tht d..,gnor to formW1te lls<>
...-u rtcurll .. uprealoru oporali"' onltou ond binlry tre .. , wh.ile FORTRAN wt!l 

. .a- tho d.wpa- ID tbo dlre<U011 of llerati• a!pi!hms <>pm~tin¡ on "'"Y'
bt¡llt.,.ratloo oro ooflwm> syll<m ¡. simpbf'ltd when tho obu typo>, dota "'""'"'''· 
...llhnu., uu! lttt01focco d...::rlbod intho d...tp spectfioalion cotret¡><md to notl<>ru 

..,..n«< by lbt ""'*'"'""'''""' """'"""· fbt """""PIU&I UpecU ofo progromrnlna liltJ&U.IJ< are manlfest 111 !ho doto typer, 

.,..ron, and conuo! muotum of !he lln¡ua,o. Dota typeo iadodo bai< ond Olructured 
dall II'JIO'. Tht bulo duo typeo a\'llll.oblo ID a pro~ lu.,;uogc ve 1YJ)>caUy • sub
•t d lho dota typ<o ~~o~pp<>rto<l by h.ordwue, and may ~~>:lude any <>< oll of: lttt<g<rl. 

noo1101 polnt numbon; docimal numben; oharoctm; losic.l nlueo; odd,..., pumt<"; ond 
bu M<ton. .Woc:lunows [oc llrn<:lll"n¡ ba>io: duo lypeo include >rroyo, h<mrch~<ol 
Olno<<u<a,-o<IO< olllnp,lull, uteo,sraph•,oe""""""· .00 oelo. The ,.,. of """"& 
"""'lthnu 10 uonofonn ond molllp""'l< doto of o gi .. n typo (bo!!c or ""'<lurod) a 
•laminod by lh< 0¡><1110111 providod fwlbol duo lypo. FORTRAN md ALGOL 6G 
,...mdo utlhmell<. relol!onal, md locioil Op<lliiOU for lho basic d.11a typoo of '"',._,, 
floolill;l polnl, ond lo¡ical. A oubroutlno copobil¡ty lll""*"' tho user 10 lmplemonl obSiro« 
,..,.,,., on bo!lc ond suu<lur«l data N<W<r languogo, $U<h •• PL/1 '"" APL. P'"""' 
101111 buUI-In oporoiOJJ for lhc Slructured dota lypcs, u ""11 11 o oubroulinc "P'b1l11y . 
tiW pcurUII ..., defilled ob•t,.ct oporotio ... 

lbt conllol otructur<• In many proS'amminglongu:¡g<s r<noc1 th< bu>< "<hit «tu« 
f1 ll<l"""'iil .,..h!.,.o; 1:t tho ob~ence of on oopli<:il <1>11ltol oonottu<;t <~<<<u< ion pt<>o:eeo:lo 
fRim 0110 ototcmcnt lo Uto nn\ln loxk<>l'>phio ordor. Expbcit control otatom011U 
lll<ludt ,.rlouo formo of condltlonol llol<montl,llerition n>edlanium, and "'bJ>l"S'&Il! 
al!o and nnumo. Cotldltional llalom<all lncludo tru arithme1ic and loJ~<.~I IF of 
FORTRAN, lh< ,...,ed JF-THEN-El.'lE ol&ttmcoto In ALGOL 60, '""""' md fodu« 
utu In SNOBOL llatcmcnU, ond lh< CONO oxp,...¡on of USP. lt<ration mcoh..n<snu 

01dudo loopln¡ llote,.nta (suolt os tilo FORTRAN and PL/1 DO "''""""'· a.W <h< 
ALGOL 60 ond PASCAL FOR ''"'""'nt) In whioh in!tialltollon, '"''"'"'"'"'!- o no! ,,_;¡ 
""'"1 oro dn<:rlbcd In th< llat<mont fotrns, os W<U .,loop> """"""'"~ """1! lF "'"· 
OtrnU olld G0T0o In ...túoh lnitlOllz.ollon, il>cmncnting, ond l<lli<>& '"' lumdlod •~PI"<lly · 
la ch .. ow<O lut. 

lbt <"""ntlrtle- In llta<1...,j P"IPOIMIÚIII lo m<>tivot<d by lh< lkllr< lo pwwtlle 
-ttol """'""'" tha¡ ~tVI tilo dorlty of tho dt>ill" opo<tfludo ... in rho «>WC< 
...S. lmplt""''"''ioo of lho de<l¡n. Dale prOOÚ>tl uru!<llylna tho uoo of !ln.toturod 
<OCWol m<d<o.nlo<N Olt: (1) .W. baste oonotruot rnus1 JI<<"'"" lh< .._..:.~o Ir}', .,.p.. 
oút ptoper1}';and (2) no bolle """"11<1 pft"rmll "-<~ wo!d ,,...,-.,, d <01111 o! m tilo 
II>W<OIU.I ( .... ptlho !ntplidt llanÚonl.O loopina <ORIIni<IS). 5<n&i<~ntryÍWlgl<-<•11 
tOIUtol otNCtures can be hi<tarchi.:.lly D<$10d "ithln othoc ccnuol '""""'" lo onY 
arbiUory dcpl/t, ud indontatioct of ntlli"' ln<ls can fodllloto rO><bbdo<y <>f '"' ...,w.., 
o;odo. W?oon tilo ouwnpuono ni ...,,d """::Hnlr}'/sln&l<-<xit ronotr"'" ond no t.o<k
nrd tr....ton ote atislled, ""' dynamio '"""''"" fl<¡w lltrougl> tltt P<vS<•m <an b' 
.,.d, to conoopond doody lo tilo lltllo Slruo:ture of tilo oource l<ot Tho oo""" : '' i· 
lhw lu¡Jtly '"doblo ond mo.l:es o oiptillcant «>nUII>II110n lo ito ""'n d-"'umer.'"'-



• 
The uso GOTO IIII<,..OU ha> becn ahldud by lltni<Mod ~lnJ 

od.oc> bOCI"'" tho GOTO pm>1d" LO e.tr> ._..,, • ..., fOil SUUCturina contr<ll. 
u-, ond 1r ;,. quko "*"Y 10 (l111enUonaUy 0< ..W:.tealionlliy) ololol< th.o -e poemlloo of 
ouu.:tur..:l "'""'mmlna. r•10o U.o d>o followi%>1 pooiU.. btaoflll\0 ~ 
...,,ltoul GOTOo (19]: 

{l ¡ The pro¡ra:nmn 1s fO<<*!to dioolpl"" hlo thou¡ht procoamo. ond te f<>n>nll.oto 
hu 101)<: ooa:x<llll& to •• opproprlalt olr\l<tu<t 

(2) Tho pt<lll""''"" flndo hbnstlf 1<>okiDa for dmll.orlllto ,.lhor than diffoltliCOIIrl 
oubport!ono ofhlo problom. R.olh<r lhsn dmply ..,..,-olinl cond.itioll&l 
bronchoo to nw'IY ¡>«<llllll loootlonl to lwl4lo 1 n...,ber of cu01, he Ll 
oncourq•d 10 hondlo lhtm tocelhot, porhlpo wUh addltlonal "'" of .artabloo 
,.,..n¡ u poromolon to doffertnll&to lh< ..... 

(l) n10 ~der orlnhtrlto. of o proaram hao • muoh oulo< umo followlna pro&rom 
losio lf ho """ rud lho pr01tl11l .. quontl&lly ralbor than wUh conllonl P."'" 
O!ppl"' tl11ou¡h 1M prOf;llm ll>ti"8. 

"'uoh ourron! <OO<Uch ¡, lln><:lurod pcop.mtnlnf: lo co ... mcd wlth lb< devolopm<Jit 
of oonlrol olrucluteo thatoUo,. U.. <loo!¡n lo be clurly lmpl<monlOd lllthe IOU<GO codo 
nullll<>n wllll<lul <>nduly t<Oirl<!i"'lh• PfOIIOtnm« <>< f<><<inl: hlm illto UllflllUral .-.,, 
ofo•pmsjon. 

Coouol '""-""o.tilll of ...bPlOIJVIII !O o p.., JII'OJI'.,.,.¡"' 1""1!""11" lw • otroo¡¡ 
""1"<1 on tho oooultilll modolotlt~ of o ooftoa.&ro l)'llem tmpl.,.,.nted in tht.t ILopa10. 
S~proJ<Uil$ ton b< uuoollll "' nl•llll, they can hit .. oimpktolJ«tum obuct urn, or 
onu!Uplt enlry, multlpl< '""'" stn><luooo, llley can b< teaml><, IIIIOOIUpt dri•cn,..,. 
ooutinoo, .,bdled '' poulld wbtaoko, oc odledulod fw !atoo ••ecullon !10). Oou ""Y 
be """"'"nlcat«l In ""'"""1"' Usu, tht<>llah""""""" memory re¡lom, <X thtou¡b &lobal 
.. uobl ... p.,,.,.,., hou ""~ - po"""'!Cn b~ ,.c.,._, by m ... , or by aamo. The 
typtS of po<amcl«l tlutt <ln be puood ,_y be tOOUicted lO '""""la! >::tlued nriab!n, Dt 

<nay tn<lude ptoc.du<t """"'• !abolo, tDI! polnlen. 
In od<ltUon 10 oel.octll>t o b,.,...., oP$1fOptlo!e 10 tbo opplk:a!lon, numero ... lmplo

'""ntotton d<lotb wiU Wluonc:o ti>< q.U.ly of tloe >oflwate pwdu«<i. The lmplom<nto

'"'" ''"'"'" of lnW<II ""~ lnclude' 

( 1) Compilo timo ond/ot ue<utlon llmtt effldency 
(2) ldomo.-y opoco ullllullon 

(l) Ad«<"''~ of "''"" mosa~C> 
{4) Dobuggm¡ nptknu 
(51 Ad~oronoe to founal olondudo 
{6) StobiUty of tholmplomontollan 
(1) Eotenloll(l quallty of d<><umontotlon. 

The stoblluy of"' lmpl-ltlltloolo ,...alcd by ¡....,., .. to o ..n .. of quolllonl 
>uclta,: Who ""lnto!no tht lmplomontotlonl Al whatlovol of IUPpotl? Whon w>o lho 
lut updato oo101oed! How lona hu tholonauaa< boen IDmllodT H<>W often lo lt uoodl 
What 110 tht o•pot1on061 of othO! uaonl 

Doo:u,..,totlon ol>oll!d bo c1oa.t, cot><loo, ond weU-oln<Ctwed. Tho documonu!lon 
>hould btclud< on lnttO<Ill<tOry wOro mano.&l,an autltorltotl"' ,.f<t<n« manual, and 

--- ----------. 
..... 

MODERN DESIGIV 

.. -~-"'""'' dopondentim~nto ""''· A!JdocwnoDiooh bo 
_...j'oton<ed •""- IQduod lo pormn rapid oc.- lo ony dnltod t .. d <>f clotoU. (rnplo
•ototlo.a dotllloof ~. Utcomplel<, ltld il><omi>tOill bnru>lt fa Mes ollould he 
.-.d. a we!l a"'"""'"" lo, aQd miH<ninl of th< b.oJUOB'· F11111IY, the dO<~RKnll· 
- mul1 bo ..,.,...,.., wtlh lhe ..:tuoiiiiipleonoatotk>n olth< lo~~&uop. 

VIII, SUMMARY 

Thlo popot tus dlscussed YUioU> aspe<IJ of tho softw>t< dO<!~ ptocell, lndudml 
..,lllodl<&l apptoach"' to soflw>ot deu~. notanonol ochomos for de.colbilll tho d<l!~, 
IOd lho tnnuonce of lh< prc¡¡ammlng lan¡uqo on lho dostgn po-.,, 

llosi&n appr01choa ditcli!SOd indudid tap-dawn and bottom-up dool~; '"""'''" 
,.n..,..t; lntqutod lop-down dt'"&n. oodiDJ.,and losting; progtaonml"' by opetOtto.>n 
dullon; W.Cb of obotoaction; nucleus exletWon; ¡nlotmallon IUding; and 1\ru.:lutod .... ' 

ll.oJII"W''to~on ~<hornos dtJC""'d lnduded otructwe charll, Hli'O>, pooudoroJo, ond 
..,...,,d fl<>Wch.oots. Vofiotu langw." roncepl> ond th<if ittfluenu on lho oollw>t< 
<ltolp Jll"""' ..,, mutlooed, 

no the"""' of lhlo popot ... be<n that 1úg1t quoltly oof'""'' can ottly he acMo .. d 
_,- tlloolhtflll deolp o.od lmp(...,.nl.,ion, a!ld lho\ dtslp methodo!OII<I ond """'""" 
., nlot lo fodlllllo lhe produc!lon ol hi¡h quallty ..,fl....,-<. AIJ of tho technlqueo 
....-ibcd ... otrmalho ond weakn= ...ttich mako them ""'"' 0t 1-.. apptopr\JIO In 
~ draunotonoeo, o!ld no ""~~'' 1ecluuque ia d..,ly "'"""" to llll otho" In aU 
..... u ...... 

Cwmu oa4 futuro 4ite<tloi\O ID oortw:ue dtsi¡n melhodol<JSY !ncludo: 

e:: 
(1) Ctlllcal_,.nl of lhe """'liS d<Si,pltedutlques fX: 

(2) Do-.dol"""m ot deoi¡n ""'"""" and I"OS'uruninsl&na .. &<• fat apo<llyil!l 
11111 lmplomenu.,. tho dnip 

(l) n. .. Jo¡nnotU of mothO<I> foo lntopatin¡lho n,... doal&n ond omplem<n,.toon 
1odutlq- lnlo e><lstlo¡¡ t"hnolOfY 

(4) De"lopment of podaBOilUI t<chniqu .. fot 101chtlll ntadeon ooftwato de~&n 
11>11 dttvolopmttnt 

(5) Dotormlnohon of the ptopot oolo fat rompu!<t tld<d '"" autoonatod ryJiomJ 
In soflwm spo<lficarion, desl¡n, documento!lon, oodo 1•nort!!on, IUllng, ond 
malntononc:o 

(6) O.etcominl tho IO~>tan<:< of 10ftw•r< rlovelopmonl ooganiutlons to tOe "' j ~•-
11011 of new methodology and t«hnlquu. 
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SPECIFICATION VERIFICATION-A KEY TO 
IMPROVING SOFTWARE RELIABILITV 

P. C. Bolfatd ond D. S. T•ylo< 

""'-'"'-ONp., ¡¡""~"''"·M 

1, INTRODUCTION 

'. 

" 

.. 

t lo on< of tOe nwjor '""lllng 
omnllflo pro<<OI<S: thl1i1 PO!· 

" it 1 

.. poprr 1>: (J) lo Ulustrlle how 10f1Wtrt 

..,..,lnJ opooifJ<Otloo!!; and (l) 

1 r {1-5{. lnth<n~>hto 
rollobilny 
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COMPlJTfR SOF1WARE ENGINEERINO 

'EED FDR VERIFVING THE sPECIFICATION 

Tho bnportanoo of haoift& """'plltcly oulflod IP"dllcat!olll prior !<> IIIY ortual 101'1· 
woro rynonr de .. lopm«U bu lo~ bttn rOO<>¡o.izcd ooo rnajot llmo ... olna otop ¡., lb< 
ovolu!lon of uy ilrl" <O<rlplltn-boocd oyotom. Cunont nruo dollnhlono ud mcawCI ot 
ooftw&<o nlilbillty are duo to tbo om<>r¡>l1ouo .. turo of tlr"" 'P'<Iflculom. os IIOiod by 
numo«•'• ~~>ftw&<o rellobiUy exporu !6-+10[. Tho• 10f1W11t uportJ bello>• dtot defln. 
lUYO opoc\ficatl<lns oJO fundomentolto tiro d"oloprnonl of ,.lllhlo ooflwm. 

A. IOI;GJidory toquircmcnt fot opc¡:lfiut!on vorlficatiool &101111 f10m lht t.:t lho.t tbo 
opodÍI<&tlono docummt itottf rep!fltnto tho only reo! lrtt<ñl<ll t>otw .. !l .Uenl olld 
d<Vilipor. Wulroutl vcrlflod buolme ftom wh.lcl1 to wotk, timo ll..ry Unloth.ot ""'bo 
doiiC «> 1n11110 o eomrnoJI u!Uionundln¡ of tire oy11cm botwKtl m.... wb:> wlll we 11 ond 

~~~- """ d...!opod it. 
Sir>cO lht opeclfl<&tiono dO<IIIIIO:II ropr ... n" an of'l'odoltourproutton of tiro o..,oll 

1)'01.., nquitcmo9r.u, lhe ofToru ooedod to obl>ln ttllOfllll cl1rUy Uld G<>b<*>o In tiro 

opodficatlono ""'""""'' poov!de tiro ttOO< • flna1 dwr<o 10 1nmr1 tlut oy~~nr> perr..._ 
...U be fo""eomia& prloor to o«<pldd tutln¡. lk<lut< o! tbla. llrt flnt <l<p in ozty ooft. 
wuo dc~nt prooosur>tw be o vcrlfleotiOtl of t.ho oyuem s¡red{l<:olloo:u [IIJ. Tblo 
...tfi<atlon ptoeou must "'"" oyllcm roqulrc!Mnts ¡..,., -ltwl of opedflcotlod to 
onolller ond lloo '""' ..ch >Y"""' toquiromcnt wlchln th< IP"dlkoti<IIO ~~- Tho 
-..rtllcotlon pr<>o:eu 10 oouodod ro polot ""' lnlm<!lt <ODfltcto, duc..po...:lea, ornlslion<, 
ond to tr.su:• the completcnca of co<h roq\llrem<nt doflnod In tbc IY"<mopodflc.otlort. 

A. tu• IIUmber of m&n-hoom un be wuted deUsnln¡, eodln¡, ond tcstln' lOft..,_,. 
whidr wu de .. lop«< from tnoncouo ope<lfie1llono. A. typloallar"'·sule oofiwue 
devclopment qdo illU1U1linr; tiria polrn lo "prnentcd 1t1 ftaore l. Thlo !lplrl lnrlluo11 
how ry>tom opc¡:ifie>.~oaorw!O whlcb aro not diiCo .. rod untilloto i:r t.hc devcJopmenl 
cyde can off O<! olrcody dn<lop«< endo. Enoro Ur oyotom opeetflcallona oí t.hi• lypt ..-,¡¡ 
ooeeultatc dtsi¡n ond <e<<><lln8 of aireo<! y .. uclatod ooftwvo ol\d wW oliO lnl'Ollclauo any 
t<OLI whrdr wcro prevloolly o«omp\ilhtd p, 8]. lh<oull of th• eompl011ity of the !nt"
dopcndont rdotlONiripo ;, lb lo ottuotlon, o~ oto m .. rlflcotk>n oflot ende 1•nmtton oJ\ too 
often bcoom01 motoly vorlf1<Jtlon clthe geno11tod <Ocle; tbil reoui!O In totol oyotem rell· 
obUny bolng eomplctoly dependent upon, or o funetlon of, tire .. udotlon proom. 

F~Juro 2111mtrotts o proforrod ooftw"e dovoloprnont eyd• om thlt ohown In 
Fr¡uro 1, Whilethis opprooclr )¡ not now,lt tw b .. n w!doty Unplemcntod In tn< ooft....,. 
loduotry. Tbc mojct reuon thl! thh opp¡ooeb tw t>Ot b .. o foU,.od lo that ...-rfkalloo 
tccltnlq...a ho•• lrhtorically beOfl wr<tru<lUlod, monual prooOI!uru. Votilkalioo. ltch· 
11111""' el tlri> UIIU!ll<lll!<d, !IWiual type roqu~< oo mony pononntl (wbo lndlYiduaUy 
~- aod """'"'.,.¡ ,...,,¡ dtflorcnt oe«lono of the opcdlko.tlolll) t.hot thno todr
nlq\lct "' plryoi<:olly ud OC<!ftO<III¡:oUy uoreolillk:. A.ddltlonally, tire .. ,r~<-~tlort 
p<D«U muot liso !ndud< • full<llonalllmulotioa 10 delnOIUUato l)'lt<m apabi!Jt!ct to 
,,, .. , timin¡, oeeuracy, ood ovoro!l paforrnon<t roc¡lllt.,..nts. Thc functiooal Dmulatiua 
produ<<d by the '<llfrcr muot be eapoblo of totllnl tilo .. IJdlty of oyotom feq.JI!CTDC>I!l. 
ood thb llrould be doRO il>llopeodtt>tly of tilo computO< "~""' whl<h 11><10 <CO,uuemc!ll> 
wlll be !mplomcnlcd. 

A wtifícd op«illc1liO<t ""'""'"o booollnt upon whlch tilo <II<Dt, t.ho dovclop<1. 
ond "'n tho ultimoto uocr '"" <och <Ort0d<ntly pU" IW huoc. In 10 dorn,, tiro di<nl 
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SPECff/CA T!0/'1 VERifiCA T/0/'1 

wnuld O.-.. a flrm foundotkm u pon which to bo,. hi> wftwaro oC.:ep,.nco ~ the dev<k 
would luv< oonfldene< th" tho dov<lopmont procen would proceed bue<l on oound 

o¡>«'onutlono tlut ''' not oonuadictory or ombigumu; ond the loO! man In ti•• clu1n, 
rho "'"'· would not o!ll~ undorotond whot he lo gttung, but 1>o would ha .. o ouong 
bueUn< foro rno.lni•Íil.ible oyoEem_ 

h ilappor<nl thot lnlclequate ,YIIem spedfl<lriono m tho wook<Ot ]mi; In the 
oofl,.or< dev<lopmeat cyde ond thll verilkotion of 1h10 ba~c element of 1he •Y•tem 
¡,...,.nllol (JI]. 11 would, how.,or, be oompletoly ot•ppropnate for the ooftwm <o 

munlly to ottoin o cap.1bolny to dO'Ielop <rrod'" ooftwm if th< addnion,¡ e<»!> 

by opplytnl wclt tecltni<¡""' •re p!<lhibi\lve. The overtk!tnl p<~rpos< of tO.. poper, th• 
fo1r, io LO pre1<nt o ooot eiTe<tive verifiCO~on P"''"" wh!<h "" Oe oppJ1N to sy>1em 
I{ICCifio;a<IOIIO • 

Ul, THE SPECIFICATION VERIFfCATION PROCESS 

• 
.Uy offoo!i .. OCfillcotioo <<dlnique mU$1 bo bo<b eff><ient Uld «>nclw.i><, whlth 

'"'~""" both o <OOtdlnoted IIIOAUII ond automoted eiTon p1 - l S]. Formollon¡uaro 
aod dlstcled 1-'•pllt'-'Y '"' motbematicoloyotenu Lhot wppo<l 1he model"'l of rool 
I}'Uemo oo thot ll.lch oyotenu can be """' d!><.r<lely d<fmed ]16]. Theoe n><><l<W., t< 
""!""' b<ot lend themoel.-.. to on outomoted vo~l!oatiDn p<oceoo ]17 - 19]. By dooon 

P"""'' o opecúicoüon"' !hit it "PI"'"" "' unomb!gUOU$ IIOI1tnU.lieol fu"" ond b~ 
"~'~"'"'"'' o.- dellnulj t/W otructlll< " a fo1m of o <lu<et<d ¡ropll, the ""fl'otkm 
PfO<"ii! i> red"<td 1o on ouromot«< pr<>«» <tuot can b< dooonb«< ut o compu101 po-ovr 
Th.to oulomot<d p,-0«11 w!11 Oe 1<f<1ted 1<> in tiW poper oo o .. ,¡r,,,. 

Th<fe ore tbr<e ,.d.:, wlueh mOl! Oe d<fln<d Oefo« o .. ru.,. """ Oe de .. lopod. f 
tbe opedfiCOtiors ¡r;onunu mu<t l>e de...top<d; >t«>nd, o otr~~tlu!< must Oe defin<d loo 

LILu pornnu.•: ond llnolly, o fun"ionol Wnubtion mu11 be 8'"""'d hom the "'"''"' 
When do•doptnao opee>fo<atlon pomrnor, ot!t&il> p•opertiOI mu" be 1111ofl<d 1n 

otd<! <o provide conUDuity and form lo 1helanguoge. Thelonguogo thuo loo""'J ;,, 

,., of otl <1>< sl!inp of 1<1minol oymbolo whm¡n o "'""""' u • ocnl<nliol f""" ( o "" 
of <ymbols d<!ivoblo from tho grommor) of tho grammar oonoi>ung of onl•· t<!rrunal O) 

bolo. Thereforo, o O<OI<n" io o ¡rarnmotinlly ••lid <lring uf tO!miTllll >)mbot. de..,nb< 

"' tbe lolliUIJ<. How.-.er, the tingle 5entene<o wluoh mole up ¡pecifi<ohum, lo ton O> 

lo<l,.¡duol productiom of 1 &!Ommor, do not alwoyo de.cnOe auy r<quiremonto or f 

<ion< that un be fully und.,.tood Q! cornp¡eh<ndod a< r,,.,, , .. dmg Rooh<r, '' '' the 
poups of l<nl<noeo uouoll~ orgoniz«<lnlo p.uagrapho, thal dosc!lbo requoo<n><nlo ~·hl< 

oon be comp10hend<d u a<llun '"" to be transloted onto sofsw"' ce~u11enl<nt>. 1 he 

furo, ¡1 m1k" """ 10 descuDo the gramrna~ on '""" of the !tqui!<m<ILI 1 """"' uf th 
,.ntence. Speotncation p"'g"~hs l~pko.lly relato one·to-on• 10 • fun<ltOHol ~<quiO<

"""'- A typk•l •perincllinn P"'Sf•ph might d<'mbe th< gen<ral """"P'' of • "'1"' 
al¡or¡tlont 10 lb lim "'""""· Th< ,.cond .. ntenc< might define lhe I)'P'' ol uopo! 

P"'""''"' tlllt "'""' be •«<pi<J by thot al¡nri!hrn foc.ol'•· t!" 1"• .,., ·m:~ ""-' • • 
-_T,,.. ~·..: : "'P-""' ..,,-y,_-__ ., -" ' ¡.~ '~"'""'"<nr ... =""·' '''" • :_. . co: .. : -<'·' 
ouo!IIOI coniUOJnts ¡mpa.·ted on th• algort!hm. 

lh< p!ooluc<inn ulon ind .. iduol<entonce su eh., <hat d<>mb<d '" tl" ~''"'" 
.,... wuul~ probab]) b< undw by H-1<lf, ond therefvr< «4"'" 'i''" •' " ~- , • .. , 

. - .... -~-- --· ----



.. COMPUTf.RSOFTWA/1~ ENGINEf.RING 

oollectlon ' >upinc of lh ... oonlenoet into o Pltl&lll'h ln onlor lo dooo<rl!>e 1 roqW. 
IliOn!. The prun11y objeci!Ye of the op<dfiaiiO!> p....-r b to rodelioo !he O)'llrnt 

opedlk.iloGa in RqU!r ..... ~ .. temu !ha! OI< ~~~ wwntllpol.ll. Thl& -lha• 
lf tho ¡rammar b <1<!\Do<lln tO""" of tpO<IIll;ollDII puop~pho ~~~- oC oonlftlCO;I,IhOII 
lho pmductions of tbt 1'111\m.lt will dtllno ooe •"'1'*- fot oodt fuO<:tlollal 
rupo.,. ot oporotlon. TIUo olimlnat" th< Decd for 11\y <Oirtlltlon bctw.., oon!Cntial 
fomu ond dmpllllot lho m~lhomo\kll mod<l and tllt rymbollc losk-

S!n<O !he ¡<ornmar of tho I&IIIUl&" lo- definod 111 tumo of tequUcmentolno!Oid 
of in di<jolnted .. nuneeo, tho 1111mmor intorlongu.op dttcrlpllon b.comtt eaaler to 
oloofme but moro diffltlllt to produce. In otb« "ordo, U"...., tct<p!IO conclusl011 that 
lhere ls 110 prodcllnod mathemoUc&l oppmach to tbo do,.lop,.nl of o pra<!uotlon 

""''*"'• thtn Ofll) tho tfiiUIOIO< h.ao !he fUIIctlon of da<:tfbln¡ tbo ~tquir..,.nU in 
lrnlii of lbe ¡mnmar ia.L<rlan¡uap:. n ... m turo, oi!OIIIIY impll<a !hat Ul outo,...tcd 

ln.mlator 1> lmpoodblc lo ochkft. 
lt \hU> "-mu inM1lvtly obl'ioul duot oompl<tdy outomaUd tr:amWoton fw 

opeclflcallon ,.rillon u< r>OI tbe anower lo tod.oy'o ooft_. ,.liabWty probkm. lf 
011t DOuld tnllrely outomato tho ,.rlncauon pn><tu, ltwould reqlllr• \hot1ltt ,...CfL:o· / 
!loo be wnl\on ID on un.rombl¡uoudy defmod JI'"'""'' of oomo prtvloU>!y dofined and 1 
oo«p\Od laOII'll!'· lmrlemenl011on of tl\o )do., expre,..d In dúo popor "'ould no\ / 

roqWJO tlrot ¡podflca!\on.ro be wr\uen in ony """"" olhor th&n thot In ..tUch tito y havt 
boen wriuen in U>O pool. Tillo would roquiro lhol oi!Ow mothodolOSY be doflncd &nd / 
o.U...td lo by W opoclflootlon wrllm. T <>doy'• problomure cornplex c:rouF for 1lt<ao 

"'r\ter> wlthoul roqulrina thcm 10 <Ompli<irte tho!r cunonl proor• by docotnposlns ond 
do<urnonting requir<rnoo\0 ID on IOII&IIIbl¡ooUI ...,...,, 'lOo d<> beliovt,llowever, th.otlt 

i> J<Sinbk lo..,_ th.ol 'l"'<illcrrtJQQS, typi<illy wrill<n in "" o~Y defined 
JIUIIlll'&' foUow!nl "'"" otru"un.l 1111<1<\ill<> sudt 01 MILSTD-4'10, at1 be rnlllualiY 
ln<Uformed f•om 11rl1 ooe<pled modi>.. 

• We &loo bollo .. tlr•l tlris l!on.~formotiorr con be dono by uWr& pted<H"'d vom
matl<ol produ<tiOfllwhlch oon be m~~do tn\<1 unombl¡uowly deflo.od lltll<loreo or>rllben 

be outorn.rollcllly mlllod ond dmulatetl. 

IV. THE SPECIFICATION VERIFICATION GRAMMER 

Tl>o '!"'clflcolloJt vtrifL:otloct JI'ITUTW' delttlbed 1t111rl• po.po1 is oot >Dtended to be 
u IITU<turolly dofln<d " "Y tbo Backuo-Nour-Form (BNF) oototior:> of AlGOL60 [lO[, 
but ruhot lllot onu<turod del<flp~on of thc lromfonnaUon proceoo r<qultcd to oorr .. n 
tlre rpociHcation lnto o dlroc:ted JIOph. no oyntocdc: oi<RIOilll "' dncrlbo<l below " 1 
produwon ol o opoctncotlon ptl&&l'IPh. 

• 

' ~-

SPECIFICAriON VE/i!FIC"'-riON 

TI>o• o)'lll~c:tlt elemcll will DO\ produce totmlml oyml>olo In 
rstba ..m dco<rlbe lho rec¡ulremec.l lll .....,., 0 f Filllr< 4. 

pvnmor. bu! 

" 
OIR>OOY _,,.,.., 
~· 
o•~•• • 

" .. ,.., 
~-

• • • • 
• 
• 

n" MoctOt .,........,_., R'"""'''•'"n 
T>OE AUfONII .......... , 

O IET Of &To ..... U OHoOIITO 

• IET 00 ONOIOA< CONOOT<O•O lo.NO OONITA<O.n 
LlOOOCiol CON.iCTOVOTV< 

""' "'" ""' o• '"' ''"'Y "'"'O""'"" 
"""''"'"'"n 
T><i OU ... Nn <>' T"l .. ITEY OOiloGN .,._, .. , ... , 

Sin<t o f'lln4omeoul prop<Tty of ornbiiUIIY U tlut 11 "not uiomot>< l.o lh<te 
W111110 &Jaorlthn> "bkh will detrnn!no lhl unombo¡¡ully of ooy V"mm&;, tl;~n Jn ordo 
10 tllmlnrrro omblll'll~, 11 ls oecnwy 10 ntlnuolly trorulalo lho speclf«•<r<>n porosroplo 

utlo • ¡rorrunor such 11 t!u.t d<Kribtd in tlus popor. Thlo fo<t lmpll" !hit the """"'' 
lnDII'ormollon proce .. lo In I<S<lf o mtni·V<rlfl<otlon proceu •lnco ony ombo~uttl<r whod 
uanot be roool"d mUI! be .,rifle<! ond toool•ed prior ro lh<ir uondot!on 1,,0 tho &<•m 
mar propooed hertln. 1 he J<lffinw of thil verifkltlon lon¡¡uage can be tepteoontod by 

lht followlnl rnodel. (11 11 th~ modcl whlclt 11 uood 01 inpur ro tho verol'.er ¡ 

··- .uooef .... , 

"' 
... _ .. 

• 

( ......... ,_. 
o 
w 

. In arder lo pro\1Llo compolrbllity wlth lho •eriflmion technolo(OI, ond ot th< oome 
""'' to ptfmll <Otnpulor proce,.in¡¡ ond llnrulotion of !he requir<nlOnll, the ope<in<&tkl 
""'""' lo fomr Oll01l1<d ond cnly 0110 Input form lo utihud. Thh input/wm 11 collod 
llo<Ompooitlor> Eknrml (DE). Tito O.<Ompooillon tlemenl whoo armplotod COiltaUll: 

(l) Functlonal requiromoot 

{l) Stlmul"' 
(J) Rnpon• 

(4) Porforntln<e roquiromonl 
(5) Suboyrlem roopon.llbUity 

(6) Spot:lfloaüon poro¡nph fOfor<n<eo 
(7) Dool¡n comtrlin\1 
(8) Lopoal <On1'IO<tiYity.· 

Th<ro is cr>e Docompo.ition F~omonl for uch fun<tooRilr<quiromont " .. •' 



COiriPUTER SOFTWARE ENGtÑEERING 

10 tbt opo.:ifkatlon_ Thc DE u rmaot«< man .. u~ .,..¡ lo.dod lrlto lho mlfl<r ¡.,_ mlfl· 
.._,;.,.._ Tbls ,.nf,..tiol1 P<<><..,fY'It&<ll<&lly &na!y:a oadl DE f01 nlldlty; """""'iu lllo 
DEo toplh<r Lnto o <lir'*"" srapb to luok COIQtiiOII fllll<tiom;......,.tkall)' &n&!y.., lllo 
'''""'"tod. DEo; md detorrniftn lito <:Oos\stency, dotU«, tra<:ublllty ,md comple1m<oo 
of t\ .. ¡o .. roted du«ttd groph. 

Tlur btilc: problem il definlnt W tOrn\lnrll ryn>I>Db. Thc,. !Ofmlnaloyrnb<>lo oro o 
lunoUon of tl>e prob\em or clUI of prob\...,. whkh tbt spco<:i!lcallon 1:1 lntenc\ed 10 .,¡ .. , 
llo\hmc MlUlle Dtfen10 <¡><ctfocotiono Ullh.<e o dlfferent 101 of "rrninal •ymbo\o tn oon· 
110o110 thooe uocd 111 Alr Trofftc Control o¡><tlflcotloot. The ,.¡ of le!Ollnlllymbolot<· 

qu\red for 1ny probl•m con be flo•Jbly dcfoi\Od by tl>e .. ,¡flor md wr .. ftor lbod. 
Con><quently, 1 unlquo «1 of V<rlnor Input tormtool oymbolo for <a<h prob\em or clou 
uf probkm• u thoreaftor used to do fine ond corr<lote tl>e lmlt>idual no<le of the dlrect.O 

. • r 
... plt. • 

tlaw.'IOr, the .llllbi¡ulty in on Engllok ...,.,..,, opeclflcotl<lr> is somelim<l o fun"lo:t 

of tho oeodeú in1erpretotktrL In tnmf.:.mitl' th< opecilkat""' lo ur.ontb~~y 
doncrlt>ed llec<><npcsltion EJ......,.u, the reodor moy IC<Oi'IO tho ombii\ÜIY by t<nnlnolol)l 
in conteot, 01 1>< may ll!nply foU to p<lcel•< ond •W~ohnld tho ornb~ty. Amb>&ultle> 
...,. ,...,¡,.d b)l tho Ye<illel wUI be dllt;O,.red by tl>e autocnotit: Y<nftatiOI> pe_... 
lolalty unresoloed ornb!Ju.itleo will th"' \>o ld<nttfi«< u incompl<te, incooslstent, 01 «dUn· 

dorot functlollal reqlllfornenu. 
An eumpl< al tito <lecompalit\on pr<><<" IM ti>< "Detect ond Venfy Objecto" "' 

qu~emo:nt in the U .S. Army'o Sito Def<nO< S~otem requlrement• •peclrtootion l• !n tl>e 
fun<üoool d..aiptioo for "Scl>edule Sto< eh Pul10" oubfUII<UOII' 

"Thl> funcl!on tndu.lu th• "h'""''"' of th< tran•miWon ,nd receptlon of all 
ourchl>orify pul>e• ond tho pr<¡tJrotton of oU doto needod by tiro todlf to 
P'"""" the return_ lt b<""' wuh tito reoelpt o lo requ"' lo schedule f1om th< 
Surch R.ouer Gener;uon funCIO>n "' th< Ptooeu Snrch Return fun<tlon ond 

'"d' wh<n the '""'""""" "''"""' is ploccd ot lite UttOIÍOce to tl>e rodof." 

Other pertl.neot mlo<lltalion whl<h wau,.Uablo ~um the """'>p<dflco.tiOn In· 
ctuded tlrat ll>e funcuon .... to 1>< allouted to tl>< D.u l'!oceuinJ Suboy~tom ond tlrot 

n "'"''"-""a mmtmum tmp.o<l"" the ndol timellne. 
Th• Oocoorpoo;riiOo E\ornont ¡ert<IOtod f~om lb.,. r<qUII'menu io ohown tn 

f'l"'' 6. 

"'"'"""' ~ ICHOOUU_ .. ~.<><-•Ut.OO 
ACH><V>ItG ~ "ADAR_ .. US.OO 

Otv>N 

~ OUl ... ICH(CU"..a 

.. O!N(MH_O .. ~CH_RASTER•OR 

.. 0<0 SI. OIAA C>< _ A OTIJAN 

c<AV!NG ~ '"'N' .. ""'-""''""'·'""ACf 

""""' .. OCHlCU"_TOANS .. I!SION MO 

ICHlCUU. A(C .. TICN 

F• •- S. ...... lo ,.."h pulotr""u.....,,.t 

L 
1 
1 
1 

i 
' ' 
' 

1 
' ¡ 

1 

SI'ECtFICATtON IIERtFICAr!ON 

Thlo dota iS- 101dy 10 be looded lo.to the verlfler for oyntoct!o: ..,.lyolo ond ..u:¡ t 
"_tillud In &Cn<<tt"'& tbo 4lr«t<dAr•ph of the ··oa..:, ar>d Vort/jt otoj«to" fun<tM>n. ¡ 
~ l"ph. dl¡toph,ls o •••or~ of poioto coll<d ....roa contlett<d by dUittki A di
Unk lo l<OIII>«Iod Olol.olod pW of dlottnt:t nodeo. Oilinki oiO furtber ddlnootod in thio 

opproocb "' termo of tito I'Of!flor mt~ eithor 10<111 or globo] dtllnki, wh"' k>col dilinki 

<:Ont><ct ood" wlttun tho dl&n.ph ond global dihnb only conr><<l to """ diltnk In the 

dlgnph [211. Nodeo oro olthor funriiOoal or loglcol dependlnl un tl>e •lngUIO!Ity of the 
dUinki t<lm!llotJnaond orlgl01tlng ot 1he nodo. 

Th< dwoph lo lhon uttliud by tito venflor to e01ure "'"~'""<Y •llhln the ¡¡roph 
ond obo to enoure troceobllny, dosure, ond oornpleteneu botwoon •orlo>uo te>eJ¡ uf di· 
popho UOOt:l:rtod wilh "tlouo IOI'<h of furtetionol requ~omenll. -
• V, AUTOMATIC VERIFIER 

.... 
o ... 

Tho eatlte >erlf,.....,., pr--. con- be autamot<d 11>1t1t o Y<llf101 to biOok dowt 
tito input C<llflponenU •hkh are campo.red to eoch othtr ond 10 ¡>rol'louo speclf,cotktn 
componen11. Tillo venller io OA '"'"""'"d proceu whiclt 11 oubcl!l'ided Jnto two bo~c 
«tmponenu • lnol}'ter ond •Ynlh<>izer, to rupport .... f,.Olion ond 11mul"lon '"ordingl 

TI>< ""''Y"t, w~tch 11 compl~tely d<¡>end<nt u¡><>n lhe D<cc>mpcxttlon ~l<onent~ h. 
th•. fonotlun ~~ >Unnlns eoth element ond decom¡><>iing n lnlO ltt •yntootlo <nl\tt01 (e g 
l<xrcal onolyw)ond abo rynt"tlcolly onolyzmg th<"' <ntito" for Yoltdlty. Onco '""' 
DEs'" oyntaotkolly >Olldoted fo1 o gi"<n 1<'101 of functionol r<qulrtmento, they m 01 . 
pnized ittt~ o dlgr•ph throu¡h tl>e wo o! lho common 1ttmulur.,lrorpome dllmk1 ond th< 
ct>JIIlO<ti•ny of tho loglc nC>o! .. (l21. 

F01 eumpl<, ouumo th.otllte ol-'< Dtcampooiticn Homenn P'"'""" 1n Ftl J wecc 
Uam\ot<d from tbt DelOCI ond Ver!fy Objecu funonon previou.ty do<o;rtbed. ThrooQ>. 

tho ""' of tito Booteon O(>Nieotlao motrur <hown itt FiJ_ 8, the connoctt•Hy 0 ¡ l!tmuli ., 

"'"'"'"" cao be orpnbocltnto tbe rllrectod groph olu>wn tn Ft¡ute 9. A unll etement. 
the oorme<tion monl• tOpt<><nn o p.oth of fwtelillrlol conn"ttvny, 

Drlinklor< rtpr<>entod In lbe dlpoph by du«toolllll hn<i whero th< gi<>bo10ltrnulu1 

dilink hu only o '""'"'""' node md lite sl<>b•l r<i;>OII>OI dtlmk lro.o only 0 pl<doce...,. 
nodo. All otl>er dtlinki arclocol md n. .. both pcecletenor illld suoceuor nodeo NodO> 
in the dipoph are eitl>er pr""nted u functioool («ctansubl) 01 lot;teol (ci"ulor,) 

Tho d'i'oph lhown In Fl¡_ 8 io "'" 10 be wnneoted wllh o"" globo\ o!tmulus Sear< 
Seotor Alloootion. ond one global 1<11'00$0, Verifled Detection, To en><or< tro<e,buny 

ond «t':"p!etenw wlthtn lh< functlunol l<quir<m<nli of the o¡>ee~fkotton th<l< olwuiJ t 
• functl~nal n~de ~~.the no" htgher leve\ roquir<rn<nb Jlgroph, prottably <Oii<J •·¡¡.,¡"' 
ond Venfy OOJ"IO, whlch hao • mmuluo dillnk and o "'"""" dlllnk nt01dtltl,8 th< 
globo! dtltnko of the di¡r.ph "'""" In FJsure a. 

Th< •nalyut <ompon<nt of lito verin<r provtdeo lhe copaDtltt) of wif)·in¡ 'l"""' 
roqulremenu, onsu1in11 ono·!o"""' top!.,.ntatlon betw"n the o!nouiOllnn "''" the 
opcc\fio:.tion,ond bulldlna o roquif<meniO doto b.a10 <>l'l'blo uf pr<>>idln¡ ,;,.o1¡,,) . .,d 
"" .. ~Uuy lnta the d"l~ pcoceu. 
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(l) e .~oton ... -MioubleY<I4i¡rljlllo...., t:acoahl• t~ f lona! moolcollltl>o 
DUI hlfhu- dipoplo <ha< fonctlonal r>o.l.,nlurtu;¡lhe •tot that 
~o .. l. 

Th< oynthotl1.0r, on tho othor han~.ll orlentod ta...-.r<l roqu~etnOnl! rimuleHon. Thot 
u, tho 111oly1.0r wUI - to !he oyolhniur l)ll,.ele of Lluo optdflcotiDn brok<o d~ into 
IDtoroal foao. Thlo lnteroal foom il theo a¡roblo ofbo!rt& moddod lnto 1 functlolilll 
oln!UI1Iion. 

Aftor o.ll),.olo of ,.,qulrom<nll In tltO tpectncatton hl,. beon ><rlfood by tho on.Jyzot, 
úoo oynthoiiw on.bln .. ro roqulr<m<nt, DE, at tilo low""l lnd to b< modelod. Th<M 
moddr ean bo lndlYiduolly .. lldttted In tenn< of !he perfortnUioe roquuc""'"" orr oacll 
O.compOIIIIon Ele,....nl. 

BY u.ÍnJ Úl< O.compo~uon Elomonll to '""""" tilo ~mW.,Ion modelo, nowing o 
on"'""""" r<lotiulllhlp b<t.,oon tilo modelo ond úoo r<qulremonto; llld by tlmuloting 
ti>O 'Y''"" optn<t tite l .. < lo of perfornan« roqulremOJI!I In o l>oltom.gp fod1Jon ,ont 
lnol ot o tuno, tite ""'' li:nul.otor cOIIld l>e utUiud to .. ufy !he .uiou• le .. lo of «· 
quUemenl>_ Fo1 uample, sin« o OoiH<><>n< tobtiO!Uhlp nioto 11 01ch 1....,1 betWft.ll 
funct""'lll onJ pc1formonoo r<qulremonto, lh< lo"'"¡....,¡ fun"loool modelo ""ukl b< 
m<o'"'<d opinll thelowcrt 1.,,¡ p<rfo"'""" r<Qut!em<nll Theoo functiOnol mudolo 
C<>uld then bo ¡;ouped topth.,, by dilected ¡;oplu, utd Wnulotod apirut lhe out 
tupa In<! <>f pe1foun.D« m:¡.W ...... ou, uot~ tl>o ....,,.u l)'ll<ln m:¡ulremrnl 1> ..,nlu· 

all) '"""d- The buio: "PI''""'h 10 th.ot of tOp·<hn•n .. rtl'btion ond bottom-up 
Umuloll<ln. · 

VI. CONCLUSIONS ' 

11 might bo ooncludtd thot thll Y<rifl<&tlon proce .. t<luld bo lill<OJI ono ot<p funhcr, 
lA!., th.ot tlto ldrollltuotKl<l would bo to complctely o!muloto tite opeafioatloru dur<tly 
from theil docu,..,talion foml. Fo1 tlus 10 b< o«<mp!Wlod would requl•• !hit op<<'i't· 
toliono b< <»l&ln•lly doctl,....~t<d m on WlOmbi¡uou¡ monnot 1nd tlm roqui"""'"' would 
plooo 1n od~tlionol burd<n on tht outhur of tho tecl>ruool tp<dfr<&lwns. llo,.evtl, ,._ 
oumlnlihat th.l• requ!r<mtnl could b< mol, tite outhor of the techniclll opedf«lltons 
WOO!Id havo now mtod tho roqulremrnts In olo.npa¡o th.ol would permitO compul<r to 
,..d ond onolyu lhe dO<tJ,....tU. Th!o mol:.<r 11 loclco.!to CO<IC!udo 11111 lf tbt Op«lf,... 
l1ono wer< Un&mbii\IOU~Y dtOned and ;f lhtiO ul.,•d o compUtr th.ot could OC«pl 
thlt "'"'"' 01 Input, thOn tho oodo senerollon pruct" ooold bo •utomotod (o,.uml!og >rt 
olobollto >tflflcoUon p•oeo .. llmill.• to tho one deocnbod In thlr p1p<r "'"' lo b< ustd). 
In od4Jiioo, Jf che oodt ~e101IOft P"'""" eould b< outomol<d, it "ould elimino te tho 
... d fo• 1 ...ndotion PI"""• beuu10 úl<l' -,he oornpiler ;,..¡r ,.., "bdotod, the10 "'"·lid 
bt no nood to >'alldote tho ob1<ct (outpul) codo. Tite obje<l codt woald ol..-a 1" 1dl<ct 
the requlr<monn d01crlb<d by the tnpuL 

1-\ow<m, thlo ldelll «>luUon lo o.n •·overlull" rochniquo ond lo not co...,d<ttd JHIC· 
tlolll fe• moot of iodo.y'o .,..,,..,., 1bo d<"Pt onc! developmont of oodl 1 ope<lol comptloc 
ll>d ,..rlfi<I wou1d 1ur .. to b< ouooaJy tPI'Iico:ton_..,rontod ond wou)d ln..,1 .. toa much 
do,.lopment tin>< fo1 otato-or-thO-IIt odvoncod ooftware, not to mention the tomo 1nd 
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SPfCIFICArtON VfRIFICAr!ON 

In~ lo !he tilootioo p-otloo. p<<>« ... In foct, if wth o '!""'iol ¡>!lo 
ODd .. rtfle1 wue ro b< uxd, 11 would ""' b< O>CI<IIti<ol to <>p«llho.t (lince úoo 
ooft.,...lt .,..dopment offu1l would he 1utomot<d) 111 dtllgn, tnln>.J<rn<nt, 1nd tonpl• 
mento!lon oon«pto norm•IIY •~>oeloiOJ wlt~ ill< dovoloptn<nl rydo would now ¡..,, 
p> into lhe opectficotlon goiiOr&tlon P"'""· 

Tho optlmum sol~tlon d1oold he ooo wlúch Ul<.l tho opectlkatlo111 in tl><11 <Oirtn 

fonn a.od ,u..,.pu to UJwnbi¡uously rodef.,.. tllern In ,.,.,. "'" '"' be uoe<l by 
!he .. rlflcolion ond «>flwo,. develop,....nt PJOCOIO. Tite b.ooic top<lown ><rlfocotioot 

coOC<pl de«lib<d m tltl> pope•" mtondod to yorld prool10ly thto type of '""'"" 
!.c., o V<llnCOtton too!, 1 ..,rrworo developm<nl torrl (In t<rmo of o otructutod Kquentt 
roqul"'"'"U dtfmitloft) t!>d • roo"f!JUration manoremont too!. Oto« tiro •perifkotlo 

"' oertflod, chon&<• ... 1>< oosily ..... ,;noc~ """ impott '""'''""' "" b< .rr~ .. ely 
áetOimlnod .,¡ng thlo l)'ottm. 

Anotlt<l key torm that mu•l be oppl"'d 10 rollohlllly (ond 10llahllrly "dmclly P" 
po:niotlol 1 o V<tiflcollon, volldotloo, ond dovelopm<nl proon.l. ir mirnt1lnobilrly. Tlt 
dlffl:ltd ppho d<xnb<d 111thil pope< form the bosio fot futuro moint<nnco o)'rtentl, 
JOdudiq ello• manaprnent and ltolnln¡. 

Thlo popo< lw deiCiib<d o tO<Iuti<¡uo fo1 tho effe"lve Y<rlflcation of >p«lf"""'" 
Aa prevloualy dt5Cuned, thlo.,lifiCitlon 11 • key diKipllno •oqui10J on !he dev<iopm<L 
of •<lloblo t<>ftwaro_ By ..,jfying tho lp«rflcatlont, onc! tlteloby V<tlfyln¡ thert inht" 
1oqwmnn111. the 10ftwuo dndoper nood ooly b< concernod "'"h 11>< Yl.hdotion of ti 
l""'lotod «>de. h follo,..thll thi> utu.otlon undor.co'"'"d <mphnl••• <!al tho r<· 

<¡>on>lhU!ly fot ltli•bility In tlte <yotem dovelopment proctulieow!lh both th• roftwo 
devtlopo1 ond lh< operlncotion on¡rn.otot, 

ACI(PoiOWLEDGEMENTS 

Tbo autlton wlllt to 10knowlodJ< tho .,,,rtan« 1nd >uppoll In thto piO)«I vf 
Do- Ca!) C. Do vi> of tlte U .S. Anny ll&lll>tic Mrn!lo O. fome Ad..,.«d Tocltnolo¡¡y 

' Cea101 (Dio! DA TC)_ 

Thlo woll< "'" '"PPOftod by 8MDA TC undor the O.to Proceul"i Syrtem Rrq"'" 
monl$ Ptujeot, oonlto<l I)ASG~0-75-C-0 125. ' 

REFERENtES 

1 !J C, V. R""'•moo<th) " 11., "Ro!iobWt> '"' !•1<111'10> of Lu" conrp""' p,...,1m,," U'""" 
of CollfOn•io, ~-· No, !RL-M4l0 l~ot<h 1~74) 

]l) l_ H. U...., "Go ... llooo (,. ... l>eoip , .. !'"pl<a<"""••• o( R<Hoblot So!t ... r< St•'""'•' 
TJoo MITRE C"'1'01ollan. MTR ll41tt9)l¡, 

lll D l. nood, ·n.,tlo~!n¡ Concct Soft~u•," F~" T<x" .~J'"'P<>'""" "" c~"'P"'" S y"'""· 
Auol!Jo, 1 X ()une 1 illl, 

1•1 H. s..o ... n,c-, .... s,, ..... s-.., ... -.~~-.,¡.,.,s,..,.,~ ,~,,. v .. ~, '""'' "'''• 
IO<.,ihl¡_ 

ll] T. ~- S toe!, Jo, 0111 O...l"''m<nt ol v,,. U<~"'""'""· !>-'-"'"''"'' ul/1·1• 
Po:', l, Jj 1-l\ { 1%!¡, 

" .. 

------·------·--------- ----



CDI.IPIJTER SOfTWARE ENGINU RING 
• 

(6( ~.l.~ l<.oMC v.a ...... ..,.on,,"Ailmltl•llol¡•.,.hllobWIYmdE,.I•o<"'"." 
Unl<o<uo, •. T<•.., Tll N<>. l' (1''""'"'' 1~111. 

11( C. R, V• >., •-s,.._,¡-.,_.,;. .. 10< Rol~bk Soft .... o." h~ o/ USCON -,., OC (0.<
J.I, liHI 

1"1 "lnl"""''""' ,.,..,,ultl¡/0.11 A""'"'""" lmpllo;o- ol Ak V o..., c..,..,. • ._.,¡ ConUol 
l"'•U<O>OO~ ko ... 1 ISII'•" Unnr<St.ol<o A• 1'"""· CCir-&1, SAilSO, XJ!--J)-1 
(f........, ltlll 

111 • f.-.w. w.~. • ...., .. d ~- "· ~••e -sor, ...... ......,,,.-c-,.,u .... ..-,¡ 
........ ,1911). 

( 11 \ 

11 1( 

11 Jj 

l"l 

11. ' k""'"'"·..,. .. T..-bl 5po,;r~~-· ~" ooii•-•C...,ol .re_,., ....,_ 
1'"""""-" AFI"S c.f<n""'- ()(', )O.ll-!9!1'1611. 

A. f-. .......... "Soltwo<e 1>«...,,....., ~o<>qto><n<: Tho ~<"! to ~" ISoll••« P...Ju<<•" 
I!H' >k«-* ...t A<mopoc< s-"''""' C""f"""' un•¡ 
R. W, "'"''"''"" ''Saftwue R<llobmt, ~""''""' p,..¡l<Hon, ,. ....... ...., •• , 11<-1," 
1 ""' s,.,.,,.a .... !l•'• ''· 11101 
L, 1: St,.>.t, "Aolomot"- Goo'"""" o( s,~ "'"k Soltwuo,"t'Matdkof< o{ <h< t01J lf~fi' 
sy..,.,,..,. •• c...,.., .. ..,,,.," R<l~ol>tllty. 1<-IOO ¡11., ton¡. 

1 <'. (t ... "A ., ... ,,. V"lf~<." Ph.O. T,..l~ r., .... ¡,.w,""" Uod•c'ftltr U%9). 

R. S. 1 ob<1, "1>1...,,. V<OofPl.,o ol 01"""'1 s, .. ,., D"'""""'." Co"""- ACM, 16, 
~. ' 1' ...... INo..., ... 10111. 

~- <'-.&>, ""'>o<'«IOin ¡·onru~ ''""''"'' oiG'""''""~- l•f<>'-'""' -' c ..... a~ .. l, 
1)1 •• 1<10>11-

D. T<~<o><w, "A S....<1 ..-~ ........ fO< St.t .. R"''•"-<ot> FO< Coml"'t« • ..., 
la/..,.ot-5>_, ·-"''••fl•llF..,S...IC-«<C""-· 11, IIOJ--l"-

1101 J, W. Voo,._ h., "N~''"'""'"" t.,..,.. A l•l..-.1." 1>• ... ..., T""" .,,.,,., S../• 
C.t<fnr- Oocpl"' A CM i'lu<h 1J. ,..,,. 

1111 l. f'. So"""'" ................ ~ -y ooo/ """"""""'' (N<• 1....,.: l'r<ot.,..!loll. 
........ 1, 

jlO( P, N'""' ol , "R.,Iood R<po" oo Al¡o<lthml< l-onou• .. Al.C0l60," C'"""'· ACM, 6, 1 

"'""'" 196)) 
( ll( "Srot<o" POL"<>mpo>ltioo T•"'""""' l'opoMIIl> P<o.<lpllon," I'""'P""' S<IOfl<.~o (o<po<<lloo, 

CORL AOO<, U•SCb(I-71-C -!llll (N"''"'"'-' 1 '111 

1 111 "'S>'""' O..oo•I"'•Uioo T.._"""""' D<"<lptJon," ('"'"1"'"" So"'"-" CO<O",.OOn, CDRL 
•MI. UAS('MI- 1'-C -!llll (lo.......- 11161. 

' j -



1 

-
A SOFTWARE PHYSICS ANALYSIS OF 

AKIYAMA'S DEBUGGING DATA 

V. Funorni 
......., ....,..4~•""" o-~.-. ,.. F"" ...... r .. , •. -

M. H. Holltood --·"'c....,.. ... S<>o<><O, 

........ lln'-""'· """ "'''""'"· ... 

1ho 1\eld of s.n.,..,. ""'"" in<wo .. • dmpl< "'""'"'m "'"""' "'"''"blo """r'""'' "' 
oompo<et pr..,..,.. «>E, tho numbot of "'""' d""'"'""'""" ooro.om<O '" """ r, .. .,·toon. ll• 
rd>liOn "•uppbocl lo u ••..U.nt "' of ~'~""' "'"'""' """'"''"' '"" "'"''""" b> A••r•m• 
1911. Th< -•11 y;ddod "'"'"~ .. _..,..,., (m<frnot ol '""'¡,""" ol O ""' ..,,., .. f'" 

_.._, ''""' ....,,...,., Do'* oo4/J, "'' ....,...,, .r .. ,, «po<l<d '" •~• "' "'' "'"' '"""""'' "' 
.... .,.,....._ ....... ,. __ ............ ..S"""' ... ..,.., ""'' -~·····"' ""'" .................. . 
................ -- - .... 100 """"'""'"' ,.,.,.tcd 

l. INTRODUCTION 

11 is probably ob>loUJ lh.ot/1, '"" nwnb<r ~f mo" liwl o Pl"'lamm<r ono¡hl """" 
implemen!!ng ~ny IJ .. n oiJotllhm '" ony gi•en prog..,nmong longuog<, ~ep<nd> u¡><>n d 
1otol numbtr o{ op¡oouunllin for fllllin¡ an orrt>r. Unlll <«<ntly. u h•• al><> h«n 
eq.,.Uy obVlOW 1~1 lhno ""' linio r<Ooon 1<> "r<" 11»1 r.u.:h 1 b .. i< q\Unlrt¡· '"'" 
<•O<I<d, .00 non l<u '''""" 1<> !""'"'CI !lul it <ould be monurod k<«nl ~'""" .. "" r
on mo of Naturo.l S.:l<n<:< allod Al!"''~''" Dyn.mr.o ur Solo""' l'hyri.:. [n, ~. 9. 1 O, 
1•), how<v<r, induJo a Umplo hypothuu "'hich r<latn • ,., ol '"'""'"bl< f.'"""''"'' 
of a progrun lo tho 1<>111 numbor of elomootory menr.l Orr.;rtmrn•u"m I<qULred '" 
mto th•t program. 1\. fe"' ,.p<rlrnen"on Ptogr;rnrnor Ptu.Ju,llvily [5, 7, 11, IJ] ¡,,., 
ruaomd tO.t u,. hy¡>olheol• oucceufully '""'""" for ti" """h""" dfw• of pw~r" 
•olume ond program dlfficW1y. 

None of \ho IOI"JJ'I<d lludi<o havo •pedfl"IIY o.JJrc ... J 11~< •ppli"""" lo P"'~"" 
hugo. Yet 1f th< hypoth<>iolr in , .. ..,rublo ogro<n><nl ""h r<>IUy " yidJs lh< lolal 

numbr" of <lomonrary monto.l discrtmlruli<>n• roqutreJ rn ""''"' .r V"'"'''"· •rul rhtr . 
miiSI .sltO be ti" lotol numbtr of po>Sibiluie• fur ""'''"1 on '"""'"'" d.,,,;,"""'""'
lho followill8 ,.ellonl"< wlllropr<>ducc lhe hypolh<»<•nJ •rply 11 1<> .rn m·lep<ro 1 .,, 
,., of dar. pr....,tod lo 1ho Lubjoru Conforen« by A~r) ,,.. '" l'll l. 

Poo .. orod •1 "' !ymp<''"'" un Cumputer \"1 ,.,,,. 1 "'''" r • '" 

Poi>'" ''"k loorO"" of ~'~ '"'', '1 '" '"· 1 >. 1'' '•, 



COMPUTffl SDFrwARf fiVGIIVffRING 

11. THE CATA BASE 

Akiyon>a [1 [ h., publuhod o cudulltudy of lh<numb<l of bugs "'hich OCcw<ed in 
p!<>¡!ommlng .. eh of lh< nln< modW.ul • l11p ooftwa1< 1) l!<m edkd SAMPLE. In 
oJ4ition to dal& on the $o ol o>dl modulo, Ak.Jyomo lndudcd "'Ulll1 of 1ho nwnbt~ of 
dec4!nno D, •nd tho nUmbO! of oubrouttn< e>.lloJ, tn "d' modulo. Thost obse""'""'· 
copiod dil«~y ftom hu tobl<, "" ropmduced in T oblo J. Jo lho eue of Modulo MC, SJ 
bup wo« r<pomd befo.< moclu110 nrno ,..,. obto.i....t, ot>d lh.,. N ve beon lndudod. 

"'"ll 1 .• ~ ........ , ..... ,. • .., .. 

'xoo,;aHt .. ooun " .. "' "" "' "' "' "" "' 
... ,,. .. s""' t.<J 4011 j),. J4ll 1610 lOJI ll 1 J ... )19) )Oil 

~-- W> , 
"' '" »> ,, "' ,. m .,, ,., 

'" "' .. "' '" '" '" " 
,,. 

'" ,-,.,,.,o/ B"PIBI '"' 
, ,., 

" " " " " '" 
In P'"""~"l lip doto. ,o.~;,y.,.. notod o ,_, int"<>llnf; ond im(><h'tont r .. ture. 

nu, flndtn~ wuthit tho numb<r of Dug~ "'" not "dmoly C<lf!Ol.11<d wllh tho "-'" of 
tloo nwdul<o u ot "" with tloo oum of d<cl"""' pluo oubroutln< "lis In f•<l, he l<po>•l<d 

thot tlo< cuofr><J<nt of "'""'""'" "'""'" B ""d S "'' 0.83 ond lhot rho conolo!lon 
b<o~oon B •nd IJ pluo 1 "''O ~2. In oth« *"•d•. o '"'hor <rudo """'"" of ptogum 
C<lmpi""Y ""' >lltOitoo;lly r¡roro "gn'r"'"' m oxp1""'"8 th< "'''"'"""uf prop>mnotn8 
OOgo rh;n pro~''"' longth •Ion<: 

The omount of P'<w"""''"' tomo lo <""'plot< ind.,oJout m<>dul" "'" not !'""· but 
for lh< <ornf>l«< SAleP¡ E <t>l<m, Akoyom• «potl<d lhll ''m>n·hD<J" n<odod fru prr> 
ducto<m ond msp"""" wo" obwt 1 00 m•n-month•." 

111. THEORETICAL BACKGROUND 

S<oft"ml'lty~" b~u by doflrun8 fr>ur Da~o m<lrlcs "hkh can b< oOtoinod from 
th< impl<n><nlatlono or 1~''"8 o/ any .tlgo!lthm m any l•nguog<. Tho,. '''' 

( 1) 'lo 
(2) ~. 
(.1) N, 
14) N, 

• Count of th< number of dofloroni openiOU opp<lrinl ¡n th< progam 
Count of tho numb01 uf difrore101 upO!•nd• app<lnng on IIL< prog"m 

• Cuuwl>ti .. counl of •11 uuJ .. of OP<IIIors m the Pt"P>m 
- Cumulall" <OUOI of all lllli<l of DJ'<IOndS In tto. p!Ogt.m. 

O¡omn~O m doflnoJ ¡uHply" vanJDI<> or OM>Iont>. ÜJ'<<OIOII mdudo "'""'""' 
•yn>hol>. dolm•>l<!!, lun<Uoo """'''· subroutino nllm<>, ..,d I;OTU o<Jieno<ntr !' och ~"''' 
>l>uvo m.y b< <nmblnod lo"" 

t¡ • t¡, t ~: • Voeat•ul"y '" 
:V • .v, • .1': l<ngth . 

, 

' 
1 

> 

' ' 1 

' 

SOFrwAI!f PHYSICS 

11 waod>><o.,,.d [6[ ,and lat« lndop<nd«Ltly C<lnfirmod [l, 4) lhlt <he rolll"'" 

,.¡.,¡, <IOirly nol • mothomoti<OI rd<nllty, ne•orlholoso huido """' • t,8, unge uf 
prosnm ""'" •n<i P'"'l"mmt<IJ Llngu•¡¡os. 

( 

Adduic .. l pcop<1~0> of p!o,¡toms ""Y bt obtait>td '" totm• ot th< four b,,.,
motnoo. Thti< tnduJo Ht< oolume V, tho P"'"""l •olume V•, '"J ti" i<>el 1. TI" 
volume is obLolnod by mullt¡>lying lho number of ll<m> <ppe:rring '" " P<"S""' b} th< 
numb<r of blll whl<h would b< «quuod 10 pto•id< • uniqu< point<r t'o ••• h uem "' us 
vocabubr)',ot , 

Simil>tly, lhe pol<nt,.l. or nunlmum f"',.ible volume of an •'&"'"hm ., "P"»<d '" lh· 
high<SI cunoei .. Dio longuo¡t, mu" """a •olum< b•><d u pon unly t .. u uP.,1110,. ( th< 
..... of lho functio.o ond o srguplnJ symbol) ood 1ho numb<o uf rouc-..ptu•lly """1"' 
"P"'•<»i• ~; , r<quuod for •nput/wtput ~"""""" • SJne< th<r< """ bo "" "~"''"""'· 
E.q.( 4) h«om«, for potontl•l vutumo 

1-"'- (l+r¡i)t"!l'>f~·~j) 

1l>< p<Ogr•m l<•d ¡, lh<n dofined ,. tto. '"'" of '" pol<ntt>l •olum< tu '" '"""1 
>olumo, or 

L•V•jV. 

' 

,, 
Sin<e 1 •" mJ<p<odont of the bn¡u.ogo In "luth on olgori<hnr 1> wntren, th< p">J"'t 
l. )( f'lo oloo lonJol>g< onrl<ponoJent. Nuw 10 lus ,¡,., Doen '"""'" lhl •nJ .onfo""'ol 1-' 
lhat • 8"oJ •PP•••lm.a!Jon lo¡,.,¡ isgo"n by 

' ' ,, • Ñ. ,, , 

Bu1ldtng upo>n thi• bookground, tho ""' "'""" '"111 outhno lh• "'P' lullow<oJ "' 
obtomm11tho P!Osr•mming offull hypotheú 

IV. THE EFFORT HYPOTHESIS 

ll>!<'•t "1"'" tloo qu,ntu "' •nd tel'"""'"'"' of o he !"'"""' ,,, ,,. . .,, 1¡,. ,-. ,,.., .,. 

'''"' y>olol • "'"''"" <>f th< ""~" ol n,,í, ,.,. otomont "Y """''¡ .•, -,,. ·" '·'"'·' 1 •. 
t01onod >~ thc t .. k "' omplen><ntmg •ny 8"'" oi10<IIIUI> 11> '"l f'""' ~"" 

" 



COMPI.ITER $0F1 ~ffNG!NffR 

O¡ A poi>J'•m '"""'' of N"""'""~""' ot!<<t' from '1 
{1¡ b.och oonnndom otlect..,n "'"" requu< a '"';h 1mona 11>< '1 itema 
(l) l1ua ""'clt oon be •ppro,U.,.tt<l b~ a btnof)' •arclt 
(4) f-lclt bina• Y ... ,clt uquiaa log1 '1 <MTP""""' 
(SI Thorefot<. 1 prov1m "pnmted by nukinl N log, '1 oomponooM 
(6) Th< Qum< 1·. lo ll><~efore a count uf lh< numb<1 of men,.l oomporioom 

r<qu~od to aentrato • ¡oropom 
(7) Th< nurnl><r of elementar~ or ba~c mental ~acrlminat!onr TequiJed lo 

c0<11pltte on< com¡>Ar...,. tu ""'"'" of th< diffioulty of ttre '"'" 
(~) n.o 1e .. 1 L.,. tho "cipraal ofthe drfr,.;ully _ 
(9) lll<n H. the «>un\ of elenT<nltry mental dllcrlmln>-!!Onr reqllll«< lO 1'"'"" 

, "'""'"'· i•IJ•<n by 

E • Vfl. '" 
In !lu; nt•l >«tr<>n. tite "mpl< hypothnlr "'"l>in<d in Eq. (8¡ w~l be sl>o..-n tobo tn 

'''"'"'"nt wHh M;iyoma"r J•!1 
f'ow u'"' pc<VIOO~Y been shu .. n !5. 10. llltlut t" can O. conl"tr!<d from unru of 

d<m<nr.ry men,.l dio:nmrnatjonr 10 unur of tun< by d">dur1 by lh< ~!rood """'"'' $. 
v.h<l< S"''"' number of lu11c drs.:tlntmatinnr por unn !Lmc for the human bmn. 
J..:<O<drng ro Th< p~ych.,lo~>l John S!roud 1121. Th1> "'"' ''"' ""b01woen S and 20 or • . 
)ouk ¡.," por r.«<!>d. for eo<><en!lltllll ínon-wn< llurrlna) P'Of"mn'l<"'· nuonl 1rr1herr 

1" "l""''"'"' lon~w~l ond pro><Jt<l wi!h nooproe<du,.l problern '"''""""· • nl110 of 
1 ~ Ju.<nmn»rrorO< p<r "'""d ""' b<cn "''d >Ue<c>'fully In &11 of !he fow IOUdr<r to¡>o<l<d 

tod.,<l5.7.11.1ll. 

V. COMPARING DATA WITH HYPOTHESIS 

Wlrrlc A.l.oyorno"> d.o10 doe1 '"" rnclude ohe four b .. i< softwoto porom<l<r> du«tly. ll 

10pply ob\CrV>rron• from wh"h they ""Y bo <SllmOI<d lf wr II>Unl< tl\41 <&eh of 
tho S m•duno Lin3"'go otop> tndull" one opot"or •nd one opmnd, then 

N1 • S "' 
(lO) 

N .... oil< numl><r of """1"' uporaton q 1• " rornposed of tht« da..,, uf opOU!Orl. 
Th< frr<t "tht numb<r uf di;tlnCO uporatou U>«~lrom the maclti!IO"I rep<tlo"e of 

:uotoonr. f<r< !Jrtl< P'"S''""· thO> cornpo;nen! m.• Y bo rousJ!Iy opp<oxim.nod u an 
"'""' hu!>dr<d. "' 64. Se,ond u th< numb<r of J"""" oporollun1 pro.-ldod by funcnon• 
"' wbrooture• n.o componen! ~rvul<l u>rr...,._.nd 10 ltcmJ in loble l. finally ... <J, 

11.,.,¡" '" 1 0,,,1,,. '"'"""' ho, hecn ~'"'"" by \lulo! 1J 1 lo <Ontubu" dwc<ly to '/¡ 
"" ""'"b" ,.' · . .,¡., "''Plr«l by i«m IJ nr Toblo 1 do nute,ch m•olve tron>f<r !o 

1 

1 

• 

50FTIV.O f>HY5JCS "' 
o Ulflqu< '"""''""· only 1 fraclron, po!lrop> on< lhird, >lroodd conlnbuoe !O 'lo Wo then 
ho .. , rou¡hly 

T/r•D/J+/+64. (11) 

Al lloio polnl,"" noed only on """"'" of '1:! to b< ablc to <alcu!Jie F.. Srrr« wo 
'"'"" e!limatoo of N and ~ •• tho l<ng!h rolauou. Eq (l). wrll yoelJ rolollons fur .,, _ 

U110g Eq. ( 1 O) fO< N, Eq. (9) for N,. Eq. ( ll) for Q¡. f'<j (l) for ~'. Eq. (~) lor 
Y, Eq.(7) for /,, and Eq.(S) for t:. the data ofTable l y,.ld, the ruul1< ""''""" rn 
Toble ll. 

TA~LF ti. Sof<"'"' pht>i<o P'"""""' "-'l•od lloro T oblo l. 

.. ODULE "' .. "' "" "' "' "' "" "' 
" - "" ·- '"' 'IOl "" 1 191 llU fil~· 

" 
., "" SOl l. 1 ¡,. m• llll '" )!tl )O! 1 

' ,, "' '" "' "' '" m '" '" 
., 

•• "' "' "' '" "' "' " "' "' !"!Wilbolrl¡ 170 1 IU 111' ll.l 100.1 .u ••• lU l ¡; • ·--------
ArToOCIOI th< m<>iiOI<• in Ofd<r of '"""'In¡ nombet of bugo B. •n<i '""'P"'"I. 

...,,~tilo ooft...-aro hypotho:D> fo: f."."" ha•< tllo '"ula g¡><n In T•ble 111. 

TABlF Jll lmru "diKnml"'""n' 

~~(l(;ltA\1 NODUU • t:lllllliONSI 

"' " . , 
"' " 1!.) 

"' " "-' .... 
"' " .6H .... 
"" '" '" e 
~1·: " l<l<l l 

"' " IH.! 

"' "' ""-' 
~ '" ll1.6 

C<><rr-r<i<nr orCorrobUoo • 0 911 

Whol• J! rom.uts,. a taslt for the fulute lo obtain lh< '"""' number ofbuJ' fr01n 
th<Of)". tho «><fnci<n< ol correloTion of 0.98ltr>Jic.>l01 lh•t • l.>r~o pan ol oho '"'""'""" 
b<lwoen modulea m thrl .,mplt hor bun explarned_ 

On the oth<r lund, tt "alro•d¡ poo>itrl< to U>< .. ¡ • ., uf f." lo obt.>m <llimJI<i ,.,

pro~"mmm¡. timo. by di'Kiin¡. by th< Strood number. A• mcnuoneJ "''"'.a "'"' ol .~ 
of 18 di<crJmJrutlons por O«<nd hu b<on ""d >uc«»fully m carli<r ""J•<> 11 ~< '"''' 
• nun·month u consil<in1 o( four 1nd on<-rt>!h man w<ol.l of •O hrnm ••"'· tl><r. il 
cont•ino600.000 >«UnJ• Al lB d,..;nmmoti<>n• ¡><r '"·on~. we r.,., TO ~ ,,.,¡,._,. 
Ju<.rlmina>iono per m.in·mvn!h Summing tlr< nrn< mo<iul" gl"<'l 1 '"''' "' •1() \ .,,,;¡, .,. 
dO!.:tlllllll>.l<OOO for lh< tmpkm<nUtlon of tite r:omplet< <)~!<m_ ~-/~ '' rheref ... c 

')(U/1 O O "' K4 '""" n~<rntho. wlu.;h r> m ,.,,.,.,ble '&""''""' '"''' A~''.,,¡, '" · .r 
··,¡'"" 11.10 """·morrlh> •• 



COMPUTE!! SOFTWARE fNGI/'IEER!N() 

WhTI< ll mu'h to "!'<<1 thllt tho ><>ftwaro h~polhosrl w1ll oxploln all futuro 
")><'"'"'"" "'"" tho P"ciJ!on found hore, JI would .... ooly pru.Jentto wiaost 10.1 
fwthor upetlmonts lhou!d be '"""""&<d . 
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EFFECT OF MANPOWER OEPLOYMENT 
ANO BUG GENERATION ON SOFTWARE 

ERROR MOOElS 

M. t.S-..Bao>d S. NaiMo¡on 
--oiEio<"i<>IE,_..,_ 

"'"'""' ol """"'"- Se-. Poi> todo•"' '""''"""' r;,., Yo<>. For"'""'dolo, NY 

S<•OIII P""'"' mOO<I> " '"' '"'"'"" hm "'""'"" no~ '"" numto<< "'"'""m • ~''' "" 1 ....,, ''"'"' ;. ""'nl to "" ''" of ., .. ''"'""''· In 1 jll SI""""'"· Jolm.l.o, '"' ""''"'' ,.,.., ............. --· """'"'''" "" ........ "" ..- ..,r.. '" ... ~ ..... ,., ............... . 
_.._ n.. .. - "-" •• Shoomoo ''" bo><d on '""' .. ,. on ,.,., doffo""' "''' ,,...,.,,. 

"'"'"'' ,,.. •rol"''"'" ""'"''"'' '"'~'"" t>,. '''"" onJ '"' "",.),¡, ~"' fu "'' "'"' ot A'''""' 
""""' '"" """""" on """' "'"'"'"' 1 '""'"""" '"' tt~ ""'"""' ol ""'"'"'"" ''""" " '"' u•h· ........... _. -... ..... ¡.,...,¡,,.,¡ .... ..Id .................... ~ .......... '" """ .... 

"""'to<' or ....,,., '""" "' ... "~"'""'",. ,..,,. "''""'"'-
o... .,{th< ''' uoumploom in ih< '""" "'""''' ,..., '"" ''" '""' ol '"' '""" '""""' ,oJ lh1 

,.......,,,.,. ,,... '"""'" ;, , '""'""'- To ••• 1r ~' .... """~" '"' '""~' "'"'"" "' """' '" "" 
.,,..., " "" ~ .. ,el_.., ,,., "- '""'"' «ro<do o! """" '"'""'""· •• ho>< o ,_o "'""''' 
of "" '""""'' o("""'""" «ta-o. In 191l s¡,...,, • .lcom""" o "" pooo.odm fo< """"""' u,. 

nut•l ""'"b<' vf '"""· 
In thn "'''" wo odd o "''"' "'""''"'"' lv th< '""" mOO<Io b> '"'""'"'''"' "" '"'""''"' ot 

<'"" .......................... ,_ A..,..,,, .. ""''"'"' lo""' of ,...,,.,,,., <11 ' ..... .... 
''"''""'" k""'"" ,,., fu<lh•< d<to...,._. oa lhe """"otol<m<nll • <><<Otul. ''"' !ll • .,.. too• 
~hl<h Q ""'""' u lho ""'" uf <11< """""'" ol o ''""'" '""', Th• '""' ,,,.,,.,,, "'m'"' 
_,,.."' ''"'" dllfmnl '"'~ ''"'"''"""'" lo lh< """""' ol "'"''''"" ''"""· '"""'"' '"""· 
....... of ...... _ .......... '"'"' '""'""".,("'"''""'" 1,.. "'""'"'""" ~ ........ '""' 
lon<boo of lh< ... .,., • ., d<pla)«< oot., P"''"''· '""· oO< <>n ""' U.. m""•' lo '""",.." 
op1omum """'"~" depln>men< ""''li"· 

l. INTRODUCTION 

The ooh,..te 1\eld ls nwly t~·o decul .. old .nd the ptoblemo otirl """ ,..o,;,.led 
Mth ll>o dobugrn1 phose uf oofnute ••• espedolly .culO. lt " impo<l>nl tu unJeo.!.n. 
lh< "¡>e<l! ot bu¡ genet>IIUn and "muv.J o¡ilie10nt on """' compolet P"'~'"""- In ot,;, 

¡:.¡>et wo dncu,. the dyn.amics of """ ~""'"on &nrl '"""'"1 •• <I<Lu)l.gin~ l"<>c«rl• 
F.1rliet ""'k [l -l] in lhi> foeld ""'' dont "'llh th< ''"'"'Piion 11111 /toe '""1 numl>e, 

of "'"" (i.e ., oum uf th<><e """"''rl ond lhose """'""'81 In ' l'"'ll'''" '"""'"' "''"'' 
thoou¡huut the debuwn¡ P'""""- 1'ht1le•do1o the """"P""" ''"' Jt "'"'' '"~' "' 

ol<buy:mg we .,,11 hove """'ved oll !he <U O< S. In P<1<11« lhe <unlwy " ""'· 11""· • 

r,.,.,,., " oho Srmpo.lu"' on C•"'P""' S•"~'" 1 "''""""' 
~ol>l«l"i< lo•Utul< o( N<• Y u<~. Apt~ 1/l.ll. !01._ 

15~ 
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CO/IIPUTfR SOFTWARE ENGINEf RING 

<trll.m arno~~<~t __ .. """"'" o! m<>ro lo UOOCI>Ied w1th •~Y dct>uu:m1 prowluro_ 
. Thor<f<><<, 1he total Duml><r of erroro doos 1101 rema In o =•ton!. Somo of the wap ID 

"'h"'h '""'' may be Fn<toted "" 

(1 ) Tilo "'"'ctron or 1 ou1 may "'"'k l<><ally only (1 ·'·· tho global np«to ol tho 

error nill romaon) • 
(2) 1\ typogrophleal<r¡or may 01110 in.,lld.otln¡ tho r-lt ofb~ <Orr<Ollon 

()) Tho <Orre<tlon n b,..d "P"" falllly on>ly.,., th111 completo b .. ro¡novol 11 not 

><cornp!W>od 
(4) Tiro corrwion 11 ocwmplolhed; howt .. r, lt ~ aooompo•iod by lh< <tealion of o 

n...- error 
(5) lcuoro "hi<h oro del«ted but no\ cometed oc\ !11 many -..o yo hl:t generatod 

"'""- _/'". 

7<--0..""" Jr.,.lopmonl •;.;; "' !O<<d Wlth 1"" el.,.., of <h>nF• rn o pr<'l"m-lltoot due • 
lo dun&"ln lho '!'!:'-"r.é.o""'ns (del-lp) &nd 1._. ,..,_1)' lo <Ort<cl IKih""" em>n. 
4Jlh<l<ls/t b~..-m.., uf <],.ng<l oro rmponont, 1Im pop<r only odd,_o tt.o chonF' 

"'"'·~ '""" "'"""""- In ev.looiiDI tho "'"'""" o! tho modeb fr<"" du•, 11 " 
_:..--""~l•nt 1<> be •ble 1~ Jrffmnlilll< borwern th<>< ~~~ eff<oll_ 

11. EXPERIMENTAL DATA ON OEBUGGINQ 

lkfo>ro "' ean hypolh«iz.e on error modo!, il "..m .. ble 10 '""'lipl< """'' of tht 
O<p<rimentol rewllo thol aro oVIIIoblo to uo. Shooman ond Bol!ky [6] "!"''! th• 

rculll> of '" experlmcnt oo <rror d.ot& coll«ll<>n O<>ndaotcd 01 Bell L:abo111orieo. A 
l""g"m o! 4000 rnochinc la"'""' wordo ,.., 11udl<d dunn, 111< dclr<lgrOJ phaoo. 
Th<ro *"' 45 tot.ol crron oul o! 1hc 4000 nudtlne lanp.ap ..-ordo "luch repreo<nll 
•PP'"'-'"''"'Y 1% o! tho 1o10l lm<1 of codo. Thlo dolo ls In oat«m<nt wilh pro•iouo 
orror dm un '-"'1' prosum> In lho l!tmturo 17]. ODO of th< outcum<S o! thio exper· 

'"""' ¡,o rocr><d of tht tune t.ken to ,....,., coch mor. 11 "'" fou.nd thu <X«pl 

f<>< • fe" moro, lho tuno "pended In romo•iOJ ""'" ,.., opj>fOXItrul<ly the oom<. 
An obVIouo c~nd1111on from thio ruull " th.al tlrt "" o! m<>r <Orr«Uon la , oonst&nl. • 

lnlliol work on th< utontloo of ol>oolc error modo! [1-4] "'"'""'Pl<d bosed on the 

.,.urnpuoo af co111Unt <<ror cou«tlun u le ond "'" found to l<ad to ono:nolo111 '""'"· 

11><oo ll>odoll " ,..p "' ''"" modob whiclr e~mina!O tbe """""bol aro dlocuned ut thlo 
poper. 

1\lr.lyomo (BI r<¡>u<to onother 11udy on errO< dolo oo omon pr()innu, 11 Fujllou 

Lmutod in T oto: yo. lile P"''f•m o:rr!lod SI\MPLE <oruists o! •ven modulo~ Uld "'" 
l""'""'""'d in F ASP, tho .... rnbltr lon¡...,e. In oU lh .. moduleo 1\l<Jyoma ab.....od o 

de<rehrn¡ ""'d in''""""'""'"",.,. '"""'do lhclater P.,rt of dobug\nJ. llle '""'"' 
iloUV< orrnr '""" ,..,. ob""'d tu raa r.prdly rn tho boglt~nlna ond decro.,. In olopo ro 
ü<>rly h.,.-lurnl>l 11ymp1otto luw>roJr lhe ond. C•l"slotlon of rho cumuillll>e trroo cwve• 
from the dOlo m (1] d11ploy' o 11mllar beha-.\Of. Wc wi\ldooJ wrth OttOf modcll IVh>:h 

U>liOl!"lnJ (O 11>< •b<l>e '>¡><llr>I<OIU! I"UIII. 

., '" ""'" '"'"'"'"''""' "' "'~ ''"""" 1•1· 

' • 

' 

' ' 

¡ 
' ' .1 

• 

:/ 
• • ¡; 
! 
i 
1 

l 
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ERROR MODELS " 
111, MOOEL FOR GENERATEO ERROR~ 

1 D<pel>ll•n& uport tho cffiCi<noy of dobuar;in¡ the error J<ntn\ron "" could bo 

jlf01l<J tlurn, oq,.J to, or ¡.., than tho mor <OrtWion ruo. 'The "''ulll"l '"~' 
boh,.IOI In lhe thr« """' ls shoW'II qualita!J.,]y In F1g. 1 (Fig 1 (•1 1S • !'>'"'"'" '"' 
w~m thtre ~no ¡tntratio•) (J] , Th< limo T 1 ¡, wh<n olebug&ln¡ ""~" Nnle ""' lh< 

n.únbOr of ''"'" remoin"'' ¡, 111 .. 1., than O m e.ch <»<. 
We wlolr lo d..nop a sel o! oqooulorll wluch wr\1 deso:ubo lile ab<r .. a><•. Wo l>egon 

by ,;.,itl"l o drfferenot equotion for tho 11wnb" of moro, in lho pro¡¡ram [1 O[ 

Erron pmtnt at time r, • (mon PT<><nl at oinl< r,. 1 1 • 
t (orron ltD<r>lod m lh< rnlmorl (T¡,- r,. r ll 
- (<rroto romu>ed tn ohe iDo mal (r, • r,., ll 

{1) "• (r,, r¡ _ 1 ) ~ numl>et o! crron &ener.rted rn tilo in>erv-ol (r, - r, - 1 ) 

1,1 • ( , > • numbor ofermnd<te<ted in lile 1n1crvol (r, - r, - 1 ) 4'•·•·> 
{J) n, (r,, r¡ _ 1) ~ numbor of crron <DI!<otod in lh< rni<T'Jijr, - r, - 1) 

th<o lho numb<r of ouon 1<nwn10110 • pr()irom 11 tim< T¡, n(r,)," p.en by tbe 

rollo .. '"' difieren« oquation 

n(r,) " n(r; _ 1 ) t n1 (r,,r1 _,) -n,(r¡,r1 . 1t 

CoD .. r..On o! tlo. ob<r<e drffertrr" oquobOn to a drff<«nll.rl oqu>U~n it ¡oerf~rnred by 

poupioJ l<rrns, d"idrn¡ buth ~d., by (r, - r,. 1) "~r, ond llkrn& honrll 

Tho l<ft-tcond orde of ~q. (2) 11 ,.,·o~rud " rh< rato of eh.rtg< ~r "' "" ""'""'"' 
to., tho deriv>11" of n "llh '"1"'<1 1<> r. Th< oiJ!u h•nJ or.l• 1• <~mr•><<J ,.¡ '"'" '"" 

..tutb •• !be limit " oppt~och«<, boeom< lh< '"'" o! """ ~'""""'" '"" « '' '•'" '" 
rnpe<ti .. ly. n.. """'"'" for "'"' "'" 1> JIV<n ., full""''' 

• 
(1) '• (T,) • ''""''""" r.rl<ol "'" '""""' '""' r, 
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(2) •,(r,) !t «>n«lioo of• ott).,..r1 • (l) r4 (r¡) • deJ<et.,ualo <>f<<r<><llt hm< r, 

"' 
lo Eq (J) Lhe lerm accoontiQ(I fo1 """ s<'fl<totk>o mcludcull lho 11 .. ._..a...- "' 

odu<l><>n wluch are C>eatcd by dcbuUing cl'>.lngeo. 
ln • P'"«" whm deb"Uing ~ efnclenL, 111< gonmlk•n rato ">maller thon the oor

rocti<>n ""· and th< numbo, of bup in lhc lfll<m decreaoe1. St<ody ""' ,. , .. ,-hed 
d~(r) 

when 1~ crnrecuon rale d<croao<> 0<1 thal ¡¡, "' 0(1<< f~&Ur< 1 (o)and (b)). L<1"" 

hypolh<ll.:ally ,.Y lhat the oorr«loon "'' '' prop<>rtwn•llo o he Jet"' k>" rote 

•,(r) • fJ•J(r). ,., 
In o he ld"l caso, al! d<!W<d wor .. re immediololy corro.;t<d ond /l ~ 1; howe .. r, 

1n prl<tke O < /l < l,beca""'..,.,. d««tod errou moy be n<¡lwed ond othon may 
b< """"''"ly foxed, This !iltlOI df«! odd1 lo the gonmlton nte" pr<riou.ty doO<.,..d. 

no !<nmolo'n <ff«t io mo>re compl"'"" lo model, lfwe '"""" that the aenero
"" u proro<llo,.l lo """""ion ,.,. , lhen cambinln¡ Eqo. ()), (4), at1d (S) yl<lds 

'• (r) • '"• (1) ' "' 
"' 

¡.,.,.....,~'" ,,f 1.:¡, 1~) .no.., th.t lh< <ff«l unJ<J th<>< '"'""'PIInno fm th< ...,,,..¡ 
• '< < ~ ...;: 1 n L ... l 11>< aunob<o ol "'"'' Je.~<.....,, H,. .. .,, ti a > l,ttt><t•

"~" ,,.,«),,·otr<o.llon •mi lh< r<oulo ollutltal<d m f., 1 (<) ~ ob"""'d. lf a • O, lh<t< 

" "" 1:<"'""''"· t>ul '" i""" •' 'l < a < 1 >nd ohe <fl«l of tfro>t ~tn<rolion io o o' 
o..Ju..-. 11>< <1!<>.""" o.oro«110n ••1• \><< , ... 1 , T oble 1) F<om lh< "'lulion ,., an ..., 
th&J 1..- 1111• r, ~(r) b<eomu ,...,,.,. ... ru,h (.,ds '" o pb)"ial '"'""dictioa. 

"'' ""Y "plo1< o doff<«nt moJo! by U1umm1 tho d<l«llon rol< ,. In '"'" ptopor· 
11 lo IM nuuob<r uf r<rNIOIII8 ""''' Thi> l .. d, IU c.aot l uf T•blc 1 JnJ ¡¡(T) ¡1 0 
li<cr••~•J<<¡>.mo:nliol Th11 '"'"11 oy«• wlllo nnly o por! of thc "P<'l""'ntol dolo 
rtport«l in lh< hl<rolw< [l. 8[, """ ohopes Olh<r thon d<mosh\& hp<><r<nÚitlo ho" 

b«n ob><r><J for n(r) 

A ohfloro111 hYI'"'""" " '" olluoru: lhil S'"<"IMI nf now mo11 lo o fuocl•on uf nol 
tiro d<I«Mn tal<, but al"' o he numb<r uf ronuomng '""'' Cluol)', Uoo Luger th< 

_., uf do:toct«i ouou, !he """'ore oh< cho03 .. roqukod ond 1ho po-obabiht,Y of 
a<OIÍOIIO orruo "'"''"' Ai .. l,<l<h lnn< wo n,.k< 1 ch.n¡o Ji>< LO 110 ch .. « thol thl! 
woll O<l """ «illiiO~ m un ond crM< U<W <I!Or> "' lho inlerociWn. A"umi"g ~<n· 
<ro 1> 1 .,oupk poud""( u( lh<>< IWO fun,lluns .. nd C<rmdion lt u ~l><n on ¡,~. (4) · 

(wnh ~ o<f'b«d b; .;:;•: ~ ''""'" ., .. --
----
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ERROR MOOHS 

~OIIW ... LIHD CUMULATIVE 

ERROR$ DEBUGGE!I 

~ ("1") \. E1 111 
EIIRORS RU.MINING 

(o) 

I/ ERROR S CORRECTE!I 

'• T- WONTHS or PElUCiGING 

,., 
ERRORS CORRECfEP 

,,, 
ERROR S CORIIECHP 

' 

.,._ '- c._,., .. '""" ........ , •• """''"'o< .. ..,..,,._ ,,, A""'"""'"""'""'"'"'"'· """'"""' 
........... no 1<"'"""" of "'" *"""'- tbl ~pp<-h"'" oqoohlwou,., ·-''"'" ••k u! ~ ~ .-.,_., 

"""'''""" ocmo .. 1 "" t<> o...,,; .. 0,.._..,, ''"'"'"'" "" .,¡ .. ~ .,,,.., ""~•· orror "''""'•' 

""· 

•,rr)• oo(r)tJ(r) 

•,(rl • b•J(r) 

whoreo ond boto ptOf>Otllon•hty '"""'""
Subt1!toung Eqs. (7) ond (8) in! o 1;.¡ (J) wo oblam 

lfwo mak<lh< futlh« '"""'plion 1h11 tloo d<1«1oon ,.,. is o'""'""' '•· b: r~' 
to.com .. 

'" 
'"' 



'· 

' 

' 

·~-··- .............. "'"'"'"'""' ... ,.., .... 
., "' • "''d''' 

- ., "' • l•dhl 

·'· ,._.,.,. . , ,,, • ... ,,, • l•a ''' 
'd 1•1 • .......... • •• 

[ "'""'""" " 4<'0<b0j '"'"'"" . , ....... 
~. ,._ ...... 
•• ,,, o 

'•'" ''d''' 
•JI•> • K, nl<l 

[
ro.,«<lon " '""'""" l 
'"'""'" "monp..,.nt 

l•all '- B>"'"'''"""'~"""''"'''" 

JI o < l.nlo)Hod•.o;.,..., [U"'-IO>O 

llo > l.o<o>oonon.o'"'""''"'''"" • ""' . •• !l•,h 

"''' "• 

' 
'· . . '• 

... , • uc, ... , ""' . .. ' '"'. 

"• "''' 

------·-·- ---- ----·-- ----··-----

• e;.,, .. """ ............ , .. 
"',.""' of """' .,.,,.., 

on6 '""''"'" . .\ 
., lo! •• 'd "'"''' 

'<''' • b•JI•I 

1••""''"" " ......... 1 

• 

l. ( ........................ . 

""'"b" "' "'"'' '""'"' .... "''"""" "'"" 
""""''" '"d<0«1oon ....... 

• 
'•"' '•"''' 
'•"'' '· ''""'" > •• 

~ •••• , ,,, ""' < •• 

• 
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lloe ,., .. dlfforc ""~""'"'" 
by dtffctentul <quation 

"''' 
~heron(r•O)!! n0 • 

bo tudlly l<>i•od by u~tn8 Lop!><< tr•nsforn .. <>r 
1 yrolding 

(11 J 

lloe beh.,wr of Eq. (ll)dopond> upon tho rololl .. -.luu of n0 and b,'o. Smc< th< 
ptobab>loty af n0 betn,¡ <ottly oqwol ta ~1• i> "'Y low, wo or< Ioft ..,.ntlolly wit~ t ... o 
p.=tollrtie.. lf na > M•. th<n n(r) bulld> up oxponontially. 11 nó < 1>¡. U. o numl>ot 
of<!ro>ndw""'and bocom" n<ll'l"' for larfl< r. The twa ,,.., m <hnwn in FLJ.. 2. 
onJ '"'" 4. T ohle l. 

.... 1 

Totolf"o" 

'" 

'" 

]., .,..,¡.¡ J...wp..t """'" ,., '""'""""'"' ut ""' <. Toblo 1 (Oj. hlllo< ""' ~...,, 
•, ~ M•. (b)Tt.o .. ><~h<to•, < O/o 

Tho f•« th>t tbe number of """'' c.n l><ronO< nepti•o (u sho~n m Fig. 2 (b)) l>lr• 
no ¡thy~c.ol ""'""'~· Thus. thio noa.lel o loo l<odt to, contr•J¡ctooo. hth<r th< inrt,.l 
,.sumptlan onll tho mollol "'" only vol ni lur a short tomo ptrlod. or out tnt!lol <>IUUIP· 
t>Om were wron¡. In fa<t "'' "-"" "'"""d o<>or•l modelo for wor gonmtion •nd ¡,.,, 
,.,.,.,.,. tl>e ruulll Eqo. (6) and ( 1 1) boa"" tho rem.tnt"' <rroro went no¡;. ti"' or de· 

"''"J in'" ••pononllol fo<hKln. W< now turn toomd modelo for U.e mar correctton 
rato wh>eh '"'Y bo nooo< t<olostt<,"' •• '" ol>l•tn '" e>preuion for n(f) wh"h d'"' not 

.,.,.,,. ¡oltys.i,al "'"'"'"i >nd lit> the <>p<llm<ntol dota. 
A dtffe10nt lorm fot th< ""'"''"'"" term in l:q.{J) can 1>< do,.lopod 1fwo ....,m< 

1 
¡ 
1 
1 
1 

i 

1 

1 
' 

1 

' ' 

1 

1 
' 

' ' 

the tection ;. propuulon•l to the doto, too o wruoh tn tum"' dependen!· 

un ti>< tkborair'l "'""P<"""· A portioulo< form for tilo """J'O""' dependoocy " 
dt><uutd in the no>< oect;oo, 

IV. MANPOWER LIMITEO MOOEL 

Al reponed in [ 1, 8] 1 d<et<Uifl& trend m <rtor '""'''""" "" h•• l><en uht<n<d 
tawtrd$ 111< lato< pon of dobor'3i ... On U.t o<b<r tund. Shoomo" ood !lulo!. y )b) 
o>bS<to<d • ron,ant comction ""· Abo. doocu.,ions wtth l'f"!!""' "''"'~" hJ>< 
U.o conrluokm thot cotrecltun "" "oomotlmeo m.npowc¡ hnu.,J. Tttus, wc po>OuiJt• 
"""" modo! where tl>e ro<roctiOJI "" remalno comtant dunn~ tho nrly •t•s• of 
debugon1 (1111npo,.., lirruted). Wo ,...,,. Ut;rl bl<t m tho P""'!••m onotl«r mso" 

ot~ch«<-..here U.o '""'""" "" io proportlon•l tu the number of ""!""'"S"'"" 
Ow"ing bath th<« <onecuon "'P" we ouun10 tho moo gcnmtorno "'' " po "i'"' 1 

to rb< p<O<IU<I of tJoe oumber of «rn>i!11118 moco ond tl>e numl><o of d<t<, t<d '""" •• 
Eq""tlon (9). 11>< tllnsiMn fto"' 11>< early "'" model of errur <ort<cl"'" to tlo< lo«· 
otogo no<>.lol m. y 1>< ronl!dOIOd to oaur al a cnttcal "'"' of th< "'"'"""$ nun>f><< uf 
bugs wh"h we c.oll n,. 

Thne HSU"'t'tionolead lo 

'• • k1 •(r)•~(r) for •11 n(r) 

tr we ""'~' tl>e further '"umption thll 'd (rl "• conotant '" oDt.,n 

whoro 

'• • o, ll(r) 

fu< "(r) > n, 

a 1 •1 1 <J(r) 

b, • k,rd(r) 

b,. A,TJ(T) 

" 
" 

" ,, 

Subotltuting fq•. (14) and (1 ~a)lnlu Eq (3) "'' get fm tite wly pito"'""'"'' !!(11 > 
(coli<J ~'''"" J) 

·- --·---------------~------------------- ............ - .... ~ _ ... - .. ' 
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"'" •o1 n(r)-b1 . ( 16) 
~ 

A l<lluuon of Eq. (16) b of lbo santo ¡.,.., u Eq. (11) 

•• r 1 ~(r) • (~0 -b,{o 1 )~ ~ b1 o1 . (17) 

11 ~. > b 1/o 1 lhe <~obuggin' 11 0111 of coouol •n~ Eq. (17) l:ui>o:Al .. lhat tbo orron 

bouldup upoo<nii>ll~ wl!h tl1110. • On lh< olhcr bond lf Ro < b 1 ¡., !h< ;ontction 

1"-" 11effi<>enl and 1he """' rcduoe -..;Jh Um<. On"' !he <fTOII foil lO !ht enll<>l 

.. ho: n 1 • • '"""""" 11k .. plocc 111 11\e error c<><IO<llon "" •nd oubltltulion of Eq1. (14) 
11td (15b) inlo F.q: (JJ yteld• 

<!!j;•J •o 1 n(r)- b 1 o(r). ( 18) 

lellm~ lh< """' ol&po<d '" o<du<ln1th< numb<J uf onor1 to n 1 be 11 • 1 oolu1fon of 

Eq (IS)y!old.o 

(19) 

Tbo condolion• undor whtch tho tronolln>n """"" ,. uplolnod n folluwo: A1 lh< <tr<><l 
do<reo,..the ouml>Ol of mon omployed 11 oliO roductd (91. Sine< wtlntulllnly foelth&l 
!he lotor b""' ut hat<l<l to fio. oven lf we nuinl>in tlM ,.,;., of !he number of "'"'' lo 

•uml>er ol mon COIWOIII, "'""tllobo<r .. o do<<t~<O,..Clioo ""· (N ole: Ttu. 
""""'di"' oomo of !lo< ,,.,_,¡,. of (61.) 

f"'lu.llon (19) tn otself g¡m "'' 1u two <al<l dop<ndon~ upon "'bether 1 > b1/• 1 01 
1 < b 1¡o1 . lf 1 < b1Jo 1, 1hon •(r) JocoysupononuoUy 10 "''" 11 rgoooto inOnlly. 
On lh< uolot< h>nd. 11. 1 > h1/o1 oh<n n(r) ine<OiiOI <Xpo<l<ntlllly. Jhor<by ""'"'""i"J 

lltSJOII l. A pto~oh:•l<>plonatoon fur why tb< 1wi1<h 111 "SJOII' m>~ <><<Ur lo. iftho 
,.. .. g« remoYn somo of !he p<Mnn<l on th< ¡>IO)<<l ¡>l<maluroly. he tho10by <lecrustl 
h,. JI he b.t« nOIIOOI tbot tht: trr<>IUJO oncr<aling. somo ¡>or00<1nel oro b<ought bock ond 

1 "'""""" 10 R<!fon 2 wtllooon oceur. W< th01 <*! h.o" 111 m<lllatln' •n<>del. 1t 11 

.-...wonJOnl to "'"!O"'"'"' m<><lds•s: 

(Calt l) Tb< uno11bh onodd 
(C"' 2) Tho cunuoUod modo\ 
(C .. e 3) Tho oocdlatory mud<l. 

Th< t~l« «1<''" ohuwn on F'l J ond ""'"nariud In Cll< 5. Tablo!. Wo wUianalyto 
.. <11 cose Jt¡.101<ly. 

"""'"'"'""'"' "'"" ,, .. ,...,,. '"""''" "''"''"' .... ,..,,,,..¡ oW oo ''" ., ... , ...... ••""«"1 
~,., '" oul ol "'"""' '"" '""" ''' ''""'''" " ><"Po<d '"' ""'""' n "' • "'"' '"'" ol ""'""" "' ..... " .. " """''"' "· 

--------- -·- ----------- ~ -· 
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• ERROR MODELS 

'" "• 

• 

'" 
"• L____-===--

fif. ). Re.,.i""'l<t«<<l ,,.,,,." • lunobon ol "'""'"' of "'""""'"'· 1>1 UMtobl< ,..,.¡,¡, "" 
bdd •• .,.......,,...,d,. I~)Coouollo4 -.J.<kl>uu.,. boffor"•' «!Oo<dloo .. , ...,....,, 

A.C..e1 

In Fi&- J (o) 1he '""" "' "'" lo dovorJ< <opu,.nlially. 1( th< "'""''" !""""'"' 
'" nol ouffo<J<n~y <>p<rlt""'d· a more "l"'i-<nad l<>m '""'~ be b<ouEfol on lo r<pl 
lit< <II<TOOI Ct>e. Atlhio po>inl lol "'"Y· tlot "'"" Ju .. buolt up ton" 1t limo r'. 7Jo< 
oxw t .. m ""bh>h<1 ~iiTerenl "1"" loo b1 and a 1 (viz. b; and a; •••h oh> o n' .< b ;¡, 

Tb< '~""'"" d<Ombint mm '"""""" i1 

f01r<r'. 

whlle n(r) " deo<;nbed by f.quol>on (17). Tbe 1o,.l numbor uf'''"" " '"Y """ 11 oh 
oum of lhu,. rtmamin¡¡ ond lhose <On«led. r<>ullong 1n 

n, (T) = IO(r) • n, {T) . 

FOI r > • r 1he onor •quollon "'"be,.,;,,., uun~ Fq (17) o<>ulron~'" 



¡,;.¡¡ COMPUTERSOFT 

!-~"""''"' 1' :¡ .nd 1 ~.1 ¡"' >Pp!•c.l>l< 1><1~"" r' ,nd r 1 "h<« ; 1 nu1l1 th< ~"-''"' 11 
~ho.h lh< '""'' l•ll to llot """') ••lu< 11 1 11<~ O<Od r 1 11>< <1/01 <qU.I>"n "d< fin<d b)' 

hl'"""" 1 1" 1 T" '""'P"" 1h< nomh<1 ..,,- "'"" '""<"<d "' ''" """'' E<t- ( 1 :ibl "' 

~-'d!l-Jf ~, n(rj , 

"' 

"' 

"· (T) -l>,)tr-r,l ]'• e. (14 J 

\~"~ lh< OounJ.>) '""d"'"" 1h11 "• (r 1) • b, r' • b i (r1 - r'¡ .. h,,;h " l>t>< hu>n 

1 q 1: 1\ 1h< nomb<1 uf '"' "'"d """'" ""'"" do .. n " 

"• 1'1 • b,r' 

B- Ca.., 2 

~'~L 
•• ; - b, 

1 í ·.(!S) 

1 h< '"""1 '"~' h'" " J'"""".l b¡ ~4- (17) """ n0 < b, /<i 1 . Thc <OH«uon u 
,o.o><ln<J b1 F~uJiwn 1 :o). Th< "'"" 1•11 <xpon<no,.lly •nd • '"""""" ""'"" •1 r1 
to<¡ "'"' • hl,h 111< ''"" .... .td " d<><ub<J b¡ r q (lq 1 •1111 1 < ¡,, ,.,_ Th< <ouwo,.. 

• ""' "'1 ""J r, " • .s.'"'~'·J "' 1 •1 1:41 ""h •lt' ""'' J•ff"""' ,¡ •, «rl·""'1" i •M 
Lloc lvlm.LL\ ,,.,,Juo"" l>cn.¡ 

"· ' " ~· "• ., ,,, 

b, '1 . 

r, 1 ) 

-- ____ , __ ~. -

• • 1 • 

• • 

1 
! 

' ¡ 
! 
1 

1 

1 

! 

"' 
C. ca .. 3 

1., ''" ,_,,. "' lh< '~''li""'Y n•.t<l,• '"~"'"'"1 "'""b" ,.¡ ,,,.,,¡,.,. b<<n 

""'""',[. onJ ti lh< ""'II•IIM< "" lit br"''"· th< >Y""" .J,¡,.,I'><'"~ ''" o, pr• '"'P"Y 
"""'f'I<O<J. Cffi< el oh<'""'"' l.or h1 """S 1<" 11"" "• ,..,,¡J he''"' ''" '''""'-'"'! 
~"''""'".¡ ~<r< ><mo"J '"" <>r ly _ 11 1h< '""'"'"" '"" ""'" r<J " , ''""' .,¡"' .,1 ., , 
111< 1"'"'" o111P,1 l»vt b«n lh< "'"" "o(<>« ~- Tl..,,.r,.,,._ un.~ lh< piO~L~> "" •,,, < 
'" R<!l~n 1, oh<"'""'" manog<• nuy mcr<a>< lh< d<ho~~,,~ l"'"""'"l. 11 ,.,,;" 
'"" 11"< u m.r¡ '"1 m R<i"'" 2 1111 <o1npl<tton of <l<hu'~'"~·l'""''"·" 1,,,.,,,0<1 '" 
'""""'J "!"" ~< 0\oo)' '""'' !h< mcilla<ooy heh"""· 

!l<r< lh< '"""'' b<n..,,., ol '""" "~"'" b) E~. ( 1 J 1 wuh ''" < ¡, 1¡. 1 • ~ .,,,, "'' 
'''""'ion" d«<nb<d by !oqU>IIO>II (~O)_ Up<>n" ".,'"""".," ~ "• th< , • .,J,J.,·~r• 
f~. (19) ""h 1 > b,l. ,. "'"'' "'"'""'" lh< ,,., .. ,; ... 1> J'"'' •b<d by Lq ........ ' : •• , 

"(r\ """ '"'"'"" to "' """" T¡ "whoch poml '""""' '"""'""' (llol< h•Pf>''" Ju' 
''' 1"'"""'"1 b"n~ b«>Lit')ll bJCl \ """"' bomJ;n~ lh< ,.,. "' '""' "''""""J. 1 'n.kr '''"' 
'unJ1110"' 1 h< m<>OJ<I " .l<s.on bcJ Dy '" <q "" LUn >i m ¡[" L " \ '<\U , 11 "" 1 17 1 1 ! " q " ,,;, 11 

'l(rl • v•, -~ 1 /-1 1 1<>p [•• 1r-r11] , ~,¡.,. 

""ritt ~4 {C~\ 1~< ""'"""" """'' '"" now De ,. r11 «n ., 

1 
' 1 

Th, "'~" ROw 1,11 unul, <tltk1l po.un¡ Jofm<J b) " • ", • " r, ~ lo<n '"~'~•<' :r.· .. 
11on ,.,., p4<• llolow " 1 th< """ eq,..uon " ok><.11t><d by '" ''!""""" ~"'''" .,, .... 
ollqu•Hooii~J- Th<oq<""""" ' 

' . 
'11T)•n,•,p(l• 1 -b11(r-r1¡J fn,,¿,, 

""" >g>•n Eq. 1 !ni "" Oe u"J tu ~ <11< '" <q"'""" wh~o;h dcowbh lh< ,,,.,. ;, 
O.)·und r1 

-
'''"'l~h,r, •b1or1 

1 .. ,¡ '" 

"'"' . ',1 ' 
"•- b, "'' [ \.J' 

1 
. ' 1 

. .., '.-.' . 

-~, ... ,.,,, 
•• ' " ~·· ......... , lb ... "' t.• , ..... "~''"'"' '" "····· ' ... " •'""""' ''" ~ ••• 

'"n.-""'"• • "• 1><~11•<;<\com...,.."""''""''"''~"'"'"' ' -.... 

' .. ' 

_. .. 

·-------·-- ---- ""--~- --
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ERROR MODELS 

whlch 1• obtoln<d by oubstitutinl •• for t in i'.ql>ltion (28). The "'' .. "' "'"' 
F¡¡ures •. ~, ond 6. An '"""' "'"' quonHty of "o • 1 00 luo b<on "''""''d '" oU c. 

'" "' 
•oo 

• 

' w 
" 
' • • • • • • 

" 

" 
'o • 

• ""'\ .. , . 
• 

Ft,- 6. Cooo J-111< ""'"''""' moll<l. He ""'"""'"' '" '""'"11•0 ''"' lh< '"" bump 

A Pl./1 comput<r ptOIJ..., h., bcen "''¡""" .mich plou lhe numt><r of "m""'fll. 
..-ron, thc cumulauvo oonoct«<cnon, ond l/letoo..l numb<r of "'"" TI>< c:.lcul"' 
polnlo for !he <un.,"' F;p._ ~. S,111d 6 wue compul«< uu01 lhu p«.gram. 

V. SUMMARY 

Th< h)'polhtoio:ol moddo Ó<Yelopod In thu pop<l oppe" In '""'mory form tn T obl 
Mltl)' ol lho t .. tu<<l of "'"' modelo optt 1011h lh< dotl repo<"d In •he h1<nlut< .,,. 
tho .. p<rl<nooo of ptogn.m m .. ••&<": ll<>wn<r, nu do<ao!<d <>pcromental J.to "••••' 
A cnUcal onilys" of lh.,. mO<Iolo mull ow•u furthor ••~orlon<nt:ol ~•ta «>11<'<:11"" '" 
cernu>g lh< ~ynamiCO of th< :rror rernuool-g<n<r<tl<Jn pro>o:< ... 
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AN EXPERIMENT IN AUTOMATIC ... UALITY 
EVALUATION OF SOFTWARE 
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flol/ Lo!to,.w..,, Nolmdol, ""'-'· .,~ Mu•<-. >1<11, 1'/J ¡,.,_, .. ¡,¡ 
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Th< """"'" oflh< .. ,..,..,,.., u>to,.. lf u "" P"'~bl• lo "'"'"'' o uoolul loul lu '"' '" oh< 
"""''"''"'"' .. , outoau.U< .,.._........," of <'< , .. ho, ol <omr"" p-oMI. S"h o ""'' • ., 
woolcd bc<oooo oflh< loo .. ..,mboo (o .. o 10001 o( p<OO'OMIIO'O~<d, '"" b<oOOO< Ol O '''"" lo 

""'"" •"'"'"""' """"'"' "' """'"•- n..,. ""' r,., ... ¡.,,,., •••'"' ••n"""'"''""'Ld'"" 1, 
'"" '"" 4nll Wj!l> ti><"""' 10 wh~h ood>~<tlo., " objo<t cOO< <oold be "''"' •~ umplo "'"• 

'"''"'"""' oo o '""'""" "'''"""""' ol tM pmpom Th< ""' l~o '""""'' of '""'""' to ""' ""'"'llom m""' nombco o!""'"' .,,,....,,. <0014 be modt •lo '""1'~ '""""'""'"'"'o o,....,.,.. 
r<Jtr><1un"" or ,,.. pr<e<..,- lb• lo<O wu th< "'""' '""'' ol ••• "'""''"' "'""~ · 1 be """''"'' 
....,. ... """ ..., ""' ,. .. ,., ""'"'" af • ......... """''"'" ol q .. nun.,., "••·o~od<D! ,,.,,,..~ 
... u..,,. ol ,....- uo~,u, oa ••me po,.O<Uoo '"''"""' J""'" '"'"'•"'"""" ""'""'-
-"'>' •"""'""" , .............. d•"""' ...... ""' ................. ,. ..... , ... ~ .... ,. 1 • '""' ... -··~-... ·-·-· ......... -.. -.~ '"'"' ...... ,,..., .... ,. """'""'' ..... '" 
-.,,..., ""'' fotl~D WJ0 PIDI:1"" po¡>ok- '' ho>< .. rned o '"'"' '""' ''" oo! .... !Kollo 
d.ffOIUil,...,Ol><!~<eop<>d ood""' "'""''"~ 

l. INTRODUCTION 

A. Purposo 

.... 
"' >·· 

Tbe purpOit of th< e.o.pcnm<nl "'" "' st< rf 11 "'" p<><l!bl< tu pro .. de • u><ful tou! 
to aid the ""?""""""' ol>d a•Jt<•m•h< .. ,...,,.,.,,., o( 11>e <!U.l!l) of o'<>mpu!<o pr..,. 
poms. Th< irnprO'I<m<nl of prosroms can 1>< ouled of ouromol" e ...Jo "''"""'' heu<i>h< 
eon be producod whlcll "" d<SUnprUh prosronu whO<h ore condl<l>!u fur ""P'"''"""' 

""""ifoed Orm. A 1ool for ''" """"''"""' of rho quohoy of P'oi'""" "" be p<u.,dod 
¡f lhe h""'""' ,,, oblo to ronk pro&<om~ 01 '""'"· 11>e lonet " '""" dolf ~ul< s.,.,, 
""'"' for quollly h .. e b<en >pe<ln<d, ond heuu""'' h>< ''"'""'''"""'~ h"'" ""1" '"<• 
h .. e b<en iUC<eufully den•<d 

P«r<ntcd u <0< S,mpo .. um an Comf>O!<I Sofl••« 1 ">'""'"' 
Potyt«hnk '"'""" of N<w '"'"· A"'" >0·1 !, 1 ·¡ ;•. 

m 



n " /TER SOFTWARE f 1/Nff.R/NG 

:. 1 

Thtre "'"" !wo '"""" why <uch o otudy "'" d"irablc. The fim w,. th< lor¡¡e 
um of pro~romo (O'<Ot \000) mvolvod, ma~lng hurnon g:odmg md ,.le<tl<m of pro-
ramo ""Dio_ S..condly, lhere wu tho dooire lo obtoln quontitative d<finr!!on• of 
uUily · Wh•t " lhO!o obout a pro¡;ram lha< wo nn '"""'" thot mok<o uosay thot 11 1.1 
ood or bad' 

bp~~riment O.erview 

Tho exp<rmlOnt .,.. .. porfonmd m two !tep.: d"dopmont; ltld apphc,.ion nf th< 
·~twn fonnul ... In lhe firot ot<p, o random oample of ETC [41 contml programowu 
~oded ltldopendontly by sevtral P rolrommea occording to "rlou"lll<rta for quohty, 
"'<>eh cnl<r~On tho pad1n~ (d<¡><ndont v11:uoblos) wm di..:u,..d, md 0 '""'"""'' 
,.dmg '"' reaohod Concurrently, l•P" of the h<tmg, fot thio 10mple IUld lhe r<S~>lling 
obj«l<ode "P&n!.lon• W<te input into • dato exlr><tlon program, Cortoln quantrfiabl< 
ndopendonl varloblos (referrod to •• X '"'"'bl<•) we1e oonmuctod flom lhe extr>Oled 
lo!O s,.muoil piOXOdu!<l, P'""'"IY multiple ''ll''"ton analyi<>, w<re emplayed to 
lmvt fon>lulu to be u .. d to predJCt !ll< qu.U;ty of o progrotu. 

A oe<ond random s.ample ,. .. "1"""· and o consen>u• &r•dmg wO> dmrmmed Thi> 
'' 'd"'! ond the •ilu<> p!edie<ed by lhe P"'"'"~Y denvod fonnut.s ,...,, ,ompO!<d •nd 
'<'' fuund doS< enou¡¡h to ,.lod.re, " leo>l lm"tivoly, the p!<dt<tJon formul» fo1 the 

re popu1<~wn 
Thr second <lOgo of the ex¡><tunenl "'" tu onOIY'-• further lhe data ond lo opply the 

l"rmu1as to two lorge "" of pr<>gtoms Num<rouo anilyse• ond opphcouon> "'" 
"''"'P'•d mclu<Ún~· 

( 1) lntmorr<louon• b<lween ondep<nd<>'l and dependentvonables 
(l) Quiluy "'"'"""''"'' of the programo m owo lorge •ystem• 
(l) Qu•loty m'""""''"" of functlOnal group> '""'P"""g the ¡yltenn 
(41 CO!llP'"'""' of !he Ui< of •truo Wr<<l prOilramnllng woth danly. 

D. Profect OWirviiiW 

lt '"'foil dc~"ble to «¡><mnenl woth • largo homogoneou• pof>ulauon of pw
JWII' T wo larg< S<ile softwo!< oy$1omo doveloped by Bell Loboratono> •nd "'"'1 
"'t><ontriO<to" provod<d lwo ouch popul.,lon, Tite" two oyuems (cilled PW •nd MW), 

Ln totil "'" 1000 p<OJ"''"' ond o•« 250,000 "'""''""· wm sub¡w 10 !lrtct chango 
conlrnl ond docum<ntilion procedure, Th< pro)<CI for whl<h the oyltems were dev,lo¡><<l 
" de,.,rtbod '" [12]. 
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AUTOMATIC OUAUTV EVALUA TION '" 
E. Cttareclflriotics of tho Prog<omming l&J\9"190 

The pro)ect p<ot!ranut1i!ti lanii'OS" E"ll:, con be dncnbed " on euen>lbte \onguo.ge 
In whicb ,.veuli=b of longuoge fWu«><x lot Al oh< low0$1 leve!, ~TC io th• ""mbly 
1ongua¡¡o_ Al the noxt lovel. f."ll: proviOe¡ • uniformity (Qr lite machine longuago. com· 
pleting incompleto dala poth•. pravidmg untform !Og!>l<r usoge Al thi, leve!, ETC" 
1lill more-or-le" one-t""'"' with the mod1ine e <>de, bul provod<s mor< conme >yntox for 
the ma.:hlne opotot"'"' by mean• of. for OAOmpl<, po1ymorphic opeoato,, Ar th< nexl 
leve!, mochlne depondence moy •hU "'" m the form of hardwo¡e r<gi>tor refot<nces. but 
ETC functiono u o truo compilet. Al tho ht¡¡he!l l .. el ofo,., ETC P<<>gmm <an be" 
machlne indep<ndent " those wrimn m Pl/1, 

At the hlghe" le,.l, ETC approximal" Pl/1 In conuo1 """'"" ond FORTRAN m 
data ltru.cturo. ln oddotlon to the conuol >!tU< <uro of PL/1, ETC h" ('ASE, aREAK. 
ond ITtRA TE •latement>. ('ASE allow• o multopath b10nch; BREAK allowu prog"m 
(o exlt a 00 loop or group gracefully (without u .. of 1 GOTO), llERA TE "'""' 1he 
ne>~! i!eration of a 00 loop or g<oup 10 begon Th• dolO •tru"""' oxphcotly >upported 
m "mUar 10 FOilTRAN'o, exctpt thal b•,.d vanobl01, >lmple >tru<lureo, and P""'l 
word va!labl" a« illowed. The bose lan~age hao \>con do..:nbed m [4]_ 

F, Charaoteristie& o! the Programs and tha P<ogrammers 

The pw¡¡ramm<r populouon, con>iol!ng of ..,,.r¡J hundred progr.mm"'· oxhobited 
a wlde rong< of abiliiOO$ and <>petoenco. lt " not <loor tha! the •PP"'"' nom« ornang 
lho progrurutt<r populotoon cnn>l<tontly w<ooe lowe, quality p<O~rarn¡ than theo< mol< 

""]><nonc<d coll"~" ln f"'· for lh""' wbo,. prior ptogrammlng "P"''"'' "" 
llmited to ,.,.mbl~ languol!<,lh• mt<tt'eren« dfeCl ofl<.,ning, se<ond l•nl(luge, and 
tho difficully oh bondon1ng lb< babit of oh¡nkmg tn termo of '"""bly 1onguage, pt<>b
abl~ contributed lo lhe obsef'IOd (unno«,..ry) l:t<k of 1onguoge 1""'8' 

In an effort lo '"'"" confmmaoce to unotorm p<ogrammioog >tond"d•. wuctu!<d 
pr~rammcng w., requi10d for all of !he PW and p•rt of the MW pupul,,.om ot pro¡""'' 
Forbldden "'"' lhe ""' oofGOTO,tr, 9RFAK, ond ITERATt. lt "un<leor why lF, 
!IR EA K, ond llERA TE were forbodden_ In ouminong a •an•ple of pr~"''"'· >touctur<J 

ond w;th GOTO~ «veril polnu "••• b"n noted hsl, rtc•ll thot ot b., b"n "'""'" in 
sevoril paper1 thot , program wllb GOTOs moy be mtchantcoll~ uan¡fonned moo a 
GOTO.free program (a>sum!llg appropriote languqe con<truca) by meano of "'•u•li•"Y 

""' ble•"' ( rlags, owotoho,) and by ""'"' o( <'"Phcatins blocl<s of codt. Of """'"' thll 
" preoenoed " a th<oretooal ,.,ul!, no one would "11 tOe prugroono thu¡ u•o•forrnod good 
struclured progr•m~ Unfonunot<1y lh"" e<actly how oom< programmm pr~ram 10 
"oid tho chtctplln< of ilruoluc<d proso-ammoflg. Structured progrommmg" '"""''"~'·J 
to provide to¡>·lo-bottom now of oontrol >nd locahty uf control wucturo '"J J,¡, "" 
ne« goals '" effmivoly d<f<oted Lf rr"'<t:unme" !imuloto GOTOo by 5eHlfig an•l 
10>111\8 fla,¡• ond >wrlch" .verywhtre. Motnla!nabtltty i> hurt by the "r!'"""" ol ])lo'~' 
of codo, tn focl, gi"n the usualolruClu!td progromnomg ieatute>. o toe OPf'<"'"""-'" for r ruly 
horrendous programmmg "ine<ea><d Con.,der the follnwmg sequen e< ol '""m'"'' 

' . 
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COMPurfll SOfTWA/If EIVGINffJIING 

DOU~~~ • OTOJ· 
DOCAS~ llNKI 

CASE O 
A • 71 

CASE 1 
11 • 74 

CASE l 
e • n 
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o • 5S 

o OOENO 
OOL~O, 

A • 7J 
a • 74 
e • !J 
!l•SS, 

Tho ,.,a, " e><h C AS~ w., .,,:,~l,r.ed h<1e fot th< pur¡>o>,. of o he <>ample, bu o, 

""''"""" ~ u 1>ken ft0111 o "01 Lmg ptodue lioo P'"~~'""· (In 111< orig~n&l prouom 100 

ll>«e ""' ooly "''""' lone <....!< 11 <>eh C ASf:.) Ihe wn< <Ollllruct <>:<<~!1ed " '"''' 
'""" on • "ndom .. mplo of 14 pro¡¡rom~ Th" 11 Milo <ay llur Ol!llOiulod pro~nmmon' 
"'""Id nol b< <t><oou¡od, but only lh" Ll P"'''""" moeh '"'""'F" for l>ad pr<>
~"'"'"'"' •• fu< ¡"'>d. The hcot<r pro~wnm<n P•oduoo" gouJ quolll) eodo by ob5emn8 
Ll.e '1""' rath<r thon the '""' of tho '"'"· 

11. OEVELOPMENT OF THE PREOICTION FORMULAS 

~ .. the JH'IJK"<' olthiO uudy <h< qu.Juy <nl<rio ,,. diKWXI.."ed from tho 
"'"'""'" of <he P'"'l'""' <klipKr ond eodor. Foo mlllll<<, the pruJJomm<r moy ho., 
ü h11 P'"'"'1' obJ<<Ii•< "!llin>il01Nn of uol."\lllan '""'· 111hor 1hon P'Of'""' <iL<. Also, 

o P'OC'""' Olly """ !>«"'"' drg,.d«< due to the tmpl<m<nlllton of new <«aul!<m<nn or 
""uno-1m<" ciwlg<> to "'"" t hu¡;s Nerthor <1•< prog«n> qu,)tty ob)"'"" nor th< ht>tory 
uf tlt< pm,ram h01 011) i><lltng on rhe """1 uf • pro~rom ucordmg too r•"'cular 

"""'"' of qu>.lt!y- 11 ""n<ono ne<<ls \o t<du,·o U,, "" of on ot>j<cr m<><lulr. ot d<><> nul 
.,.,,, """ tto< ""bod" plopom>IOI oo f"tl< 01 '"'hy th< Pl"'!llmo 0!0 >O ("S'· )t i>l<ft 1<> 

th< oJ.too:~<n•"' of <he ""' of lite qu>.ltLy ....,,.,.., toolo ,..h<Lhc< P'"8""'' •-1<1 b< ut<d 
""'"'~'"1 lo • paul:ulor qo.allly wt<tion. 

Th< nt<lhOO hm "" to proo;e<d fr,.m· "'""'Ir ohjoctr••. ""'Y d<lln<<) Jepend<nl 

''"' hh '" "'"" >uilJ<t r,.,. ¡.,, "''lY Jo ITn"l "'''""''"' vorlibl<~. ,..,¡, lhe '"" 1hJ1 ,¡ 

• 

1 

AUTOMA rtC OUA~!TY EVA~UA TION "' 
W< dod ROl OU<Ce<d wlllt lit< e¡lily dofmed dopend<nlvoriobl<1, "' ptobobly · nol 
IU<ee«< witll tllt d1ffnl! one>. Th11 lod uo 10 con<>d« ">tollo"" quallty etit<n. ,. ¡ .. 
P'OC'''" 112<) l>efose dynormo cnl<ri> {< 11-. e«cutroo ume. "~lch d<pend> 0<1 th< inpul 

dot.o) FunherrnO<e. lltete war on lll<mpl o o poü e.rnl~ donrltd "'l-lbl<1 "h"'h ""' <>11ly 
"'" tnhorently u,.ful o u conoider, tlot mlghr <urr<lat< htghly "lth 1ho,. moro drfftcull 
ou doflne. 

Fi>-e """" of quofloy .,..,,. con•>rl<«d In lh< otudy. Th< firll dealt wi>h lh< ''""' 
to wlu<h roduoltOno rn obj«l eode cottld 1>< rn.dt ,,_. "'"PI• tronofurrnalion> of Lh< pro 

p-orn; lb< ..-.:ond deoll wrllt rtductiom in objer:t codo Lllol oould 1>< modo b) 1 <O<IIpi<L< 

<<1tructu~. Tbt 1hrrd ar.d 11>< fottrth <rlt<rilr cO<tsio!<d ol thc """''o whir:h reduc
lloru 111 the numl>tr of ""''" llal<m<nto c011ld be modo ,¡, simple ttan<fomtot""'' <>< • 
completo ""'"""'¡"' of lh< progr.,n. Fnully. wo con~d<J<d lh< clorioy of lh< pr"g"'"' 

Th< firu four crrt<r11 """ me3Sur<d in pment r<duelion uf'"'"" or otlt'" ""'"""''· 
lit< )all .,..., meaoured ., • ronk. nomLnolly 1·14 (be>l to won>). The,. mJabl<> "' 
tof<t<<d to lator m thb pop<r " th< d,prn,knl nmblr> and ore ld<nttfted " Y 1 •..•• 1",. 

,_. 
The n,., crrltrlon o o be considered rn th< nudy -..-.s rh< '"' of reduct;un of th< N 

numl>er of mochln< upm>lon<. thot Ir. whm oo opend ~our l!uto to g<t th< ~'"'"' t..) 
r<ducti<m in numbor of moclur.e opt,.llono for '""' op<no. Thi> quahty crrl<tton "'" 
<hOO<n fir>t b«ou,.ll io reilroi><ly <uy to """"'"· ?to~rom '"''"o"""' qu•hry (" 
oppased !o <>«ulion lime). u do"""' vary- witll nch """'"""· By "reduc<"" " n>uno 

"perfonn • fun<II""-P'"'""'8 """'formlltoo of th< P'O&'""' 1h01 redu=o Lh< nuntber 
of l'""""d mxhln< operotron> •• Sor~<< tot som< bod P'"~~'""" hnle re<lu<llon <<>uld be 
occoltlpiL<hM <><ily. but o 8' .. ' roducllon "" po$$thlc wilh • completo r<wlll< uf 1!" 
progcam, two typ<l of !<ductton "'"' Oenn<d. An ""'"Y r<duc\lon"" " a nwre-or i<U 
m<ehorucol tron>fOnnllion lo redue< th< numb<r of m.chut< opcr•llano. < g • «t•lu.,lng 
of DO loop<; ch011~J oype doclmllon>. olrnpl< ""ru<turing {<.g .. rnrrr>ducm,¡ r ~S!: 
>tll<m<llts) • ..-01dln¡ unn<C"'"'Y fu<h<> ond ''""' A ""drff..,ult reducl\un·· " o .:om-

pl<l< re>truoourlrtg of lh< p¡ogrom la reduce tilo numb<t of m"htn< "~"'""'"' b) 
red11wm¡ lh< fin-.. chollO ond undontondln1 ohe putp"'-' of the p<Of;tam. S10co t.l r 

&lloii'S on< to conlrol the generalion of obi<<l code "'Y clu"ly tf demcJ, Lt ";,lod In 

<onr.idor thr> •• , quohry '""""" oubjcct lo ompro''"'"". 
~or «11\>pl<. "'PP"" P'"~~''"' A """ 1 000 m>ehrn< op<ulw'lo ••d pro~""' ll "'llh 

200 mochine ""'"''""' ear. <><h bo d..:r<&l<d 20'l by "'Y roducnono. 1 f P'"t""' 1" h., 
1000 mocltt.n< ""'""""' .,h)<h can b< de.:ru><d 1(t1 by '"Y reduction>. th<n A ond 8 
oro of equof quofny, '""" !han oh o\ of (. 

• 

• 
2. ~""n<'"'" o[ So<wr« I't-<wam 

The "'" crH<rlo of quoliry tobo conoldmd were con<trrocd wllh .,,.. ul rtd""""' 
uf""''" pru~<>m w<. ohat i•. wh<re oo 1p<nd yuu• roro< ra '" th< ~,,.,.., ~ed.,, """ lnr 

l#n< opent ., oho number of ""''" """"'"" Tilo,. oril<rto •« .lolir>eJ "'"''l "' '"' 
cu"'""'""' of objo.:t pr<'l;llr1l. ucopt ,..;,h M""'"''"""''""" r<pl..c>nl ··,._¡.,.,, 
u~trllluno" ("o.-..;"'"'" of ""''" ro om¡>urr•nt Lo <on~dor. be''""' 11 ,. ' prrm< 01" '· ''' 
<>f' ~rr ty, th< ,,., 1 uiterion of q uofrry '" b< '""'idcr<d. 1 h< '""'rlo <>f <;.;, '"'" r 1 

• 



COIUtJTEII ron "' " 
illunrot" tltt typ< of trH!Oformotion mode. Not only .,..,, the reouiHng prog1am0 moro 

, but aloo dmu and omaii<T In objeoT cod<. 
Ao uompl1 of 1 tanofwmot!O<I noade to t<duoo ..,..,..., (ond oom<tune., d<p<nd· 

"" 111< typt ohullbl" involved, to •educo ob)e<t) ,...,¡.oc! chonJina "'11 

'"' .. ' 
(O tJtt tplt ... .., .... , '"'"'"'"' 

(A,II) • O. 

An.>lh<T CQOiiN<I ifut¡ OC<UTT<d Ofla> W&t 

1 he <onstrv<:i 

• "Ollttd" 

JF A • 1 TH!-.N 00 
lfO > ITI!ENOO 

OOEND 
OOEND 

lFA • !ANDO >tTHENDO 

[l()ENO 

WHlN A < • 1 THEN; 
ELS!: · · 

IFA>ITIItN·· 
• 

F....rly,"' tho r.., US<O ~here otrue<ured prol'ommmg ,.., not u.U. 111< lollo-..tng 
><:<Un<d Wllh ....,.,, frtqU<n<y 

IFA<• UTHENGOTOC 
GOTOD 

---·--·- -·--- -------- -·----- -

! 

f 

1 

1 
i 
1 

1 

1 
1 
1 

AVTOIIIA riC OVAUTY E VAL UA ri0/1 "' 
mlieod of[at wom) 

lF A > B Tt!ENGO'TO O 

Cl&Ttiy "'" Oh0$<n " the n<Xt orl,.rlon of quallty booau .. 1t .... ould b< hof"'d thot 
cl"lty eoU<I"'' highly Wlth p¡ogrom momtomobil"Y ond corr<<tneos. For th< p•JTP"" 
of ,.,tl:ln' progr..-n> in the son•~ler, dorlty ,,., defin<d by th< followmg h" ol .u,.but"· 

( 1) Con<io< (a.k of "'bOslty In oumber of -"""'«" mtom<fiU) 

(2) Snoight forword (lo< k of tric);y, """""'' eod<) 
(l) Undenundobl< {loocl cr:rn .... ntl, fonnottlfll, "'" of mnemoo .. --.) 
(() Clw control ouuetutt (lood .,. of otnu:turod proaoomming, l..: k of undu< 

eompl<~i ty , modu larlz" ton) 
(S) Uniform styl< (<hongoo .,..,u ml<gntod; fow, lf ony, "htstoricol '""'M' for th< 

P'"'"' st>l< of <h< pTo¡ram) 
(6) Self-<:ooUined with res¡>e" lo docum<nllllon 
(7) ~PP'"''""" u .. of mo<roo 
(8) Appro¡rmle ... of chongo lnels. i e., odh<ronce to chongo conuo>l pn:.;<dur<o. 

B. SeiKtion and Grading of tire PW s.mp¡. 

Prior to sampllng, lt '"' doclded lo eiJmtnal< o<lthm<ltc progromo (<.g., <ho" thot 
contaln noolln& poont opeutlons) from con•idmüoo snd '"""<le' ooly conuol P'"ll""" 
ll ""'' foil tltot tht b""' d1ffmno:" In pu<¡>O$< ond content amor~~ progtamo o<ten10bly 
l<'lil ... ntot¡,.c of the ..,., popubt..,. mtgh< h••• be<n ouffo<i<nt to m"l< ooh<<"'"' 
tl¡nlftunt<odln! tl>ff"""" tnrhr:""'' of p!OI'om quollly. From th< Z'iO PW P'""'""''· 
""'' JIO rtm&Jn<d fo, otud) purpooto, ood eoough tome,..,'''" 01oaoble to otudy ti>< 
anthtnoto< Cllogory. Four<un PW p1ogramo(roforred to " pt<>g1om1 1-1~) .., . .,. ronduo10ly 
>tlocted. No ott<mpt w" m&d< to ""'<ight" pr<>grams o<Cotdmg tu ,;,. "' trnpo"'"''; 
eo<h hod on oquol chan<< of appO&Ting tn the sample. Th< 14 pro~omo con>Lit<<i r>f ~978 

"'""''""• .. <luding comm<nll. P'"'""' 'olle 10ngod from 14-1 06'i llot<onen<>, wilh • 
m<~iln of ]80 

Of tho t~roe lllldm, """ P"""" "'" tho de"'"" of ETC, onoth<t "'" '" nr pro
P""""'' ond tho third wu o lu¡;hl)' ol<ill<d pr<>Jiomrn<r '""" leuntd ETC for thls 
Ooporiment. E><lr of th< P"''l""' "'" pomouklngly (ltaded on nory <rilo~"" by th< 
raten. Only .Cter e"h of th< thr., """ ho:l indepondently oornplottd th< ,.,tuotl<~n Of 
th< 14 pro¡rmu, wore reou.lu comptlod and oomporod. In tho,. ,,,., "loore md;"~"'' 

"'"'"'"' diso~re<d, <ltff<ron<eo '"" surpriOil'IJIY ""IY '""¡,,~ by o P"""' .. r ¡.,,.,, ,.,¡,,.., Pro''"" d"ity w01 the only crtt.,ion of quohty fm whi<h o longthy J,.,.,,.,.,,,· 
"'" req~uod to rtit<h o eon,.nwo. 

TI>< &rJUm<nl thll 1 rondom ""'PI• of provarnmell ohoold Jo th< grodm~ ·• 
folloco>,n One e<riOrnly dooo nol •ont 10 tro<lude tho JUdyrt<nl of • p<>or P'"'"".'' •·o 

-·-·--·------ ------
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""""! 11 th< con><n• .oJm1. h wuul~ bo de•iJOble, howO>'tr, !o h"e an lnd<¡><.,d<nL 
'"00 pro¡¡rlmlll<! ''"fy rl>o pred"tlon f<>rn~ulu by judllfll o IOC<Jo>d ,., of P"'ll""" 

Tho '~~'"""" of what " Lhe Mpr<>p<r" wnp!< sU< fot Lho inlllal set of pro¡.rorno !u 
"17 dtlft<uh on< to onswer. Tr.odni..Wiy tn ""llll<l {QI. wnpl< >iz< 4etonn!natlons 
U< ltu<d wt Lh< pom:ulu q~~ntl<>n "hl<h lh< dilo oro lnt<ndt:d Lo'""'" ond oloo Lhe 
'<opec:t<d" "'"bihly of Lhe doto. Wh<n d•to "' 10 be collecl«! lo onow<r nmty dlf· 

mnL ~"""""'· when tlt< f<>rmo of lh< r<l.ríon,¡,1p1 '" unde11, ,..hen llttle púor 
.ou .. led;< nf th< <>tent of "ll•hiiUy " pro$<nl. th< '"""'"" ;, far lo" obviouo 

TIL< O<l«toon of \4 "rho lnttl>l wnple w< '"' bo!Cd mor< on [<.,lblhty lhall 
laUI\J<ol conitdewion•. Jf Lho prodo:ltwt oq.,tion• bnod on th< ,.mpl< hod nol bc<n 
'ru$0tublf' effecu•e'" pred"'""' th< quality of oddutunal pt<>pamo,""" pooolble 
·opi.,..UO<I"oold h•vo b«n t~e 110011 numb<r of pro¡.ronto"' the wnple. (On the other 

W"-d. wttlt • W)' "'""' r<loli<>ni!O<p b<t~ "" the Y• ond X o the 1ample si>< don nol 
'"' ro b< 1 "~' .) 

B"><illy, the mnL>I wnpl< cuui.J be <Omidered " an attempt to g<t somc """"'' 
,,· th< ""'"~"Y on the da!l, \Ktth wuh r<>pt<\ to the """ of tho Xs (e.,y to dv) •nd 
1" "ltr<n¡th" ol Lhe relotionshtp of tho .r. ro th< Yo (muoh mote dJflkult). Th< foct 
hot "' mu.;h of the ,.,,.,,on " ""pl.,neJ" by relan .. ly tew tndepend<nt X1lnd1<o"d 

h" """' J<p<e of h<>tnlllt"'"Y "" P•<><n\ m the d•"-

• 
1 h< ond,p<ndont "-roal>l<>, Kl« l<d •iler th< ¡.roJtn8 "" <""'plm<l. m l"tod m 

•1>~ 1 jSu~<>liono f,um the IHmtur<, oomborted ""h t'-'dl"'""' ond intuttion, 
""'"'d th< bo111 for S<lectlon.) ¡,.," of Lhem ,,. ~tlfhpl.onatory-; o few, how<Wer, 

'"'"' """" uploni\io<t. 
~-.. X 1, the moehtne o>perotio<t liNO (indu-ond-¡ump) lo c<otr.Uy 10neroted by the 

•-.npd<o ti and only 1f 1 DO loop h., b<<n <>p!ol>ed In ou<h 1 manner ao to genmte 

t•trm•l '""'· Thu>, (00 loop¡·I/NOt) i> o m mure of goodneu of obj<ct codo, """"''"~ 
"' •11 00 loo¡" "" b< (ro)ph""" w 1'""'" UNOo 

Fut X 1 an~ X"," A" r<fou 1<> lh< "" of tite _A quol1n01 (i e., referonoon¡¡ only lhe 
tldre<1 1""""" of o "'O•d); "AO" refm to th< <>pll<ll Ul< of lho >mobl< re[m.,dns the 
.o ro¡mer; onJ ''u¡lu" refm to tho <><<""'"'" oflhe cl>o<>r:t<r llrinp fLAG, fi.G, SW, 
r S'IL'Ilf\1"' Lho oource P'""""· u.,., bel..,ed rhat "1ood" P"'ll"""' do oot "".A 
>U<b (they thoold "'" Lh• ADDR attrlbut< in th< declatollon of Lho >atlable), do oot "" 
.O <>pi><Uiy (11 ohon mdtoat<1 """'"'"'Y m"htn< d<p<nden" ond"' o dan¡¡.,ooo 
'""'~' "1'"' HC ""' AO " o ocrotch rt¡¡ister), ond do not hovo "'lobl<> who1< nam" 
~ tude Lh< d"""" otrln" flAG, FU;, SW, or SWITCII (thll 11 10dkati>< of 11•~ ur 
•!t<h >>!tobloo, <on;¡dered o t.od pr.o<tt<• In general). 

For X,, X,, ond X 0 , "l<lngm run of loO.h" r<f<rl lo tbo longm contt¡¡uouo ¡~n ol 

'b<l• Id tilO """' r<ftr<n<< lioltng. The """ referon<e bott:~~ produc«! by rhe oomptlor 
''' .n 111< t.knttfl<n (l•h<lo •nd ,.,,.~¡, n11n") of • poogrorn ilpl>ob<llully. Thuo tho 
>q<"t run of lot><h ''"M be '"""dered a "''"'"" of huw "bod" the l•bel rnnomun~• 
ro llelm< rho poo¡ram hod bcen """'" to """"'dolo from the hmngo, 1t .,.,, 11otod 
\01 t1 """"" \n<ounl tite tmmt.eo of),[,ei$ID o "boJ" prn,rom th•n tn • "~u<><i" une. 
'hy' n, loh<l• 111 boJ progr.,no '"'"'"1 l.;<>ocur 1n blu..-1" In the<~o<> "'"'"" lt1tm~ 
•.,laoor nuttd 1h.r long runs ufbbeloor< uft<n on atlltbutt uf P'"ll""" that h.d 

"" "'"~"''""J fnllt\ 1-0Rl RM-1 tu Hr, tho ETC lob<h "''"J m.r«! by p«ft>-on~ 
~b HIR 1 NA~ '""m<nt ooonber by'" "L" 

! 
1 

1 

i 
1 
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T ~olE l. lod•o<ndono ,.,¡,b~• 

(DO loo¡lo .lJNOI' / """"""_,.,..., '· '· '· '· '· '· '· '· '· '· ... 

' • 1-"' • ~0. ..... , 1 ""'"" ..... ,. •• "' 
' • loDo<>• ... o(bbd> 1 .. ..... 
' • ._,,..otllbtll/-=-• .. , ........ 

• "'•·· ''" of llb<ll 
0 I;("(Ú~II !do ....... /.O .. IIÍI<II 

• lltp/"'"""'""mmto 
• (DEClARfo • AClol/ ""''" 1111<"><"" 

-~· 
• --""''"""" 1 "''"" '"""''"" • "'"'""" .,. .. - l<tc!o .. / ,...., .. _, .. .,., ... ... ... 

.. ..-... ""'"""" ,....,¡_ ..... op<!Ol-' 
, • t/<1- • ,_.., • 1<0101) 1 .,..,.,. Optii>M>m 

: .... ,"' .......... . ... 
r, ' 
l'., -... ... 
'· ... ... 

• ACTol"'""' outomcoto 
D<ClA~t >1 ''"'" o\oi<1<1"U 

• ADo/ ''""" "''"'""" 

'"'" 1 ""'"' "'""""" 
""'"" k>ot <omm<•n 1 "'"""' ~'"'"'"" 
-·~ .. ....,..., ............ 1 _, .. '"""''"" 

. ""''"'""'"''""'"'"" o !IRE.AK1 • CAll-o+ OO.+ Et.Sh • lt• • 
~EllJRN•• tTEUTb• "''HEN•• DO....,., 

GOTOol/ -"' ""'"''"" 
l'" 5Rh / '"""'"' 

0
1"

10110
"' 

XM UCh / "'"''"' oponolo .. 
J, ~·•r• 
XM DATA• 
l'" • """'" ••n.u_. 
J, •(l>""'lnNo•OO-•CAUol 
l' ~ • X,. 1 _,,. ,,.,.,.,.,. 

'" 

Prot!roml mlndl01sly tri1\~llmltd from on< bnguop to onothor "' u•o•lly I'M" 1 

in qualtty for lwo """'"'· Fintly, tho trooliHmt<d poug11m d<><• not to\.< od,.ntJ¡:< uf 
foaturt• tn lh< "'"' lontu•i•- Socondly, the troruhtmted pro~ramo contatn '"hi•t<•"••l"' 

con•tr'"""'"' (duo to Lhe old tan ¡o ose) ond 1ho1 dorlty wff<rl. 

' 
X "·"·nufO<r1 rtfOI<n<ed" ,.r.., Lo"'"" idenuf1011 octuolly r<f«<n<<d on • 

01 •• ... h 
pr<~~rom. s""'' the p~omm<t h11 tho {4efoult) oplio<t of "'.:k1nalrn«wn 10 t e '":,"1"' 
lation all.,rlobl<lltL o do" 1<<tion (..-.d not JUOI "'""' ustd), t4enl!fim referencod 11 

nol ne.:mor~y tho ""'' 11 "tdenuftorl ded•~<d." X, """ tloou¡.ht \U b< • '"'""'" of 
"'"" well 0 pro,tommer tpo"fo" h11 Input ond uulput "'"hlt1 <>plt<ltly. Forthermore, 
donty wffm "h<n the <ro" rofotenco 1~\!ng con\aln• """Y v"ioOI" nor ~tf<r<n,.,l '" 

Lh< P1011"'"· 
For X "Oo~o" tef"' to the n~mber of comp~"-!'"'""d O,gs fhe>< ""ludo 

warn'"P ,: "..o u " fatal mon (o $-, -undofU>ed •m•bl<"). Foo X u , X,. ond X o>• 

"ft1che•." "m"'<>." ond ""or<>" '" rtlp<<ll•<iy tltt number uf "'"hm< "1'"""'"' th•l 
'" fot<heo from memory mto re¡o1ter1, "'""" from un< """'" 10 •nothot, ond "'"" 
from r<¡¡tllm '"'" momory, Mo•eo fr<Jit\ momory lO "'"'""Y <Jo no\ <>1st '" oh< "'·"""" 

""~"'i' "1'""""· .. • 
for X .,, .. lottpl< '"'(!llm<nts" "' ll>ttnmen\ 1\il<rtr<n." <>1 rl" lnrm "' 1 

Fo1 X the "\lO•" "P'"'"' th< numbor uf 00 gtou¡» 1 o1 r"'. ti" ''"" "r"· 
'YI"'"~~ '<oollol ""'""""- For X,., th< "'"h1"" "P"''"'" "SN , .. '" ¡.._,,., • ,. ' 

,. 
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"'· Fa< X,., lhe mlcl>on< <>¡><!lt!OO "UCJ" onJOC>t<l on U<><<>nd.ltionol uuoof<r 
:>t <Od!!ol. Fo< X,., U.t o • ..r 1\ tlolom<nt lndow,. ,,¡.,....,, to t dolO *'""' OUU>d< 
~ ~. 

O. Stotiotlcel Methods Uoed 

t'u< 1~< 1 ~ "'""'' P!O$<•m~ lh< ETC """"' boUnp on<l «IUhonl obj«l ood< "!'U"""'' ""e onput >nlo o d&lo uuo<to<. Th< ltldopendenl ,.rlobl<s In T oble 1 "''' 
"'"""''"d ff<HI'l !he nl!""!ed dot>. Th< dependen/ Y YO<i>bln, <nuiiiDI f<ll<D lhe hond 
¡o odong, tnd lhe <D<I<pen.Jonl .( •amblO>, d<nY<d fmm lh< progruno, wm 1hen uO<d '" o 

1ple "'""'"" wllh • IUIIIfo<mol!on ol lh< dopen<l<nl '""bl'l. The 1\r•P<Dd" 
<<llllllnl lh< dtl><l> of lhe uon>fonnOiwn cho><n. ' 

-· lndepen<lont Variable~ Employed 

foo '"'" pr<di<!IOD equoll<"• ~oeldmg Y 1 , · · ·, Y;, nnous combln.ollono of lh< 29 
..,..,bl< lnd<p<Odenl "' ko b~• w<« u !<n1.1vely "plored. The ><I<Cllon '"' buod on ¡he 

r "'""""'11 < ' " • "' , 

( 11 H<lh oqu"< of muluple conel011on coeffocl<nl (R1) 

pJ s .. m r'"" X••"•bl" 
( 1) lndcp<n4<n< '""'bl01 hovmg oome ¡UIIII)cauon fo< lh<ll onduooon oth<r <h1n 

''"""""1" ,.,.,, 
141 A11<mp1 "' hove th< o!¡n of lh< '"'ff"""' •v•• wuh lh< ol¡n uftho c<lO!hdeo< 

'" U.o o!ngl< ""'bl< «&o<uion eq•ot!on. 

R' ,.nw, U.o !''"""' of 10101 "''"'""' .... plolne<l:' lhe lint <nt<!l<>n io on 
ol:r<""'' ooe. Tho oocond WOIImpO>Od bc<auO< fow '""'bl<• woutd bo ''"""'d to bo 

""""'"" 10 tor¡¡" sell of X ""'bl<o w 1/1< 1"11" ¡oopulowm of uol«<il, beoou" o01ly 14 
pwponu "'" boong u><J f<>r <>lilnOIJ<"n, ond lh<reforeony o<l of IJ X'-"abl<> would 

) 10:J R1 • 1, '"" be.:oul< uf t hoJl< lhil o fow •><ilbl<> would b< sufficient 10 t•leld 1 

"ltJs;h" R' •olU<. lb< 1h11d '"""''"'"'"No«! on 1 desne tobo •bl< to "phylicollt" 
'""'P"' (ond«.,on<l) lh< !C>Uii"'l equxllono onJ oliO in !he bohtf lll>l 1h<11 j>f<d""'" 
.~JIIy would bo enh&tl'eJ. h ml&hl 11< nolOJ d"1 a fmly inl<n>r<e ><>«h whl<h dod nOI 

'"''"* "'" <fll<rlO<I f&ded lo "'"""IIY lmP""' lhe R' oblilntd. Th< fooolh «ll<11uo 

""''' "riiCII o rmtlon ,¡ ''" <hl<d ond io u1<J fnr ¡he '"'"' """"'· 

• Tluoe ""'b~1 (X,, X10 , X ll I"'<Url<d ID lh<« OUI of fovo <qUotlom_ Three ( ~~ , 

X.,. X 13 1 '""""'d 1v.l.:o. E'"'" vombln (X,. X,, X,, X 1 , X u, X 11 , X,.. X,. X 10 • 
X.,.x )occunoJonce. 

lh< Append,. '"""lnolh< fwe final p10dkw•n <qUOiiono fo< l,, ,.,.,rorrnollon 

of Y, indudon~ 11>< Sludrn" "¡" .-,luo (• mm U<<,¡ lh< lmjl<ortone< nfo"h vao~•ble) r,~ 
,.,_h ""ff11. oont, >nd enmpln nf ¡ht dllfiron.<l b<1w<en do< ob><rYed anJ P'"'""~ 
>IIU<> 

lln< """"''"' '' 

t ¡ 
1 

' • 

AUTOAIAT!C OUALITY EYAWA r!ON '" 
11>• only foor X votllbl<l ond 1he /OW<II R'. !1 no'8h< b< woll<l"'d why nooro X vorlobl<l 

.,.,. ool ><lo<:te.d 10 Y«ld o b<tl« poe<ll(l]OII 1\n <>l<n"" '"'"h folkd to nnd 1 bolt<< 

.. , F 01 <Hrnpl<, !1" ll<ot ,., of <i&hl votlob\eo foood, ln<ludont li><O< fw1, hod on R 1 of 

only 0.85. Eith<f tho X •oolabln ultd IV<r< nol U.< "Ht/11" "'"" fu< pr<d"""ll L,: moro 
"pow .. ful" m<thodo """ n .. dod: z, lo 1impl~ "'"" dofn,uh to p«dlct thon lh< olh« 

"""""' of efflclon,y; "" panocul11 1 4 pro11<>m• ""' nOI "''"""'"'" of th< pupulo· 
tion, 01 th< <>llnpg"'" to Y, did nol com>pnnd ci<»<ly enwgh lo 1110 "Hu<" 1'"'""' 

of ""'"' OIOI<m<nU which "" b< imp<<»od wnh doflicuhy. 

F. Validfttion of the Fonnulll for PW 

lo v>lidot< lh< P«do.:uoo fonnulo, fo< lh< rw popubuon, lt "" de«de.J '" '""'P"' 
lh< pr<do:ted ood hand·sr•ded v>lues of on odduiooal umpl<. Th< "'leetlon ••d I!"J¡ng 

,..,. d""'" deomb<d '" S<otion 11. Unfullu~~>l<ly, umo allow<d only fou< P•"&'"'"' tu 

bo O<locle.d (ptog!>m< l S·l8): OJI!y two '"'" W«< O>Oiiobl< (includifl! ""' ""' 1nduded 
'"'""' lll< onoonal 1otm): >fld only lh1e< q"alll«> (Y 1, Y,, ond Y,) "'"' cotl>l<l<oed 
Toble 11 <omp&!n lh< pO<doctod ond "'"'' •olu<> f01 ll« loo< oddhional P'~''"'~ The 
O.li•lod d10<U10ion of tho $10\IOiicol "hd>l10<• found ID <he llppendlll P""'"" "'"1" th" 
,,r.,m tho u><fuln<ll of thl: p!<diC !Ion oqu>uon• 

uno: u. Pr••~,.. .,~,. .. Y.,..., for p<or<am< IH'-

P~OCkAW --
" " " " 

r. • • " " '· "' '' "" , .. 
~,., r, "" "" '" "" •· " • " " ..... 
'· lU '"' ••. 1 ... 

"' p '"' y' O.l< 0.16 ""' .. , 
r. "' "' "' "" co 
'· "' "' '" ,.., 
plo<Y, "" "" "" o "' 

o. Validatiom ol Fonnula for MW 

\j"¡ng t<OIO\IV<Iy vohdal<d lh< ~r<diCUnn equill""' ¡.,, thc PW P«t•HI<tiOon, ""' 

""nuon wu f""""'J Ün '"' MW l'"l'"l"ioo """ 1110 P"'"htlll~ uf •rrty,.,¡; "" r""""'" 

10 '"•' ,., of P'"!!"""· lt ,..,, ool <nown 1f '"'h doff<«n<<> " P<""'""'l. '""~' ''"'"'"~ 
t<.hnoqu<l ond cnnvenuom. lun<tiunol c.pobilmes ol <he •ymm;, ond W<> 1 ·•~i'• t •nd 

"'"''") ,....,¡J t.. l'lffoc><nl ¡o b101 lh< f<><mulo'• p~<docloblllly. lhe ><l<""'"- ~,.,~,.,~ 

ond """'P''""" o~pro¡ch u .. d fur I'W lp<o¡¡<II<'TIO 1 S· 1 X) "" nol o><J hc,·•ul< uf no· 

'""""'nto: w,.e,J, a "b.chmd p10J10 uun" «heme,.., omploy•d '" V>loJ.ol< ¡1, · 

'~'""""' Aclln¡( "" • "'U<•IIon ol l. W, Tu~<), ,,,, fi" I"'.Jic<ed L ,.,, <• ''" ' · 
1he O!l~m•l14 ptol~l.llll> wm UO<J lo Ir) lO <>lOm•« '""" ol '"'X '"'·•"'" 

TO< ~'"'"'1 ""'h uf lh" ¡nv<>lopuon (<he de101b ul wh¡,h '" !"'" ,,. "• 



COMPUTff! SOFTWARE fNGINffRING 

App<nd~>) 11 lhat, • >U¡h lhol/. 0 volu" ~""" lhol 1ho i•olu,.do nol prod~tlh< 
X o my .. ,n, oddotJo. , '"'""'" ftem both tito PW ond MW ,.lloro prod~e«d obou\., 
,.,u u lito On!'t'al 14 (uo!n11 th< equalionos<,..<OI<d b)' lh< oriJinol 14 prQ~~uno) 

AllhWih 11 appeHO •ecy Jlfflcult lo quanllfy lho '"""''"" mode ,...,..., lt ..,.,_ 
111<1<11 a¡>pun 1Uuurin1 thOI <omp•roble aoodnou of predW:tioftJ of tho X •orlobloo 

"'' P~ f<>r <h• loiW <Jodi'W "" TillO l<n~l oddlli•~O<l nld<IK< tu 11>t ""''" of lhc 
'•' 111/o<Uiflll ISnlkon Jlf. l.>.),ln ..-hkh lho '"" .... uf dilo m .. ,y cumporoblo. 

111. ANALYSIS ANO APPLICATION OF THE 
PREOICTION FOR:o.lULAS 

A. lndependent vo Dtpendont Variable Cornrlotlono 

ToMt lll pr< .. nU lh< ~mple (hnear) coml>tiono R, """"'" .. m X .,,,.¡,)o and ea<h 
lvor11ble fm f'<<'JI>IN 1- 14. The lllgtl indJW<I <llh<l & neplivo 01 poo1<i•o r<lllliondup 

HltUU. , • ..,. ..... , •• --·· ................ _ ... uu.. 

~-v•~•·•u '• '• '· '· '· 
' "' ... -o 19 "" "" ' -0.07 0.10 - Q 11 -o l9 ... 
' "" "" 0.11 O.ll "" ' O.l7 0.)) "" "" "' ' "·" "" "" "" ... 
• -·· -0.04 "' "" "' • QM -O .lO - O.ll -o l7 -0 ll 

' -o J1 -o l• n.l9 -·· -0 ¡¡ 
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'AUTOMATICOUAL(TYfVALUATION 

1><1woon • glvon pao of •ar1obloo; oboolu10 '"'"" ¡roal<t lh.on O 46 "' >ljl!lon · dJf-
foion! fróin iO,o (S$ le;ol) rJo10 10.1 i h!ih <ndi>odoiol P«.Ío:li•e ;.tu< d JI 

pranl .. lnel"'lon of 1l101 .. ,J>blo mto tho prodiclion <q .. hon. (S.. S<Cioon JI E. of 
lhc Appondill.) h moy ..,~,.,u bo lhot, tinoo 1<vorol Xvambl<>ar< in<luJ<J, o rom
bdlllion ¡,mor< prtdktl.-. llwo on lndll'ld""'l X. 

Complolll)', 10 ,...<und by propon ion of conuol '"'"'"'"" (X,). ootm> te b-o • 
JOOd diso:rlnunator or "'""""' p>4n<os fo:. olmo>• '"'~ <"'""'" (R • o.n. o.n. o 11. 
0.4l, O.SS for z,, · · ., Z,). lo othcr -do. bad proU"mo "' "''"' rompl<>, MI juoo 
"""' vorb<>s<, llwo thcy nood b<. 

Tb.o "'"'' DATA ,,.,.,.., ... (X,.) '" • progam, tho woroe 1he ct.noy l>ocom" 
(R • 0.6S). That n, th< lu• localoud lite dato r<fe,.Ooos, the ..-or>< 1he clooio y. The "" 
of [JO &fOUj>l (X,) ;, rellli><l~ hilhly poou,.oly correl11ed woth all o( lh< <i<p<n.!<nt 
,.,;,Oleo (<xc<pt Y 1), Dooolhio mun !hOI lh< "" of DO ~rwpo ;, "bod"? ProD¡bly noo. 
A patlkuloJ inll•nce of lho !JO JI""P'· hOWt>'Of, woo f~<quent m pro~'""'(""""~ 1-14) 
ef blld qu>llly, -This oook tho fnmo 

""'"d of i•" 

--·THENDO 

oimp!e '""'"'"' 
DOEND 

· TIJEN ""'Pk Ull<mtnr. 

Tltol h, a one lllttmono DO aroop "''' uoed whm nono'"' nttdtd. 
z,, !he <>.ttnllo ,.lu<h rodU<IIono ln !he nomt>or of "'""' '"""''"" ''" b< m1do 

.,. oomplele ronn~eounns. appun 10 ~< th< rnmt dofr.cult dopend"" ""'bl< ro predoct 
by o oio1gle X nriable. 1t ml¡.ht ¡loo be nu!<d lhot, in mo" "'"· tho ol¡¡n .,¡ "" reliOion. 
ohop b<lweon on X .,,.¡,ble ond <O<:h Z voroablo " oh< wne. (X,. •nd X, "' ""''"~ 
countmxampl<> ) 

B. lndopondent V•iMIIt lntncornrlations 

O,o of lho moro irn<tnhna onl01tntt1 from tho mnple combloon• amon! lh< 
~ndependont nllobl<l ,. th,ot bbdo "" uO<ful .. en of lho ptOJ'am u lln><luttd. lh1> may 

t.o d<ti•ed by f1>11 n~lms tbal lhett u no ocml>t>on t>otwten lh< nuonb" of SOU<« 
rl>temrniS on 1 pr<>&run ond lhe quoll!y of llructured ptognmnunJ (m .. w«d by GOTth 
nonnol!Led by 10or<e Ual<m<nU) 5n!<< ohm i•. how<Yer, • pOIIII>< ooo "'"'"" of O ~~ 
b<iw«n nornber al sou1<< olll<monu (X,.) and numb<r of t. bolo, ther< ""he "" 
corrd<hon b"""" numbeo uf lob<lotnd uoe o! >lructur<<l poog""""'"O· 

"lhal programo do""'~" m<><< «>mpl" 01 they 8" IJ<&<T "ondlc•l•'<ll•) ''" 
'""''"'"n of O 91 b""'''" th< rwmboo nf "'"'" 1talemena (X,.) ond oh< nunolo<r of 
<nnuol ll>tementl (X,.), lolt•nt conuol "'""''"" dJ>Od<d hy '""' ""'""'' "' ",. •· 
m<nU ., • "''"'"" of oomplully, M R el 0.10 b""'"'" pr~p•m "" ••d .-¡.,.,y 
mdocal<! ohol obro!~ do<l 1uffe< 11 pulfllml ¡<1 I"V'. 



C Urt:R SOFTWARE fNGfNEE 

C. ~d81ll Variabla ln«<rcorrelatio"' 

r lorotion ~~ Tobl< IV, tho d<¡><nd<nt vmablo lnl<"orrolatlon m&trlx (In tormo 
of 1,\ kad> """ to d.,,. ,.,.,,¡ tondu"""' from oomporr..,no of co!!ol"iono o! z 

1 

li.IH IV. 1><1""'""" ,...,.,.. '"""""'"''"'' ... ort,, 

.. ~t=t.=~ 
'• 
'· '· 

'· •• '· 
0.)1 
\1, 11 

'· '· 
"" ... 
"" "' o.•• "' "" 

Z 1 wuh l 1 ond uf l 1 ond l 1 Wllh 1 4, ,... ,., tha1 tho roduCI)oo¡ o!""'"' duo to 
'''mplolt «'lru<tu""' of pro¡¡~ amo"' moro hkd~ to rodu.ce ob¡«t «><l• 1110 thon oro 
tcJucU<HI> of "'""' duo to m«l>lni<o.l """•fono""'"' From tho corrolot10m b<tw"n 
lh< .. u(Z, .z 1 .z,.z,) ond l,, '"' >« ~ut tho d<otot ' Ptusrom 1~ tbo m"'' drffo:ulr 
" i> to mili "lb:'"""'" ""''" or o~«t ,,. • eomrl<~< r<mucturing. ronvo=ly 

· ru<dr..,..ol ""'lfom,.<iom of o pto¡;ram '" lo" IU:.ol) ro imprO<< cLorny of 0 P'OS';, 
thUJ 01< baro: r<IIN<tUIUlp 

'llhdo tho .. nndrnp oro p<rhopr no\ too ,urprwn3, they do tond to connmr tht 
•il><hty of "'" quoiUy «ll<IIO, "p«,.Jiy lO th< '"'"' 10 "'hi<h rh< omrolouono $<<m 

-o~n..,." liHI 11 '"" b<"u>< suoh e<Hiol>llM> "'" not ron«ioouiy c<NU/doml b)' tho 
r• om!"'" mokm' tho ~uol11~ <OOk¡ngs 

D. SlructurMI Pr011famming aod Clerity 

.~. o i!d<h&ht to lho "'''" purpO>< of tho "pe'""'"'·"""' o no!)"' "''" modo 0 ¡ 
lho «lotromhrp "''"<<n ""'<tu!od P•OJI&mming Vtd d"''Y· Mony of tho pro¡.t&nurnnJ 

''""P' "'" 1<quutd lO tud< """S <>nly llr< "'""""d P'OIII&mmrn¡ f"tur<o o[ ETC 
(r a . \1/HEN, ELSE, CASE, but oot GOTO, BREAK, ITlRA TE, lf). ln><>fil 11 tho ""' 
ol GOTO u>do:m1 • he k of >tn><IUt<d progromm"'t. ono wou!d oxpe.;r 1 <Ouoi&Uon 
hotw«n tho U$< of GOTOs (<tlh<l condrtwnol m uncoodutonollrn • pr011rom and a p~<>
~r.m'o d&ut)' ~onkBII lnd«d, 11 "" hoped thot GClTOo ~ould b< 1 good mdopondonl 
>OII>blo lO ,Orr<lo\0 '"llh <1 .. \ly 

F..,.,. 1 11 • plut of tho numb<r of GOTOs ·~'"" th< pro~octod d.,lty ,.,lun~ L, 
for .U PW P'"'""'' WtLh '' l<oot lO GOTOs frum 1 oup<rl icl•l oumln•lion, it ll'POill 
"'" th01 th<1o ¡, hit lo, tf ony. ~<l•tlun1h1p on on o><r•ll "'"' tluwcw, thore Ll wmo 

.ll)chc., thll donl)' 11 rdat<d lo p<<>¡.tonts ""h 1'""' thon fotly GOTOo. Tho (>t 

~~"•" "'""'M\ con.:\"""" ond~·otod b)' lh< d<t.,kd on•IYUI rn th< Appendrx "(h" 
_., clonr¡ "'"'"'"<d_,.llh P"'"=' of mor< lhoo lmty GOTOo Of '""'"· 11 

1K "'""'"'d thot th< .. ""'"""' 'onduuons dop<nd on 11 l<oll two crnl<ol 
""""'P"""'' •h< '"''<.¡oon<irn<< of tho ;,..,,,.d Y, "'th .. , la¡lly," ol>d tho t~<nufao· 
'""' of fo~" (;OTO> """ "m,. e" llruCiuo<d pro;r.lln¡onn¡. 11!• lattor ,...,m<> th< """' 

''"""~' of • """"' • pru~am "" 1'"""" numb<1 o(""'""'"'""""") ~llh 
,.,. "1" of (,<J 1 <J,_ ,¡, ... , 1 >\ ¡•lot of oh, numb<r <>t GOTOo '~~<''~'' th< preoHc 10,j 

-•·• '" ""kn•~ r, '"' .... MW '"""""" " 11' '''"t<l' '""''" '" ,¡~"" ¡. · 

·----·---- ··-· 

• 
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1 
• 

1 
i 
• 
1 
' ' 1 
' 

1 
' 

1 

1 

A V TOMA TIC OVALITY EVA U/A TION 

• 
• • 
•• • • 

¡: • 

' • 

'" • 
~ • 

¡ "f '· • 

' : ... ' • 
! >0 • .. • 

'" .. '" .~--·~---..--... ~,,.,,--,,,,,,--,,,,,,--,, ... --,.,.,--. .. ·-· ., ·•·•· 
ht- l. Cl>tlt> """"" •!COTO. (I'WI 

E. Com¡>Mison$ ol Functio011l Groups 

lho IWO 11110nll lludr<d W<!O diV!dOd lOto tlr< fUIII.ttOnoj "'"' of h•tJ'""' •nd 

wfh•aro toll fune~;ons, lntorlocotion• communl<;OIIoo>. CH diopby '""'''""'· ..,¡,,.,,. 
ooordrn.ator, real.\lmc 1/0, ond <omputo-boond lron,.ction moJ.,I<, O no wo<Jid muono 
lhot to proYido muumaloyllem capobihti<>. wm• of thot< function> '" "'"" coll1<>1 
than oth<IS_ lo tho utont that out qu.llly ";,.,¡, 11< rolat<d to oy>l<m •<i••b•IU), "'" 
'"""Id hopo tirol th< 'rito:ol fun<l!oo> '" of b<lt<r quohty. 1 u 1<>1 thts ht"P"' ir<>l>, ,;,. 

&rWP' of 1'\11 pro¡rao" "''" tonl<od oo "'O'ltr¡ll bowo wllh l<!p<d l<> tho pr<~iCI<d 
Y 1, - ·, r, "'""- lit< 1'11' gtoup lt>sa notiooobly ¡.,~., ""'J<' ""' l"'"'" pro~'"""), 
"'d th< PWT ''""Po <11¡11\ly lo~or ronk {b<<l<> P'"''""'). o,.. ¡mup "" "'"'"'"tth¡ 
jo Mura tho Wot'lt I'""P .,(lh r«pe<l to Y 1 ond Y 1 ond tb< b<SI ...-rth "IP<" to Y 1 >nd 
Y,. Tho smoll doffmncoln "'•q• ""~'"" th< on< b&nd b<tw<en r, ,nd 1'1 , 1nd on 
lh< oth<r hond b<I'OO<n Y, •nd Y •· ;, "' tnd"•11cn uf tb< '""""'""Y of th< d.:.. 

lh< tosu la of ih< onoly•i• doo:ribod "' th< API"nd" "' whar w< wouiJ ir~pe PWl 
~ b<tl« tiran PT?, 1'11' loo h01dware '"' funotron -tiro sy>t<nr "" fu"'""" '" • lutnt<t1 

modo whh lvw qnai•IY <mio h<r<. ~WT "a crlltc.l r<al-trmo P'''-"""S 1 ""'"~" -hr~h 
quahty <od< '"ould b< do~llbi< 

F. Rul·ti"" l'riorlty and Oual;ty 

6oth PW 011.:1 MW 01< pnonry.,.;hodulod l)'llotnS, !hol is. Wllh <.r.;~ '"\ ,-.,, re 
pr~rom) " an .,..,,,,.,.d pnonry _ Tho pattiCul., tolk "'""t<d bv th< ,.;h<aul 

hqth<>l Prl'lllty "'' «'<!y ro -.ocul<. Tho ~""'"Y "''"' '"" ~ro.uoJ '"k• '•" 
'Y"'"" rnduJ,do 



"' (!) 

'" 

llitl> prl<>rll) "'"" be pOD <o toslu ,.,lh <rltl<al rnpo ... or c""'plOlk>n rb>wo 
Low priO<lry may be p.m [o ,...,, "'~""' o•eat<k>rl is ""' .... ~Lkal ro lbo 

""'"" 0¡ "'• ..,,....,.,e 1-• TIY ourput, op<><>ll"' P'""'''" 
toL<""<d¡.ote priorlt><o llooukl be .... ¡.ned aher cona!dtrln1 criuc:ality of 
func\lon, !<'POII" tl!'lle, <>"<rioad, "' 

A ponlal plot of ,,.¡.\ln\0 prionly nu111b<11 •• qu>loty lo< lb< mojar prO&! &mi compnlins 
pW ,.,._, n p!<Knted m F•P" 2. Tb< ¡.,...., prlo<lly numbon corm¡>OCid lo h¡¡l\<! 

'" •• • ., • • 
• -•• • • • • • • • • • 

" • • • r:-: • 
• '" • • ¡ • • • • • " • • • • •• .. • • 

• 
•• • • 

• .. • 

' • 

•• • • " • , . •• •• 
""'""" -"· "• "• 

"~-l. R .... ,.,. P'"'"" " ... ,,,, 

pn<>rni<L Cuuol U.opt<tlo<lrndo:otu"" c«rdo\!On bolwf<n pnonty ¡nd qu,toty. Coold 

11 be th&l priorL1y 111101 lul""o dv.rin111>< codina 0111"~ Uof<>rtuna~<ly, Limo d!d nor 

p<nntt lurlhtt anolyllo ollh< ""p\lc11Íon• pr.,.nttd '" lhi> plot. 

G. Pro¡o-am V m ion• and Qu~lty 

..., ""'" l>~t• oc ole ''"'"''u< mad< o••~•bk for J'""al ... m o uriu of 
..:rom<nrol rtl<uo~ "'' ,.,,. lnl<r<><od "'d<l"monint '"b<th<r lol<r .. ,.,,., """ 
"botter" Of ·•wor><" !han"'''"'' ••tsloo• Duo to ume hmll>lLOR>, we 1mmp"d '~"' 
d<t«nun 11lon "" 1 "'Y .,.,¡¡ "&le: lor 11 of lhe 1~ pro"""" tn lhe ""&'"al .. m pie (PW 
"'"'"" 1) '" '"" oblo lo f<l .enl<ml in<luded tn 1 lotot wftwore "'""(Venten 4) 
1 ~o p!<dtcl\<IO cqu011000 wore "'" ~tnol e..:h el th< "uti~Tnli" PW pwfr;tllll oxc<pl 1 
ond 1 ~- A pkn 0¡ th< dtlf<""'"' (I'W Veroion 4 mtOU> PW Ve,.;on l) fot '"~ pw~ram
'""blc '"'"b"''""" lndtc•"d 11to1 """' '" Dctter: <1llt<11 ""'"" """' hl'<n l ch,n~ed 

------

AVTO.UA TIC OUAUTY f VAL t./A TION "' 
much: and fo. twop "'"""' oho dOOIIion ls uncloor. Ap¡>otenlly, lh< '"'"'"' ,_ .nelh<t 
10f1w.,. q~~olny h" onp,.,.od or oot depond• en wMch progrom on< hu In mtnd. 

0• "'""'Id <>.p«l miDo! degradotioooln clorlly Ofld cooclseno., In ptOifo<"' tbot 
.. ,,. "pot<.htd": u the wonltmpll,., ....:h clt.an¡" '" not woU lltl<,roted Htto llto '"' 

'""''"" of oho prosram. Along thc,. oam< !tneo on< ml&~>t >nf<¡ thot two 1""!!1""' ""'" 
rcwrllton oubolontlally. ond tho JOb "" botchod for ono of lh<m. · Un f<>rlt.Lnolel)o. wo 
d¡d nol hiVO ttmo to '<tlfy thc,.lnf<tenm. 

IV. CONCLUSIONS -
Th< c<oulto frOIIlthlt •t""~ """ moot m<OIIt>Jinl ond <hauld le1d lo 1dd;11oaol 

IIUdJ Ht tl\io f~eld. Wo ha .. d<tl,.d lomruiH lhal numic lb< judpmen1 of -d pro
gr•rnmotO obout 111< qualtly of prOS'""'· Thuo, "'llh the oid of ll>< l<><>lt de .. toped 1n th< 
otudy, program managt11 "' oow •blo to idenllfy, wit ~n th< PW 1nci ~!W cunwiun1 of 
control P'"'l"""· ~koly .:ondld>l<l for qoolny imprO'/<m<nt. Whtl< oh< fo11"ol" oro ""l 
<hro"IY opplir:.ble lo ot)lor lafiiWI~ ond other p<oi""' popol>ttont, tOo: m<thuJ• u><d 
"' lh<> lludy rnoy b< uxd to dor;.o >n.ala!OUO p!Odtcll"" formulao. The looh h>" 1ioo 
b<on <ff«t!ooly empl<tyed lo oomptre p<Oifonu "•ohin o funcllo"'l sroup 10 1lr010 
willun onoth<r fwtctiono! J70UP- Fwt<:ttonol ""' 10 be imp<O'<d nuy lhu• bc >d<nurtod . 

Somo furthC! b&ht "" bo<n ohod opon lh< qo.,tlun of o\¡utty "'""' "'""""d 
proll"•mmlng. Our ftndmgt l<nt<tt~'<ly jndtcol< thll alocgo nombct ol COTO, (ahoolutt 

numbu uf""" to nllmbcr or "'"'" !l1tomcnll) tnoph" low qualily tollO&'. Thc <Un· 
"'"' w» nO! truo, howovor. Olll<t C~>tr<loticn• 1mons th< .. ,ioble• '""""'d lh.:tt bod 
prop11111 11< moro compl,., not i"'' moro .. ,-. titan lh<y n«d b<, ond the k,. 
loelltt<d tho obto tof<r<nt<>, 11>< ...,..., tho clorlty. 

Whde pto(lt...,, do not J<l more c<rmpl" ,. lh<y gotlorpt, <lont) do<• .uff<r ,. 

pt•'f,t.mSiOl lorger. Aho, rcducttom of •o•treo do e 10 completo ""'"""""' ol pro
"""" •re more likoly lo redo<< objoot codo oile ond omprove <ionty oh•n "' """'"""' 
of >OUICC duo to mO<boni<ol tranoformationo. Wbtle w<n< of lh<O< lllt<monl> ""Y nut bo 
too ourprulnJ. it ohould be rooli>od lh•l tho 1lot<mcn" aro,.,..¡,. ond no\ 4 f"ll"l 
....,mpt!ona. 

B. Comp.arilon with Other Studia 

WetnbttrJ PI 1\oo «po<t<d •he fmd1n(IS of 1 O!Udy '""'P"'"' ti>< qoollltc, ot" pr~t"'" 
<oto 11><, P'""""' clotl!y. outpol d•rity. numl><t of '"""'''""· onJ h ... , t<> ¡-t•>duce • 
program,lo lh< o~j«l!Y< of lhe pro&tammlnt ¡toop_ He .... ,.,'" 1><'< ,, .. ,.une Ph>

jrtm •r<etf"'""" to '"'"" pro¡ramrnin¡ tumo, "'h wuh • dttf.,<nl P""" ') ''"''"- '· · 
Wc "' no1 told how the donly ,.nl;;n¡o "'' d<tl'"'· Ono >oh)MI<' '""'''""'" •• ,, 1 
dr>,.>(Ol 1"" no dll> "' 1"'" to '"PPO!l tho ,undo.,<>nl il ,¡,,, ··,.·'·'"""1 <1•". '" f 

ob¡<cll«> o! mmtm•l ""'"'""" 1nd mmrmol culO '" "'"<d •n "· ,,_, "'""' 

• 
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""'""'"' llJe ~bj<cto>O> of mUJimll otot<monn len do 10 be OOII<latc4 to """" UIOnL wlllt 
P'"""'m danty-wh10h wt ral<r> oltrlbu¡cd lo • ohortor pn>amn b<lng ""'Pior to reod, 
oll olher llung. bem& <quol." Weonbor¡ dou oupply dato to lhow tbot eoch ,.,1111 ronki 

f"" on lh pt\mory ob¡ccli>'c. lf we ....,me, !O< 11« porpo.., al our "udy Uo&t prlmary 
ohj...:lovo ond quoln¡ , .. ;,n¡a '" highly c<><r<bted, then u<lq our ... ,...,,... of quahty, 

"'' .¡,,..Id bo able 1<> mal;e lOmO COinpa!O>OOI Wlth 1M WoillbcrJ .U.dy. (!><leed, U 
Table IV IIH>WO. theto 11 IOfJIO colleloU<>n bclwe<n minilllaJ COlO (Y 1) ""d mtnomol 

"'''"""" ( Y0 ), alohou¡t. lhc corrclotlon " nut v<<}' >Uon¡. (Only Y 1 ond y, con r<olly 
bo u,.d ol meuur01 of PU'lltarnmillj! ob¡e<tlv01, lt can bo arpod 1hot Y 1 ond Y 0 do not 

"P"'""' buic ob)!"ott.co.) Al10, from T oblo IV, mltlomal "'""''""(Y 0) lhowo """' 
corrclouon wnh dono¡· (Y 1)_ 

.U¡yarno [ 1[ uon >imple roycWon .,..)yoeo lo t11im11c 1.11< nomber of bup b.ll<d 
"" th< *"-'"" of tho P'"'l""" * By *n>tur< of tho ptuvam" ho m"no "tbc ..,., of tho 
numb<u of docis10n sytnbah ond subwu!tne <all symb~lo ·~~utlng tn tite Oow chou 

"""' los <.och modulo." The hl¡lt couelo11on coofftciont "¡ O.n " duo p<tho~s to the 
homo,¡o.,.tty ofbis Pt<>&tommer populo<tun (ond powbly the ptosrllllo th...,,.l,es) ood 
tho opp.or<nt dunhneu of hti bug dato. 

Out tludy ) t<ldtd o'"'"'"'"" cooff>t:O<ntcfO S6 bctwO<tl (IF..CALI ... WHEN .. OO 
¡~,.~•) 1 (""'"' tlot<mcnto ond d"''Y ""~tng). indtcotlna somo oon<lo<loo of clorlty 

Wttlt tito """" al • pro¡rom. 11 uno "'""'" , caml•lt<>tt between bugs on~ clorlty, then 
we «nd to 'onnmo Akiyomo't condu.,on thJt th"' ts a "" tolotlon botw<<n bu~s ond the 

"''"" ol o pro!fam. Akiyam1 ''" • <O"<Iottun cutfllc!<nt of 0.3] fot the telotlon>hip 
belw«n pt~om ot<p> ond bup, ,.htlo "'' f<l o codlki<nt of D.n «lo<inj¡ 1>\Ur\b<t of 

""''" """'""" to clo,ty. Thuo, etth<t donty '' not hl¡l>ly •<lot«< to bugs, ot tho 
"''""'" of p<OgtOIO .,.,. o te not on.IO(Ioul 

C. Suggostions for future Study 

On< <><ntuol l<>ol o{ ou.:h <tudt<t " to dm" on equ.,..,n p«doc!lng tite bup/umo/ 
lm<t al <od< foro pro¡¡tom lo do th" n """""'Y lo h, .. o reh&ble bulhl>tory 

(touuhle t<pOrt htnor~) fo< o ""'PI• of p'"&""''· Th~ "'U not .. atl>blo for the ~""'"' 
llody, bol ,.;th su eh htJlo""· th< metl,o.J al><n tn thi> <tudy cooiO bo oo <>tondod. 11 
'"""Id be "fJ" d<>iubl<to "piar< ti>< r<lttlon>lup b<tweon quohly ond bug hlsto<y. 

A""' funct1011 ml¡ht be deriY<d (ut.tnl ti>< quoltly Ollolym ~olloN tkriY<d In 
tbl1 JlUd)) to "'~~~'" "'l>tto «programmtflloffou sltoold bt ln><SI<d. SugosUoo1 for 

""P"'''m<nt of pru¡;rotns mt~U b< prO'Itdod outomati,olly, ltlltnllh< '"d<pend<nt 

vo<toblo, ,nd '"'" ,.,.rr"""" 1n '"""·~"&!Ion would b< o "'"· lndt,u1ng whi<h 
votlobl< ocluolly oontrtDutod ma>l to d"<rmlmng the quollty ,,..,.mOnt would b< 

h<lpful only tf '"' "'"bit wor< • J"'" tn<osur<m<nl of tho quoltty of 1 PfUJl.m. 
In .. ou-.lknl '"""""•'Of)" onit:lc m jlll. Grenonde< ond Tsao m<ntion 11>< 

wrprt»ndy fow <><mpl., o>l th< "" of '<!r<uton Vlolysts m <Oillpt.tl<r l"<fuemOIIC< 

""'''""'""· Althwdt the omph"" ol ""' P•P" ~ dtff<rtntlrom th"' lhomo, 1hm 
'"' '"'"' ""P"'""' 110tnto wh"h noed fut1h0t «PI<>1011un. For ••amplo. ootn< of 
tlo< 'Y"'"'""'''""'"" IOOh dl..:u"'d 1tl 1111 .ould b< """lo provido f«dhlc~ doto 
"' the Po<~i<""" m<tl">d de ... nbeJ In '"" popor. 

A• '" •><~ lo lh< pro¡rommer "'"luns to focu• un 1 p.rti<>llor >ection of • ptUjllll\ 

1"' ~u•ltty ' "'"'"' •tu•ht~ orodtnl(, nt~¡;ht b< ""d<"" o wbtooune "' BI·GIN 

' • 
1 
• 
i 

1 
! 
l 
• 

l • 

' 

• 
' 

• • 
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bloc\: bo..,, rotl>or 11wt o pn>ctom (a., unh of comptlotton) b1"'. Th" woukl abo 

tmproveth< otcult<Y of tite srodos tn thote '"'" whm o P'OI'"" w•••~tten by "" 

P<<>IV•"'"'"'· To lt\0""' oonfld<uco tn the P"""' oet of <quouon, tht ><l of P""' 
ot¡ttolton• ml&hl b< compu<d aplnot a n<w oet dct<mtln<d hom tho pr<S<ntly.p«di<" 

,.ry "bod'"1.11d "1ood'" program~ Slr><t orithm<ti< prug¡omo were ••duded ftom th< 

"''"""""....,pie, th< ntont 10 whidt tite •tudy '""1" opply to .uoh pt"ffll'"l mi~l O< 
inont!pt<d. 

Sevoroloddtuonol """"""'""''Y'"' mi9>t b< performed. Stno;e lh< "'"""' of i 
lo 11111 o funcuun uf N, o w<t¡ht<d r<~t<>Sion onoly"o nught bc • usefol '"""'"" to 1 
ptuented hm. T o (ncreoS< th< confltlmoo of th< con><nttJ> ,,.dtng." dtffmnc<> •m o 
IJ'od<rl >hoold be .. .tu>t<d. A t«hntqu< of Conoll lll ooold b< u o< d. Olh<r md<p<t 

d<nt "rilbl" combuutton¡ .,¡ th""· ond tron>fom""""' mtB)n b< c<>ft..d<red. At 

••:o<<im<nt ml&ht be d .. i><d to d<t<rmltt< whcth« 1 cou" ond efloct "'"'"""''P "' 
b<two<n tho "1ood" X pr<d><toon • ., •bl" ond quoltty. TI>< rcl.,lanthip l><t""" 

otru<tur«l P'"J'"""'"'I an<l qu1ltty 1hould b< tn,.stllolcd more fully. 

APPENOIX 

DETAILED DISCUSSION Of STATIST1CAl PROCEDURES 

(Secllon• in thl< oppenda ""''"' of d•Wied mti>li<>l ""'"'"'"'"' of i.l<nlocon, 
numbefod >ttl10n> in thc body af tho popor.) 

11. O. Statinlcll Methods Ulld 

Althoogt> tite tj (i * 1-4) wotO tmrnodtotcly !DI<!ptetoble • .lu«, .il th< propOI' 

1 prosrorn oo<tly improvtd.•"·· theu u><., depend<nt '"'""'""' • "8""'"" "" t 
.~.,ubio for '"" rn•ho «osono. ftrstly, tf n weto ""'meO that 

Y,¡ • L ~ ... (•)X¡t •• ,¡ 
••• 

wh<« Y11 "lh< ob><n<d Y¡ vol Y< lor lh<¡lh pro~""' aud ¡¡;,¡,¡" lh< (i,ó) ""'"" 

coeffoco<nl ""'" r ""'~"' '" <on>!do«d ("'u•lly 11~<· .1••1•< dop<t>tl> "" lito 1"'" 
r votiables); X,1 t1 11>< ob=vtd ,.lu< .,¡ tite 1 th tnd<f><ndent .. nohl< f01 th< ¡th P• • 
t 1j" '"' ""'"'" (doviii>OO from 111< moddl. lh<n ¡,. rt<ed ~s. 11om wt>OM 1>< p•>l> 

valuos wch thot 11>< pt<dtctod )" """'J lt< ""'"~' ttl O ond l. Sw•ndly, "''' ·'"'"" 

lm ordm"y hnm ••s<'"""" "th., tho '·'""''' "' Y¡¡, • '""'""'· ~'"" 1,1 . • 
proportion, th11 "<lmly not sau,ned 

Voo(p) • P(l- ¡•)/,"/. 
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A 1ronúonr 

Z11 • 2 ll~-• NPijJ. '" 
There ...., lOme pioli11nnory irnleodptlon of tht - of (l) ..tucll mdic;aood thol <he lrtn>
fomu.tiO<> (2) .....Wd flloduc.t ""btller·· r'""l" 10 1ht ...,.. of • br&fl<r multl¡>lt eo<rtloi>O<I 

,.llh th< >UnO nrlrobln The squoto of 111< mu11lplo corrolatl<ln coorr"'""' R'. io the 
proporhon of lht tola! .. riatlon ""«pl.rr><d"" by lhe pono<olar X variable~ o10d in the 

mulliple IeJreiOion. Table 1 deflnto tho X variables whlcll were OUi'rully r:onoldtted for 
..,. on thi> Uudy. 

A comb,..uon of o!tp-up 1r1d mp-do'"D r<¡nalon Jll<><:edur., (addi"'l or eliminal"'f 

""" X variable 01 a ume)wer< u...:! to """'" """' Mlood~ "'""'""11 oquat><>M for ,._h 
of 111< z,, (i • 1, 4)_ The <nlerion uood for ""good<>t.,"" ... ,. th< multlple <orr<lotion 

<>1>1 an.od. Slnce ohm ""''' many "'"" vllllabloo than ob><ri<IIIOR>, convontronal meona 
lor rmplemenlinl <tep-d"""' "l""lon wt<< nor op¡><op<lale. Whol"'" octuallr dono 
'"" to "'" .,llh a 101 oh•rrabi<J wlu<h nngltt (ir""' on.lyoio) b< upe<led to tofluence 
1hc pan><ulor r~. and lo uep-doorn !10m""'"'· no,. mig!ll be dono ..-ith sneral 
dolieren! ,." of SlarlmJ ,.,.bl" One crrterion ,...... woo tlut the vor»bl"' <OmmD<> lo 

,.,.,.] ""f11llll"" ,.,, ""'"Id b< lh< """ chaKn. 
A> 1110 14 ob><n-olion> wero only a ""'11 ~&rnple from tbe popula1lnn of '"'''""· 11 

-..·u not d<!uoblo lo "" enough "'"bl" to ma~e R0 <lo.e to umty. Ralh«. an ouempl 

Wl> nudo lo find 1 ""..-nall"" "' whkh y10lded • ""l.arp'" R1 • The Jd .. "" ""'ply th" u 
~"'~J b< .. pe<tod th" a ~maitu 101 oC '""bl" (""""*' 10 sne<al •11) orou!d b< moro 
h~<ly to b< IOOd ll'<d~eto" m 1he lotl'< p<>¡>~~louon o/10101<1!. 

A br1<l '""'"'"'"" waJ m.ad< of 1!;< opplr<obrluy of d<O<runiNnt onalyoi> to 1h11 
pro~l<m, but !he omoll w< uf 11" 10mple and lhe lo< k uf'"""'''" tu ou1gn the "'aood"" 

or ""bad"" lab<l to many prosronu.led too "'i""' conduuon. In th< "" ol Y, (• 
prosram"o tlorlly rank) no ob"""' ttanofO<matoon ><tm<d apprOpJ!at<, <o 11 "'" doclded 

lo >e< h..,. aood o pt<docuon, .,lth "'1"'' 1o a roakJns of tbe irutW foutt«n pro¡;umo. 
-......Id b< posstble. lt ,.., «poc1od tlut fot ...,, of 11>< tolO! !">PUI>U<rn üunpombl<ü 

Uniu~~&• (outnde <1 l. · · ·. 14) 100uld result, but lh11 lhelf mi¡:ht b< 1ndk11ive ofa •"Y 
•ood or bad p<<lf!rllt1 • 

11. E. Fm1l P.-.dic:tion Equotlon$ 

In <Ir< f"ll""''"l· 1 " the ob""'d ,.¡ue ola varllblo hovlhg o ""Studento" 1 dlll!l· 
bu1lon. ••t...,_.·· ,.¡ • ., uodLCIIle 10rr1 the c<><fficienl ~vo·n~noly dolfero hm O. X, 10 

"-'<nll<olly 1. !Orrtlo. tho totfflrlent auoctOt<d "lth X o" tht tonswnt lerm m 1bo 
e~ .. tion. F"' <umple 

z, • 09o t l6JX1 t 0.4lX1 - 0.19X10 ··· 
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VonabkZ,.R' • O.t¡l 

X VARIABlE OOH IICI~NT 

• •• no 

' Hl l.ll 

' ... "' .. '" -I.J) 

" 
_,_, .¡_n 

" -l-~1 -J 1 J 

" !.lO 1.~1 

v ....... z,.R' • 091 

XVARIABL>. C'OEJ"l lC!fNT 

• "' ' " ' ••• '" ' ... '" • ~-" ·Ul .. ~-ll _, 1' 

" 1.61 • ... 9 

.... 
v.,.,.,z,.R' • UJ "' ' ' 

XVAJIA~I.[ COlHI("IENT 

• "' ... 
' '" ... 
' ••• Hl 

" '" •. ll 

" •• Ul 

" . .. '" 

Yatlablal •• R' • o fl 

XVARlARlf CO!.II'ICIFNT 
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" ·BI -Jo• 
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v.,.,w.z,.l<' • o•• 

X VARIAII r 

• • • 
" .. 
" " 

OOSUVn>VALU[ <l,l 

oon 
o 49! 

·~ O.ll J 
0,914 
0.616 
O.l41 
OHI 
o. .. 
D. 1(17 

·0.1>09 
O l JI 

'"' o '"' 

'" 1 1.11 . .. _,_0(1 
-1>•1 
)HI .,._ .. 

L\1 
I.IJ ._,. 

-l.ll 
->-91 
4.!) 
·l.l' 

lSll.,ATE <l,) • 

0.009 
O.il4 
omo 
o ll• 

"" .. 0.611 
0.}61 .. , 
0.4'19 
o. 701 o,., 
o"¡ 
"-"' 0.4)1 

"· '· Validation o! !he Formulas lor PW 

USIDUA~ IZ, • i,) ... 
.(1 Ol~ 

.(1 OJO 

o 011 
.(1 011 

••• 
.(1,0, 
-{1.110 
0."1 

••• 
.(1 OS! 
O.Oll 

·-~· •lo)¡ 

lo "''eh ~e lh< r«~~ """ formo b• for tt .. I'W P"'P"'"'""· 1ho pr<dl<. L<d • nd h•nd
~"d"l "''"., el '" oddolkmal l>mplo .,...,, ootnpmd. T o obt••n o num<•ieol mou1m fot 
lh< ''1ou.ln<" ol fil," o''¡» Slo\o>li<: "'' <>kulo"d for <a<h •ddolloNI Pll'llilm, utd lh< 
<oor<.p<>nd•ne prot..bdny p, of obi<T'i~ • dolf«<..,< ., lo•!!< ur t.<p< wu obtaio.d. 

11" "'""u> hble U~ .. "" ''p" '"'"' lor eoch pr<>aram, Y <omb'"""'" For uomplo, 
lhe pwb.btlu~ i1 app10>1motely 0.09 thllt o <lo/leron" u btJO 01 lor¡<r tb•n lht ObS<md 

· oloOtt<n<t h"""'" Y, •ntl t, (pi< dicte<! Y1 1 cwl<l h••• ,,,,i by oh once 1fon foot thoy 

~.,. ""'"" looon lho '""'' rorul.,lon_ Low poobobohll<i ondo:•to "roo<" p<tdi<tion 

Th< qut>ll!m of whol p uluo 11 ''uyufi"nt" 11 o d¡ffkull """ lo """''- Con><n

'""''lly, """'"""' hi•< """ O 01 m O.O'i 11 tho cnucd 10\ld. Tho sm.Uu 111< ¡,..,¡ 
tol.rn, 1he (<,.., mo11 of tht fo11t ko.W whodo con be made (Le., laYtn! lhit th01e " o 

doffeo•n-:< ""'"nono euO>). !!""""· th< ~molleo ti>< l<vel, thc 1>1101 11 lhe p!Oblb~lly 
ofm•<n•g on moto/ l)oe O<cond kuod (<.<, '"Y'"3 thot no d!ffOJene< '"'" ..-hen On< 11 

P'"""' t A,-.,,.,,.¡ analy'" '"""'" "~' nuo ''""""' """lo»"'"'""'""'"""""' of 
e«·h '""'"""m,,¡, 

1" '"'""'"' lh< p "'"" <nlo • '""1!'' "'<<>11 mUIU!<, ti>< (fal1<) uwmpiOln "'" 

"'-'>k '''"' th< "¡" '''"""' • "'"' ond<J><!Id<nt fnol '"'' bo<:Jo" ol o he <ommon """"'< 

' 1 • 
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of o1). W¡th thla ....,mpuon, F,¡,.,·, method !SI for oomb<nlfll p10bohohuu coutd be 
opphed. Thio ton&Un of calculo un¡ 

• e•-1L: l'np,, 

•nd compO!Ifll lha •aloe to • cho-oqoor< dllhi'ouoion "" h 1~ <1<8<«> o/ h«d<>m The e, 
'''""' (r ~ l, J, l) co!IO<pondrug tu r, , Y1, •nd Y 1 ate 

e, • us 
C1 • ISA! 

e, • 10.53 

Sinco t~< crulool "'"'· '' • llJk l"ol uf ~gmf"'""· " 1 J 4, on!y e, con be <omicl· 
<l<d •• b<on11ndoall" of o ¡><>or fio, Tho <»er.tll e of H_7Q u boroly 1"!'' th"" oho 10'1, 
crotiCi!lnlut of B.J. h m~l be nol<d 1hot ""'$ldgl< p.-o<locuun ;, te'!">nllble '"' !j'J. 
of th< 101>1 C. The <lolferenoe for Y,, p.-osr..., 11, <onuobuoo> 9 !1 ou <he '""' 
fJommaUfl! oluo y~<ldo 

e', • ó 2t,.nd 

e· • !u~ 

SitiC< lhe ~ li&f>of~<oncelevel for e'" l1.J, th< t 1 pted""""' "' not "'"'f"'"''Y 
doff<renl ftom the ocluol m<UJ«OIOOI, S101<d doffeteolly, " op¡><m 1h01 ( ( / ( ~ nf l~e 
p~<docoions '" "¡ood" In on ovo,.n l<n><. ltow<>«, 11 "nul "all ""'"-"'' "h" rno~l D< 
"p«uhor" in lht ""' 1nolance. 

U. G. V•lid•dom of Formulas for MW 

A<li"' on o ruu<>Uon ofTo~oy, U>< f"' p10doo1<d Z nlueo f<>r nch of !h<, u111"'al 

14 p<os<>mr wete ""d lo rry 10 '"""'" oomo of t110 X "'"•M•• Fo. u•nr~lo, for '"Y 

X 1 , a "'"""'" equaunn of the fmm 

• x,. • ¿ 
.~ 1 

"'" d<temtilled, "'"" k • 1, · · ·, 14 tlsuog lh< domc<l b :•:,. "'"""" .,¡ A " r \ 1 ¡ 1 
could be colcul"''! S~umd coml•uun• f<um O.ló 1 fm X ,.1 lo O ~~ ''"' J ,, 1 ""' 
obl,;,ted, 1ndltiiiOJ wi<le ,.,l.ibll<ly on o he •l»luy lo p<<dt< 1 """"' X"'""' • 

po-oungly, ther< h no ugmfl<>nl dilrer<IIO< on th< pt<d~ "'" ohohty e:·~·''' : 
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mduJOI!"' oot má 1 rhel "''"'ion e<¡uotroru A non¡>onmctuc rank '""' tGJl 
yrold<J • """"8"'f"' lf<r<nce (2S%). 

In"'""""'' tho,. 11 11111< Mforme< l><twun the obJIJly of tiro <quotlono (ooloulotcd' 
lrJm the Yr for propnto 1-1•1 to pr<rll<t Xs ¡,.tite onpnal .. 1 ol14 ur &n odditi<mol 
~ r ,,¡ foor ~o.Jr ,.., otlc<r<rl. In 111011 ,.,., tite "<>trome" progrun appco11 ro be 

!'• -'~'-"" 1 '· Surce thl> l'f"'latn ir on ,.uomoly lorgo ...... haun~ 1611 """"' natommu, 
'-" ,.. <1 "'"•'l"""lly "plun tito poor fll. (Tho pro¡.-un 11 tltelar¡eol in PW, ono·half 

_,,.,, '''~" tl .. n tho n«r 1otg"t prog"m) 
1 h< ,....,¡,. .,¡ mne procumr ( 19-l7)1tom lhe MW .. 1. for ><lo.;ted X o prodict<rl by 

ti•< """ p•edl<<oon equm:rn l$ ti>< "'•rnall4 (from tiro PW .. ,), wtro oouni..W-
1 '''P' for X11 • whrch appu11 to be o ""poor" frt. lho oqu&tron• ,..m ro p.-odi<t Xrln tlt~ 

. ,. : '"''"' " woll 11> tlrm,o m lho orrgrn.J ''". 

11 1. O. Smrcwrtd Pr0gr1mming .,d Cll<ity 

T o ohwn o num<rrcil "''''"'' of tho "'"lonslüp l><tw .. n COTO. ond domy for <he 
I'W rloto. •ho ""~ "'"' """"' (i<< (61) 7'. w11 "aluo"d fur tho .. X •oluu &""" •hon 
'" '"" •he lolluwin~ ,.,.,¡¡; 

x ,. •o 
x > •o 

.. 
" " • 

A• n11~1 b< e>poctod frorn lho i>t80 drfforence rn ovmge rank•. tho <<>II<Spondm& 

"''"'"1 ""aNo 

n • (l121·01·111/l)/rqrt(lJ·99·(1!lJil)) • 4.9, 

"'"l' "ll~<lficont Tl>o concluoion from thl! '" of d• .. 11 theroforo, lhor program• with 
.\ S<"'" 1hon 4() com< fr<>m o popullllon h»ing iw cbrlly rlron rhose wrth X 1«• th.on 
or eqU>I 1~ 4()_ Tlror 1$. llt....,IU"d ¡rmgommrn¡ dou ,..., lo ir< oaoo:ilrod wnh 

"""'""~ """)· 
lo o"""" do<'""'" to l'ffiich clotlly 11 r<la><d ru <ho numir<< ofCOTOrg.-"'" 

th.m 40, o ton k <<>tteiOIIJ>n '. w•• colcul•«d 

'• !·(6·t~Z)IflJ·tM) • 041 

,0, """P" """ .,¡ >111> "'lu< wuh T oblo 1 O '" l'onu"t 161 ohow! llul tlr11 comlouon 11 
)"'' ~gnúonlly drlfmnl f<nm O<t the S% leve!. Tire(•< l<o1l t<ntOI,.<) conclusion Ir 
lh<1tr<11o lh>< poow clo11ty 1> ''""'"'red "'"h PI"''""'' of mar< Iban 40 COTüo. 

A plol .,¡ tho numir<r uf<.;OTOu"'"" tbo p«J>Ci<d cl..-ny 110l.i,.. r, fo• lh< MW 
P"""""" otv .. loJ • rllrkrnJ rtmilorrt~ wllh Fr¡u« l. a ... d upoo th< I'W on•lr~•. • cut· 
ull m1111h<t <>f ~ll wo. 'h""'" fu¡ 11>< ''"'nh<r of GQTO>- The ronk ~~~n !1>1111..: T' W05 

th<r<f•~• '"'"'"" for <Irme X valu" '"''" than 40, wll~ the followmg '""'t. 
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1 

¡ 

AUT'OMA riC CUALIT~ EVALUA T/011 

~·.trrGORV 

;r ,. '" 
X > <D "' " "" ~ 

lnter"l'ngly, lh< <alto betwoen lh< m"l< ""~' ( 1.~) " alm"'' the "m' 01 lh< '''"' for 
the !'W pro¡¡runo ( 1.8)! 

Foo tho MW data, lh< co.-«s¡>ond"'' norrnol vor!oble 

n • (15844-76 · (tl4/'l}/oqn(16·1Q8•(274/I!II • 16 , 

11 al>o ot¡nif~<~.~~r. Conflmnq <he conclu""" ru<hod foc tir< PW do". rho "W P'"t'"'"' 
md"llo lhot tho~e ..-llh moro than 10 COTOs como from 1 popubuun ""h lw cl .. ny 
lhlrn lhore Wllh r.,.. .. The ronk conoloüoo 

t • 1- (6 • 294!0/(76 • 76-lll* OóO 

ioolsn irl~ly Slgmrk•nlly drfferonl from o_ 

lho •g"''"""' '" tho "'"'" from the lwo l<ll<>f<Lita i> ''"Y «>mf~llin¡. On a 
¡rroportlon•l b•~•. tho MW PI O!"'"' hod rhr .. '"""'""""Y ¡rrop•rm wllh mure rhan 
40GOTO. "lb' PW !'"l. To 11)' totn .. IUI< tlreeffoct of 11>< nu1nbr~ ofGOTO•un 
¡rredr<t<d d>llly, lho Y0 •olu., ~,. ronkod. u .. tite ~~mallen (brll) Y, ,..., 'Uill"'d rho 
ron k l. the n«tl¡'l"l l. <1c. E><h of rl1e obs<r>.rlun> m ,...,¡, "' ('"'Y 1n rhc I'W ><tl 
"" ¡lven > U!IJque unk ( 1-1 1 1) lh1> reohnique '""""" 1h.11 th<re 11 , drsl!n~'"~'•hle 
drff<«n« b<lw<<n. uy. Ll R-!827 ond U 9911 (ptogllmo I'TRT'S~AX 1ml I'MPI'II.I,OC 
reopecUvdy). ol>d th< furm<! i$ '"ir<<lor" rlwr tho bliO<. Cl•01ly 1hio ....,mpuun 11 nut 
rruo 111 hJhr of !ho un« ~dnty iOUo<UI<d w•h pr01lrctrn5 '"dmty ."' 

To "'1"'" rht effoct of lhi• Ot41Jmpll0n. '""""'" mothods uf tonkt,.. ... ,, ""d 
Hnwe•or. oven whm rt WOI ,,.umod !hot only rounded '""~"' wm dl!tingur;h•blo, 

lhoro '"" ,,..ntJally no diffor<n« in th< "'"¡" of the onal¡ '" l '"""""!l¡·, "" "'"'" 
""" "tubo~l"" to lhe motbod of r&RIO"';. The U~Umpllon thll, •llh only th«e prugamr 
("Y). wilh Y0 of l. 4, S,lhey.,.. '"foco In lho 01der 1. z. J (• • .. 2 11be11er th011 4 a 
ir<lrer thlll S) " ther<fO<O rufficienr ro y><ld tito '"""luolon< of tbe '""'lym. The f 1 wot< 

11nkod befo« tbo ••<IYII> "'" millo lo obtam 1 knt>wo drunbu """· l ho ron k '"'" 
""l•!lc T h" • knuwn di>lnbur>on 111 !<ptdleu of rho unde<lyrflll •.Jueo. n•umln¡ .,ni)' 
rhar the •oluoo with drffol<nl 11nkl m "di<tlngu•>ltobfo_'" A1 d1<1wn ol>ovo. •hir """"'" 
•w<•" ro be .,,,r,.d r ... 1hu< d>u "'~ 

A plul ,,f 111< numir<1 ofGOTOrYO Ú1e 111:1uil prodrctod Y, S"" on '"'P'"'"'" ~,,¡., 
ro 1h01 ob..,ned hum Flgu'e l. An •ddJtJonil "udy (fu 1 rhe MW ><t) normolrl<>l "" 

"""'""' of GOTOo hy th< number of "'"'"' ""'"''"" (" • "'"'"" "' P'"i""' ,;, •) A 
plol lnd~at<d 11,.1 rhm •P!I<'II lo be ot l<>ot " otrun¡ o feiOioonohrp ol Y, "' '"" 
ll<J (;OTO, •• unnormol<l,.d. lo qu&nUfy lh,., IWO ""' sum ""'· "'"'J on m' 
!1<01" •han O. 10 ond O 10 ,..,o p<rfowmed wirlr <UII<IfhlRdlfl<! 001111. '""!•'< 

"r • (11Jhl-ll4 ·(114/1))/>~11(11~ ·ISLl (C'~IICII • • 

' 



""' 

~h• h ,.,. b-•th ><ry "~ml•·onlly dofwonl h""' Q, '"~ qoll< .:omp.mbl< '" tho .,¡., 
.,• .. "' .-1 • : .. ¡ '" >h< """"'""'"'J ,.,., ,r>J lo c.<h "''"''- Tho ~"'"'" ol whKh 
'"·''l'" ""'"" •rt""l'""" (id.:,.nt!l Jo<> nol •PP"' 111 1>< • >1mplo un< lo'"'"'''· 

r~n.;o•v ~U\IhH "'"'<,;[MAN~ 

Mollu 1° "'" "" " ~"'" ~ "'" 1 )4 '" """ ,. "'" ¡¡; 1) 1 ,,,., ~ "'" " l" ----

111. E. C<>mparitono of FunctoOIWII Groups 

1 ,, ''"'"" '" inJi,:.l'-'0 <>f <ho h<>n"t!<O<ll) <>f 11>< dlll<r<ol ~roupl, oh< "rlo,.nceo" 
1"'""" JI r•or• of Pl"t!<•m• wllhon o li""P wm obl>tt><~. bo«d bpon lh< pr<dJo.l<d Y 
•.olu<>. b) the foli<>,.lng formul• 

> 
',', . ,-u L..-'.i'IY,,-1¡<)' 

> _, 

,\l>~•••;h oh< d,.¡¿ "' ""' P""""d hm. '""' oppolt to b< ,,.oor ll>r« P'"ll""'' "'" 
"' """""l>l) •P." frum oll othcr, on <><h ¡roup. 

) " <>>luo<o >he ''"""''¡ "i"'f"'"" ol !ho dtU«<o" ob«n<d m lile "'"g< 
'"'''"~'- ' Kru•••I-W '"" r ""' "'" "'" ''""I"<J IL>r ,,.¡, '"''"'" ul ~u•ILiy. Th" " , 
"""1''"""""" ""1"'"' <>f oho ao•lym ol ""'"'' ! '1 . lh< 5'; '"'"''' "'"' ( wLih r,,. 
"''"'1"; "~ 5, wh><h mdl<al<> th<l lh< "'"" r>nl<o '~"<>punJI"l! lo <><h qu•h<y mea'"" 
, '·'ó"' .1""" "hohll on """'!1 ~8n>f,_,,., dllf<r<"'-<. "-ppmMiy, th< I'WT ¡<wp " 
"1-,-tt,-r" '~"'' lh< "'h"' "'"h '"P"• 1 10 )'1 and Y 1, ond lh< t'1l' " WOI\0 Wllh "'1'"' 10 
) , '"J (, Ono quJOIII•II" """""uf lhll 1< "obt>mobl< b) <i<l<!or>g lhe domnl group 

·"' 1 "·""''""'"~ 1' bo><d '"' <ho '"'"J ""'' "'""""' ti"" ~'""P' TI><" """'J 
.,. ' ''' ""'' >nd!W<~. "'"" ti" l',t ""'"' T '" lhl> "" , 7 .~. wllh 11" pus:.Lble 
"-'1""'" ul lh< )', unh, lh•l !ho '""""'"' ¡u¡u~> on <;.h ""' <.u'l 1>< '"""d"'rl 

"'"""1'"''"" 
¡¡,-,. "~'lh "' '""" '"' '"""Id h"l'". I'TP t> • l"oJ~or< "" !un,"""- Lh< >yllooo 

,.,, '""·''''" '" , ,,,,,.J ""'"' ~·••• 1 .. ~ qo.l»l "'"' ~"'· ~wr ", '"'"'' "'¡_,,,. 
i'' • • ,.,.,,,. '"'" """ '"'IL o¡n;lny ,,.Jo wuu IJ lo< rl<>llobl<, 

AUr(IMA TIC QUAUrY t VALUA T/Q"' "' ACKNOWLEOGEMENTS 

TI<< oH!~) tou~ • ouo,¡l uf'"""' ''"" p<1><1U-y<a<>, n><I"J'"' oh< olfuo 1> ul V. L 

BtY>or ~ ho h•nd g"<l<d ~'"'"m' 1 5-1~. R. S Roch11g "ho P"''''"'"m<J mo.h uf '"' 
J>y >n.o!)"'· ot>d M!> R. w .. who p<lf<>ml<d plollm~ '"~ <>lloeo "'·""'', oú, 1- .\ 
\' "'~'h"' U$ 1"!"'0111>1< [O< lb< oyn10 lf"<lfi<>IIOO of !he 1.1 [" 1»111" 

AEHRENCES 

1! 1 f A>.,•m•. • An Eu.,pl< ufSoho« ¡,~,,. D< .. w.,." 1•1·~ ... ,.,~ h , , '" , , 11 
l<l·l<(l,l)_ 

1 l 1 J , 1> <' '" u1 1 , N"lr.J>"'"""""I S«ll"'l , L , 1 <1 1 ·ll <> , ""'~ • 1'" .. , 

IJ] G \1, .,.,,. .. ,,. "Tho f"'"""'" ofl'"""'' .. P>u<••m"'•n. '"''"'""'" <,' ¡ • ·,• ,, .• ,, 
ll·U INo•""""· 1 !'11 

1• 1 D ~ o.. ...... ""En-, •• '"',..,.. .....,._..,.,c • ..,.._,_. "''"""~'- ,_. "' ~- .. , .... ., 
'""'"""' Co.ofm•«, ll9-l! 119'1). 

1 >1 "'· A, "'•lho, "Como"'"''"' "'"'"'bolll~o ""'" '""'"'"''"' \"""'~'"' 1 ._., f '""''""''""· 
!Ot,.4ll 

161 W, J. Co"""'· !'>.coi«/ N_.,.,.,."' S"¡w~o. l!O <~<• '"'' 1 ,,,, ~ '~• '"' 1 •'-" 

¡;¡ ..... lll. 
1•1 .... _,,,_ 

1' 1 "' o,. on '"' f "''"' , .1" '""'"'""" '" s,. """''' .< "'' , "' • "" , ~ , • l .,,. " 1, . , • " -1 , 
ll Gl C. B<on<LI ond ~ > '""'"' """""! A11ol¡ lll '" (~'m""! o•V ''• (..,.;.,.~· '""'"''• )!; 

11 1 1 U, (;""'""" •"" R. f. Tuo, "Qu.oll"",. """""' f•o [ ,...._,,.. '""';>-"« ~~~"" 
,.,,.,_,oO<<- o R<.Kw ood P1opo ..... " Stoni!I<OI '"'"'""" ,..,¡.;..,_, l "-'""'"~ 1• 
..F'"""'"·UI , . 

11 ll S .S [GUARO S,..,.._! lo,pl<m<O<, /J$rJ IM.,·)•"' 1 •ll< 

-
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DATA TVPES ANO PROGRAMMIN( 
RELIABILITY: SOME PRELIMINAR'l' 

EVIDENCE 

J. O. Ga~""~ 
..,.,,,...,, ol .,..,...,_ -..... • 

..,,,....,,_ of ... ,,.,...,, Co"- F>u•, MD 

Th<jool of "'~Oio "'""''""'"'" ~ lo m'""""' tlo< nnmbtt ~• <tN< • on «wn ... ,.., ., .. , 

1o.,...,. .. w-_,.,., .,, •'""" "*" .. ,. & "<"~"""' '"'"''' Od , ... "'"""''' uf .... .............. .,._.._ 
o...-·"'~~ ... ' , .. , ... ...,, ,..,...., .. •'""'"' r.,,,'" """' .,.,.,,,.,..,. ~ '"' 

tll< doto "''"· n. .. <r¡><o ""'be """'""' """"~'<'"""In ... of ,.,., "'' ..... n, u 
lk<t,.,.tooo;Oy"'"'"""' ''""'"" '"""'""'"' ni,,,, .. , ot ""' " oll •• ., .. ., .. up.rood• ,, ~ 
tlo"' o! bol< E.oth of '"'" m<OOodo ••• >dh""" '"'" .. tho d«~"'" of ""'"'"'"'""' '""" 
''""''"''· üu~ ¡, '"'"'" '"""' '"' '"'" ot '""' '"''"'' un tho ~" m ~•,.·• r~•rl< "'"" ,.. ...... ~ 

Somo "''''"" "'""'""" lht <IT«I of lh< '""'"' """""'' of ,,_~""' o "'~ "'"" '" • 
<on bc ,..,.. by '"'""''"< tho t<><ol!> o(" ""'""""' """' ,,.,, """ utb<t ,,,.....,,. ''''" 
n. ..... ..,. ......... , ... , ...... ,¡ ........ ..~~. """" _ ..... , '"'""' '" '""" ...... ,..., 
,,..,..,., ~o>q.¡ ...., .,""' ,.,,.._,_ to ••• "'"'" ""k'"' 1) "'" _,.,.., > """"•mo« . .,,_,. "'"'" ......... ·-·"" .............. '" ................ '"""' '" ... ,.,~, . 
, .. ,.,.,,..,. .... ol ... "P<""". '"'"""'"" '""" ''" "" """'' """" !h< obd"> oO """"' 
00 •1i0o "jgbl!f 00 1 ~0100" •hKh '""" '" _ ........ , roiJ<' t;;o> of hot < 0 

n.o •"""'',.'' "''' "'""" '"'' ' "'"" ''""'" '"'' '"""""'" "" '""'"' .. ,., "' '~'"' 
'"'"'' "'lo.,,._. ''"" '""'"'""" '""" Oh< ml< <>1 d.oo 1 >P<• m hhol·l< '"""'"'""'"' ' "" 
f<H >u<h on """'""'"' 1< '"'"b<d mOho"'""· 

l. INTRODUCTION· 

• 

Mauy opproocl•e, "• l><in8 l<i<d lo in«••" "'r"""' ,dr.hlluy: •orincu """ lh• 

ptvy•ms "' mn~<lcnl w>th tlocu $po:<ifu:.otwns; cl"'<lupu>'nt uf"'" of '"'' '"'><'• '' 
poo.,~on of <<dunJ•nl pto>¡uom on<>d•l<o. f .. ch of llo«• ll>eti>udo "'''' "" ,¡,. r · ''" 
,,., n .. tl}·ron«c< !'101:10"" ""'"be r<odu«d , .. J¡Iy. 

Thr -· of "lubl< P'"J'•>nmiotg " 1» 111101/Uif< 11>< uuo11/oo< ut <IIVI> on o~llo¡.,.;l 
ptaJf oml. Allilnillj! thh 1wl m>y in...,l>< «Jo,·o,g "" uun1b« <>f "'"'; • """""'J 
I"OY410D>Or> •nd/o¡ IO«<I1in8 th< f,.<tJOn 1>1 "'""lit" a" d<le,o-•J JloJ ,.,,,.. '··J 
1<-<r,,. tho P•"J"'""" ,f • r,,,.¡ ptog"'n. A rr'"l" "" '·"'~""'.<•' J,·"l'" '"'" "'""" .,.,,. 
bvll• of """' gu.l>. 

''"'"''"" or.t Sr"''"""'"' on<·'"'"''"''" ,.,,, " ; '• 
'"'''"""'""'"""'""''······1 , .. ,;• 

: ;1 



COMI'UrER SOFTWARE ENGINEERING 

ll. DATA TVPES 

1 J,¡, typ< P" lttron• o_ ·"""' '""' c1UitO m whlch l!lo o¡><r:UIÓI '" troa!<ó •• 
pr ,.,,.,"'''by "P"""" 1>1- Data IYfl<' ofler IWO pronorrol o<l .. nU~" rn • proEramrner: 
''"'"· """- , 0,¡ ,urO<ntJ.:orion 1~1 . TI>< obllro,ll<>fll (Morriú secr<cy) off<"d t>y dal1 
l)'f'<' ,)low , propammor lo lhln~ in lorms of hio 1pp~cauon ,.rhor llltn of lh< dwao
l<mll«r of lh< mochil><"" .,hielo hio oppll<lrK>n will run. Th110,lil< p<opamm« d<alo 
wuh duro<tm 11tll<r tluB bn p>!lor<ll "'"h"' • v.O<d and witb mollicn roth<r tlun 

>10103< '"""'"'<>u( wordo_ In 1Im way. obollo<Uon bolh aldi lh< p<osmnmtr In 
, .. ct1111~ 0 ioluliun and pr..,.n,. 1ho r<ov•mmor from wnllng <0<1• tlul dopen do up<>n 

• ~""""'" r<pt<IOOlOUon of hro O. lo, th<rotly pretiudmg rod.,ign of lh< ptoJrom. 
Lin<o•P• ourh aoCI.U [7] ond ALPII!IRil ji O] aro bomg do~gned to off" pro· 

JI";"'"'" "" bonofm nf •b•tr•<lion by hmlllng tho a.-•ilabilny of 1nfonnallon Óboul th< 
"P""'""Irun of dm, Aulh<nucalion (1! .. lyp< chocl:.ing) provenl¡ • poosramrmr ,from 
lll<mpoinl ,;pe,.! ion> on oporanJ• .,hi<h t« nol v;l)jd r<pt...,!1lon> of 1M oporando h< 

""""' ro pro..ou (< 1 , addotoon of Oool<>n .. lu<1)-
ln apropan~<~~~n¡l.an~~· • .t." lyp<>m.y be ...oci.otod w!th op<l•nd• in one of 

lhr<< ,...)'- uant&!ly; dynanu<•IIY;"' nol ., oll. ln a '"u.:>.lly typtd lan¡uap (q., 
P,o..<;C Al ). 1 d01• 1ypo 11 IUO<III«< wnh a •&r¡,b!o in o declor•'"'"- Dwlfll. 111 ILfonmo. 

til< ..,1ubl< '"'Y only b< '""~n<J ,.¡0.,of 1he 1ypo "'"" which il ""dod.Ltod_ In 1 
J.<n.: .. ~<lr~o Cf:DANKHl or SNOSOL, d&U lyp<> aro ''"'ocratod wllh a varablo dynam· 

"'"Y dunn& ,,.,ulion_ Th< lyp< of "''"bl< " th< rype of lho laol ,..¡.,. "'ign<d lo il 
OCPL ond MLISS '" callod "lyp<l<""' ),n,u>¡¡<l. Al i1 lh< "'" wl(h nr.a..!rrno codo, <ach 

"!"'""'' lo "'""'J"<J lo b< o «>11«""" of bnr (uo .. lly o wocd in m<mOfJ'). Whon il io 
•rri"J ro op<ronJI, an operotor a>OUO><I lhlll 11>< bi1> «pr<IOnl a '"''"" of 1h< lypo lhat 

tO. "'"'"'"' nuy nunt¡>UbiO_ !ol&ny bllf"""' do MI fil •••11} In tu oM nf th<lhl« 
,.,,~""" r ~• oumpl<, Al-GOL 60 •rlll P)../1 "" Pflrtl&lily '"lical1y typod """"re<
Hu ... ,,.,. ALGOl- 60 don""' t<qdite rompl<l< opocifrul><>n of 1be "~""'"""o! pr<>ct

du«> anJ !h< tJNSPU: operotion uf P)../1 ol1nw> lh< 1ype cb<d.ins modurnlun lo b< 
>•b•woJ. 

n>< Lype '""bul< '" lh< d<d""'on• of <tolnooUy lypod l&nsuq<~io an eff<rlivt 
h>rm <>f rcduudonc~. ~"" th< ,onrexr uf ooch ap¡><aranco of on operan<! lrnphO> o 1ypo 
"'"'h c. o b< ch«k«< ag>rn" ito de<I01<J typo. Furthermor<, !hlo cho<lrng can he per· 

fo>rmed &! comp•l< tuno. H""'',.', ptopontntt of dynamlco\ly lypod l&llfUll" argu< th31 
d¡ n.~m<e.ally lyp<d Lon¡u;rg" '" roore tuitabl• !m ptO">mmln¡ bo<t110< of <h<lr flo.i
b!lny •n4 u• of rmplomonUt>On. H,....,.,. ouch bo¡u:rg" '""lt IR P'OJ'""' lbot 
"<atl< olowly. r.toro tmport..,lly. crrors "'""d by openloro 111.-ina operon.h of 1/rt 

wr~ng typ< can only bo J<l«lod '' ""' tuno and th<n only if lh< oodc con,.inint lh< 
error 11 <><culed, o eondnmn llu! o.onnot bo uourod b~ t<>ting. 

r.tany "<y¡""'"" longLI:IJO> 111>< boen oy&lomo lmplernonlltlon l&n(ti&&OI, o"nt of 

~·'""' uh¡<cu•" 11 1o ullh><lll tho <.Of"bilr!kl uf lh< m•chrn• "n wiHoh 1ho langoal' io 

mrpkn"•"cJ. 11'11llr ~~ 1 ""'' t1ut lh< """' fr<quonl ""on for do•llng wllh lyp<lc., 
JJI• "lho ""J "' 1'"" Mfmn1 ~.nJ> of mf"'""''"'" inlo • >~ngi< wu1d whido U\< lan
'"'g' r<ll'ldl u on ¡,,.¡,.,srblo <ntny. Wor1l1 """" lhal '"'h probknu "" be hlonJied by 
m.ludmJ ,,,.,,.).purl"'>" run!lru«o 1r1 ,,.li.::rlly IYptd !a'lllWVJ wch " P.UCAL"o 

p.¡, keJ """J' Allhw&l> rh<,. •Jdllrono '"""'" U>< >olum< o! lh< l.ai>J.,.J< ond .:onr· 
¡>lr.·•l< ra '"'"'"'"'· thoy Jo nur ,ro ... -. rho lin•plra1y .,¡ liL< long•"!'· Ni>l ,u Jeugn<'> 

o·t 'Y""""' "'"I•IK>n ''"t""~" ''"' oo lh< neeJ fO< lyp<iou 4•1•. Th< de>r~'" 

' ' 1 
1 

1 
¡ 
1 
1 

i 
1 
• 

1 
' 

• 

DATA rYPESAI'IDPRDGRAMAioN"' 
u ELIABILITY 

of liLe SyStemo Lo• 0 • • "'l' or <OJ<<t s .. daunod 11.,1 1 
-'lnY•«r«n fo:loJieol<rroro wllh!Jl lh ! ] Y PI' ch<dons woo tho mon 1110fo 

lfa1an,.,,p io1o hovt doto lypoo, ~:;;:~1 ; • • 

""ronswll1 bo <xp)ltil tlr imnliCJI ¡ 
0
. g g de~gn., '""" dedd< Whe!h<r «<R· 

d • 11 ' · mp rdl """"'""'"'oro b hl yn>mJ<:a Y lypeJ ilnsuog., lhon io 11 (' 11 pro ' Y"'"" ,·omroon '" 
Jynamlcally IYp<d bnsuq., !"Ovidoi; ":" Y 1YI>'d longuog.o. H""'"''• .,htlo "'"" -
(<.¡., l t ')' yroldo 6 in SNOBQL) 0 1 arfhdt 000' 0" 00

"' "h<n °<C<IIory •n~ puu¡Me 
"""" of rile daodV1n<a,a" of """'ic 

0
, '""' 

1'"1"'8" do (•-8 .. APL)_ Uu.tr< [b] liSto 
"' r COI\><>slons: 

(1) !ncotroct '"Wt1 110 0¡100 .._ l " 
1<> loco« 

1 
Y """ 110 

lh.tt '" """ m• y b< •no" o,flku! 
(~) Thc tnofft<ronry <>f th< con .. taon ¡, ofltn 1 >lto,k 
(l) Tiro d<fm1tlon of rilo lollglla,le 1 '"""'~""' lcomphc>t<d b¡- lh<cui<• fot lltr¡>h<lt 

F"'m lho pr««f•--
"" "'"''""""· 

11 
...... th.ol >1111<111 t 

"""'""'"" offer lhtad"""'" .,,, .. , Y Yp<J bngwg,. "''" -.,l><it 
0
¡- ~ luoctron ni< ·tu -

r 11bloerror d««!ion. Wo would hh<o de ' "'""" "'d the <orfro>t ••d """' 
!u" lhb p<Operly. momtrale rlu1 ltor«.!ly 'YI"d ¡.,'lio,.g<> 

Uf. EMPIRICAL EVlDEIIICE 
, 

Wo <;~nnot "'sially pro,. u..1 ""''""'"' b 
<d,.brlity, rnuch lea d<m"< lh<J 0 "'U•s< fooluro, wtU '"'""" p<<>Jtononin¡ 
P lber """'"' Q """'

0
""""' by""' <mplrx:ol o•ld<nu U..t l<nds 1 " ·l"~- n,.,..,,,. "' ''"" 

' 
o """ ""' Of l<fül< "'-~ ·1 • 

"""""1 0 •m pro""""' (or bd lh "· ' '""" Y ""'"'""lllt< 
., ' ' <roo., rn 100¡ 1,"""""' 11• __ L wor •n '"m'"' rh<,r~camo '' - < wt ~'"'"' '""~'"""'"" 

So -.. 'Y""'' '"' •vrdonc< """be prhorod ~ ' 
0100 p;lrll,ubt brt(Ullp do,gn doci•:: ¡: "~'1 """~ wt.J<h rnMu"J llr< dl'<ch "f 
"'"" nt.1d< by 25 ru1onoOiy" d J · "hf>Crrrnenr '"'"'"d o""'""g 11,. 
Jrodu11e ''""'""· lndudinJ !'llfl~:n~< d p<<>sromm<u (g<duot< ;ood uppor ~e,.¡ "''""· 
''"Jll'8<> !o "'''" twu "'"'' ~~~ (IJO..~~~~~ """ 

1
,.¡'""'•1 upe""""') "'1"8 '"" 

Tito two bnJIIOI., "'" idontk•l<>ce ¡.,. In<>). but fo11ly S<>ph1$1icuod, P'"JI1mo_ 

ll&l<rnont punclllllir.m· --m< , ___ ~. th< nn>< '''"'" f••1uceunru"' ..-hrch ~"' 
t' ~- • "~·'"'"''"•nc<olon•nl>llme "·' 
"'"· '"' programo, ""ich ¡0, 0¡,..¡ cu "'; ''"' C.pr<.,lon "•'••· 

Ulr.llopoohn¡ oyotom. """'""' "l"llllorr>, !ttt\olatcJ, ,.,d "'"'' '"", 

b~0h R!bJ<cl "" 11 JO.on •m•nual fut ,¡,, • 
l•ll,!ua~e ht111><lf n,, ox~rlm<o< I'P"'P""" 

1
"'g"oge '"" "''" "' 1,"" rltc 

Th ,.. 01 "'"'"'Jiobl' lO"""' 
' IJO!rngs uf ti>< •ubJort1 .,...,, <'>mtrtod " qu'"'""' 

fuliuWJn¡ 1ho '""en "h h by lh< «p<rrrnonr<t tor "'"'' 1, ''"'' 
'' anmorappoared .,uh 1 ,_ '""'-'""S lho orroc"' .rtotln¡ !he • J« moy "'""~' hl> P'"'' , 

nol, dJogn<»uc """"'' ' m1nnor In wluch lho "'"' nt.;tcthl< "~ 11 01 nrorroc¡ probkm o 1 • 
'""'·lh<errot"''"ld<o ¡¡ "f'II1""P<<><iu., th•. 

Tu J<torrnrll< th< ~~ """"'"'J unroue-.oJ 
"""'"'' uf '"""'"tl<el 1 h orrttn,.nod <uun!eJ"" 111 ° 1 < <rrut¡ !h•) 

ln!monrogrc"' l,rr,~''"" '"'·•~ 

• 



IV. ERROR S INVOLVING DATA TYPES 

In bnth l.ngu•l'>, ,.,,.¡,¡,, 10hich """ be ,,.igr~<d ' •.due (..:•1"'· '"'~ eiO!n<nh .... 
"'"'"""') lfO dynomkolly !yp<d. l11e typ< of > .W.r "'"'ble or '"'Y olconer>l 10 <>11.., 
m"~'' ur do•ro<1<< de¡>< odlns on ltlo ty¡>< uf the la$1 ,.¡., •IIIJ<I<d to tlr< nr,.blo, lM 
,.,..,,...,, tluo llnpi>eon,.t '" •my no.,! nol conl•in el"'"'"" wilh llolm<~l'n<ou• '"'" 

\ "''"''d ly¡>< uf upennd tn the t.nJ'I"!<S" • '"""'""• 1 c""'h'"'""" of ><n"~ 
.,.,¡ ~u<u«l "loe>. In tht< l"p<l, "' olnll ooty con...ter t!>o qt><a<d--nk>t: ,,1,.,-,. u 1 ,.....,.. 

""'""'"'- Tho .,,,Jfln><nl Op<utton ""'" derm<d fur """''« op<ur•h 
funchon• ~Hf ASE ond RI.QliEST montf"-'late queueo of .. 1<><>. 

RtoLF.ASE (ll<oour"· V aloe) 

plo..<> Volue ol thc <nd uf lh< quou< n•m<d ll<oout<o_ 

~iOQlllc';T (Re>OUr<C) 

'"''"J. U• 

"'"""' ,,,1 MltV<<> ti>< ftr>l volu< uf thc quouo named R'""'"'· !{'""'""'"" 
'''"'"'"'" ul b<Jth ,,.,,. and dy n.unio 1) ¡>ing. ay doclattog an ld<nlOrter tu ho o ,....._,, 
1""!-'•mn>« '""k" •rP<""""' uf 11'1< idenufo..- '" lh< llELF.AS~ ••ul RlOJUL\1 <-. 
"""' 10d p.a<amcl<~ '""· 11~"'"', to•e '"'Y'· lite qut"" »>0<11l<d wnh • "~'"''' -
'""''"' Dul~ tnl<g<r o.-.1 '"""""' •·IU<>. Oe>pll< ''"' pt<StJic< <>1 mHoo.ll~ ''"'J 
"''""'m th< ''"""'1'"· "" l)pe '""•'"g ;, perfu<n~<d untt\ '"""'"'" """" 

On S 1 <; '""' ul ~""'"""• JQJ7 """"""'''" of 124& «<un ,...,, ,.,,.,.,J_ 111 ·-· 
405 <>«'"''""' nt 1 r n "'"" "''" atntbut•ble "' "f'<'•no!• r .. vinl '"-'rl""l""" ,.,,. 
ly¡><¡ T•bl< 1 '""'""'' •l<t,nled oun>mory uf lh<it orru!i. \ 

Of thc 1 1 Ir "'""· 1 ¡¡ < (lyf'<> 1 .q. t ~) Uc<u«ing un 329 o<c•ti""' '"'"I><J """'
"'"""' d.ta ty¡>« cuuld ¡,.,. D«tt <lte<~ed 01 <ompde time. Twel>c "'"'' 1 •>t<• 1¡¡. 1 11 

""'"" tng nu '" """~"'" O<•ttld UHiy ¡,.,, Deen ol<t<Cted >1 IUil lln><. ll h '"''""' .. ,. 
"''" ti•< lar~ dtlfer•nc< m u,, 1"""''"""' <>f <hesc .¡,,.., ul' '"""' J. 1 h '""' "" '" •• 
"''"'''"! "'ll<Uily lyp<ol <'\>etanJ\ "'" "-JJ run> fue ""'" m•ui•Ut~ dytu<ru, ,¡¡, o, <"'1 
"~-" ,,.,¡, Wil>t •••d "' '"''""""""' ,,,,[J be <>v<<l<d from compole "''" '1 , ... 

'.' 

,\ 

> 

DATA rYI'ES AND 1'/IOGIIA.MMING RfLIA.B/LIT" 
31',· 

TABLE!. rn,.,.onnu.,,, 
~RROR 

NU>IRI.R -OWURR~hCF~ 

w ¡,,,. r ..... l """""'" ,,., .. 
~~!STHK"I. 

.. O< .... « do! ' ' llJ "" olo .,.,._., .,, "'""""' 
Ul 

,,, """',.¡ "'""'"•' ~'""""'" • • ... ., ,.¡.,.,_ ' " ·~ 
'" ~·- ........ 10 .......... ·~ 

' ........ " "' 111 Al-ltofot<bf< ... ,,._'<< • ... wOk .. 
'" '" t-, .. , '>1'< o!'""'""' 

" ,.._,..,. 
" "' <11 ,-,,. od«tou ol dofl«<>t lyp<O 

>lo '"''""'" n•mb<r <>f .. ,..,.,.,, ' • 
<t> r""'"""" ¡,,.. ,,..,..,., '" " , .. •• 

'""'" " " '" '"' ,,.,., ..... r,., .... ,,., '·"' 
' "1! lo..o~"' '>"P' of """'"• " ·-" ....... ., ... ,.., • " <lll OU>et "" • " '" --

~~ .. ~ 01" tho<rrou "''""'.¡,1 >llllully 1 ped 
,.,,.,!< '"''"' fO<m>.[ par>motet h>tund ,;,. ,,;:""ndJ. titO« In tho r,,, two <>1<· 
~~"'"•'" «liOfOWil~ iltll"'n•o ~,_, > > _, of Ot.lemen"'' fun<lk>nO) were 

_ ·_- ,.. ~• <noto <I••Y 1.17 1uru 
~-~~e moro '""'"""1 >lot<coll 1 d -

""h '""~' and ""'~<~« ><fect-o Th' ,
1

r:',,.""'""d' "'••' CASE <lal<m<nl "'llh 
~ · e ~~- ""•menl - > 

•~•J IF ll>rement~ Ths '""" ••• , · "'•• tmp emented.,, .. ,., 00 
~ nol ""t<ltd """' "~""""" "O'I>comp.ar«J to bolh 101 0 '"" ltme, wlrcn the "'''''"" 

og<r an <1"''' ¡01 "l'""" 

CASEIOF 
1, l: 
"A": 

"R"' 

"'" 
S..,...to aloo anempt<d 10 U$0 11,. "' > 

• m< U 1 feOOUIC< lO l<~e t • ~ 
~"-111« '"<JI liad osed tho REQUf•~ 0 . •• "" '"' arol .,luo m ll>o 

-'' ""''"'"'"obtinlho 0 .....,..,., h•d dlfficulty dt>llnguioluntbotwcen llo< "'" ' 1 '> "'- Apl'>,.~l!,, oh, 
.,.., l•ot uomrt•. wb¡e"' wout.J u lh q ••nd lhe "'"""" ul • V> fu<'" , 1,. 

" ''"'~'""~~uftn>tru,1•un• 

'""'' ''"" lhc '""'<1 Slatem<nl 

REQULST (R""""<), 
OliTPUT (R""""'ol; 

OlfTPliT 1 11.1-QUFS f ( R<>··,,, 



'" - 1 h oon><<uOn> Coo .. rnoo """""" bo<ll..w..l 
Th< "'bJ«tl olw Nd doff><Ul!L<> ",',,_ 10 .., ... ·,, 1 ctwJ.<t<r •>lu< :o •~ tntt ... 
. . •••• ,•--· ,...,.une írom "'"'' __ , 

"''"'~~....-·· '""" •• oboullho ln"F< repr ... olllluo-

'

t ft<>m m1>U<>olentU1uoiiP v~, ' valu<; ond lh- ,...., '"11 ,_L, 10 th< ou"'o<ll ,.., lh• XPL B' • · '-

' 

Th< onl' con•erllln onJ .. o • u' 1 • 
c~w-.·1<1"" ""'· 1 uon ofoiLns)< ctuoroc\<r arsum<nl ' 1 '' 001 1 

""'" ,.. 1 ,.,-~ rot 1uno th< lni<B'" ropr.,.n' ..., 0 .L.,.010, 10 rhe .,_01voltnt ' 
. · ') ' no149) Th•• to <un• "~ llt\1 ,. •J() Bl U. ("J "'" 0 • , ,., ·'·rocter onJ thon '"b'"'' •~• 

¡ th< aYTE """"'" 
0 

" "''" '""!" ""' mort f"•'•PP Y 0 (•, om (0')). NlnelloMI, 0 
L ( f<I<0\11100 Q "'" 'o 

1nt<¡,<r ,.¡.,. of th< '""''" ''P . "' '''' 0~rondobof01< "''"1 tho •-• 1 h BY'n funcUon 10 < • r-
w!>¡<.t> l11l«l 10 •PP Y 1 _' 

0 
n~nd> nw,,. uoors bod 0 pe!itSionto of) ~~ •-

;;:~,·;:.::",';b7,~~;r~~:~~t ~. ··1~10rnati:.o;;::=:d"~'::~Y:,,";:!:-
,_ !lhd•-.. mlOt~¡>IOIWOWU 

~'"'"'~' '" ' .. nguoac "' : • ¡ <; 67 '""' resultod from wbi«" •lw 
~•11. tn oddotion, J ,,,.. wnh 1 ~";:';;:,~ct<r ''l'l.,'"t.uoo of "O' from tlo<~ 
f,j«J ~~ "'bUI<I th< tnl<!'l .. , .. 

.:un•<rl<d "'"'· d d oe<unod ""'" wbje<U l""d'"''"'" f""" ln•oh1!\l d~l\lmle>UY 1~P' Thoporon ,'.,.,.1 molhodl of aiiO!I!\1 lho typo .. 

' 

- • o~ rondo "'., 
"l1<r<d 11" I~P' o '"'""• ,... - , ,. ,,~ .. , ototomona; ond !"'"""'"' , ¡g11n..,nl o¡>o'> oon • ~· 
on oporond on lb< ''""''8'- '" ,. oobloto oooh of lhco< lan~U•a< ,..,,... 

b f\'OÚ wluch wO<< al U uU 
btn.hn3. h'':'' "'"' 0 .. ELEASE fun"ion plooe• bolh <ha.-.cter (<-J-, .,..,...,¡ 
In 1¡,, lullowmaoumple,the R M ""&< The valu<S Ioom th< <1."'._.. "' 
ond ont<a<r (<a, Dr•c,.,d) valu<~ tn th< quouo ' 

0 
¡W. ,nn«)With 0 dur><l« .. , ... 01 

' 

d ~r«l to on oporon 
sub.,quon!IY ""'"' '" <om.- _ h ., "'"JO' valuei< rotno .. d ll'•mll• 

• oom-rllon "ill ,...,lt '" '" ruor" '" 
"'""'' '"' ·-quou< 

Wlnnor:• 'GERONI.\10', 

IU'I'iAl 
Doocard:= O; 

" RF-LEASE (.1\<,..J'• Wtnn<r ); 

• · ) • W·""" THEN · · · 
ElSE IF IUOQUE5T(Iol<.,.l' ""' 

• _ ru1 10 a forrrt>.l paromotor th.l! ' ..,¡.,... -· ... ., . ""'"'"" ""'' '"'" "-""'"" wur <><<"""' d., 1n oporond in o C<llhJIIII•<>n, 
• ' _, lb< p.rr>n"'" ..... - '' ' belt<•<oi tu"' on tn '•· · 0 b 0 1 ~~<lw udgned th< nu e""''"' 

A lliHd onor onvolvO • '" l < ¡ 
""'""'In'" <"01 · 1 od th< voluco of oaoh o th< •l<-

' 

onl nd sui>oequonl ~ cump.ar 
voluo to on ,,.y< <m • . 

of lit< oliO~ U> tero· 

V. CONCLUSIONS ANO CURRENT WORK 

1 <l <rm 10 mdtcolt thal >utlcolly tyl"<l 1•"''"'" 
_..hhun~h lh< ,,.droce f'l.,." ' oe <l 1 1 01100 11 11 by no mo•n• '-''"""" .. 

.,,-¡" b<lt<r '" "'n '""¡,"""'' •n "'"'''' · 
• • 

DA rA rYPES AND PRDGRAMM!NG RHIAB/LJ1Y 

n..ofDr<, ...-. ot< Pt<!tiirla on uprrirnont lo """PI" tilo oflec11 of • slolkolly lypod 
roo~ , ,11,.¡.., lon¡u.p"" I"'V•mmlnl relabiliry. 

Al,.., lho <a>< In th< p1t>iouo Upori"""'· "' du.JI d<tirp;n two P'"SS•mmlng l.ul· 
..,,.~ ""' .,ith """''IIY t~pod oporands; ond onothor "'"h "typolo"" urorond>. Th< 
,_ ~on1wsoo thould be rd<ntioolln oll f<ltUt<l not off<ot<d l>y tho "'"' <>1 d•U typo• 

1,, , •ortltoi 1tructu<e.,1Copr ruleo,ond doclmllon r<qu~cnl<nl!). In >ddttion, <he 

"•'""' of l>oth 1•"1"'1!'-' ~ouuld be iloorod ""'" other Wtdcly-u«<l l>n~u•g" '" lhat thc 
'""'" of lhe "p<runonl "' <U)' to lnlerpr<l. 

TI•< n>looally ty¡>od tansW&< ohould i11<ludo otlmt twu d>U 1~1'.,, P•<fmhly 
.,,..,, 1nd otrll\j!l," well u arra y> ol data of ooch of ~'' bolle 1~1"<. Tho "typd ,., .. 
"'·""'' Wndd contain only "01ob wluch <he oprr:oroJ> a.,ume conr,.n th< doto r<p<<· 

"""'""' .. ,_,~ to tl>e opontor. n. .... loo- tumpl<, an •oldi110n Up<"tal~r """"'" 
...,, "' opor•nd•ar• inl<t<B ami o oub><ripl oporotor HSU.,...tluttll nP<t•nJ '' on 
... y. 

tt ..-ould lurdly =m fair to p-o.-.de tho PIOIVontm<B worl.tnt "'"" olt< "''""IIY 
rypt..i lonPO!< with oll 1!1< ap<ro!Ío>OI ,.,...,uy OISO<:lat<d ....,th ltrlna pro'""'~(< g .. 
___,,..,.,., """"· '"b'Uir'll,len¡th, blonk trlmmt!\1, ond oonvoll!DO) ond to t<qul" 
....,,,,. P'"'tllmrno" using tho "lyJ>OI<u"longuage build thm oporolt~"' out,¡ muro 

'"'"""' up«ations. lf tho •l•licolly lypod longu.tge offorod ¡>aworful nr"""'"' "' 
,JJo~on to abmoolion ond ,utheorlormon,ll wuuld almmt c<rlainly ,;u P'"~"'"'"'"3 
'~""'"'~ moo-o thon the "tyJ>Ol<u" l&nguoa<. lnlload, we ohoJI "'"¡" th< oUÍng opero· 

...,.. 1n lh< ototJOolly typ<d """"''' lo tlo< ..,.nliol '"'"& ~"'"'"'"'" ... tgnmonl; oom· 
,.......;ami ><k<lion o( OinciO <hatl<l<fl .. ,lun O llrl~. TJuS 10 on ot{ompr ID S•>< th< 
,.. lon¡w1<1 "eqtlOIIy ""'""fui" opor-o¡klno_ n .... ..-ogrommon on ouh ''"'"'J' .. m 
.,,. ro build th< "''"' po"erlul i>P<talkl.,. lrom ><11 of ,ougioly «•on,.r;olol< "'"""""-

Thr "ty¡><I<U" ion!""l< "'U huo OO!Y ~n¡lo II<Oid mtab!«. P't<~&~On>m<<> m.l~ 
_...,,. on iJentlfo<r wilh <tther ¡ llrr¡l< word oo- a g¡oup of w..-ob. !!uw<•<r, ony td<n· 
~'"" ""Y 11< ou~ocript<d wlthool enot. In hoping wrth lh< od<J uf o "lypo:!ou" Ion
..,,., thtl doct~on all""'l th< oubo<rlpl up<rotion to ~· oppl10d lo ony td<ntoftcr. A 
"""'""' ""Y h>.v< on< of I<V<Ill rop<<><nllltunl, ~ul tll »lu< "'"'' b< oto,.hlo in o 
..,,Ir wurJ. The nume<IC ropro«n,.llono loO bJn>oy, ocl•l,d'""'-'1, onJ 11< uJ<,oonal. 
¡.o <h.orOOI<! oomtanl ropre«niiUono '" prm'ld«l; lrft-od)"'I<J, Olonl.·ilii<J: an~ r-" 
,,.., •J¡ultod, uro-UII«<. In O!Oer lo rnonlpulol< ~ .. •<prosrn~<tton• ~r Jo u. • p.lll· W 
•·•~ ~p<fllton rno~ b< op¡rltcd to >decl Of oll<r &n orbtu•r;- poilt~" ot • "~l<l ('-11, • O" 
...,..,.,¡, In odd!hon 1<> tilo "'""""" tnfio oulhmoüo opor>ton, thero o'< <h1<o mr1& 

lot ""'"'"'" ANO; OR; and NOT. SI""" tnput oll'""' tito oooounto ol th< lanp.~ 10 
~~'~"'".,m puto onrlsueam ootput produ ... decim.~l r<pr<-~<nt.Mn• o( YI!U<s. R«~•d 
• ,'~ ro•J• on input roeo.rd {t.e., <:ord) lnto twenty ron•«ull .. ""''do 1 !our .:luro.rers 

~' • ..,J) 111fll!\l ot th< loo;¡lkln ¡peelf,.d by 1M act""l "'""'"". R<:<~td out pul 
.,,oph pouo ol 11!\lm<Jrt:o X, Y ond prlnto tho '"'""" "P""""""" of the V wmdo 

""""' otlucolion X. 
TI« ll&llcally typed bngu•ao wtll ho., ontegm, SlrJng•, ooJ '"'Y' nt •IJ<• "'1""" 

'''" Uowow, the longu"Jle W1ll ""'"" ll!tnp and tho "1'<'"'"'"' Jdon•·-1 un''''"' 
• .•Jor '" p>< ¡he ml\colly t~¡ood IIO!U'I< ond lhr "l)'ptlo.•" lantu•~• '~"•'1• 
-tf"l oporot!Ofll. St<ina> will ""ft>.<d longth ond wtll be p.dded wllh ~'>n<>'" 11•< 

opr"' '" .uJ¡¡nmont 01 rnput opo:oo•kon 11! "h>eh lhe '"'"' bern~ i-"'<" 10 t•.o '""'• 
...-mlharr tilo dotlued l<nJih of 1ho >tnn¡. lksot<"l<i8nr"<nt, ,ornp.rMn, •~· 

..., '""""' ,lhoordy "~""'"'" d•finN on otnnp "ill "" tho "'~"""~ "f~' """ 
... OU!nlfl"' U('<lll"'n Wjlf 11< I<Sl<O:IOJ [0 IÍ"fl< <iut>d<" WIO)Hn l '" '!'' f' 



·>l•rt'kl 

1 "''' 

, ......... . 

'""' '""". . _, ~"'"'"' 
'"' """~ 

• 

',_, ., ......... . 

""''" 
"""'' , ..... . , .... .. 
~ .... . ,, ... , .... . 

COMPUTFf! SOFTWARE ENGINEEI!ING 

'""'"' 1 ~tdlto¡:•h 

"""" 1 ........ ....... 
A"''' 
'""' ""'' ''"''' ' '" " " ' "' ....... ""'' 
N" ''""•'''""' '" ...... ''" """"' 
No bll ""'''"""' 

'"' '""''" 
'"' , ...... . , ......... . 

IIG<>""""' 

,., .. , ... ..,. 
'"'""' ·-

• 

• 

r<PEUSS 

...... 
'"""m L<f<·•dJ"""J.bt••• fJitd <h"""" 
~.M~dJ"'"'· ¡<w·flll<d '""'""' 
''""'' "''~- .... "'"'"'"''' .. ,. .... 
"'""'' "' '''"'' Aor wo1d 

Any '"' ol ~•'" 

""""''"'""'' ond.m:no• 

'"'""'-p,,, "' """''""' .... 1 ...... ,_ 

• 

' • 
' 1 

' 
1 
' 
' 
' ' ' 
1 
' ' 
l 
1 

' 

0A TA TYPES ANDPRDGRAMM!N(i RHIAI!IL!n 

Onco lht com¡ll<ll !uve "''""'"''~• wc olull pro.:etd In lmonn<t 10m1lu >or/q¡ uf 
tho pttrious uperlmoml, M•nutl, r,. uo:h of lh< bn¡wo;<' will bt ptcp:ue~. Slud<no 

P"'ll'"'"""" will be "k«< lu O<li>t th< """ prublem, tlr>! """8 On< Jongwogtond !hcn 
tht oth<r. 

Therc are '""ol po>SOble dttc<!ion< in wltid> fulur< wo<k is P""'lbl<. Mdotioool 

upe<rmeutol work wuh <4., l)'ptt could in"<>>>t compa•i"* tht sl•lk.tlly !y!'<J '•"8"'9' 
lo lnolht< mlicoUy lypo:d longu"' "''h Ul<nd<d >lrtll¡.lfl"l•IJOIU ( < g .• """'""""')(In, ." 
muluple <boract« '""'"'"'· con-..llions, Ole.) 10 doKu>t< tbe ¡>o<so.M< ,.J,-.u,,g., ut 

provodo"* H><" hish le >ti QP<ti liox>>. Th< O!lliully typed I1118W18< cooiJ ''"' b< """" 
par«! to., odontio:al l.anr;uogc- compdtt/llllttjlf<"' ,.<iled un1il "'""''"lo <i<t«l 

lyp< onümot<i>ef_ Th'l "P<timtnl would poinl "'" tht od•ont>¡., of <OJnr>l<-llmt moo 
d!<<:kiJI&_ 

lf bn¡woges '" lo b< deoig"'J to oid on the produ<IJOn of tel>oble "'f'""'· mu<h 
,..,,k...,,¡, 10 be done in both lonau>&< d<IIgn ond lht "J'Onlll<n!ole"'l"'''"" ul Je~gn 

d.,;,.;, m, Unleu <mprno:ol "id<n« '"'" tu jwol)' decoSlons,lanll"'l' de11gn ,.,JI """. 
tmue to ., more of on atl tiJon an eng•n .. rifl.l d>><orlmc . 

1 would lit.< tu thonk Prof•soo• J. J. llwnong uf <he Cnmputer SyOI<JJU R"'""h 
Group á lhe Un~V<JIIIY of To•onlo fu• hi• «ltld>nll an<i ,ug_g«tioll> ronu•mng 1luo 
""'k. Tl¡e Nol.,...l Ro><>• di Coun01l ofC.II.IdO '"d tilo Gon<fOJ RcS<OJ<h ~<d ofthc 
U"'Yt<oitY of A!OJyl.and Ju-.. "'Pf"'II<d this"'Oik. Comp!ll<l lime fu< oh< f<><thCVIIUiljl 
<>p<nment io .. ing pr,.,d<d by 1ht Cunoputcr Scimce e,.,., or lh< Unioer<u~ of 

-·~ 

1'' 

'" 
'" ,., 
'" 
"' ,, 

AHEAENCES 

v. ll a...~; ..... ,_ r •• .., .... r ... ,.., .. ,.., ~. ...... w..-· ... ,.,,, .. .<op..a,. .. "'"'"''""" 
bp.rim<<. i,l•9-1S (/ 'li). 

B l- Cl>JI. ,.., J./_ ~"'""''• "Rork<o .. no oo o .__,,..,,., !><.,. .. J lu """ •• 0P<"""< 
'"""'." $1GfUN Noá«<, f, '•· ~. ll·l• <5<PI<ml><o 1 ~lJI. 

G_ F """· R. R, »•oll, on4 R, C. u._..¡,_ "'"'""''"•· ~''""'"""', oM t"umru•« p,..,;· 
AnP& s'""'"" Joo•• e""'""'" e'"'"""" '"'"'""'""· :... 1 >l-J! 1 ,.,, 

J_ !> CLOno• ond J i, "'""'"'· "l..o"'""' lk"'" fol ~'"'""'""'"' Hdc.b•"'> ." !t 1 l {,.., 
Soft""" li'"'" S>:· l. No. l. 11•·?1 ¡¡,.o J 91}). 
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Como""' S>"•'"" """"" '""""· l'""'"''' ,,, r,.,.,,. .. _, '"G '' 1 ,,.,,,."'"" 1 >" • 
C A- H. ""-'"• "ll•o" un "'"'"""""~ 1 '"-'""' "'""' ,'" ("'"''"'"' '"''"'-" f>•r_,•- •, •' 
"'"'"'" IJ "'"""', 1 TAN C>-rJ ooo IIJ. oul'« 1' 111 

M, 11 ll<l0> .... ' '- ~~11", "Pr""""'"''''" -~~· Abol1..;1 ll.ol< l>P" p,,~~.J"'<• •' • 
Sl<oPLANC .. fol<n."' 00 V">"""' 1m/ ,,,.,,...,;• SH;p¡ A." ,V,'"'"· l. ~v '·; • 
•••• , ,.1<¡ • 
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FAULT-TOLERANT SOFTWARE: • 

MOTIVATION ANO CAPABIUTIES 

H. HocM 

T/N ""''-"' Co<-o<loo, E< -""o. CA 

f,.l(.jol<""' """''""" ..,,. l>«o d<>elop<d r., 'PI''""'""'' Ohol '"'~"" o .. ., •~• ~u of 
lwbo"' ,., .. ,...,,, alld ~ O ,,.., ... ,. ,,... wholl>a ..,..., '"""'"'"" <>n ~ ••-" to bco< oo 
oolt_,. r .. .,.., .. ,,-,..,.. n.o q..,,_ ~ ...., ..... _,, """"""' '"'""'"' on ''""'"'""'"" 
oofl ... tt, .... h .. ,_ ............... oh<J!Ouod- -ofOho ......... ,,,,.,b<oj .... m
....S.. _,. ood •il bo of•aloo •• "' .m;.,.¡ ,w.,..,. """"""' .,..,,,._ Th< .,,.._.,.., ''""""'"" 
_, .. '".,,....,, ''"" ...... __ ••.,.. lo b< op¡>li<obl< ,t.., '"'"•" ..,,_,,. ''"'' '""''"' 
HH>f .. """"' p<OII<h .. •«<•odonq;ond «>llb&<O. p.ool»oM 01 <OUU<, llwy ...., lo be ompk· 
m<ol"' "' o op<dfi< "'"'''" .. ,.,,.,,.,¡, ,,. ..OoM"<I' "'"" .. ~""'""' by o dof(m" ''"" ohon 
..... .,..¡ '"' , ......... , ........ 

Tht" "''' oo<!oy botO '" o•«•ll m<t>adoOop '"' r""''"'"'"' '""""' '"" <p<cifi< l«hn"Ju<' 
lh&t "" bo """'' ¡, l"'p~monllnJII. Tilo ""-''"' blo<~ o.>O"P' ipoopoood b> ~ood<IIO " O<l!o•
... ,¡y '"""''' lo<"'"'"'""' oppll<>tloru b«>UK of '" '"""'' rooloul "'"""'· ~n "'~'"""' 
"" Lo ""'"""'' on tho pdrn"' modo~ • .nd, tf lho\ "'""'" htl, • ""'""P ""'"''' " "'""' Oh.o 1••

noh<o lh< ""'' ""''" wllh o ''""'"' """''"' Und ""'""'' ""'" dtl "'""' "'""' ""'' fh< 
""""" ~~u<~. wlob ''' oddoltoo of • "'""'"" ""'"• hu, .. , '"'"''""""" '" ' """''"' of ''"'""' 
'""""" ond ho~l>o<n foooJ ~"" '"'""'' '" """"'""" wlth oh< """'"'~" "'"""' fot ''~"'""''" 
"'"~'"· ~ ""'""'' of •• '"' f"lt·lokooO« ><f~m., ''" ''"'' ., '"'"""""' '" o no "'"""' "''' 
..... ·~ .... "'. ""''"''"""'" O>Oo!ok ~· .. '"' """'"' "'""""'" """'"' '"'' '" """' '"' •• 
-""' "'"'"'"' ono=pto\>1< l<">ltL 

~ .. llobolo" ..... , .......... th.ot ........... , "'"""'"l>l< ,..¡ .. ,., ... ,,.,.,, ,., ......... '" 

•h<• lh< fooU-Iol<"""' ,.,.....,,.,.,..,.¡,.., .,, fu r.om ""'"'· """"'", '"' ~""""'""' 
f..O"" pooboOWOy o..,,. koo ... ~1,..10 ti>< t<llobiiiiY of '"' ,,..., '""""' """'"" 1t "· lh<«

'""· twlot..,¡ oiO.ot lh< """ ;, ""'" np< to """''""' "'"'"' ""'•• ol ''"'' "'"""' .,.,, .. ,. '"' -·-·-· 
l. INTROOIJCTION 

Faul!-wlmnl compntm ha" betn doV<Iop<d foo •ppl'"""'" '"" "G"'" • "'Y htg 
~•g«< nf ho1<lwm «l,.boiHy, ond ir ~ froquontly "k<<l ,.¡,.,¡"' ,,.,.,¡., "'''""1"" "'' h 

. boought lo b"' "" IOfl\01« fot cti11<al •rrl"''"'"' lito> '1""''"" " 'M'""J '""" wl11 
p..-11cul., omph.,io "" lp>ee--tol•l<d ooftwm', < g , '"'"" ~"'""''-' ,.,¡, ~'" "" ¡,,,,..f, 
••hloko, loun<h-<:Oitllolooftw.m fot gtoun<l cotnpUI<t ,, '"" '""""' '"" comnwtd ,.,¡,_ 
wm, both 10 '"'" .,hide>•nd en th< ¡.round. Son>< uf tho '<•htotqu<> d,_,rob<J '"''< 
m!>do widtt t<Op< ""d wdl bo of >.Juo to my mtic.J <<>1 ttn>< conopuroo P"lf""' 

In 'P'" oppl><:&flom >OI ""'' t;t~"'" <><> c.u>< ¡...,, "' bund• •<hld•' n• 
'"""'11 ''"' <>f m<IIM>OI uf dull0!1. In lh< u.. of m><ln<J •P••• nu»mn> ,¡,,. 

~,. ... , .. " '"' s, .. ,.. •• m """""'"""' 5oft• ... 1 ., ........ , 
~•f> l<<hru< '"'"'"" of N<• ~'"'· Af"ll )/>.)) \ • '¡ 

·oo ., 
,_ ' 



-"~ C041PIJ (( 1< SOl fW4/l( 0/GINff R/fo/G 

' 
lhe <><«1 ¡'.,. h;~hu< ¡' 1 · • 1 r ··olt dtr<·tly '" <'""' '"" ··~·"olll! 11"1 • "1''~'" '

1 
"'' "'''" ' ' 1f 11 ""' """'l"ller 'Y"""";, th<r<hno . 1 

.,.,¡,) "' both """'"'" >nJ "''"""" •'mr<nh' 
1 

l>l· ft" r< J.volopm<nt l«hnlqu« 
, "" 1" ''"'",.¡do< ,.,.,,,,.,Y"'''"' "1 

oh< 
0'", ''"~ '"' ""; th<1ol"" t>«n ''""'"' . 

' 11 ,, ,, "'""'"'"J '"" t"•"«• p<r>OO • 
:·'·'"'""ti'""'" o o 1 ' ' •• , I<J '" ,, .. """'"' ¡.,¡., ... q. 

<1 '·J' "'~''"'" "'"''" "'" 1 ' ', ,.,. ""'"' '" 'l'"c'-
1 

• ' • ' _ 1, Fr<ll<h nr<t«olos•• 
1 \1 ll>k'< [ti JOdthed<>trU<ItonO ' ,.,,,.,,¡, 1•

1
'""" "' •n '''Y · • " 1 , , ··o<•l><n<lolur< on r<l.,ble '" •-. ~ 11 < t Lll'l""" JIJtmOio~ 

,_,,,, 1 ![ · ~~~ ti•:., ;,~ ,~,~~'.; ,:.,;,< """'l '"""''"" but, forturuot<ly, • <«O"<< <y pr<> ""''·"""l'"t" '""f ' 
J JI<•>< 

.. ~·"' ,.,,.,¡J 1>< ~-"~' ""t "'' ' ' k «r 
1
.,,

0
,..,. f•ult wloo.ont m con· 

1 '" l'""' tp.ol I<'<IIOllqtn·o 
0
"'" m "" lll~ •<>rt>¡>o mod ¡., """"'obl< by IWII<Inng), 

• ''' nt «r<>l <kt<• """· ptot<thvO r<dunJonoy (Jit<rn"•, ""' ~'"""'"''''! locoH"n ofto¡ 
• 1,,l),.,(pro>l>ll'"''l"t"tllt<turnthophl¡.t"""'" 

1
' i'[butth<>n<<drob< 

' • 1 """ • .<pplo..obl< 1<> "' '"'" .,,,.,, lt> P""•'l'l. ti ~e•>< 1
"- ""~ ' 

1 1 
< th< boc);up mudul" "' 

. , ~"' ~"""••• r,u t t<' "'"' , .~"""""~m J >\'<<ti~ monn< ' d t al "''PY ul • computer ~, 11 , , 1,.,,,, •1 IOt ti<> V'" lloe I""""Y t>ood~,~~~· hut '";,~~~t:, from, f"lu« tn the 
l JI O. '''"t<Or<obcul"'"'"•><p<nr" 

•''"'"" 
0
") '

1 
1 rr mroqor~coprug,.m>thotm 

•,O,"I•JI ]1,"'""'"· r<dond•n,y on f•ult-1" mnt .,, "' t •n<l<d tu bJCk up but 
11

,_.
1
.,,.

1
, dtl tmnt '""" 11>< ot 1 ~ 1 n,l_ ''""' .~ 1.,.-h thoy ~"ol~b~l pro""""' mu>1 b< 

,., ,.. tun<tion 1 ""' "'""'"" '" ' •'-" -tdl¡»tl•llm 1 "'
0 

· 1 , 1 . l'umpl<~ of oudo «d•noqu" "" 
, .. ,

1 
,1, ,.r,poc•J '" be •PI''"''hl< t" '" '"~' ~~~ 0~,~~,.,;_,lly •rpl~c·obl<_ 
_'.,•,l),,,,_h,l>l<>nn<d>nncdth,ttl ~ lt I<Willr<lld<onollngl< 

rl t thcenlll< ''"•'·t.,l<r<nt '" N< 
lt .. ,,.h"'"'> "'"""'' " , 1 Lhowft""'"""""n- Tll<1< 

,._., ,;.,., ¡,., lwJ"''"' fJolt '"''"1"" "'"'l'"'"b "di "'too >pe<lll< b>,.l1ne w< 
.... - "'t 1· tu"""'' tm~''"""'""'""· ""' y. -''" "''""''''" .... ' ' ' ' · , ,1 , k<<'""""''"'"""- '" 1 tu'"""·~--lt""i'"'' « 

11. MOTIVATION 

uftw>!O fur '"'""'l>p>«-<<i>t<d •f'l'licotiom <m· \! .,t ,., .• .,,,.t"''" tll>l J<>dop > 
1 

. " 11" procm """'"!' 
.. ., ; """1:.., , 0,,. .,,- 1" """ ""' 11"1' ",'J ••rrft~.~~'~" ~~ ;~!~, ond portocUiorly """'' 

- t.o•\J.rJ¡ "''""'. 1"'"""1' ·~.... • 1 d 
, "'"''' "t '""~'·""'''"~' · h n", .,,¡,..,0,. t<cltnl~"" '""" < 
. , , r~ot "' "" '""' tur<J !""~""'"""~ •PP'";'

1 
· 

1
'auwm.,oJ te>t ""1

1
_ 1 he pr0<1l· 

, •.,,,J,·nl '"'""'~"'"" 1 "'"ilf,HI•n !too..: o l winwtdou.,for>p><'< 
' . . ''"'h ,,., , 1,., b< .. -.~J<r<d bu< n" no no .......... t"'"'l'!'-

. · , 1: -_.,, '•'" . d.,. •lo tll<tlt ''"'" to ¡,. l•l.tng huiJ, and ompr,..<· 
11•< '""""" "''1'"''"1 "" ,.,¡,,..,, • p 1 1 •Jnb h.<>< b<on «¡>u•t<d- h ""Y 

' "'""'"'""'"""""'~IIIKt< • •~no o "'P'"""'"'"Y" 1 lo imnrUI'<J Out >p<•'>li< 
' , 1 1 1 1 11, rc,ultm~ so '~'""' u ' ., . "'"""',¡ ""' 

1
'"' "-""'Y" ' not )el ,.,a,hle. V. lulo"""' 

.... 
1 

,.
1 

,,_., l'"u.ol>rly uot<llt<d '" 'P"'' Jp¡~"' 11 1""'· 11 , ,._,,.. rloooc·, ""'1""""~ 
' t .,.1 1 ¡• odntgll",¡.."-"1"'"" 1" 
''"'"l"'"•·"otl""""l""' ' .. ,, ' ( """"~""' n .. m.)"I<IIUrt-

' ''.'""""""'''"'"""'"'"'"""O"'"'". ··'1'" "'""" 
"""""!' ... 

'" 1 t.·'''"""'"''"'~'""' n><Oh<.J> du nut mJ'-"' ~htto t«l "' ""''" " 
'""'1'1· lo' 

SOf rW4RE fAUL r TOLEF14NCE 

'" (~1 Ntr '"""'g uo<thud "' "" lil<><il ,.,., 1" """' , ~'"'"1 ''" uf'""'" t "''"""" "' 'P"'ll"'" 
(l f Tho bcil of th< <Uu<n¡ mctlrod¡ JI o• <>l«n~<ly '""IY 

(4) llod Oa~; or '""'""""""' LJI ol>nunnollliu con inl<<f<te ,.;,h ''" <><.:o"o"" ur 
on utb<r"'" p<rf<ct Pt.,.;"m 

($) n.,. ¡, nu g<ll<~<ll) >c<eple\J lll<thudulu¡¡y fur lmtti<J «>OIIIt«ttvn >1 <or 
<hange ofo provam_ 

A> o mor< <¡>ccul.ooi,. "''~lloll<nt tt nt.oy aloo be n><nlioll<J ti-.;, notur< .,-\Juon tJl« 1!11• 

>U>¡Ie·<trirl' •Pr<<~><h for ti>< 3o<omplidomonr of \Jt.J la>Jrs 

n,, oJo!Jkulry in <st•bh>hrn,, "'"' krmin>lton cr;,,.,,. fur "" "b) "" ""''"' 

uniquc to tho >utt""' ft<lJ "l'rUJ!>nl '"""! c.n !>< ""'" '" ''"'"' ol" ,,,., . .,,, "1 ""~"'· 
but """'lo lhow tl1m ,b,.n«!" [4] couiJ "wdl o, _...,J '""'" """) lw,J~_,,. ,, . .,., 
au 1 <h< 1"1. of '"Y '"'dllobl< ""' un ">ft~.,, reli•D•hly '"""" do¡>eoJ<ne< on t•·•t 
l"'rtl<ul;rly uodesirob'<. Bec.u,. 1hc;e d10o .,, not ,.,,,,bl<, lh< J.,, "'•'t! ,., t< "' ,.,.,., 
""""~ "" unnot b< "l•te<l lo "''Y ob><Md «li•btiiO) m wnol ""'-

'1 he Jnsuiflct<IICy Df <Xilling O>tt~Ot.ll lo f'I'Dvtdo po.>SIIt'< "'"' JUC< <'f P<•>~·,om <<!t
•b<hty" "PI•inod '" • •«onr •rudy 'P<«ilc.lly """""tu""' >uh¡eot ¡s¡, 

'"l~o prin<rpol m<thuds fur "'""""'~ ..,,.,,_.,. P"><i""" '" Jom,.l ''''""~ ,.,J 
J>•oof uf'"""'""" ,¡ '"'" l<o~ni~u", fu<mol """'g ¡, tlot "'"'t ~ o~d¡ ¡..... 
"""'PI<d. lt i< ~di l;nown, '"""'"', !h'l ""'"~ '"' t>nly <>tJhhsh llo.· 1''•'"""' ,.¡:.. 
~r <noro but <>nnol "'"" ''"" '"'""'"'' 1 "'""~ ,¡,, '"'"" "'"""'<1¡ "" "'-'""•1~~ 
1J.1II> <o odon~tfy "" ''"''" an,J to ,.,lum t<>ull>. and '~" "" ""'" h.,,. """"' 
'"""~"""'"' on lh< <<li•blo"'""''"' of "'""""'," 

"h•unol pll>Ut' t<.iuoiqu" 1"" '"" ""1" ~''"'"""""¡;> l'lt>l,pro .. , o.-, .. ,J, 
"" <ho concctn<>J of ,...,,;,.,, "&'Jn>1 -..ludo 111< P'"G'"" " '"""": ln.oJ, '1'"'•" "' 
<IIOI><ou• '""'"""' "" mvaliJ.oto • pru .. r h._,,..,.,., ""Pully 11 " '"""'J uuo, 

X<"""· th< pruuf of P"'~""" uf '"l '"""q"'"« ofl<n •"""'""'" "'"'' «~ '"''" t~•" •« "quued to butld th< Prug"m 111<11: luo ti"'"""". 11" """ 
1
.1,-"" '" 1111, 

PIOC<S$ t1 >uclo tl101 tht· )>lOo( 1> fr<~<Jently '"""'""·" 

Tho t<t"'t wtd<i~ ;c,·<p«d 'PI"""" tn l1iglo «'l"bll>l)' on ,,,.,,.,.,..I.,,·J wt ,,.,,. " throor~h 
lndep<nJ<nt Ten ••1<1 t•>lulllon (lT.t~) whit.lt """' 40..5(),;, 1u tloe •hooJ¡ "'! lngio 

d<,.loprn<nt OL>It of tho:.., P'<>8""" [~1. TI" .cou,),uJJI<~ "'"'"'" ,-,., '"''1 '"; '" 
IJ<><Iol'"><nl <O", WIHI< """'' by th, <i<>dupcr U>Uo[ly -"""'"" tut '"'"'t )ti" • ut 
"""'"Ptll<tlt <<>>1. Tho lut>l '"' «»Os )by tht J<>du¡t<r .onJ ol¡,· noJ,·¡~ <J,I,·>II >'>,olt>.ti•H f 

rhmlo'' """""' ton,,. t<JH" ti« e"" of cuJ,il~ tlt< '""~""' ll&E .ti~• '"'' "'"""' 
"'h'Jul< imva<t .,,.¡ «q"i"' > """"J..•.,hi< efl'"" ••t tho· 1'-" t "' ""' l'''~"'"'o' ,,,.,, > <Jo 
"'"" t<> '"~ th< Jev<lopor •nJ <l1< IT,U """""t"' '""" 0,.,,,.~ !tt <'<do <>ll,.·o',"" 

Al tln• >11pu 1 atrol "" l¡>ur tite '"oUP<II<r 'Y""" toll<rf•"~ ~llh "'"~"'· '""""'""''""0> 
"""""'· .uod <""'"~ """"h"n'""' thol "< >Ubj<<t <o (Jtlu«. "'""', ,,,.,1 r,-, ·•;'•"'-"! .tlo-
'"" tLI•Itll<l """'~ lo¡ tll,· <n>l!l\ll<r><t". (',,,.,¡ lt>llwo~c· ;, "' l'<•h·J lu < • 'J •' k lllo IIL\'"'' 
''"l<l>ltun> JI '"" Jt> rhe "t<rlt <>t P''"'"""~ 111< p<up..~•tiom ~t lo~ol "' t<""'l' '"'" 
..rtJ~'<I Jo >unO<'""' 1< ~ , !OIIj¡<" >.1 f<o¡ l""~""") thC"" " dt> <1 piiCII 1t'<jUih't",'"' :' • 
trooo11h "0"1"" ,,,.¡,., """"'mol "l'""o"" "' ll1c I""'"'Y J,t, ""'' llu• "'t""""·"' " 
"'i"g ''"t '"•by by ,.,¡,., "" ""' '"'""" ""' """"'" ,¡,, .... ··,,,.~, _,. o" 1" 1 • ., 



COMPUTER SOFrwARE EN fRING 

ouo¡ie-ollona 10hw"' "'""'""· "' elf<<t molon1 it l"<olly foull 1olo11nt. In odopHn¡¡ 
>11 faoll tok,.no:c <he <<qultem<nl to copo wllh ob11otmol dato hopo< ,.¡u be out u. 

ma<icolly !mpkmonted. 
n""" <louoom~le motivo<lon tu <on"d" <he devolopment olo c001prohen~n 

""'th..J.,¡~!Y of foult-loltllnl >oftworo fot O¡>a«-rtlotod oppllcotlono_ Be foro dncribing 
tlo< "pobo\"'"' thot c•n bt broulltl lo btat CWI <he problem, o kw wordo moy be u>tl 
oboul ti>< typo• ol safl""'' P'"'l'""' 1/QI '" oddro,..d. At ptcoonl cttllool apoco oofl
~"' """"' 0<\ o umpmreuor, """""'"'' *1\lo o l)'nd>ICWI""' o .. cuhv< bul incfOo..,,!:ly 
now wtlh on '""' rupi-dto"n ''""""· The '"""1 ooft"'" modules '" lhooo uf the 
<><CUII" poopoc, opphcollono progr.,o oeovlci:IJ dooed~oop ooacrol to>ko (e g., oUitudo 

<<mllolj•nd •Pf>l••""""' P'"il"'"' ""'"'"' opon-loop toolu (e.s., "'1'"8 "quen.;01). In 
P'n<<.al "'"" pro~'"'" "'"''""& clo .. d-loop opplaUom oro more <olo11nt of t<mpo1ory 

"'"""P"""'· ni of • omglo '"""'""' ""'~'"'· \han are lho olloeo "''"'"''· Sohwart 
"'"" ol ihor< dura<ion '"~m~" lo <Y<I<on noooo 1r>d '" ancnuooed by tho fecdb•ck In 

lhoJ.< o¡opll<:ol>on.._ The ,l.,..d-IO<lp '""""'" "''""'"" • brge porctnl>&< of <Ir< cnticol 
'""'· ond oh<rOfor< 1holr lowo:rouoe<~llbohty to tem~macy progr:un "'"" ohould be 

ral<<n od•o.nr-so of. ' 

l'lrh nf l<l<n><t<y furm;tHna. po ... r ochodolin¡, ond wnU11 h011><k«pln1 programo 

"'''"IIY noo <nllcol to <pocwoft M•lvol, ot leaot In tho oh<>rl tenn. BoCio O< ofthe 
lui!t •'"'' of <O<Dplote ooflwllr foull ook .. nu n wtU b< d<Oiroble to prO!«\ tloooo l<lli 
"'"''' mWulot '"'1)' lo lh< «l<nt lhll bulto m th<or oxecutlon do uot lmpoct <he'"'"" 

opplo<oiiOI\p<o¡;romo_ · 

111, CAPABILITIES 

Th<O< ,.~;¡ torby ""'h ... OY<roll methodolog)l for foolo-t<>lennl ooftwore ond op<dflo 
tochnl~,.., th<l can b< utiiLnd m lmpl<m<nllnl ot. The b.a11< otru<tur<O rtquir<d for foult· 

tolmno oofl ware >re o P""'"Y and on oltorn•to modulo fn¡ mh <onic.l 10ok, and • "" 
{., d<1<rmin10' wboth<r • modulo h., •••arled co»roc~y. 11oo rocov<l)' block cone<pt 

pr<>po><d b) R;rodoiiPJ ~lu11ratod in Fig 1 lmplomenl! thcoo """ roqoiromenu wllh o 
wn¡~< <r>ntrololructuro, • nry '""nllol f<>tur< fw f•ult-tolorant IPO"·IOIII<d oohw"'· 
Sunpl~·ny o{ <r>ntonl (tho l<llins ond olternoto pro111m ooullng >uocioled with foolt 

,.,..,,ncc) ond lh< opphcoboiUy uf lh< umo control "'"""" lo oll pom of on ovorall 
<OoUpütot pl<>gr•m •Uur< tlul the10 elem<n\J e>n be to>!Od"' <>JUullively 1h11 foilurq 

wloo<h "0uiJ "'8'" ti"' de>11oJ P'"V""' tollaboluy can ba •irtoally ruled ~"'- TIH>" 1n 
trou to fwlt-loler&n<:< pr,..o<iono farMiwork plOCC>O<It ooflworo whol< lllhot """" 

J"~""'"" ;nd "'""'~ 10u1meo hn< b<on ~ro¡>ooed fo1 eoch opecofic lypo of onor 
"' m•lfuncu<>• 13!- · R.nd<U oliO ""~" provlooom for d"' lob<llng of !loba! variobl., 01 

to "pllor" and '\on<nl" val~><•- R<-<>«utlon of • P'"'!'"" after •n «<Uf con nu.~o ... 
uf Un<oniOmlllll<d •·polnr" d.,., 

lkt<ol<d rochniqu<1 t/Q\ con b< broua!ot la be&r on fouiHole10ot ooftwor< ""'' b«n 
dooc·rohod 1~1 . •nd mony "" curroolly O. In' op~liod In on •d hoc fuh"'" to indl•klual 

¡nodul" nf '"'nuolly llnglo~<nn¡ P'"'!'""' An ••o.rnplo of uoo of oltotnot< m<><lul<> 
· 1>< h•unJ '"o ""lso\oon lO> Ir wll<ro a owotch lo • d<ad-«<kon•ng modulo moy be 
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A, on<ul< orupto.._. "" 

AP .,. &P 

':::1 ==.::::;:.:==· M=~r 

mod< whon lho prlmal)' module <lthor foil< to <«<i•• dato 01 produoor oth<owo!< un

~"bl< 1000111 A OoclUp module fot lltiiUde C<Witrol funciiO<tl hu i>e<n IR<Urporat<d 
<umputor program of <he Tn•n fU opaco l;uncll """k l Wl "''' " dts<f<t< O 1 (ih d · up R>Ou<> \m 

_ " "n 
1 "' ""'"· "&&UOI. <te_) oro ol10 impl<mont<d oh<re. All~o"''h mw::h nf 

~ ook hu b<on undmok<n to <Opo "lth hotdwo" foulll, th< t<Sulung P"~'"" hoo -
uccomo p><tl&lly !Oflwor< foult oolerant. ., 

lnpüt doto for"""' '~"« JH"llr>DII '" <io<cled foo m:oanitud< "'d doto oncoom<nl~ 
::-;aot~uoo luch " ,.1,,.¡,~. tompe,.turo, or IJghl in«noor)' can '"'Y "'" , woJo ""'e bu o 

••" "" onrount<rtd ol wo:..W,. ""<lrtlon• of, ¡J•on !""tt< >m mudo/< ><e not 0 •• 
po<tov to '"Y ~y mor< !hon • omoll om 1 d • 
1 _ oun, •n o"" bo><d un'""""'"'"'"' "ill<«· 0

" more_"'"""''· Pmm<toro rhot c.annot O. dopondod on to ..,~ in 1 '''"'"''' ¡.,¡1100 
oro"""''"""' llon"'ortled U1 t<Jvndon\ O< on codeJ f,ohoon 10 f<co]l(ll< <IIUI J<l«tlun 

;"' o;;::dulo enuy or "''· Knowk<Jgubl< •ymmo m•n•gm olloocate od'~""' ""'"'«' 
• l ","" bt<ou,. th< no<lot porfwoof<w•ro <onnot b< "l'"'"d lo 1,., ""•f•<to<> 

reto 11 1 11 oporot" on oncomcl d.,, 

Anolh01 lypo of d>toocr<en ""'•lho Mf<....,Jblen<ll , .. , .. 1._ 1 •· •-
related - '" ''"'"'""'"'"'"'Y of quontrtJ<S ti • ~~''"limo 01 oftM "me •oriobft., dJITtr<nt ""'" An "'" , 
::.:.l:.fLnl '"'" thot ifo &Yr~ 9rdlcot<O o higlo opin "" for, •<h!CI<, th<n thero .n~~ld 

1 
hiJio 1010 of "" ""'"" An ""''PI• of lh< l<<<>nd e - 1u 

tho ••hielo h.oo roochod "hflofr' il wuuld be """'"'"•bit 10 ,:;,~ ~~ 1 ~ ;:e• '':• '""o{ 
"loundr r<>dy" 01 olol<l timo_ """ '" 

~lg< <omm<r<"l d~o .. lcomputerr frequ<ntly h"< h;,d""' "'P' for "'""""""' 
,';';'dn lormg o! OV<rnow"' undorn""'·"«''d"'~ "''Y boondo.ond '"'"'"' unoolion<· 

'"'"'."'Y'""- Tho •poctolited !o.udworo for tl¡o" fonCiwnr hu 10 ''" "'" 001 bt<n 
:•::illo m lf'O«<IOft conoputoro "'""" nf "<isJtl and po~·er laiO!IIIion<. ~u o ..,¡ 1¡, the 

• numg ll<nd '""'"d monratuttz.o\Ktn of <ompul<r lock oleonenl> 11 .,, ~ ,,~ t<J 
lO <nan/10 •-• 
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IV. PROPOSED STRUCTURE 

TI>< foll"""i"'' tkmon•hal<• th< orpm.<>11U!I oí llo<l< apobdoHn lnto a typicaloppti
"""" ruuoin< 01 • foufl-lolmnt ,.._, <Oft"'"'' 1)'11<m. 11 u ....,.,.d thot ony 1W>V<ry 
o¡><llltnn! 110m hordwll< foulll woll b< llln!¡>OI<OI ID tho P"'ll""'· Th< "e<utivo f()¡ 
t!r" >p¡~>eoHon oonu<IO nf O toom\JIIS<&n><nt llool hondl<! th<IOOHI>< «>mntUOO<Ition 

"u lo •¡>phcotton module•. onJ an '~"" "'~"''"' tl"t " 1nvoked when obnunnal mcum
"'"'" "" <nc .. untmJ. l'uniO<·I d< 1.nl "" o he oxcculi" " pro!<nl<d lol<r. 

1" ''" '"'l'''""'"'"ion .,¡ f1¡¡ ~. ''" noronol execuHvo fomlot> twoolllll fma p.arltc
uiM '""· LO th< P""I"Y •nd "" ••r >ppl,.•<ion modul", •nd <he,. p1of"~bly '"""" 
,hile"'"' , ,u.,,~ ~""""'"'- ll"n oh•• watd1d"~ loul<r 11 "''· ond th< pnnmy col\ i> '""od. 

! 

f(MIM.Ol (0(1$ 
\,ll HMlO 
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1 ~ ' 1 .... '"'''""'' ••• '""'"""'" .... ., .. 
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..-ru•• 

l 'P•"" ''"''"' ol th< pnrn.,y opPh<oi>M modul< th< l!rn<r " ro1<l, ond > "'"'"al J<tum ro 
lhc '"'"';" "'"'"- 11 ""'"';"" DI ""' pruno!}' opplK•I>Un module f>oll fo1 ony '"""" 
• ""'"f«,. nudo'" ti>< •lt<l,..l< <>11.• t\ot ''"'" •nd lh< '"t<hdng tun<r "r<IO!. lf lh< 
.1lh """ •1'~"'"""' uo.>.lule "''""''' o:ur<<CIIy. oh< 11111<> 1> h"101 anJ O n"'m•l r<tu!n 1> 

m ni·•. 11"' ,¡lh"'""" '1'1'''"';"" "''"lulo "") <nlploy lm "''""" ol~urolhrr\> 01 uHht< 

1," f'lúlw d,l,, hou th,· "'""' '"""''"'' hy ""'"'' o,• uf lln '·"'" [,,.,"''" tlw 
"· 1 11 ""',¡ hy 11 ,. 111 1 " ' " ) '"' tol uk , 1 1"' "' ""'""''" " 1 1 he '1' ¡>1 " ,, 11 "" '"'' """ w 111 1 11< n 

''"'• ''"' '" ·' '"·'"'"'' """l'le" ly ""'•'1"-'"'''"1 nf d.l L<culll" '""""""""" '" Uro '"~ td<"· 
'""''llr.rc 11 11" "In<" l'"""lc.l hy !l"' .1II<Urol< 1nnJul0 oirlf<'<< Ir\ f,rtL!Ol hmn Lhr 

1''"" "' "'". '"" wuuM ""' '" ,..._. '""'~""J m I.H<r P'IJ" <>f ''" """'P"'" P'"~""'' ~) 
.,IJLII""'I 111 .uo,I!Ln •. lo """"ltH<I h• .1 !LO>O;o"..blo "'"""' '''""'"" lh.O •m< alt<r!U!< 
'""~'""' 1'-'lh ""' k okl'cn.!.·nl "" '"'""""" 011 .1!1'''""< P'"''"" p.otho ¡,, •"Y n!he< 

·'1'!""' '""" ""'""" ... 11·-··' !loe""'''""" ·~· • "'"'"'"' "''""' ("'""'· 

SOF1WAR[fAUL/ rDIIIIANCt 

Formonoturmlo<«l<m·t~~· h•f ,_ , ' ., ,....<¡:><><<,, 1 ' .><0 oh" ti,_ •ltwo;.o VI<'~'""¡.,., b.ro 
!JitO,Ou ll>lstbJern tht "'"uf n•• • Th• " • ' • 

' ' 
... "· " .. "' ...... ,..,,,¡ '" ~''"''"' '"""""'J 

<><>pm¡ n <>10 1 lome~¡ 11 in.cun«l du ' 
F ~ - ""~'"'''"""'" lhr.>ll<rn"'"'"dulr. 

. _ O "~m thorou~l~ cb<ek<d out r<<l·t""" !)''""" "' f«qu<nrl) c;u><d by un• 
'"'""~ or •"• <kp<n<lenci<~ In th.>t e;, 1h r 1«1 o · ... '""' ,..,,. ''"' •rP'"'""" ""'""' '" ~"' 
lo.l l> ><<t> l 1< prun;uy IIH>dtll< ""Y pm lh< IC<Oj>l>"< .. i<>l,.lnJ noru"l P"'''"' 
'~,",'"m,•. 1 b, the,.(o". not odv.nt>~"><J' ru "'·''' , ~"''""'""" ,~ 11 ,.1, '" lh< ~ .. 1 
"'"""e • «ton rs.>lol<d fadoue m oh 

' P"""'Y "'"'. Wh"' ll,o """' '1"'" 1 1n "'1"' ,,,.,11 
"""'""g • •,oo

0
runctlonlug prim.,y moolulo "oh1e,·rnn,.hlt 0 1;1upk ,¡"~"""" 1: '"''! 

!ronsJI!Onon •JA <•nb<u,.Jtns ·, h 1 1 '· 
In "" of f•duro uf ;h< _ Wl e ' " ro " u_l lhe p<uHJr) ,,..¡ b,,.,., 1, "'"""' 

. _ "''"""' module or '" ,,.._. ol 1 •<po:,¡J,·J """ '"". '" ,IJ,n 
«!urn ~ <llll,.led "hl<h will invol• o he .lhQ<I<><" ' '. '"""-1lll'" ""'mor< O.,.il of o he"""' ' · '""' d d, "' • "Y •rr ""'"'" mo..Jule Thh ''P"'"'"'" n < o uotul< • numbor of ~,...,.,..,,. 
••~ ' ,_,_ -• on<ntou""'· onJ IIO< """''~ "'"''""' 
""'" "" mo« ,,."""" lhon '"-'' of , ' ' 1 

YP"' 'I'P "'""'" "'""'"'· lo;'""'"" oh>< 1loe 

"' 
llllt 11 .... -·-

1 .. ) '""'"'' "'" '"" '"" """'"' '"'''"'·"'"" '""'"'' 

1in~k "'''''""'" "" ;., ¡:,1,! ""Y"'"'"""'""""' ... ,,,., •'' 
Jt< 11 11 ' ~M ""''"'"'"'''"'''""'• 

"" ( "" '""'""'"'· lrLo•ul "'"'"';""'· '"·' , •••••• ,.,,,, '' ,, " 

' 
" ''' .. ~ .... ,., ... ~ ....... 

"' '" lwdw..,<-ompl<n>:ni<J '"' 1 b< '" - 1 'm>) ''" '""'"'"'"'"J .. lloh"'"l' "" ,.,·tu-ol ,..,, 

1111"~~·"' '<«loro "'",."""PI« tOan lluo ~~"~" "' ¡;~ !. """ ~ ""''" \1 , ""', 
. JI · 0<•11 '"~" •1'"""' •<pl<«nO<nt fu, lhr wmpko ,,,..,..,, 11,. ;,., .. ,, ''" 1¡ . 

.. p ........ .,ftlte!<>l~l,..,h- 11 -· " " ... , '"'"'" '"""""""" "'"''·"""'" ( '"" ''"'' ,,,.,, " "' 
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"-'" inpuu\ .Ouuld bo: checl«d ;, ·,!>< earti<O! pouible tinl<, bollo be<au,.th< lt~t con bo: 
"'""' """''"' ot thot poont and to pn•tnl «>RIOltnnation of otber ~IOJI&I'n qu.anlltie>, ,'.! 
lw> be<n montion<d In lite pr"iou> oe<t\On, tho,. '"" ..,....~~m .. oro ln<O<pOra1<d in tho 
'""'"' poaelluo for ''<Y cni>C.J >Oit""' ptOJI&nU- n.o ..... ~, fature of 1M fiO>ll· 
tol<!>nl ,.,¡,,..,,. con«pt ;. lhat ti>O orror ''" frorn all , .. ,. 5001 l<> lbo allernate oall, 
é1u1 "'"'""~ In 1 llnple and unlformly ap~looable c<>nlrol otru<turo. 

A "'""' nf thh general mle io ohown In the optional ho<~up dilo ,.quer.c:eln fo¡uro 
J. u .. uf th" "'"""" m•Y be d"orablo """• the prlm&l)l do(llnputlo undependoble 
01 """"'"""'· where a oour« uf boc~up dato 1> <eadily ovoU.ble (e.¡ , prlmoty input 
d;oulrom th< pr .. iouo cyc\e), ond where r"'"'"'"l '" thoaloorn.oto 1ppllcolloo mndule 

bo: d"*d''""P'""'· lt oltou!d bo: ""''"''d thotlter< ;pio the prkrnOI)' dala,.,, and 
b>U;.up dll• "" can be collapoed tn<o a ilru<lure h""''! o oin(!le '!'ES and 1 unl!)e NO 
''"· The '""'''"s otn•ctur< <<>rrdf>"'d> too "'"""'<Y block .,;tllm o rnooory b)ock,tho 
""d fur ..-h~h wu foreoeen by R.ondcll [11, \f th< backup doto ,.qumco 1> not to bt 
"""·lite NO<>\t lrom the fi111 doUt<l\ wo\1 coounut direcll) to tito al"'""' coU. 

Th< purp- dÍ the ooll "" ;, to determine \ll.otthe eorr<•l module b., bten r<:tehtd 
'""oh" cal\111' poromolen "--"< bten P•H<d conectly. ~ oullobl• lmplemonta<ion "th>l 
oh< e>«ull«, In f<><mottLOg t~e cal\, '""" o chock oum c.., tho callod addreu ond tho 
caiiiiiJ p.mnoe 1o:" In tite collOd module llOelf "' >lO"d (in o dlfferont memo!)' loco (Ion) 
ou "'"'"' oddoou ond tbe locotlnn> wloote tbe collinX ¡>Uon\Oten oro <xpect<d. Check. 

"".,..., theot \OCOIIOM, ond comp111$0<1 wnh the cb«l«um r«<<ved oo ¡oo:rl of lho 
ull, «>n<ludet the ull 1<11. Wbef< tOe computer hlfd.oore pr.,.,., hl<IID>t mo•· 
""""'"'" copobolll) fO< m<mnry w:euond «od<>Ul,tho cal\'"' moy nc>l be <equn<d. 

Tho doto "" un addr<~> '"'"""e"' of Uoosmi.,icn, '"'"""'" of content, o• bolh 
To oko<rmono <o<rectn<u of \ronm""'"" ony '"'' o! a numh01 of enor<let<«ing e <>deo 
un bo: utd1<ed, 1nd oumo o! tbeoe "" bo rel>intd " on 11d o o f•ult dlogno<\o (prim>rdy 
hatd'""' ooientod) on ¡,,,¡,, P<oe<ulng. Checkwm> om blocko of doto '"· of cou,.., 

~10 ro-blo, T o d<tennine '""""""' of doto contont, tbe dato type con be cbe<k<d 
- mor;notudo ond """'"""' '"" deocrtl><d on th< pr...-iou• <t<llon <&n 1>< p<rfonnod, 
The out pul te>t can rnop)oy 10. c<>rrt<l"'" f<&ture• mmt!onod aben-e. or uploro 

o:orr<lotion l><owe<n rnputond ootpul doto. Wbe,. the oppli<>tlon modulo"'"" a pan 
o( o , lo""d loop conuol oyol<m tho opcdol propeniu of wch oymm• (o &-. e~p<cted 

""""'"""' ut ,onuol) ohould bo: lncor¡>Otatod in the output '"'· Stlwive >orifoeuion 
.,¡ prOit>"' ,,..rtion• may ol><l be enrployed In thlS '"'' 1111. lf Jiroct output to •POC•· 
,,.,-, oquopmeoa ~ w be furlll!hOd by'" opph<,liOII modu~ ll><n thlo ohnuld be""""'' 
¡K,.j,,d o flor ""'''"lully P""OS the outpu\ '"' ond befo« retutnln& to tho cxecutive 

~ method f.,. 11\<0rpmotin¡ foull·lolmnl opplo<otJOn modui<o tn tho oma\1 ·~ftworo 
'Y•'"" u ol<own In F'iUr< 4. The bliiC~ lobeled "~pplicatron Modul<o"•nd the O$SO
""'"' b<>n<hlnl for normal ond i<IOrt retumo com>¡IOnd en"IY ID li>O >tru<turc !h.,... o 
¡n 1 """' l. In foult·fr,. oporO<ton, the appliattoon rnodul" ort called by tho tuk '"lect 

""'""' of the '"'"""', ond <he nornoal retomo oro """' lptn to tll•t .. ,uon_ Tho 
'--'"" l"th• .re 11111 utdi"d 1f • prlmory opplk.uun modulo foilo ond tilo altero oro"" 
,,.,,.,""""'Y lt ~1<>Uid b' ""''"'borod thOI norm.ú roturru from t~o ptim"y and 

<' o , • ,., " ""'""'" "'"'' be of od' " llul f '" mar . 
11 "'"'"' ut the appl~atlon muduleo """'" corr<ctly, the •bort "'"'" palh ts 

"""'d ond,oo o tlrot ll<p, tloe r .. luo<ll f<eurJed. ln monned opa<<eroftan approprlato 
"'""'"> .,,., .. · • .,, be pr.,.!dtd tu the mw, .nd in unmonn<d opa«croft a troM· 

"""'"" '" • "''""" rnay be uolli.ot<d Then o di>gnOO'" 1''"11""' "on teied. "'""'" 
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MIIOUtii DtAGifOiliCS 

l 1 
Aro~J ~:::-- ESIVntAt 

y IASK tiSI 
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> -
010 mbumom ohoold deteomine wbothor tillo 
"""modulo 01 '''"'"'" it i>a r·-· 0 lo lhe fUit fO!lure fo1 the por<>:olor appli<.o-
• ' -.vrroncoo • r.oo.., ..... , '' •. 

""""" <O<rolat!Oo of tlle flllure · ""' "'" Y • 1 " l"'otlflm nuy •11<.< 
to tillo module) p,"""" """' < ,,"'"~ Sp<<>fi<d "'""(e_!, uplo..:l d( tho dotap..c>oro 

••' 1 ""'" moy oloo be'"'"" 1 0 "''""'•lt>k<n up by theoi>ono• 0 ,- 1 •n to r<.:ord rh< tome 
"•rp '"''""modulo Tho d 

'"""" hertlsthot "'"'""'~ 0 0 "!"01'" lnf,rmatwn uf 
., o "'"'"'"'. 1<001'01 ' • IJ"<•nc couoe of foilure. . Y P •• '" " lloon to id<n,fy the 

[ftll ' < ooftwore f•duro .,..., 00 IOOiat<d 
olt01nate modulo doo, notlrnJ*I th uuunoo •nd of lh< llrne <l•psod tn execut!n¡ lh< 

p •m may oimply IU>fl<nd lhe foulty :;~:pi"'="' o! oth., """· tho doo.g><>~tO< pro 

oflloe normolue.ot,.. 10 lten" 0 • JOR uleond "'""tilO u 1k "''"' "'""'"' •~• 0 l <n<>topploc t -• 
diO&no"'d au recomn•""" • 0 .~. 

0 100 
"'"""''· lf th< faduro hos !loen 

·~ ovil "'"tlrr>e<lopoedtnoh b 
roqutteolt, tbon • now lnk oched 1 h loe ' ' "'' proc«lu« up \o thl> poont 
t01k lut '" th< '"'""" Th.,m,',', 0" \o• 

0 
8"''"'"J ••d >Ub<tttutod fo, tho nurn,.l 

' 

• <te omtof,0 ,..,. 0 0 00 a P1 "" "' tt moy '"'o~e 0 mo 0 1IJ "' "' th>t "poeporod , re oc OC\'" proo:edore de nJ 0 
"""'"'"' pa<kqe on lhc backu 0 1 1" "'~un l 

1< ""'""' ofthe 
proco.,.d by tho normai<>OC"OP '"'','""... n <llher <ase the rt•l>od '"' 1111 wHI be 

• "'" """ ett'"'' • .. l!..:on• 1 .• -• "" ed 01 o cr,., 01 ground d • "'" uCC111on ""'non 11 
In lho dloco...,on w 0 ,',0~~· u !<c<oved thot modoflos thll><quene< 

Ol l U U<On OIWrtred lhot bo 
n«thor tbo pnml!)' nor tbt: allornale mO<Io~ 10 ' ""'"'"U lmu"ed wil<n 
"'"P1UIC< too\ How<ver, tilo o•oro]J ~:-tputo of • "<0\'oty hhk <On 1"'"' tho 

Operotlon of tho 1<11•1 ooftworo P '" "'" '
1
"' bo "'"~ tu .,. .. '""'"'"'~ 

no b"kop hn boto"'"''"-" ~'otl"rn alter 
1
" 1"" m' "'"1<>oent'"l """·Me¡,,. wh,.h 

,. ""'"· n> > nummum renuoro • 
"'""""«d hy "" w>loh"• 0 .• ' moot, '"' o "'"~"1' >loould b< 

~ JO><r '"" h.,dwile "' h 
""P""" t<ot wh~<h "rO>'Ideo 000 0 , P' "' """Y al"' l>c followe<i by'" ,, r moneul>l<Ohootret < 0 
on "" hl11dhng ofon •b<Xt ¡ 0 urn """" """· hono oi>Jt ""'"' 

'""' '"' '• modulo foil""' he ,. cuued For •><>~•tod faoluro1 th 
0 

> 1 P"'<<duoe ~·..,~•ualy dJ> 
• 0 nunno <><CUlo>< woll 1 • · 

"'"'v.-lulo f<>< '<¡>e>l<d r.olur<> ti on: n.l ump Y""'"'""''"'"·'"' rho ""' 
"' ' ln¡t noudul< <.o! be l<mo>«l fr, "'' l~t 
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1 he umfl<O ~'""dme for h•ndlin~ both '"'"'"' ••d none~«niUII •pplicltlon modulto ~ 
' o '<ry do.Uohlo ottrümtc of th1> o .. rall mothodoln¡;y 

V. REUABILIT\" MOOELS 

lht ~"'¡>(~>< of loult.to\<llnl softwore os tu enl1>nc• rhe reh•bilily ""' t.hll obt..Omoblc 
!ro"' th•orO<lgj\1)' chocl.o~ out SIR¡:lo .. trlng modul ... Tilo foll""lng oddr<U<o mode\1<1~ of 
louiL-r<O<r.rot 10hwore oudr thl\ /he reli&bdLOy rmp<.W<rrr<nt <>n b< C<>Cl«Ptual!Y demon· 
rtflted ond. '"'" .. rublo rnput par ame 1<r<, nummoaliy ....... d . .-.JthouJir llr< """' 
bol>< p<<><edUteo lor rel,.brlity modelrn~ '" odopt<d lrom 1h< hord'"'" fotld. i1 " lound 
th>~ ~.-mf,.;ant ch&RJ'O ""' to be modc 10 mok< tire rnul!ing mod<l opplic;oble 10 ..,r,,..,,.. 

ll1><n • oy>ten><omroliRJ ol o numb<r of prim•') modul<$ is pr<nod«< .,,a, • b><kup 

"' o«ondor) n\Oduk lur ""' Cl">t of lb< prtm>!)' funCLiom, <he ..,..!unj """''"" ,..y be 
.ltp~l<J " • sen<> '"'"&<m<nl ol pa,.ll<l<d lll"'lute.. ay of'l'lyrng eonY<nlimul t<lub>l· 

rty ''''"'"'"'" the f>dur< ptobobihty oí <><h module pau "" be e•p•<>l<d u th< prr.ju<< 
ol 1ht P"m•ry mudulo lorluto ptob&b~ny •nd th< .. condary m<Odulo f>rlU>o ptobobdrty. 
lb,. docl 1101 ""'V''" tho drfr~<ultl<l .. ·.,,..,, dot«l'"" ond JUbl<q~~<nl bliR<hlR8 to tlot 
"'""~") n~<><lulo nur doeo 11 t.kc '"'" '""""' tho po.sibilny ~r combt«! foUu<n rn 
prLm.r) •nd '"""~"Y modul<o. Tho foilu1< ~tob•bdit) predio:tod by thio m <><lo! w!ll 
'"'"'"" be ruuch l<>Oiow, Futthor. fut • ~lVeO O"<mll scftw.,, pt<>gllm lb< p<edlcted 
rol••t><l11y ''"be mod< o\mool .,bu,.,rly h'llh by m•km~ tbo mr.jul" omall w th>l tho 
rndlVldu•l uu.lule lodur< ptobobrhu., ("'lrLch are in <lf«t >qUII<d lO Otrivo 1t ty> tem 
f.olure ~r,hobrl11) ) b'Oonro qull< •mall. 

lho '"""""" modol olwwn 1n Fig. 5 ¡,., b<on d<•1>0d lo b< "P"""'•Ii'« of lhe 
111ln1< r• '"''"'' '~" <on l>o <l¡><ciOJ in lYP'"' •paOO·rdoled softwuc •ppiLCllli<>n>. 

'""'"~ ,,, ""' 1. wl.en tio< prrm"y <Oftw"' ,na<lule '"'"''' cumclly, tito '""'"'"" 
r•1>>rlodo!1<1 ""' ""'" orbruuy Lnteml '" the followin~· 

111 l'r "'"!}' <Oftw"' '""""''" to """" comctly {poth 1,1) 
lll !'"""'' ,.,[/wm foil> ond th< f>Llure " delcct<d (pillo 1 .2) 
1.11 l'runary ..,¡,,..,, r .... ond lho r.,luro """' Jot<Ciod (p•th 1,4), 

'" ,,,. forll cooe,the moodulo wlll dofmi10ly not '"""' •yst<m flolut< dutln~ tht od«ted 

'"'""'· on4 1n tho 1/oud """ 11 definitely Wlil coto< 'Y'""' fallut<. F"' lht e>O< "'"'" 
"''"",. .lt<«tod '' h11 be<" found '""""""' 10 dio ... <ran>lliool too P"'ud01t>te 2 
lo..m ,.hK11 •n rmmeduto funh« toom(hon to or1h01 >lote ) ru 4 "~1 ,,..,¡,, Th< 110nsi· 

"''" to ""') 1<ptO>OM>the use"""' 1too b"""P module por!"""' ut..r..:rorily lut 11 
k.,, "'" 1'"' nf ll>< opp10<otoon p•ov•m (i < , thr o«<pton« '"' 11 <ouda<t<O<Uy 'om· 
¡~cted 1 lho uorwuon l,4 "P""""" tht ''"' wbcfe • foilute "" boen d<1«:ttd but 
•htr< 111< ht<~Up mndule d<><> not "'"f"looily COmplete tloe «<<pl>n<< 1<01. 1l.rt 
prolubolrty lh•l th,. ""' "'""' d., tu md<pond<nt f•ilu= In """ P'""'!J' ot>d llo<kup 
n•.luk>" uuomel) luw. but <<lrr<l•l<d I;U!ureo.e ~. d1>< te '"'""n"""'"1<1!«1> ut un
'""'"''" lo>ldwJ«/wflw>O< ml<t.CltOR>. "n by n" nl<on> t>< rUI<d uut. Th< "'""''"" 
: • 11~<"'"" ,.,...¡,¡, tlo< '""' of co,ola«d f>Llur< '" th< P'""''Y ond b><kup modul<>. 
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1 
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• 
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'·' lVl"T 01 »llU1tl 
1' 11.&1 V 111,11' 11,&1) 

f"IJ.l. T!>.adloo """''' lor '""""""'"" '""'-· 

• 
1 ..... ,""""' 

lii>Jl],¡, "'"fiL. .. 
~, 

hu 1ft~ fo:;;rre oltbe prin12<y modul< ioof o"'""""'"""" ond rf rhe b•<~up nwdule 
per Otrn .. tl>fl<tor~y. lh< '"'""""' "ill tato<"""'"" to tl•e P'""•!J' modul, 

~r.;::~.:•• oall 1<> <he •Ppl""'''"" modui<, ., mudclod by "'"''''"" .1,1. lf the ¡,,¡"" 
l r . t'f module"' ola moro P"'""'"'"' n11u10 rhe Jrogno'"" ""Y'"""''" 

ro "o pnmary '"~ se<ondo!)' mOOule~ ond <>11> to tin• o¡>plk.olion '"" trne .,,11 '"'""· 
<~.;:t<ly bnng tho b1<kup modulo into operohoo. N oro "'" JI! uf lhi> ",·,.nololiunoJ on 
l bockup nrodulc hiY~ p<rfo,.no<l ,.¡,.f•<tmdy 11 ltoll un« oft<r ¡,¡¡"" uf Llro 

prlmOty modulo. Any forlber fa11m of oho b>d<up rno.lLrl< "'""'d thor<IUt< ~' "' "•d•· 
r;~~ont fodu;e,ond tho pi"Ob.abJIIly uf,,., '""'• whrl, l!re prhHory moJLri<., '"11 ""' 
Y" mg ""' >ctur¡' ¡><rlorm•nce, onu>t l>< '"""olmO q1n1e low. F,r rhro '""u" 11 ,, 

;:~~',",,,'¡"~, '· ",", " lh< 111n~lion l.l h" uk,n pi O<< (h"""P moJulo !" rfurr•re<l '"''"" , 
" ? . 1 "'' ""'''"'" ,,.., ""' or '""' • • ' J . ""•"' l" I'"'""Y ""'~"!< "'·'""""" ·.:/~ _n,. "'"'""'" 3.4 COMO\ De compkl<ly rulcd ""', i>ut th< pr ob•hrl" y uf tlrr> "'"' 

Wl .,. ''""'' ntd<ll of mo•nnud< 1<" ''''" '' ' ''' ' · be .... ~ " " ""' "' "•"""""' "" ., "''' ,,,,, 
'".'"ochod. Th<<;<fo10, tbc .,, hu been ~'""'n d"h'~ •nd <he prob•b<ILt; uf tlo~ '""~· 

'"'" "••.glootod "' tho d!!<ollioo now foll""'ing. 

In th11 mod<ltho mo:.t li¡¡niflconto>enu l<odrn~ tu f•olut,' cf '" •rrl"'""" ..,01¡,. 
•
1
« >«n to be inabilny lo dole<t ¡.,¡ • .., of lht prirn••Y ma<lule (t11n.,hun 1 4) and ~ivon 

'.'~'puma!)' foUur< h10 been d<t«ted, <h< cOmlot<d r,~ure of ''"" bockup ~l..odui."(tton· 
'"""' 2.4) S"bl'otlo p10víou~y ""'J n><rdruuno. rl"· ptllbJbrhty "' ¡11¡0,. ,¡ ,n ·~pi!· 
<>llnn toutme e>.n lbeo<fO<t be .. prn>ed u 

'" 
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fo. faol•-•ol"'"' ooftworc, on U~< other hond, thne fodu1e proce..., (dependency ond 
;,.ol)ory 1o detoot) "' """" to h< lh< K"'''"'"A onoo. · We ha•• label<d th ... eoUe<ll•ely 
"r<udlU! f1111ure proboblllli<l." Thoy may ~ roprnentod u an elomont in ,.n., ~lb !he 
"'~q><nd<nt folluro prob•bllilJ<o olthe .,so<:Lal<d opplleotk>n modul" "thuwn In fllu•• 
~ H<·~••", 1f "'"' P"''""' o=mpllon is conoct Ln lhll oppllo.uon "'"""" fodur< duo 
'" mdeperod<M failu!O modes of 1110 P<llllll')' ond bookup module lo o1dou of m"'nUude 
:,., hJ.dy lh>n thal duelo 1he l"ldualloHur< modO>, Ilion o otmpl•fied model oonollllnl 
'"""IY uf, ,.,·,., auangement of "" re~uuol foilu!O mudoo may bo comt1ucl<d 11 
~'""'" In Figu10 7. 

r*l P"IMR' 1 f- ...¡ PRI""'"' '. t-
- ., _11<110LIAI 1 1- ...¡ llHIOibll 1 

l.j IAC,UP 1 f- L.j .. c~UP 1~ ,. 

1h< n><>;l<l d .. dopcd thuo lar conoide" f •Uu" ol ony oppf1collon 1oot!no (m:""<!')' 
t-"-'<),. l<•d!ng lo tyot<m ¡..,¡..,,_ T!uo ;. lmplicu In the ><neurtonp..,.nl of fl(tltel 

",,.,¡ ¡_ Ho,.0,.1.tn F1p.. 2 ond 4 therelo pra<Won lar m obon "'"'" "'hen <1011h01 

1,1,!i._otoon ,..,ule can paso ll>e oo«pllnc< teot. The pcimaty (>lllpott of thil proYIIIon k> 
. ., 

1
,,,.,., ,,,,..,, •pplo<>t!On <Outinei to continuo to fun<Uon a(ter foihll< O( ono <O<Ovely 

"'"'"' to penml '""'"P""" of o lailod routine ,(ter o cort<l.atod trmsiont fo~ure 01 
'"" 1round intmont>on_ Th~ copob~ily of 1~0 abo1l uecutiYe wdl ""'"nly impro•e 
od,.bllu~ m th•t• numbe1 of !he .. ,., whl<h h><l p<nlous!Y boen otlpul.,od to 1<>111o 
"'l<m ¡.,tu10 m>) \le cnmp!<t<ly I<OOYor<d 01 moy be con><rtod to • dog,..,¡od modo 

""""'"'" 'loo«ot<l, IbiS <opo.bUiry uf tho obmteeC\Il!Y< to tomporarUy bYJW" oppUeo· 
"·'" moduk> ler>d• """" dogr-ee of fou!t tol<l>n« <V<D to llliP modu!n_ A timplined 
~•) d rnoJohng tltll a<ld 11iuool biO);up copob~i!y io dn>wn in fJ(tiiO 8. Thll modol ko•<> 
~·m<lhUII to be d.Wod l<lltlve lo tho hmdJU"\fl of foiiUIOI no\ deteclod by the '"'piODCO 

"'' ~""' d=•<' in""'""'" of the obon uocu!lv. doesnot lOkc ploco tben.lt mJY 
"""" '"'PPI"Priol< to indocole lhot ony bo<~up capobiluy .,;,.,_ In ony eoO<, how<'o'or, 
lh< i•du« pu>bobollly "'""istcd ,.;,h !he ol>.>rl UOC\IIi>e '""''be rot<d quit< hi;h. e¡,ll 
5<1:0 "' ''""' E .en 11 thot lovol ;, "P' ... "" o C<>O.x!mblo ln•pm...,.entln oystem 
oehabdJ•y _ Wi!h rhll ... umpunn ond wllh the funhor under<!aodtnl thol wme fadu1eo 
1hol do nOI mtll.,l)' ,.,.,. Y~ololnlll of lcc<pton<o <nl<ll> m.oy be delo<lod lator (•-1·· b~ 
hlfd'""' U•¡»l.lhh model" <la! IOwmmended lur ""in lho q~onlitotl .. d!OCU...,on 
,,, !<>IIBW> 

Tho m1>d<l ,¡.,d,--1 h<r< does nol ,ccou,u ¡.,, !>tlu«l tn lh< conl!nl ,l!u<IUI< u .. ~ 

'" .,,,., .. ,nl 11" ¡,.,, """' P"'"~o•4 ""' '" ,.lo<tod f """ 1001 uf ~· """"" 

1 

1 

1 

i 

' 
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ll!IIDUAL 1 l!t;IDUA! 1 ll!llDU .. l 

- 1- f-
A!O~T AIIO" A80R! 1>11-<;um• f<ICUTII'i [xtCU!IV[ 

(oom< funollooo of tho <xecu!iv., o.g .• utihty routlll<>, con be p1otocted b~ thc ,.me lYf" 
of 1odundoncy ., 1ho oppi"OliOJ\ pwglim>J- The oonllol llru<ture p<up<K<d hore 11 00 
>lrolglnfo,word and <opoblo of completo "" (~<>U>< of 1 OO<penrl<nce 0¡ oonhol for ""' ,.,k on lhot for onothor) thll lis f.oilu" p10bab~lly ~ <on~dorod noghgible. Tho ¡><><l,on• 
of the .. ecutlvo thot de._, with the nom>alond aborl 11sk s.;h<duling moy ''"' b< <•p•bl• 
of •«Y llffipl< lntpl<rnontotion, but thio moy ha.., to be ¡udged on a <>><·by-<•,. b,o,;, In 
oddtllon, """ may won1 lo <orwder the poDiblhty of • ""willi"' p.-or;ram owwnlrn,R •=•
"'' P<>ltiOns of conltol or of 1h< execu1iYo. Tioro oon be l•rgoly P""""d by "'" '"'""'' 
P"mll wrlt< ""''"'""' only oft« oompletJon of the ""'P"""' l<ot; •nd pr•mde only 
pmdepd wrlto ''"'" to lhooe poU10n• of memo1y th•t con1.,11 the """'"¡ S<gnl<nU 
Where 11 is foil tlu t the fodureo du• to !ln,Rular evento 3ffw¡n~ oonuul shoul<i bo """' 
uly thown In tite modol, the struelu" of Fig_ 8 """be pr<<eded by o sm&l• ~loe\."'" 
r<pre,.nts lh ... ''hl;her ordt1 r<Sidu>lo" 

VI, EXERCISING THE MOOEL 

Tho" "" fl pt ... nl fow ot<drl>bl< «limmo of oofrw,e «l;abdll) mol none •1 oll fo1 

tilo <fft<llooneu of lhe fouiHoler.nce p<o•~""'' th" ""' bo-en d'"'""'~ h«e :-/,•Y<r
th<lou, "':"' '"'"•bl< inli¡lno oan ~ g.,ned b) pluu••~ ~·lt•:-tfnumb<n 1n1o tho mod<l 
d!..,UISOd In tilO p.-ttodong ,.ctlon_ Fouii-!Oie"n<< ,.,,.;,K<,. oro nol h~<l)' ~~ bo ino:or· 
P"l•l<d lll uiltlng ooft,.,,. lhol lw peñormod odequ.t<ly sn lh< P"'t ¡nd Uoo< ,. <ntendod 
lO be u10d <U<nloa!ly undi"'J<d in tilo futuro. The ba,.hn< ooft,.O!c «li•b~ny •uunates 
tho1 01< of conurn hero are lhOI< for new or oubotHitlall~ mod1roed ..,¡1wm wbeJ< 0 
detillon "~1 ~ mod< '"h«be1 to use o louh-u>lerHIIappmo<h 01 to •n.R•R< 10 fuo~h<r 
lntina. At 111>1 puont. ;_,, wothout 1he ~nont ofthe """"" ,.,r1cat.on ond ,.hd•· • 
tlo~ prOC<duret th01 '" lll><molly uoed f01 cnunl.,,fi,...re, u" •""oned lhot lh< • pllon 

, "'""'" fur mwion «hobiluy uf Uuo >01 ,,..,. ;, h<lwO<ll 0.••5 (low ,.¡;,iJ,hl) ¡ •nJ Q ,,~ 
Ottsh 1<h>bUt1y) FurU>er, 11 " usunr<J thll 1he tol.d "'!""" prilglOm 000 ,;,., .,¡ '"" 
opphcollon "'"""" lh" will ~ struo:tured m tu t<n re«W<r)' bloclu """r <h< foult· 
tul<ranco ron« piS OUihned >bot<- The r.,lu,. p1<>bobll11y w!ll be rnn~douJ <~u•lly ..., 
d~tubut«l &nlon~ all lhe opplie>Uon '""""<'"' 1h01 ti .e «i,.bllOI) ¡.,, tho ondo.,dual 
IOUtlno will t&ng< ¡,,,.1 O. '198 (h•gh) to O.'l<JS (10,. )_ 

lJoe .... oumpli,ns fumr tho b.,;, fur tilO <ai<UIOlion of appl«ltrOn rou10n• 1-.luoo 

prol>&blilll<l rn T •bl< 1. A funlo<l "' of """'"P'"'"' for thlS <o~k ""'"' ,,. ( ,,.,. 

""" "f """ l•ult '"1""'" 1'""";""' ho.n •1" P""Jon~ "'""" u ~ ol' h,· "' ""' 

-t-
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T ABU- L Ap¡>ll<""'" '""""' ,., • .,, P'"""'""'· 

.. IMA" \t:UWARl ltEUA51LII'I 

IA:III·IOUR.IJ<C! !H!~lMNt:\1 !!!!:!! 

'""A~Y $0CCIII PROSA51lll"l, 
' ·l. ,, 

IOILUIII OEitCIION OlliO, D .. 
FAil\0111 DlltCUU< PltOIAilLII'r, 

·~· P !),lo 

'"""""""' ...omcno ·= "ILUiil, P n.~J 

"O"IIlll'r or t""ltEl.olltO 

" t<llUt!, f 1/, .. 

APP!otorouo OWH!\1, <•nuo¡ 

"""' .. ""'· '• ·-"'-11Aillll"< l>tc:lltME•l, oq• o•• · 1- "'·"- '• 

OH 

''" 1"'"•'1"1 Jonmnoi<> ul U>e fout¡.o,¡.,.,« p<oY~iuns <001de In lnoMiry 1~ d<locl • 

''""""' "' '""''"'d f01lu« m«l""""'' of rhe p<im.,y .,,~ bo<kul' rnoduleo. In th< 
'""'""uf ony "P''""« il ><<mi p<ud<nt lo""~",.,.,., oubllonli<l p<nbobditi" 10 
o ti<>< """" Ol<><l<> Ac.:O<dingly, ¡.,, hoshly off«ll'< fouiHolmnce p•~•loono, • foil u« 
""""""' 5U<t<" ullo of O ~ onJ • <<>t«IOied fodu" p<obobd!ly uf O.l hno been ... 
"~"'d. Foo fouiL-roluiUI« p<o•Wmo of looo eff"'""""' it ho.s b«n uwn>od tbol th< 
o.du«-ol<1<<r•m '""""" "'"' ll O 7S '"d rlut the p<obobdity of ""'''"'«! foifmn if 0.4. 

lh< f11luoe·dm•11<>n poo~obol11) •nd rho ¡>t<~b.obduy af undetoel<d fo~u,., '" com· 

I""J frunt lh<>< b""< inpuiO" "'""" on Eqo. (l) ond (J), ""'"' D" tholoilur<

J«""''" '"""' '"''" 

f'(l.l) • (1·1'(1,1)) X D '" 
P(1,4) • u-r(I.IJl x ¡t-o) '" 

fh< f""b•b,hty or '""''"'"foil"'"~ <•P"'"'Y nared, ond th< '""' fo~""' p10bab~11y 
(,, '" opph"""" "'"""' {«,umy bhl<k) wllh f'"lt-lolo«n« pmminno "" rhen be 
''"''I'""J ~) olo< o< 1'~"""'" 11) Of '"'""· 1h<luw<OI loolu" p!oO,bohty ~ obWn<J 

"'"'" rl>< 1'""'") '"''""' I<ILobllory onol oh< 1 ;ulr-wl<••"" offw"""" "' borh luglo 
ll1gh 1" '""' 1 "'" ~-'"' "'""'''') '"J '"" ''"'''''''"'"" cflocli><H<» I<Od '" •rr•oxi
"""'' tlo< """ «>11111 "' ¡,,. f'""'"Y wl '""" oel"h1h1y onol hi~lo fouiH"I"'n« ello,o
"'""' 1'"" "'"" rh< P"""'' ,.,¡,,..,, 1diobih<y" low onJ fo~ull-l~lo"n<e provi""'" 

ul '"" <1 r,-, """"' '" "''"'P•~•••J. th< '''"'""' oppllclli••• '""""' follo« p<ub•b>luy 
.., .... ..-. oo¡oo. r.hk, b<n>r '"'""'' " rl" k•d .,¡ o lo< h"" P""'''Y oofl••" !<lioboht) 

.. ,.,, .. ,, '"'" ··~"""'" ~'""~""" 

1 

1 

SOFTWA.Rf FA.U! T TO!ERA.NCE 

n,.., <Ondu,..no "" ""Phf"d b d 
lho O!"l1loon of 1100 lbotl uocut Y,.;;;nu erlng lht lotaf "''""" oyll<m, mdudons 

th.ou~out of~nopp<oximlle ,.,~:~ 1 '"done In Toble 11 """" ""' h" b<.,, "''"' 
Er¡uOiion ¡4¡ 1 1 

Y<olcu .. uun fm lh< "''"'''Y"'"' sh"w" on 

• 
Fs • ¿FA¡ • lo.<:. : Rs • 1-Fs 

'"' 
(O( 

TABlF 11 ilo(,_,,,. .... , p .......... ,_ 

~IIM.I~Y ICI'N<AR! 11lliAIIUJl' 
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'"" ii.CCf!S PflOIAfolll'r ''·"'-'" lOUI!M! APPliCAllcwi ·- ... IKluH11<1, •sr ... a"'' 
fAilU"' PltOU!ILII'r fAIJll- >-TOliRANl lY>llM w1i¡, O' 
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1
"1<1"'"1 by '''" •PP'""""'-

<e ""'""" 1 "•bon "'" ,. h 
P'" <pploc•ltnn "'"""'' ¡0, whl'lr 1¡ · " "' "'""' IIU) '" ''"'I""'"'Y b)· 
condn ionoo""""' <h< ''"'' , ' ' " ~"~'" "'"'"Y "''"" " l.onhy """' ··11Im ''" ""'e .. ,.~'"'"'"''' -, tion hu lokon 0¡," T'· « 01 """ '"'«<>lul onl ~,J, '""""'-. "" uoumpuon lhll rhlo off 11-. ~; 
but iol>d,.,od ro o. on ,. . " '"'"'"u_ "''""'PI<I<Iy "t.''"' '""""""'""''.,de TI f 1 b '~-'"''" oo!lh 111< 05 <ff«t,•• •. , . · " """pro •b>l11y ol IIO< fouh-toler1nt · "''""' "'""" .. "<"" 1 d b E ( T<Pl<><niO!l>ofollu!<p<obobo]" f ,_ ,__ opu< Y -q_ S),.h<O<IIo<f"lo•05 

' o '"' """' """""' • 
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l'"'~'~dot) (O O 1 l~) thln th< high r<IIJbollly o y.,< m wlohout loult·to\o""'" P'"'l•lon• 
·'·'" ohr •"~~"" d.rfmn" In f•~"" ptol>ab>lny omonsoll cOJOflgurotions ounsld<tod 
'<:,· tu• l>«n appt<Ciob\y rtducod. Thi> in<J¡gt<O lhal faulHOl<nna! molceo tho l)'>ttm 
':" "'"""" to tho ,,.,. uftlt< lmti•l r<liab~ny ..... n .. tu 1lle efloctiote.- of th< lault

:huou "'"""'""' 

V\1. THE NEXT STEPS 

Yle loop< to "'" domonllrat<d horc lllil<>p•b•l"i<' u\" lot the imp\omontlllon of 
uult ''""""" "' o¡>~«·tolat<d l<lflw"'· Fotthor, th11 Cipolb~!ly tonot dt>e to any tluiJI• 
hr<,\.O\tto"r'• but 11 r•tlt<r the «>ult of eomblnlns anol umlyin¡ '''""",. ol eunertt 
~'"'"' u> oh< foold wllh the rew\1> o! th<ooetl<ol ""o~ th>< hod b«n e>.niod on m o moco 
,..,.,.¡ eonto•l. 11,. parti<u\arly ""'""'' futuO< of tho prupOSt:d implomon\Otl<>n t. tho 
>•c-oplr conuol tttuctur< ,.hl<h promott1 <noo·ftoo <onoltuOtl<>n ond ful\ toltabillty o! th< 
,,.:t-oul<r>n« pt<>VIIiom th<mi<IY<t. 

Wo h•"' ""' yot prodt~<od • detail anol)$10 o! onmput<r r<$Our<"' (otorage ood <><O U· 

toon tomo) ti"' "'oll b< toquored for th11 opp!Ooch. ~"'"' and ontlcip•l<d odvoneot on 
h,d~m ••t·•~tlll"' ""~' r<shi<toon• in IILLI "" lo" >Lgnlficanl Moroo"', it ,.1\1 be 
~' m•hl< to <umt'"' thooc '"""'" "qutromotLI> ""' oLOiy wlth on ideal unpe-oulnt pto
'"m '"" y~ IJ> ''" "'"' funouono btu" tl\cr ""th • proctoc.l pt<J!!Um that tno<>rporatd 
•' '"" "'"" .,¡ tho ·~ hoc loult-toleun"' P'"'~""' ""''""r In uoc '" ti•• 1\old, Thl> 
'"" bo • """'"'"""'mona anol moro >ub¡«to•o U!.k (b<<1u .. of tlt< >>ri>tiono In '""'"' 
:-••""'<). b01t \1 to «rtotnly apable of l<:compllshn,.nL and thould bo und<uohn ooon. 

lbor< "'"'"""· """"'"· the jud-ntol qut1tlun ol h""' much .,.-mg tn "" and ,.¡;. 
,'>ti<><L "" tn6<od bo aohi<'od by foulHol<ront ooftwa<o. Th" qu.,tl<on c1nnot bo 
,o;wor<d eonYlncon~y until '""' or thr<o p~ut ptojocto ""' bo<n oo;.npl<t<d. In ot 1 ... 1 
'"'' '"'""" ""' rn,,¡ht '""' to >«a dehloorotc to<lu.:tion In tlt< ><)fow1!o 1<11 <ITortiO .. 
,,, ¡toob< the 1' uc <•poboiHo<l of foult-tolmn1 ,,¡,,..,._ Tho cffoot of foll\t tole""" on 
o•u¡rom "'""""'""o l.,-, noodo tobo <valuatcJ. !"onll~<rablo "pendltutoo wUI bo 
'"'"'"" m "'"" tu eundu<t ro:olill" •nd ,uowtn"n~ pdol prOf;tam•. but tOe,. "111 be bu\ 
' nuLio< h"''"" ol the "ptndttuteo now ~"'"& into lh< Joiolopm<nt and t<ll uf '"tbl 

,,,,:,.,""'~ P'"" ""'-
Th< rol .. btltty ntodellhow• that • ••ry consld<llblo r<duotion in failur< proboblltty 

, . .., bo .. o,. .. d """ whon th< fouiHoler•n« provlllontth<nueiY<••ro r., fmm por!« t. 

"·""'"'• the ..,¡,,.,,. '~""" fodure probaMity 1• mod< le.. 10nslt1Yo Lo 111< t<ILibohty 
-• 10~ '""" wft,.•ro module !t ii tll<r<fooe bo\lo•od th11 tho timei>quilo ripo to unol<t· 
Ü< "''u'"' otudo01 uf foult-tolerant ,.,¡,,.,,. fot domandiog oppticatumo. 
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SOFTWARE EFFECTIVENESS: A 
RELIABILITY GROWTH APPROACH 

R. A. Pt~~~ '""R. T. Wojo.k 

,..., ,_,_, s,.,,.,. C..w, -·· Rl 

,.. ,......,,. or ""'popa ~ .., ,..,.;,s, "'"'""""" , .. , kl""~ "'"""' ", P"""' r'"''" 
,~,.,..., whl<h """' ol' lbt ,...,...,.., t.m""'""' u1<d on '""""' '""""" ,,, "' '""""'" 

op¡>l~d f''"""' mmt>•> """"''"~ ""'"' "'"""' "''"'' '"" '''""' ""'"'' ''""'' "'o,.., -o 
u to tho" oppiK""'" to """'"'· G'"'"' ""'""' "'~"'''"""" """' .. .,, .. , Mll-STIHOl~, 
-~oruw.n, ,.,....,. lo. s,.....,, ..,¡l.¡,_,, "'""""'~"' ... "'"""'''"";· "' ,.......,..,....., • 
..... ......... ·-............. o~opmo ... , ......... "''*"" ... ,,.,,. •• ·~ fNO>od< ....... .. ,.,. ............. _.._ 

G"pht, '""' ""'· fulu" d<f'"""''' '"" ·~-"""' "''""'"' "' ''"' do~•""' u ""'< 'l'l'lt 
......... '"""'"'" "'""'""· ~· """'"'· •"""~·· '""t.'"' '"'""""'' .. , ""' '"'~"" ~ ... ""' 
............ '"""''' lh>l ................. ""' ............... ,....... llo; "'""' ....... ~ .... . 
..... ,. ''"" ""'"" ... ,.. .. , .. ...,....,._,, "'"' .. .. n..,,. ..-'" 1 n .._..,.~,"'" '"" 
'"""''"-'11> _...,.,.~;UI """""""' ...,¡ 1<) "P<"'"'"" ~""""""''"" '"''"'""'' .,,,, .. '" 
,~...,t<d roo .. ,. o("" '""' ,...,..of ••""""'"''"'- ~ d"'""'" on '"'"''' '"' r•~~""'•'> h •1w 
"""'" ... 

l. INTRODUCTION 

no <IT«!<><n<U of mdillry "'<opon IY''•'"-' p.ro.><nlly ¡,,~ <k,.lop<d ''" b< 
,..,.,.d b)' ob<ir !<lflwato md !wd,..,. IYJtlob<ltoy. rtl,.bdl!~. >nolp<lf<>m>ona: <hoto<· 
"'Wic>. llüdWil< efl«liwne5S can b< >n<UU~<d b~ U< m; "~' tng rel,.b<l>l)'/m""'"''' 
oi><llly onJinwing tocltnlqu<~, <OO~Iod W1LI1 pe< fom<""'' u< <>p>bolll¡- ,,.,. '"'"'''· "'"" 
ufwho'h lloV<i><<n oJ<~«Iopcd •• a ><<ul1 of lh• NASA 'P''' r>"'!'.,"· \ton y uf tho r•.._
,,_., otiltL«< '" lho d<><k>pm<nl ol ~<loable hordwor< ''" be du,cdy oPf'l"'d 1<> •<>ft"'•" 
<kv<l<~pm<nl programL u ...... ,, fundon><mol d¡ffmouo on ''"' '"""""' '""""'''""' 
,.r ooftworo and hord"''"" mako 11 impnch:al to adopl oll lht con<<plo 1<«>1"""""'" for 

d•< d.....,lopmont of r<lioblo hord"''"'· In md<f to "'""' • "'"'"'""""o( 'Y"''" 
df "'"'""'· a roiJ>hHIIy p>O(Irono for th< O<>l """' lof< <)-el< "'"'' bo ~<fmoJ 

Th< 1"''1"* olt~i• p.op<r ~ ru <«ommom~ .,, •rP'""" ro rh< ~.,,,..,. hf< <y<l< llo•l 

"'"'"""' r~llbjuy gro..-rh. Throu~our lhu roper. r<li>h<l<ly ~rowll< ,. ,¡,, ""-"' ., <l..: 

'"'"Hinl prob>bilny or 1 .,. .... , (lu.tJwm, "'""'"'· "~"'"'"' 1 1<> p<olotw "'•l"""d 
u«> funcuunr unJ<r 110\od <ondot>On•- Tho 1ho« ""'"' 8"''' of '"" ~·~~·• '". 

(1) T o r«<>mn"'nd 1 pooaa 11111 con r«uh '" rohobohl) F•»•lh r.,. ..,¡, ... ,,. 
producu 

1'>•"""" " "'"~'"'"'""m "' """'""" '"''""' ; ·~'"""'"' 
""'"""'"" '"'"'"" ul No~ Yool. A"'' /<).) 1 !.O o 

"' 



cOMPUTtll SOFIWAII[ E'iG!NH'/1/NG 

( :¡ 1 ~ dol<on""' ol "" "'' of ~mwth an be '""l"').ot<~ 10 p><d"l operouonol 

tdi>bohl) 
'-'' 1 o <lmrnoLn< tho l<vel <>1 ''""'"d .,¡,,..,, <lfectl.en<!S ond ,.rommend 

• "' .,., h>r ,-c<J'""i a «>ltw"" l""luct '" uch rh'"' ofl<>lh<~ 

In '''"!""" '""' wilh th<>< 8"'"· lh< p.>Jl<< dofln<> muon lOft""'« mor lemunoi<>J:Y 
,,J "'~""'""J' ~'"'"1 P""""' "'!""'"""" th.ll pmll<l lhot< of Mlt-STD-JSSA, 
"l,,lo.t"-•''') 1'"'11""' fur S)"""' >nJ l·quopur<nl D<"lup!ll<nl anJ l'!!><lu<hun.H 

ti. THE CONCEPT OF SOFTWARE RELIABILJTY VERSUS 
HARDWARE RELIABILITY 

llor"'f rb< JU'I 1<'" Y'"'· <lo<« "-'" b<<n l'gunl<nU .. lo ,.hdhU 01 not h.lr<lwor< 
o,-luho!rll '''"""!"""" b< •rri~<J lo ,ompol<r ..,flwore. 11-<cao>< of oh< inhor<nt eh"· 
,_ t, "'"' > "' '"""'"'· """Y ol !he le,hhi.jU" u><d 10 ""lu.tlln~ hild""' ><hobd<ly m 
,_,, •1'1''"""1<. ll•od""' " pli)'""l m '"' "" ""1 ~·hJO<I •~ f"l"" J''lterns 11\11 '" 
· '•'"lk·-<11) '"""'"bl<. Suttw>r< " th< U•n<f<>< m>~toon uf 1 d•"8""''' 1r1e .. ¡nto • oym· 
1. t .. • t •- -"''>" 1"' '"mpol<t J>l'"~"'"t; ohr:rrforc, in r<li>bihl) ;. d<p<nd<nl on «>tr<<l 

... , !" • '>•1 11 " " ~···•""" 11f 1 l11> d<~C" 
""' :!" ~"'1~'"' ol '"" 1''1'''', oh< "'"" 1oft,.a<< r<h,.bohly ond r<hoble soflw"' m 

,..,,.,,1, "W>ill<, Snfo~ '" 11 c'Oil>tJ<"d tol.,hlo ol ot ""'lío> lito 'I""Liocoti<>n «qUit<· 
'"·"" 1 ;" lnn<tO>ru ll p<rf~nns '""" b< wotlun ti"' (O\or.n«> '"d to!-.lot<>n< Ol>l<d on 
:· .< ~"'""'""'"' >lid lh< Je<op .¡><OlÍ"""'"· (TI\< <onl<nt of th< J><tfOrm>n<e ond 

' ' '-" 1 •1' ;, ,, ... """' i> .. ~d «=•1 ' " " 11 " "" l "''' "" " 1 
~"'"' ,,¡ Ll« d olfc«L"" 1\ctw"" sol IW"' >ILLI hml"'" tlral afi<CI rohabtllly 

''·'""'"'"'"'· 
11 J S.1ltw•re uoodul<>, wd<, '"'""""'"'· eto., do nol d<~"d' "llh htn< n • r<10lt 

''' '"'""'""""'1 "'"' or fJL>~'" el f<<l> (Lo., w"'nul) 
1 ~~ !>u1•h• ""'" ol ~•1 lwa<< r•~J""' .lue> noo "'''""""' ""' ~>ftwJIO mon 
o t) 1 •••nrrdo<n<~><l.olu~< ,oood< ond off«l >r»lyw d unpro<lic.l for 11111' >Oft

"' .O< po,.lu<U h«>u>< ol lh< 1., ¡,.: numbo:r ul d"'lln.;l l!lpC J>illh< 

1~1 Ato he prc><nl """· Joo«"<i ""'"Jo""' P""ido mform>t10n for 

1" ,-,1•· ""~ ,t,,· '""""""g """'¡," of "'""' '" • ~""" P"'~'"'" 
1 ;¡ 1 O< '""" l~nr ni • ~·1 Lwm l•ull oltw ti« euufo~ur.l""' .,r th< ooltwm ami 

""'"""" '"1 l"""hdoty of o u '''"'-"'"'"'' 
,,.) 1 h.-e< " .,,, "'"J"''""'I >ppiN<h for e>hiust .. dy wun¡ •<l!lw •« tn ord« to 

·'"""'" ,,,,., .oll "1""'""'·'1 '"1'"'""'"'"· 

1 ,,. •'""' 1"' '""'-''"' o he "''""" r '"' > """ ••r'"'"''"'g •rL""'d' m •" J" "' 
.... .,_,. ,, ,,.,,¡, ~·~~~·" 

~ 1 11 ull 1 · .1,, ,. • >1 > L h l ul O '~ h IU• ltll~ f,u ' " IU>U n1 >'1 l!vo " ' 

' ; " '"' "" '' ~- '' "'" ~ .. 1 "' ..... b"l'' "' 1 "'''"'" ·'" ·'1'1""1"' "' ""'"" ,.-

SOFrWAI/f EfFEC71V(NnS 

1h" could b< •r~ ..,d 10 '"'' J 1 TI 

ó:J.I 

"""'" P"'t!""' .,..,.,_, '"' ',"J , « ~~,rrh ""lu<1hoo ottoii>Jic,ll>y ,11, ¡,., tl .. l 
f .... "' 1""'· , ... r .. ,,n,·•W<<nr 1 , 1,nlw 
Ol>llfiW•l<p«>dnc15.ll>p¡><•!$lhJithollfUF" 1, 1 ""

1 
'. , ,)t..,u,,,l 

"'·'"'g'""""' woll 1 '"'' TI , ' "' P "tloo only l<hJho."v 
111

,. """' ,, ' '""""''''"'"~""'l"'i'' 
"''""""" "'" '" <11«:1)'0 1 l> 1 ' ' ""'"~'""'"

1

' 
1
"" "'

1
"' '

1
"' _ "" '"Y""""""""th<Unol<l<l"'.J(Jo:« 1 J)h 1• 

o>«>g•l•rm•nwho"""'"r«IO<It "-' r< Y'" 
"''"'"'Y dooold not •- . '. :, 

0 ""• "'""! h•·~~"''"'J '" ""'"""- IJ,.,.,.,,.,_ 
• """"'" ~<U ur Dlllpll.;lly. 

Doll"ulww"'""o"n"'<dlll, 1• 
l"obl<m< ""~ln•ood 

1 
· rr Y llg "'"'' "' 1h< """1'1' '''"""J ~ 1 _,, 1. , 1 "" 

1< ~- pomon .,,...,..:,••,«mg "", oh","""'P"""' m•J•• "' 11"' '''""" ;l '~"', ''"' 11,.,, 
• ' F'"'"" 1> • 00,11>) t'OO J b< P""' J 

""'""""'""" ··- .. ' • • • ,.,,. '" '""'~'"' 11«· ~''""'" 1 .... " - _,.,.,,."' I•K "-"'"'PI"'"' "': 

lo "" '""d Mhor th.ll oofow.,< Li<><> no! J, 
''""" "'" ""'""'"J froo•, ' ___ , '""J' ""' 1111

"'- rh<l<lm<, ,r .oll '"' "''"'"l"~""""""ldh· ·1··1 ·1 r•"b•b>lil~ of""""';,,q,wl 1, """Yl D"""' 1110 , .' rcr ·,~'Y" cohl' ,,.,,.,,., '' , __ 
llp<~>lion ""de bl ·1 • ¡; , .. ,., .. o •.. o,,., •. "·'e'"""-""1 

Y!dutg o n;lural ,::::M~I l" ·~~~~' ~'- p<li<CI >1>1< 
1
"' ' wll~ "' 1'<"1"" • ""' ;h) P"'-

""''' b<l «O f ' '," · LB •el,blhly S'""'" ,·(¡, 11~,, tiL< ,l,lnhulk~l Ul 
w "ur« 1 1< r<l~>boiiLy ~ruwlh _ b ,0 

''m>rs¡'opotollng 1Im' F """ 1 · , "" "' ''"''J'" ''"' tlu, "'"""" ,r '- '• "'""'"~'""'llu<tr"'"~'l' . ' ''P<'"'"~ "'"'· Tho h<nd ond,.•t<Li o ,¡,, h " ~"'"''"' " "'" '"''" '" ,., 
~ruwlh) .., lhe •-ratift• "'"' ) "'"!:''"" " ' d<o '•'"~"• <o"" '"' t ,, l,_holll) 

·r· ·-. .._<Unliii.Oh. 

¡: '" "'"" ¡ .. ... 
' "l ' r. ,,_,_lJ' .. ''~-~-.~,.--~---~'==·~·~-=;1;' ,.,.~? ' "' •o "' •• tO t'o , ..... , .. ""' "'""'" 

1 ''' 1 • N""'''' uf"'"''.,( """"'•"" ,.1.,., '""' ""''· 

B. G.,....al Requiremenu for Rel~o1bolity Progratn< 

, 
1 
fh' ""1"-" > •1 1nLi.11J (M 11.-~ IIJ-7H5A) ~~~ lud•·, lll<' '"l"" _.1,,'"' 0,, , , ,. 1, tlulol' 

1,'_' :"m. ti" '1'" ''""' '"" ,~ o¡UJIII ""'" 1"l"'""''"''· "'~'"''"'"" J,.,,,,,',, •t ~ "' ,,J 
"'""1""'" ul ol" nt .... /.11 1 '" O ' - ' • _,, ' ,- _ • "• "pm ,., 1 >< ~'"'"1 "''l"·""' .,,, 1 1 h -
~· ""' In!'-"""' 11 • ,. ' '"" · "'1"·""""""' '"1"'"'""""'' '"' h.n•'"·'''-1'"'''''' ,., , ' 
""'"-""'·•11 > '" 1),.,., ltn><il•l~wn 1 "I"'<>IM [111 0 "' ,• "

1
" "'" '-" ""' 1" 1(.-»,.,, 



COM/'UTE/1 SOFTWAffllNGINlEffiNG 

('In Nl Tho ~rut<><yp< oquipmrnr ""'l>J«tod ro "liobllrly domoo>lr>tion 1011>"' f<>< 
rhc 1"''1"'" .,¡ ,,.,¡,,,.;1\y o<tlmotrn, omrpiW><e wrth tlr< quar.nloliY< requlromonto._ 

In ,Jdrtron, ti>< Weopon Sp<<lfocatron (WS-l:IS06) nutlln., tho dr><umentarioo require

"""" r.rr rlr¡ptol cnmru«r 1""'"'" >p<<if~"""'· Thl, •¡rodfrtotoon requl<cotwo 
..hlrlr""·" JrlCun><nt•· the c .. rrputor Prugr.nr Pcrfurmon<O Sr>ecrf~>lton (CPPS), orrd 
rh< <'omput<r PrOII'•m D<1>5" Sp<clflcatK>n (d'DS). Tl>e" ore def¡ned,. follo""' 

11 J nPS-T"" fPPS dewrbco rho p<rfo<rnon<e «qoirerntn1> foi tite oomputer 
PIOII'>m po<UOO of o ,¡tYen di,rtal<O>rrpultl 1)'>1<11> Tht CPI'S rx><ltorN ptr

foKrnane< '"'"'" on """'uf Of><"'"""'l, funct.,nal, ond morb<motlc11 .. ,.. 
&••11'- llre Cl'l'S wrll he ""d by c<>m¡o.rt<l pro¡r.nr d"i¡¡n ptrwnnd ond by 
1'"'"""""1 «•P""""'' fur m•n>g<or><nl, P""-"""""', ond moontenance of the 
.unrr<"<r P'"i"'", ll¡oon ""P''"« by the procurlng ·~ncy, the CI'!'S 
b"""'" rh< bo" '"" documcnt for '""ngurouun euorrrol ol oll .uboequont 

Pn•~"mmong effurl> foo ti>< "'"'"'"<' 'Y"'"' 
( ~~ CPllS--The (POS'""'"'"' the dc"'n dotolh ¡.,, ti>< comput<t P'"''""'- lt i> 

prep•«d f"' rhe ""' uf P'"'"'n<l "'P""Mbl< fottl>e ó<SII!Il, do\oelopment, 
t<>Hng, •nd m.rnrenone< ttl th< c<>mput<r P'"'""' and rll IUbprosn.m• ond the 
I"'OOMd «>p<><lttble for th< procu<<ment ul the computer program. Th<st 
¡•<r>O<In<lwrll b.,, ,¡ genml ~nowl<dgc ol the d•J•"I com¡>Ul<< ')'""" &rchl

'"'"" and pn•gromnung. Tho UllS "w""'" on pro¡¡r•n•mmg lorminolo~ 
and tran>l•l" tht tone •tonal descnpBron• uf <Ir< p<rformonco sp<df¡<&Uun mw 

t<chnrc•l P'"''""'"''"' tkr•rl 

T"" ,.lr;h~"Y r<q<r<«m<nt,lor the wfl"'" dtv<ioprntnt prot<om '"' c<~<~laln<d In 
C1'f:'i ond CI'DS. 

ll<co""' of 1lt< conc<piUII doffeoonoeo hetw<tn wltwO<< and lurd..-m, ti i• onroallltt< 
'" unpose on MTBF «qulromonl upon o ouflw"' p<oduct. The Id<> of"" MTBF r<qu., .. 

"'''"' ",u tou <>ften '""<lmd wtth rhe '""'""" <>f the lollure rote boe:w .. ofth< """· 
"" .,,_. r>ltho o.poncrraal f.,luoo J10trthotion. Tho '""''P' ot Meon Ttm< Dot,.e<n 

¡;,,¡,.,, """' m"able fn< •olt'""' J'"''"'""'"" le<lltr1 unl<" th< unJcrlylng f>LIUit 
dr"<~butrun "p<.,.<n to l>< ''pononu.d. 

Qu.,"""'" «qurr<n><nll lor de><lupmontol ..,rrwore propom• m1n1 l>< ott.,noble 
• nJ lh<) "''"' b< ""'"'"bit. A «qurr<nr<nt <m $<1ltwa« tlul unnotl>< d<r'llon>luteJ 
" ufln Llc 01 no •olue (e 8-. • mrnunum occ<ploble MTDF). The requi....,.nh .. n l>< 
"i"<""d rn ""'" of lh< f"qo<ncy uf'""'' (r c., r<<<entOs< of f•ilureo d<t<ct<d u'" 
"'""""\;red Of""""& tomo\. 

1 '''"' '""' tcly, there ,, '"' .,,.,.,.,,,.,",¡ r•<>«do« thol «>lm rh< proWm• ol Pr<· 
,\~ ""~ '""'"""'" ""'"~t•hle qu>nrlt•lr"< reqoll<m<n" {di conrr,.ru•l porpo"'· A o more 
""'"'"" ~ '"'""J 1n th11 "" •nd pror>er "'" cull"tion n1"l"'d' are omplemen"J, 
p<rh•r• • "'•lhmlot"'l P'"'""'" ,.,n l>< do,.lopeJ. 

C. Sctlerlulo 1111d Cost Con1idention• 

1 1 " .,,., "''-''Y tn 1r>n,oJ<r ,.._ lrOJ.,Irn~ .nrl ' "" whcn 1p.crfymg qu•ntrtao '"' l<qUIIO· 
"""" h1<11< C rllu>t<•1" 111< ">ttw.r<e elf.rrt ""' <1 tl "rol•1cd '" relr.~olny. 

llr: l•o!l\ , . .,,.tri rtr< .-rrtwll< <llúr1 <> J""''J '"'" the '"" ol d<"&''"''· de,.lup¡u~. 

' ' 
1 

\ 

SOFTWAflE ~fflCrtVENESS 5l5 • 

"'d'"'pl!,'"'"""' tl>e ooftwo,. ptodu<t ond lll«.,.r of moontoml~~¡~ the wft..-.re In 
"""'- ''" '"-""'"" "'" and d<> d d 1 ,,.~· ·-", , osn an "'' opmenT <<>"' .,, "''"'"')' «larod(i.<. b•"Y uN requent ~ ouur""' do.. r' d f · 
m1 inrenan.,. «>ll). n '"'" "" 1

""' rw,,. faulh ,,.;,..,, rh, m->CI>~e 

Tho toral <~t of lile ooftworo <ffort ¡1., 1 mrnimum """' rhc '""' ol tlr< '""" 
!<nance IO·><I'Irce ru>t ond toro! do~ nd ' ' 
10 f , lll 11"' '" upmonl <osts <r< ontnlltiOterl, A> .~own 

'!- •, < mrntmom '""' '"" of rho "'''"'"' doo1 ntll corr<>ponJ ,..,,h ¡, 1~h ¡.,0¡,.,¡ 

• • o 
• 1 

1 

' 

' 

'·~·<._ 1 
.~--.~~~~~~~ 

'"""' '"''•'""'""'"'' 100 ,.......... '""«" .. ···•·· _____ ,,.._""""' .. , ........ .. 
--- -- ~-- :'"'"'- ................ •1 ••• "" ""' ...... ""'"""''" .......... "''' :-:-:·-·- _,.., .. , .... , .......... """ 

.......... "' :,',',' .... , .. , ........... "· ""'· 1< ••• , .. 

,,, """""' . 
l ... l. '"''"""'""'"'"''"'""' '""'" '""'''~' 

~ 1'""' «ltabrhry · F<~ ""'jur P<ot;•nr•mtlll < rr,,.,_ thc k>d nf r<l,.~i< ..,11,. ,,.. 
"dwo<rly reloteJ to the "p<ndau<eo olloo:"eJ for ol<\·el ~"". ,¡., 1\J 
bnph,ilimg ..,¡1., ! b l ' <ni, "'"· • "'""~ 
m on , "' r<" 1 

U)''" rhe <orly l'h""""""'"'"' do<,-,.,, .-unUtbu!Mm .,¡ 
• toomng ln< ..-.rrwm onc< 11 b ,..,¡ .. ,.J f<>t ""' 

Tho "'lwoon .,¡ q"'"'"""' requileononu "";,¡,.~ '" lloo ('PI'S •nJ ( 1'1 •S "" Jc-
l><ndcnt "" ""'' •••1 ., h<dui<. lf the ,..,¡ t ""' '""" ",,,,,,, • 
ti " ,, ''"~'· '"'"' ,,, '"'·'''olr>y, 

" • ""'""" rn th< "''"""k'"" "'"'"JJttu,•, 111 t!"· lle··· ""'"'"'''"" ·"' ,,.,,.,.._,, ' ~ .. ,,. '"""'"' "' lh< ,,, •• , . .,, ''" J,.,., ... ,,,,,,, ' 
.,. ,. .mu'l"'"' ""' ·"'•\ tt-.· urt<••••• 



,. COI.fPUrfR SOFTWARE {NG!NEERING 

'"""~ "'" den"'" l.rt< e>p<nduu"s fo< prupu<Liun•lly srn•ll '"''"''" !n tho ¡.,.<] of 
"h•Olo ...,¡,,...,,_ In emhh,.nw~ o<~i>ll< ~"'"'"''"' rcqul1emonn, o he onO<g>rui.l '""'"" 

'" "P'""""'" "'""be wima10d 
A i11mi""Y '""' on tlle om¡>Monce of lh< d"'V' betw«n ooflurtlll\d lwdwor< 

¡•..!u.,, lf o he d""P' lo ,....,.,then the ,.,¡, .. ,,. produco ,.,n ao:hleve '" O«Cpubl<l ... l 

•'' ,.¡,.boln) MI)' """" fund> '" alloc,¡oed fO< d<bu~ng/<"'"" ot rodnign 15, 6]. ll i> 
""""'~) '"'' ell<>ll'< le d<>lll' • rolioble p<<>du<l ratber lhlll\ 1<lyl"' on r<d<>i¡n 1<> 
"" o<.t ddicJen<~"- . 

1 h, 1dot1c>nsi"P uf lh< ~<•ftw"< de«l<>i'",."' O<h<dule •nd Lhe quononatiV< <equor<· 
"""" ;, hi~hly Mp<Ment on tho \nd.,odual do.olo~n.ent ollor!. Tho I••P•" of ,.;hedule 
'""~'llor" i> o o dono in ", • ., • de< .e• .. m l<>flwl't l"'ing 0J1d/o1 • d.,_,..,. in lh< llln< 
olloo;otcd f<>< d<"<lop...,nl ond d.;,gn, S<hoJul< '<HI<lroinu del<muno U>< rnuununl 

J<~o« ~r ..,[t.,.,,. «l,.bllny 1~>1 m.ay b< """''"d uo •••m• oi ""'""""'' , .. ,ing 
,.quo«uo<nl~ 

S<>u"' ul ti>< f"'"" lh" omp"' lh< ~<h<llulona fuo '"'""8 "*""' oo< ''focility 

""'~" ""'" '"d o l .. """'""' ••·li•bollly fot ""'"~ purp.•><•- n .. lerm "foco' 'Y 
""'""'""" • '""i.Jm lhc eO>irun'"'"' "·"''"'' '"' •oflw.ue leshng. In m&ny '"'"'"-'"· 
11~ "'''~ "' " "'"d l>y umuiO!o<> '" o lol>oulory '"'""""''"' "'her lhon the octu;¡l 
''""~"'"''"nguri•;on. · 

Sornul"ioo t<ll>ns oloo onnU<IK<> 111< "-h<dulc b<eou>< of the >ddnio""l time ,_,,. 

"''' '" P'"i!''"' lhe >~mulooor . .,l><n 11>< h"d""' ;, b<ms d .. <!oped •unuluneoody 
w1111 ""' "'''~ '", "h<•luk dcl>y> in the Je•dvp•neniOI lurdw.re "' o<nee~od m o he 
~·"~"' l<>lm~ >Lh<dul< 

'11'< """'' "'"""""' h"' '""""" upun' lcw .,r ''" '"" ond ... t.edulmg focto<> 1h" 
"'"'' he '"""""«IIU en•bli>h"'! '"'li51oc rehobolooy o<qutremml 1. 11 "of lotlle .,.lu< lO 
deuunJ loogh lcvcl> of •<lbbl< .,¡,.,,,. "'"' ''"""' be óm'lon"IOI<d beoouse of 1<hedulo 
v< P"'IHbll ed '"''· 

·- )· 

111. DETAILEO REOUIREMENTS FOR RELIABIUTV PROGRAMS 

1 '" .\tll,l.ry SunJ"d (.\tll-STD· Jg5M hm l~o lollow11111 "' maj<>r seo:li<><l> unde< 
lhr IUI, <>f dct•iled oOqUIItu.,n\1: 

11) lt<h•DIIIIy m•n•geon<nl 

1 n K,¡,,b,llly "'"~" and ,,.lu•llon 
U) Rel"btllly '"""~ and drnwnsl "'iun 
141 F>Uu•o.Jot• 
(SI ~,oJ...;1"'n reh.bJII y 

("l SI•IU> "'l~~h 

S""" ,¡ lh<>< '"·'1'" ¡,,.¡...-., ,. "4'"""""'' "' di><U5S<d b<l'"" " W lh<n •PPhoabtllly 

In '"""·"' Jovol''l'"""', 

' 1 

,l 

' • • 
• ; 
1 

' 

A. 

SOFJWARf UFfCTIVfNfSS 

Managing Oev.lloprnental Softw•re Progr•m• "' 
A "'')or <<Hn"'<ln <horao\efi>IJ< o( .,¡1,..,. and h d 

Tht '"""'PI of 1üflw01o rdbbllny un '" all le " "'" " P<"~'""' '"'"'S"'It<nl 
w11hw1 monagtmenl.., 1 d "'- "'

11
<>fnunas-""'"'·'"d 11 """""' <>i>l 

h,d,..,. can be unpl....:::.: :'ru;:',',~•:;;:o;:; Rel<obihly l«h""',... for ,.,n..,.,, •nJ 
L>tgt <<>nnkx <le 1 k<ns of progr.m """""'"'"'-

' "'opment P'"llf>m• "'" ~ "''" d l<n<><or>eepl lo idonufv lho no- f , 1~' <III<I<OIIy hy uUIIIong, >Y>· 
1 ' ,.r ~' ur;.;L<onulooct..,ftw , 
"" J<fm<d" • >Y>I<ono 1un cll • '" ""~""'"· lh" ""''"P'" ~·"" WHO!O "'" IIIJOJ!et 0 1 ~ 1' < .. '"~n>L~<iity fot mdiv1du 1 '"ks d fi d ' mpo< "" $ lus '"'!""'"'" 

•Y>Icm lnolond ""' hrid , •" ' , ' '"' ~ '''"~ >W<ment, .,, '""8'''"" '" lho 
. 0 n<ou 0""'""'' k"ll lJ Cl fP 

pto<U<•I •f>P)o:ao.,n of ll>e '"""epi 10 the 1 ,.,- " "' , '"t""'""' l<am /71 1> 1 
'""'" oh" rhe prOOI<mo ,.1""' in ohe do•~ "8 < m"'!!lunctoon. Th• ron<epl h<lp, 
lh<reby reduoin~ lhe <h~t~<t f 

1 
be <>¡>rn ni ofooflworoor< ldenllf~<J <•11) 

"J.'<dle" 0 ¡ "" l"'<lllun in ,;, ~:"';~ ~l«l<d unlol • """ """"" r,"h "'"""~<•, 
anJ caonplote> h10 indi•i~u,¡ "'~ wnh ,: 

0 
"''"'~'"'0" 1 · '"'"' '"' Pl<>¡¡<.ml "' ''""'" 

A • ''"''" "' mmd COil<ll100 <hm<i<ll>l>c of l>r&< Wfow"O IIO r>m _ 
al"""'""'~"~'"" The- 1 ""'¡ 1 ~ • " lho ownuh,,,.,,, J'"''"P"'"" 
•:olor <O<lf<gt>,.lion in---~' ~~'""'" 1" '"'"'8<m<nl org..nl<>loon "''""', . . · _,, '" ""!'""''"'" o he"""" he 
"'"""''"'"'1>111l(lure <omoounhlelh sh 111 g<ro" 1 11""' kvol•'" lh< 
of ~<hoble softworo ""'""'' , . , ' _ ""' ''""" of romm,nd, The Je,.lup•nenl 

' 
• "'"" "''"' b<1-n "'" J ""<d 10>Poru<b1h1y in o he d<ll"" effo 1 T' ' nJg<l$ '" l'<hunnd ""''"g '""'' "'' '· '"'""'''""'"l<nl·• P"'g'""'"'"gtcohn1qu"' d •- ' ',. ' "''"""'"J"I" 

'

, " """" 1 •• numO<,"' p•obJ d 
'I8Uro J 1>' $1mpllfiWk>O of, h poih<ll. J ""' """8 'Y''""' IUI<"''''"" 

Y "suhw""'"'"'~""""' "'"''"«- n~·!,,.,. 1 . 
... ,.~ ........ 
~-·· 

""'""' . 
'"'" .......... " . -.... , . -.. 

1 

j_ _l 1 1 .. , .... 
'"''"'" .,.,... .. ....... -.. !i - ... ·-.. ~-.. . ..... , 

''"''"' ._ .... ,. -........ •• . ¡-···" • • •• 1 j •• 
... --- ... __ ,., 

"""' ..... , -··"'"''"'' 
1',. '· s.,,...,, ""'~'""'"' ......... .. 
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•• COMPUTEFI $0FTWAIIE ENGINEEFIJNG 

8. Reliol>ility O.oi¡¡n •nd Evaluation 

C. Pats Rohobi!ity 

·' • • ' •' ni •lo< '""'"'"' J.,.,.d.,nm<"l ,r.~lhh""""' ,¡; l"d""" P"h '"' ""' '"''~'" P••' ' ,. 
,, .. ,.,, .... """ .' ,,,,..,.,,,.,., ·"'J ' "''"'"'""~ k<IHii~·" ,.,,, ""' ''" '"'"" 

; 

' 

SOF7WAIIE fF fECTIVENESS 

unpro.ed rosuln for ooflwa«. Roquorm¡llemo ''"~ "compul<r long>l>geo, top-<lown 
prog!imming, ele., moy b< OONid«ed ..W"'Iou• w r<qUI'IIlj! o qullll~ le><l fot cono· 

f>OO•nn In • patliculor hudwm p!O<lu<t. Soltw•« d<oelopmenl P'"'l'lll1 '"'""V"''"' 
and d<11Jll<rs d<tcmolnt wh1ch ptogrnnmll'ljl 1eohniquoo "'""\( In 1he m<>SI offewve >Oft· 
wore pr<>.lud. Dq:.ond""' on lbo m• .. l<m<nl, progr:unmong "'IT, ...,¡ pcrfotmofll:< 
roqu!r<n~tnll, tho lochnio¡ueu<Cilfllln<od«< fot 10f1wore p"'Sfoms ""') .. '}' oogrufk:anlly. 

O. Ftilu111 tdode and Effect Analysoo 

The prim1ry pU<p<JIO uf FiOIU<< M<>ol< ond Eflt<t Aruly>1> [FMEA) ~ 10 oJen01fy 
d<~!ln ""''~""",.. "' lh01)'1I<O> onJ nn~ 11>< doflciOn.:i« >O<<>rdo"'! h> th<or etkct on 
'l'll<m opcta/1011. A <'""'"'"'"''" FMEA f<>< LIIG< p<ogr'"'"''ll& ell'un ;, oul r<»>•ble 
ti«•U>< oll!ogO: pollu on4 eur~d!llf inpu!1/""IJI<IT> ore not deflt><J, ( «"'" tune
'"'"' ""'Y be ,<>n>id.,ed <,.,¡.,.¡ to .,;,..,. <ffe<<i••••" .,d .,f<~y. Th< "'""'"''<>V• 
P"ho O«"''"Y lo perfotm o heS< funOiiono "" be nuwdo>r<<J and ,,.,,.~,·<~ 10 u1Jer o o 
"''"" prop<r d<~gn 

E. Reliabili!y T•tingand D&monstrotion 

l!~rd-..1!< rehobobly lt>llnJ ond domonol!>Oion " ~ ... J "" oho •rrh''""" uf""""' 
<>1 m<lhodo 1<> <>lunot< lnh<rcnr <qoopmont d<~~n oh•"<1<ri>O '"· ~'"""' '"'"''' 
"""'"'' reohnlq~><o do"'" opply to "'f'"''" olo•ol"l'"'"'' pro~"""·, now 'I'P""'"h 
f<ll domon>!rJiiiljl ..,fi,aro lo ne<o»:rr) An •p¡>ru;ch ¡l¡at i> '"""'""' woolo 1 he >"IJI'<'>· 

1 iono mado up 10 ohio polnl """"' d«ignmg lor rei1Jh1loty ond •••llna oho l'"''""''"'"''' 
"""""'''" o~,r, ... J '" th• sp«if"""'"'-

A P"'""Y gool of ony ¡or,,.,,, d""dopmonl PIOJO<! i> lo dolov« rdubl< wllw>~< 
..... o:h "'h<n e>lled Uj>OII fO! "" p<tfO<m\ \Oilhon d<fo11<J lionia Tho ""'"' •• p<<V<Oudy 

1101«1 oro • !<wll of '"deoiTo no><lo h~ "''""!"'""' •nd ''"'&>''" in lh< ,~n.-<plo>l 
ph•,. of p<~g"m d<Yol"pllleno lo'"""'"'' <<>m pi«< '"J '"""''"~"""' ~'''"'· 1011 ¡,_ 
""""• ond gnals_ 1 ho g<n<!al p:ulosophy 1n ,¡,.,~,.,.~ loo roli•l•k ,0""·''" 1, 111,01 1 h< 

«liJboiily uf th< ooflware '"""''" " o:o< pwgrJOn h """""'l' to.t<J 1, , .. J<tc._ "d 
OliO ro m <<>rre<lod 1t1d lhon prog,.m> l<l<>l<d) 11 1$ •»!omcJ 1"-rl lh< '""'"" " uf the 
butpossibl< de~gn b<for< 11•< prodllo;l<nl<l1 tho P"-'><• off'""'"'''"""'· The """" 
""'Ph•u• in >oOfiWil< ""'"1 ft>r r<li>bolioy " lh< d<l«min""'" .,f "'""''"" ._ <i1<oi• In 
lh< foU.,...;"'i pon~opho, WJI«Ik>O$ for oofiWOr< i<'<<J>Im;o <111<1 .. >'< J¡,.-u,.J 

A 1••&< ""''' ..,(1.,,,. p<ogt>m """"'"'"ll l•r&e """""" uf .-odo onJ ¡or<>o!uccJ by 
"""Y ptugr>mm«$ con be o;<lOI!d<"d lu pro~"'" oluo>u~h foo, phJ<O\ o.llol• 1 '""· 

a<o<po.uot·o; '""~''"""; onJ up<Woun,l "'""""'"'¡"" 111< S''"' "'" """"' ''"' """""' 
""'"'" "h<ch th< ><>flw.tro P""'""" roaJy ro P""''"" tu 11" ""' pi""'· rhmfuo<, '"" 
""'''""'' odw,. "' nol d<•olu¡"'d "'loly fur th< npWI<ut~ol "'"'"'"'"'"'''"" r''·'"'· ''"' 
lh<) "' d<l<rnotnod for th< oh reo othcr P"-'=•• woll, 

S.voul >nolylil;>l modol•lu" been '"IW'IN 1~ lil <uftw"e """ "'" 1< 1 ¡n oh< 
p<odu<l llf<<ydo. A ohody by Sh~~:k and w,~.,, . .,l~l r<bl<> thc ""' l"" "'""'" ""d 

lh< ""'"~" ol """"""'"'- ¡;,,.,¡"'" ~r-no uod"""' '''" '"" «l•uon,lup o. '"Y"''·'~ 
Th< ~"'" >IO<•Ir '"" ln•fbt<> ''"' thc ,.¡_, ,.,01¡,¡1, ~''' ,..,.,., ""' '"'"'' '" "' •,.,., "'""" 

••d 11" ""'""" ot'""""'"o"''"' '""'"'' 11 •il" """' . 



COIIIPUTER $0FrwARE ENGINEERING 

Rommu><Hlh~. fl•<•m~. on<l Kom [91 pr<><nt on emplrrool rnodel lll.rt rn<lt .. "' 1n 
,..,., rn rho '""' "" nf o l<>fi.,IHO prog¡,uu ~lrono•" Ll P'"'' frO<n one •loao of 

·'•><l.•pn><nt lo tho ""'· rtre >ho<l<""''"l o[ ohoo poper " th• l~<·k of wggell k> no fut 
·~"''")'"11 '"'''"" •<e<plonr:e ~nt«\o for '")' lO$( pito><. Romomootthy and Ho [1 U] 
, .. phoc..ll) rdot< lh< "'' of dele<t<d ooftwm erron to 111< n\UIIb<t <>f ooftworo pr .... 
;•om '""'"' do...,!opmtnt, ..., F¡¡u<e •· Al..,, 1>1..,. Jl) ouemp1od lo lit o P'obobllatlo: 

•• M .. ''";"""'"''"' ...,. •• M 0:000<>1"() 

f,. O. T >P~•I ..... "" or .... ,~op,., • .,¡ ..,.,.,.,, 

,,,.Jrl lnr «<<>" """ P'"'l"'" ''''"""" tomo. Tiro model, lhruugh 11"' gr•ph t<ol "t~<· 

""'·" '""· "''"""' • """"'"' '""' "" hein1 >c'hiond o flor )S hoon of ""''"""" 
·'·'""·IJe"''"J [4) ... .., eondud<d <!,., """ble '"" d«r<H< on<l >tobdOle wi1~ tntrn1 
1 In.< oh< """ J<IWO>tt rll< >tobd""· lh< ,ro,.,,. pi<><iuct .. n bqm the ""' rh•>< u( 

o,,, o o,¡"' th< '""'"' t<>lml '""'"'"""'"' ean b< modtfiod •~ '"'"'"' tho <rru> d"""""' 
"" (1f p•m•ble) Tho '""'"""'""' """""dm.t ou be tht mpol d•to srle<tk>n P"~"'· 
1" ,.,.,.,,. Lhe """ for llu¡ typ< of "''"""rn<nl, lh< Kl«tod lnpOI d.rl• al I<OOJHl lu 

''""'" "'"" of ''" tosio r"h> an<l funoliunal '"'"''"'"Y of the wflwore. Errur> .,, 
'"'' d<le<l«< unlm o he los" p>th oonlolnrtrll lh< <rror 1> ,,..,,.d. 

flf"" j " o pk>l uf th< '""" "1"'' "" un o ron>m<rr:IO! orcrotin¡ SJ'"em ot lho ~ .. , 
1 ,b "''' a 14 monlh ponud. Tho ,;70 uf lhi, ..,¡,,.,, prodr>r:l ;, 20001< '"'lru<lkln>. 

Th• r'"' ''"P"'""' ,,,, we.lr "'"""'~"P bet~"" ~,¡,,.,,"'"""id ~•l•nU" ""''·''"' 
",tu.•• oot P'""do '"""" to the fullowuo~ qU.,liM>' 

111 h ~'"' ony oonollloon boowoen th< nunol>or ufo"" and the roponed f1Uu1" 

< :¡ IJ<o '""""'"" roln c<mnd<l><C m ooftwm •• oboy uul"'' 11 m<>r< <>l<nu .. ly 
,oo ""'"-b) ,,.,...., the nunobet of enon """'"d 

(.1) -'> lh< '"''"'"<' he'""''' muro famU"" ""h lh< ..,¡,,..,,, doeo ho ><•"'""' 
""'" P""""~Y '~"""d! 

~i,lo«• 1 •nd u"' pina off•llor<t du!ln& opml!ng """foro d.,olopm<nlol ~•11· 
""' P'"~""' al the ¡,¡,.,¡ Und<I..,al<> Symm> Crnt.r (NUSC) flf"" ! ;, o pi"' uf 

""'"""' Um< •n<l ,,.... <no,.dtl<<ltd for 11>< .,ro,..,. p"k•J<. ¡:ogure 6" 1 pklo uf 
"'" flllur<> 1 nol P"'""'~Y dete,tt<l or O<p<tiuvo) •nJ "~'<"""' oime th•t >11<'"' "' 
, '""' ,..., "'""y ¡.,, • '· ...,r,~·Jt<. Up<"""l ttme " '"" mdudc~ '"' lh< p.:o~<Jd> ~ f><n 

tlo" "'"""" l><rllrtr "" """ «ll•lly "lnlli,l<·J /1," "I''""J, "''"' """"' '"' 

.... ~·· 
'.; ' 

• 
·ij . 

• 

' 

' ' ·¡ ,, ,. ... 
~ . ; 
·>i ' 

·~ 
' 

j .. 
: ,i 

• " •'· l • \ 

' •' 

.;l 

' 
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,,. 

• 

" 

• .. 
• 

¡ 
• 
! 

~.,,,,,,,,o'--~ ••• ,.j,\c.l--J .... J,\.--'--~!..,J.,-J. ... L.-!.,~.!. 
TIW<l•O.T•>I 

e..,. '"'11. 
~ .. 
•• 
~ " ' ,. 
' ' . !---,.---,.---,,--c.,--~::'·:·~~'::¡,-"~"~ ~ .. ' . O lO 10 •o •o •o "' JO OO •o ...... , .. ""' '""""" 

Flo. 6. ~"'""" ur .,.,, """ """'"" ""''"'"' timo 

"' 

d<l«•t<l uole,.th< losk p.orh """'ILi"',; ti><"'"' i><>c.;u1t<i. n,," lhe "''"' f..:tor 
'"" KV'""' rh< d.,~ of "'''"'•« l<><rns 

In lho IOIOr.>IO~ dlOCUUl"O, <'UU<nl rl.ot, "«< P«><nlcd [f.'l~'· 1 .,.,¡!o) 111 "" Jll<'npl 

tu ~·•• •loe •uumpli""' for lh< d<Volopmenl .,¡ """P'"'« ''""" "" "'"'""""' '"" 
l<>Ung "''"" 7 •lluslr"n lhe oppro>imoto b<hiVior uf, ooflw"e proJ.,,L m'"' piOJ>< 

ltlnrJ""" ''"' lh< nurnb« uf «M< d<l«t<J rlur "'i '"Y ..,fow•re d<•eloprn~nt "'~' ' 
decr<.,.., ~llh o he numb<, uf nrm (...,. out.l ""'"""'ame). Tilo"""'""' uf"'"",.,., 
,.., .. , • wmtonl lo .. t bee.,.,. "'""" '" d<l .. led ond <<>rt«Jed lh<ro io •lwa)o lhe 

(N»th~uy of mtrodudng now ""'" lnto tho wro .... .,., A> tho op.: 14 11nt ''"'' ¡"~'"'"' 
•h• """ "" '"'""""' ow "'"" r,.,,¡ •alue. Th,• ""r'"""• nf rhc "'"di"'"" "''- ·., 

'''"'' '"d '"" unly '"'"' "" lhh wor rat< isllt< 1of1w.,,-, "P'''""""'' "''><>le. 
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SOFTWARE fFfECTJVH/ESS 

f. Effot Ra-ttolot Ten PI-. 

• 
Hoforo <«omnoendi~ mor !0!<1 for lh< foor pho«• of t<st!ng, f•lio« ~enn11 '""' 

'""" he""""""'"· A <loor dLSTu>coion mo>l t>e modo heowoon >ofl"'"' "'"f" '"""· 
~ho,. 'Y'"P"""' opp<or lnfroquenoly, ond miOrmll tent h"dwm f"'"'" thoo Indo, e 
~,¡,,..,, foolu,e,, Fallureollql """"'be ollrlbuO<d O~ro.·lly o o h•rdw•r< or ""'""'.,. 
.lJITO<oll h.> trooblelhool. hl r ... t. lhe failoro m• y ... ., ""''' ,,.¡¡'- r ... O.pcri<l"< ,,., 

'"'"•" thll lh< b<u ""Y lo elion..,,, !!la< <rou" "'" relwd 1he 'Y"<m. llu,...,.,, hot 
'"""' follur .. tl>al ean be dlttctly oeloted 10 1he ..,(1,.,,., <he followu>a d<fonll "'"' ••• 
"'""d<ol; 

( 1) Soflwore F•oll - h OO)' dir<r<pont "J'<tallon .,¡ rh< '""'I'IJ"' prugrotn lh" """' 

nut r<qolle o <ompoiOI reuut~alizouon lo <«orT>< nuomol '""''""" "i'<"""'' 
( }) Sofow~oo l'•llu"- h '"~ Jiscrep•ot "l""'"on ohat roq""'' "'"""'' "'"''' <>f oll 

01 p.oOI uf lh< op<riiJ"'lal pmy.,, with l<lull"" ¡...,, of '''"""''""'' ""'· 

Softwm f•iluo<S m funh01 d,.,,r .. o '""'""'' w lh< "'''" ul lh< "'''"'' 
(J) Roc""''Y Tun<-Fos •son,.,,. f•ilule "lh.l! umo •<quue.J 101.1 "'"'"· llo< 

hmc ""'""'~ 1<> •<-<"<labluh lh< p«•iml> d.1<o ,.,. " ""' U><lu,f<d. 

The '"" pb"'o~d pouo:<duo., ,.,...,')' foo <l<lnun",.""" l<>lrn~ il>o•M b< p1<p.,od 
by lh< Qu•illy , ... rance JOOUp i<>l<rfa"n' wr1h th< ...,¡,,.."' ""'''"""''"' "'""1'· The>< 
pn><<duoo• >hould ,.n«t lhe roqu,,.m<nt1 11 ¡ th< ''"" '"", 1he >ollwaro •¡>«of><Oioun,, 
•M d<monltrOIIun ;o,;copi•O•:< cril<r,. Tho plon fuo .Jem<>n>ll•1rn¡ odll<•<d o.·l"l"llly 

,¡,.,..fd 1nrludo oh e ¡round rol•• "'" "'""' foo "'"'""'! "''""'" , '"" ''' "''"''1«1 ,. , 
""''" or fOJiu,., 01 wh<ther lh< '"' Ot nulhf"d Juc <o'"'"''" ""•· "' d~< <o"'''" 
''""" ••<trf<ll"' w11~ tbe tuoblisf.od I<SI condollom (<.J., h"dw.1ro 1 •lloo« "' u•••hd 
""""'"'"al pru<O<Iur<>). In o<IJIIoom, lhe 1<>1 l''"'.<dur<S >looold '"'luJe llo< follo"' m~ 
ol<liol>' 

11 l A h11 •nd botf d""""P'"'" of all modo!<, 10<1 poo~'"'"" '"'' • oll h< pl..,·cJ "" •••• 
(~) 

"' '" '" "' "' '" 

lt>l<~oopn><nl oo be o><d 
\lom1o01ng 1<11 oqo1pn1<ou 

0."-dpll"" of "" hardware cunr.~""""" n<o ""')' lut "'""'"' "'"' ''" 
Polforman« ~'"'"'""'tu b< """"''" 

Porfoom'"'" par''"'"" b<yooJ whkh "' '"'"'' h•• ''-''"""'' 
F "'"" .f.,~l>..11ion for bo<h h""""' onJ ~'"'""' 
Sompl< of """'' or lOA; f.,.m, '" b< u><d. 

/_ v.,¡;w,,on Ttu 

Th• 1"""' """ """' !'"" proco,. b<~ln> """ tlo< ''"""-""" of ""'""" '"''1""· 
l<)p"n<hmr. 1nd '"'&u•g• <ow• """' to.l m lit< ""~""' '""''"'''""'- 1 )'1'"'-ol 1 • 1'" ni 
"'"', d<I'CIOd m tht mtl l•l Jd>o~ong uf <nflw•o< .10 o' ' ' ""' o'l""'· ~·•"·'"' lo "' '"'· .mol 

"" ""'' 1 "'" " f l11~h ln<l ¡.,,~,,.~, "'''" ltng 1 o.¡ ulr '"" n « T '' " ' "'" """ "" • 1 ,. ' 1" "'' ,,. lt< 

1 
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COMPUTER SOFTWARE CI/G/1'/ffRUVG 

.. <J~.ble th•t det«l ,,,.¡,.,, eoof¡p11<-• ond •n.,.pc<iflo:""'"' thot '""""' be duo.:t<d 
by thr h•jlh ""'ei'•"P''II< oompll.,_ There ,. oloo hl!dwl!e .. ,;J,bl< th.ot "''""""" thc 
hum•• "'"'' tntroduc<d m the k<yf'l'nchlnl pro«u. 11.,....,.,, "'"'' of tho l«hn~<¡un 
Ó<><nh<J in eumnt llter.,uoe >loed lit! le l110wle<lp on tho del«tion of \oslc ouor tn th" 

'"') '"''"'· 1\•"·d oo ab .. "''"""' ftom 18M Software ond the ClJC MASTbR Syolem, "" eot• 

"'"''"' the valoda\Jnn lctt "approxlm•telY "'''" weelcs. In lhh limo ¡><fiod on error 
"" (<) of JO mOII pcr o¡><<Ohng weok ( !68 houu) aoemo , .. oonable. Modui<O ach"'""l 
lhl$ rol< eon b<&~n a<ttp11<>« ,.,Ung. Moduleothll are pn>duoed lll< m tht valldi!K>n 
""""' or sloll "hibU on unoco:<ptobl< mot rol< <:orUinueln l<!.ti"'!- Tho errm 111< f<>< 
thn p1 .... fucu><> "" oll module~ 

A<«ptanco t<Uing ;,, funeuonol ehockout utolumg vmot>le dolo lo INuro lhll ti" 
modul< or progum 11 wLlhin tpcdfood hrnLts For uomple, ' modulo CO!Uiruot<d 1<> odd 

t~u numb<11 ( ~ + ~) 1h11 producer o ''"''' <>f J,'J'J9 moy not bo wrthtn tp<clllod Ion u~ 
Th<r<f<>ro, th< module " rojw«< """"'"'S "''' lh< h>tdWJro io noo the hrnllin5 f"''"', 
Th< <•p<<l<d lonath of tluo ''" ,. "'""'"d " !hr« ..,...,h Th< <>p«:l«< error "'' 
u><l~<•"n& th.at th< ooftw>r< m<><lul""' r<•dy lo b<ltn lntegrot<~n I<Sli"Jtl fl•< '""" 

por I6B hou" 

Sono< program "''"'~'" prefer lo d<!18"'" "'" ph•,. of 1"""5 u porformouce '''" 
r"'""~ Ho"""', rt " ~<nmlly ·~reod tl"l th< '""" "p<tfutm""' .. nncOIInn" "'"" 

· '" '~'""" lo;olt<rtml '"'"' lh>n con•pu""" or modul< t<otmg 

' 

11>< Lhrtd '"l' of 1<011111 tl<><lopmrntal 1<1f1 ... re tr. <ho integn<ion 1<>1. The ..,¡,_ 
~"' modul<> m <~>rnhoned Lnlo lho ll)'rt<rn •nd 1he I)'OI<m ·., rmt<d wrth lhe d•~l"""' 

h>~d'"'"- The '"""'mOL"" on tl111 ph'"'" LOI•Li.oly high b<<Ou"' lh< m<><lule• Lnlet· 
"' ¡,, Lh< ~'" timo '"d mur! lhat couid noL h< d<ioot<d m '"h!)l>l<m lollln~ 01 by 

""ly!Lcol mdhoJo .,¡.._., 11 " uf ~r.lmsl tu '"'" lh•l o '''""' offwWone" "'"~"' , . ., 
¡,. "'""'"" m tlu• '"~'- ThL> >llll" uf soflworo onJ h;rdwm in1<¡.r01ion pru>~d<> o 
""'""'" o\ In>• ofl<n tiLO l)ii<Ln Wlll be up<~al 1onol """" C111ed opon lO Op< "" for • 

''"'"' ;,d lenglh of tomo, o..t h"'* '"wo\IM 11 dld '" }ob dunng tlul lome (<ff<CLI"""" 
""""'"). Tic< <•P<<L<J l<nJih of in«&<>""" l<lllng, bosed on 'lUSC P'OJIImminr 

"P"""'"· " <>lUIIil<J to 1>< 11> we<h A l<il»l"' error r>l< a OppiO>!OIIItly 1 S '"'"' 

p<l ""' ( 168 ,,,.,,.¡ 
'-

1 ht> L<il phw ~ etth<r conduo:Lod m lh< octuol enoironmenl f"' whkh lile oofLw"' 

,.., d<V<I,p<d,_or rt 11 ,·nndu"ed b¡· 11rnul•"n,c 1h01 enviLonw<nL A1 pt<sent, .,,¡,,...,. 
pw.Jurt ,..,;,og In lhn plu><" contlo<t«< mfOLmolly; "'"ti, • prodiiCC< relu"' th< ~•lt
~"' ~•lh th• ~"" onl« ~r «llr<<ltng ony dt><L<p;tn<y oott>l_ Tbn el1 011 '"~"'"' lh< 
""' '" P"'' - "< on 'd<1o •ollo<tloo "¡J reu .... l>y•l<t\1 lluw .. er,tl o fotn"l 1<>1" 
d<>n"l, 11 > 110• ¡,.,¡, lit< •<tu•l ¡,.,Jw" o <<>ILIÍ>ou<'ln"L (<, Wi,<h tiLO Wltw"< "" 

1 •• •' • ·· 1 t'• '"""'""' """ «P•'ti•·IL•'' >lnlll" '" lh•l .,f tloe ttlliiL,_I,• "'"• ,,.¡ 

.. 
·1 

' 

' ., 

' ; 

' 
., 

' ' 

SOFTWAIIE FFFECriVENESS 

r<ol1>11< o<en.,loolloot <><ro:ae the Klflwor< pto¡oerly. 1 h< o.p«-t<d llme lor <omplelk>n 

uf Llm "" pita>< un b< d<p<nd<nl on I<Y<rol fao:tot> (AI<h " h>L<Iw"e o•11 t1bohty, t•ll<· 
1111oon proc......._ numonul <<>1 '"'~"~""'""· el<,), thoreby mokona•h• <'l>«l«< "" 

·-. ""'1>1•. 
TaDI< 1 Almmottlu lhe ¡.._,, pho1<> of '"""' dtseo.,.d. ob""'· 1 t lhould be nut<~ 

lA DI E l. So"''""'' uf"" "'"" ""'""'"'' ,.; '""' ""'· ... , ..... .............. l•••>•) 

""' ... '""' ' ..,,.,, .... ,. 
'"'"'' ..... • 

; ..... ""' '""'"'''"''' 
" , 
" 

11111 111<>< lfO <OJirt«liflljUdgm<nl< b11<d on IJIM, COC, ond ,. .. ¡ 1011., <le .. lopn>ent 

P'OfiJ'""-

G. Conliguration Cont•ol and Failure Re,X,rting 

(' 011 figtJ " L_iun COIII •uf 1> lh< '"Sy !1 <tLl• 1 1( e .. Ju ' LIU n , < 001 d on4 1 "" L , Jf'l """' <'l d 1>

lppro .. ). ond Lonplono<nloUon of ( 1) tmU•I cunfigmo;"" anJ (~1 .¡1.,1g<o """' thJL 

'"""' comfigm>lton," Fm hof<IW>r< •n tho ~"Y, IIL< ><hO<I<> ""'d tu'""'"'' wnltgu!O
'"'" '" tho En p .... ,;"! Ch.ange Pto""'"' ( H'PJ ond DRD.Il T "'"'" ll"l' >VIIetm Wh<n 

• probl<m OC<dll ond 11 10 ldenlill<d, <OLL«L<d '""'""' " "'"'lly '"-'""""'"'kd Lhtough 
thu >Y>l<m. The f10IUL< l<porl ''orlll10> lh< onfOLmoo"'" "'''""'') "' J,,_ """ lh< loult 
..,d ro d"<lmOM the bult IO<i\100. Ooo;e lh< fiult L> con<oL<J. oll ""'""' o( lh< Of'<o

""'"'1 "'"" poollr< '" upda1<d Tito odvonL>g< uf tb 15 ,,,,.,. " 11>< """ "-'""1g "' 
urd"'' lo lh< '""'"' t'onfigulltion ond f''O"dtt~¡; ltl< >")el< '"l'l""'- A '""1 '~""""" ,,.0 . 

t<nl SYII<m for on "1''""""'1 """1 '"ltwm P'"l!' "'' " r«•coltly "">'"111~ ln..tu,loJ '" 
•~• dat• b•nk .,, Lh< follo"'"g ,.co~oh: -

( 1) Soflwat< """'" cunfll!"'''"'" ¡,;.,,..1 
{!) ""'"'l'"'"' probl"'" 
(J) Compl<tN oymrn p10bJ...,. 

(4) lndi.,duol i"ublem ht"'>!ÍO> 

(5) Sy>tem ntodlf~<:aLLUn ''"''"'rol< 

(ó) P'"K""' <hang< P'"'"'"l md" 
(7) ~~"~""' ch>ngc p1up<»al filo_ 

IV. CONCLIJSIONS ANO RECOMMENOATIONS 



COMPUTffl SOfnvAflf fNG!NEf!IING 

ptogumo h•" m """"'"" '"~ tu "'""' '""" lo '""''' «h•billly lfiiWlh. Th• "'')"' 
dllf<l<n<< tn lh< ~'"'"'" ~dopm<nl pro¡:ram 10 11>< •1»<.-.;< uf p«>"<<n m•th<<n.<~< •l 
:c,hn~" fnt ¡~<dt<II"J th< rch•bUil) of ..,¡,,..,._ lk<a«O< dcrnon•lr•IMtn """'•'•.,. 

,-""''"' <k<ntnt '" th< ..,¡,,..,. d<>tgn r•<><<». th< ¡ .. ,¡, of "'-''1'""'" n<<>>t b< 
J<lr<'•'•' '" th< fi'I'S ,nd CPDS ""'"'~·ot><>n<. Th< f<QIIi!<meo!> octu•lly d<tcnntn< th< 

"""' "' tn11ng 111 .. ,lt pi~<>< of softwm dcvtl.,pnt<nt. llls ....,med llutth<l<>ltn• 

<><"• 1~'' tite '"''""'""' numb<t uf omqo< lo~" P•''" ond input '"'"'"IUtinn> tu "!''"""' 
''" Jll•k ,, 1<J '""' '"""'d lor d<motO<I"""" '"""~-

~. 1'"'' "'"''Y ""''', <he tnoended fu"'""" uf ooftw•re '"""! " to dcmonolr•t< , 
'""'' liuoJ l<tol "' p<t forn""" Th< tnh<rcnt r<ltJbtltty tlu1 de"nb<> , toftw"" 
I'",J'"' ~ d<l<rlllln<d tn ''" a<tu.>l U"ill" •nd 11 "onboeq..,ntl) modlficd in debuM'"' 

'"'' '"'"'" .'\oft,.." l<>h~ " ""'..,..') ""') ""'"""' ""'" .,., >nlto<h><<d in d'""'' 
..,.) ~'"'"'"~""""'· 1 h<O<f"'<- th< ""J"' «nplull1 111 tho dev<l"f'm<nt nf tcluMc ,.,u ... ,. 
"'""''d '~'"' "' d<>'tVI Soft"'•" '""'"t " tntmJed 1o ""'""" th< •<l,.biltt~ ochonrJ tn 
th< J'"'" ph•>< •nd tf n<<O<,..I)' to <ltmll"l< d<t«t<~ <IIOr> fUI modofytn& th< 

""""" ''"' .,¡ ' <11' h " ti) ' 
O"" , ~'""'"' pwduct ""'",.,J ¡,., ""'""""'" ""· r .. tu<e and prohlcm """'""' 

•> ,,..,.., m '""""""Y to '"'"" produ" lote , yc lo ouppnrt, Tho do la do><n to 1~· '"' 
I'"'J "'""he '"'lully "'"ghed (O ~<1<1111111< tll ultlm•IO <Ot'l(ttbution (O thc >toltw.o< 

l'">du,t. lit<"'" mwl"d to d•t• <oll«t"'"· """&<.••d •n•IY~' '''"'" th< typ< .,,.. 
''"'"'" "' ~'" .,,.¡,¡,¡, ¡.,. '""'"'"1 '""'Y"•- V<1y t<w "'[("''" d<>clopment <fl"'" 
'""''' .ulft, ""' dm fU< m••Y of "'' pr<>p<..ed m•th<fiiJUo;l nood<l< l!o"'""· ti•< d ,,, 
th>l ""~i«t<d c.n be U«d 1> thc to;,,., ft~ dcrt>tOC [u!ur< «>flWOf< qu•ntt<•"'' t<lwl•thty 

'"1""'.,"" " 
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tu: 158 
Guest Editorial: Programming Environments 

l 'riiS S¡><cial S<..:li•<n wo. origi<lolly ml<nd,J" J f~r"' nf 
p!tJ<e<dings for ' W<Hkoh<lp O<l progr.rmmi<~~ onvir~ll

!n•'•'" hciJ in June 19!10 .ti Scl>lurnt>e~g.,.IJoll R<><a<<h, 
RrJs,r.eld. CT. At that wurk1hup " bec,mo doar thol rhe 
tenl\ ''prog~>mming onvimn.nern'' me1nt m>ny things tu 
m>ny ¡><ople. llte p!im•ry "'UIO< of rhis crnrfusioo Hes in 
drilerenr modelo of pro¡¡.,mming i"elf. To sorne, program
mlng ·., ooncemed with Jevoloping large-.c•le snftw.t!e systems 
wllh long projrcleJ hfeTLmes: tu mhers, prug.,mming is con
cern.:d wr<h develo?ing experimento! sof1WO!o solely to help 
.:b1if; ne~ ideas. Th•t "· different programming environ
m<niS are aimed 31 drfferent «llings. Two •>¡>OCIO of a seUing 
"'"" <>¡><ci<tUy impornnt when chotactwzing a programming 
en•ir•mment: 

1) programmrn~ '" the br~ versuoprogrammin~ in rhe sman 
: J experimental softw01e """' producrion wftw"<. 
Thi• io deorly i]lus!(1t•d by fnur pmgrammmg Mvironments 

whi.n are ourrenrly 1n active u'e. 
1) lnte,."ive li>P envuonmen" are u;ed for developing 

e•¡><rrmental anifida.l >ntelligen<e syste~m and highly evolu
non.rry Cp<roting •rs•em•. They genera.lly indude """""" 
eJi•~n, protlyprinler<, ond rnterprete" wirh oymbolic de, 
bu"'en·. ><>me even indude e.oteric too]> like a<!lomalic spel

lm s .; """' t "" . 
~) For11,m ana!ysis tools .,. generally a!med al >alidoting 

fai1ly lar~ progrorti<_ These environmen" includ• wch toob 
•• ot>lic no,. analyzers and farilihes fm insening probeo to 
1<<1 ><m•ntk correotne"' during eucution. 

J) liNI.'\T., ,. an operalrng •yslem whO>< command bn· 
gul,;•• ¡><rmiu the combin.ttinn of ui•trng prug"m' in 3 very 
rl"'blc woy. Th" h" led 10 J "yle o[ interactivo u" wh1<h 
cmpl'"'i'" prngram,using rather thon progrom-writing_ In 
.tCJillOn . .t variet)- of "'ft"·are touls ha.e beon de>eloped, !O· 

.;lu~Jng <he Programmer's Workbcnch which is aimed 01 IUP· 

P•" '"'' th< de•d•>pmen: of l01ge soft,..ar< proj<c". 
41 PSl anJ PSA ¡re tunls for spccifyrn~ C<rr.rn kinJ• of 

lar~ e 'uftv.lrc <) <«m• and fur ;rnaly<mg mch 'P" illcllJons. 
b,h .,,- '"''" en•ironmen" wJs designed (Qr J portJCubr 

prw~rJmHHILg S<tring .tnd tuned lo focrlit.rle <<>ftw.t~• develup· 
m<nl wirhin that setting. In trying to ~''" • ~elinrtion thol 
e"''''np .. ,.., al! of rboS< <ystem•. p<<hJ?> >11 tb.rt '"" be "id 
" rh.t! a "programmOng onvrrunmenr" !S l computer·•idod 
d<,r~n •1-•<em for ><>ft"are. lt gtnerJIJy consim uf a "'t of 
wllv.>re lMh, t:1<h limed >t mi•ting tn sorne"~"" o( pro
grJ<nmtng. ~lany onvironn>.:nl! ;tre spo:dfk"ll) do•igneJ for 
.1 pmt,"UI.Ir P"-'~"mmrng langu.rge, mclhúd<>logy, ;, view of 
th' progr>mming poor.<ss_ In weii-Je>el0peJ prugr.rmrHing 
•n•ironments. this often I<Od< ro l e"'"" kinJ of interno] 
cohcr<n.;e and too common ")le uf u" :laU<> large gruups 
uf u"'"· 

P<rh>p• !he rn<>SI lnlpurl.rrtt le''"""'' .:an le.r•n .r''•<ut bu,!J. 

ing P'"8"""" '"~ cn•ir<>nr"'" 1< i; rh.rl it is rnhc"·" dy "" n 1''' r· 
im<""''l P'"'"' Our m<th•rJ"h•g)-' mu<t n, "'" .,r hr,l.ti":; 
programming en•irunm<nl<, '"""g them, O<IJ l!)lllg 10 .th

Olr.rct the 1"''""' to be le.tlneJ. In thi• P"'"'''· "'' "" n.>th 
drov.- frum lnd c~nrribut< tu"""¡ of lhe ll.tdLTtun.t: "''" 
of <<>mput<r <cience. 

Prugr11mmi"! [.an!J!IOJC'-' Ma11y porls uf an ~n,ironm<nl 

are bngu.rg<·Speolfic: inreractivc programming on•ironmmts 
cuuld signiHcantly aller tho "''Y we ohr11k aboul prngrornrning 
languat"<. 

Prugr11mming M<thodnlogy: Softw"e tool• .:ould uffer <ig· 
nificant help '" !he U<t of particula~ prngramming moth<>d· 
ologiu: upcriences ,.nh CU!Ienl progtJmming en•ironmon" 
could offer in11ght tnto olternalrve methodclogi01. 

Soft:wart Engineering: Weii-Jesigned onvrrol1m<nll could 
have a major impact on software Jevelopmcnr: rhe 011111c >ufr. 
ware devclopment p1<>•:e" mu<l be cumnlereJ wh~n J«tgurng 
an envtlonm<nl. 

ArrffkW fnu//jgmr~: Some of th• most "'"""";" pro, 
gr•mmmg envrronmenl> have b«n ~udt in .rmfw;iol in«ltigence 
cemero: future prog13mmlng envimnmenrs are c<ll.tLn to h.~>e 
"¡ntell'rgenl tools" of •~me kh\<1. 

Tho P"P'" m thJ> •eoriun reOe.:t rhi• d>V<rSll). file paper, 
"An lnc1emenlal P1ogrammrng Envtronm<nl" by M~drna

Mora and Ferltr, desonbes o <ynta Hltt<d<d prugrammin~ envi
ronment ba"d on compihtion te<:hnlll<>gy. II'E ;, typtcal of 
the liOJUige-spedfic pro¡¡ramming en•ironment> "'h!Ch are 
g>tnin¡ popularity. The p.>p<r, "Vr'h~ Progr>mmil1g En•rrun
men!< ~ecd D)namt.: 0Jta Types" by Coodwrn, de>cubes 

·<<>m o of !he lessom about d;to types thal oan be lc>rncd from 
prog<>mmOn!l •nvrronm<n" for languag" wllh unly "''"" 
typrng Dne imponantl<=n is that the oomprl>tion ond ¡un-' 
Hme en>Lronmen!< ;hould be le"' rigidly "P•r>ttd lhan " 
communly done_ The p.ap<r. ~An EX!"'Iiment tn Smali-S.·ol< 
Applkllion• ol Soft,..are Engrn .. rm{' by Bothm. d«,nbcs 
!h< r<>ul" ol an upenment>l >pplicallt'n ot "'"huJol~~·~• 
for progl3mming in rhe luge tu a small<1 I<J)< prujecL The 
major lcoson " that th< utltlty uf these m<ihudoh•gl<> " nut 
r<<lri.;red lo l>1ge <oftwJie system,_ Tho pop<l, "The Re, 
tlnement P•radigm: The lntera<Ctron of CoJrng onJ Efh<i<nc; 
Kno"led~ "' Pr<>!!rlm S)nrh.,i<" by K.mt anJ B.rst<lv., 
Jo•mb.,. •n experimental •nifidal tntelhgen.:< •Y.r<m remng 
rhe fembolny of <ncodrng knowled¡¡e ab<Jut sp<~tnc pr~gtJm· 
mrng te,hniques in an lUtom;nc ptO@tJmnHng sY>I'm. Thelf 
;y<tern '"&8"" woys tlrat future pmgroPlmLng <O'Il0nmcors 
nray be ablo to incorporal< pr~gr>mmrng kno,.leJ~< •"·";" 
tu !hat ol • human pro,;¡ommcr. 

A un.rll se! of paper< oan neither <Ummariz. nor capwre lll 
ot' the impOrtanr "~"'" of prog:lmming en•üonments. Seo· 

l 



-· 
ero! m!oo: ""'!ectimos of ¡>>p<" '"' (<>r will won he) .-·.;Jable; 
Lloe intcrcSlod ro•J« ~ ur~ed lo consull them for mor< infor. 
m>liOP >!><>UI thi> orea of emer~g inl<r"'t [ ll- (41. 

We would like lo take thi; op¡>onun!ly lo e>pren our grati. 
h.de lu Erik Sando.,·:oll and Al.n Pcrlu for working with us oo • 
lhe v.,or~ltip, to t~e :\a¡ionol Science Foundalion ond tite 
Office of r>:aval Re,earch for finoncial Wppon, ond lo 
Scltlwnber' •r.Doll R .. earch for prolidu>g the facililics. 
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' Persiste.nt Software Errors 

ROIIERT L. CU.SS lo U 

Mm»< o -Pe,.iol<o¡ aor,...,, enon-<h""' •hlcll .,, - di'«n'<ml 
unW b!t In d<><lopm<n~ '"eh ., Wh<n ll1< ..,(t,..,, beoorn" opm· 

boo.ol-or< by fu 111< "'"'' "!'O""" kind of '""'· \"lo anoly..:o o;>! t<>ft· 
. ""'"' prollltlfl npotl<, il i> diao:CW<f«< ll101 tloo pmlami~Ml numbetof 
,..,...,.,, <mm in lo!J"·><.ol< >QfiWue <l"foru .,. onon of <rnliU<d 
iopc ..•• thot io. lh< «>~• io ""' ., campl .. u ...,uum b¡.- lh< prabltm 
kl loo -· l'wo do.OJII ...., cod< """"'"· d...a (iu,di.oJ. u4 ulon. 
"'""''" ,..,;.,. m>)' loo lile mo.r holpf-.1 of lh< '",...,~Y IVUioblt 
<och•oh.>¡jn In o11Kll"' ll>lo pt<>bl<m. Ntw •nd '""'" mtlhod<>loPos ... -.~..,. 
/Mu T,.,r-CompJ"ily, omin«<I<>P<, P<>">illonl ool"two:e '""'· ,.,....,h In lht 1..,.., 10rtw>rt P<oblem ~<pon, !eolio¡; riJO<. 

INTkOt>UCTION 

I T 15 ... n known that soflware erron vory 111 upenst. That 
1$, softW:Ue error.; which are foond Guic\;ly and .. $ily, su eh 

u syntactic erron and blatantly catastrophic orron. a.e de
tected -.,d correcled atlittle c<><t (s.ee Fig. l). On !he olher 
ll&nd, lhooe errort wtuch elude noimal softw= re.Uw and 
dtbug proctices, &nd persi" into lhe 10flw.,.. opera!Jun/ 
mo.inten-..cc phau ,may M quite upensi"'. 

The expens.e conn«ted wilh ruch errors ~ .. parUy in !he 
cost to detect, partly in !he cosT to corree!, and parrly in !he 
CO<I of an inoperable 01 unsafe 10f1wa,. producl. AJthooA:h 
lile fim two cosa are importanT, the third ;, fu and 0way the 
"'"" significan!. Especiolly in embedded computer systems, 
sucb •• !hose conuolling lirtrafT In flight. o< a rapid lran<it 
vohiclo, or a sp•cocrofT. >oftwore error cost ma}· be measu.able 
in lhes u we!l as dollan. 

L.nde hu appoared in the litorotu•• distingmshing be<,.·ecn 
'"""by oost. Too],and me<hodolofies fo• ~>< detocliun and 
COI!ecllon of softw11e erm" aro prop<t«d and ad,·ocated in de. 
penden\ of lheil volue in ldentifying high-e,p<n«' venu•low. 
-.pense o!lors. Softworc reliabihty praclicos and >Oftwar< 
reliability ":search which focu> Ofl tlrls dichotomy would 
appear to have b<¡;o payoff. lñis paper repon• on a study 
whicll is an in11iol effon in that di IOC\ion. 

Thi• >tuJy seoks lo be1ter und<r>tand ""penistent"" soft"aoe 
erron. An enor is dofined 10 be ptrsi>tent if it o lUdes oorly 
detection offum ond dues nol Sutface until the >oftware " 
npe '-" i on>l . 

""""" rip< ,.,,;,.d Jol~ l 1 . 1 ~'~'" ''"d So p1, ~.\>o, l. 1~"" 
T•• outhot h ""h B<><int M<u>r>•~ C"ur.¡•n>. ~•"1<." \ • < 1 ~•. 

1 
THL S;ur>Y 

In order to SIUd} thO« k1nds of <non. two lignifican! ., 
mature softwato produLI$ wero •nalyzcd. Both are ope!illom. 
>Ofti<"IIO systems for milita<) lirctaft us.e. Project A inWJived 
1 SO pro¡;rammen al the peA perSon·load, and contatn! obout 
a holf million instructions in tho oper~tiun.J softwa« a]one. 
PrOJCCI 11 in volved 30 programmen and about 1 00 ()()() inSlf\lC· 
UOIIS. Thus. th.,e soft,.are product< m ay be con,;deoed to ~. 
l}pical of tho 1\ate-of·the-art in largo embeclded rontpuTer 
s¡.·stem 10(!\t;IJe. 

The >ile of the"' softwa•e products ilimpo•l•nt. Th< point 
has froquently been made in \he Uterature thal large <Oft""" 
systems and •mal! wf¡~~>·are S}Stems are •ntirely d1fferent. arrd 
tha< re>earoh "in the sm..JI~ (using, amall pru~roms or dotal 
people populations) c.nnot be extrapolated lo he equi'·•lent 
tO res .. rch ""in the la~ge"" [1[-[3[. [5/, [6J. This "udy ;, ln 

· example of rese.,ch in \he l"s•: no oth<• approaoh is ltkely 
to he meaningful m \he o.·orld of largo. SJ¡;rllficant software 
products. 

Tho rnethod of appmaoh in this "udy was to examlM 
proj«l·<peciHc software onor reports. StatC·Of·tll<·ar1 
methodulogy in emi>edded computer 'l"""'' c.n• for !he 
filing of a snftworo problem r<port (5PR) for eJCh so(t,.·ore 
errO< detrct<d. The report P""'des !paces for three cote· 
gorie< of information: 1) J <¡mptomatic tk<cnplion uf !k 
problem from a use. p'-int of ,.¡,,.._ 2] o de<cnptron uf the 
problem fr,,m an <ntcmal sofl,;orr poirnl of v\ew . .:0d 3) 
Mscriptron of the •oftw•« """'' ¡ilm. S.e Figs. ~-4. 
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F~. l. Omi.,ed lo:P<

Typk~lly, l><¡¡o <oll""" efforu 'P'"" h~ndrods or "''" 

'"' 

thouSln~• of •uth «;><>rts. SPR's ,.,, filed be.:ause of rell ..,ft. 
The SPR's we1e11udied in "wv" (handwn!ton ro~urt) ·.rm. 

Ewry anempt -.-.. m•de to ur~iu the infutmotion u the ~ro
grammer roported it, in ord" to eUm"'''" delellum "' mn
«rtpuon error whkh. result f1om doricll encoding of ¡he infor· 
matoon, su eh •• for' o;omptMnzed d>tJbase. 

\\'O« error>. bt<:~U'<' of problem• wluch tum out to be erro" 
nut < 1 by software (e.g. oomputer hardware erro,-,)~and 

tur .; ·" whi<h are desired by the "''" hui "" not onor>. 
Only the fi!51 catcgo;_v of problems-re"l rol lwore erro,.-w:u 
e\,mined in thi• ""dy. 

The th.ruu of the "udy '''1ó to Ji.,Je the"' SPR's in10 COl<· 

~ories, l;o u1der In 1den11fy ~~-' IYI"' of erro" whkh l!O """' 

· . 

., 

.1 

t,~ 
' 
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' pre .. Jeot. Here, on unu<n>J approach Wtl lak<n, A11hough 
error categories ore wen-kno"''ll in tJ,. lilenuun-TRW devel· 
o¡><d 1 pioneering software error calet"fY S)IS1<m [ !0]-th<>'t 
COI<gories were no1 u"'d U, lhis S1udy. lnS1.,d, lh< onun "'"'" 
allowod 10 ""'lf·calegori1,e,w Thot 1:1, as <0<~ SPR ,.., n
vic"ed, eitl1er it was a.~<.igned lo 1) a o11<g<>l) wltich dtl<'ribed 
H1 own nature or 2) a oa1<gory solf-gener.,ed by sorne pr<vious 
enor. 

e~ ~:. 

·---

There is sorne conlw•<ny attached lo lhe ust of raw SPR's 
l<ld tl1e """ of stlf-calegoriutlon. 

R•ga1ding raw SPR's, lhe beS! •PP'"'"~-thal is, lh• eme 
clo<e>l lo complete kno"ledg< of 1h< error-w<>uld appc.r t· 
b< ac1ual r<liew of !he euoneous cl'<le ond 1he Corre<too. 
This has been used by llowden in hi• error data 11UdJU [7]. 
Use of '""' SPR'>, ho"'ever, ;, an accumo and 1epmdudb:e 
•ppr~. $1nCC the SPR fonn repoolories are 1)'pically <Ub· 

·----~------------------

' ' 

-·· 
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o conr.K"rilllon manogenoent practico•. 1lu: decision to 
,w SPR'1 m th.h case was purely pr~gmatlc-alorge num· 
f error+ ·~ be reviewed rapidly wilh minimal 1= of 
0\lcil) 
ardlng ..,,¡.c;r.tegori:tation, !he •ludy WIS buih on !he 
se of e.ploring new ground. Th.at is, lo the aulhnr'l 
r..d¡p:, no ooc h>l studied pcni.st.ent wf\wue erron per ,.. 
.. To ••old 1M pos.sibility th.u tndltlon.J error ..,, •. 

•' ' 

-.... o• .. o ... 

' 

. 
' ' 

¡orieo were not appropriate to pcmstont crron, the tudltional 
catogories were delib<rately IVoided. Self-c;uegori>.o.tlon, of 
cou,,.., has the O..w that the judgrnent of the individu.tl re
, .. rehcr will ha'"' sorne impacl on t!-.e f111lll ,..,.,¡¡,_ Howe .. r, 
the tnuiHiono.l categonn discussed in [10] m 1mbíguow 
enou¡h that they shl:re litis ploblan_ 

In any <:O><. 100 software etr<>r1 from eactt of \WQ proj· 
<eU we1e subjocled lo reoie"' al \he 1"3W SPR JeoeJ ria ~Jf. 

' 
' 
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categorlr.atlon tecllniques. The erron were conbdered to be 
pen.i•tent oo the basls that they were the mas\ rece~\ erren 
cktected 011 those produclloo·st.atu5 projocts. In mOil case<, 
thl• prowd to be a suffici<ntly valid bWo. In ><>me ca!\0$, 
hcwever, the orron were spawned by lh• contctlon of other 
pen:imnt errort (theoe are commonly called '"re¡re,.;on 
erro11"). Enon of this clu. wcre Íl:lclu<kd ¡, the 11udy m 
the grounds thtt mch regresalon eno11 are jllll as c.ouly as 
nomegresslon persisten! erren; howe .. ,, th= erren were 
allowed to Rlf-categorlu a category for lhem..,ha. 

An error wu allowcd 10 tally in more than one cuegol)'. 
No attempt was made to p1evide mutually exdus!ve categorles; 
!he emphasil was o~ crcotlng a realistic summlll)' of !he dau 
.. it was .uulyud, and not lo force it to lit an extcmal!y 
applied arlilice. fnr example, the SPR in FiJI. 2 would havo 
been cat<j!oriUd both as "om!tled log:io'" and "if s\aternent 
too <imple.~ 

The procns of analy51s, then, was sim¡>ly this: 1) prqjeot· 
>pecific. confi¡umion·managed SPR fom1s, liled in chrono· 
logkal .. quence, ~<ere uamined ene 11 1 tim<; 2) using the 
"prnblem," "anaJyfu.~ and Hcorrection" infom11tion ("'e 
Figs. 2-4) the nature of the er1or was as.certained: 3) tb.t <rror 
was categoriud into ito own and/or a previeusly oole<t<d cate· 
gor;-; 4) a tally ,. . ., addod te tho"" caleson ... At th• ccmclu· 
sien of •naly<is of 1 ><! ef projccl·>pecific SPR's, tallie> for 
the (variable numb<r of) c>legorie> wcre summed. The calo· 
gorie> for one prejoct o•erlapped partially but net ,nurely 
~<ith tl-.<>st of lh< nth<r project (e !·• in Table 1 note that 
pro1ect A had nn patching or commen1ary erren. Pr;;umably 
projoct A did not allow patch.., md did not file SPR'o on com· 
mentary erron). 

TKE flNDINGS . ' 
The flndin¡;l ef this Sludy appear to be si~ilicant. That is, 

the catogoriud pmi•t•nt SPR's show a conSlStont and d<linne 
palie m (see Tah!e 1). 

The maj"' findinJI of the study is thot a largo percen\3ge of 
pe.mtent wflware enOrl are in>t:trlces ef the software no\ 
being sufficient!y cornplex te ma\ch the problom being s.olwd. 
lt il as if !he prograrnmor mind is maining to handl• the com· 
plex intern!atiomhlpl of • problem oolutlon, and h .. f,!led. 
For enmple,&lar¡e numb<r of such enon are the result of a 
predicate not b.oving enoogh conditions-some flag or piece ef 
da u,.. .. no\ taken lnto occount when Jt >hould ho .. been--or 
of • variable not being resol to sorne b ... line value arte1 a 
major functional Togic <egntent has finished dealing with it . 

Here •galn, it ls importan\ lo diolinglli•h bttwecn !he lar¡;<' 
problem and the $n1all problem environment, lntu,tively. 11 
i~ easUy soen thot this Jdnd of error is much more Uke!y to 
emerge in thel••g< rather than the W~all problem. The inteJ· 
rebtionshi¡>S b<twoen dalA lfld !ogic ""' muclt more entwi:led 
and <:omplu In !he lull" problem environmetlt. lt hl> e•·•n 
been Wd thlt MI 2S per.;,nt inc:re"" iJl p1oblem complex¡ty 
leads to 1 lOO percent lru:reoso in program cemple><ity'' [ 11] . 
And, ln facl, mOl! ptofessional programmcrs h.ove buill sort. 
ware which they titen realiud w.,, in somo orcas, beyond 
their ohility to comp1ohmd (in !he sonso that iU resol\< ·ere 
net predJCtoble prior to liS e~t.;u \ion). 

Th..., pr,blems ef compluity may be considcred 10 he 
dosign error>, and ind<ed many ef lhem are. TI is "'" ~r.,,~n 
!hu design crro11 demmare the population ef sofl,.are w,,., 
(e.g., [4] ). JIO\\CVCr, it mwt be recoplized that they are 1~< 
kind of d.,ign error wtrich occurs at !he moot dOiailed le><!, 
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TABLE 1 164 
l'>o.imNT S<I>TW•H Euo01 n fliQll!><ey Occ~u ... CO (200 

Euoo> Eu"<Sotl, 100 ""1AC" J>owrt) 

""'l" 1 ""'1'" • ' ,,.,¡, 

.. Oo<tto< ,,,,, (<>htlot .... too ¡loplo) • " .. 
'· ,,n, .. '"'"" "" " • " .......... ...... • " " • •• • •• 
'· •• 
•• ... 

....... ., ............. holt>"' ~ffO<\) .. • " . ..................... .. .. 
'•"" '" ........ • .. .. 
c..... ••• , ,, ..... • .. .. ,, ,.,_, ......... • ' " ...... ,.:o, -· ............ • • .. 
!loto olto-• "'" llol,_t "· ol¡h-1 ""· ot<.l ' • ' "· 

"· 
,,,,,, ..... ,,,,,, ........ 
.. u .... "''"''"" .... 

• 
• 

• • 
• • 

1). Oth.,. "" .. ''" Of lono• ''""'"'" (lou\ 1 ot lou) • '''" \00 
eooplu, '""'"" "'"· '"' '""'' '"'"'"• "'"'"" '"""'"'' tod .. , .. lottt ... Off, Oy,.olc Oi10<'0IIOO ,.,,,.., '"' oot 1><1.0 .. '" ........... '"""' ......... "" ....... , ........ "'"' ..... . 
'"''""'""' """'""'"'''"' "'"'• ""''to"' \oltlol1'1.tl,., "''"' 
''"''""'" oloht .. , loolc ''"' lr>eoM"o<t, '""•"« '""'"'"· "" ..... '" "'''• .............. ""· '"~""'"'"' ......... '"'"'"'" ...... ,,, '''''\>· ......... ,, .. , ....... •''''· •••• ,, •••••••.. 

NOT!' 
~· '"" ... ·"- .... ,, ".., ................... ,,,,,,, .. ..... ...... ... ........ .. ,, ... , .,.,, .. ,,..,, ......... . ........ ,,,,,,. " .... , ,., ........ ,,.,,, ............. .. 
''"""" ........ , ..... '"'" ,,., .............. ""'·· 

categorization trchnlqun, The effon wete coo<idered lo be 
pe..Uteot on lhe ~ that they we~ the most re~nt errors 
detected "" !hose ptoducuon-natus PfO)<ct<. lo maot cases, 
thio pw~d to be 1 sufficieotiy valid biSiJ;. In sorne a.seo, 
howeoa, !he ~non ••.-ete opo .. ned by !he correction of other 
pen:istent em>n {the~oe m comm<nly called "regreosion 
mon"). Etro11 of thh clus were illduded iD the study "" 
the grounds that Ncl! Jegreo¡ton enOI'S are jllfl as oo•tly 1$ 

nonregru>lon pertbtent onon; howe•er, these erron -~ 
al.lowed to telf-c"egoriu a category for themsel\'el. 

A:t error wu aUowed to tally In mo,. th8ll one category. 
No altempt WO! made Lo provlde mutually e~chuiw categories; 
!he empha.sio wu on ctcaling 1 Tealishc summary of the data 
as it wu lTialyzod, lTid not to force it to 'lit an utemally 
•pplied a<tiflce. For uample, the SPR in Fig. 2 would ha .. 
been categorized both u ~omilted !og~c" ""d "if statement 
too<imple." 

Tho proc= of analySt•. then, was s.imply this: !) project
<;>eciflc, cozt!igur>tlon-mana~d SPR formo, flled in chrono
logical K<¡UimCO, ... ere examilled one at a time; 2) u5ing tbe 
"problem," "onllyW," and "corroction" information {see 
Ftg!.. 2·4) !he nature of the error ,., ... ascertained; 3) tbat error 
o. as c•tegmiud into i1' own and/ot a pre•iot!!ly select<d c;ote
gory; 4) a tally ,., ... odded to those categories. At !he conclu-
5ion of an:tlysis of 1 set of pn>joct-speci~c SPR's, tallies fm 
the {vanable nurnber of) categones were >nmmed. The cate· 
gories for one proje<l overlopp!d parually but not cnmely 
with those of the othet ptuject (e g., in flble 1 note that 
project A had n<> patching or wrrimontary effor;. Pre-umably 
projeot A did no\ allow p•Lches .md did not fLlt SPR's on wm
tn<nta.-y <rrors). 

THE FJNOLI<GS 
The fmdinp of thiJ study ap¡><U to be Dgnificant. Thzt is, 

the categoriud pers.istent SPR's lhow .a coosistent'and defLníte 
p>ttem (see Table 1). 

n.. mljor ftnding of the study is that a lar¡¡<! pen:mtagt of 
persisten¡ softwan: erran ue instanca of !he s-oftwue not 
bein¡ sufficlently complu to mltch the problem being solvtd. 
1t il u tr !he programmer mind is stu:ming to handle the com· 
plex intembtionships of • problem solution,lnd has f•iled. 
For •~omple, alargo number of such <rrors are !he resol! of a 
pi<dtcate not havmg enough condilions-sorne flag ot pie ce of 
data was not taken loto occount wheo it should hove b«n-or 
of a variable not being teset lo >ome baseline wlue after 1 

majot fun~llonallcgic •egment ha! fmi•bed deallng wtth it. 
He-re •go!n, it io importltflt to distinguish betwecn th< ¡.,~e 

, problem and !he small prcblem environrnent. lntunively, it 
io u<lly seen lhat this bnd of enot is much moTe likely to 
emorg< in thelarJO rathet thlTI the sm<l!l problem. Th• inter· 
,.)ationshlps b•tween data ltfld \ogic ·,;... much more entwined 
atld ccm¡(Ü In !he luge problem enrironrnent. 1t hu oven 
bem said ~~ Ka 25 percent increase in problern cornple-..ity 
leo<h \O a 100 percent in<:Tea<e in progr-arn compi<X1ty" [11). 
And, In fac:t, mOJI profettional progrilll'tme!S hlt...e built soft· 
Wlte whkh they then •ealiud was, In sorne areu, bo;ond 
their ob!lity to comprohend {in the .. nse that iu resul' •r• 
not ptedktablt rrior to tts ••=!ion). 

Th<$< ptnblems of comploXJty may be coluidered to be 
de~J:fl erro,.,, and ind,'ed n1any of 1hem are. 1t L< wdl"'"'"''" 
that d<<tJ:fl enon dominate !he poput!Uon of >Oft""" <trur; 
{e g., [4]). J!uwe.or, ít n1ust be recogniud that they •" tl10 
kind of d"IJ:fl error which occun at !he moot detafled k"l. 
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............ ,,, ...... . 
Loftoott lottod of ,, .. _, ''"''''"' Of ........ , .................... . 

n, ,..,,. ......, u.m .. ,. hu 

' 

..,,..., .. , .. .,...,,,._nootoo _.,.. ....... . 
"""'' .... 1 """"' "' l"' ....... "" • .... "· 
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.,here the dealgn blendo Jnto its c:ode .. SJnce ot lhll leve\ it 
11 not clur what is • dOIIIIJ< and what 1.'1 C<Xk, it .. ould bo 

,·dmptist!c to ·anach ata. 8ffOB to lhc brr»der (:Ote¡ory .,. ··-,~ .... · 
.._~ apcrror .. .., .• !-' · •• ~ '"-"''\' 

• WHAT ro Do AJIOlJT TliE FU<I>tHC!l 

The 1\ndlnp o! tltis ¡tudy m: llfl5e!tling. They ore unsol
tling not beca...., tliey iLf1l 1 refowoln¡ of our unde,.tanding> 
of sol'toOorc problcm oolutioru. Tho!y are u .... ttllng bcc:owe 
11 is not ¡t all dear what'" dlould do ¡bout them: 

Phi.looophkal\y, wbot llneedcd is obrious. We need 1 hu· 
.111an mlnd c>itcndor, ooc whlch mUes 11 pouiblc for !he 
human mind tn ~oncelvo: problcrn.o and solut!oru bcyond IU 
curren! c:opac:hy. (Note thlt iN :uWyoi.ll~t<:tion of Fig. 2 says 
"irmlfficieat brain pooocr appUed dur!ag desip.")! 

TI ,f COl!,.., is ndw, ¡IYe:ll lhe Cllrmll mte-of-thc-arl. 
And, ., wch' soluti011 Cll1 11\eut be Clllllidmd. 

How could 1M mind be e~tended in those spedtlcdircctions? 
Perhaps by YCI}' ltlg!t-Cifdor lan~ges, which remOR M>lution 

. · dotails fTOtn tho domain of lisa pro&ramma IDto thc dom>in of 
: 'the compile~ (an&logous tocomputertwd-• register mmago. 
,_. ment bcUI¡ mowd lnt~ lho hllf!.-or~ JonPiJo COIÍ\piler)~ 

. . ', ... '·''" ... ,., •, . . . . r . . 

Perhap• by a design o.id wltlch manases and analyt.co duf¡p> 
dctails wblch !he human mind canoat? 

Perhaps by • maintenancc too! '"'hlch ntrac!S from ulmna 
software lit uadedyinl dai!P' el<-meots, and JUbje<:ts thern lo 
(lwm:m·assisltd?) combwocy an:dyW! 

ThDOtl answen are not ve¡y satisfyln¡. for thcy are bcyond 
the >lltc-of-the-computc•·art. And yo\ thcy are promlsing, 
b<cau.10 they repre .. ol o le .. J of compute! appUcation brulr.
lltrOIJ¡Il whlch,lf achie .. d, obvi......ty tnn<ccndo thc wflw.,. 
<D9neerin1 problem o.rhich ~wned ít. 

or cou,.., !he•• .,. mund.3Jlc but .... rw .,...,...__ lf the 
doslKJlcr, the hnplemen.ter, and thc tcs\er employ a deop leve! 
of conccntration and rigor, thc omitled \og~c error 1s ptovent· 
abJe Of do!oc\able. ln-dcpth \~hnicaJ p<CI duJp n!>iCwl and 

peor codo rcrieW! cm, (or eumple, detect the$o """" befo« 
tbcy bccome ~pem.wot." Rigoro111 lelt case dofiniuon, 
eapecially whctc !he test cases are drlven by comprchem:i•e 
speelficotio.u, can abo dol~t ma:.t "ponlrtent" enon early. 
Simple trad!t!onal desk ch«l<ing, !f properly applied, Cll1 also 
do the jOO. ' ' 

1be probl&m wilh thne mundano but 1110fu! solutions b 
that," In the compln prohlcms beln1 toiYCd by today'o pro-
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• 
ftl>io.mol pro¡rlllllmer, lh~ nece~Sary concet~tfotlon and ri¡or 
lo d!fficult to aclúeve. StiU, giYOn propet applkatlon they can 
be viable •olutior~~. 

CoNCLliSION 

Ptnistent soflwlrl erron m r.een lo be dominoted by 1 
dus of error whlcl! e&n be categol'iud u "the fallurc of the 
problem JO!ution lo match the romple>1ty of the problem to 
he sol.-ed.~ EJU~nplel of IUCh enon are predicate> with in· 
wfficient coodidons, and f.rluno lo IQol dau. to 00me b.,.. 
llllll nlue after ill u .. in a fun.:tionalloatc segment, 

Tlu: solution 1<> lhil class of proble!JU " difficult, Somehu", 
the proirammer's m.ind must be ntendod tu encomP""' com· 
plexlly beym~d IU Clln'Cnt capabWty. Ibis Íl obvious!y a solu
tiOII bcyond the rorreht sute-of·!he·ut. 

Solutiom whio;b cm be eff~tl"" fOJ todoy'slaJge ooftwut 
O)lltem produccr m maintainlng awareneas of the problun, 
.uul cpmdinJ mote time an.Uyzln¡ cornple;~¡ h1tc~Jationlhll" 
.U peer ~"'"", propam dalt checldaa, and riaorous testin&. 
As ls alreody wdl known, ldmtll'yin¡ th- (J>oninent) prob
leml carly in the software llfe eyde e&n hf,ve mljor po:dtl .. 
eo1t impKI oo' touJ 1y1km c<>rt. ' 
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111d co..,.,.cial aprñcalioM 1'<"1'""""~· &Dd O<p<ci&l!y lo 11>< : ''· 
Jlnlcüooo of .,.,,.,. oottwu<. 11< i> tllt ••""'-' of lhreo ool'ro-<r< <,-.¡,: 
...no¡ boob-So,._ RdJ.Jblliq Gul<ltl>oolr (11179), Soft-t 
_,....,. .. G~rldtb<><>k (1981), ond Sofr-u SoálC>tl"ltf (198 !}-tnd 
of four bomoro"' .:ompot!n¡ books, two obout camrutln~ pto)<<U 
wl!jch fallod, ond ...-e •bour oomp~r..,_.. pooplo. lk bu bocn ""bl4h«l 
lo ..,..,.¡ lf.EE md ACM publiatioru, and 1< o ft<Q"""1 <:oott!botru 
ta Comp..- ud llt1W.,.tlt>t'- H< boo bocn an AOI Notional 
~ ¡.,. fow yau. W. 001tlool 1< rllal of tbt npono;oc:ed >lid 
U:ill<d ~ cntt.m .... not tb&t of o manoa<r 01 an •cad<llllcla:l . 

' 
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A~<,...<f-Tho ttt of Pf0J1'1111milo' lo tou¡llo, letinod, ond oflnl ,
t>cod u 11 pr-o .,. dbpo&alllo, r-oJ obje<t> ownocl oal<ly by 

dio pw¡n.mm .. , no. pop<t ... """"'''"' lo lll"'lt!Oto ,..hy roa! oof<• 
""'' il noltt.O< penon&l no< diiJKMIOblo: i< "'""'" h""' non obnplo p<<> 
....,., aro ~ by oltlen. PfOIII lho oumplt<, lho popor utractl 
(Q<II prlnclples for P"''P'""' -lopmonL FiNII)', U dn.,.. eon<hl>imll 
obo>o< p......,mins __ .,... "''oclualion ofp"'''"""'..._ 

. . 
ltttlu r-•-~" - 4ooip, OO(twano ~ 

Anyrhilll wonh dolnl b worth dotn,' -n. 
-anon 

We do Mf kMw l!ow to ttach ''tood" programm1"l Mbit~ 
-P. Wegner 

l. II<TilODUCTION 

V ·- 'fY is programmer' productiv:ity low? Why do pr<> 
· rammeB igwlle lhe work of otlu:rs and build eoch 
pro¡ram from scn.tch~ llwe question• llave prompted recen! 
reoeorch il1to the ~peclflcation, dellgn, implementatlon, test· 
ln8, and malntmo.uco of productlon wftwore (e.¡_, [S!, [2\, 
{8[, [1 lJ). Such research lfforts, wtúch ue col!octlvoly re· 
fenod to :u. "$0llwue en¡lnC'trln¡." lim to improve progrun· 
mrr proctuctivhy and tncrease !he n:iiability, correctnea, 011d. 
ooor d1cctíveness cf !he final product. Rcwuchen llave ltUd· 
led ¡uid.clin.,., tecluúq"", and tooll to 01d in !he d.evelop. 
ment p<~- The varied 1pproocltt$ r.~nge from rigorou• 
m~t~em11lcol ltl.l!ys~ arul prcof [6). [10] to manogement 
pr.xedure< [4] , [1]. 

De>-plte n:s<arch effcrU to IJ\llko ooflwue m•nuf.cturhlg 1 
<impto ongjneerin¡ proc ... , lt ttrnains 1 comple>. or!. Many 
prujc<:ts stlll foil shurt of dcsi¡n ¡¡oals. while othon are de· 
tivercd. u><redibly late. Many progrom.-nen annot produte 
n:U•ble producu, ond '"'"' lhw bu~d on thc wort of othm. 
Mure ostonlshingly, professionals who ••hibít tolent for pro
d.uc"'s u .. ful, mno>atí•e oynema .. td.um s .. m to l(now how 
they te~m•d lo do what othen cannot. UsuaUy, ouch tuccess· 
fu! "'dividuats relate • series of battle• they had with computer 
syl!<ms, ond s!mpty oay thot they learned a linte ftom eoch.' 

lot.o<~>mp!~<d "¡>ni 1\, !980;...uat Joly 28, 1980. 
Th< ••IIHl• i> 11r1dt !he O.port"""' of Co"'P"'" Sri<n001, l'alduo 

u.,.. ·. w .. , utoycuo.IN •m•. 
11 ,., *PI"¡:r•m"""" *ill ,..... utyono wbo desip, iatpl<m<nll, 

O! .,..,,..;_,, «lOl!"'l«r -UlU 

>In f>ct. ( 13) ... , .. lhat "peoplo m UuJht h<)w lO <ool•, p!O¡:r>.,. 
"''"1 ~ lnrnoo:l only by \Jittet o<p<rl<ne<." 

Sanli11g computer >y>tems extr..:ts 1 heary toD with linte 
payoff. l'to¡wnmen waste ümo and eMr¡y to d.iscover • few 
Qrnpte facll. Many of !he ball!•s ooutd be ovoided altogether 
if the pro¡rammer adopred the corree! attirude about pro· 
grammin¡ and followed a few balic pdndptes. The key to 
I'I'OÍding battles lo shari:tg. Sharittg .. eh other'l uperltt><;es 
and worl< lncnases P•<>&<ammer produeUv!ty llld reduce, frus. 
t<ation. 

Befo re pto¡rammen Clll Jhare nch o!he!'swork, they mu.t 
have confidencotn lt. Unfo<tuna!ely, mol! pro¡rlfTilllre not 
deslgned for shartng; they contaln hldden rntrictlcns, dopen· 
doncies, and fbW~. T1ús paper explores fundamental attltud" 
about pto¡rammln¡ and propases changeo th.ot go heyund 
mere .ryli>tic codlng conventioru. lt do.etops four basic prhl· 
C!ples of pro¡ramming, llld ~SS<ns thot foUcwin¡ them is otc· 
esury for ptoducin¡¡ software tbat can be sluued. 

11. PlliYATE Vt~sus Punte SonwAHE 

Brooi<> (3] c!liml th.tt there are three type• of progrum, 
plo.in nnill• pro¡runo, progrun producto, and systenu prod
ucts_ Pla!n nnillo progr:uns a<e wlut otudonts wti!e-they 
need not be rell>.bte, penable, documcnted, or maintalned. 
Moot imponantly, progr.unmm thirrk of wriúng \'3.!lilla pro-
grams lS 1 prfvtl!e communicoticn between !he pr<>gramm<r 
and !he maclúne; !he program i> thou¡ht of q 1 peNOnt!l ob. 
jcct owt1ed sclely by the programmer. The progn:nm•• i$ the 
specllier, drsill'••. lmplementor. ond end. usrr mUed illto 0,. 
¡>enon. l'togrom producto, ...tute not nec«S~r~y more com
plicated. !han v;~nilb. programs, ore pub/le, They !uve to be 
cor~ect, rel!>bte, documenred, and malntained because U>Cfl 

who know nothín¡ obout the code de¡>end on tbo output. Sys
tems proJucto aro lar¡¡et and more C<>mpllcated !han prognm 
ptoduct>. Becau~ of tho Wer size and complexity, they czn. 
not b<: designed. imp!emenr.d, cr m.oltualned by a s;Wgle 
indi>idual. Th• productíon of a .,_.remo ptoduct in'olves co
o¡>e,.tion and communic>tion unon¡ a ¡toup of ptOfPJrl· 
men, 011d i> omon¡¡ !he most chaUenging of h<mlOO endeavon. 

Tito proce,. by which prognunmers are I111Md concentweo 
exclusi•ely on tcols and techniques for building small, •arull• 
prograrr11 rother than on guideline• aJld procedur., for con
"'"""'& and maintlÍnirlg pubtic ..._,lware ¡¡ 2 J , It "'rtills the 
attirude th.ot progrlfTill on: penonal -property and that any 
program !he a .. thot ean ust iJ sulfiCI<ntly weU drsi¡ned. B<
r;ínnen. learn ro wrlto shon, Yirtually ~mteu ptOyims thot 
on!y serve to il!<>strate pa!licutar pro¡ramn>in¡languag< con
llructs. ParUy becau;e of !he timiteJ time avallable in an ae>
demic cour>e, advanced trai!Úng falll to corr"'-'1 the mt>eon,ep-



. . . ,. 
llwe ; ..., !atina utili.tico 91ootdtd by lhe syrtem, Ustn 'lfU 

1 .....,~t tool. !ti spl~ oflhe ronoellkna:,lhe p;c '11· 

ldlwa tnVIIi. • • 
Af\er aomc ¡!me, Jt b«ame op¡went thlt Uster bcko~ de· 

..,.b!c ob!lltla. Upptrcue wuthll)'•tem standud for oout~ 
me., blll many fUea COJ>t&fned te.ll1 w:lth both upper· ond low~r
c:ue. Beca""' ...me prilllom han41etl_only uppcrc:uo ~!len, 

. tbo IO\Ionc&$0 tUl waslon when output wa, .-ou~d to on~ ci 

flc.o.tloa and ~quence informatlon In oolumns 73--80 nf flWIY 
m .. made llstlnp ci them dlfJicult to rn.d (tbe IOCA!Iul 
editor lad tho nuty hf.bJt of wtorin¡ Une num~ In columru ~~~~~:~~~~~~~~~~~:5~~ tbem. lino l~n¡th poiCCI anothet problem for Uster. lckntl· 

~ 
. •¡< '-011.......,._ 73-80 o{ uch Une unlesl; the user told Jt no! lo do so). Tho 

pb<:e upcrien"" ~ oy.-, 11 can pri]>Qe tho JeWnd •-.mon of Uner compcn&aletl for thesc problenu by 
P'<>i'""""" tn appreclote and undentand !he problem. Wltb· ltlnllatil!¡ lll chJ.I'ICim to uppe~ a.ad llstinz Dllly 11>r fmt 
out JUch uperi._. propvnmen flnd the tools and tceh• 72 ch&n..::tcn of a Une. ·it recogrmed linea of the form llhr' 
nJques for lar¡. pro¡:ram oonttructloa meanln¡lea. At 0111 nlue u cornmat~ds, ""-ver, lo .Uow uoersto alter lran$!1tloG 
depanmental compulin¡ fadllly, for o:wnplt, each new pro- or chmgo: tho Une len¡th. Al ony pla~ In the Input, !he line 
l:rsmmer b ¡:lven 1 imall, publlc P<"'''JJI u a flrat udgn<MJ~t. %~S"O 
The p•ogranune< hu a chtnee to Ioom what Jt meam to mlin· 
Wn public ooftww witbout jumpln¡ d!rectly in lo mw.t... IW'tll!d off tranolatlon, and tholine 
nan~ of i. lu¡e pro¡ram lil:e 1 compi!Oi or opcrstill¡ l)"lltm. "'l">'YES 
Mote lmpollantly, !he ~ be<ome consc!ous cf 
Olben wbo ciepc<>d oa theif work. restcred 11. The cornm:and linc 

" The non MCtlCJ> presents two small, pubUc prcgrOfl"ll. which 
i!IU<tntc tho diffiUencea betw .. n pri .. le lild publlc aonwue %0-IOO 
ond lhow wlat • prc¡:nunmer can lam from wmkina with 1 ~gel! tholinelen,U. to IOO,and thc oomm.ond !ine 
small progrom. Tho renublln¡ sectlcno Ust fou.r prindpln of 
program" developmoat !hal h.o.Ye been enracted from cxperi· ')W)--""$ 
en= wlth lmlll ptOJiaml, .,d .me.., them in li¡ht of the chmpd the d0lirnltcr fcr subseq-~ent commanda fr<>m "''o"to 

· e.nrnplca. "$.w Cornmanda were not listed with the rest of the input. 
ID addition 10 thr pro¡ram i!Jclf. thc aulhoo- m.airolained 1 

m. Exn:RtENCE WITii Sl(ALL PROCRAN5 document describiD¡ the use of IJstct, including oomc U· 

Usina two ~mlll, public prognmo os examplca, this '""ion ample•. As othm Hked about tho fonnatted listin¡a, they 
Wuotra\111 hcw aof'tware can be shared. The exampln ue: were rcferred to the documerltation. !Jl a few rnontbt. the we 
Uáer, 1 program to pa¡lnatc ond formol a file, and Gr1der, 1 of the Ilster file began 10 incroue. and shortly, there vm o 
progrom to mainuln clunoom g<Jd01. 1110r po¡>ul.atlon that depended CJ>!I. 

U..n be¡an to Al&&e$1 odditlom. chan¡t~, md. imprc ... 
Llzt~ ,..,11 . Succe:uiYe .. rslcns of li$le:r had m= comnu.nds. ond 

üner bepn u 011e of oeveral ulillty prc¡r""" lll'rlum fcr petfoimed mere formatting functiom. By verilon JO. U•ter 
use In l b11cli (remate job ""!Jy) cmtrorunent. On tlu: oyo· .Ucwed the u~er to chlflge the pase numbering; odd bucllnp; 
tem in queoUon, pro¡rom sou.rce fllq lild dala mes cculd be right justify tut; dlrect culput tQ 1 line prinlef, oard puncb. 
cmted in~-~oracUvely using a 1ext editor. Up to 20 oucll ru.. 01 .,other file; center text; under.core; olw!go tM ~~· 
could be ooneatenoted togelhi!t a11d 011bmlaed " a batch job lenph; and include .ource fl!ea by 1\tme. l1>e progr¡om had 
with • sln¡Jo command. TIIc m .. v.·ere not cthorwise acc... boe:n ..,."finen from ..;ntch al leut thr~ times in Pl../1, 
n"ble lo 1 111nning p•cgram, howe•er • ., thq could oot be •ead SNOBOlA • .,d Al:lcmbiet lan¡ua¡e (!he latter ,.... i.«n~~Jy 
cr Updaled <l!ily. To obta!n 1 hardoopy listin¡ cf 1 fllo,one to lw!dle lncluded fU es). l1>e dccumenlaticn had gro""' frcm 
h1d lo write a p•c¡r&m thll copied its !~pullo !u Output,ccn· 1 p1ge lo ovcr ¡4 p>gn. 
cotenate the prcgrsm and lhe file togorher, •nd subml\ the The u"'" of Uster h.od challJI!d, too, hatead of one uscr, 
resultas a ba!ehjob. th"e wero many. lnstoad of one or 1wo runs during \he we.k, 

The fin! '"Ilion of Uster conS!<\ed ofabout 20 l!ne1 cf PLJJ U.ter ,.-u !nvok«l every da y, usullly cl<>Se lo 20 Um ... ln
code to"prinl it¡ inp<~t. lnserting a page num~• md the date stead of listin& uisti,. filea, we11 bopn to cre11e mes th1t 
•t the tcp of eaeh po¡e. Te ob!l!n 1 J!otillg of mes Fl ond orJy lister could recc¡:nlze ond form.ot. A d= or -~,. 
f'2 .ene inY<>ked Uslor w!th ., l:lcant¡tion hke Jtudent :erm p.>p<11 """" preJ"Lred usina l..iller "' ti le 

~J"' üster,Fl,F'2 

.. hich "ould concatenne !heli>ter P<"i"'m file and thotwo 
files to bo hsted, 1nd tubmit tho r.-.ul! u a botchjob. Boca u >e 

forma ti ;e g prcgram. 
Tho cboge in u•• of Lr>1er forced 1 chango in !he '")- 11 

w¡s moir.tained. Gradu.Uy. almool WJthout e/Tort, Usl<< 1\ad 
changtd from 1 prlvote program thot cculd be •h•nged al the 
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~ .. ~~<'> whtm, ll!lo 1 PLlblic one. Sine-e othen d~pended on 
.' ., ,..nuinln¡ relatlvely ual>le, now velliOII> had 1<> be 

;.i¡hly ~r.J before they were Uutalled. To tott oach 
:-¡,., "'n;l~a. h wu compDed and 110red In the fde U.ter><. 
"na,:,·usc:r1 .. ho WC<e aiudoult<> try the new ~rsion ln>oktd 
.~ U.mx buto:td' o! lbter, and wcrt Mlpful in testin¡ u weU 1.1 

· 'joro>!J!n¡ fct:dbKk on tho dosi¡n: Aft<r 1 ptriod of tesUn¡, 
!JI,,;~ moved to U.tor U>d the now vmioa btco.ntt the "p<O· 

·ectlonHvalioa. 
:·~¡., "•- . 
·Cfo!u ,~ - J •• 

:··~,;.'\o lbter. the Gra<ler ¡>Jo¡n.m bepn u a small, prlv•t• 
''pt>;>¡rvn fg¡ uso In computln¡ cla.moom grades. Tho flrst vn

·' """'· written in SNOBOL4. Juppmted o handful of commltldl 
_>"¡0' all~w the ·U..,, to onter i.tudent'• IW'IICI, !dentlllm, and 
'•¡ndfl; to coaíput.o ~!ed o\.crqes; llld 1<> prlnt t~ -..!u. 
, . Doo:umentatlon !or tbe program wu contllaed in QOmll1enll 
":fbnhc loo,,.. flk. Whm .... othtr profesaor asted about Gndn, 
,,.<~' wao-~med to tho ¡no¡iun _toúrce ~.~e -~rning that 

• \"111: 1w1 bett.r chlc:!r. !be· Input carefuUy beclu• Iba propam 
.':'.~UnloAI~thtd.lia-ltr..;,¡ied. - •. ~· ! . . - ' . . ~ 

~\,D.,pit.:dle:sirilpUeity (llld 1acl< of 1dtquato lbput nllda· 

• 
16~ "' 

1 cllkulator. f'{ow, well o\ICr a tbousand studenl grades are 
asslgned """h .. meoter based on cakulotlons performod b) 
Grodor (induding oompln adju<tmenl of weighh for ind<.;d. 
uol students JMotioned above). Tite proctduru for mOOif¡ing 
tht curren! verslon (repairing prohlem~) and for in>tallmg 1 

new verd.on (I!Liklna u10r vilible ehanges) ue more COIIlplu. 
Files prepared as Input lo une ••nfon of Grader mus1 be ac
<eptable lo later versloiU. Of <oune, ntw vealon1 muu be 
onnounced and documeo!Od befare thcy replace !he produc· 
tion verslon. Flnally, pub& file• are locked to preven! umu!
tanco\llocc.,. ond updote. 

IV. PRINCIPiES OF PII.OGRA.>t 0KVEI.OPWENT 

Uster 1nd G,.d.., come to mlnd u eumples of tbe kind cf 
progrom prodll<t frorn whlch pro¡rammers leam 1boul public 
ooflwore before vontunng into tbe a.rea of la.rge S)'$tem engi
nurin¡. Whlle both proJIIam! ,.-.,re eully maoaged by one 
programmer, they haw: the -ntlallna;redJonu tbat diJtJn. 
plsh lhem from simple w.nUla prcgranu. From oxpericnce• 
wlth prognml llkc Uster ond Grader, -•al prlnciplca can be 
extritCted. Followin¡ lhem !eods 1 programmcr towud • •tyle 
ond ai1 attltude about programmln¡ that are amcnahle to work 
on larger, more comp\u systenu. • i("tlon}. lb4 poputamy ofet.4er .Gued. Put ortbe popululty 

7d.n "- 21Uibutid to the bCI< of ony reuonal>l& corñpot¡tion: 
1 ~·~y -~~to úicl faculty clalme4 iQ bave tho!r owt! 11u Principio of U..: l'rogrwm Will !k UNJ By Othm 
1'i:r.J•n&~Pf0Ftl"', none wu doc:um<nted or malnlail!ed. l'lrl The principie of uoe oounds oo simple that almost cveryone 
:¡of the poplllority, howevet, was 'duo: lo co"""'n<b whió. made .a¡rees wlth lt al flnt. Deopite Us limpllc!ty, p~e< 
; .('J~ .. -.; Ccla'o't1lieQI •"- f!eldble. For cnmple, U .,;eepteol the tnt!ning !nstillo mitudes and habill that >:lo!ate lb!• prin:!plc. 
'.~ ji.!_~:i "-'f for '"IDcomplete":...ad -2 for "omlttcd," md read- Most progrommers .... me tNI !hoy wlll write p!lin pro¡:r.>m0 
·' )iil:tad '!he 1¡ 'llcd ..rpu 0., &a irodi'lldu.al basls to ignore unlca, they are told othcrwiH. Y« almost ony progrun worlh 
Jthc.lr>c~pl$te and_ omi~ work Wben oalculatíng a Weighted wrltinl will be U$Cful to others. Sooner or Iater \he codo will 

· -~.-.en¡..; Al tht ·u o{ tba ¡emuter, lnmuctors could ehanp: creep into publlc use. Printe progr~m~ ..,.. !he c.uptioll, not 
"all inc0mpleto.¡ra6ei to 'Uró and recomput. the we!ghtod thc rule. Kctping thls In mlnd, progrunmen should malee 

"'~~,;.,.,~ usaY.A' • . . ~J. ,. · sofl..v;o« reliablt from !he outset In otead of beglnning with a 
~1- lt bécamiappan:nl thi!Gade1 n110ded tobo rewritte.n Uld pWp pro¡nm llld tzying to add robuS!ness as problemo 1nr· 

' • npanded,' so wnton 2 - dedgned ond lmplemenled ln foco. Thcy should IISUme .U programa will be p~b\1: and ~on-
·'i:hd~---!'lúlo t1oe MCODd ft.m.on dld wpport rnore COI!IJIUllda, slde,- lhcll- reuons c:uefu!ly before omlttlng reliabDlty. 
t· !he ,._jor difTetencoo aniie becauliO lt became a program prod-, 1hc cxporicn~es with U.ter ond G1~der desenOed •booc dem· 

~.::: Oqdct :7. cll«kod tbt Input oarefuUy lo find Uld rcporl · omtr:atc bow otilen appreci:lte ond U$C nen s!mpl~ prognms 
-tJN>I&kei' and·--n..,. AD inpUt, includln¡ numbers, wtra tha! are documented, eomct,and reliable. ft mlaJ¡t be argued . .,, .. ... 

, !)'~e:~d "' cfutracten; numen.: Input Wu c:onocrtod lo lntem>l thlt Us!tT and Gnder are alypkol b_...., they R<PR"'PI ¡>n>
. ,{ for:n oclj oftá 1t had ~ 'examincd for ""'""· Gnder .bo IP'"'"' whlch provide lene rol .. .-.icca of intescst lo ,._ny u .. rs; 

- ;-nqurred. lho user to declare a muimum .Uno for eaeh borne· but th<;y ..,.. not. Ahn<»t ony pro¡ram. however speci•Uzed, .\.!"""'· .P,!z. or ~~ .. ore, ond verified tlu.t lndlviduol wlll be .uefulto someone be~ideo W programrn<"t 'o\ho ~~t<ated 
·; ocorn fcn in the corree! rango as thcy were entercd. 11- For cxamplc. !he 3ulhor wrote a se\ of prograii\S toen u-

;·Al wllh lJster,uStrs h,...e sn¡¡¡¡eoud uuM!onund lmprove· mera te a restrictod clul of trie indn u por! of hu .-..earoh. 
; ~ts to Grader """' tht pa$1. thrce yun. Vemon 7 bao 38 Thc proaruns were oo specLalizcd th3t it soem<:d obl'iolU that 

~~ 'eorruno.ndJ whlch allow one lo clwtg<: bcadinp, footlnp, rear· oo onc, lndudin¡ !he outhor, would ew:r u10 lbcm 1pln. In a 
"¡ Br<&< <o!umns of autput." omit highnt O< lownt podes in a wtprising coincidente, a gr1dua~e •tudent fmm onothe< de
.,_ lt'>up, lldd and drop studonts, print tlu: gradn, oort tito lislin¡, pa<tmont necded a progum to build trie indexe¡ 1 few y .. rs 
::1 ~pla~....,,.. as·. ~ar ch.ut. aad ('\'al to wril• tht ¡radc .m- bter, ond ""' a~le lo Uf\ wde directly out of the origln>l 
. trix onto • me in a form3! convenlent for ilrpulto other pro- . prOg¡;1mJ. Natunlly, the prow:un dotails htd long beon for
'_ 1:<>~. Thesoun:e Jlle 1w growu ftom :l-00 llnesto 2800 linea, gotteo, oo without ~nU 111 the progr:ams lo d.xum<nt 

;.~ :U. .. n~! u ser popul.ui~ has ¡rown from one Ul<:r 10 sovend !he synlax of !he Input as wellu t~e deta•ll oflhe !lgorithm, 
, ~ ~ , • sh>ring would ha ve becn impw>-iblo. 
··.-, A.. a lliOt populatton ¡rew, eban¡n toGndcrh!d 10 be con· Of oouT>C, not a11 sof\wa1e will b«ome publie-the torm 
k'¡.,~rtd. more llttioualy. The flnt ve/!lon was used to .wr!gn fluffware bao bcen applied lo ooe el ... of programo thot "" 
~ '!"'~ andes. lb JS otu4en!l, and evory o:akulation wu vorlfle4 with aot usod 11y lllyon< ucept their c¡eoton. Ruffware com-
:-..~; _rl!'i; .:.·"~ '.,,_;,,' 'k'i..; ... ~.-:;¡., '• • .... ,,·. .: _;~~· 
'!J;-~'-·..tl'~-·--;~··,..-·--·~· .. -. "'"' •,• ;._, ...... .. -... , ~.: ~' ' ...... ,, ' • 
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'' 
pm« th&se (uiUallY quite tnvial) progroms that ene piecn 
to¡etb..- rlpldly, U$tl once, wd thm ~da. For eumple. 
te fUid a p&llmt b> a lnt file, cM mlsht devise a S-litle 
SNOBOlA progratn and run lt i:>teracd~ly vtlthoutl>otherll!J 
to aw the oource progra111. Outllcle of Outr....,, howewr, 
there, b lillle !ho.t provammm kcep enURly for thernselvcs. 
Em1 llltall utWty pro¡ramllike Lhter find thrir ""Y arOIIQd 
and evennWly become pubU~. Ono is forced to eonducle thJt 
em1 th011¡b h may be simple ot specllliud, ooflMn thatls 
-..orth tupín¡ lhould be thO\Ishl cfu publlc (!he public may 
COIISist cf the prcgr=er looldn¡ 1! the Prova<n Ion¡ 1f\er 
lt was 1>'ritten). 

Te foU""' the prlnclple of use, one lhould do the foUowin¡. 
• PiaD from 1M stut to maU progrun~~ public. Thi¡ will 

uw bou.-. of clebug¡ing unreli.:lblll, l:u:orrect pro¡ramo when 
othen otut ull.ng tham. 
•' Oociíment 1 program or lh:ow JI away. Thls will •~"• 

boun of nplalnia& to otben how 10 use pfOIRIIIJ (01 readin¡ 
codo lo fmd out you..tf). 

• Oc:dgn 1-C!ftWU.IO be oon>cnlent for the unlnitllted. Thil 
_ wiii SI,. hcun o! i:>tvpretln¡ thi dccumerrtlltlon.' 

.i. 4bel all output: ave or prlrlt all Input. Thls will un 
houn when usen c:on1e to ycu for he!p, capedally when they 
uk yoo lo explabl 1M output. 

U PfO&Jaminen desJin, lmplernent, and nlalntaiD aD 1-0flwuc 
u 1f k IÍ productlon oofiwue, tlud: dDeiÍmentation and pro
¡rarn<nl:l¡ hablu lmpro..,. ~ be¡in tO cboose better nlmll. 
eoounent cede, and write mote rellable pmgroma. In ¡he be
~· ·P·~ vtlth othe11 .la mind takn timo (Brooks 

-,, .{l] ertln-..tes lhat 1 pragram pm-duct 1equirea threo times !he 
· e!'rort of 1 p!IID pmpam). Aftor a whDe, dul¡rú111 prognmt 

ta be ll>md becomea habitual, One •ecognJzes common plt
fllil llllo:l problems 111d fomu a set of atondo.rd wlutfom. Bo· 
(:aliSO 'piogt21nJ!ten C&D dopend on, and lh.o.'* hcll otbo:r'• 
work, lea tlnM '1s i-utod f<lnventi:>g !he wheol. In the long 
run • ._ time ¡pent in rep&irlng, cxplalnin¡, and lmprovinJl old 

. pr<>iramo luve1 more time te de~ote lo new on ... Unfonu
nllel)', oaly 1 few pmgrammen tUe tlW principle $<riOUI!y 
enough ta benolil from makin¡ 1maD pm¡rwno couo.:t, <*ll· 
1ble,md dccwnented. .. 
l1ie ~pk of MfiUie: Propruru Wi/1 Be Abu-Jtd 

U..~, sometimn !he prognommen thmuelvcs, ouppl}' tho 
mort unllkt\y Input lo prcpaml. Empty m ••. binary m .. , 
.. ry 1arF filea. obje<:t programt, lette11 in. ploce cf digtU, 
digiU bl 'place of 1<11<11, excesslvely long lineo, and other 
lynllx erm11 are commo~. In addltlon, •ynllct~Uy >'llid 
Input vtll1 :<Ometimn cause o .. rllow. underflow, divtsinn by 
terO, tibie O>erflow, or sul>s<npt out of raroge p1obl•m•. 
Finol!y, u"'n Clll mate 1Ub!le <Hon that c.ouse un .. pe<ted 
out pUl. For eumpl•, in U. ter lt wu po•!ible te specify that 
both a headin¡ llld pa¡e number <hould be prinled al the <ame 
location on rhe page. 

Ano!her fonn of abuse oocun when uorn allempt to use 1 
rrogram for som<thin¡ other than what it wa> dui&ned ¡o do. 
for eumple. eve.n though Croder provided only integor nlued 
grode<, ene profeuor multiplied "'"'Y ,-.de by 1000 befo .. 
ontering l\ in ordet 10 obtain ''al U e! oocurate ro tlu-ce dedmal 
placn. Everythlng worlo.ed fwe l he 1d for a bar chon 

to be printed. The p•agram exeeecled. the output Uno lirrut 
ti)' in¡ lo prlnt 1 lil.tin¡ -.ritb ooer 100 000 ¡;,.,. (one UP 
eadrgradefromOto!OOOOO). •: 
lf one taka the polnt of oinl of a u..,,, proper tedutiqucs 

f01 handling tbo erron beccme clear. The prosram !hould ... 
1pond vrlth 1 1easonable m .... ¡e for llly pOIS!bl• i:>poit, ¡,. 
cludln¡ 111 empty input m.. Grader'fo!!ows thil pr«<p! by 

. ougmentin¡ <nor me ... ges with 1 li<tin¡ of the input line and 
1 poir>le< lo !he euct tmublo! spol. N.otura!ly, erro• meaoages 
Jhou!d be phrased to that a 111er who h.os ""'"' seen !he IOU<Or: 
eode cm unden!wd the problem: messa¡eo Jhould ne.....- ••fu 
10 varlabl< nama. 

Errot correction ts more difficult and le.. lmpon.ant lhan 
OIYOI detcetioo, lf thc pmpam doeo ouempt CTTOr correctioa, 
it lhou!d ohn)'l call&ttenlion lo omepded "' lnaerrod Input, 
or polllbly tr:~<:<>rrect (lnaa:u~u) output thal ruulu. For e:.
omple, an early venion of Lhter místakenly tnrncated llnes on 
1M right ed¡e of a po¡o witbout telllD, !he use.r, and 1r1 early 
venten of Croder IC<:epted fm:tíona!UlpUI bu! 1ounded lo tht 
""""'! ¡,reger vtltllout tellln¡ !he"'"'· lk>tll actions, whltb 
we•e intended to mr.ke the input more lluibk,led to incor
rect outp<rl. In both cueo the pro¡run m•cle !he \\10111 
ml>toke possible by pre....,tit>g outpo.rl tluot looked ruoon· 

, ablo!, conlained no w11ninp, but wuln~onect. La ter wrUon¡ 
. OOflected these problCIIII by infotrnlll¡ tl$en '!"h"""""' Input 
wu altered. 

To aunmari2.e, !be proparnmor >hould do !he followlng. 
• Give a rusonable output for ""Y ínptrt. 
• K~p the pmgrlDI from tennlnatin¡ obnomrally ,_ ~-· 

from prlrltirrg 1 "dump"). 
. o Coll ottentlon to corrCcted (alte .. d) Input or inaccurote 
OU!pul. 

Of eourv, !hose nrles mus! bo tompered. by !he prog¡om lpoc
~tion¡ llfld !he en..-uonment in. which ooe worla. 111 p&r· 

ticular, tho interpretation or "reasonablo" >arleJ greatly from 
ryotem 10 system, and from lndividoalto individu.al . 

Tlrt l'rillciplt of Evo/lltilm- Propanu Will' Oumge 

lrrovit1bly, 0110 will imprcve, utend, or modüy all pt"CJ88"'o, 
Thb prlno:ipie oppUet te the most triviallooicing pragram> u 
wel! u complex onn. On one h.and, <rTOll !""Y crop up 
when 1 prO¡rarrt does not U"" up to the advertl"'d specifka· 
tiom. On the other hand, !he use oD<I nee<b of even an error
freo ptOBflm chany gra<!ually o""r time, Feotures may bo 
1dded to extend 1 pro¡p-am'l capabllity, unused featuros mi~ 
bo deleted to mUe the implementation more efficimt, or ex· 
istlng f•1tures moy bo modlfoed. lrr onticlp>tlon of ohange, 
one <hould expend enorgy to mab the cede re•dable and 
modular. 

Bcl•dy [2) .:.lis the phenomenon of e•clut,íon "!he bw of 
cunt'onuin& chanse~ and exploin• sorne of the causes. Pama 
[11) describes opecific wayo P'"i'lf!UfiC<> c.ao pl1r1 module> 
for .. ., of "'P""'lO" and contr.ction, and Kernigh>n • ' 
Maug" [9) ~·• d«ailed <ulos fo1 pmgramming s!yle 
dccumento\lDn. Suffloo it lo "-Y th11 modulosohou!d be~·
•igned ro <"'< modofic•liM, •nd lhtt tire ,cure. cede should 
be comment<d •nd uniforn>ly .rylod. 

l.noiJng al lhis !><Ue from 1 US-<r's poinl of 'iew, one c.n 
lhat publk oofiware should not nol•e wirhou\ "·unins. 

' 

' ·--. 
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R;th~r. User vllible changes shou!d be collocte~ togcther inro 
.,. pu;nb<red versloru. The ve~on numbus s.hould &pp<lr In the 
... ~·· do<:umcntation, rhe ob¡e..:t prognm, and on rho 
~ut lo prov!de a liak bcrWlim \he fllrulin¡ propom ltld 
\·~ ,.OUr<:e r~ ~ ltpme;;Simllady, mlnot'lllp&Lruftd · 
'•, dunges ,lhat dó 11(11 &ll"ect _....., ilf¡QU!d be ~IICI toptber 

filio reYr40ns: { Ttte~Conventloñ 'o! ·llumberillg 'pro¡ram$ as 
W!11on~_,, Whe11 u la tho ... mOn-number and r 11 tbe revisl011 

· oiumber,·Workl nlcely: 8e~'>•1th- .. roon 0.0, cbose Ycr· 
·'7-lloiii··Wrur, nÚ:mben lc:a lhzn 1.0 w.· be .-1 wbile tb& pli>.' •... ' . . -.- .. 

p3:r\ 11 b<!n¡ wrli!OQ, nWdfta m>ÍOII 1.0 dio IDt tdwold 
~ . --. . . . . 

wnion.'' ,. • • · • • . . . ' 
·:; O..n ilced to be .,.UJ>ed oftmmlne!lt venloo chaopo,and 

ohould h.ovc 1 reuon.ab!e assuranoo that tbe new vuslon 11 
ie.sud. U101r1 alw need acuss to up-lo·date documcntadon, 
esptcWiy whOn ao.W vmlon h.o.l boorn imt.Ued 

•. In wm~~~~ry, progr~rs wbO'p~a:~ for chango will do the 
• foUowiiig. ' 

.. ·'. • ldal:t P"'P''' <eadab!c. 
• • Writc nlodul.. to makc exknslon and COIIttaction euy. 

• CoDee! uxr..Wble clwlges into nwnb<red venions. 
•·· • CI>Oect repain in numben:d rovil\om. -

• KNp the doeumentatioo currmt. 
•' •>. -~ 

1M l'rilldp/e of M/gnltkm.: l'rogt'llml WJll Mo•e To 
New MM:IIinu. 

Sínce lho neod for 11\ost software ouw .... 1M machino oo 
"v-"11 lhe software """• """ tbould upect tblt pro¡i.mo 

:oa~t\ully. ru:i In • dlffereai Oll'lironm;nl tlwl 1M """ 
il1 whicb !hoy ..,; creaied. lnterutln¡ and I,ISCM pro&rlltll 

. urually rnig:roto 'to ,.,... ma~ rapldly, sometimes witllou.l 
!he owne¡'tlmowled¡¡e .• · •. 
·' As. hzrdw~ booomcs loCs ex¡>e!UJ•e, portability wil1 becomo 
even more lm¡K>_rtant. · Unfortun&tely, many programmen otW 
lbi:ll: e! their ~ u thJ.I or m.t!U.;t~n¡ 1 machi:De. They laluo 

• od"r.ID.tage oi lhe ~Wan<omd qlllril cf a putio;ular machine to 
i¡'; pin ef'liciCDcy o• C'lduie- tbe propammln¡ ciTcrt.· To enmre 

poriibilltY, prilpammoai m1111 !ul'ft to uoid nw:hlllc dcWis 
~.llo.<tead ~r ex.plolllng !hem; thcy,mu¡t thlnlr. of propaml u 

. ~ pNbl"!" solullonalnstead of irlrtru<:tion• lo a mach!ne. 

' 

~ce prograinmen accept the·'¡irllldp!e lhat prograrm will 
be ttulsported to oow•mvltonmen\J. they W<lrk todo tho 
followtrt¡. .. 

. • Writo pm&f""" te toi>'C p!'cblenu, not lo instruct ma· 
dún ... 

• Use standard prngr..,.;,.,& ~ fature•. 
• lsob.to ond <:<>mment aJ1 ,..;!tJM dependcru:i ... 
li:stn llld Groder ronlrast ,¡,'l{ply In ponability. Grador, 

Mitten_ln Pucal, hao IDO,.d tO s01•eral machines lfld com-
pno,._~thout major effon. l..iater, on thc othcr hand, wu 

. co.led In I.I$Cmbty languago, so the rosult of lho howl of wotk 
11>•1 .mt lnto wriun¡ lllld malnWninl il were Ioft bohlnd 

• "'~ tite 011tltor moved to a new com-puti:l¡ moironment. 
(" """· SOIM ot the ideas ha"" ~en irn:orporated into 1 
•. font!J.ttln¡ program (wntten In Pucal thil timo), llld 
ot:,ors ore al~ady pmvided ao ulillt!n In !he """' cn\'IJOII· 
mcnt. The fact rernains, howe'"'· that thc original code fa. 

¡ ,0" [J,lel" .,ould Jt!U ~ maintained lfld ll!ed if it had sun>t~d ' 

i tll• UU!IPOrt.&IÍ<lD process. , · , · , • • . .,.,., __ .,, .. '· -..... .•. ~ . . . 
t'~,., -.• ,.,. ··,.. . •. . 
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V. SU.,>!AitY A~D COtiCLUSIONS 

This pa¡>er hu dbl:ussed sman propam d<sl¡p'l, and hu 
emplwized that proa;ramme,. >hould oot ~¡;trd propamo 
u printe objccu.. 1bl.l don not meaa tbltlll pubJJc pro~ 
~ from pri'll.t< ann.thJ.t seep lniO·Ih• publlc domain. 
QuUe !he oppoii.U b · lru~: 11111ny pub!ic progrilmll are con
celll<d, dalgncd, l.ll,d lmplomented fmm !he 11irt with !he 
entlre cle...:Jopment eiTort targeted lo jirOduco a pubUc .pro
pam. · In ordor to buOd ouch programs wca, propanunen 
muot ~ accustomed to pub!lc son_.. u a way olllfe. Writ· 
lila and maintllnln¡ mWl pub!íc prop&ml prootdet • .......,. 
able ""'Y lo l01rn 1bout publie softwaro wilhout fo<:ln& tite 
probloms o! largo or complu oystenu produc11. 

In order lo dni¡n pro¡pamo for ~. prognmmen mus\ 

remaln comclou• of !he followin¡ pnndpleo' 

1) programo will be "*"d by othen~ 
2) programo will ~ abuted; 
3) pm¡rsm¡lll!ll dun¡e; 
4) Proararnt w!D mo.e to new machines; 

llrd the specif10 IUld<llne~ for programmen that follow from 
lhem. Of courw, thete ..., not !he only principln th.ot ene 
must follow. l!xperioncot with lis!C'I", Grader. 11nd other pro
duction software do demonstrate, howe11<r, that succ...tul 
pmgrams havo bcen built from them, and that progrun> ~an 
fa!lwhen they are no! followed. 

Pro¡rarnmer tralnln¡ connot <:<>ntinue to mforce the nolioo 
that softWI{e produdion <:<>nsisll of writln¡llnall, uselCII pro
¡pm!l. YOII:IIj propammon must leam to <ka! with public, 
production software 11 1 ""'Y oflife. The habill ond altitudes 
necesnry for JOOd softwue engineerlng lll\111 be cul!Mted 
early and r~~enfoJ<:Od often; they mtll! penado propanune¡ 
tralnlng. In put!cular, relogating software cnglnurillg toa 
l!ngle collegc courw (e.¡., [7)) will. no! IUfllo:e lf the remlinder 
of tilo !Wnin¡ don 1101 JlWidate good practlces. 1Ao.rinz tite 
pw fflll> yan, the sofltr~R mdmtry u .... u 11 lllli .. rsltie< 
ha,. odopted !he lttltudo th.at <tyle and II!Ucturc are impor· 
llflt parto of prosrarn production. We must now act oc tbe 
pmnil.e that pl3!11 vanillo progran11 are q Dnoe<eptab!e u 
poorly styled on ... 
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Editorial 173 

• A Case for a Standard for Systems Engineering 
Methodology ·. 

ANDREW P. SAGE, m.ww, tEU 

EDl"!OR 

' A N OPEN SET of procedures whkb providC> thc mcans 
]-\_ for solvin¡ probl<"ms bat bcwme knowo os a 
m,¡hodu!ogp. The tools of syJtem eogineerin¡: words, 
mathematio:a, and ¡raphics, aie tbe elemento of syotem• 
engineeriag mcthodolo¡y and are aba the elemcnll of 
oommonication. Tbe oombination of a set oC toOis, a set of 
p•oposed activi!ie:o for problem solution, aad a 'toe! of 
rclarions amon1 the tools aod activitics coastitutes a 
m..tbodology. The tools for l)'flems en&inecrin¡, or tho 
conteo! of systeins engioeerin¡,"' con&ist o! a varlc1y of 
al¡orithms and eoncepts which cnable vari<:Jus activities 
"·ithin •y•tcrru. cngi..eering. Pa.rtlcu!ar setJ of rdation> 
among tools and acúvilics, w!Ucb ooosútu~ tM frameworl: 
for · •em• cn¡ineerin¡, are ofispeciaJ importance IÍIIQO 

""'- .;e of and U$C of an appropria\e' oyneins en¡¡inccring 
methodolon could do m~~C:h not only wilh reopect to 
dealina wilh the man~ coJU.iderations, interrelationo, and 
co n t ro>·ifsial va lue j udgrnent5 anoc:iated with contempo ra ry 
problem<, but also-could bC a( major value in orpnízing_ 
~~~ching ;wd communicating thc value of !he 1)'1\e'm< 
approa~h Ío policy and dccioionmaken. Funher, an 
ap¡lropria\e' methodolol) aad framework for the syotems 
appro~ch ohoutd aUow problem ~lution at institutional 
and valne levels u ~~~u at the symptomati<: leve! wbere 
so much of our elfort toda y ,.,.ms directed:, or mi$dire~ted. 
lbus lhere ~ts stron-g motivation 10 examine qi!Qtiono 
conCernillg wbe!Mr a '"na11daniM franwwod< for o)'1\e'm> · 
en¡ineering it appropriate and more communkable tban 
the >P<"<:Irum d framcworks curnnlly extant. 

Tbe lhesio oflhit editorial i• that tl!i.> ;, not only ponible 
but highly dnirabloe. To develop this tll<<Í$ furtber, tet us 
examine se-er:1l of tbe m.any f111meworh for l)<tems 
en~neerins that have beeil prop<md, 

Arthur D. Hall, 111, ;,i 1969, publi~hed a compreben5Íve 
thrcc-dimen>ional framework, or morpholon. for system• 
engi"""ring in -lhis luNSACTlO!<S {1]. This thrcc-dimen
•ional'morpbology rcprno-nted 111 euelllion of bi$ eulier 
pionccring nudy of S)'1tetns' enai~~«rin¡ methodology {2). 
Fi¡ · :, an adaptation ofHall's ~pre.cntation nfthe tbree 
m o. imensioos of syotem• u¡ineering. 1M lim~ dimen: 
sio~ iodud« the gro•s sequen<:<-< or pha5Cs thQ\ are 
chora~teristic of systenu "'orl< and e•tend• from the i~itial 
C011.:eption o( an idea io the poijcy or programatic pha5C 

. , tllrough S)SIO!I'IJ retire_mcnt or pha5C oul. lbclo¡¡ic dimen-
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sion deals witb the step» that are carried out in eacb o{ thc 
sy<tem• en¡incerin"1 pbaK<. Thc /otcw/tdg~ dimcnsion 
refers ro •pccialized knowledge from rhe variouo profe.siono 
and disciplines. Our discuuiono here wiU be spc-ctficalty 
conccrn~d with the activity p\.one of systems engineering 
whlch consills of tbe time and loaic dimenoinns or step5 of 
• yotetns en gjneerin g. 

Pro¡ram• or policioe-< to be pursued, in 1bc Hall ¿cti>ity 
matri<, are defined and aeleo:ted io tbc program plar.mr¡¡ 
pha>e of lystem< cn¡¡ineerio¡¡. The s~ifo< projecu to be 
carried out are ideotificd in tbe pro}~~~ ·•anning pbase of 
S)"tmll engineerina. In system tkulopm~nt. projo.::u 
necessary to deYClop tbe sy>ICID are implclll<'nteJ and 
prodoction plans 1113de. System e:ements a we!l ¿s tbe 
totalsyotem are produced, and plans arr: rudr for irutalla
tion of syuem• in the pmd~~tiM ph""" of oyitems engineer
in¡¡. The systcm Íl instalted and plans completed for system 
oper¿t1on in the in<lollation phase of sys1emo eng.ineering . 
In the o~rari<Jn ph"" of S)•lems en¡inccring, tbe •y•tem 

' ' 
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le""t$ ÍIS intcnd~ uoe. In tbe rtlil'e-nl phl.oe uf sys\emS 
coginoering. tbe i)Strm is withdrawn frum use, and it ;, 

" ,..,placed by a ocw aystem or modified •ii!liftc•otly. 
Tl>c: problun d(fi~lt/OJ! •tep o( Hall'• aotivity malrix for 

JY•I•ms-en¡inecrin¡. is aimed al determinin& a dcscriptive 
scenariO~for the <Ít\ll.tioo extant whil:h pr'ftll:nts a> mll(:b 
history and data u nccded to illdPte OO.. tbe particular 
problem uodcr cou..ideration ~:~~meto be a problcm. 'Ibe 
P'ITJ!OOe of m1w sptem <ksip is to pmtulate aod clarify 
objecrives-proposed for attaÍ!Imoil.t lo ~)ve· problems 

, , ideatified in the pi'NÍow stcp. Concepmali~.ation of 
potential candidato policio, activities, Controla, or wholc 
sy>ltfll$ wbicb 111igbt •ltow attainment of objccti""" ¡, the 
objtct of sys1....U 1)nlktsir. 'Ibe purpow oi •ystenu an4lysU 
(and modeliog) U. to <leve!op iosight into tbe intem:lation
shipt., bebavior. tnd dutnoctcrisrics nf propo.ed polici=J, 
act!vities, controls, or S}Stem& in 1en111 of obje<:tive anain
lllCOI and problem raolution and n~ utllfacrion. In tbe 
r.ptinol:at/()lf or nnkin¡ of alll:mati- phase, pa.nic~lar 
poliC)'' pa.rame~US aod coeffidmts are sel«ted such t.hat 
eacb proposed policy is the ~~ pollC)' pouible in tcrm• of 
u!timate sati.t'actioa oflbe val~ syotem. DteiJkmnu>kin¡¡ is 
aimcd at sdectin¡ oDC or =poi~ or ~)'Stem• wonhy 

' 'or funher consideration. In plr.nnilfg for drtú>n (or. to 
implement thc next phase) ~ determine and reshape the 
previou• six steps •llCh that initiation ofthe next phase of a 
oyotenu engineering <l'l"ort can he bogun propitiously. Each 
of thex steps is •ter•tr.c in oature, and re~nemc:nt> to thc 
output ofany givca step c::on be made IS a rualt of outputs 
obtained in su=edin¡ stepS. Hall indic::ates this >ay 
dearly in a cornucopia diagram of the syotems proccss as 
"")1 as a >piral diagnm whicb indica tes the many for:dback 
loops inhen:nt in an efficacious •ystcms enginecring 
fraonework. '"· · 

HI/J Md Warjii!IJ. in 1972, publisherl in ¡¡,¡, TRAN5-
ACTIO'<S [3] a definiti~e study ofthe program planning phue 
Df the Hall activity matrix. Their edension con<ist> nDI of • 
m<><lijicatkm to 1hc stcpo af the Hall actiYity matrix, but 
rather fwthu r'!fintrncnt of the problem definition. value 
S)"slem d""ign, and sys!em synthesis steps, e<pocially as thcy 
relAte lo progÍ-am planning. Hill and Wañ1e!d suggtst 
d;sag¡¡regatinl problem de~nition inlCI nuJs uucssm~nt, 
(1/ttrilh/e.< MmtfjicuriM, con.troinll identljication, and de-
ttrminat;on of re!evaM sodNol s~cttN<. They are exp~i~idy 
Ulru:tfned "1th a lan,uage witb whieh to d~•-.lop and 
ponny voup produ~s In problem Mfinition and scl«:t the 
lan~uage of ¡¡ra.phio• 10 fulfill 1hi• nor:d. Solf· and cro•s
onreraotiDn matrice• are u•ed ro pro•·ide a unifying and 
_,,;,fylng •·i,ual pidure of problcm dc~n11inn •> ""U "' 
,. lue •ystem design and s;·>tem synrhe•is. The~· d•""U''f'le 
tht •aluc 'Y>ICm desisn s<cp in1o !""" eltment•. namely, 
p.•<1UI•tÍDn of ub¡.•,tl~s and ilhjffoiro~s rnt()SUrcs. Further, 
•he¡ '"U<"! ""' nf orO...- and sclf-inter•otion mauices lo 
re!~IC ohjC>..""tiles and uhJ<CIÍ•es mea<urcs lo lhem'<h<"< •• 
"di as lO the nocd<, c<>n,traint>. and alter;Lbb from thc 
pu•hl~m <io"niti<>n "'P· In >)<l,m< •;n•~o\is, Hil] and 
w, .. fteld pro;><>"' id• 'lt¡fimrionr <ifthc p~lities acti< /tie< or 
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conlrols wbicb may potcntia!ly .atisfy objecti•es, "'' 
,...,.,.,..., witb whkb 10 di«:em succcu (ot lack thcre<>l¡ '" 
carryin1 ont propo'-td policic. aDd agenciel. lo implement 
tite ar:tivitie<. In this ext~nsion of the •y•tem l}"nthe<is step, 
1113jor emphasis ;, given lo lhe use of grapbÍ<:Ii lo determine 
sclf. and OTOIS·imersclinn matrices f~r the !o}Stem synthcsi• 
elcments Dfa.,¡i~ities and acti\iti.-s measures, as well u the 
intcrrdationships betwcen thest dcments and th~ Df 
problem dcfinition and val ~~e <}'$tCIUJ desisn. lbe complete 
end produ~ of thia etron is a grapbic p!>rtrayal"of tbc 
program planniog linh¡;es which con>is" of the pmblem 
definition elcmcnu (needo, · constra.inu, ahorable.., aod 
"socie!al oectors), the value Jynem de>ign elemcnts (objec
livcs and objcctives measures), and thc system S)"nthC"sis 
ciernen!• (asencics acti~itics and a~ivilics measure•). Fig. 2 
illustrates grapbieally the prog.ram plannina linlr.ages and 
their rela1ion 10 appropriate SI< JI' in the Ha11activity matri~. 

R~IImOi1 and Ki/~y [4) and Reisman olld k Kl")wr [S] 
have proposed, 111 1973 and 1975, ~'l""'li~cl), a twL> 
dimensional framewnrl for implcmcnlmg <ystem studiet 
This framework is in the form Df a spJral diasram, re~dily 
oon,crtible into a two-d;mensional aoti,·ity matrU., in which 
therc are ,¡, steps, namd): ~uds prM>Iem f1aO.ment, valuc 
nu>tk/, S}7!thuis of.<olutiofiS, ()<UJ/ysis lmli'r.r U,l, ero/U()/ion, 
and drciJkm- Each of th""' ac¡j,-;¡¡es stcpo are perfDrme<! in 
each of si• pha,.. in the l)"'tems study. Tñeoe pha"" ar 
fulluw.: feasihiiltJ" .<ludy, prdimitwry J~sign, dn~ 
d'!ign, pi/()/ program "' proiOI)p<", imp/, ,.,-noativn cvrulruc
ll~n und prtxlurlion. di,.eminalinn ""' onJ r~l'ision, or 
d~ttribut/011 "'"''""P"On ()f!d nwd¡ficotio~. R~isman, K..iley, 
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and de Klu)'\'ct <uggr.t iteration of ea~b of <he >U!" of tbe 
~ dimcn•ion 8nd ultimate can~er~ence af the ph.t...,; in 
...,time di111cnsian toa particular s~<tem canr.¡urat•an. 

G ... i/ym Jt~I<Uu pastulated, in a !969 pa¡>er [61, anothcr 
acti~ity matrU for tbe tyotcm• engín .. rin¡ f<&mewark 

:?~ .;hkb con•i•ts of faÜr ph.uu, n.amo!y; $J-'Sttms <m<~/yW, 
1y51~m lksign, impl~m~nratüm, and operati010. Witbin n.;b 
of th..C four pha.u tbere are a number of otr;po. Thc otcps 

• - vary in number and M<cription. Within <ystems analy.is, 
•'' thc stcps are . defincd ao P"obl~m formular Ion, proj«l 

'. oTf1(1111za(/()ll; sy•um <Üfin/t/on, d<fodtlon o[ o wider system, 
<>bjet:s'"-s o[ D wid~r sys/;,;, obj«lives o[ /~r sysrem, 
lkfinlllon of tlle <n>erall uonomlc criterWn, and l'fformtJJion 

' <Pril dDtD ~1/utkm. Witbin oY.tnn> d"ign, llv:re exist five 
; - steps.,_natlldy: [orumtmg, ..wJt/llufJdjng tl1Ui s/ntukrt/011, 
; DpÍIIIIirllliOII, toiiiNJ/, and rdl®ilily. Witbin Ílllplemcntation . . . . - -

, ,.,. thc:tt ilre two stcps, and they are f/DC~<""'ntatiQt/ and JG11clion 
~ ···.- 'qjmJvol, fliUI CtJ/Utrucrion. Within operatian 'thcrc exist 

"' 'thrée llo:ps:- illftial operotf()l!, rttrospnti~ Dppr/IÚo/, and 
', ~tm';rotHii o~<>tlcti.' lt is difficult to compare the Jy¡tem 

•leP' .as,¡delincated by Jenkins to thosl<, for cu.mplc, 
~ ,._, deli~ted by Hall (or otbcts) in thlt Han lisu 811 o¡q. Cor 
·:".\ :·eacti phue aod l~icatci th&t thc amount of aaivity 
· .;, ~-devoto<.! to eoch ncp wi~ neccsS&rily be dilferent dcpending 

upÓn tho particular.phasc of thc oyltem study. Also, thc 
paii;rul31 . ..,i of tÓOis used for a given step may vary 

.:: :{1"Sidcrab_!r from onc pM.se to tbe other.
1

For eu.mplc, 
•. ' "~tem d~ics simul~tio~ might ~Jl.be quite uscful in 
• ,:· ~ p<ogram planllin~ phu~ of a system> !tudy *berta. 

.,. - di!ICI'cle cvcnt digita!Jimulatian mi¡¡bt be: mucb leu utefuL 
HOwe';Cr,""'aner specilil: tria! systcm• havc bccn eanft¡ured 
'" i1l the · operations' plu!..,, precbely tbe rever .. situation 
maY ~11 be 'true.~Tbus it d.,... not '"""' inappropriate to 

' 
¡ suggest that' an ittivicy matrix for systcms engintering 

oooairi tlic·Same Sl"P' at caeh phi .. , as thio allows for 
~ unifarmity and clco!rly rec.agnizes tbc pouibilil.y 
of diffen:!Ít specifk ;octivit~ being ut~ized for a 11iven stcp 

, • al 3. funciiaD of tb'e pha ... Also, it a!lows for dilfering 
~-, ¡,té,{,¡¡¡•• of elfort associated with eaeh •tcp, as a function 

• ~. •· of:tho phales of the system1 study. 
' "' • '~':ifmplt "MIJD postÍilatcd, in a 197ltext [71, a framework 

roi ~ en¡inOcring consisHng af five ph~t< and si1 
_.íepa: Thc flve pbases are as fol!ows: sy~um <r>nupt, 
rynrm dtslg~. J)'Jfmt Impl~mtntalion, J}'J/mt Of"FD/ion, and 
sysum ~mpktkm • . The >l<p• in thc S)st<m• appro~<h of 
Míles, prcsurit3bly 10 be u""d in each afthe phase•, are goal 
rkfinition Qf' probfem stat~m~nt, objectlus ond uit~rio 
dt!Hiopmtnl, sysrems syMh~siJ, sysums aNJfySi<, sysums 
Hle~tloft, ·and systnru implmr•ntauan. Ahhough cach of 
tlint: •te¡» ¡; nat e.1plicitly definod by Miles, tbeir mcaning 

'•siims fair!y apparent from the abQvelinin¡. 
'~- Y•h~:krl Dror" espcciall~ conccrned "'ith publio palicy-

:;i•king in hi• 1968 ted [8]. Thus Dmr i• no1 es¡>eeially 
..inccrnod witb the pila..., of a •ystcms enginterin~ <tudy 
otbcr tlto.n the palicy or program planning pha,., thc phue 

__ whi<:~ lcad< 10 policym.1king. Dror "'P""''"' a t"Omple< 
;~~ -Pl?licymakin_¡ ~bl~n> into thrce phase>, m.rqoliq-
·~,, ,.,,. ..... ~ .. { . 

~\.. •'. ·¿~~ ';':-!,.~~ . ..;.-~ '··,~~- ''1;~ ' •• -~: 
-.~r; -·"' .,_-.... ~-- ·f ';'1;\•-'t>; ,·.~. J ; _¡ '··' ·-··-•·;~., .,_ .,if'~_,.,.¡",._,.r, 
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mtJÁing, P<•lic)-moking, and /WSTf'OI/c.>n:oki"'l- M~tapolig
;. a policy for makinl palie~ -..hcrea• po>tpolic)making 
rescmbles 1M p!anning interface which mu;¡ e•i1t betv.een 
policie< or pro¡va ms ancl proj.-cts for execution of polkie>. 
W1tbin mctapalicynÍakiog Orar indudes thc follawin~ 
seven <tep5: proctuÍft!/ wlr"'· fH<Neuing n<>llty, proNssing 
problmu, n.rwy prt>ctSSÍfl!l fliUI tkceloplfl!l rrsour«S, 
d~slgning, tiJD/wting, ond rdnigning 1M policymoking 
syJttm, o/I<JC<Zt/ng problmu rKJ!wJ a1rd rtJDUr<:rs, and 
dttermining poliqmDÁing •trotey¡y. Tho policymaking 
subphase of policy and propm planning al;o incluclos 
SI!'>'<O stel", n.amely: ntbo//QCD/{ng r~sources, rstablishing 
o¡wrot/QNJ/ goa!J, ~stablishing /he. ~itrwclly <>/ significanr • 
wlws, prtP<Jfing a Hl o[ I'NJjtJ> · alurnllliu polid•s, ._. 
wmU.Ing prulktio~s o[ slgnlficant lwntfits tmd (<>.llf of 
alt~motlt>tl, optlmfz<>tlon to /dmtlfy b#:st alterrrall"us, and 
ewl~ollfli cosrs aná brnrfits <>f 1M Qptiml:rli a/ttrnotioes. 
Tbe pmtpalicym~ki~g oubphase includcs tbree dcp<. Thcy 
are motiMii"'l r:ucutfon o[ p<Jlky, txecwion 6[ po/ley, and 
~ling tht p<Jiicymohf19 *hicb n:>ulu ancr e.ecuti~g 
tbc policy. Dror mentions 1 IIDal eigbtctnth >tep, amt· 

"""''""''"" IRWifudbadc tMM•ú lo inten:on~~«t all st•P>· 
We ohall notuse thio in our subaequent r;.tin¡ ,;.,ce each of 
th~ abo~e dell~eatod otcp> for tbis framcwork, ao well as 
othero, should be: dellncd ouch as lo indudc requisito 
communication and feedback channcls. Dror i•, tike Hall 
much com:::.:rDcd with !he knowlcdg< diocipline. He dotails 
sorne twenty·tbree elementl, prof.-..iono, and <ubjecl> 
wbich can <;antn'butc to palicy kDov. lodgc in the di$Ciplincs 
of knowlcd¡c. 

/<>M Gibson bas proposed, in severa! papero [9]--{12[, a 
si•·•tep m<>del far the logic •uucture or s1eps of systems 
engiocering. ID Gi\>$on's listing of tbc fine structure af 
sy.tcms cn¡ineering, h< includcs prablem Mfinil!on. which 
is defir>ed u de,-elopiog a deKI"iptive =nario to describe tbe' 
oitwuion <ltant and a normati•·e >ecnario to lill auributes 
of tbe oolutian as part of goal dcvelopment. Gib"'n's 
sleps, whicb are equivalen! to thc ste¡» of the H~ll acti•iry 
matri,, and 01hers exomined boro, are a. follow.: goal 
<ln·r/opm~nl, Utohlhhmmt o[ crittri<> on u-hich goal achiet·e
m~nl can lw judg~d. <ln·tlopm•nl of alt~'IIDU ca,/idate 
so¡,.tünu, ranking o[ olrernati~J by appT)ing criteria 
pmiously cstabli<hcd to th< alternuc <olution>. ittratio" of 
tire Jt<'PJ to obtain a dteper analysi< of altematc •olutioos 
and lo converge upon •~ a=ptJbl~ solution, ~nd p/wmiTig 
for aeli<>ll. Gibson is' more concomed v.ith the initiJl 
plann1ng a~d preliminary d<>i¡n phases for l•rge <ystem< 
>lUdies ouoh a• d«igning a new city U<ing >)"!Cm< enxinecr-· 
ing mcthodolagy, and daos nat detail rhc pha"" of a 
<yslcms en!Pncering fram0v.,,rl. or th<: prcf«<ions. Sir-e 
itcratio~ scem, to be an inhcrent featurc of a wcll·planrieJ 
·~•tem! otudy, a. is the fcedb~ck •nd communi<:ation; !t<p 
of Drar, wt' ¡hall dele te this from our subsequent li<ting and 
anumc its presence in all >tcp• for all frameworh . 

E. G. HutchiM<>n "· lil.o man; otile,., !p:cificallj' 
cona.rned "'ith •be plannina pha 'e of <ysl~m• en~incering, 
in thi< p.orticul.ar case for ur!>dn lran<portsy<tem• {13~ In 
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li.;:.~ :.-·or(, 1~·~ tnl [1:<). ~< J' '"~"lo• ~ fi"·>'<P .,,.JeT 
<>f o r·,r.ni~r r;,·,:·•· for <;>«:'tl> .cg,~:·::.njl. Th~·• ,,,-~, 
;~,~~~~; f''vh.'rm d,:C,ni•,'cn, <cful'oO !J•'"•'c:iu~. <vh.:ion 
,,,./¡.ris, ~-ch.a:i"n ~,J .:l:aiu, and im1o!,-m,·r.l~fj<>n. In 
!lurc~'n•on'• dc,.r:prion <Jf rhc :ne"r-in~ of the llep> he 
cboo;..-. ¡"' the >plem> en¡inttri~g pr~s.. i< Í> deu that 
prob:cro Je~viti~n ;, ;¡ m•jor step Hit indude• de!er;nin
ation oó f,,, reloted el<m<nt;, namel!: objeothe>. NO
<IrJ•nr;. input•, ou•pul>. >Jlue function>, and deci,ion 

-criLeria. H~Ichin<on ad.no,..kdre• the relatiun of hi> fi~e 
princip~l <lep> to the syotems en.@"Íneering method<>log} of 
Hall. 

R. R. B~lar, R . .1-1. M/duu/1, and E. S. Prmon liS! fi•e 
ote;'• f,.,, p<>lie} or pro¡ram de•elopmenl in their 1975 te\1 
[14]. Thi> ,.0 rk ;, uplieitl)· concerned "itb pub!i~ poli~y 
de,elo<'m•nt for linlín¡ t«hnical and political pr<>eeHes 
and doo-s not ccn>ider the other pba>e• cf a l)"stem• 
en81neorin¡ df.:.rt. lñe fiH 1icp• in polic} de,elcpment are 
percrprloo pf JPud, goal d~fin//lon, ¡x:;lic¡- Ollof¡•sis. olurnoTII t 
s~/~cllon, and rerowrr~ ollocalimt. Explicit deflnilion of the 
obo•e delineated ""P' are gi\~n in the "ork citcd, but sinee 
the meauing of ea eh ofth< ueps ;, standard, theoe de~nition• 
,.¡JI not be oummarized hcrc. Many of tbes.e •tcp• are 
diuuregated into <ub-stcp• in this worl in much the samc 
"'Y a< Holl aod Warfield ha ve dl•auregated elemento in the 
,.,,;"'" progrant plannin~ linbgc srcps. 

E. S.·Quade app<.~rs to makc a distinetion betv.ecn 
S)Slcms mo:hodclo¡y and >)>lem< approoch in hi< 1975 
te<t [15] andan carlier tut.[16J eo-edited in 1968 with 
W. J. &ucher. Quadc indicatos that the >yotems approach 
i; a c<>neept ora ""Y oflco~ing al problem< and ;, thus a 
prOlCtícal philcsophy for carr)-ing out de.:ision·oriented 
tntordisciplinar)- rescarch •nd nota method or techniquc or 
3 fi.\ed set cf ttthniqucs. Quado d<>Cs not app<~r to 
specifical!) delineatc the phase• of a S)otems engin~ring 
nud). He¡¡,., fi,e clcmenn most import.1nt for anii)SÍs, 
induding: obje;:¡i,es. altcrnath.-s. impacts. eriterU. and 
moJcls. Funher, he delineare• !\\che ;pcrific otepo 10hich 
~rre•r to rcrrc>entthe luroestcd ''"P' in •he fine otructurc 
of 'l"•ms engineerin¡. Theso tv.d>' otep• ""' •• folle"" 
dadficatiDII Dj 1h~ probltm, idcnl(/icalion of ob}<Ui!"eJ, 
nuasu•moenr of eff<clit"lllt>t (of >aricus altcrnati'e' \\ith 
•••>'"'"' to attainmcnt <>f obj.-¡;,es), de1mninatlon o/ o 
m":<'•~n . .:!r:,·m:i,a:fo~ cf tht tndram,.cl!l, inurrigm/on of 
a!r,,.:~tÍl<>. fvrmulo~Ti<>n of mo.lel<. dcra collutiCtt, com· 
p.:ri>v•. <>[ c!terna:lus. uaminatiM of and"i' fe• ><·r.ti
rthti~<. cor.sf.lc•a:ion of dtfici.·"cits U. 1he 011<1/.HiJ. and 
r;,,n:~•i:..:!''" aod r~<O''""•·~dcti,>.:¡. O.t~<led ~c<criptóOns 
of ,:,:-: ,,,:,,~< >1<;>> are ~r<l<iJd in !he cited \\Otk\. but 
,;,,_e ,',;.;:;::,or.; J:c ;:,ndnd .u.J r,·;J,:¡. appJr<nt, ·hcrc 
•r;>:Jr- l::tle nccJ to Ji<CU" them f:mher ~ere. 

l S. ffl/1. in 19:~. pu~l"hcd a paper c~nccrning 
~"''~'otO-e, f~r i)<r<m> en~:n<er:ng [!7] in \\hi,h he 
Ce<:ric., : . .-:e o~:~· e: Jcti• :t; ''"'''' for ;; ;""'' cno:r,:c:ing. 
r.,c: e:.:,· .,,.,. .. , i~ lloll"s """'~ Jim<c•i~n ~r ')•":m• 
,.:{ce.-· " .. r.:o!;: ~"'(<Ji.< ,..,.J r'"·:-:."••g. :,,¡¡,.,:,~" 

·•"· \\".;hit ... 
.... •~ . ." •. !.p: Jd , .. , . .>-.~ ¡•;,!,.c:.".n .1 • .",• •. 
- ol ;'- .-: :. ~• ;•h.>-~, f/oll inJ"J'<• ~ ""::.! .-r <>f 

" 
"' "'"' ,, """ '''""'· ''"· . . '· • :' ., ·:. '· ,, " ¡.; . 

•'"P"· Th, '""' Jifftr ~·'"'· .:, .: :,. ::; ~b>: :~ t' .. · 
.. l:h,'".lfh th; ., ••. in gcr . .,c:. "'" · ::; ··'"·'"''·'""'"' ... ·. 
The •«r• <-f ti;< Hall JCti.ü;, ro.o:::•. ,.¡-::.o1';....-...:: 
<e<:~.li• !hJt <rnp/-.;IÍ• ,.¡¡¡ "'~ fr,·'"> ;-\.<•< to ~"'···-. 
rcsp<~' !o 1he ir.ton>ll) o: c:!"on Je<-:::.ltD :~: ''" of ,,,.:, 
"hich car.>titu:r •>ti'itie• "ithin a _\'Í•cn •t<r \\"itr .. ,, :'• 
an .. J¡.,¡, ancl r' .. nn:n¡ phl"' fl<il inJ::o· ,, ;;, •t•r•. Jr.~ :1 .-, 

are>< fol,, .<; ~,,,¡,>raliM cf r~f¡_,.: _.,_J .m···""·-'~·;· 
inj~rl'l~tion o"'l dmo ba•c. ""'•"' ;, •:r af thc P'r! ·. •• 
identi/icariao ,¡ con.•mJi!JI>" ~od -"""'''•cr,-,, S! nti·,·¡ i' .,r'" ; , 
~f.solutions. '' t/Íng oif objrcli< es, and .fvmw/,1/iQn of r!.:•:• ,-. 
Prclimina~ de>i¡n •l•o ccn•i'" of ,¡, "ep>. a ~d ¡h,• <e Jr < o, 
followo: id~mificario~ of bui!Jing blocl. '· ord,·• 4 ""J"i· .. '· 
so/u río~.<, fi'>~-<>'d" Jt>lul;uni, pre/;,. . .'~ar•· 1~< •'"' ,, , :. · ,. •. 
r;nth<"<i.< o/ maiMmatical madd< ,;o¡J <•llliti<·i:¡ c••.JI;. ¡, o· .! 
>t>littg. and n·a/uoi/Qn and choJC~ of pr<l!m:"uory tf,c·';. 
Thcre are eight <l<p• in the dcl3ikd d«ign and to>l p~."'· 
namel)·: ~t·a{,,arion p/onoing orga•:i:m:cn 011d f.:..!¡::•. 
sub>)"5Jem.s and compon~nl descripion. d,,,·: "{''"/,•:: ,.f 
maJtU loyou/ rD•ifiguralion ond funcii~Ou.' ,/•.J" i•·¡.•. ,/,•¡_ · .'. 
comptment and part tlw"gn. det,•o mt>Jat .',.,, cf "f'• ·i···. • 1 .1 

modds, ltSiing of mot~rialr <Omf'"'""'-' m,•d~i> "'·J ¡ ., : 
IJJHS, <'ral«atí"n ofttsl rnultJ, and ""'""'N.•· J, ~" [e;< ~· 
final d,•,ign. Within tht f«urth ph~><". pro.J;¡c¡i,•n Jc.i;o. 
thert are eight .rep•, and thcoe incl~dc: "cíe~· ~od ."•:r •. -..·-· 
liCtt o/ C"OIIIptJnml inrrallction>. <To/J•oti~o for p">.J·,.-.~ '!." 
!Vtd relia~ilitJ". rol~r !Vtal;.<i> ¡¡,1d q¡,oliTy ""'""""'. ""'·i : . . 
rion a11d rn·ieM" of shop dr:n>ings, derai/cd prJ " 
üwructiom !Vtd IIUJttufattur¡ng and uw/ing. '""'~·• : .... 
conrrDI and coordmation o/ mginecriog chcng1•<, i<< •un, ,. , .' 
tra/Joing manual l. a nd conrrol of isw,•d d'"" ÍIIIJS. 1t ·~ "· 
oppear thot the •pecific phr.1oe• u.o<! to Je,cribe o he 1,•_-'. 
S!eps <>f the fine struoturc of hi> <)>t<m> "".>:ineerino m": 
ar<, li~e the modcl cr Jenl.io>. mo-cit!i<a,ion• o( thc .,,;; . 
genúal stel" of Ha!l in tcrms mo'e spe::ifi::all} •rrJ;:~' 
lo tbe phase< under con•l<ltra:ion. 

M. B. Klintand M. IV. Li/son publi;~ed. in 1971. J ¡e; :r 
[18] in "hieh t~C} prc<ent an a<:ti,it}" mJtri, for a,,,,_..,.. 
enginecring fr J mc"ork "hi<:h •ppcl<> rou~hi} th< 1 r J e,;' 
of th< lüll a"'i'i:y matrix. Thc ten phJses of the J..:::: 
Lifson activi!y motriX are concepl fom:~.'~lie"· '·' ·· .. ,. 
defillílícn, prelimliiO'.Y do;ig11. cngine,·riog d,·,·,·.'.!r•··.··:. 
detai! t!e>ign. ttJI aod er·a.'uct,;,n. prv.luc:ti,•n d,•sigo. r-'• .! 
lion and in$1al/aTian, c~r<Jfi""' o•td 'i.iff"'l/ • ., nJ ,., .• ,!. -· . .:· 
~~d 1niremem. Wuhin eoch rh~"" of ,,,¡,,¡} the."< e· 
ti~hr >lep<;. nanl<l)": gathtr ant:!ot'e ;.,¡;_.,, . .;:ion. f.m•:o." • . ,. 
o·a/u~ modd. nmhni:t alurnot~ !~l~!iMs. onaf.: =e cr . .' ··' 
1<5>, era.'r.-ate,. dedoü. ap1irm" ¡,.;,;oh ·~~"c"tl} me.· 

iterll<). ~nd cv•"""'"i;ar~ ("hich '7?Jr<c.tl! "'"~"' ~:. 
for a<tion). 

Thcre also e\Í•t• a numbcr of o¡;,:: n,,.,~.:, f,:r ,, •. ,. 
en~ine:ring f~>mc~corks. mon; c>f1<hich acc ;.~.-~n t.> .. 
•u•hor •nd quHc 3 num!;..r of ~n:,,. >:e "'·~•'" 
unl:no"n lo th< aut~or. =-:o.c::c.:·,,. '"~' ¿¡, ... ,,, 
ondi~a.d !he o\<•ton,o o{ l '.>r < "· ·.:xr, f.·~···· ·• · 
d:,.,n.:,•n•l mvrr;~\'iÍC> f,•: >:•'-'·"' --~,-.,; "i· f 
inJio>teo !he i·11:;;,·.,;:;¡o .. :,:~, o{ :.e< •. ~· o!f ·• · • 
•trcclc:~ ~f ;;;<><t o>f t~.e "'"~":' ,,~ .. ¿c;_J :ero .• :.~ 
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s.o'en-stcp fine struc!ure of Hall. For simplícity tho:ie models 
"'ho"' neps vary as a function of the pha>e a u no\ sho,.n. 
A "milar table could be deviK<l for the phuu of sy•tem• 
cngmeenng. 

An =ntial feature of the •ystem> engineering approach 
to "ide·scope problem <Oiution ,.;n generally be a team 
dlon ,.;,h an interdi.ciplinary group made up of pe:ople 
from a number of dis.::ipli<><s and profenions S~h a 
di~cn<: group will in•"ltably pu"'m comrnunic~tion. 

probiern< duc toa nurnber of factors. A ..cond and equally 
crucial sour<e of difficulty in systems engincering practico i• 
th.1; much of the eorly con~plual work in a S)'>lems study 
;, m the nature of pnlky and program conctpt manipulalion 
anJ dcvclopmenl. There nists an •'•r-pre>em and coosíd
crable danger of much mi•undemanding. apprehension, 
•nd Jela; in thc udy ""~"' of a S}stems poliq or proaram 
planning stud~·. This i~ e<p«ially true relati'e 10 thn><' steps 
conctrnd <~llh problem definition. value s}>t<m design. and 
·~S1em •yn:he,i<. Further.,. Gikon has "·ell doeumenteJ 
in his •}<lcm ~nal~·sts dec"lnsue [12]. the doent •ponooring 
a s;s~em <!udy won often not fully undem~nd the probkm, 
and"' major t.tsk of 1he sy"ems engin•erong tea m ;, to help 
lhe cloent 1~ gain this under..,nding. Often problems 
P<tcei>eJ by CoJ<nts of a <~<tem; enginetring l<.tm ,.¡¡¡ be 
muoh ton spec1lk and th<><' •P•~ific problems mu>t b< 
emb<JJed in mor. gencr~l qoestion• and problem• if • truo 
ono.krstJnding of 1he 'lctnario •"anl is lo be ob¡o~ineJ. 

F o~rt~.er. it appe.t" ~lm<><t ""a in that many dienh. os ... u 
a• S!Ücholders. in•·oi«J in porenti..U} spo01oring or 
>U;>po,tinr a '-'""'"' ontinetring <!Ud} will not fuU} 
unJer.t.tnd the •Ystemo en~inoering appro'"h and m• y "'"ll 
he .tpprd·.ensi« or P""'bly .tn!agonistlc to,.ards it. Each of 

' "' 

,, 

'" 

" 

tbe>e factor. would appear to strongly sugge>l tho high 
desirability ofa •Y•tems engineering framework that c•an be 
readily communicated to an extraordinar~ly di•·erse group 
of penple. h appeau to this aurhor thatthc many m.:mbcrs 
of tbe existing multif~ted «t of activity m.ttricts and 
morphological bo"'' which constitute a frame,.ork for 
s;stems engineerin¡ nuy weU appc:ar <o difforent to> tb.: 
non-systems-e•p<rlth;t communicalion is impeJed, Equall) 
damaging ís tbal this may .... u oon•ey the ima'e of an 
unstructured. uodi.ciplined, and uncoordinal«l diS<>rderl; 
fad who:;¿ ""' ,.;n generaUy ont result in systemdtic 
application of the knowle<lge of scicnct and lechnol<'g;- ro 
real-world tash. A mionr aod more t«hnical probl.:m, 
albeit a serious one, ,.ith the sítuatiun c"anl ma)' <~ell t:.: 
thtthe lack of a stÍI.nd3r<IÍz«l fmmc,.ork and nomcndaturc 
for this framework makes it difficult to comp;~rc ~ltcrn¿tc 
•ystems dc,igntd frnm the ,.¡e..,.p<~int of differcnt fram<· 
works. 

A"urning thc truth of thc"' pumi'"''· !he condu>i,,n can 
only b< ro.tched th¿t much "nuld be acromplí>hcd in thc 
ulttrnale be11erment of <y<tcms engm«nng profe,sionals 
and our stakeholder pubhc m gen~ral if an ·'~re<:d-upon 
standard for a <yst<m> cngir.eerlng frdO\C\oMk ano! ~~\~CI
ated nomenclotur< and de~nillon> could be achie<eJ. 
HnP<fully thi• ednorio~l ,.,u ,;mulate and f.cilu.tlc cffom 
in 1hi< direction. Hn" míght 1hi> be done' Wlllthe bcncfi" 
to our stakcholder public c.ce.:J thc ""'''~ 

RtnRf""CES 
[lj A. D. f\:1.11. t!t. ""Tbr<<..!omen..;oo>l m<>rpllol<>¡y o( l)"«m> 

eo,oo«nno,·· ltCC T••"'· s,,, .\fo•. ('yl>nn. •ot. S\K-!. 
no.:. ~rr. 1%9, pp, 116--l<>ll 

(21 ~- D. H>tl. 1!1 • . 1/<r¡,<JJ,/"ffy ¡or Syrrems Ec~""" :.,~. Prono.~'""· 
~ ¡_,~·"~"''""J. l%l. 
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Software Engineering 
ilJ 

l. lnuodue!lon 

The 1nnua! <0$1 of sDftwore in 1hc U.S, is oppro•l· 
malely 10 billion doHors. lis rale of arowth is cun•idcr· 
ol>ly gru1er Lhan th•l ol' 1he economy in aencrol. Com· 
porcd -to thc cost oi computcr h.rdworc. !he (OSI of 
•oflw.re it continuina to ac&lalc olona 1he linu Pfcdi<1cd 
in Fi¡. 1 111.• A recen! SHARE study 111 indin1es fur· 
thcr lhal softw.re demand ovcr lhc ycars \9JS.J9U will 
&row considcrably fas1u laboul 11-ll pc:ra:r\1 pcr yur) 
1han \he ¡rowth n1c in so!Lware sopplr 11 amcnl 1:'1• 

tim3lcd 110wlh ralet of the fDhwore i.lbor force 1nd irs. 
productivitr pcr individual, whlch produce 1 combined 
¡rowth rote of about ILl-17 perccnt pcr yur ovcr ll" 
yurs 197S-198S. 

In oddition, as wc continuo to outorn.otle mony o( lhc 
prDCesse• .,.hich control our lifc-stylc - our medial 
cquiprnent, oir tronk con1toJ, defen~e systcm, personal 
rccotds, l>ank accounls - wc continuc lo UV.st more 1 
mote in lhc reliable functionin1 or thil p<olifcnuin¡ mr.u 
of softwore. Sojt>.t"C t"lintui"l is thc muns by which 
we anempl 10 produce oll of thÍI Wft,.·arc in 1 ••r th.l.t 
both tost-elfettive ond rcli.able cnou&h 10 dc:¡cne our 
trun. Cturly, it ilo discipline whidt Íl imporl.lnl 10 C5-
ublish .,.cllolld 10 pcrform wcll. 

·~-·" ...................... r. .. t, ... ··-·- o~..n .... ---
··~· ··" ........... b«•-
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Lime. 

11. Drliniliono fl'"" l, S.Uwor<lll< <L<f<. 

Thrce main rninl< •hould be modc ob . . . 
<<rns the nc,·c•sit¡· of <<>n"Jcrin b J our thos_ddrn1110n: Thc ftrst ron· 

The remainder of this poper wilt discus• the 511\e of lhe ort of sofh•orc 
<ngineering along Lhe lines of Lhe •oflw~rc lire cycle depieted in fi¡. l. SccLion 
111 conL.lins a diiCUIIinn of softw>re requirements engineerinl. with •omc men· 
tion of the rrublem or <lelcrmining ovctlll system rcquircments. Scction IV 
disou••« bo¡h preliminJry design ~nd dctoiled design technolon ncnd•. Se<· 
tion V contoins only a brief discus•icn of pro¡rarnmin¡, u Lhi$ topic is olso 
<o•<rcd in a comp>nion anide in this issue [JI. Sootion Vt co,crs both 
sor,~ ore te11in¡ ond the overol! hTc cydc conccrn wi<ll"<oflwore rcli1bility. Scc· 
tíon Vll diO<uss~• the llighl~ imp<>rtanr bur luJdY neslectcd •••• of sofrworc 
m1int~nan.:e. Scction VIII sur•c¡·s software mana¡¡emcnt ccnccpts ond rech· 
niques. •nd di.cussu the uarus ond trends of inrcsr•red tcchncl<>sY· 
m•~•gcmonr opproJchcs ro soflwore de•elopmenr. Fin1lly, Sccrion IX con
duJos "'ith on •sscs<n.ent of the curren! <tare of the ofl of sofrwore cn¡inecr
in! ~irh rcipccr te thc dcfinirion.abo~e. 

"Je>i~n"' 10 ""'"' rhc 1 •. · g_;¡ '"1 cnou¡;h rnrcrprctotl<rn of rhc "'Ord 
. 0' '' '"'· tmrcrtonr arti\"it¡· of soft . &eh scrtion (som~times aftcr an intr~:·:~t:~ol ccntain• 1 •hofl summ•ry 

engrnom~g. The <<<OnJ poínt is that thc d n · ""'< requJrcmcnr. cf currcnt practico in lhe arca, followcd by 1 •ur~ey of currenl frcntier l<ehnol· 
'"'"'"'" hfe c¡·clc. rhu• indudin h .. •.roruon should <o•er rhc enrire 
nflcn rermcd ··wft"Jre m•intc g 1 ?," •_crr"r;cs.of <edesign lnd mPdific.rion Oi). an~ ·co~dudin¡ ~ith .• shou <um_mary _of likely tren~• in lile.""~·. The 

, ries thus e!ll· ·' . nonce. 1Ft~. 1 rndrc•tc¡rhe o•·cun ser or ><t ,.· '""<l" 11 oncn!<d prrmarrly tow¡rd dtSUISsrns lh.e ~omun of opphobt!rry or 
nrnr•"··~ rn thc Jdinir"o ¡ r~ ~ ' •· · ¡ h ¡ • h • · ., ~no"t•l•• . r. . '"· """"•lrointisthJrourstor r tc;hn!ques "horeand .. henleywor~ rathcrtulnhowlcywor rndelll. 

' riS~t"'are~hrchr·n ll·be" co~ · { ··' { '·h' " ••• 1 rall~d ··scientific ~no"led¡e" ¡1 n extensrve se! e <dcrence• rs provrd<d cr rca en"'" ,._. pursue \he 
· a:t«. •· 
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Soflwote tcquircmcnls en¡inccrin¡ is Lhe closcirlinc for dc-.lorin¡ a rom. 
rieLe. consi<tcnl, un•mbicuou• •rr<if1r,¡ion- ~hirh can ser-. na ~nis for 
r<>n•n1un •grrcmcnl >mon~ oll f"Liics ,-.,n~crocd - clnnibin~ ~/101 Lhc 
•ofl""'" rrt>ducl "'ill do lbul ~ot ho•· il ,.¡11 do i1: this is Lo be done in Lhe 
dc.,¡n SJ'I(Ci~cJlion). 

Thc c>Ucmc imi'Ort•n<e of surh 1 srcri~r"ion is onl¡ no" bec('lmin 1 t<ner¡ll}' r.rn,nucd. lis 1mroruncc deri\CS from '"D m•in rh.,•norisLin; 11 
i1 i< cn¡· lO del•¡· or O>Oid dnin¡ lhorou,h1¡-; and 2) dcfidencics in 11 are "'L 
d•ITicuh 1nd C11""0Sin 10 conccl bicr. 

Fi¡. 3 sho .. ·s • <ummarr of curren! .,rericMc 11 18,\1 [4), GTE 151. •nd 
TRW en t~e r~bti•·c tos• o{ c-ouenin¡ soft"~" <llOfl no Cunnion of <he 
rh"c in "·hi<h the¡· ur <Oiletl<d. C"lelllf, it r•n oll" 10 in>< si <ll"<>n in findin~ 
,.~uiren•eniS e11ors e>rly ond <Otl<<tin' 1hem in, uy. 1 m•n·hour fither th•n 
,.,¡,;n¡ te find the euor durin¡ orcr•tions ond hn·inllo srend 100 m•n·hours 
rorrectin1 it. 
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"'""l. Solt•m •ollloll .. : '~' poln of ''"'"''"'"'•· 

Bnides the <OMHO·fix p¡oblems. there are clher crili(ll ptoblem< stcm· 
mi"' from • 1•<~ of 1 tood reQuiremenll srecifimion. Tncsc include [6]: 1) 
top·down de( 'is imronibte. (or l•c~ o( o "<ll·srec•fied "lcp"": l) rellinl 
i< in~rol"b'• ·•• there ¡, norhin¡ lo testoroin!l; l) <h~ user io fro:cn out. 
be't•use the,. "nPJ deot st.,<menl o( ~<hot io N:in' ptodured (or ~im: ond 4) 

m•n•t<mem "nol in conlrol, 11 LhCLC is no clur >IOicmenL of "'h•t •he projcn 
1eom is pro.hlcin&. 

Curren![¡. •oftware requitem<nll IJI«ific•tion< Cwhen lhey ni<l 11 oll) 
>re genoolll" npre .. ,.J in free·form Engli<h. They ob<>und with ombiauout 
term< ("'suil>ble." '"ouffiricnt,'" "reol·time,'' "neoible") cr precioe·>OundinJ 
tcrms ""ilh un5~dfied definition< C"optimum," "99.9 pe~enl relioble") ,..llirj¡ 
'" POI<ntial oeeds cf dissension or lawouits cnce lhe software it produc.:d. 
They h"'c numerous crrors: one rccent study [ll indk>~ed thot the·linl in· 
dependen! tt\icw of 1 foirly ¡ood software requiremenl< opeci~nlion wiU ~nd 
from onc 10 fcur nonuiviol et~oro ~· p•¡c. 

T~c techniq~es u,.d for det~rmininJ software requirements ore ¡enerall¡ 
'" od lloc manuol blend cf oy<tcms onal)·sis pri~cipln [81 ond mmm<~n oerue. 
!Th«c ate thc good onct; the poor enes ore !>&sed on od lloc manu•l blcnd• el 
politi«. procon<e¡>IÍOM. ond pure s.alcsmon<hip.) Sorne formalizrd manual te.:!,. 
niqucs hne boon used suctenfully for dete~minin¡ busincS< <)'ltem rcquite. 
mcms. such as acturotcly delined !yotems (ADSl. and lime automotcd I'Íd 
lTAGl. The l>ook edited by COil¡cr ond Knapp 191 hu an eocellcnt sumrnoiJ 

· of ouc~ tcchniquco. 

1) ISDOS: The pt"one<r system for mochine-onolyuble sonwue rcquirc
menu is lhe !SOOS O)"!l<m developed by Tcichrocw and his ¡r11<1p or lhc 
Uni•·crsil) of Michigan [101. lt w01 primarily developed fcr buoiness systcm 
•rrli<"tions. but much of the system and its concepto are opplic:~ble to cther 
JteJs. h ;, the only s¡·stem lo havc passed 1 market ond o~ution< !CSI¡ 
!<'·oral <ommorci•l, ocro<p"c, "ond 1ovcrnmcnt or¡onintiono ~ave poid for il 
and IIC succc,.fully using il. Thc U.S. Air Fcrce is currently usin¡ and spon-· 
soring e.temions 10 ISDOS under lhc Computer Aided Requircmenu Anolysis 
!CARA) progr>m. · 

lSDOS b»icalty consists of 1 problem !lllemtnl lzn¡uo¡e (PSL) and • 
problem mtemenl o~al)"ter (PSAl. PSL allo"'' the •nolyst to s~ci(y his sy~ 
te m in ltrms of form•lized enlilies {t...,.PUU. OUTPUU. REIIl WORLO L'HmES), 
el"'"' (S~H. GROUPS). nlationships (USU. UPO.\TU. GU<EilATES), and cthcr 
inform.ttion on timins. d~tl volume. synonym<, omibutcs, etc:. PSA Oper&teo 
on the PSL statements 10 produce' numb<:r of utdul oummaries, s~c~ as: f<>t
moned problcm <llle'mcnts; dire<toriu "•nd keyword lndie .. ; hierJ<chi<>Z s lfl:c. 

teports: grophic>l summuies o( now• ond iebtlonships: an .. lisÜc:al 
.larl«. Sorne cf these rop.:~bilities ore ltlUJIIy mere auited lc .. jiOftin¡ 

,,,.em design activitiet: this is of!en lhe mode in which ISOOS is used..-



0 
M•n)' of lhc c~rrcnl limot•ri"os of ISDOS stcm from ot> rrimor~· orocnt•·' 

toon r"""'d bu1inc» >l''ICrn>. 11 is curr<nll)' diffkul¡ lo ••rrcn ,.,¡:lime rcr.: 
ft>rm•nrc ~tqu'uomon" •nd m•n·machino inur.ic1ion rcquiruncnu:·for r••m· 
pie. _Oihcr <>~>o~hiJuie• .re currcnlly mi.,ing. surh •• sul'I"'II for mnfi~untion 
wnlro/, lft'<•hilily lo dc5i¡n ond rOOc. dct•ilcd ron.ÍSICOC)' chcc~in~. and au
loma_llr si~ui;¡io"n gcnc,lion. Othcr limil>linn• renerl dolo~ctorc, scnsiblc 
dC>t~n choKc<: tho oulpul ~"rl1irs are rrudc. hui thc¡· •re ptNihcd in s•an
dard 8'h" 11 in me on •ny Slandard line prinlcr. ~lu.-h of 1hc rurrcnl ""'"' 
on ISDOS/CARA "oricn1cd '"""'d r.mcdring surh JJmÍ<>IÍOn> •• nd cx1cnding 
rhc s¡<rcm I.O furlhtr surror1 sor'"''" dc>ign,. 

1) SREP: Thc mos1 ••••~si10 and po,.erful S)Siem for sofi'Hte require
mems •rerifieation in <•idence todaY ;, lhat tJ.ein~ dc•·dored under the" 
Soft,.are Requirements Entineering Program (SREPI b¡' TRI\' for the US. 
Arm)' B•lli•lic Ml55ile Defense Ad\'JOCed Technolog¡ Cen1er IB~lD-~TCJ 111. 
11. 1JJ_ PofliOnl of this dfortlre deri•·a~i•·e of JSDOS; ituus the ISDOS dll• 
mJn>~<menl S)stem. ond is rrím;ríl¡- or~ooiled imo a bn~u•f•. lhe require
ments stJicmcm !Jn~u•~e (RSU, dnd ~n onolper. the reQuir~mcnts nJiu.tion 
•nd •-•lidJtion s¡·stom (REVS). 

SREP contaios • nun1ber of ""ensions and inno-.;ions "hich ore noeded 
for requirements engincering in real-1ime sof¡"-"" de•elopment projects. In 
o1der lo rer•••ent reol-time rerformonoe requirements. the indl\idu11 func1iOn·. 
•1 requirements <Jn l>e joined into stimuluHes¡>anse ne•"orls CJITed R-Sets. 
In ordet 10 focus early attomion <>n ,oft,.·ore 1tstin; and reli•~ilitr, 1here are 
carabilities for de•ignat'"~ ••.-:~Jid•lion roinll"" "·ithin the R-~eu. For earl¡· re
quirements \';tlidJtion, there ore CJplbililies for outomatic generalion·of func
tional simulators froOl •he ~eQuircmeniS Slalemenll. And. · for odJpl4tion to 
chon~ing reQuirements. there uc carabililies for confi~uration conlfol. •rac.abil
it¡· lO dosi¡n. >nd r.~ensi\e rot>on ~··netation •nd ecmist~nc¡- chotl.in¡. 

Currcnt SREP lrmitotio!IS '''in mostly renect.dclibeto•e de1i¡n decisions 
centeted oround the outonom<>U!. highly real-time proc.ss-control problem of 
balli11ic mii!ile defense. C•rabilities to rertesem Jorge file processin8: and 
mJn·machine interactions are mi~sing. PonabilitJ" is 1 problom: 11thou~h sorne 
parll run on •••·eral "'"'hines. nther part• of the I)'Stem tun onl¡- on 1 T!-~SC 
ccmputct wi1h 1 ver¡· pov.crful but e>!'<'<>si•·e multicolor imero<li>e ¡raphies 
tctminaL 1/o"cver, the s¡-stelli hu been designed ,.-¡¡h the use cf comriler 
tenerotors and euen~ibilil¡- fe;,lu1es l<hich should all!"'' these limllaüons to ~: 
rcmedied. 

3) AIJ!Ili!JOitr pragramming and arl.<'r approarhn: Under the ¡ponso,.hip of 
the Ddensc Ad•antcd Rcsearch Proje<ls A~ency ID.~RPAJ. senfll reseatch· 
•r•-"" 111empting to deHlop ""•utcm•tk p¡o¡r~mmin¡·· S}'Siems to rerl•ce the 
function• of ····e cuuentl)', re•formed br proJr~mmers. Jf suo"ssful. could 
thc)" dri>e : rosts do"n to l<ro~ Cle>rlr not, bcoause the•e v.nuld sllll 

. . <12; 
be th~ noc~ to delermine v.h.u IOft~•re th< 1)"\ltm ,hould pro<lucc, J.c., ti·, 
soft"·are re~uiremcnll. Thus. the m~thods. or >t leo" the form>, of aptutil, · 
soflv.Jr~ requircm~nu ore __ of ccnu•l co~ccrn in o~lomllit PIOIIUmmin• 
r<>eJr.;h. 

T"'o -main ditections ore bein, llken in thi1 re•e•r-t:h. O m:. uemplificd 
b) thc ~<or~ of BollCt at USC-ISI (141. is to wotk ,.-ithin 1 genero! problem c-on· 
'""· rcl¡in~ on only gen~ral rule, of inforrn•tion proccssinK {ilems mu11 be 
defined or re<ei~ed bcfore ther 11e u1ed. on '"ir' shculd hue both a '"lhcn·• 
ond •n "'else:· e<d to resol ve ambiguiti<S. deñdencícs, or intonsisteMics in 
the problem ""'~mcnl. Thi• appro•eh encoun<crs fotmidable pro~lems in not· 
urJI languoge processing and may ,.~uire further restriclioou to make il troct· 
Oble. 1 

The o1her direction. exemplified by •he work of Mmin at MIT (!SI, is to 
v.ork ,.¡,hin a pmieular problem are•. such as invento<)" control, ;.here thcrc is 
enou~h of • genero! model of soft"·•r• requircmcn" ond ocoeptablc terminolon 
to mJI.e thc problena of resclving ombiguiti<l. ddiciencies, and inecnsisteneicl 
'r<»onJbl¡- lla<l:lble. 

This second approoch h.,, of '""""· becn uscd in the pul in various 
forms of ··progr•mming-by·questionn•ire'" and opplication ¡enerotors (1, 2). 
Pcrh:~ps the most widely used ~re the puomcterized opplicoticn· 1enuotors 
deHiopoc~ for use on the JB~I Sys1em/l. JBM hu sorne mo<e ambitious dfort1 
on r~quiremcnts sp<cific.¡ion un~er"•Y. not1bly ene .:alled thc Applic.,ion 
Soft,.Jre En¡ineering Too! )16) ond one nlled the Jnfotmalion Automol !17). 
but furth<' inform,.ion is necded lO asses• their curren! status ond diretticns. 

Anolher ovenuc invo]ves the formalization and sped~codon of required 
· prorerties in a ~oft,.are spetifi<ltion frcliabilily, m~intainabilily, ponobility, 
etc.l. Som~ succ..>< hoS been "'P<ti<n«cd here for sm•ll·to-medium systems. 
111in¡ o ··Rcquiremenl1-Properr\cs Motrh" te help lna!ysl$ infer odditicn•l re-· 
quiremcnts implied by such considcrotions [IR!. 

D. rr .. ml< 

In the IJU o[ tcQuirements st>lement l•nsuo¡cs. we -..ill sce furth« 
efforts eirhu to extend 1he 15005-PSL and SREP-RSL npabilities to bondlc 
f~rther ii<J1 of application. •ueh 01 mao-machine int«>ctions, Ot to de•dop 
lln¡u•g• >Jti3ntS speeifie 10 such ar<>S. lt is ,::1: •n op-en que>tion u to how 
gen<rJI su<h a langu¡ge can be aod slill retain il; ulility. Úlher open questions 
are 1 hose of the n¡tule. ··which re pros< nmion se he me ls be u for desCt.lbin¡ te• 

quircmenls in a cerllin arel~" B~IDATC is sponsorin¡ sorne wo1k here in 
t<presentinz ¡eneul d>ta-proce15in¡ system requi1ements for Jh• 8:>!0 prob

-n. in•ol>ing Petri neis. st3te ttansition diag11m1, and pledka· Úlul /ll!, 
.t m outecme is Slill uncen•in. 
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IJ) 
A rr>Nl deol more nn •nd ,..;u be dono w nrend ohe r·Jr•~ilm ol r0. 

~uir~menrs sraremenr onoi)ICI!. Sorne e•remionl are f•nl¡· .,,.,~hiiN~••d 
comrsrenrr rhe6in¡: oth<JI, ln.-c•l•·in¡rhe uoe of rc\Jlional "!'~raro" ro dedu.e 
d"i•·:d reQuiremen" and rhe ~oreorion l>nd rr~h•N M<nerJiionl nf miuin~ ,._ 
quiremenn are mere drfficull, rcndin¡ to"••d rhc auronlJiie r••'l''·'"'""~¡ 
"01k. 

Orhcr ad•·ances "'ÍII in• oh e rhe use ol formal requirc.nonrsst.Hements ro 
impro~c sub-.quent parrs o( rhc sofr,.•rc lile <'Jcle: f.\>mples indude 
requircmenn-dcsi~n-eoJe con<isrenc¡· thed.in~ {one iniriol dfon is unJ11,._.r, 
rhe •uromoric roneution ol rcst e>~l lrorn rNuirem<ni< IIJI<m<nts. Jnd. o/ 
rour~e, rhe ad•·•nres in aurom•tie rro~rommins in•oh·in! rhc ~<n<rar 1 on ol 
codo lrom rcQuircmcnrs. 

Pro~rus ,.¡IJ nor nccnurily be c•·oluricnuy, lhou~h. Thcrc ¡1 3¡,, 1" 3 
!Md chontc of 1 brc>llhrouth: ,omc ~cy <On<epl "hkh "'11 •in¡rlil¡ •nd "ror
malire br~< rerionl of rhe rroblcm sr:rcc.' EHn rhcn. rhnu~h. rherc "ill al· 
"'~' rcmoin dif!icul\ tq:inn• "hirh "ill rcquire human in•i~hr•nd «Miri•ir¡ "' 
'"~'" ur "ith Jn .. -. .. pr•ble ><1 of •of•,.••r requi<emenu. 

Anoth" oren~ in•·ohcs rhc lmpocr of h»-in¡ lorm•l, machinc·•MhlJ~le 
requir<n><nl5 l,ntl tle<ign) <r~cific•rion< M our o•eroll in•·enror¡· cf sofr .. arc 
<odc_ TI" id" imrrn•·in~ '"r'""" reliabrlir¡·. lhis "ill müe our sor1 .. ;rc mu.;h 
mm< P"~IJblr: u<crs .. ;u nor be ried •o much ro o Nflkul•l m•'hine 
runfr~uwi~n. Ir i< in1<re.ring ro srerubrc on "h•r imrort rhi 5 "'ill h.>« on 
h.nd""' ><n.~or< in rhe luture. · 

1\". Sol(~ ar< dni~n 

A. n.r trq""'"''""fÚok>i¡;ll árlrmma 

ld<>ITi·. eme ""uld likc '" h~•·• o c,.,¡.i<le, consi.rcnl. ,·olidarrd, un.mbi· 
tuou~. machinc-ind~rtndcnt ~t<<mcarion of soflwue reQuirement~ bcfote 
prn<ccdin~ lo solrwarc dc~i~n. Ho,.e•·er, thc rcquiremenl< are nnl rc.ll¡· "¡,. 
d.llcd until it is d.rcrmined rhar rhc rcsuhin& •ysrem "'" b~ buih for, r<•<Pn· 
•ble <o11- ond ID do.•o .-~uircs ~CICIPrin¡ onc or more , 0ft,. 01 c Jr•·t•• (and 
onr "''"'iarcd harJ,..,e dcsirn• nccJedl. 

This dikmma ;, <r>nrrlic.ncd by thc hu~c number of dcgrces of frecdom 
""il.rblc ro sorr~·uc/hard""" s¡srcm dcsi~n~rs. In the J9~0"s. u indic.rcd b¡· 
To~l• 1, the dcsi~ncr had rrnl¡· 1 re"· •lrcrn.,¡, . ., 10 choo>e from in .:lcMin~ • 
«nltal rr<>ec>5in' unir ICPUl. • '"' of f'(rir~cral•. o rr~~r<ntming l•n~u,~e. 
anrt •n cn\Cmhle of ourrort •ofl\•-.lle. In rhe 1910's, with r>pidly c•Dhtng 
ntini- •nd micr,.omrure ... firm~orc, mr>dcm<, smart torminols. daro mona;<· 
ment sy11em1. c<c .. lhc dcsi~r~er hu an cnormous numbcr d >hern .. he del''" 
ccmr><>n<nll ro '"" our (r><>nibihllc•l and ro scriou•IJ" choosc flom. U1Ub 
choic<5l. Dy rhc 1980'•· thc nunrber of ro,.iblc d<iil"n cw' · fMs .,.-ill be 
furmidable. 

Tobl< 1 

Oul¡n 0'>"" o! r ... ~""' lor -;,. Ooll ''"''"''"'S'"'"'' 
!Ro••~ r_.u.,.,,.J 

~·· 
, __ - -u ...... ........ ., ...... no>O"d 
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Thc foll""ins .;. sorne of rhc implic:ui<>n• fot !he dc•i¡ncr, 1) !1 B usfcr 
for him 10 do an outstandin¡ design jc;tb. 1) Ir is cui<f for him ta do a lerriblc 
dc 5i~n jcb. ·J) He nceds more f>O"CrfuT anaTysi< tool• ro help him •on ou\ \he 
•ltcrn;~~íi'C'!'r•--~lHc h" more opponunitic¡ for dc•i¡nin¡·\G-CMI. ~) He h•< 
more oppr:rnunities 10 dc¡ign ond devdop tunable •r•tems. 4) !le ooeds 1 mo•c 
nuiblc reQuiremenll·troc~in¡ and h.ud"'"'" procuremcnl mcchonism lo lu¡>
rott the obo>< Oe•ibilir¡- (ponieulorly in ¡overnment •r•~<m•l· 1) Any rationol 
51 ,nd••Ji1ation (c.g:, in prcgr•mming l;n¡ua¡cs) will he 1 bi& help lo hlm, lo 
rhor ir reduces <he oumber of ahtrM.Iive• he-mun ton<idcr. 

Scfl"arc dui¡n is sri!l >lmr;rsl contpl~tclya monuolp<occn. Th~rc is rcl_•· 
ri•·cly hHI< c/fott d"oted ro dcsign nlidation ond risk onalysi< bciDre to?miDU• 
ting to 1 p~rticul>r sofl"ue desi&n· Mo.r sofrworc <ftOn ore modo dunn¡ thc 
de<i:¡n phJsc. Al l«R in Fí¡. 4, "hich summariiCS s.ewefal software error an•·. 
lncs b}' lil~l 1~. l9]ond TRW \10, ll]. thc mio of de•i&n 10 codir:1 cHDfS 
¡cne¡a)l)" e<Ceods 60AO. (for thc TRW dato; an error"'"~ tollcd 1 dcsr¡n error 
if •nd onl)" ;r rhe rc<ultin¡ fi.< requircd 1 chan¡e in the del•~cd de•i¡n 
lp.:cifi,oticn.l 

Most <cft,.:ue dcoi¡n ¡, s1ill done bouom-up, by dcvelopin& sol<•••• com· 
poncnrs bcforc addrening inlcrface and inresr.rion is•u••· Thcre is, h""'c~cr, 
inereasing suecc 55 ful use of \op·down de•ign, There is lirrle or¡onr:ed 
kno"led 11 e of ,.hala soft,.·are designer does, h""' he docs il, oto~ •lul mokcs 
• ¡ood 50(¡.,. 010 ~ncr. althou¡h wmc iniri•l ,.ork olong lh«e lin"l hn beco 

.....,. by""'ffCt"Tl"<;On fll]. 

,• 
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fll"" ~- ~lo<l """In lu1• •oft•ort l)>l•m• '"In tul¡ "'1"· 

c. cu,rmjronl•rr l«hnoloty 

Rclnh-tly linle is o-.il~ble lo help 1he desi~riN moi.- 1he O><roll 
hord,.·a•e-sofo,.:ore lf~dooff •~JI¡••• •nd dccioions to arrrol'riotel¡ ""'"" the 
br~e nun>b<r of dosi~n dos1ecs of freeJon¡ "·ailoble to him. Al the mino¡ .. -. 
el, sorne fotmalisms sueh as LOGOS 113) ha~·e been helpful, but" the mocm 
le•·el, nol ~uch ~· "-o~l,~le he)'Md ~en.ral s¡·soem enoin<erinr lechniques. 
Sorne hclp os prtmded "" ontpro>Od t.c·hniqun for simulalin' inform><ion 1,... 
tems. 1uch u the Extend>ble Ce~noruw S¡·stem SimulOior ICCSSJ 11~- ÚJ. 
.. -hieh '!'''" il l"'"ible lo de•·dor a fairlr lhorou'h funC~ionol simul>lion of the 
•rstcm for desiln onalysis in o ronsidero~IJ" shorler lime 1han il ~~~n 10 · 
dcvelop lhc romplcle dcsign iiSelr, 

. · 1) Tnio·do,.n d~•ign: ~·IMI of lhc hclpful new l~chniqucs for .sor1 ~·o 1 e; 
dcsign fall inlo 1hc rale~or¡· of "lop-do~n" orrroach .. , lt'hrrc 1hc "lop" is ol·; 
r<od¡· ossumed lO b~ a fnm, fl•rd rrquiremeniS srerifiralion and hJrd~<arc i.r· • 
rhilcr1ure. Oflcn. il is al.o ossumed lhol lhe dala slrUCIUIC has also bcen Cl• 
iablished. (These ossumplions mull in man¡· roses be ronsidcred ¡>OICnlial p;1. 
falls in usin¡ <urh lop-do .. n le<hniquc•J 

Whll lhc lop·do~<n •rPt<>><l' don "'etl, lhough, ls 10 pro,·ide a rroceJurc 
for crgoni•ing ond de~c\oping lhc ecmrol Slruelure of o progrom in a "'l' >~hirh 
focus.s eor\y •<~cnlion on lhe crilicol issues of inlegrolion and in•crfo•c 
defini1ion, h bogins "'ilh a lop·lev•l e•rrcssion of o hierurhi"\ wnrrol SLJU<· 
ture (oflen 1 lop lcnl "<>e•·uliYe" wuline connollin1 an "input," 1 ··pro· 
ces<," ond •n "outpu1" rou1incl 4nd proccrds 10 ilrraiÍ\tl) Hflne.r•rh su;:n· 
,;,·e to .. er-le•rl romp<>nent untillhe cntife <¡ste.T! it spocifocd. T~c s~<ru,i•t .. . 

r~lin<nt~~l<. ·•~i.:h m-J; be tonsiderc-d .s "'le•-.:ls of abstr•~iiun" or "vin<!!r 
n•J•hin~i" ¡;,]. prooidc a number cf ~J,·aniJ~e~ in inlproved un<knlandint. 
~cnomuni~.11::n. and vcri~caticn of complc1 desi¡ns 127. 2!1. In ¡encr•l, 
rh,·~~h. ·e,re:icna sho•.-. that oome de&<= o( =Ir au=tion to bauom.levd 
Jc<i~n issw, is neo:<S"'fT on rrrost proFcn (2'11. 

The le;~nolo~¡· of lop.dcwn desisn '"' cenlcred OJt 1wo rnoin lssuts. o~c 
in,ohes tSI,·lli¡ftin~ guiMiines for /IQW ro ~iform succcssivc rcl\ncmcnls tnd 
lo ~rou p fur :tions imo modules; 1hc other iD ...::Un IC<hniquu o! upu:<enli<tl 
lh~ dC'Sign of1hc ron1ro! strue~ure and its. inleraction wilh. IWL 

ll .lf<>.':.'arcJtmn: The ICrhlll~ucs of struclured desi¡n lJO] (or tom¡>OSilo 
dcsi~n lltll !nd lhe modutarilotion ¡uidclines or Parn•s ll11 providc !he mosl 
dcuiltd. lhir.\inl·and·!Íel¡} in·lhe··uc• of modulc·dtfiniliOJt_and rclincmcnl. 
Structurcd de¡ign cSiablish"' • numbcr cf succe<Si,·cly monsi:• iri>éi-Df bind•· · 
in~ of.funcr',,¡¡..._;nlo modules (coinddenul, Io¡kal, clusic•l, procedurol, com• 
munic>lionaL informotional, ond functiona!l •nd pco•idct thc IUiddinc thol 1 

funcrion sh.,ld be ¡roupcd wilh 1h<><c funC1Ions. to which il'l bindina ;, 1hc 
srron~«L S;:mc desisne!5 are ablc 10 use lhB opproo<h q~itc 5\lrttS>fuUy; olh· 
t<S find i1 u.:fu! for re•·ie,.·ing dcsigns but nol for formulotin¡ 1hcm; ond oth• 
crs •imply ~~J it 100 ambiguous o• romple~ 10 be of hclp. Funher c~pcricnce 
"'ill bc nced:J 10 del«minc hcw much of lhi~ ls slmply.a leornin¡ curve cfTcct. 
In ~oneJJI, PJfn.>l' mcdularilJtion clileria and guidclines are more suoi¡htfor· 
"Jrd and .. :~ely uscd than lhe lcvcls-of·bindin¡ 1uidclinu, ol1hou1h lhey mor 
also be becoming mcrc ccmplicllcd as thcy addrts< such lnue1 os di<1ribu1 
cf rc¡pon!ibii•1Y for crron~ous inputs [)]], Alan¡ !he~ ~neo, Dropcr Labs' 
Highcf O!dor Sofl"'"'" !HOSI methodology [34[ hn oncmptcd te rcs.olvc surh 
is.ucs ,.¡. • 1<1 of si• niom! coHrin~ rcl"lons beuvun modules ond dolo, In· 
<luding rcsNnsibilit¡· for erroncous inpuu. For .~ampl~ A~iam S sutes. 
"E ;eh mod u!c conucls 1he ·rcjee~ion · of inv&J;d cl.:n~ec11 of its o...,, md only il'l 
c .. n. inpu1 sct."' ' 

-Jl D"1" rrprruma<iQn; Flo,.· chorls rem•in 1he main mrthod ~rrcnlly 
u<cd fm d~s:¡n «prucnl~ticn. Thc¡· have a numbcr of dcficiencies, paniculu· 
1)' in represcnlint · hierarchiral ccnrrol 1irur!UlCS · ond dolo in1croctiont. Alsa, 
1hrir fru-for;n n,¡~rc m•kc~ illoo CIS)' 10 toMifU<I romplie11cd, unstrue1urcd 
dc<ign• "'hi.:h ore h31d to undcnrond ond mainlain. A numbcr of rcprcsenl•· 
1ion schcm~s hlH bcen de><lopcd to ovoid :!>"< do~dcn<iu. 

'"'""''"" "'' ""'- ............... '"'"''"" "·' ........ , ......... , .. ,_ .. "' .. ._._ ··-· 
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• 
. 

. 
. 



( 

---~-~=-----~--~------~----~~-- cr, 
. The hicrorchic;l inrut-rrocen·output (HIPO! technique ]H] rcrr~n" On<c a ¡!10<1 deJI of dcsi¡n infotm>tion is in machi~t·ltJd;~le forn: 

sofrwore in 1 hier.rchy of modui<S, uch of whith ;, rcprcscntcd b¡· ill inruh, rhcrc is a fair on1ount or prc>surc from "''"'ro do more wnh 1!: lo I<D~"11 ' 
its ourpurs, ond 1 summny of thc proco.•inl· ,..¡,¡,.¡, connte~s the inpuu •Dd corc 1nd rime bud¡<l!, sofrw>rc C0\1 esrimotn, fint-cut dau buc dcsr;rlpuon• 
ourpurs. Ad•onu¡cs of rhc 1111'0 rechnl<¡ue 11< ia nsc of use, <Ole of lnrn- "" Wc should continuo to scc ¡uch oddcd ap.&bilitics,•nd scneully 1 furrhc 
inÉ, Cllf•ll>-undctsllnd ¡rophiu, ond diociplined structurc. Sorne s<nuol .,~Jurion ro .. :ird ccmpulcr·•'rdcd·dc•i¡n •rll<Dll foc ¡a[¡,.arc. Buid~s irn 
drudvln!l~tl ue the •mbi¡uitr of the conuol rrbtionships (ore succeui•, pro•emrots in determiniog •nd rcpro•en<in¡ c·on1rol. sUuCI~tes •• "*.'. should S<• 
lower le~el modules in sequencc, in 1 loop. crin •n if/clsc rc!alionship~). lho · pro~re•s in the more dilrrcult ueo of data s1rucrurrn¡. Sorne lnlll•lolltmP~> 
lack cf •umm1ry information about <1111, the un~<i<ldincu of the ~~~rhin 00 . havc bcen mJde by Hcarc IH)·and others 10 providc 1 dalalnolo¡ cf lhc b1sr< 
large IJ"IItmS. and lhe m•nual n11urc of 1he tuhniquc. Sorne >ltcmpu hile 1 conHOI structures in suuctured pro1rommin¡. but with len pracriallmp•<l u. 
been madc 10 automlle thc reprntnlllion 1nd ¡en~rarion of HlPO"s •urh., d•IC. AdJilion111y, thetc will be more intcgrar"10n and trace•bility bcl>otetl l_hc 

l
. Univ•c's I'ROY AC S"ySiem ·116):- --· · - rcquiremcnu Sfl(Ci~alion. thc de•i¡n •p.ocification, ond the code ~ a¡,• in wuh 

sisnificont implicaticns regordin¡ the improvcd pambililr of a u ser s so twue. 
The mucture chnll used in muc1ured design IJO. JI] remedy sorne C>f 

\ lhesc di<1dv1nloges, 1lthouKh th~y lene thc ld.,nuse of r<pÚscnlinc thc The prolifcrllion of miniccmpute" and microc:omputers witl tont~nu.e to 
proc:eues connectinE the inrun ""h the outputs. In doinl <o. lhou,h. thc¡ complibte th~ de<ignefs job. h ;, difficult enough lo defi•e or u•e prrnttplcs 
prevido • more comr>Ot •ummary of o module'• inru" •nd ou1put5 ~ni<h i• for p•rLil\cnin~ sof¡wore jobs en •ingle mochines~ •J~iliono! de¡rees of freed~m 
len unwicldy on l"ge problen1!. They 11>0 pro,·ld< <ome Oxrra s¡mbolo;r 10 '"~ con<urrency probkms Jusr m•h thingo >O much horcler. He!• ~l&on, 

1 
rcmove 11 lc•51 oome of the sequen<cf!oopfbron<h >rnbiguit¡· of thc conrrol ,.. thou¡h, .,., •hould expect 11 !e111 •ome initial¡uide!incs for detomp<nrnc lnfor-

. lo1ion>hip¡. m>~ion proc:eutng jobs into •• p&tlle concurre ni proc:eucs. 

Se>·erot"olhet simil11 convenlions hav; b<cn d~'doptd 117. JS, n). e•¡h 1 witli diiTC<enl suon¡ rcinn, bul one main di!rrculty of ony sueh monual s¡>tem 
is 1he diiTrcully of leoping the desi~n eonsist<nl and up-to·dore, OIN<iallr en 
lugc problcms. Thu1, a number o~•r•tems have b.:on developed "hich <IOre 

·. d<Sígn infn•m•ticn in m•chine•tCOdoble form. Thio simpJ1ñ., updalin¡ (and ! 
ndu ces ·u rd•te e rrm5) and r ocililare• ,entmion of selectivo design su m m arico 1 
ond. ,implc CMSÍIIency chedin¡. EJfl(tience has sho"ri 1hal e\"en a •"•mrl• 1<1 1 
of lulom_ued to~si<t~oey cheeks can clleh dozens of p01ential problems in 1 ¡ 
l>fle dno¡n specr~tallon (11]. Syllems o( this naturc 1h11 hove ~oen re['Oned 
indude the Newcn!le TOPD ,y¡tem ]40], TRW's DACC 1nd OE\I_SE s¡mm< 1 
!111. floein¡'s DECA sysrem [41], lnd Univ•c's PROVAC (36]; ¡everal more 
"" under dcvclopmcnl. 

Ano\her m•chine·proc:esnble design repruenrJ~ion is Pro\"ided by Caine. 

11 ¡, "ill not cle•r, however, how much ene un rormolize the oof~w~rc 
design pro.:en. Surveys or sof1ware desi1ners have lndic11ed a wide ••rr•11on 
in their d"ign >lylcs 1nd apprcacl\cs, ond in their rccepti•cncss to-usin¡ rorm•! 
design proc:edures. The key 10 cood softwore desisn Slilllics in ¡etlio¡ thc bell 
out of 10od people, ond in structurin¡ lhe job so_lhll lhe les.·¡ood people con 
llill m1ke a po•itive tontribution. 

V. Procrammln& 

This scotion will be brier. bccauoc much of thc m•teri•l .,;11 be tovcred in 
the compon"1on art\cle by Wc¡ner on "Computcr Lon¡u11t1" IJ], . 

Ftrbet, ond Gordon's Program Desi1n lon~ua&e (PDLJ"Syslem !421.· This srs· 1 A. Currtnt pnurlrt 
tcm "oceepu conwuels which h•vc thc form of hiorarchieal Sltu<lurcd ptt>
&llml, bu\ in1tead of the l<tu•l cede, thc d«iEner nn write·oome En¡li•h IC•l 
deocribin1 whll thc sc&ment d cede wUI do. IThis reprcsenl•tion ,..u ori&lnll· 
ly collcd "mucrured pid¡in" by Milis (43].) The PDL sptem a¡oin mlkn UP· 1 
d•linl muth easier; it oloo provide• 1 number of u•eful formal1ed •ummarie5 cf , 
lhe de•i¡n information, Jllhou¡h lt srill !aok• sorne "ished-for fealufCS 10 su~ 
pon ttrminolo¡y control and version control. The pro;rom·like represenlltion 
m•ke• ic euy for pro¡r~mmetl 10 reod ond .,,;,e PDL. 1lbeit len cuy r.., 
nonpro¡rommen. lnirial rcsulr.s in U5ln¡ th~ I'DL 5Y5tem en projeeu hue 

ti bccn quirc r.~oroble. 

M•ny orgonintions are mo•in¡ toward usin¡ stru"-lrcd codc. (ll, ü] 
(hierorchieol, bloc:~·oriented cede ,..¡¡h a limiled nun:tber of control Slfucturco 
- ¡cncr•lly >EQUENCE. IFTH~NElH. CASE. DOWIIILE, ond OOU:<"Hl - and IUICI 
for rormottin1 and !imitin¡ module size). A ¡rcll dcal of ternbly unm~ctured 
cede is uill beln¡ "tillen, thou¡h, often in ,.,..mbly l1n1ua¡c &nd l"fllo;ulorly 
for the ra~idly prolifcratin¡ minicompulen and microcomputcrs. 



• -., 11. _ l mmrr 1"'"''"'''''"'''"''"''''''··'· -----=~~~~~~~=~e=~,.; ~-"===·=~~===·-~--~------:-
mo~nilurin~ touls an<l ICSI tJS~ piJnning oidi Hui othor tcchnolo~ie~. 1u'h J' 
malhen>JLi<·al proor techniquc<, hove b•rely b~gun lo pcnelr•tc lhe ,..ort~ ol 
produc1ion software. 

9 
Lan~uo~es are borvming o-.i:lble "hirh ¡urror~ murtured ,·n& o~nd ad· 

ditionol'valuabh: fcatures Juch 11 ~~11 l¡pin¡ •nd t¡·pe cheding 1•-~-- P".cal 
]4S]l. Extcnsions su<h n concurrtot l'a«al ]46] h¡ll-c bcen dc•elor<d 10 >UP· 
POr! thc prn¡:ramminl of concurren! pr"oce .. n. E>tcnsions lo d>ta l¡pin~ in
volving more explkil binding r( pn~c~urc> and their data h.ae been cmbNied 

1 in recent lantuates sudt •• ALPHARD ]47) •nd CLU l4SI. M~LJC!>mpiler anJ 
compiler writing s¡·s1em technolos! continuos ro imrrCwc, althou!h mu<h more 

: slo"J)' in rhe co_de generaticn ar.a thon in the s¡nt•• anal¡sis aru. 

Autom•ted aid> inrludc >upport s¡·stems .for top-do"n nructured pro· 
era m mine , u eh a.-·1he . Pro~ram. Su~pon .. librar)" · 1 Hl. Procen · Construclion 
[\OJ. TOPO I~OJ. and COLUMBUS /SI]. Ano1her novel oid islhe Code Audi· 
1nr pro¡¡r•m ISO) for •utomaled s~>ndards compliance checkinJ - "h!•h 
'"""nlee1 that the sundoids ore more than just ,.ords. GO<"<! progrommm¡: 
practice1 1re no"· ~>ecoming cod.ified into sirte handl>ooks. i.e .• Kerni~h•n and 
Plauter (Sl)and Ledprd ISJ]. 

,• C. Tr~nd• 
. ;:; 

·· 11 ¡1 ditr.cull t<> cleon up old progrommin¡ lan¡uages or to intr<>du<c """' 
.~1 on 01 inlo widespread proctice. Perhaps the s1ron¡¡e¡¡ hope in this dirce~ion is 
·{¡the curren1 Deparlm<nl of Defen•e (OoDl Cfforl to define re~uirements for Íll 

· future hi~her order rrrÍI:romming l~nguages [S4f. which n1ay e>enlually leod 10 
1he de~elopment •nd •.-ide1prud u•• of 1 cle•ner protrommin¡ lan¡u•Je. 
Another trend will be •n increasin~ ap•bilily for automatic.Jiy ¡enrrating code 
from design specilk•lions. 

' _,:j VI. Sofh•Ut l"llnJ and rtllabillly 

1 A. c~rrMtf"Drr~ 

' ·:j SurprT•ingly oflen, soflwore te,ing and reliabilily aclivitie• are still not 
· cMsidered until the eode has bcen run lhe ~rsl time ond found no1 10 work. 
·:In ¡eneral, lhe hi&h cosl of leSiin¡ (slilt 40-SO ~rcenl of lhe de•·eJopment 1 

'~ erronl is dueto !he high cosl of re,.orkin¡the code 11 this Slll< hee Fi¡. 3). / 
: and lo !he wuled efforl tesullin¡ ftom lhe 1.-~ of In ad•·ancc IUI pl•n lo 1 

.~ emcicntly guido teslinB activities. ¡ 
' In ~ddition. mosl te<linB is !lill 1 ledious m•n~•l proce<s "'hich is error
. prone in inelf. Thcre are fe.,. clfecttve crileri• used for an•"••ini thc QueSiion. 

,' "How mueh le!linJ is cnou&h!" ucepl lhe usu•l "when !he budact ~01 
~1 lChtdule) runs out." Ho,..e~et, mote ond more or¡onintions are now u11_n1 
'.disciplimd tesl plannin¡ and sorne objo<li•·e cril<ria s~ch as "exer<i1e ••·ery m· 
, slrUction" or "cxerci•e evOry br.neh," of1cn willl" lhe a id of autom•ted le U 

."1.-----.-·-···---· ·--·- ········-····--··-

' -1) Sofl~atr (fhaholoty """Id• ,,.,¡ pM11Mw¡¡o/o!O·: lnitiallr. ollenoPII 1 · 
rrcJie~ si.flware rcli•bilily !ihc probJbilily of fulure •atisf•Ciory o~rulioo of 1h 
sofi,.Jrcl were m1de by •PPI)ina models de<illed from hardworc leli•bilil: 
anJI)Sis and fillin¡ them Jo obscrved •oftworc error ••'•• [SS!. The•c moJel· 
"orked ;11 times. bul of1cn "ere unable to e-plain aCI~al upcricnocd erroo 
phenomenJ This """' primarily bccause cf fun~amcnlol differen(el bet"'een 
sof'"""« phenomenolog¡· ond lhe h•rd~<are·oricnled assum~ions on "'hieh th~ 
mndcls "'"'" b.,ed. For cumple, soft"'a<< components do not de&r•de due 40 

"'"'' or foliguc: no"imperfcction or ~•ria1ion• a« introdu~d In makin1 addi· 
1ional copies of a piote of sof1ware (e~c~pl pessibly for o class of easy•IO·Check 
rofl}in¡ erroul; repoir.of 1 sof1"'ore faull sener.lly res~IIS io 1 differen( 
<n(lware conñgu111ion lh>n previously, unlike most hardware rcploccment 
repai". 

Model• ore now 
1
b< ing de vclopc~ whkh pro vide u plan>lion• of 1hC Pre•t

ou• error hiSIOrie• in terms of appropriate sof1w•re phenon.enolosy. TheY ore 
b"><d on a view of a 10f1ware progrom as • marping from a •r•ce of iopuiS lnto 
• spJce ofou1pu1s ]561. ofi>rog,.,m cperation •• lhe proce.:,;nH ofo sequencc o( 

poiniS in ¡he input space. di<l<ibuted arcordinB te an opcra1ional profile IHI. 
and of te<ling •• a sompling o[ peinll from 1hc input IP>Ce 1561 bee Fi¡¡. Jl. 
This appro>eh encounte!S sevcre problcms of «>le on lor¡e proar•m•. bul ••n 
be used concepluolly 11 • means of appropriOicly condilionin¡ lime·drivcn teli~
bilily models IS8]. S1ill, we are 1 long .way off from hnin1 lruly 1eliable 
reliobilily•estima!ion methods for software. 
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2) Soft><·arr mo• doro: Addition11 insi~hls inlo r~IÍJbilit)' uliitti'íuon h.,c 

come from onal¡·tint the intre.isin1 duo b~•• of soft~uc crrors. For n•mrlc. 
the fw thn the diwibutions ofserioussoft.,ue c~rorsarc dissimilu fwm th• 
disuibulioM of minor cnors U9l means thu ;,.· need 10 define "error§' '"' 
carcfu lly when using rclio bility 'prcdiction modcls. Funhcr, •not her · stud) 1 ~o'J 
found thot the ratn of fixin1 scrious crron and of fio;n~ minor ennr¡ ,-.r¡- "ith · 

'monasemcnt dircnion. ('"Ciosc out o!l ¡>roblems quid. 1{' ~cnu •11¡· gel' minor 
oimrlc cnors liHd ~ery qukkty, u rom¡,.rcd to "Get th< scrinus problcm¡ · 
fiHd fim."J 

_ Other insighlo oll'ordcd by sofl,.arc dOlo rollcrtion indude bell<r oncss-

1 
menu of thc rcloti~fficocy_p(v_o¡iou!.lO(t,...rc reli~bilitr t.chniiicu [4, 19, 
60], identifi~ation of the requirements and de•i¡n ~hU<! n key le~er>re points 

. for co.•r_ u•·in&s by climin•ting erren earl'ter (Figs. 2 •.n~ lL •nd ruidclines for 

1 
·crRlnllrn& test cfforts (for namrlc, onc rerent anolrsrs tndrcoted lhit o•er h~lf 
the erro11 ""'" uperienced ..-hen t~e soft~·are was handling data "ñgul.,iries 
ind utrcme points [60)). So far, ho"•~u. the prolifer11ion of dtflnition• of 
various l<rms (error, desi&n phuc, logic error, ~alidation toJtl, still moke it ••· 

1 uemel¡· difroculr ro comp•re error dala from differont source•. Sorne efforts to 
' clloblish a unificd <oft,.·arc rel01bility dota base ond """'i•t•d standJtdl, termi· 

1 
nolon and data n>lloction proceder<' ore no"' 'undcr .. ,. oi USAF Reme Air 
Dnclopment Centcr, and wilhin the IEEE TcchnicÍI CÓmmirteC en Soft..,•rc 
EntineerinJ. 

1 
1 

' ' 
1 

1 

l) Awomor~J o;J<: 'Lct us shtch the moin <tcps of,testin¡ bet,.een rhe 
point the ende hu becn w<inen lnd the point jt is prbnounocd otccpuble for 
un:, ond de¡e<ibc for uch step lhc main typcs of outomned oids ,.hich ha\0 
bcen fo'und hclpful. More detailcd discussion of lhese aids can be found in the 
sur11eys b~ Reifer (61] and Ramamoor!h¡· ond Ho (62] ~·hith in wrn havc 
refercnrcs to individual contributions to !hclield. ' 

• 
o) Su11ir' coJ~ uc!J.·<iJ: Automated oids hcre inc!ude the usual com· 
pilcr dia&nostics, rlus ntcnsions in~olvin¡ more detailcd data•t¡·pc 
chco~ing. Codo auditorJ chcd for mndords complian<e, ond c.n 
olso perform various tyre·chedin¡ functions. Control flow ond 
rcuhobility anoltsis ·is done by structunl •nolrsis programs (Oo..
charttrJ ha.c been u<ed for sorne of 1he clementary chc~ks hetc, 
"mueturiurJ" can also be helpfuJl. Oiher useful slati< anal¡·sis 

'tools rerform s<t·UI< ona!ysis of dota elemen!J, sin1ularity onalrsis,. 
units CO<llistoncy onolysis, doto buc consistency chctkin¡. ond data· 
versus-c-ede consistency chccking. 

" >• 

b) Tru ro" ptrpotrJ/ion: E~lcnsions 10 struotural onatysis JlfO¡rains 
prnvlde assistancc in choosin¡ d•t• volucs which will müe !he pro
Jram e.ccutc aleo¡ 1 desircd path. Altempts hove bccn mode 10 
outomotc thc l<ncrotion or such data valucs; thcy can ¡encrolly 
su~cd for si pie ases, bu\ run lnto dilr1cul ty in hondlin& loops or 

. '. 

.. 

1 

. .., 
brJnthin~ on complu colcul.rcd n!ucs f•l·· th< rcsults of nun'l;:rt. 

011 inrt,tJrinn). Funhu, the'" p<ogr•n•s col¡· help ¡ene.'''" thc In·. 
p1m; the teotcr must st ill ulculote \he <>t><Cied outputs h~mself. 

Another ,.;, or tools will IU(Om>tic~lly inscrl inslrumcntation 
10 vcrify that 1 dc1i«d parh has inde<d been c>ercised i~ ~he tul. 
A 1in1ited rapab;t;ty c>isll for outomaticny determtfun¡ tho. 

'nimum number of test cases requircd lo e>erci¡e oll the to~c. 
m• · ~ 1 l!ut. 11 yet, thcrc is no tool which hclps lo ~etcrm•nc tnc mol •P· 
propri~tc sequcncc in ...-hich ID run o series of tc•ts. 

' d Tr11 nroniror;~l anJ ourpur ~ht':kinr: Capabililics hove ~en 
denloped ond u•cd for vuious kinds of dynamrc dato·type chccl-.1~1 
and asscuion chccking, and for t'•mina ond p.rformoncc onolysrs. 
Test ourput post•pronssin& aids lndude output tompaut.on ond U• 
ccption repon cap~bilities, ond test·oricntcd data teduchon and te· 
port gener•tion pl<k>gcs. · 

d) Foulli<olcl•on, drb11¡;sín:: Bcsides th~ tradition•l tools - lhc coro 
dump, the ¡roce, thc sn•pshot, and thc brcakpoint - sevcfl!.gp.o· 
bilitiu h•vc beco dcvetoped for intcroctive rcplay or bO(ktu<ktOI of 

' . 

• ,. 

' 

' 1 
' 
1 

thc p1ogrom's uc<ution. This i1 •tillo dirr.cult oru, and only o tcl· , 
1tively fe..- •dvanced conccpts hove provcd ICnerally uscful. -~ 

el Rt'"'"'l (o,nu o prt<llmrJ fix 'ho< brtn maJt): Tcu da\1 .mono¡c• 
ment 1ystoms (for thc cede, thc input d•ta, ond thc compomon o~l· 

ul datl) have beco shDwn lO be mOJI valuab!c bcrc, olon1 wrth 
~omp.i 13 tors to check for thc ditrcrcnccsln cede, input!, and outputs 
belwccn lhe origino! and the modined p<o¡r.,rt and .test Clse. A 
promisins expuimcntol \col performs 1 "":'P•~•u•c st~uclurc 
an•l)'Sis of the ori¡ina) ind mOOified code, ond <ndrcatcs "'h«h test 
CIICJ nced te be rcrun. · • 

0 fnrrtroliM ofruulintllnto •;o«tml: In ¡cncnl, a~tom•tcd alds for 
thi• proccn are just tar1cr JCale vcrsions o~.'~" tes; d¡U ;non11e· 
mcot I)'Sicms •hove. Somc additiooal rap•brhucs c11tl for mterf~c.~ 
consistcncy checkins, <-!-. on the tengrh ood form ?f poramctcr hsts 
or doto bne rcferences. Top·down dcvdopmcnt ai<h are olso hclp· 
fui in lhi! rc¡ard. ' 

g) SrDpp;n1: Somc partial cfite<i• for tharou1h.ncn ~ lcstinl can and 
h•ve been 1utomoticolly monitored. Tools Ulll wh~Ch kccp • cumu· 
lati~e tolly or th< number or percent rJ: the inSituclions o~ br.•nchc¡ 
..-hich havc becn c1erdsed during the test_pr?¡r•m: and rnd<CIIe to 
the tester whar bt•nch «lnditions must be u.ttsficd m oniet to tom· 
plctcly uercise 111 the rodc ot bronchcs. Of rourse, these. ore far 
from e 1 te c-riterio for delcrminin¡ ...-hcn to •.top tutm1; \he 
r:omplelcncs• ~uestion i.s thc subjcet of the ned cuon. 

.. 
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1 



-u JD •~"" ~111 luo¡• J¡¡~n>!U•d 'ss~u>1>¡dwoo 1101 •oJ <P!• P""!J0'" pu• •P>1 
-pl ¡np<n plpp1 ~WO'I" ll! p¡n04S lM, "<lli!dW(l:) PU! SOhn~u•¡ !UIWW .. ~OJd 
~Jn!nJ 0111! Pl1.,1liU! >q li!"' "!U!~l04l UO!JI>SS• JO lMJ·l)WOU~p lWOS ;oj Ptl! 
'IU!''"'l" lpO>>!~<II JOj ~po¡no¡uod '<P!' p>>EWOlno ~wos "Ál!l!q•!l"' "'"'JO< 
lupo¡p>Jd JOJ spo41>w ¡np<n do¡o.\lp 01 "'04 pu!'<P!• PliiWOJno '""" "'""1•~•. 
;o dop~~p 0) ,.04 '(l!lÁl lJ!I ~ .... )jOS Olj)lOOU~nOJ41 ¡nq ~U!ll>l U!"ÁIUO IOU) 
l:l!1l!l pu• ~h11111 UO!lOP!IM Jno llltl,~JO 01 M04 "$10110 4ln< IU!VW poo~l 01 . 
MOl! UO <!41[111! p;pp1 1:0! 11!" ""' "iJOUl OJIMIJOS -~·W :o¡do:xl ÁljM puo "ll>\.l:,_: 
'Ul'l"' '""0'1 UO >ilp ~JOW pUl OJOW >l~]OUI puo lJliiOl 01 >nUJlU(l:) O.-. Sy. 

Slfrn!UIJ UOWWOO ~JO\JJ lljl tlj SW1JSOJd UO ~JOM 10!1 op SWOJ<lS 4>nl 'j!l>U08 
u¡ "(OLJ W04~>n1 p111 l~UlH UCI\ PUt (69( "/D Jl pilO!) JO '>041 t1q11ou 'IS!Yl 
<W>IS.(s uoll"'\1!1>' p>Jrwo¡no owos "<UC!J•>!IdWOl >41 JO >we< uo ¡no d1011 
U., UOJI!WOIOI 'Uldy "(89] OIUOWll!l< QQQl inoq1 plU!tl\10) >l•p 01 )llJJO> 
p>AoJd oq 01 W.,ioJd IS~lln¡ '4.1 "[L9[ >P<n JO <>11!1 001 "'0Jd 01 p~11nb>lll.., 
]IO.IJl lJOd~O JO 41UCW·U•w lUC ¡noqt 1•41 pl¡rW!II> <•M 11 "(l61 U[ "l,Old O¡ 
!UJWnSUOl·JW!I puo pllOl!jdW(l:) Ál>~ OJ; SWOJ30Jd \l['ll1U~U 'I•JOu>ll u¡ 

' 
·ju¡UCSUI ~AfJ=npUj .{q po¡pu04 oq UO" ;<loo¡ ll!UYUJ Ái1•!11J>IO¿ "UOIIOl\ll>>d< 

<1! pUl W•J!OJd >41 JO >lUOjiA!Obl l41 iU!I~ll<UOW•p .{q SpUl 4>!4M Á!.l\ W Uf 
<U0!1!<0d0Jd J~l 110 SUOI\!WlOJ<UfJ1 lll)SOI !U)WlOJI:d puo ·~~Sil -)OJ!d~S CIUJ 
~O)<UodX> ~~ U SuJ4lU~Jq w•J"ioJd !u¡sUJdX> 'SUOJI)S<><lOJd I~J¡Sc1 S• 'lUOW 
·li'IS UC)IOJ~U W!J~OJJ ¡onp)AlpUf !U)<SJJd<• 'UO!\fSOdOJd j!J!~Oj t SO <UO¡irJy 
·J"d¡ Wu~oJd 041 IU)SS>Jdx:¡. I>~IOAU! (~OfiOlUfll' W•l!OJJ S. O\ p>u>pJ 
.íj~UJSOlJJU!) IUJAOJd W!J30Jd ."(JJQI/OJ!/!-''-\ WD.!I~nf) IJJ~oOnJ WOJIO>J (9 

'f"' ".1 ":J ~ 

"U"OpMOj< WOJ!OJd ti! lQ 11!"' ll¡Jd >'!1 ~ 
·, 104,. JO 'WliQOid UC!Pli>p JOJll lljl liPIII41i!" 1! lll/0 ,.04 1\'1 01 ~jlt> 00111!11 • 

<1 1! ¡nq "Al!A!1>1 UO!IOSUldWOl JOJJl >41 JO ·und JCj lA!lliJII! S!Udd! lj :(9tl 1 
,.<,:.OjQ ÁJ,.OlOJ,. l)lllll)j! "p>WW<JIOJd·ÁjOI•J!d>< JO id>OUOJ • P>l'jnWJOJ, 

n4 II>PU!H 'SJCJJ> llUIJCI l0d "[)L] ~,~qp¡o!) P"' [H] JI",\\ 1q ~•P!ll~ 0411 
'o¡dwn> lOJ '~OS :sJOll~ O)ON1p1>1j )Oj UOJl!<UOdWOl puo UC!llOI:p lJl;.~IJOS JO 
>ltl 041 UJ •poW ~~~•q SO~ S~lJSOJd lWOS "SU.UjqOld OjqopjWJOJ 0)! UOJirSU>d' 
·WOl pUl U01_1l010p l.!IDq '~JOittln)JCjUf1 "l1!11"11JOS )U!J>jCI·I"10!J JOj SOW04,.; 
pu¡t¡oq Oj!UCJ101 041 <! '!4.1 "U.OJI•J>dO :¡qt!)lJ lAO[\l>• PlnOl OUO "W>41 lOJ 
,.,,uodwoo pur JnJ>O 1041" <UO[ICindwc' snoououo l"'l>P ¡snf r1no> ouo JI 
·o¡q•!l"' oq 01 •~•J•JCJJ> oq 01 """11 ¡cu Op <WOJicld .-~J~CNJONJII!>.J (t 

• ."llU>Sqt 
11041 J lA OU ¡nq SJOJJ l JO OliJO< O Jd Oljl OlOJ)IUOW>p 01 p><n "'! U!:J. ~Uj.\OJd WOJg 
-o;d,. 1<41 pon¡wpr oq 11nw 1! '(<JCOJd u¡ SJOJI> pu1 suo¡¡•oypods u¡ "ouo¡ 
~.,oqo suc!l•I!W!I e,.¡ >4J1q P"'""u! ><041 opn¡ou¡ 01 ,.<JOJJ> •• ouu>P 1<nw '"'· 
J! '(I"'IUOUOJUf1 "((t] ,.Olu><qo 1!l\ll JO~OU ¡nq SJOJJ> JO >lUO$>Jd 0'.11 OIOJIS 
-ucwop 01 posn >q Ull !upSOI •• 1<111 po~t:xiOJ U>IJO puo P!"' uo:>q ••'-< IJ 

"1(9) Wl41 U[ S0j04 0.!4 O) p>l!liSUOWlp UO>q ÁjiU>nb 
:sqnl OA04 .,SJOOld., P04<!jqnd ~UoW "lll) U! ~OIJIJWOO JO llOJJOl SI JOOld Oljl 

1041 oo¡uonn1 ou S! ''"4' ".lii•W_,¡ ·Ju¡uo¡l)unj JOJOJd s,W>I<~< o¡¡¡ 01 IJ>d<OJ 
4>!10 l>OJIOJUf JjOSIJ <j 4'"1~ UOijOlY!J>d<. 41!'1 ]UOIS!<UOJ oq 01 pHOJd oq UOl 
<W•J30Jd 'OfJr.co jO 'puy "liPU"4 01 >¡q!$$0dW! 01• ("~10 "0!1!1 "'!OU·Ol·jiU~JS 

"St:N SI! JO •:pl 4~n0J • JSn[ S•4 lUO lJ04i JO<UO! ~ WOlJ "·3 )) Slndu( >lqt 

·IljrWJOJUOU 41!"' <W!JSOJJ ·sw•·•~oJd I'!'!JIUOU l<OW JOJ "'"'""'" >lrnbopo 
'11!" OIÁiaUt 0) ~jq!S!Odll!f Ájltnli!A ~lt SJOJJO j;CpUnOl puo UO!I"'UOJI iUjA¡O.W! 

S>iG•!JO~ •• ltll,. IJ(l IUCJitlndWOJ "S>nb!U4>~1 iu¡WJd woo80Jd JO Ál!l!ln 041 
1!W!I 4l!4"' SJOI>!J U410 ~JO ll>ljl· 'SUOIIOIIWJI o!on!uo¡ pu! OliS"S>PI<~B 

"(1L) UOpUOl ~q u;,¡l unq U\l U010114>>1 UO!"'Y!J:JA(U'J~OJd 
JO .ll.\JM )UJUnU u y "SUOJIIS<<lCJd 1"-'!>0i <• I)U;>WOI'l< WrJi'oJd JO IJOI<t,ld 

•>l U•Jp 1U)~UIIr lit) UU!I!I'1j>p l!lrWOJH UO (ICqOJ JO 1111110.1 :111111n) lf4 
4"~,. "ln]l"-''•d •• 4'"' ,;~'"'""1"' ~·o"' <•~.1 ·1<>qoJ 10 """'C.:J sr 4'"' 
6i . 

"!99) wm.(s D31~S >41 pul (!19) W>I<JS AO 
·)J~~ >41 'llf'l UOtln»n OJ!OqUJ.í< JOj SWO)SÚ P>IOWO¡nr lnJJhoQd 1pl•J 0 ... .1 
"!UJAOJd 10 iU)II>I W!JIOJd ¡:¡~1!0 01 P)! u o SI :¡¡qonjlo\ :¡¡¡nb >q Ull uo¡¡nJ;¡n 
Jo¡oqw.(< ·o·, u:¡~3 "S41!d Jo JOqwnu >I!UU • n1uo¡•n! J<?UUu ouo '¡¡8no41 '¡••~ 
·U>! "l ·o;ods ¡nd¡no puo oords ¡ndu¡ ••¡oqw.ls lJ[UU r ~u¡sn 'ssou¡iJJio) 01rm 
·UOWJp 0\ p><n lq UOJ UO!ln»» J)jOqW.íS '1410d 4lOS JO JOqUJnU >i!~U 1 ~JI 
01>41 JI ."S41•d UO!IM'"> IUllOJJIP 1CJ,P>I!JOU>! OJI s:¡<•> :¡¡o;td>S "S]nd¡no 
JjjOq!U.{§ ~lnpold 0) (SlWOU ;¡qrpu "":i·o¡ SlndU) J!IOqW.IS UO ll)OJldO 'll!ljM 
omp>JOJd P~IOWO\nr ;e ¡rnu•w • ,_'uo¡on""> o¡¡oqw.ls •• <) Su¡~oJd pll• ~unso¡ 
W"'~OJd un.,.¡:¡q do¡s "''!P>WJOW! •~!ÍJ!llil uy :uoiJnJ~<~ >!Joqw.rs (!i" · 

"1~9) J>U30ft\ .íq ''0"' 
M41 JO"'~!~"' 1 u¡ pur lr9) "'4"0 puo 4~nouopooo Aq lucp ""Q "4 """ 
·llOJJCl S,WtJ~OJd O JO JOOJd 01 IUOIH)O~J <¡ iUj\f>l 4l!!(." 1>pun StlO!l!PUOl >41 
1nc ~"!IJC< ·"!,,o." l'!'!"! pool Jwos "1Uown!n¡rWJOJ Ü01"'JI!I" • n P•"r" 
·UOJ oq Ur;¡ SO<tJ 110 JO 1<'1 lA[ISne4n jnJSS,Jns O ">l•ds IOdU) 041 JO SUO)\JOd 
lllllY 10d ·wulloJd >41 lOJ UO)IOJYll"<<S I!WJOJ "41 .lq po¡~l¡pu¡ >~tdS :ndUJ 
041 JO UC!l!W;Oj§UrJ) Jj1~1< l41 !Jlnpo¡d P»pUj W!J!OJd l41 JO >lU!W10Jl~d 
J¡Wruip 041 1041 (U011Jnpu1 !U!Sn JOOJd 1" !"O) IUOWnilf ("WlOJ ~WO< Sl.\IOAUJ 
O<OJ <)4! u¡ S!>UIJ~JJOJ JO UO!I!li<UOW>P,~'IT "<nq.t·-"(><CJ I!]JldS o!! lf '""A¡ 
·IUOI.I\ 10U !Jo;>p W•JJo¡~ ~41 1041 OJn¡n l<nW lUO "X lndU! ÁU! IOJ '"JU!<) >5lU 
•\J0110J S.WPJiiOJd 041 JO UOIIOJI!UOW~p IU'JOijJn$ O )OU S) SiHI ~Oq·p•¡q .JO )~5 
OIJU\1 ! "•<U SJ41 UJ ·t¡nJu¡ o¡qrldJJJ<Un ~UJil*J IOJ >pf.\OJd Ái!•JOU>! I<OW 
1! "lldWrq m; :'lfU~Uf S! »rds 1ndu¡ l,w•lloJd 11 "48no41 "l•nuo3 UJ 

"(UO!IO)~!J>d$ '1! SO\.lOIIW 
JC)\!40q ilf 1!41) IJ~JlOJ <) W!l80Jd ~41 1!~1 ÁJ>.\!SnjJUOJ ... 04< ~!l 4J)4ol\ 
i>,.ds 1ndu1 l41 Uj IU¡od 4ll> JOJ >U~) SISJI .. ~aq p•¡q,, JO 1>~! )lnJI!UOl UOJ 
•uo uo41 "(JHq r¡op !,WrJ!OJd >41 u¡ son¡•~ =¡q¡siod n• os¡• 1nq '11nduo lu! 
·UJCJU! o¡q¡nod ti~ .(JUO ¡o u sopnpu¡ "'di 1ndu¡ 041 ""4 ~) >1!11\1 ''" :Í><d< ¡nd 
•lnU pu• >l~¡ndUf S.WOJ~OJd O J( :lfUI.OOJd WDl~OJd p110 ,ÚUJpojp" l<J_l (t 

l.b!) .-



' 

' 
uci•in, '"oll d•ur c\emenrs"' in some •rr<crriarc "~)·. S;in~ic t\«un~n 
car•bilitics will prc\u~l)· moke lhoir "'Y in10 ouiOmllcd aids for 1es1 cas~ ,en· 
erarian, mcmhorinJ, 1nd perhaps re1es1in1. 

Conrinuin¡ \OOik inlo thc lhcOI)" of •orrwarc lestin¡ •hould pro,·idt snme 
refin"cd conccpts of ltsl validiry. reliability; and comrletenen. plus 1 ~eller 

. t~eorerical bose for suppOflinl hy~rid te<llp<oof mcthod¡ of \tlif¡ing pr~¡:"ms. 
Pr~¡11m provin"g techniques ond.oids.10il\ bccOme more po,.erful in t~e ,;,. 
and unge of prc¡rams they hondle, and hopefull)" nsict ro use and harder 10 
miousc. llut mony of lhcir bnic l1mira1ions ,.·ill rcmain. pafli<uiJ<I)· thosc in· 
•·olvin¡ real varioblcs and nonfotmoliuble inpua. ··-. ·-- -~ .... . ···-······--·-. 

-
® 

For eithcr updJIC or rel"'ir, thrcc m•in funtlinn> a1< involvcd In :r.oftwll< 
· mainlonJnte [19]. 

Und;,,dndmt 1hr f.<¡"!fmt JU/I•dtr." This implic• 1he nied fcr 100<1 
docum•nrorion. lood trate•bil"lly bct,.een rcquiremcnts and rode. 
and well·mucrured and wcll·folmaned code . 

.\f~.l¡/)•inz lhr ••"l'"t •~P...,rr: This implics the necd for ¡oftwore. 
hard"''"· and d>l> srruclures·whith ore col}" lo e•p•nd and wllith 
minimire side elfecrs of chan¡es, plus enr·to·update documcna· . 
tion. 
Rro·G!•dminr tM nrod¡/ítd •op...,,._. This implies lhe nced for sotJ.wore 
mucruros which facililll< seletlive releSI, and aids for m•~in1 re\esr 
mo1c lhorou¡h and el!icient. · 

Follo,.ing 1 shor1 discussion of curren\ procticc In software ll1&Ínren.oncc, 
lhe•e lh!ec funcrions \Oill ~ uscd bclcw u 1 fumcwork for distussln& current 
fronlier l«hnology in soflware m>inltnancc. 

B. C"rrtm prawrt 

Unfoflunatcly, most of lhcsc helpful "pabilili'! ~>ill be a.oilable onl¡ ro 
t><Ople workin& in hi¡her ordcr l¿n¡ua¡es. Much of thc prc¡ress in test 1e<h· 
nolozy will be unavoilablc ro the innusin¡ number of pcople """ find them· 
selvet spcndinB more ond more time tesrin¡ uscmbly l•n¡ua¡e sofiU!t ~rit· 
ten for minirompurcrs ond microcompuren "ilh poor lcsr suppo:l carabi!ilitl. 
Powuful ~;~oss-compiler rapabilities en large host ma<hine• and mi"oprc· 
111mmed dia¡nostic cmulolion copabilities 1771 should .providc 1hese pcople 
•eme relief afrer 1 while. bur 1 ¡rell dcal of aoftwarc te¡tin¡ ,..ill re¡rcn ~ack ro 
earlicr ¡enerolicn "dork a¡es." 

Vlt. Sofl""'' malnt<nonrr 

As indicoled in Fi¡. 6, probably &boul 70 pc:rconl ol lhe onroll cmt al 
sof1,..,., is •~><ni in software m~inlenance. A ,,ccnl Pli><r by ElshofT IBO] indi· 

. ""<1 lh•l rhc· fi¡urc fo< Gcncrol Mocors is oboul 1S pcrcenr, and rhal GM ;. 

. f;irlyrypicol of l>rgc busincn soflw;re ac<iYi<iu. Da!y !SI indica«s lhol oboul 
'60 p<rcem cf GTE"s IO·ye3r life cycle cost• for <UI•Iime sn!twlfe ore dcvo1cd 

1 10 mainlenance. On IWO Air Foroe rommand and coouollllftware •rstcm•, thc 
Sofn•ire maintenancc is ln utrcmely imponant bul hi¡h!y ncrlcCJed ••· maintcnonce po:lions of thc lO.ycn life cyclc cosli wuc about 67 and 72 pc:r· 

rivitr .. h• impcrtonce is dcar from F""r¡. 1:. abcut 40 rcrccnt of 1hc o<ellll¡ <en!. Ofrcn, moinrenance is not done very cl!icicnUy. On one aircraft romput• 
h>rd,.·are·scft"'IIC dollu is 1oin1 into I-OftWIIC maintenancc rodar. and rhis · cr, sof1w11c dcvelopmenl cosrs were rou¡ltly $1S/instruc<ion, whllc maintc• 
numbCJ is liktlyro JIOW ro abour 60 rcfctnl by 1985. h .. m conlinuc lo ¡ro,.· nance com r•n 11 high 11 $4000/inmuction [Bll 
fnr 1 len& timo, u we continue ro odd lo our invcnlory· of code vio de,·etop· 

: mcnr or 1 r .. rer rile rhon "'" makc cede ob~-C~Iete. 

· Thc fismes obovc 11e cnly vcryappro•imatc, because our onlr dora so f11 
•re b.,<d en hi&hl~ opp!Olimatc dolinilions. 11 is hard to come up "ilh •n \ 
uncxceptional der>nilion of •oh,. ore m•inrenoncc. He1e, ""e denne il u ""lhC 1 
p<OC<'I of modifyin& cais1in1 opcrotional sofrwuc while leovin¡ iit prima•Y ¡ 
functions inuct." h is useful 10 divide sofr,.are m•int<nancc in•o 1100 c>~e· . 
tnde•: •oflwl!e !Jpd~lt. which •••ul!! in 1 changed funttional s~ecific.rion for ¡ 
the sof1waro, ond scfl,..llt upa;r. which lea~u \he functional srecificarion in· 
l•cr. A &ood discus!ion of sof1wue repair is ,;ven in !he ¡>~per by s~ anson j 
[7!1, "'""divides Ir inro rhe subc~le&ories of correcrivc mainlcnoncc (of p1o-' 
ces¡inr. ptrfOTmuce, or implemcnlalion failurtd, adaptive mainrcn•nce {ro 
dun¡es in lhe proccssin1 or d111 environmentl, and pcrfective maintenan<e ·. 
(for enb•ncln& perfcrmincc O( malnllin&hili.i.U. · · 
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Doopirc ir~ sizc. sofr"'""' mainrcn .• n("C i1 11 hithl¡ nc~IC(ICJ a(lj,·ir¡. In 

'cncral. less-qu1lified pusonncl are oni¡;n'd ro m~inrcn•ncc 1>1~1- Thorc ~re 
r .... tood gcner~l principies and fcw sruJics of (he prorcss. mosr of rhem inrnn· 
clusi~e. 

Funher, dora proc:.,sin¡ Pr~crircs are usual]¡ oprimizcd •round orhcr cri
r.ria rhan mainrenor·c cffidcnq. Oplimizing around dHclorment cosr and 
schedule cri1cria ,cncrally leads 10 compromi1cs in documcnla1ion. ••s•ing. and 
s1rue1uring. Dprimizing oround hiidwarc cfficicnc¡· cril<ria ~cncrall)" lcad, ro 

· u1c of :;mcmbly languogc ond skimpin¡ on hard~<arc. borh of ~<"hi,·h corrcl.rc 
- mOn¡ly wilh incrc•sed sofrworc. !'l~.!~!'~'-'· f_gi\S J 1 ). 

.. 
' 

' 

1 
' 

1) u,d~mond.~g 1/.r r;.:;u;ng •oJr~-art: Aid1 hcrc h»c lorrd¡- bccn dis-
cusscd i~ prcvious 1ecriono: 1\ruclurcd pro&l3mmin&. au1om.ric fnrmalling. and 
codc audirors for srandards compliwcc checking lo cnhontc ende rcadabiliry: 
machinc·rc>dJbk rcquircmenu ond dcsign lon¡u•ses wi(h rraoeabilir¡· •up¡mrl 
ro and from lhc code. Sevcr~l sr.rcm• cxi.r for aurom~ricJIIy updarin¡ docu-
mcnralion by e>cerplin¡ informarion from (he rcvisod codc and commcnl cards. . . 

2) .lfrxlif:¡·inr rll~ uillin: soji...-ou: Som< of P.rn••~ m!>dularil'lion ~uidc· 
linos [l2) and (he dm abmacrions of lhe CLU )~8) and AL!'H.~RU 1411 
lan,ua~c 1 müc ir •••icr ro minimize tbe si de dTccrs of ch•n¡cs. Th~rc ma¡· be 
a mainronancc price, howevcr. In thc pasl. sorne s¡·s1ems wilh hi~hly coupled 
programs and os~e><"iate<1 dala srrucrures ha ve had difficulric• wirh dala b>Se up
daring. This may nol be 1 problem "'ith today'• dar. dicrionary c-..pabihties. but 
lhe"inreracrions havc nor yer been investi¡ar<d. Olhcr aids lo modifio.rion arc 
srrucrured codc, confi¡urarion mana&cmenl rcchniques. programmin¡ supporJ · 
hbruie<, and proc:css consaucrion •r.rcms. 

l) Rr,-alidaring rhr mod¡fi~d loft~·au: Aids here were d.scusscd corlicr · 
under rnring; thcy include primorily rc.r dar¡. man~gemem syllems. comp•n· 
ror programs. and pro¡ram •rrucrure anolyzcrs with sorne limilcd carabill() for 
••lccri>·c rc(cll anolysis. 

4) Gr11r~ol oidr: Dn-lir.e intcr•crivc s¡·.rcms hclp 10 remove.onc of lhc 
moin boulcneoks invol~cd in soflwarc m•inrcn>ncc: lhc long rUrnaround (Ím., 
fcr tei<Sting. ln oddirion, many of lhesc sysrem• arc pmvi<ling helpful C3pab,Ji· 
tics for te>~ edllin¡ ar.d soflwarc module man•¡emcnr. Thoy ~·di be di.cuS>cd 
in moro dct>il undcr "Managcmen\ and lnrc¡;raled Apprwohcs" below. !n 
tencr>l, 1 good dcal more wor~ has betn done on thc mainl>inabiliry a~pe<:(s of 
da10 b•«• and dall strucrures rilan for pro~<am srrucrures: a good survey of 
dlla b"e rcehnolo¡y is ¡ivcn in 1 recen! 1¡>ecial issuc of ACM Compurm: s,,. 
"wy¡ !821. 

<V 
The increol",:d con<:ern ~ith lifc tydc <!)>.(\, p.u:li.>ularlr ~i!.hin lile tJ S 

DoD I!J). ,.¡ll fao;us 1 100~ deal more •rrention on soflwarc m.oin~. 
.\!ore dJIJ collc<;tion and •n•l)sis on thc 1ro~lh dynamic1 of sofr""" s¡-slcms. 
su,·h •s rhe Bel.>d¡··Lchm•n .rudies of OS/l61) li~) ... -;u bt¡in ro point our lh< 
hi~h-ln<rJ~< arcas for in.provcmcnl. hplicil mc.:h•ni<ms fOl conf1ontin~ 
nlJÍnl•inJbility issucs carly in rhe de>elopmcnl C)Cic. such u rhc rcquirc· 
mcnts-propOnics mmi• [18) and rhc dcsi¡n impccrion [~) "ill be rclin~J •nd 
uscd more e•(<nsivcly. In facr. "'" may evolvc 1 more ¡cncral con.-cpl of 
sofl.,are quolil)" ""unnce (currcntly (ao;uucd l•r¡ely on ICii•bility conccrns), 
in•olving su.:h o.:ti•itiu os indep.:ndcnr rcviews of •oflwarc requircmenr. ond 
de<ign specili,,.tions by up<rll in >o(l\\arc mainloinabilily. Such acrivilics -..ill 
be enhannd considerably wirh rhe ad-.on1 of mor< pc-..crful c~pobiliric> for 
•n•l)·zing machinc·rcadoble rcquiremcnrs •nd dc1ign spccilicarians. Flnally, •d· 
vonoes in outomatic pro~ramming !14. lS) 1hould reduce oc cUmin•rc Klmc 
mainten•ncc ac-ri•ity, 11 leaSI in sorne probtcm t1omain.. 

\"111. Sah~are niOn:t~rmcnr•nd lnll'(nUd appro~ciLu 

A. Currerrr prarrirt 

Therc ore mmc opporlunirics for improving 1oflworc produclivity anJ 
qualiry in (he orea of managcmcnrltrJn any .. herc <lsc:·Thc diffucnce bcr-..ccn 
sof!-..arc prcjccl succe1s., and failurcs has mo11 ofrcn becn rracod 10 iood or 
poor procticcs in sof(•.-arc man>gemcnl. Thc bi¡¡¡cst soft-..uc m•n•¡cmcnr 
prcbkm• h•~· s<n<rally becn lh< follo .. in¡. 

Poor Pla"";ng: Gencrally, lhi• lcads to lar¡¡c amoun\1 of wuled 
cfforl ond idlc rime bc<:•u•c of usls br:in~ unncccS<Uily perfa<mcd, 
o'erdon<. poorly s~nchronizcd, or poody inrcrfaced. 

Poor Conuol.· Evcn a good pl'an is u.selcu whcn il is nar ktpl up-lo-
dllc and uscd 10 managc 1h< projcct. 

Poor Rt<ooarr Ewmor;on: Wirhout 1 firm idu or how much lime 
·. and cffon • 11\k •hould 1üc, thc m•no¡ir is in a peor po¡ition 10 

cxcrcise conlrol. 

Unwii<Jbl< .lfonog<m<nr Prrsonnrl: As 1 very gcncnl SIIICmcnl, 
•oft11orc penonncl lcnd ro respond 10 piobtcm SÍ(uarions a¡ 
dcsigncrs rarhcr <han u m•n•¡crs .. 

Poor Accounrob,/ay Srru<rurr: PrJj<CIS are g:ncralty organizcd and 
run with vcry diffu•e dclinc:ttion of responsibiti1ics, rhus euccrb.ir· 
ing allthc abo•·c problems .. 



r 
\ 

@ 
/najlf"O{'ria!f S~rrtu Cml"ria; Minin1izing de•clvprncnl <O'lll 1nd 
schedule'! will ¡cncrally ¡ield 1 htrd·tG-rn•inL•in product. EmphJsiz· 
In¡ "ptr«nl codcd" lend~ 10 cel ~ople cllllin¡ earl¡· znd 10 ne&lecl 
1uch key tctlvilieJ u rcquircmenll 1nd dc1i1n ulidor\on. test plon• 
nin¡, ond draft user docurnen111ion. 

/'rorroJMiliiiOn on Key· Ar~.o·,)~z; This i• csrcciollr preo·alenL ~hen 
rciMor«d by inappropriotc succell crioeria u •bovc. 

' 

.@ 
Unfnn~nJtcly, tfl( mJIIJ~<nl~OH<<hnolot¡· de....,.plins 1011r~s the oll1cr 1 
,,,0 In 1hc dcsisn arcJ, for c,>mplc, 1\tOSI ucalmcnls ol" tOp·dD"'n 

~")· · · • d d ot r or ¡of¡,.JIC dCI1tl\ IIC pi'CiCIIlCd U l<>gi<>l ucr,"lstS 10 Cl'(/1 .coL. _u~ 
occnom.o conlidcrations. ~Ion outom•tcd aidl ID iOrt .. uc dcl'lll prov1dc hnlc 
suppon ror such monuemcnl nccds u <onfisurJtion manJ~incnt, t•~·b~ay 

1 10 codc or rcquiicmonu. and tCIOUICC utim•tion and ronnal Cko.r!y, !hc~c 
noeJ> te be a dosu,coupiÍnl bct.,.ccn tcchnoiOfJ and man>JCIMnl lh.lll ~ 
Sorne curren• crfous te providc intc¡r.ocd man•scmcnl·Lo:dlnolon •wroa 
~re preoentcd nc>~. 

· • · '· JI Jn~rrra1rd approcohni Severa! m•jor intcgr•tcd sy.rcms for sohWJ.IC 
, 1) Mana:r--~1 ¡;,;¡¡¡,;.t,_; 'Thc,.·it-no-¡¡;,I('Of -~<eful m>~cri•l lo ~uidc doHIOpnunt ore currenlly in operalion or under d~vdcpmenL In l<n<r•l, 

oofl,.·ore mon>!emenl. In I<O<r>], il llkes 1 boo~·kO!Ih ¡re~1men1 10 od<· Lheor CbJ<Ch>el ore sim1J:Ír: 10 ochie•e o si1nili~:~nt boas\ i~ oofl,..arc dn~ 
quoody cover ¡he iuue1. A numbe1 of booko en Lhe subjec¡ ue """' u·ailabl< menl dficiency and qu1ti1y Lhrou¡h Lh< srn<'l"m of 1 un1lled IPI'f""Ch. ,El 
[U-'95], bul for vorious reuon• lhey ha-e nol snon&lr influenced •of'"''" amples ;re lhe ulility of havinl 1 compkmenluy devd!J?m<nl .•ppro .. h ( Cp- · 
man•t<m<nl P"<tire. Sorne ol lhe booh (e c .• Brooks (S~! ond th< eollc<Lion• do .. n, hierorchic11) ond 10 ¡ of progromming 1Londuds (h,er.rchr~l. slructu~~: 
by 1/or.;...il• (!6]. Wdnwurm (87[, ond Bu <Ion, N•ur, ond RJodell IUil ••• coJd• thc •bil'lty 10 p<rform 1 sofl"""" uJ)<l>L< and allh< sorne lime P«for 
colluticill of ver y cood odvice, ideoo, •nd <>pericnres. but orO frogmenurr and '" of.lirncly. consi!lenl proi<<l "''"' uP<l•oe1 (ncw version nurn~er ot m~:· 
l>ekin1 in 1 coo•i"cnL, inL<Ito!ed hrc cyc:c 1pproo<h. Sorne of 1hc books fc.g., dOiule o1 10r1,.,.0 problem repon, upd>Ltd_ sUIUS !epi; or ~'':"plr t1t •• 
M cu¡er U91. Sho., ond Alkin• 1901, Hice ti ~l. (91 l. R ldge ond Job nson (921, pro,·emcnt in softwue sys1em inle¡ralion ach•evcd when atl po.fiLC1paO!S an lrl• , 
1nd Gilder~lnve (9J!l ore lood on check lisiS ond procedures ~ut (c>e<PI •o· inl thc nme dcvclopmenleancepl, ¡round rules, and support IO(¡,.-.,e. ' 
sorne <llenr 1he 1111er two) ore li&hr on Lhe human Uf'CCII of rn•~•ccmenl, 
ouch u Sloffin¡, rnoli\'alion, 10d connic¡ re•olurion. Weinb<t¡ [941 provides i · The m011 farnilior .of the·inlegriiLe<l approoches 1s lhc IDM "iop-down · 
Lhe m011 hdp on Che hurn1n JSpeCis, llene wiLh DrOols I~S! and Atoo (9S), :m~ctured pro¡rarnminl wilh ehicf programm<r Le>ms" conceP.1• A 1ood '"0!1 

b.u1 in turn, 1hesc lhru books ore li¡hl on checklim ond proceduru. {A de.criplion of ¡he concept"ls ¡iven.by B.ahr [~91: on nlenso~ uurm~nl os. 
second volume by Aron il inlendcd to cover sofl,..ore JIOup and ¡~rfljert co~- ovailable in 1 !S·volume series~ reports done bt IB~I ro_r che U..S. A.'mt ond 
sidcto)ions.)" Non e ~ !he books hove on odcquate ltUirnenL o( sorne ilems. 

1 
Air Force (99). HC !Op-down slluctured oppr":"cll. ~~ dm:ulltd ~orUer. Th_c 

lart<IJ bec•usc !hey ore 10 POOf[Y unders1ood: chief trnona Lhesc ioems are Ch"ef Prograrnmcr Te•rn centeu around •n ondovtduol (thc Cb¡cf} who lll 

soflw~re costond ruource e!limalion,ond ,or'""" moinlen1nce. ros~mible for desi¡ning. codin1, ond inlc¡,.tin& che lop-tevel conuo! s~ructurc. 
11 '"<11 n 1he kcy componenrs ol the tum'l .~uct; fot .m.a.n•s•nl ,""~" 

In Lhe lf<l of sorowore co:ll 011irnnion, thc p1per by Wolvcnon !96] rnotivating !he l<lm ptrsonnel and person1!1y tcadonc ond rt\'JCII"LIII_•!I be 
•~mains rtie most unful source of help. 11 is mon¡ly bued on !he number of cod<; ond.a!so for perfcrmin& ¡ndiLicnol rn1nocemenr and ru•rc_mer 1n1<rfoce. 
objeet inmu<~ions (modi!itd by comrluiry, lype ot ll'f'lic~tiorr. 1nd noHILr)" funcLions. The Chief·ls usiSied by 0 Dockup p.r<>gtommer wh~ Ll prepa.'e~ 11 . 
Lhe dclcrminaol of son .. are cost Thi• i11 knQ\O·n ~••k !poi. but nol ene for L"b · h 11 di , ¡ob submo.,oon 
,.hich 10 acceptablc impro~ernenl hn surf•ced. One pouible linc of lrnPro•·e- • on¡·Lime ·¡o ll~e lh< Chiers Pll«, 1 1 ,.,,.n ~ 0 on • . . ""':, 

·· eonfi,uration centro], ond ptOJ<" status accoununz. and 1ddo11onal, ~00 rncnt rni¡ht be alcnc lhe "software ph~síe1" lin<' beinl inv<Siigoled by Hal-
"~•d !971 and olhen; sorne inLeteSLinl initill rnull$ hove be<n Oblaincd here. · mcrs ond Jpecio!i"l 11 nctded. 
but lheir u1ití11 for prntlca1 C0$1 utimotion rcmains LO be demonsua¡ed. A In l<ncral th~ overol! cuembl~ -0-r ;.chniqun ~~ be~ quile s~c.,ful, 
100<1 revlew ~ Lhe ...Oware "''" C!limooion orca is con11ined in [91). · ·• b 1 the Chief P;o¡ramrn"' concepl hu h•d mioed re• u liS [991. lt ls doii'"LC'Ull lo 

l) MonQ¡tmu<-r.-rhm>lot:J Jrcouplmr: Anolher" dilfocully of lhe obo.-e · fi~d ind'tvidu1Js w\th enoush ener1r and ule_nl 10 pcrfcrm •.11 lhc o"ovc fun•· 
booksl• lhe de&ree Lo wh"o'h Lhey ore deeoupled from 1oftware Lechnolon. Eo- tions. tfyou lind one, 1ht proJcCL_'"ill ~o quo.lt ;-~U; othe~wo.u. 1011 hav! con· 
ccpl for !he HorowiJl and A ron boob. lher ur reloLivelY liUJe aboul lhc u1e of cenllllcd mos1 of 1he project risk •n 1 sm&Je rndmdua!, ~~h 0111 • loocl 11. o( 
1uch ad .. anccd·)echnolou oids u formol, machine·rc.odable nquiremenll, top- llndin¡ out whcthu Of nol he is in croub!e. Th< Ubnrun •nd PtO(I'Jmmon¡ 
down d<•isn 1pproochu, !ltuctUred • prosrornrnin¡, and oUIOI'TlOI<d tids le· Suppon Library concepl ha. e ¡cnera!ly IJ.icn qui~c uscful, 1~ &h . üte. lho J 
~.ttU}II,&.. conccpt h>l been orientcd tow•r~ l bat:h-proc:sllOI. de~clop 111 C.JL~U"OnmcnL, 



A mor. manogemcnl·inlensi~c inl.cgrolcd ~PJ''CI.:!<h ;1 thc TRII'·•of•"•'< 
~nc!opment methodo!Ofy·u~mplllictl·m·thi"r•p<t b¡· \\"illi•m• I>OJ orid •he 
"~ _wh Sof¡"·"e De ~clopmen 1 a nd . C onfi EUralion ~ hnotomcn 1 ~!;nual 11 001. 

1c h'> bcen used as the b"'' for .S<Hnl recrm go,·crnmen1 in-ho~•• 
sor'"''" monuots. Thi• opproach fca1ures • coordinated 50¡ nf high·l<~el and 
dciatled managenlenl objcc""'· "'ocio red automotcd ~ids _ 51 ,ndords <<'n>oli 
once rhed.ers, I.SI thorou~hnen chccl.ers, pro.:css ronmuclion aid<. rerorlin; 
SJSiems for rost. schedule. <ore •nd lime budEel<. rroblem iMnlincalion and 
rlo'"": ele. - and unined docum~ntotion aod managemcnl dnircs such "' 
<he Unn De•·clop"_lent Folder. Poninns of rh, approach orc stilllar&el¡· manu· 
ol, ollhough addHtonal auroma~ion is undeN"IY, e.g., via lhe RequiremCniS 
SiaiCment language 113]. · 

Thc _SDC Soflwore Factory !lO! J. is a highly ambitious alltmPt 10 aulo
m.ato •nd lni<Gr.te soflware do•·clopmenl technology. ]¡ comists oran Ínlerfoce 
<on1~ol componen!. the Foctory Accen and Control E•e<uih·e {FACE) ,.¡,;,¡, 
prOI'I.d<s. u~ers orcen lo Yarious lools and d•U bases: a Projcct planni'nr and 
n:onnormg <¡·Siem, 1 sort~ue de.elopmenl dala base and module monagem<nt 
~)Siem. 1 lop-down dcvolopment supporl <)">~cm. 1 oet of test lools etc As 
•~e sy51om is Slill undertoin& de~elopn>enl and ~rcJ;min>ry enluO!ion" ¡,: too 
corly to tdl whot dogre e or surress ¡¡ ".¡¡¡ hl~e. · " 

Anolher foctory.rype opproach is 1he Srslem Design laboralor¡· (SDL) 
under deYelopment. 11 _the Novo! Eleruonies Laboralory Center /101). Jt 
currenlly <Om•sts Pnmonly of • fromework ""ithin whkh • wide rzn¡c of ads to 
so~1ware d"""!opmenl can be incorppralod. Tho inilial inSiallmenl 00010 ¡

0
; tnl 

<_dnors. comp.•l~rs, .. semblers, and microprogrommed emuta1ors. Laler addi· 
llons ore env¡~1oned to include desi¡n, developmenl, and test aids. and su<h 
manatcmenl 01d1 u progreu t<POrtin¡. ro51 reporting and uscr profile anal¡·si 5. 

S,DL il_<elf is only 1 l"tl of o more ombitious inlegroled •rrro:~ch. 
ARPA • Nouonol Soflwore Works (NSW) /101]. The inilial obj,otive he h" 
heen_to de~elop 1 "Works Manager" ""hich willallow o software develop;; ata 
lermin•lto. arcess 1 wide vuieiY of 1of1ware devclopmenttools on vuious com· 

: r.uters '""!•bl~ over lhc ARPANET. Thus, a developer misht log into rhe 
. 1"\SW, ob1a10. h•s '""""codo from one computer.tul·edt¡ it 0¡, •nother. and 
: peth•ps ronllnue ID .h.m.d lhc ~ "' •ddi'"'n!f Qnnpulcu for 1est ins¡ru· 

In lhe areo of manogemenr l<chniques, we ue proh•bly enlerin¡o conscl· 
. id•tion period, p.ollicubrly as 1hc U.S. DoD prC<".cds"to impkment 1he up. 

grades in irs stondJrds and P"''"dure• o•llcd for in the recen! DoD DirectiY< 
5000.)9 11041. The resullins go•·<rnme~t·industry etrom should produce o $el 

of sof<wue m•n•~ement guide!incs "hich ore more consi•tenl •nd up.¡o-dale 
wi<h <od•y's lcchnology thon the one• curren•ly in u .e. ti;, ltkely thoc thn ~ill 
•lsc be more comprehensibl< >nd re,. encumbered "ith DoD jarson; this ,.¡11 
moke thcm more usdul !o lhe soft,.ore field in genero!. 

Efforts to develop integraled, semioutomoled ,ystem• fcr soflware 
dnelopm<rll ,.¡rr con1inue at o heolthY clip. Ther "ill run into 1 number of 
ch;~llengos "-hich will prohobly rokc a few ycor5 lo work out. Sorne ue techni· 
cal. suoh >S lho bck of 1 good.lechnologi<•l b"'e fcr dato muclutin¡¡ 1ids. tnd 
the formidohle problem of integrotiny complc• soflwarc support 1ools. Sorne 
are econontic and man•serial, such as thc problems of pricin¡ 1cr~iccs. provid· 
iog tOOI"~<arf3n!Íes, and conlrclling thc evolution cf rhe syslcm. Othetl are en· 
vironmen~al. such as the proliferation of minicomputers •nd micro.:omputef1. 
which will strain •he copobilily of •ny support system to keep up·IO·dJte. 

E ven if !he YarJous inlesrated sys1ems do notorhieve all their l""h. lhere 
will be • number of mojor benefiiS from thc etrort. One is of course that 1 
largcr number or support 1001< will O.com~ avoilabl< toa br¡er nUmOer bf peo-. 
plo (onother m.jor rhannd of tools will still continue to upand, lhou1h: !he 
independent sof'""'" produol5 marhtploce). Mor< impon•ntly, those 1ystoms 
which achie•e • de¡ree ofconceptual integration (not juno frcc.form tool bo•l 
wirr elimina10 a ¡ren deal of lhe semantic Confusion which turrcnUy slo"s 
down our group elforts 1hroughou1 the softw"e life oycle. Where we hHc 
learned how lo l.:llk to each other about our soft.,..,c problem•, we tend 10 do 
preuy ,.ell. · 

IX. Conrlusions 

let us now '""" 1he current state of 1t.~ an of loob and l<<hniques 
"'hich are l>cinl used to sol•• lOft,. are development problems. in terms rJ our 
origin•l Mfinilion of <ofture engin.ering' !he practic•lapplicalion of Úit~r¡f¡r 
knoM·Itdg:r in the design ond ronsl!uotion of soflwore. Table !l pre•enu o su m· 
mar~ usenmeot of the extent to which current software en¡;ineerina tech· · 
niques ore based on •olid soien<i~c prinoiples (versus emplrical hcuristics). The 
summary auessmcnl covers four dimensions: 1he e•tent 10 which ui<tin¡ 
sdenti~c principies apply across the en tire software life qde, o«on th& ~nlirc 
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compulC< scocn<e "' . h h more lroctoble A<<> L >ub¡ccu 0 &u 
lcrll< in Are" 1, n comparcd ~~:- 1 e u~e most urloulion• into lhe rcl~
mJ<J thcot¡·. p.&r~in&. c_ompu~o .~~{~,:;·~~ Are> 2 resc.,ch p1o_bl<m' 'on 11'1< re· 

·ci.ely unl:.no .. n, L~c ros~• 0, d m•intcn•nce or apploc>Hon>_soflwore .,, 
nulremcnts ;nJll'"'· de.,gn, 1'~ 1 on . , , 0 0,,0 1T 10 prJ<IO<:al sol"l,.are 
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INTRODIICT!ON 

'The neu' onicl<. ·by Ros; and Srhoman, ;, ene of Lh_ree paper¡ 
chcscn fcr inrlusicn in this book lhal dool with 1he 5Ubj_~c1 of JI<Ut• 
lutod anJI)sis:· With·iu componion·popers- by T«chroe": 1nd
HuJMI ]P4 P<:r 2ll and by Dólarco IPopc:r 24]- lh< po~r &IYCS 1 

eood ideo of !he directio": th•L. Lhe software fi!ld ptolwblr ,.,11 be fcl· 
lo-..·inil for. ¡he ne xl snerol yco!l. 

The poper addtesoe• the problems of llldilional syttems 
•n'ol.sis, ond 1 n~body whC h•l sP,nt any 1i~e U • sys!ents on•lysl 
in ; lor~< EDP orsoni<átion immodiotely ...-111 undentand !he prob-
1<;,, and .. eokn<H<J of "requiremenl! definition" tha! Ros• •_nd 
Schom•n relote'- cleody nDI !he •on of problem• upcn "'h•~h 
•<•demicions Jike Dijkwa. Winh. KnYlh, and most otMr ou1hor~ •n 
lhis book h•ve focu•ed! Te wess 1M imponance <:1 prO!>('I t<<¡Uire• 
moniS deftnition, Ross and Schomon sto_t• tilo! "cven Lh< bes1 suuc· 
!Yred p1og1omminJ cede wm not_ help J( th< Pl<I:IJOmmer hos. bcen 
!Oid 10 solve !he wrcnl ptoblem, or. worse yet, has been ¡tven • 
corre<l desCfiptic~. but hu nol undetstood_ll." 

In thoir p1 per lbt ou!hors 'sum;;,.,¡~e the PIOblcms onoci•ted 
witll con•·ention•l ~ystems anolysis. and dés~ribe \he .sleps !hU 1 . . 
"&ood" 1 nolysis 1pp1o1eh should include. T~e! advlle 11111 the . · 
•n•IYII seplrote his to1iral, or funmonol, _descnp!lo~ ~r !he syslem. . 
from the physico/form !hal il eventu•lly w1ll 11~e~ 1h11" d11fkuh ~or 
m•nY anol)'lll 10 do, since the~ assu~e, 1 pno11, !haL !he ph)'l~t•l 
¡m pie m• n1~1ion of 1he srstem w•ll ccnSist of • romp~1cr • 

• •• 
Ross ond Schom1n 11só emphni1e the need l~ ~""'""" 1 ccn· 

5ens~l ~mong t¡·pically disp•r•te p:~rties: lhe user ha,son pennnnel 
,.he imuf;ce ...-ith the de•elo¡oers. 1he "prolen¡onal" s_yuems 
anol)'>t, and monl&emenL. Sincc all cf these people hove_ d11feren: 

' 

' • 

interests ~nd ditferenl viewpoin!s, il beromes •ll lhe more tmporton r 
'"" Lhey hne 1 common rrame el referente - • ~mmon ""'' o . 
mo~lon¡ ¡he 5y1!em-to-be. For Lhis need, Rou and Schcman pro- 1 
pa« their iOiution: o p1oprietaty p.~ek•&e. known u S_A.DT, _lb•t ,...--:-7' 
wu developed b1tlle ccnsult!n& firmo( ~oiTech for wh1ch !he ou·: . 
1hOIJ" k,"-. __ .. 



• 

• 



.. 

T S "T . - \l!?)_ he A u •rrr~·-n ~Lollln • 10~-down, P!IIB<med. ~r•rh" 
mod<! of t S) SI< m. The mOdel is•p1csen1ed in • ~~~icol, or absu>>l. 
fashion 1hat •llows for ovenlual implcmen"tion "'a manuol •J•I<m. 
• comru•er 5J"Siem, or • mi>ture of l>cth. This emph>m on ;r.phic 
models ofa 5)'Siem is dislincll¡ dorl"eren1 from lhai ~>flho Tei;;hrou 
and Hcrshcr raror. 11 is dislincllr similu lo lhc •rrrooch <UH<SI<d 
by De.\lorco in ''Suur~ured An•l¡ois and S¡s1em Srocific3li<>n:· !he 
final papor in this collcclion. The rrimar¡· o,rr,,.e.cc ~<l~«n 
De.~larco and RosstSehoman" tha¡ De~l>rro and his ri'IIT<"~"" •• 
YOUR[JJ,'I inc. rr~fer cirrlcs, or "bubbles." ~h<~cu lhe S~ITHh 
&IDup prde" '-~·~-g~:•; ___ .. -------" ...•. 

Ro" •nd Schoman poinl out 1ha1 their ~rophif me>Jolin~ •r· 
prooch can b• ri~d in "ith 'n "•~lomatod dorumenmion" appro>eh 

1 of \he son do>cribod by Toichroew and llcfOh<}'. lnd,.d, 1h1> ap· 

1 
prooch g"du•lly i• be;innin¡ lo be adoptod br 1"!< EDP orpnili· 
lion¡: bur for insroll>tion• 1ha1 <an't afford lhc o\rrhood of a compu· . ¡ terind, automaoed s¡ "cms anal)lis packJse, Ro,. •n~ Schoman 

, ne~lect one imporl>nt upe<l or s¡-stem• mlldelinl- Th.r is rhe ''dlll 
1 dicLionary,'' in "hi<h al/ of thc dala cloments pcn•ncnt lo rho M~ 
1 sntem are de~ned in rht >cmt log•<al¡op.dokn foshron a> 1lrt "" oj 
_1 lh' modr/. There also ¡, 1 nood 10 formalue mini-Spetl~calio~s. or 
1 "mini-srocs" •• Do~J.rco calls lhcm; th•t Í5, lhe "bu>Ínc" pollo¡'" 

.,,O>C"ialod "ith.uch bouom-le•el functional proce" or rho '"'"m 
musi b: described in 1 m•nnci far more rigorou• th•n currc~tly ;, 
h:!ing done. 

1 

i 
¡ 

· A""'""' or lhe Ross/Schoman r•por is its lack or dctail 
1Mu1 problcm solutions: Mole thon half lhe p•p« is devored 10 1 

des:-rip1ion or rhc problems of conv<nlional anal¡·sis. but the S.~DT 
P"~•~e is d<Scribed in rothcr s~<IChy deuil. Thtte are adduio.~•l 
documcms on SADT a.oilablc from SoiTcch, bu1 rhe roodcr nitl 
"'111 Lc Ioft ,..¡,h \he fcrvcnl desire lhll Mcssrs. Ros, 10~ Schom•n 
•nd 1heir rollea!u<s ol SofTcch nooruolly will ¡ir do .. n and pUl 
rheir ideas 1nto • full-<eole book. · 

-~-----· ------- --·-----·----· 

' • 

' ; 

• 
Rm.S & SCJlO:-.-lAN 22 

Structured Analysis for 
Requirenients Definition 

J. TI,. prublrm 

Thc obvious uscnion lh>l "1 probtcm un"11ed ¡, 1 
problem unsohed" secms lo havc csc.pcJ mony buildcrs 
or ¡.,H rompurcr •PPlic>lioo oy51<ms. All too ofrcn • 
desi,;n and impkm<OIJiion bc~in bcforc thc tcol n~<dl 

1nJ >¡SLem function• ore fully ~oo"'n. Thc resulu lrc ¡ 
s<¡roc>.wn! co•i•. missed l<hcdules, "'~"' ond duplico-; 
tion, dis~runtlcd "'."'~· ond 1n ·~~len serios_ or pol<h~~ 
anJ ropain euphemosto<:>llr callod •Y>Iem marntcooncc. , 
Con1pored to 01her pha,., of S)'Siem developmcn1, thesc 1 
symptoms rcnect, by 1 1••1< mu¡in. lhe_ bck of 1n adc-! 
qulte appro.ch lo re_quirements dc~nitioo, 

Given thc wide ran¡¡e of computer h~tdw~re riow ,1 

o-.iloblc ;ind thc cmcr¡oncc of softw•re en¡inec!ln& u 1 ' 

disciplino, most problcms ¡~ H•lem dcvc~opmcnc ••• , 
bc:omin¡ le.s troccable 10 ouher the machrncry or lhc . 
pro¡r~mmin¡ lll. M~rhods ror h•ndlin¡ _che h•r~w".•: 
•~d •afr~•re componen" or •r>~cm• 11e h•&hly soph"ll· 
e>1<d, bu! oddrus only p.rt or thc job. Fo~ e<omplc,' 
e> en !he b«t suue<ured pto¡r.mmin¡ code -..rl! no\ ht!p 
;r the pr~or•mmcr h•• b<cen rold to >olvc thc wron~. p~Ob•. 
lem, ar, worse yct, ha< bccn gov<n 1 corre<1 de~cupllon. 
but hn not undc!Siood il. The rc•ula or requ11cmcnu 
definition must be bolh complete ond undersl•nd•blc. 



l!Y. 
lo tlfu11< '" ~~·'' "''" lh<•t.n".:~>.-lhc·n'"""'''"' ····'"""' "'''""""'"· 

ouro." ""o¡,ocm dcoi,n." ••;¡~iim .. nal)">io."" •nd ··~,_,,., on~in,·cronr·· •<<ni ¡1, 

~. arcrrlrd 1<1minnl~¡")". llu1 in 11u1h. lh<lt is n~ ~iJcl~ r••C<i<<d u•<~h<<lolto. 
H for !~!lcms "'"'~ lhol h.- lh< cl .• rio; anJ <li•nrl•n• of thc n1n1e cb<i.:•l 
tcchniQut• u•cd in tnn~uurliM •nd mo~nuf"''"""~ rn•••r•i•••· In n'"nuf.Ciur. 
int. fo1 '"mrlc. 1 •ucrouion of hlucrrinl~. '''""in~•. o~nd 'f'<."Cofoc.•loon< :•r. 
'"'"' oll cf tho rdc•Jnt requiroontnl• fM a rn•Ju<l. Tho< co•mrl:h· l'"·~l<m 
~•~nil«>n •nJ in,rl<n~<nlo~lion rl•n olln~l 1he rrndU<t,l<> ~ m.•~• .. ,,,.,,, rou. 
lon<l¡. b¡ "hu\inru" u•uol."" ,.¡,¡,no >urr"'"· In • p•.J m•nuf.•<lurint 
"'"'"linn. m.ojor U!'u~lco ore ~•ni<l<d h<t".IUI( c•en lht r.r11 r"~'"'''"" "•un 
dn<l not ero••• an i1em for lht F1111 lome. Tht ioen1 '"' rr,·.Md ,ond.lh< ll<r• 

. of fmmint •nd •~<cmbl¡ ,..,(. .. dioiii""ol•f"ñi>ll¡·. in th< Ollir.d• tof ~~•i¡non •~d 
<nriM<II. lun~ ~dore cho s<l e( blu~r•int~ •nd sroerif>r.JIÍ<Ins "'' J!fi•cd 11 

thc prnduclion shcp. Th•l \lm~IJticn i1 mode rcuible cnly becase lh< no\0. 
¡ 1ion1 ond diScipline e( lhe bluerrin1in! m<~ho:>dolo;:• ore 10 rÓn>rl<l< •n"d '" 

eonoi•t<nl 11nh Cht do\ired icom 11111 i1s ob!lr•CI tcrrtsonwiM mn11in1 •ll Ch< 
: inform1oion nrodcd ror iu imo~in;¡¡ r•ero,,.trur<ion. 

Sof'""'" 'l"•m d"i~nors >ll<nlpl te do 1ho "m< of couroc. but b~in~ 
r,.,d "''" p<>l<r ccmplc>ity 1nd ltn <»<tinl n1<thod1. choir surres"' form 

Jlhe surprisn. uche~ chan Lhcit Foilure¡~ 

1 hrtticnn h" 
defon<d. Th< 1 

••u;hl "' th" !)ll<m prnbl<ms "'" contri" •nd• il¡. 
cf l01~c S)"'"'' i1 oo inhcr<nl focl of Ioft ~ ith "hi<h 

definition: ho~"''· is 1n onif1<t of 
; ' 

1 pr~>~<h mull ""'' 11 1he brrinnln1. 

' •rprooch is used. Th11 11'-

! 1 Rrqui•cmcn11 dtf1nioíon inrludcs. bul ;, not limiled 10. thc probl<m 
; '"''·"'' thOI )irlds 1 funroiono~l •r•tiflcation. lt io much more th>n th>t. Re. 

1
' quitemeniS dofonniM must rnrontpl" c<er¡thin' ncrosurr 10 l;rj· lhC rround. 

.. cr~ fcr suh«Qurnt ll>ru in ll""<m de<·olormenl IF,,. ll. Wnhin 1he 10111 
"""""· "hich ron1i<1> btG<Ir e( '"f'l in 1 solulion lo 1 prcbkm. onl¡· once¡, 

¡ lh< rt<~blcm i"tlf ,,.,,d ond lht solulion juslincd- in requir<mtnl~ dofinllion. 

• • Rcqui!<nl<n" d.ronition is • rorcful a<\t<>mtnl of 1hc nccdl ch>t • ,,.,. 
l<m Íl lo fulfoll. 11 n1u<1 '"1 •·1Q·1 !)!le mio noodod. b.,od on curront or forc. 
•een rond,tion•. ><hirh m•r b~ in•orn•l upc~Jiion• or 1n ""rnal m';ukn h 

( mu11 u¡ -'"'''l"<m fe•turos will ser.e 1nd nli•fr !hi• ronleu. And il mus1 
uy ~o-· cho IJSI<m ;, lo~ eonsuuc1cd. Thu•. roquiromcn11 do~nition mus1 

· d<•l ,.;¡h lhrcc •~bjoc,.. ... ----. . .. .....,... -·.,.... 

' 

" ("""''"'' d<"'(""' 1h,; ,, .. .,. .... ~/•.< th,; ''''~"' i• '"h.:.,,@ 
'"J ~h¡ ccrt•in r,·,-hnic.ol. <·P~l.Jh.onJI, ;nJ .:.:nr>nnoi.: f<J•Íholi· 
tio; "" th.: '"'"''"' ".hi<h form ¡,.,,,,¡,,_, ,,,,,¡,¡.,,.¡¡ for che IJ>· 
te m. 

11 F,.,,,.M,.GI lf""t"<foml""'' A dt.,tlption of •ol>at lh" >)Siom is lo 
bc. in l<rnl> of lh( fun.linn, it nlu•l "'"'~n•pl.,h. Smcc lhÍ> Í\ 

pJtl cf thc prnbknl ""'""'"no. n "'"" onl¡ prcscnt l>ou"'IG<)" 
r~n.J,,,.,.,, for ron•id.:to~tiom lol<l le be lo~cn up in "'""' 
<J«i,n. 

J) Dr>•.~" 1·a«"'a'""' A •umnw¡ ur con~lliun< •rc<if)"int ho•-thc 
roq~ircd IJSitm is lo be con•tr~<lcd •nd implcn>cnled. This 
doc• nol otctl'oril¡· spcnf¡ .. hich •hin&l "i\1 be in lh< sy11<m. 
R11h<r 11 idcn1di.o buoo«laty (O«d•!•0<11 by whkh lhO>e lhin's 
m•r l>lcr be •ele<~cd or crurcd. 

bch of 1hcso subj«l§ mull bt r~lly d()Cumentcd durin1 roquircmcnu 
dcfini1ion. Bul ncl< thal lhtsc '" subjc.:t<. nol do<umenll. Thc cont<nu of 
'""'''"~ dO<umcniS .. ;u ~orr occordin~ 10 lh< necds o(\he devclopmcnl ort•n· 
iu•ion. ln 1ny "'"· lh<y mu!l be rcfercn<e d()Cumon•s "hirh jusciFyoiii•P«II 
of 1hc toquit<d •r<tom. not dc1i¡n or dcuilcd •pe<ifi<•lion do<umcniS. 

1 
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~o,~"~.~,·,-,·.·,-,·,·.·,·,·,·,-.',·,-.-,·,·,·,·.·,-,·,·,-,,·m-,·,·,-,·,·,.-,'",-.iu•r•••if·,·,·,',~"~:¡,:-,·,·_-·,·,·,·,·.·,-.,-_·,-,·,·,·,·,·,·,·,·,·,·,·,·,·,·,·,.·.,·.·,.·_·,-,·,·m-,·.·,-,·,.·,,·,·,·.·,·,·,,-,-,-,·,·,·,·.·,·u,. oXf.,¡ 
. "hi.n is oo b< doSciit..rJ. 21 lh< fo<m of 1h' ~-:>dil''"'": ¡nJ )! lho nr•·-<>i of QUilcd s¡·stom. Colletti~cl)·, thcr t¡pturo en r•rer. '' the •PP"'"'i''' Hme. •11 , . ..., 

• f • JnJ'~ ,L~. rde~anL ~no,.lcd~~ ~boul lh< s¡·slem ~~o~lom on l -~:nrc1e. <M"I<. 
eomprchomiH form. Ta~en to¡<iher, th~se ~~~jeca Mflne th< 11h~k need. 
Sop"•"l)·, lh<r ur ~hD11he s¡ucm is 10 be r•n or. ,.-,,~, 1';< l~ll<m is 10 ~=
and of ~ha1 lh< 5)'01Cm ;, 10 be <Pmposod IF•g. 2L Th< prr•.-~ss l.no~n •• 
"an•l)'<i>" m u si •rpl¡ to aii1111Ó<. 

Oeseriplion< of lh<" 1ubjects juSI [romo 1hc p1ohl~m: lh<Y dn not •OI>< 
il. Detoils are po"roncd, ond no bindins implcm<nlalkm doci'i""' "" )<! 
made. E•en do!ailed bud~u and "h'dule commilm:n!s a1e rut o_l'f. ""<PI 
lhmo fo1 th< ncxl ~hi.Se;-,flt<m dO>i¡n,-b«>:m'ihO)· depend on lh< resuhs of 
th>t dositn. Requir.m<nll dofinilion onl¡• (~ul compk:ely) p!ol-ides ~OJ.tuloty 
(o•d•lionl for,lh< subsquont dosign and im~l:mentllion sto~es_ A prc~lrm 
"'ell-s1>ted is "'<11 on ¡, "•Y 10 a sound solution. 

' Th< qu<<lion still ~<main.: "'hY is requiremenls definition not 1 stond•1d 
pHI of evct) 'J'"<m p10ject, .speriolly sin« nol doin¡ i1 "''11 h>s such disn

·¡uousl¡· hith co51s [2]? Why is P10Í<CI 51&1l·Up •om<thin1 one mud~les lhrouth 
ond "'hY docs ¡, soom th•t 1equi1<mena ore""'' <Ompl<tely smed~ ,\\'h1t 
10<5"'1011&' ~ 

Th< 0115"<1 ><<mito be thal juSI oboul ev<~rthing ¡oos "run¡_ ·S~a!<d re· 
qui1emen" ate ofl<n e.oe,.ive, incompl<l<, ond inconsisl<nL Con,munioalion 
and do<Úmentotion .,, ro.~blo<h, 100. Becaun they speü -..-ith dilfe1en1 ,-o· 
oobut.1ies, ustrs and dnelope!S find il dilfocultlo complel<ly unde,.,.nd ••<h 
oth<1. Anai)'SIS 11< oft<n diO"'" f10m \he dnolopm<nt OJEOnilation, •nd 11< 
un•ble lo do.;ument ~••' ¡equiremcMs "ithout •imullaneo~sl¡· "•ting 1 desi¡n 
app!o><h. 

Good ¡equircmrnts "'' romple\e, consi,lcnl, lell>ble, l,.«able. feasihle. 
ond n .. ib\e. B¡· juSI ""in¡; neresury bounddry conditions, 1h<)' lea" room fo1 
tt•deoiTs du1in¡ <¡<!cm dosi¡n Thus, a ¡ood «1 of 1equi~<m<nts docum•nts 
n.n, in erl'etl, ""' os o u.cr-d"<lo~or ronu•<l. To at~>in th<" •mibute<. 
simp1y prorosin¡ o toble of cont<nts fo1 !C~ui~<m<nts documonlation is no1 
cnough. Todo the job, on< muS! cmphiiii< !he mrtlns of definin' "~""'' 
men,., 11th<' than p:<<<!ibo the <ontcntS of documentation (,.hich would, on 
ony <a«, be •mr~"'ble •o do in • ''""''"'Y). 

E> en in U1f>niutions "hich do <lirulote sorne do<umenl or "nolhor, the 
pro<en ~r defoning !<qu~tcments 10mains l•borioJS and in<onrlusi,·o. Lackin; 1 
complete de~nition of th< job 10 be done. lh< ell"cct of 1 conlu<l is l•<king, ond 
tht desi¡ne!S .,.¡¡¡ mo\.e tht mi.,in¡ "'umptions ond doc.,ions be<auso lh<)' 

. must, in ord<1 10 g<t lht job done_ EYen "'hen th< ,-,lue of requi1<mcnts 
: ~clinition is «co¡ni,.d, it ukes mo10 !han ~et<1minllicn 10 havc •n ctfecti'< 

~IJn)' !Cmodies 10 th<IC pro~lcnts hH< be<n Propo<e~. · Eooh p1ojeo1 
m;n•o<n><nt, >nJI¡sis, or sp«ifr:-;tinn schent<. "h<th<1 "mucwrod"' cr no\, 
hJS ¡,o>' o •d~ .• ,.n,, ~lo., d~ in<k.:d olfe• <on1< rmr<o•omcn", for '") P<ni· 
IÍ'< step; JI< bcltcr th•n none. llu1 a si~nifi;J~t imp,'¡·t h» no\ ~<en a:~.e>col, 1 
b.:<>us~ <><h p.¡!IÍJI solution omits enou'gh of th< ""<nti.l in11<dien~1 \o be: • 
'uln<r•blc. 

Th< ó.<)' lo suc-cc¡sful requifemcntS definiticn ~-.. in remember'-~¡¡ lhl! 
poople define 1<qui1cm<n1S. Thus, any us.rul discussion cf roquircm<niS 
definolicn must combine: 1) • gcncric undcm~ndin¡'"of s¡-Sl<ms "~ich is 
scirnti~coll¡ sound: 1) • no111ion •nd slru<lure of documenlin¡ •P<Cilic s¡-stem 
knO\lled¡! in ' 1ig010US, "'f·IO·!e~d f01m¡ )) a pro<cU for doin1 an•l¡iis 
"'hich includ:s definilion of ¡><:ople 1oles and inlcrperson•l procedures: 1nd 4) a. 
"''l lO tcchnit~lly manoge lhe ,.ork, "hioh cnables ollocation of ¡cquite:ncnt• 
ond postponement or d<.,~n-

Acod<mic approoches won't do. A p!Otmatie m<thodolo¡r must itsclf be: 
ll tcchnic•lly feasiblc, i c., ccnsiSient "''"h !he systems ID be doveloped: J) 
op<!Jtionally feuible, i c., people "ill "" i1 te do the jcb wcl\; and 3) economl·
<>11) feasiblc, i c., nolite>bly impro,·e lhc sr.,<m d.-clopmenl cyclo. 

T~.is pJ~<f sketch<! s~d\ •n app1coch. whirh h" been suc-cc"ful in brin&·· 
in¡ 01dc1 and di~<ction lo a ..-ide 10n¡e of •rile m cont<al.S. In nen 1he most 
tryin~ of ci!Cumsuncos, som<lhin¡ e>n be done to addreu lhc nced for re·· 
quir<m•nts definition. · 

!l. Thr ~'"'"" ef rrqulre~•nU drlinhlon 

Ono fund,menlll we>knc" in Cu11<nt ap~,v~.c.u 10 re~ulrom<~ll 
defini\iÓn is an in•bility lo s<C cle311) whal lhe p10blcm is, m~ch l:ss mc»urc 
i1, e n• ision "0'~•blc solu!io"l, or irply .an1 •ort or '"'"""''"'· .. 

lt rs common p!Uii<e 10 Lhink cr •rstem uthitectu,. in tcrms cf dcvi<e!, 
la nsu•~= 1. lr>nsmis.icn hnks, an<! ~<rord for m>~~. 0• er•ie-.. eh•"• of ccmput· -
cr !;S:em< I)Pi'>lll oonloin ref01<n<os \o progt;p'f'<, f.lrs, termin•ls, •nd p1ocer· 
SOIS. A\ \he •PP10P1Í>I< Irme in 'JSl<m de•elopment, lhis is ~uil< ,ro~er. 8ut 
as •n ini1i1\ b.,;, fo1 sys1om 1hin~in1, il is P'""""" and i: bloás from ,·,-.. 
prc<isely lh< key i<!e• 1h01 is e>senli•l lo suotessful !equj¡emenB definition -
1he •lgorilhmic nllutc of all systems. This imporl>nl <cn«pl can be!\ be <n·• 
•isionod br gi"in¡ it 1 new name, the foticMma/ arr~atrtwr, u d"tinct [1om th<: 
•ruem •1<hi1<cture. 
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S¡"cm• n>n>Í~I ~f lhin~< lhJ! pttf.,rm •ui•i•••• th•l im.·r,." ,.¡,h~M: 

lhin¡•. <><h 1uch inoor.coion '"""''"''"' a h•rr,nin¡. A fun,·oi<>n,l 0r,hu:1. 
IUIC i1,1 IÍ~OIOUS i>)'OUI or lhC ICIÍ"ÍIÍCI porformo'd b¡· a l.'•lcm hCOlp"l•tih. 
d•vr¡ordin~ "'ho or "hol doc! thcmJ >nd Lh' thi~~~ "·nh "hirh lhn-. 4, 1 ;,;,;,·,~ 
inl<fiO'I. Gi•·cn this, 1 dc•iFn PI<><C!S ,.¡u neO!< • s:·s<om archior:ture ~>hi,h 
implcm•n•s. in ¡ood o'rd"· lhc funcliMI of rhc funrlinn"l arrh'''''"''· R, 0., 
Quircmen" deflnnion Íl foundod on >ht>l•in' "h>l tho funr~i<>n~l-.,·holcrturr ¡, 
IF.J. J). •l•o •ho,.;n, "hr i1 Íl "h•• il "· •nd <nn.n.ininJ ho" 1hc •.•sum ,,. 
<hil.clurc Íl lo te•Torc Hin mo" wnrrcoc furm • 

. ·--- . '""'"" '" "" . ...... ·- """"'"''' ., ,, .. ~····" 
. 

n..t•C"tOO-.l ""•" ·oc~mnuo• 

• 
"0"'"""'"~ 

' ' oOt!<IHC'Tl"U 

' ...... -~ .. -
. 

• 
The concoru or func1ional l!thitcMurc ore uni•erullr •r,"i•Cable. 1<> 

monual u ••11 u IUioma~ed 'l""'"''· ond a•e ¡ocrfccllt sui1ed 10 1he muhirle 
nttdl of con1 .. 1 ln>lrsis. fun"ional spuiflca~ion. ond desi'n con>lrolnll found 
in requiremenl< dcfinition. Surpo•e. for e»mple, lh31 an orer,.ion. currcnll) 

l bcin~ rcrformcd monually i• -,o be au1om01ed. Thc manu•l orer>~ion hu a •1•· 
le m orchncclure. C"Om¡oOsed of pcople. Orto niJolion•. form$. rro<cduros. ond in· 

: cÓn•i~n. Hcn lkouth no comru•cr is in•cl>ed. 11 olso hu 1 fun"ionol orchi· 
)"""'' <>ullinint 1he rurr<>"' for >~hkh lhe sySiem eoiSLs. An automaled •1•· 
'••m •l!l imrlemenllhe fun<liOllal<rchlrer•ure "'ilh 1 doll"crenls¡Siem orchil<<· 
'lutc. In requiren><nlS d<flnition. "' musl be oble to una<~ lh< funtliOn•l or· 

chiltclurt (funttional snorifltllionl. and Tin~ it bolh 10 lhe boundary <Mditions 
for lhc manu•l opcrotion (conlC" onol¡-si•l ond lO lhC boundor)" condllions for 
the outomllcd syslem (desi'n ronslroÍnl!l. · 

Funelionol orchitecture ;, 
, '"'rf'l'm•.js.· 

1 
~bi«ll 

dlll 

""""' iniO<r:Ulion 
OObSiontU 

poni•t 
---~-~----.----

operotiono 
"""liu 
•Ubl 
pta<t.,inJ 

"''"" ocli•• 

~ 
' 

w 
1hor.;. '"J h•t'¡'o:nin)', "'''so intino.Ho!¡ r~IJloJ l~•llhC) '·'" onl¡ <>i>IIO,:<lh• 
e;. -~ fun,;:ion•l o•chi1:.-1ur~ ot~J)"I h" ;¡ >er¡ Wun~ wwturt m JI. in' nplidt 
th<•< Úl>~ion;hips. Fun"i•m•l archilo.ture is, p.:rh•r• Wl¡uisintl)", both lb· 
•tr><l ond precise. 

Prcci;ion in r~nctionol arehrtc.·tule is best "hie-.d by em~hasirin, onl1 
onc poim"} "'""'"'"1 reiJtion.~ip o•er ·,n,J o•or - lhat or ~'-''" on,J >~hole•. 
p,,. ore rel•l<o.l b¡" inl<rf•te; 1<> constitul< "'hol" ~ohich. in lurn. ore parlO gf 
•till IJ11er •hol-s. lt is ot~a)"' ~•lid lO C>pl<" 1 function.l orthitttture f1om 
the jtne•ic >Íe" 111_>1 sy!ltms 11< mo,Je of eomponents (pa¡" ond interface•) 
and ,., ore <hcm••h., ccmronenll. 

So l•ke •11 other architettur ... the mutture of funetionol orchitetture ;, 
both modulor ond hierorehic (e•en dr.ftsmen ond "''"hmo~e" u•e "te~ 
do .. n"" m<1hodsl. Like cthor orchitetture•, t1 cari be seen from diiTetent 
•iev.points lncn the conmuction trade~ u•o di>linct sltutlurol, elcmkal, heot• 
in~. and plumbing bluoprintsl. And like olher archilecturn. 11 moy nOI ne<e5· 
lllil• be <~ofl<d na ph¡1io.l sy>lem >~ould be c .. en 1 citcuit di•t~rom d<><l not 
sho" the a<lull la¡·out of components, but nery impon•nt.Ctettricol ch&r•<· 
temtit i• reprosen1edl. 

Thil ~~h-enol ""')" lo ~iew tny l)"ll<m i• the hy 10 '~'""~'fui require· 
mcnlS <Í<~nrlion. Frorn our e•pcrien<t. pcoplc do not lend todo this nlluro~lly, 
and not on on orc•nil<d fuhion. lo fact. "" find thlllhe mo<l b•>i< problem 
in re~ulremonts <!e~nition ís the r~c¡ lhot moll people do not •~•n rta!il< lhll 
suth uni,-e,.olily t<Í>!I! When it is ••plaintd. the usual rtaction is, "thu T• 
ju" common sense."' But. os h.s bcen remarhd for oses, common ,.n•e is on 
uncommon commodit). The need is 10 S!lucturc >U<h concepl> •ithin a di•d
pline ~hich con btl<&rned. 

Te •dequotel~ dc~ne roquiremenn. one mu>l tcrloinl¡· tealia lhll (une• 
l\onol orohiteclurt uisll. c.n be me••ured. ond ton be naluoted. Bul 10 
d.,cribe tt, onc ne:ds o communication medium corrnrondin¡¡ to the blut• 
prints and sp.cifot,ion• thll 1110"' monufo<luring 10 function 1moothly. !n foct, 1" 

the lcrm of <locumen:otion is the key ro ochining communication. "Form" 
includ<! pasins. p.~ra;;:ophin1, u1e of g11phics. documont c!¡oniuticn, ond ¡o 
forth. Bec•u,. the distinclion bet"ee~ form ond eontent i1 so poor!r undcr· 
llood. mony odequale sy.,em descriptions ore unrcadahlc. >imply t>cc:ouu thcy 
are so hord lo follow. Whcn )o!arshatl Mcluh•n uid, "The me~ium il the 
me•n¡e," he .,·._, app•t<ntly i¡nored by most syl!em o~oly•IL 

..... -- .... ---- ------
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1 n,,,. '· 
r "' ''" 1 "' """" lo ""''" 14o·nl ~· 1 •• '"''"' '" '""": 

' 
1 To othle>e rommunio.lion, 1he fo•m of lhe d•.•rr•m in "hich ~··rh>" 
,'1 ~nbol< ·~r<or ;, al>o imrou•nL Tne} mu,¡ be bounJed - 10 1 >in~lr r>f< 0; 
P"'' of f.omg ratos - •o 1h11 • «•der <•n , .. al onr. e>er¡·thin¡ "hirh ••n be 
\>id •bou1 >omelhin,. úch topie mult be rardull¡- delinealod <O 1 ttoJct <>n 
~rur lhe "holo mcs<>ce. A ttadct mu>l be oble to mcn1ali¡· "''" lhrou¡;h >he 
arrhueclur>l•tnmure "hid1 ;, ronr,¡ed.ju•tn Nueprin~> rnobi< 1 m nuf•r 
lurer lo''<«" lh< r1111 ,.,orkin& l"tCiher. And fir.a!)¡·, C\OI)Ihin¡ mu•~ be in: 

Thi, oppe>l> lo b.: o <111 or~<l. bul "h.:n dune ol<gontl¡, it¡ield• docu· 
me n1o1ion lh>l i• <l<>r. '~"'-r!ett. <onci ... consiuo n1. •n~ con• in<in¡ .. 1 n addi
liM. 1h.: hicrJ"hi,· "'""~" of 1hc documcnl>linn "" be uploited both lo do 
""J lo no.on.;< lhe·prO<.·e<· of '"'1)'''· U~ rC\'"""'"~ 1hc emerjo ni d<><umcnto
liun '""~m<nt>ll¡. for ·~'"''i<. "hile rcquircm<nlo "'' boin~ doline.Md, otl in
""'"J p.rti<S cJn ha•·t ' •aice in dirc,·lin~ 1hc P""''~. Thi• h ene nr \he, 
fe31U!O~ lh.O IO'Uit< in lh< ,,.nJ,Ji,.d. b~'inoU &I·UIUol, ""no 'u!pri><~" Op· r 
p!OlCh (ound in mJnufaoturi.'~-

'>\'hen lhin~i,_¡ >bovt "hY tcqui«m<nll '" neilhU "•11-•nuelurod nor 
.,,11-docum<nted. one mu,rnol for~'' th" any propo>Od m<thC>dolcu mu>l be 
P<Opl<-or;<nt<d. T<ehnical m;nrers ll)J\Ior ~<ry mu<h. but it i• lhc wj,he1, .. -- , ..... 
id,l. neodo, con'""~· .,d 10.ill• of peoplc lhot d<tcrmine lhc oui<:Omc. 
Techni.cJI "i'<'" "" only b< odJ,cned lhrough thc int<t><rion or all people 
"ho ha-o an ini<«H in tt-.1 l¡llom. One of 1he <uttcnl dtllitul,i<l in r<quire
mcn•s dcfini1ion. r<m<nlb:t, is th>l 'l"<m d:>clope<l are often chot¡;cd Y.ith 
de><umCntinS rtquircmonH. lheir d"isn hack¡round lcads thcm (ha,..,-.. 
"•11-int<ntioncd they mo¡ t-<l to thlllk of l¡Stcm '"hitccturc rothcr thnn func • 
tiMJI archit«turc. or.J 10 jdine !<qui¡cmcnts in terms or •clullon•. 

Con;idcr 1 tr;>ie>l '" of pccplc "ho must l<li .. l) P•!litipJtt in re quite· 
moniS dcf•nirion. Thc ru>Con•tr i< an orgJni>Jtion with o nced for 1 sys•cm. 
ThJt tullomer '"rhoriHs • '""""""""" le ocquir< • 1¡11<m "hich will be 
cpor•t<d b¡· u1cu · Thc cemmiuioncr. olthou¡h p«h•p• ltrhnically cricnlcd, 
probJbl¡- kno•1ll<!i about •ruem l<<hnelon than thc drorlopn; "ho .,.-¡11 con
wu<t rhc l)"ll<m. Thc.• four p;rtico moy or m•y no• bc .,¡¡hin one or¡aniu-. 

'tion. fer .,,h ~C;;¡inillroti\0 mue1u1<, lhet< i• > nod~O!<m<nlltOu~. Requirc
m:n!O dcfinition c.osr bc unde,.tood by aTithciC portie•. •11"'"' the que.,iOnl 
1~.C}" ha~< •boul '"' ')llcm. •nd l<IVC., lhc bosi• (or • ~c•clopmcnt centro<!. , 

' E.:!ch cf lhrl< p;ortih i• o p•rtiun whe;c <ennictin¡. and oflcn ~•Juc. 
dc¡ir<; mu>l lh: 111\JigamJt<d lh!ough rcquircmcnl• d.rtnilion. Th<tc il o netd 
a1 rhc cent<r ror ¡¡¡inod. p1orc,.ionJI a .. aly"' "ho a<l "a caulyll lo get •he ll· 
•ortcd inro,mJriOil en p1p<t and le"'"""" f•om it odcquare rcquiremcnt> 
dr>:~m<nlllion. llr mcntJI f.oilit¡- to cemprct-.c"~ o~•trottion. thc obilily 10 
<:~mmuni~"< it wi1.'1 por~on•lloct. alon¡ ""h the obiiHy lo "''P' and doli•cr, 
nlid crilici>m. a:~ Jll h>llm"'- er 1 prorc,.•onalanol¡". 

Analysa, ""'''Y o( .. nom m•y bo onlr P•rl-lime. ore not "'P"'"~ 10 s~p
ply e>p-erlisc io oO iSP<Cil of lhc p!oblcm >tel. As profeuion•l1, lhcy ore h• 
pe.:tcd 10 1«< ~u1 r<Quirome~'-1 from ."P<''-1 •mon¡ the othcr .,...niol 'cr,. · 
eerr.cd. To sur<H:I._!he t••k or analy•i• mllll bc proporl~ mono¡c~ •n:! u><Jtdi-
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Thno ,¡e"p"i"" m.t! bo '""ll.tr¡ 01 n~ ;ond. O«J>Í"""Ih. '""'"d'''''" lt"i~·pre<·i,.:l¡· ,tho I.Jd. of ~uid.m<o .Jb01ul 1!>.: pro.:.·.; of on.JI~>Í\ th.>l 

. . 
. A:~ousc m•n)' inlerom ••• in•olocd. roquir<mtnt> ~donuiun·mu 1 t ·'~"• 

mult•rle rurrastl. E.ch su~jt<¡- ron1r01 on~l¡>is. fun¡t"•nJI •l'"''f,,·~;O~n. 
•nd dniJn wniU•inu - muil be eumine~ fr~m >1 Ir"" tht<e r•""'' of ,,..,., 
l<rhniral. O['<rooion~l. •nd ecunomir. Terhnorol "'"'•m<nl m f,·.o<ihtlrll >M· 
,.,.,, lht •rrhlltriUft of "''"•m. Opcr>~ionol ~~~·""""' ron,erns Lhe rerf<or
m.nrr nf lhOI SJ <ltm in • ~cor\,int cn~ironmenl. Econnmir (c.¡"~•lrL> rcon•«M 
1he roll~ •nd i_mr.ru of~~rcm.JmJ)\tmuu•''"" ·ond ·-¡;,e. The poi n; ·;,- \imrlr 
lhOI 1 ~•dt """'Y of IOpoc• muJ! b< ronsid.,<d in requirrmcn" ~eflnition lfr~. 
5). WrLhout 1 pl•n. for ""mbling the pioccs into rohercnt '''uir<mtnu. it ¡, 
.. ,Y for tht •nal¡·~" tum lO lose lhoir unse of dironion •nd "''"''P their 
«Sponsibili•r. 
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rroA~> rc~uirtmen" defonitiun '"<ha "hut ~~~.., .. 1t.JJ1. rc.>rl: n~~J ro'lhinl 
about uuly anol¡tin5 p1obkms { .. di•ide anJ n>nquer''J, · '!-fi-ur~ in thc 
kno~l•dte lhJt postponc<J deri~ions ,.¡u"'""'~¡¡ b.:r-•ust thc Pfocen thcr ""' 
enfcra1 consistcnC}'. An•lysis is an ort of run;i<lerin, ncrHhin¡ rcl<untot o 
JÍ'<n pain1; and norhin! more. Adequote rcquitcrnents •ill be complete. 
"ithnut 0\0r·sp..•<iftc.>IÍOn, onJ ,.¡11 po;tpono ceruin d«isionl to btcr OI>ICS in 
tho s¡·stcm de•clopment pmce" "'ilhout arrifice. This is cspcclalliim,.,rt•m in 
rh~ d.-·elopment of !hose complex 'Y""'"' "here oequircmcn1•••• imP<>Kd br · 
hightr lc•el considemionJ (fiJ. 6). Decision• muu be a/b<aW (Le~ posl
poned) bcoouse too m•ny thinBS lnletrclotc in 100 monr cumpfiCioied -JS fur 
pcople 10 undcmand, 11111 cmcc. what i• ond i• nol bcing ,..id. 
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Requi.,menll definition, like •ll•¡llem clndopment 11oroi. should be on 
'"~«ly rrco¡;•<lsion, Eoth tuk is 1 ln¡ical sutccssor 10 ~·h" h" come behoro 
oncl i1 ccomrl<1ed ~eforc P""'"ding 10 "hat romu .r,.,. Thf!•u~~cout. <•nc 
m,ull be: ~ble lOan~""' lht l>m< !hree ~uc11ion1: 1) What •re "' doin~; 11 
\\h¡· ore"'' dorn1 11! J) He .. · do"' procccd f1om herc:' Adequ41e monag<• 
mtnl comes rrom nkin¡ lh<lt qucllions. itcr•ti•<ly, 01 <>ery poin 1 in •h• 
~e•clopmenl rrt.><<SI And if m•n•¡emcn! i• not 10 b< 1 ch..mcl.·on-h1.< •<t. 
lhe ume body of p<C><<~unl kno"l<d'e •hould be •rrohr>ble ,,.,1 time. 

:•lo hnu~~ ~h~. subjm ·~. h_•.nd .,..W ~· ffe • 

F11u" 6. AOolnlo lo "P•IIII•t lo 0 .. .,,,,, •••Ir••••••· 

Conucllin¡ 1 •Y•:cm deotlopmcnT ptojcct ;. nearly imrouiblc •i•h""t •c
•i•~•. "~lk-t~ro~¡hs. ond eonfi~ura!ion mm'~~mcnl: Such ltthniques ~-

1 

• come ""''•blc "htn 1r.e nttd fot •rnlh.,i• ]$ '"olniltd, Quite ~impiJ, sr•-
' le m Hthil<<lur" •nd •lloc•ted ttquircrr.cnts mull be ju<1ifi1blc in li¡h¡ orpc-
' •iou1ly su1ed ttquir<m<nts One m• y ehomc, br pbn or by dcf•ull, n01 10 ca
force su<h lf&eeobility. Hown<r, '"•i<dOiion •nd vcrifie>tion or IUb<.<qucnT pcj- 1 

· <<1 na¡ .. must no1 be prccluded by ill·~lfu«urcd and unr•lhom•blc ICt;ui•e
menlS. 



For '"eral ¡-eor>, rhe .cnior aurhor ond his co'l,.;ue< al ScrTeoh ho-. 
been d:·.olorins. •rpl¡in¡, and imrro•ing • ~encral, bul rrocriNI appro•oh ro 
h'ndlin~ ccmplex s¡.,em rroblenu. The lfleihod is oolled Srru<lur<d Anal,.;, 
and O"igr Teehnique (S,..DT•J lll. 11 h,. b,.n U!<d suo«nfully en a "ide 
rango of problems b¡· both SorTeoh ""d elients. Thi1 p•per l10< pre«nted •~me 
cf rhe , .. ,on1 "h¡· SADT "orl.< so "ell, "hen prcped¡ 1pplied. 

SADT e"olved natural!¡· from earlier "·orl: on rho foundations of <c!r,.,f, 
engineering. 11 conoiSIS of bolh roehniques for ¡x:rforming >)'Siem onal•·sis an~ 
d"i~n, 1nd 1 pr!IC'e<S for appl¡-in; lhc<e rechnique< in t<quiremoniS definirían 
and s¡<lem developmen!. Borh fcarure< si~r.ifocanll¡- increose rhe producti,ir1 
ond etre<liHn<S~ cf le•ms of people in,·ch'ed in 1 s¡·srem project. Specifoeoll¡, 
SADT prol'ides merhods for: l) rhinl.ing in a muctured way abour lar~e and 
complex probl<ms; 1) worl.íng n a re•m "ilh etrecliv~ dh·i5lcn ond coordin•· 
rion of ~rrorr and rolt~; )) communlealing inlen-iew, >nal¡sis, and ~"i&n 
resultS in rkor, preri« no1~1ion: 4) documenling curren! resulls and drci1ions 
in ' "''Y "'hich providt~ 1 rompiere oudil of hi51o:y: Sl conuollin¡ o<CuloC), 
eom~l.reness and qualiry rhrough frequenl revic"' •nd appto,•al proccdurc: ond 
6) planning, rn•n•tin¡, •nd ""llin~ pro¡reS< of lhe leam elrort T"'o upeer< 
of S.~ DT d:serve spedal mcnrion: rhe ¡raphie l<chnique• and rhe deFonilion of
pe,.onnel roles. 

Thc SADT ¡raphk lant·";o ~-n,·ide! a lirnired ser of primiriH ccn.rrue" 
from ,.hich .nalysn and de!itn<fl e•n ccmpo.e orderlr Srruclures oran¡ ,.. 
quirod ,;, •. The nn10rion is quile •imple - juSI bo•es ond arrcw•. BoHJ 
repro~:nl P•"' of • "hole in 1 precise monn<l. Auo,.-• represenr inr<rroe., 
boP•een porl$, Dio&tOm! rept<>enl whol" and ore eomposed of bo•«, arrows, 
nllurol longu•'e n•me\, ond «fl•in olher nciOiion•. The same ¡tophles are ap-
plir•ble lo borh orriviries and dlla. --.-----. 

"~'""'- ,._ ....... ._. __ ,. __ 
........ u~ ,,._,_ .. __. 

--· . ---- ------1 
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· , .\[j) 1 m,~:. oll '~:,ior.; >:.: c~h:rd in lh.; ro.,;:,o foin A prnj:.-1 lihl,liJn Pll"iJ,; 
Cic.ul¡, requ"emcnl! d.:~nllonn ro~Uir<> '"''I'"'"'"C h'""'""'' frunl ~fllir'~' ,¡¡,:rihwl.on. and ,.,.,rd·k.:,·pin; >ul':"ll, ond, nol "' inci~.:nl~\1¡, ahn 

man¡· pooplc. Thil in turn dcm•nds • <le~ 1 dof1n111on of lhe •ind> of inlcrJ<· ·en;"'<• ,·or.fo_sur•lin_, tonnul. 
lion¡ ><hich !hOuld_ o:cur bti"ocn lhc r<<~unnel >nH>hcd. S.~lJT •nlicir,l.:! 
•h" ~~cd b¡- c<iabh¡_hm¡ 101lr. and fun"ions of •rr•<•rri.,c wle> IFi~ SJ. Jn" 
rcou¡rcmen~< defin111on clfon. for <>dmplc. the ··aulhn"'' "ould h.: •• n.l¡\1!. 
aaincd •nd t<fl<'ll<nced in SADT. 

--;:::;-------;--·-----·---. 
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Thr SADT rroce". in "hirh 1hese roles in••••n. mo<l> th< ncods of ;,. 
quircmcn" dcflnitíon for ccntínuous ond dfetli-. «>mmunicatíon. for und~r· 
siOndable ond rurrcnl documcntalion. •nd for ro~ui.Jr ond cri1itol ro>iii.·. The 
P""'"" <•rlni" thc wu<~uJc t~ •~ S•.DT ml'<lcl so 1h~1 drci,ions '""be'''" 
in con'"'''"d con br chollcn¡cd "hile ollerll>IÍ«I "'' 11ill >Í•ble. 

• 
Throu¡:houl 1 rrnje<1, draft >or>iono of diot'""'' '" .-ol•in~ m<'drl> •re 

disJJibuiCd to pro.i«l momh<rs for ,,,;,.,._ C'umnle<>ICIO m>~< 1hcir <UH<>· 
1ion1 in ... rilins dir«ll)' on <ories or thc d,,~,•ms. 1\"roucn rrrord1 nf dct1IÍ@S 
and ohcrn>li•co ••• ICI•inrd U lhoy unfold. /lo chon~"' and CUIJ<elions aro 

·-,.---:-:;----:--- --:-- ~· 

1his P'""''" d~><unorna oll do<Í>ÍMI on,ltho •c•son> "hY d«ioion> .. ~rd 
1>1-'dO. ll'hen comn><n'"" ond oulhur, «·•<h "" und<rs,.ndin~. 1h: "~'~ is re; 
,i, .. •cd b~ • con,millee of oonior l<•hni.:•l •nJ mJn>~cmcnlp<rsonntl. Dur!~i 
IM,· rrt~-,,;, inocrr«l or unJ.;«pl>l>k "'"''' ore "'"'11)" spuuc.l u1l¡·, tnd 
o><<>i:;~ls"' ~IJDri ore dc1coo1~d bdore 1hcy "'" '""" m.¡Or di><urlion•. Sintd 
_<•<r~lhin~ is on rccord, fu1ure cnh•n•·cmenl anLI Ot<lcm m•Ín!<nancc tln 
rcfcrrn'c previous •nol¡sis and dcoign dr<ision•. 

1\"h'n ~""umcnlltion io prt>du<od., 1hc mod'l cvol•-cs. lhc.Sillus of lht 
PIPJ<CI hc.om« hi¡:Oiy vi1ibk. ,\J.no~<nl<nl c•n Sludy !he rcqui!Cm<nls lar 
lhe.Licsignl in 1 "IOP·do~n" niOM<J. bc~innin~ ~ith •n O>etvic" and contin•¡. 
ing toan¡-· rcl.-·onl lrvel of dellil. Allhou&h prncnlotions lo uppet mano¡<• 
m<r,l Ul~oll) follow sl.1ndOJd oumm")-' Jnd ..-alk·!htou¡h me~hod<, .-en >eniOt 
oc<uli><s >om"'m"' bccome dirc•t re•d•"· for 1he blucp<int lan,uoac 
SADT is co;il¡· leorncd . 

flo.,.· lh< ido>s di~eu11cd in 1his popcr ore cmrlo¡·cd will v11~ orcordin¡ to 
orpniz•<iun n<eLII •nd lhc kind• of s¡,cm> unLict conoidcnlion. Thc mclhO><.l· 
ology "hoch hJs bccn dcscri~cd is n01 ju<t o theor¡, hu .. .,-.,, and hu bccn •1" 
plicd 10 o,.¡~, r•n~c or romplc• problcmo from r~~l·time communir.,ions 10 
prt>:<" conuol 10 ccmmcr~ial EDP to otg•niu•ion pl•nnin¡. h il, in f>'-'1, 1111-
1>1 S)<lemo melhodolo~r. ond noi mercly 1 soft,.ue lt<hnique. lTI Eurcpc, 
for cxom~l<, bu u,.d SADT since e~¡l¡· 19H for ~nol)li• and d<1i1n or both 
h>rd~JJcf,ofl,.art s¡s~ems (ICie¡>honk •nd tclegraphic '"'itcheol and non· 
soft"arc people-oricn~<d probler.u /projcc1 mon;¡cmcnt and cu<1omer en· 
ginaringl. D1hcr usea uhibit simíllJ di~tllily, from manuf•<~urin¡ 

!(AfCAM [Sll lo milimy lrainint (TRAIDEX [61). Ums <cpottlhll il is 1 
'communicotions vrhidr .. nich fo::uscs •ll<nlion on wcll·deftnrd topics. lhll il 
¡ir;cr<"<> m~n>g:mcnl conlrol throu¡h visibility 1n~ mndordllllion, th>l it 
cr<JI<• • sy11<mJiic "c1lr brcokdo"n mu<1u1c for projcc1 lcamo, and thal it 
minimizco errors through disciplinod n .. ibility. 

Th<« is no''' p>llcrn amen¡ dirro,.n: ;·¡:,.i,.:llions for the conl<nl\ of 
ICqui«no<n" do.::umcnl>lion. In :•eh '""· lhe n<eds of lh< U«JI. lhc com· 

'mi.,ioncr, and tbe de>elcpmenl or¡;¡niz¡~ion mull be atcommo~"<d Go•crn· 
· mcnl o¡enCLcs ""~ 10 hH< f"od "'"d"ds, "hile olhO! or~>niulions en· 
courage flni~ility. In a numc!ical control applic.1ion, almoll 40 moo.Jds """ 
gcneraood in rcquircmcn" defini1ion (Sl;o.;TEF, Univc11i1y of TronJhcim. l'<or· 
"•Y>- Al tco!l ene ou~;olicr of l.o<g:·s-..1< compuiCr·~•><d sy>toms m;ndot" 
considcfllion of oy11<m, ~.ud,...,<, ~oftw•re. comme<'Í•I. ond odminim11iv• 
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1 
tonmoinls- Arnon> all di><in« ,¡c~ruinls. lh< Pcl1 ror.1mM ~!l•unJ li~1 in"'' l~< PSA J,,,., J~"I~>ÚJnJ rc¡~.r; i<n<rJ'"' ¡, u,:ful [01 >.•mn»ri>ino-.:G-
nnu~c poinLs of con•e.1 ~e.olrsis, functional •r•;-ir<r>~ion, 1nd ~-.i~n '<o- IJ""" cont<nll onil c-.~n r<v•iJc J no<:Jn; t;.[ ~,;'"v:lin,; r«i>i<·ll• tf lile dJ1J• 
W>in!O. Elp<ricncc hu shown thOI u" of ""IHoru,·lur.d mo:l<ls 111¡'"1-:r bJ•< hJI bc<n Jc<i•eJ b¡- SADT, er.h.~nc<menl• 10 ni>tint PSA .:J¡>Jbiliticlorc 
w1th a IHII·dcf•ncd procc" of •nol¡sil, ~hon prop.rl¡ rarricd oul. de><¡ p;o•d: possiblc 10 luuhcr nploit 1hc muctu¡c of SADT moJd1. For UJm¡>lc, SAOT 
a mong found>tion for aetul.ii)'Sicm dc¡i;r¡, 111. diJStJIII> Jrc not· no .. - diJ~r•ml, but thc int<rfJcc conm>illls ~re dire<:Lcd. 

Renuse le>cal ne<ds are di>er. !, imrlemen"•ion of rhc •rl'fOJch ~i 1 :u'"~ 
111 lhis r . .~per <onnor be ac,·onÍplished ¡piel¡ br the rubli<Jiion of poli" or "'"" 
é01ds: Iris •·ery much • "'loarn b¡ doin&"' op:rien<e in ~hi<h projecr p:,.or.· 
n~l .cquire ''"l'$ or und«ll>ndin& the scn<ric "''"" or 1¡11<m1. Onc rnu>J 
re<o~nlle lhai a <omrnon """ arproo:h 10 'l"<m "'"'nufonurins" nat """ 
wiJelr apprcciared. A chan~e in rhc "')' rh01 people rhin~ •bour S)"<Lem¡ ond 
•bour rhe sr.,cms "'o'~ rhar they rhemseiHI ...,rform ••nnor be uu¡hr or 
di,.cminllcd ir. • >hC>rl pcrio;l of rime. 

Flmhtr dutlcpmrnu 

In manufacrurins cnterprise>, blueprinring and sp:cificorion morhoj¡ 
••ohc;J long before <ksi~n •urrorr 1001<. In runmSLroth:ll •r.olnsr. • n~m~:r 
or curre~: cl':"oru h» e prOOured •r.,ems for :1u1om"ring rrquirem<niS lnforma. 
rio'n, inder<ndenl or rhc dcflnition ond •eriflc01ion m<lho<loi~'Y pro1·1óed br 
S.\DT. Ta dat:. SADT >pplie>lions hne becn •uocrufullr nrried our m•nu•l· 
ly, bul in l>r&c prajeol<, "hcr< m>ny ano\¡ m are in,·ohed •nd frequcnr 
<han~« do'"''"'· the qceSiion is nor ""••hcr ur how ro au1om"c but simrl¡· 
"h" lo auromale. 

Th<>< prtcedence relotion~. sn~<m•Li.-•11)' pursuod in SADT Lo spe~ift:qu•nri· 
ti:> (1·olume¡ on<J rar.¡l und ;cquen'"'· pcrm11 ""Y J<>ireJ Jt,¡ree cf •imUI•· 
•ion or ¡moJel h•t.<lhcr ¡><rfcrmed menL•IIy or o•hcr-..isel. 

Computcr aids ore cteOicd n •upp.oJI LOOI<. SADT pro•idc• o Lota! <:on· 
l«l. within which rcnain autom,e<J pH>.:c~urcs can pl•r a complementar y role. 
The re;ull ,.¡11 be • complete. snremJtize~ appraoch "ILich both suirs LILe necds 
of rho peOjlk invoh·ed and cr.obles aurom.,ian 10 be u>cd in and u~en<Jed 
be¡ ond r cq uire me 1111 de fin ir ion. Su eh compre hen.i•·c mcrhods will cn:.blc ~'~ : · 
rrory >)"Htms wor~ lo •rr•in.thc fulfillment th.11 blueprinttech~iques dcli~cr in 
·"'~irianal manufacwrins. 

Re~uiremenl\ definition i> an imp.orl>nl >OUICC af C01IIy O~cr>i~ht• in 
rresenr·d>y I)'SL<rn inno,,ion, bu! somcrhing ~an be done about iL Nene of 
lh< thoughrs prc><nicJ herc ore m~rc •re.:ularioÍl. All h..-e produccd ,..r 
aohie>Cnl<niS. The melhods de.crib.>d lla•e b<en su«eS$fu!l¡ appli:d ID o ... idc 
1.1n~e of pl•nnio¡:, an>ly•i• ond de.i~r. prcbloms in•ol•in, rncn, m~chin<l, 
sofr,.are. hard~are, dJJabases, communi,·aliom, pr<o<edure•. ond fin,nccs. Thc 
si¡nifi:,ncc or 1he mothods scem• ro be rhalo ~~oell·•rrucrurcd app¡a;¡cllra doc. 
umer.riog 11hat someone 1hin~s •boula problem aro •r~1em nn m•tcriallr oid 

hisrin~ comrur~r rools "'~ich ~~oholly "'. p>rrl¡· arpl)' Lo r:quiremcn_rs 1~1¡ both lh;tl pc1son's thinl;ing and _his abilny r~ c~n>cy his u~dusr.n:linc 10 olh· 
are cha,.crcroled by a >rwf•<•tron (or • do,.~n) ~"'b'" wh1ch, once rnput. Cl!. Prop.:rl¡· ch•nneled, 1he mrnd or """ rs rndced formrdablc. Bul oniY by 
may b: manipulared. All such allempl>, ho~e•·er. bc¡in ~~oirh user r<Quire·: consiOuinc allas¡><cll of rhe ras\; ahe•d on reom.,..ork be more producii>c&nd 
ments recorded in • machinc·readablc form. T"o impedimen11 immodiotely · m•n•~•mcnr be more effc"i'•· Co111muoic-.rion with noMcchnical ruden, on 
brcomc cvidenL The firs1 i1 tl-,>1 requiremenrs stared in·prose "'IS cai.not be undcr;L<ndin~ of the norure •nd Sllucrure of •Y~l<m< 112), ond indccd a 
l!ao<i>l:d in • '~"iShlforw"d n10o11er ro in1erface "'ith an •uromard pro~km 1 thcrough kno~~oled~e cr rhe pr<>.:css or ~nalysi• iiSolf are Lhe cucnrlal In· 
lonsu>~r. The se<eand ;, rhol no <omrurer rool ,.¡11 "" perform rh: P'"""" of! sredicnrs or su:ceeuful r:quitcmenrs defmilian. 
req~irrmcnts dcflnition. Defrning ond •erif¡·in¡: l<quirrm<nll is o ,.,;. done b) ¡' 

u<ers and •n•I)'SI< 191. Apptndi\ 
! 

Gi•en lhc righl ~ind of inforrr.,ion, ho"CVCf, compul<r IGOI> con pro1ide 
ap•bil•lles 10 ,insurc consillency, ""'"hiliLr. 1nd all~:>tion of roqui10men1S. 
A ~oo.J ""nrlo or Lhis r.t:riCh ro 5ADT ;, I'SL/I'SA., 'l"<m r< 1u:rin¡; rr"m 
,.,,,,, ¡cars" clron '" lhe ISDOS. Project or rh< Uni•·c,.iry ar ~li:hi~•n 110. 
ll). The l'SL d.1rabo¡e c.n roprescnlalmo" e•ery rei>IÍOn>hip ~>hich 'PP'"' 
on SADT d1.1~""''· •nd rho inr~t p"'cc" from dio¡;r•m• ro da~oba<e o.~n bt 
d~ne b¡ • prOJ<CI librarian. r-.'m only do:. SADT cnhonoe human comrnuni<•· 
¡;en (~cr .. een u><r >r.d oc.>!) SI •nd bct~een •nol¡·s1 and d.-i¡;nerl, bul t~.e d•· 

.1 "'"m' become m.chine·reodoble in 1 ><r¡· .,,.¡Ohtf~'"•'d m•nn<l. 

The blli< dift'"rcu\ry in r:quiremenl> definition is not ene af •ecint •he 
"'cod< insreod or thc uec•. Thc ""' nced i• fcr 1 mcrhodolcll' "hich, in any 
gi>en circ"mstonce, .,.¡Jl en aCle ar. a.oolrSI ID di11in¡u;,h o11e from lhe orhe<. Ir 
"al~o¡s more im~Ort>nlto ••k rhe rilh• que11ion• than iris ID ""«1 pa,.ibly 
"'ront IM"'"· h is .,;d lhJI "'hcr. 1 famou1 rohbi .. ,, oshd, "'R•hbi, ~ohy 
d0<1• rabbl al~•)< an>Hf a qu.,lion with a ~~C>Iion?" he rcpli<d, "t. tl'lc« 1 
b<ller w>¡'"' This is thc f•mou• dialceiic rnclhod u••d by Socr<te¡ 10 Jeod l'li• 
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lludon¡, lo undusl•nd,n¡. Anl~<.rin~ quo,¡ior.~ "•lh qu0,¡i0m '""' ~~~ 
cpen, •nd ¡,,. the nolure or b"a~ing big ques1ions imo • '"f·do"n wu>~ure or 
smollu qucs1ion1, oasier ond e;sier to oddt<ss. The '"'~'"· "h<n th<) ''' ul· 
limuel¡· supplied, ore ooch 1<15 _,¡,icol •nd moro u•rtoblo, ~nd 1hm rolotioM 
• ilh olh<r smotl '"'" <fl are ~ eii·OitUclurod. ' 

Thi< is lh< focus of requirtmtnl dor.nilion. Tho orrr~¡"ri>~e qunl •ni 
•h¡. •har, ho•'- applied S)Sicmalic:¡JJr. "ÍII d111in¡uish thol >~hi•h mu11 br 
considored from lhot " h irh must bo r<><'POn<d. A sequen<< of <u.:h · quntionl. 
on o rlobol, <¡-ll<m·>~·ido •<ole, will break lhe comple•i•¡· of nriou< asr=c11 or 
lh< <¡·s•em in10 11mplor, rel•lod qu<slions "hich con b< onal¡·ud, d<><l<•;><d. 

;. on~ d<><:umen1ed. The conlell ana!rsis, fun<Lionol sr«ifie>li~n. and d:si'n 

•• 

consuoiM•- subjec" "hieh are parl of requiremenll d<~nition.- ,,. m<rcl¡· 
PHI• oran o•crlarpin' chain of respon••• 10 lhe oppropri>le "h), "ho1, hO" 
Quc11ions lf11. 9). In ~irt"eren1 circumiunc.,, 1hc subjt<ts moy dilfcr, bur ¡he 
choinin& of qutslions •ill remoin thc <~me. li'~J'IOme [eOiure ;, nceded moldl 
-h~ri1 h11 lo be. which in 1urn moldl hoo·il i110 be achie•ed. 
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Thcse quc11ion' form an o,.rloppin~ repelition of a common panero. 
Eoch lime. lhc .ariou' osp<el< or the s¡·11em uc p.rlilioned, •nd 1hc unde<· 
"'ndint "hieh is dc•cloped must be d<>eumentod in o form ccnsi11cn1 ,..¡,h ¡he 
pollcrn. h is nOI!u!l'kionl mcrcly1o bre•k bi' problems ln~o lilllc problcms b)' 
1houcrin¡ lhrm. •·occompo«" ;, lhc in~'"' of "<omposc"; 01 e\cr1 s~ep, 
lht "'"' bcin¡ con~idetcd mu<1 tussemble 10 mal.c lhc "holc coni<U ,.·ilhin 
"hkh o~• ;, "otl.in¡. 

The En¡li•h "ord "clenc" <>PI~rcs !he conctp1 cu~•lr. h ;, one of 
lhosc lltC ,.ord< lh01 h>< onlilh<lic¡l mc•ninu. h meons bolh lo .oror•le and 
to clin¡ 10' Thu<, in lhe Cl~crl1 pr<><<ss or 10p·do-..n docompcsilion -..hich 
d<!rri~« lhc d«ired sy>tcm, mulliple ~¡,.,.., m~SI intct<<<l in ordcr 10 supply 
1hc "holc coniC" for lhc ncu '"i' of >J"SI<m dc>elo¡lm<nl (Fil. lO). 
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fltu« ¡t. Rl1h1 ~"'"''"'""'"1 •l1hln o''"''" ••• h•• o rooltot ,, "'"· 

Probobly lhc mcst impnnon1 "P"" of 1hi• pJpcr i• il1 emphosi• on a <:um· 
mon o pprooch lo •11' phn., of S) ¡Le m dcvelopmem, SIOrlin¡ wi1h rcquilc mcnll 
dcftnl\ion. Kno-..in¡ how POI1poncd doci1icn< ,.¡11 be hondlcd in l:uu pho«s 
(by rhe "me melhods) ollo"'' lhcir cn:ncc lo be utobli•hcd by bound"Y con· 
di•ion~ ... hile dc:>ils ore \cfl cpcn (fi¡. lll. Thc kno-.ltdB< rho!oll rcquilc· 
mcnl! must ul1ima1e\y be imp!cmcmed somchow (o¡oin b1 lhc s.;rmc mclho.Jsl 
ollo,.·s lheir compiOicneu and con>islcnc~ 10 be ~erificd. Fin>lly, on orderlr ,... 
~uence of qu•Siions enforC"t:l ¡radua! UpO<Í1ion ot de10il. All ínrorm11ion is 
prescnlcd in "·ell·\lructurcd d<><umcn•~•ion "hiel! ~llows ~fll·h~nd p.,;icipalion 
by uS<rs and commissioncn in rcquircmcnts dcfinilion. 
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1 
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1 

1 • 
1 
¡;: 

' 1 • 

' ' The way lo achieve such coh<r~nce i• 10 S<ck thc righ1 <ind or .ons,.ers 10 • 
ev<ry "1 of why, "'h31, how ques•ions. By 1his is mcanl lo ~SI•blish lhe 
vic-..poin1, •·ontogc poi ni, ond purpo" or 1he immcdi"c 1nk bcforc wrilin¡ •ny 
do.:umenl or condu<lin¡ any•n•lysis. 

Thc ini1iol pmpo•~ of 1he 'l''"m devrlopmcnt elfon ¡, cSioblished by a:rn
lluL ln.>lysi<. Proper clcO>ing of •ubjcca ond dr~lipliOns Lhcn Loke< h•O 
1 dilf<rcnl forms, 1hc u.cl nllure• of "hi<h ore ¡o~e•ntd by lile o~tt•IJ proje<l 1 

purpOso. Onc·ciCl~Ínf cr .. ICI por!)•l bu\ O>trbpping dclinc>tions orroulin¡ lo 
1 •·it•pa•nf -' vie"p~in1 m•l« <l"r .. ~,¡ upccl1 ore con1idued rclcnnl 10 

>ohie>·in¡ <omc <omp-onenl or lh< "'"•11 purpo.o. Thc o1her clenin¡ crc>~n 
1 ri¡orou• func1ionol archiiC<Iurcs occording 10 ''<lnto¡t poim- ~an~>¡e poinl is a 

l. lcvcl of •b•tr•<lion lh" r<lalcs 1hc vicwpoiniS and componen! purposcs whkh 
. togelh<r de¡rribe • ginn ,..holo 1ubje<1 (fi¡. ll), , 
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P • .:~i~~ o ''""'·'~~ ¡>uor.t •I"J!> .. n.tr•:" • !u~";.,.,.,¡ ••~hit.:.ou•.:. ,.b•k 

nt~:n~ imrt.:~tcnt .. tion-d;fm,·J •>r.:.t• r,f ¡h~ H>h:n• ••.:hih:.tur(. TII.:J>U;~ 
m.:nl of J \JIIi"J¡:< pr-int "ithin • ,¡,,.f'Jinl Cit•hli.h.:' an •11-in,r-"'"''' ¡.,,,.,~L 
''""•'\/- J >ub.et of purpo;o v.hi<h tben 1"'''"' lb< dHompo>ition >nd C>P"" 
.ition of o i-J<lÍ<ulor subj""' «~><<l•n,¡ th• st•tcm. 

• R<~uircmcnJI ddtnition. b<~innin, -..,.:, -~·-'•" """'''''· ••·' o.;,;~r 
v.~cn<•<r tberc ;, ~ need to ddmc, t:dcfl~~e, or fu11her delinc>t< puopo••· 
Con<e<L onel¡>i• I!<Jtl th.: mo« impunonl, hi~h<>l k•d <¡uestiunl ~ni, l<!lin& 
t~< <'<>nJ<Lion> fur fu<Lh<r que<liunin' e>eh ~'-'"in turn. Earh •ubl<~uent ques· 
1;,m ;, >>~e<l ~irhin rhe bouno.l~d tonr~•L of a prior •~•ponse. su;.,L di<ciplinc 
on;ur~; lhal ""'h "'P<CI of onr que<Lion is '"'~"'d by encLI)· ene fu!Lhcr c¡ues
rion. Gcuing ''"'"d ;, difficu!r. buL ha-in~ dono so '""""fu!!y, OllC i¡ intro· 
du<<d ro o ""lop-dov•n"" hierorchi of lc•d1n~ que,.ion<. propcliy ••quenced • 
eompl<!d) dccor.lpo·><d. >M '""""i•dJ" '"'"ered. · 

1\"h<ihcr c'plic.tly"l!oted or no1, ''""~• point>, vie••poini•. ond pur~et 
¡uiJ< tho ""i'irics of aoy anol¡>is tcom ,.h<ch oppro.chu a r<quiremenl< 
.Jefinition 1.11~. With the g!ob•l under>Londinl oflú<d by 1he abo•e di<eu>li<>n. 
anri)SL< shou!d <hlizc th>L> p\.ce """ bt found far herr ilem ofir.form••ion 
¡.Jih<r<~. SLru<Lurint Lhi< mol< of information <lilt mu<l be done, on P>pc:r, in 
, ~•1· Lh>t ensurn compl<Lcnc>S ond COII<(Ln<", \OÍLhoul 0\le,.pc<ifleolion •nli 
•onfu<ion. Thll LS thc role of SAO T. · 

•• Thc •~•ho" w·ould likc 10 Lh~nk J.W. BtJChll or.d J.fl. Good~nou,h of 
1· Sof! <'h: lnc .. W•lth•m, ¡.,.¡A ... ho mode .. •ero! hclpful sun<SJ<on< ir.tOfpont• ' 

td in10 1he p!Cscnr:uion of Lh"e iden. Ma~y Peop\e ¡; SorTecb 1\o,c, of t 
oourso. <'Onlflbut<j 10 tht developmenl ond U>t of SAOT. · 
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~ 'l·J~ ~uirtmen'! deflnition, •nd un !he dollicult¡ of N<<iucini 

inE manuall¡ J!Cnenred ~ncumer.tation. 
.nd m>n.,~· 

Thc prohloms th>l Tcichro .... ond lleahc¡ aJJress ~<rtJinl)' 
•re Í•miliar ones, althnush manr s¡sroms.Jnol¡srs j'Whlblr h••·c 
come m lh< s>d mnrlusion th•rrhin¡s al~l)S "''" mc.m ro b¡ lil.c 
rhis. The)' ob"""· for n•mrle, rhar much of rhc docwm:nr~tion 
•s•o<i>l~d "irh an EDP s¡·srcm "nor formal]¡ l<<orded untilrho rna 
of rhc proj«cl, by ~hich rimc, •s Dc.~llft<> poinrs out, thc final d<~·u, 
mcnr is "of hi,¡orkll si¡;nifrc•n<c onl¡" !Parer 2~). Tho d"'""""' 
urion ~eneraled ;, no~ntJnu•lr ambiguous, -.rbo". and r<dunJ•nt. 
ond, "0'51 oí all, i1 is mo"uolly pr<>du<cd, man¡¡a/ly cumined for 
p~"ible errors •nd inronsistcneics, ond I!Janual!• updo«d •nd ,.. j >Ísed" ~"' "quircmtnts rhange. 

5o, the 1ns,.er to 111 of this. in Tei<hro•"- ond H<r5he¡-'¡ oriw 
10n, is • computer rrn~r•m thot allows lhc lptcms anal)'" tn input 
lhe UICI requircmen¡, In a latt;uoge thal ran ~e l<glrdeJ as a sub1el 
of Ensll<h; tho•e requiremenu then e>n be thonged, using fotoli!ie> 

'' 1imilu to rho" on any morl"n '"'·cditing S)'l1em, throu~hout rhe 
•n•l)'m pha.e of the project - afUi rlo~oughoúr the rmo~r '.""'"' hft 
r_ocir! Perhaps mo<l importont, the fOqui<em<nl> deftnition <an be 
5ubje;ted to automolcd •nalni• to d:t<rmine such thin~s "centro· 
dittory doírnoliom of data <lements, missing dofinition>, •nd d•t• 
tl:ments thar ore genorated but nner u5<d. 

The con<ept for PSL \<aS do::umenlej byTeiehroe,.· rnmc th•n 
ten l'"'' ago, bul iris in tftis 1917 papcr thot "' begin to gel •eme 
idc~ of thc imp•ct on ttic real "'Drld. "'utcmatcd •n•l¡·•i• slowl)' i• 
hercmin~ an opticn, wirh a nurnber of luge, prosti¡;ious orgoniu· 
tion< 111ing PSL!PSA. 

Onc would npecl ccntinucd ¡;ro,.·th; ironir•lly, though, 1 r<· 

portcd problcm is machi"~ ;,,.ffitien<)'! PSL!PSA •rrarenlly <On· 
sumes •i~ni~cont omounts of CPU time :tnd othor comput~r 
re>O~LC05, although Tti<hrocw and Hersh:y m:tintoin thot surh t>n· 
~iblo, ,.;,;b!, <O>I< probably are sm•ller th>n the in<an~iblc. hidden 
<O>" uf trnot '"<1<0 during "m:tnu•l" •noi¡<'LI Jt op)'<:aro thot 
P5L!PSA is mo<t 5Lrt«1<f~Ur u>cd in OIE•nintiono thot olteldy 
h., e ~"" romruter in>1i1l:ttions and '""'"1 hr.dred (or lhou,.nd) ; 
EDP rcoplt. A "gnif>eant dr>y,bock ro "'idc>pre•d •doption of 
PSLIPSA is the f>et th•t it io "'ritten in FDRTRA:"<! Adminedly 
thi5 hos hclped müc ir pcnoble but FORTRAN1 

TEICIIkCí.'.>' &. IIERSIIEY 

PSL/PSA: A C..:omput~r·Aided Tethnique 
for Structur~d Documentation and Analysls 
of !nform~tion Proco:ssing Systems 

1. ho..troduetion 
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· ' ' o " · .·• m ointoin .1111>< t.,,;, d>~> C\cnlu.ll¡ oew111 on on ur~<~lionol s¡siOm \¡¡,, ~r ¡¡,,. ·'"''"''"'' "'' JJI> f"' ~~ ..1 fr>r.:; •. •:l1t:~ ~- 1 ,,., "~--

'"''"~ ,,,¡,;¡ics.' in lhOI'the~ use dol& ond inf~•m•li~n '" r«•Ju.-e·colher J.l• .:~~~oh:''"~"'-
'"~ infurmolion. Eorh •c1i1i1¡ nn be ,.~.r~ed os raci•int >l':ci(,.-Jtj,,n. "'re
quiruncnts frnm rrHcdin¡ '''"'itics on~ rr<>Jurin~ d.¡, ~hi<h "" rr¡: . .rUcd" 
IPotifontions or rcqu i1cmc ni! br onc or more suc,_cl Jin¡ •r1 j• ilics. 

' 
Sinec many indi>iduals nn)' he in•ohed in rhe 1.1110m dc .. ·lnrmenl rro

"" o•tr considc<Oblc rcriods of limo anU lh<se or nlhcr inJi•id,,,¡, h~>e 10. 
m~in~>in thc s¡·stem onco i1 ¡, or"•lin,, il ;, nece"''l 10 rrcnrd d";<ripoion, of 
thc 1)1\cm u il c•nl•es. Thi¡ i1 ulu>ll¡' ,.rrnrd ton ''docunt<nrJiion." 

In rraclke. lhc <mphuis in dr><umcnmicn ;, on d.,cribin¡lhe s¡otom in 
the f•n•l fmm 10 thot il ''"be moinllinrd. IM•IIr. ho~<>u, each •rtilil¡ 
•hould br documcnled 10 lh~t th< ruu111 il rrodu<'! become lh< •rr,ifit~tion 
for lutee<dinl 1<1i1·ili<!. Thi•' dDts nol hJp;«n in r••nirc kuuse lh< mm
munieJiions ftom e>nc ocúil¡- 10 surcoedinr orti• i1ie1 i< >«om pli• hrd <ilh<r br 
h.-ing the ••me rerson c.arr¡·in¡ ou1 lhe ortÍI'ÍII<<, b)' orol ronnnunkali"n 
lm<on' indi•·iduob in 1 ptojccl, 01 by notes ... hirh >r< dilt>td'd •flrr their ini1i•l 
UIC, 

• ~ -' " d""unotnt•liun · l! 1 ht cnr11pultr i1 "'"" lo pr.,.; .• :_ ""t~ ru,.¡ 
"hen rc~uired. 

Thc'f'Jrl of 1h~ te~hnique 11hirh ¡1 n• -- oper.,ionol is kno:"n 11 PSLIPS . .a..] 
Su1ion 11 is dc1oied lo' brior <!"niptior. :t' IJ"~"' dr.,lcpmen~ •• • fr.mo· 
"0'~ in "hi<h to con>pJI< n~>nu•l ond con:;"<t·~idod d.O(umc~tli\On mrt~.o.js. 
Th< Problem Swcmtnr Lon~u>ge (PSL! ;, dr«ribcd tn SctiiOn 111. The ''" 
pom 11hich cJn be producrd by thc Pto~·,m S<a1cmcnl Anal¡rer (~~,a.) are 
d .. criMd in Sh'lion IV. Thc ~Uius of ti:< lyllcm, rrsults of upcroenro lo 
d>tc." ond piJnn<d d<~elorm•n•s are outlin<J in Section V. 

11. Lc~lral '~'""" d••ltn 

Thi• resu111 in ptOJ«II 11hirh prccerd ,.¡lhcut ""> r<ll J>OS51b;ttt¡· for 
m•n•J<mrnt t<~ie,. ond control. Thc SJ<t<m• or< not rud¡ "h<n ptomi•~d. 
do no1 petform thc funrtion lhe uso11 <•p«l<d, and <011 mote lhon budtttcd. 

The com¡>ul<r·Jidod dO(umenlllion s•;trm d.,cri~cd in s.e~ti.cns Ul ·~d 
1 

IV cf 1his po¡><r is dCii¡ncd 10 ¡>1>)· •n in">"l rote duron¡ the onntal11>1"' •n 
the ~¡stem de>rlo~monl pt.Xell. A 11 en~'•lized mcJrl e! the ~tholc IJI!em 
d<>tlopn1onl prccc" is given in Sorlion lt·A. Thc flnal r<>ult O~ lhC 11>\ltJI 
stJ¡r ¡1 1 de<umcnt .. ~irh here "ill be ,·,llcd the S~!l<tn ~?•fln•hon Repon.· 
Thc d<1ir<d ronl<nll of lhi• d"'umcnl ore di1cuued <n Scctro~ II·B: The .••· 

, ·ti~iriel rcquirrd lo prcJur. this dccumcnt monually ore dc•.crrMd tn Se<11on ¡ 11-C and thr ch•n~" po'>iblc lhrough 1hc u•e of compul<r·IOd<d mrthcd< ore 
1 cuolincd in Srcoion II·D. Moll or,onintion,, lhucfore, mMdote lhll thc s¡'llrm de>dopmenl pro

''" be di•·id<d in1c phu .. 1nd thot rullin dccumenlolion be p¡oduocd b¡· lhc 
cnd of <1th rh•se 10 lh>t prngrr<s t•n be monitmed and toff<<lions m•dc 
~thtn necosur1. The.c llt<mpt<, ho,.ovor, l<~~c murh tobo duirod znd'most 
orr•nizations oro llt<mpting ui'imp,ove th< m<thods b¡· ... ~i<h lhe¡· rn•n•~• 
lh<it s¡ s1em dcvelopment 110, 6). 

Thi• pap., is ronocrncd '-ith Orle o~rooch to imptoling s)Stems do.-elop.' 
ment. The •rrro•ch i• bucd en thror PI< m""· The f>tsl ;, thJI mere .rrorr 
ond •ll<nliOn should be d«oltd 10 lhc fronl cnd or lh< proren ... hete • rro· 
po<rd s¡mm is boing dc~rribcd from 1hc u•cr's roinl cf 'it,. 11. 14. JI: T~, 
setond premisc is tho1 lhc computer should bo U!<d in lhc dc•clopn><nl pro-

! <cu 1inrc s¡·mm• d«clopmont iniOI><I l•f&e omnunl$ or infolmllion pre>:us
ing. Th< third pr.mise ;, lhll 1 ccmputeHidrd oppro>rh 10 s¡·~tems drtclc~
mrnl mu11 !lort "ilh "documentolion." 

Thi• r•rrr d""ibc• o compulct-aided t«l'lniqu• for dc..:-umrni11ion "hi<h 
con•i•u of lh< follo,.inc: 

!l Thr re~ull! of •••h cf lhe atti>iliu in lhr sn10m drt<lopm<nt 
prccru >ro I<<Ordcd in compuru prr><enible fo1m •• lhc¡- are 
~'n1ured. 

A. .~ moJrl oj t~ S) >Ir m dr• rlop"""' prorrrl 

The b.uic '"PS in thc life erclc of informuion systcms. (in.itiation. 
,noi)'IÍ<, dtsiJn. ronslruttion, !<SI, insi~IIJtion, Op<rotio~, •.nd l<fffirn>l•on) 11\" 
pe.rcd in the '"liesl 1 pplications of comput<n 10 OIIIJntl>toon•l proble?'' fsec 
for "'"'Pie. !ll. 1. 4, ill. Thc nced for mote formol1nd comprchcnll>< pro
red u tes for ..-.trying out 1he life cycle ... ,. rerognizcd: utly cumple• ore lhc 
IB\1 SOP publirllions (51. 1hc Phil1p1 ARO! mrlhod IBI. •nd lh< SOf7 m<lhod , 

· llll. tn ohe l•st fe.., H>ll, 1 \ar,c'number o( book• ond P'~"" on rh•s ¡ub¡eel· 
hn e betn publ11hcd !11. 1 91. 

[,minJiio~ of 1he~e 1 ~d m1 ny othtt publirations indit>l< thot thore_ is 
no t<n<t>l Jl<«m<nl on "hot pho•:. thc de•dopmcnt pre<<>l should ~· ~··•d· 
rd into, "hJI dccumen111ion ¡hould'b< produced "corh ph~•e: "'hat ti s ou.td 
ronllin. ot ,.h,l form it should be prnentrd jn .. E•<h Otlllnontron devolops •11 
o .. n m<lhcJ• ond SIOnd~rdJ. 

Jn 1h 11 sorlion • ¡cnc"l"cd s¡·<tcm doolopmcnl prOL'<SS .. ;u~ dt~crib<~ 
., il mi<ht be , 0~~uct<d 1n on crg,.~iuliM "hich hu • Sy1tem1 Lep.trr,m,'"' 

- - · · · mp~l<r ...,,.d ~ cr-f<WO~Iiblc fot develoring. opc,.tor.¡, ond mOtnl.,ntnt <O ,. 
· T S o r ni bdon¡• to >cm< •&hu m01ion P"''"'""& l)st<m<. h< ystem <P-'' m•. . . r~ . 

unil in thc or~•nirooicn ¡nd iaolf hn ><•n>< iuhuntu, .,eh O<llh certo•n nc_, 



.:g· 
1iuns l>ee fur "''mrl~. ll-l)l fhc ~¡olcm IJ.:p,rlllr;nr h•," '!''-""' J;·.,r~r· 
n1cn 1 SIOnd.r~ prr><:odurc ~ ~ :,;~ .. arlut.l.: s ~ ¡rwjon "" "-'~''"'"ni •) •<:m ,nd doc
um<niarion Ol•nd.rds. 

" "'!:"::;,,;, ... of 1h. '''' ,,,,,;.,., .ond '•'·"' 1h,· r•·•l"""' '~>·@ 
ICOI ~illli1. ,¡, .. ,¡~/ t"'" lio.: po.,, • .,_,¡ •.c.::no 1\ill ino¡""'" 1~: 
fun.li .. nin~ '>f lh,• "'i'"ÍIJiinn tlf hi~<:•Í>~ m.:.:t <loo n",·tJ, 
"hich k.oJ to lho p1oj~.:1. 

A t<quest for • nc~ S)>l:m is inirja~:d ~~ •ome unu in rhc r>r¡;lni,,,;,,n 
or rlrc '!''''"m>)' bo proro"d b¡· rhe s_.,,m Dcp.,.mcnl. ~n ;,,,¡,¡ Jr.;u. 
mcnl JS prcpar<d ¡•>,ich ron~>ins informlrior. •~nur ~~-' • r.,·~ S)>'<m ;, rccJ,d 
ond ourlincs i10 m•ior funnio,,. This dfl.·umrnt i¡ '"i;~cJ .n.:l, if •rrrn•<d. 
• senior anal¡·sr is assi;·ntd to rrrp"c • more drl>ik~ dn:un1<nL Thc '"''·"' 
rollccts ~ara b¡• inrcnie~ins usors and slud¡ing 1he r~<«nl s¡,rcm. JI~ rhcn 
prDdur.s • ropor< do.;:ribin¡ his proro~<d s¡·>lem lnd sho"ino ho>< it "ill ,,;,. 
fy rhc rcquircmcnrs. Tho repon •dll olso conloin lh< impl<m:n1>1ion rl•n. 
bincfi1/cos1 onol¡sis, and his rccommcnd>lion•. Thc r<port ;, ,.,-¡.,.,d b¡ lh< 
''rious m~'"''"ior.,l unils in,·ol•·cd. lfi1 P'"" lhi• "'¡'"' i1 is 1hcn in<ludcd 
"ilh o1hcr rcqu<<L< for 1hc r<sou""' of lhc S¡slcm Depor~men1 and ri-.n o 
priuri1y. Up ,¿ lhis poinl lhc in\c,¡mcnl in 1hc proposed S)Sicm is rclali,cl)' 
<mal l. 

At son\C poir.t a pwject tc•m ;, formed. o projcct :,,.der and l<•m 
mcmbers arc •••'tned, and gi\Cn aulhmiiJ' 10 procecd ,.¡,¡, lhc de>elopmenl af 
the 5J'<I<m. A Slecring ~roup ma¡· also be formcd. The projecl is a¡si~ned 1 
1<hedule in occordance ,.¡¡h thc project m•n•gcmcnl S¡sl<m and GÍ'<n a bud· 
gel. The "hcdule will indude onc or morc to¡g<l d•t ... Thc finol ta<sct ~>~e 
~ill be lhc d>l< the sySicm (or il> r,,, pan if il ;, bcing done in pons) ;, lo bc 
o~«alion•l. Th«c ma)' olio be add11ional "r¡ct d•l<l >urh u ~ecinninc of s¡·s
tem 1<>1, _bcginniog of prD¡Iimmiog, cte. 

Jn this r•rer, i1 ;, •numed lh•l lhe 'l<lem dnelopmcot f'1<>cedure rc
quiru lhalthe propo~ed •¡>~cm be re>ie~ed before o mojcr in'c"nt<nt ;, madc 
in s¡-SI<m co~wuc1ion. Therc "'ill therefore b: ~nolhcr 1argct d01c al "hirh 
rhe ··¡o~iral"' desi~n of thc proro>ed •l•tcm is ,.,.¡,~<d. On lhc b,,;, of 1his 
to\'ic~ tne drci1ion '"'l' he lo prococd 11i1h lhe ph)SJ'''I dosirn and ~~nmuc
oion, 10 ,.,.;,, ohe p1opo"d I)'Sicm. 01 10 lerminlle lh< project. 

The re\ÍC., is usuall¡ bastd on 1 d(l('1omen1 p!epue~ b¡· lhe projor< "'m
Som<limcs it tr.•J consis1 or more lhon onc "~'""" documeno: for <'<mpk. in 
the >¡lloms dnolopm:nl melhodolo~y used by 1he U.S D<r>rtmcno of Oc· 
feos: [Jl] fo1 non-\\ea¡<>m IJSI<m•. d<>dopmenl of thc lofe ~~clc i< d~>ided 
inro ph,.es. T"o documcnl> .re pre<luccd •1 lhe cnd of 1hc D"finilion •ub· 
pha1< of lhc D<-clorment ph.,e: o Fuo:lional D01oription. ond 1 D•~> Re· 
quirtmcn15 DC>Cumcnl. 

E>Omin.,ion of the>e and many do:um,;nlalion oe~uircmenl> >ho" lhot o 1 
S¡ 1'< m,. D<foo ilion Rc¡-Or! contain¡ he major 1, ¡>< • of in f or m,I;On: 

11 o d,o,.-riptian of lh< or«o~linn of 1M,• poopu,cd s¡,tcn< in 
•~lf • .-i~m tJ,·:o~ol In aiiM lh,• ~>01> '" •crif¡ lh.ol it ,.¡u in f.oCI 
accnnlpli,h "' "bjo:1i'c'. onJ lo serw "' th< 'i'C,ifo(.olion fo1 
1ho de,i~n antl cnn.~ruc•ion of th< pror.,,otl 'J\lCn< if lhe pro
jc(l .:onlinualion is o~lhuriutl: 

J¡ a d.-cripoion of iiS p10¡X>><J s¡stcn1 implcn«nlilion m 
suffocicn1 ~-..oiiiO cSiim.>IC lh< l<mc anJ CDII <equircd; 

~) lh< impkmcntotion pl•n in sutncicnt d<lo~illo.cstim.ol~ lhc ~0>1 
of lh< proro>cd S)'llem ond thc lime it "ill bc avoil•ble; 

SI o b<ncfit/co" •n•lr<is :ond rocommcndotions. 

In .>ddilonn. 1hc r<pon uw•lly ol>n cont.oin; alher miscclloncous info1n1>~icn 
>U<h os ~lo.sori<>. e¡,;_ 

' ' t 

Durin~ the ini1ial >lagcs of thc proje,·l thc dforu of <he 1com "" tlir<<l<d 
to".ord, produ<inu lh< S}l«m• Dofonilion RcpOJL Sincc the m.~jar itcnt <h~> re· 
port ,·~nto~ins ;, lhc d«<:rip1ion of 1hc prope:.cd spocn> from <he U><1 01 la~i,-.ol 

· poin1 af ,¡,"-· thc ae~ivili<S rcquitcd te p1oduco thc repon •1• collcd lhc lo~i··•l 
SlStcm d<>i~n pro.::css. The p1ojce1 l<.om will s<on ,.;111 lhc info<mo~lion olrc•dy 1_. 
aooiiJble and thcn pcrfo1m o set of ocli>·iti«. Thc•t m•>· be Hl<>upc:d in1o fi•e 
mo~jor cal<~ories. 

" 

,, 

Dala rollrrl•or._ lnformallon ob~u< th< informJiion no~ in thc 
pr:senl s¡·s«m. ~ler dcsircs fo1 ncw ¡,,rormolion. patcn<ial 
nc" •¡si< m orgJnirOiinn. etc .• i¡ collectc~ ond 1C<"U1dcd. 

rfHai;'ld. Tho a,, oh,¡ h••• b«n coll««d .,. >ummJtÍI<~ 
an~ analyl<d. Errcr>. omi»iOn>, and ombi~ui<io:. or< i~cntificd 
and carrc<l<d. Rodun~Jn<ics >1< identifocd. The 1CiUI11 ore 
prep.>rcd far r<•i•"' ~¡ o~pro~<i•« ¡raup>. 

Lo;ioal Jti'l" Fun.,iom lo be !'<tfOrm<d by lhe SJ>l<m o1c 
sel<rttd. All<tn.>li•cs fo1 • ""' S)'Stem 01 modificatian of the 
p1<>00l _SJS«m orc dc-.lo;><d on~ c.amincd. Thc "'ne,."' >)i· 
tcm is de.<tibcd. 

Eoal"a"""· Thc b'ncfili ond CO>!I of tM ptopo••~ lyllem ore 
d"<rmin<d oo a •ui!Oblc lc\CI of -.-cur.cy. The op.:1ationol and 
fun<1iono~l f<osibihly of lh< S)Stem •rc e.amined ~nd 
eulu>icd. 

1 
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of dof•cion<ÍCI in lhe rror•used 1.•-<rem ,.¡¡¡t.: di;•n••••d- _,·,. d<•"h: 10 Jc,-., 0,,.,11 _1:; m >r,J ,.;,~ • '·"!' '""'l'k' I)SI~m ,, " 
1< rn>~i•·cs for imr•<>1 cmcnr • re id,·n• iflod "nd 0, ;1lu., ood un Lol d1:lioulr ro ,¡,; 1e "''in< "h.ol.i'!.f.':'.'.""'iuñ ;, mi-.in~. 
f~nher rouible imrrn,cmon•s '" not jud~od ro b• ""''h Jd· 
d•llunol drort. lf m•jor <h•n~cs "" m•d<. <h< •••lu.JLion <~•r 1he J<fioioncies of mJnu•l do.oumcnt1rion ore compoundod by \he fu;, 
m•y be rcr•••cd, funhcr dll> cnlle<lion ond ·'"''·"''m» ,,,, .. bc nc..,surr. •· IIIJt ''"'"''ore continuoU¡ <ll>nrin, onJ it i1 ,.,, dilflcuh rn kc<r rhc dno:u-

n><nwiM ur•t<>•d.nc, 

j 
1 
1 

1 • 

' .J 
1 

' 

.. _In rruricc rhc <¡rc of •ni•·itics outbncd 1bo 1 c m>~- ont b< ri,·Jrh- dis
,.n~u.,~ed lnd may bo curi<d out in ror•ll<l or iter.,il<l):,..,h incr<o,in!l<l<ll 
of drtatl. Throu¡hout th< proce.,, ho~tHr it is cortitd ou1, rcsuhs ~·• rerord· 
cd and documcnted_ 

lJ 1Ut tn 1 n11Ur1l i>OEUI;<: 

2) li111, ublcs, arrays, ero11 «fcrrnces; 

J) ~raphicol rtpre .. nlllion. figure!, no .. chorts. 

Analysis of '"'o rc¡>ortl shoud thc follo,.int numbcr of pares for <och 1}"1'< of 
information. 

Form llcport A llcport 11 

, .. , .. "' 11111 •nd toblu , "' <hm• '"d fi~""' " " IO"I "' "' 
' The !)"<1<~1 bcin; df'Cum.<ntcd' ore ,·cry comrl•• ond the•• nt<throd• cr 

rcrruenutoon ore not <•r•blc of adcquately ducrobin¡ al! th~ nrr<h•" ~'1'<"'" 
or • systcm for ollthosc "ho must, or should. use thc documont 11 ion: Con••· 
quentlr, document>til:>n ;1 

ll ombiruous: n1tural l•n~u,scs are not rreri•c rnou~h to 
dcscribc s¡·S!cms and dtrrercnt rco~ers mor interrret , sen· 
tcnrc in dtrl"crcnt "•rs: 

" incon•i<tcnl: 
lartc ond it ls 
<OOiillcnl; 

since !)10tcm• are llr¡c the dccumcrullicn Íl 
nry dtll"teult to en•~'• thatthe dorumtnllticn i• 

'-- .. -.- ··-··--·----·---

ll«tntly Ül<!< hH< boon l!l<n\pll te intp!o•c mon~o\ documcnwion by 
dc10\op•n~ more formal mothoJclcg••• [16. !l. lJ, 21. 15. Hl. Thuc 
mcthcJs. «<n thouth they are desi~neJ to be uscd manually. h•~• a formol 
l'nll~lll: or rerr<l<n1Jtion schemc th•t is dui¡ned to alltviatc th< dill"teultiU 
li<td ¿OO>e. To mAt the document•tion mo1~ u<cful for human b<-in¡s,, 

• 
• 
l 

ln comrutor·oidcd 10;-ical s¡·11em dui¡n th< objcctive. u in thc monu~l· 
p1ocess, ;, to produce the S¡stcm Oefinition Repon and thc proceu follo,.ed lJ 
essentillly similor te thlt ducribod •bovc. Thc computcr·oidcd dcsi¡¡n syst<m 
has th< followin¡ tapobilitiu: 

ll 

" JI 

" 

c•p.:~bilit¡ 10 d<serib< inform,lcn s¡st<ml • ..-hothcr manual"" 
comp~>tcriud. "hether ••i•tin' 01 prope .. d. ,.,.rdleu of ap
plic-ation arca: 

abilily lo record 1uch dnrrip1ion in 1 computeri1cd dall b•se: 

obility te incrcmonully odd 10. modify, O< delctc fron1 the 
dc • .:ripticn in th< dilo b>~<: 

' •bilu¡ 10 produ<t "'hild copy" documentation for U« by !he 
anJI)"II cr the othH us~n. 

Thc c•p.¡bilit)" 10 de1cribo \)st<mS in eontpulor p!e<essibk form tt\ldt• 
from th< use cf thc !)"Stem de¡cription lon¡¡ua~< cJII<d PSl. Thc obility te 
record 5u"h dcs(ripticn in a do u b"'· incrcmen"IIY modtfy il. ond en dcmand 
pttform an•lr•i• •nd produce repom comes from thc soft""" p.:~cb¡¡e rolled 
thc Problem SIJt<m<nl Anllyur (PSAl. Thc An,l¡zer is ccntrc!icd by • Com
mJnd bn~Ull< 10hi<h ;, desoib<~ in det•il on (9[ C"t¡. l). 

• 
l 
• 

1 
' 

Th< Prc~l<m St>t<m<nl L>n~uo,c ;, outlin<d in Settion l1l ond deloCI"ib<-d 
in d<t•il in [101. The u" of PSLIPSA in compultr·oided !o¡i01l •y;tem d••iJn 
is dcsCTibed in do.,il in [!SI. 1 
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Thc ~•• ol PSL/PSA doo5 oot Mpcnd on ony pmjcul>r WU<IU« ni lh~· 

"""m dc-rlormool prO<'ess or anr Slln~"J' en thc lorm" ""~ con~<nt of 
h.rd copy dorumcnmion. 11 i¡ thcrelorc f~llr compatible .,.¡,h <unen• PIO; 
(<dures in mo51 or¡aniza<ions lh>l are dc>clopins •nd mainl,inino '·'"'~':. 
U•ing 1his s¡·s.om, ihe d"a rollcctcd '" dcvclopcd during all fi~e of Lhc """'i. 
¡¡05 .,. orrordcd in m>chinc-tcld>blc form and cntcrcd into lhc <<>mpul<r •s Í\. 
¡5 roll<<led. A dala base is buih durin~ lhc prooo5S. Thcsc dal> ••n h~; 
anal¡1ed by rompUL<r pro~~anu and inLc1mrdi"c dnrumcn,tion prcpar.d "1, 
re<¡ue5l. The S¡·•~< m• Dd1nilion Roro" lhon indudu • ''"'< ,mounl of nu•

1

l 
1 . <erial rroduced au\nmali<oll¡· from lho d>lo boso. . ! 
\ The aCii>"ili« in locical s¡·slom do•isn are nHnlilied "hcn PSUrS.<\ 11• 
1 u~cd a< fcllo~·s: 11 

1 • 

j 
• L 

" D•~> collceiinn. ""'' mo<l of 1he d01a"mu<L b~ nbt~incd 
thrOuGh f'<'IIMOI ccn~art, inlef'i<"< ~ill «ill be requi1ed. The 
d"' colkr~od .,. rcc01dod in moohine-n,do~\e fmm. Tho in
lc1111cdiolo nu1ru" of rsA oho p1o•idc con•en,cnl cho.-Ui•l; 
for <\eciJin' "h'l addilional infonna~iM i• nce.kd ond fnr 
tO<o<dint i1 fe¡ input. 

An•IY"" a number of diffor<nl kind• of an:~l¡si• con be ror· 
formed on dcmond b~ PSA. and therdore ne"d no lO'·>" b< 
done manually. 

,, <W 
l!;.·,.,,: ~..,,;_.,. ¡, ,·,·:c,:i.,'l¡- .1 .rc.11i-< 1'''"'"" ond '""""'be 
o•w . .-.,.l<d. 11<>--'··'· P~.\ <•"· •,.,l: "''"~ d•l• Hlillbl: ,le 
th; d<,i;na an~ all"~ h:nl 10 m•nipuiJt" il ""''' o.l!n>hel}. 
lne «•ult$ of hi• dorisinn> a10 "loo <nl<><d in Lo lh< d.11.1 bo5<. 

E•~lu"1ion: PSA pro•·id<> !Offic 1udon~en1"~ focililic$ fcr rom
i>u<ini >c!ume cr "'"'~ OIC-'WI<'I fr~n> l~e dliA in lh< p<Oblcm 
lt.ilem,•nt. 

5J lmpro•emeniS: <dcnlifi,_,,;on or """' for po»ible impro•·•· 
meniS ;, •lso o rrclli•e t•sk; hoHver, PSA culpul, pllli<u\31\~ 
from 1hc e•·olualicn Ph•'"· may be u•dulto the analyst. 

The S¡><<~1 Def1ni1ion Repon ,.¡11 conl•in the 5ame mal<rial •• lh•t 
dc,.-libc~ sincc lhC do"umcnlalion mu51 s<rvc lh< S>mc purpo>C. Furth«• 
mo•e. the sorne ¡cn<r•l fo1n1ll and l<prc•cnwion is duinblc. 

1 

1) l"o~r~aoi•·• inforn~alion ;, nocc,or¡· for hum•n r<adabilily. ThiJ 
i1 11ored :11 pan cf lhe dau but is nol an•l¡·>cd by lhc compul• 
er pro~ldm. He~ olOr, lhe foct thol Íl is displayed nell 10, Dr 
i~ conjun.-lion ,.;,h, lhc fin•l description imp1ove5 !he abilily 
of lh< •n•l¡·•t 10 dcl«l discrepJn.:ie5 and inconJistcnrics. 

2) Lis11. tabtes. ur.ys. m•tr;,.,, Th01e rep~<•enulion• are 
P<epared from the data b•••· Thcr >10 up-lo-dJtc and <•n be 
more e.1•ily r<arrJr.,¡od in •nr de>ircd ordcr. 

3) Dllgrom¡ and rham. The inforn~ation f1om <he data b••• <>n 
be repr.,cnled in variou• ¡¡raphiool fmm• lo disploy lhe rolo· 
1ionships b<lwcen objcoiS. 

11!.' PSI., o prubl<m >l:;lt.nrnl J.n,u•~< 

\ PSL is a l>nt"•gc for d«oribin¡ 5¡'1lcms. Si neo il is inl<ndetllc b~ u5Cd 
10 dosrr,be "pro¡x»od" IY'""" i1 "'" callcd a Problem Slal<ment Lan¡u>J< 
b~cause th< dcscrip1ion of a pro~1>1ed S)'>l<n> can bc ccn•idered 1 "problem" lo 
be sol>cd by lhe s¡stcm duisn<« and im~lemenlcr>. 

PSL ;, int<nJcd lo bo u,.d in •itualions in ~·hich •n•l¡<l• now de>e1ibc 
S) SI< m•. Thc de;:-1ip1ions of 1)'51<ms producod u>in¡¡ PSL ore u.ed fcr ti¡:: 
!Jme purpo,c os thll produccd m•nually. PSL m•r be us<d bolh in bJI<:h 1nd 
inl<r"IÍ>t """oc,mcnll, •nd lhclef<>le cnlr '"ba•ic'" infolmllion abou¡ !he 
>sstem ne:J lO be IIJicd in PSL. ..._11 '"d<rÍHd'" infc,m•lion can be ¡orodu<Od 
in h>rd copy form •• 1<4uircd. 

Thc modtl on ~hich PSL i1 b•••d i> d.,cribod in Se<1ion IIJ·A. A 1en· 
«•1 do!o<i~lion of thc S¡llcm lM "moniÍCI e[ PSL is then ¡ÍHn in Se"ign 
111-B 10 illu<1n1< 1ht brc.d >:opc cf 'Y'"'""~'""' lhat con be dt,.:ri~cd u>in¡ 
PSL Th: _d:toilod synlJ< of PSL in ¡i>cn in 1101. 

' • 
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r 

' . 

The l'toblem Stai<m<nl l•n&u•r• ;, bo1ed ftr.l en ' mN~I ora ~enu•l 
SI"'"'· ond >rocndlr on rhc srcrialia.,cn of !he tN-.lcl to 1 r~11icul~t rl••• or 
•¡slems, nomely infermarinn J)l1ems. 

The mM el cf 1 Eenerol IJ srem is rel•rh d¡ sirñrle. ': mcr<IJ !!JO~, 1~.01 • 
syslem consisu of lhin¡s "hich are e>lled OBJECH. Thc1e objc<ll m»· hl« 
rROPlRTif.S and Clth of lb<" PROPEUIES ma¡ hiH rROPEH\ Htl"fi The 
nbjecr. ma¡· be ccnnccred cr inrenelared in ••rious "')"!. The1c «'nnc~ritons 
tre called RU,>,TIO~iiiii'S. 

The seneul mt>del is •rrciali><d fcr on informotion sr11em b¡ ollo"'"1 
thc lile cfcnly 1 limited nun~ber cf prcdefinod objC<L<. prol'<'tLie•. and relation
ships. 

Thc cbjrcri.-. of PSL is ro be ablc ro nprus"in s¡·ntoctir•lly an>h"hlo 
form u murh of rhe inform•tion "hith comrnonly oppurs ¡" S¡<~~m Ddonirion 

1 Rti'O'" •• rouible. 

SyStem De~crirrions ""~be di~ided into ri,h1 major •st~ecn: 

' " S¡stem lnrui/Oulput FJ.,...., , S¡·ot~m Stru<lure, , Ooto Stru<turc. 

" Data Deti•·arion, 

ll S¡·s,.ni Si1e ond \'olume, 

" Sy>1om D¡nami<'S. 

" S¡stcm Proporries. 

" Prc>]ecr M•n•;cn,enl. 

PSL contai~s 1 number or r¡ros or ~hj«IS ond rel•lionships "hich p.:rmir th~,. 
difTerenl OS¡>et" lO be d.,tribcd. 

The S¡11cm t~piJI/Ou:put Flewl!pC'l o( the srsrem dcals ""ith thc in· 
lonclion bet,.cen rhe 1~r1et s¡·Stcm ond i11 en•·ironmcnl. 

S)">l<m Slll•tlu't Íl <on<erned wirh the hiet11thio1 •mMI nbjec" in 1 
'l""<m, S\fut!urcs m•y oloo h intrDduced 10 f•cilitale 1 p.¡rtitubr 
drsi¡n opptooth ou<h u "tcp down," Al! infermalicn m•Y init"toll~ 
be s•~uped lo¡ether ond c&llcd by one name &1 the highe" lc•·el, 
•nd rhen surrcui•·ely •ubdi•·ided. S¡s:em srrunurcs con r<rrc~ent 
hi¡h-le>el hier&rchics "hich m•r noltctuolly e>ist in rhc 'l"•m. 11 
""•11 os lho•e lhot do. 

-'O":" ••• -.-:- •. -,....~ -- •• ' -· 

· ··- · tion1hip1 "hi<h ui11 ··~•ou~ d~u U\ed •nd/or monirullted b¡· thc 
~~~10m u «,:n by the '"u><11"" of thc SJ<lcm. 

The Do1o Dr'·'"""n upe<l of lhc I)Stcm durtirtion •pc<ifi<s whith 
d110 objecrs are in•·oJ•ed in purirubr PKOCE1SH in rho nsrem. h ~ 
eon<erned vcith •h>t inf01m.rion is u1ed. ur<l>ted, ondlor dcti>rd, 
how rhi~ i• done, ond by "hich prorcues.' 

Doro Deri•·•tion relotionshipl ore intconol in rhe 1¡·srem, •hile Srs· 
tcm lnput/Ou!pul F!o~< tclotionshiPS d .. :ribe the ''"''""' boun• 
d1tic1. AS ""ilh Olher P5L focilitieo System !nput/Outpul Flow nced 
not b< used. A srst<"l ••n be ronlidcted as hl\·in¡ ·no bounda<y. 

The S:•·J"'" S•:• tMd l'eluml' aspecl is conccrnod .,.¡¡h rhe size ef th< 
SYSiem ond lhOI< footors •hith influencc lhe volume of proreninl 
which "ill be rcquired. 

Tho Symm DptomirJ upect of s¡·11em de«riptien pr<>cnts 1hc 
"''"'"'in ""ti<ch the tot¡el •nrom ''beha•·es" o•er lime. 

All objec" (of a particUlar lype) u1ed to de•clibe the l~tl<l s¡stem 
hne charaereriitics ,.-hich distingui1h thcm from orhct objecu of lhe 
'""'" rype. Th<rdore. lhc rROrHTIE1 of panicu!or objccts in the 
lfllem 111Úu be d.,ctibed. The rRonRTif.'i themsdve! ore objecll 
ond given unique namO<. 

The P<<>;trt }.fancJrn<tnl Up<:<l rcquites lh01, in •ddition to thc 
dtlrtiplien gf the tar&el IYilem beint desicned, dorumcntotion or 
rhe proj.ol dcsi111in¡ (or doxumenrin¡) rhe tat¡et sy>lcm be 1ínn. 
This involves identificllio~ or pegplt invo!vcd ond thci1 ruponsibili· 
ties, •chedulc•, ere. 

:JI', Rtporu 

As informotion obour o pottit"ul.r s¡slem is obttined, it is .. p,.ued in 
: PSl ond cnrercd into o dar• buc u1in¡ the Problem Stalemcnl Anol1ur • .Al 
: any time sUndotd our¡>uts or rcpcrts m>y be prcduced on requnl. The .-.rious ¡ rcports can be clusified on the bui• gf thc purpo~t! '"hich rher serve. 

1 
1 
! 
', 
! 

" 
, 

Dot~ Bau Uodo/itatio~ /?rpom: Thne <on51itute 1 record or 
chonl<l lhal hove b«n m•de, to¡ether wilh dia1no<tico ond 
"ornin¡1. Th<y CCntlitute 1 I<CDtd of ch•nJ<S for <1101 COfi<C· 
tion ond re<o•·ery. 

l?rfr<tMr l?rporu: Thcse pre1ent the infotmotion in lh< duo 
b.,. in various fotmots. Fcr eumpl~. !he N•me Liu Repon 
prc,.niS all tht objenl in lht d•ll t..•• wlrh rhtir lypc and 
dore or lau ch•nl•· Tho Fcrmurtd Problrm Stolemcnt Repofl 
shows all properlies ond "!.ario~~hiPS ro: a p&rtialb.t obju::t 

'. 
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(f:-,g ,..2) Th~ Dtcli(m•r¡ l!cporl g" e> unl¡ d•To ¡lj,·¡j¡,;oar¡· 1_1 r: ..:..J} 
infor 11!1'''''\~:n:,!!~JJ 

¡:1• h;,¡o 1 '"'-•,; •'" 11 ¡. ¡, ¡;¡~¡: 
'"~'''''' "'"""' ... "''~•h-.,:., ... ,.~ ... .,, "'''"' ,,,_, ''·"'•'"' r.;.o '"" .,.....-•• ~---····--·--<·-·-'-·• 
"'·'" '""'""' , ..... ,_,. ...... , ... '"-"'" '""'"'-''" ="...J..:•l <'-•·"'" ··'"'"'"' ,,..,...._.,,_,,, """ <=·' '""·'''"'' '"r•·Lbl "'-"'"''=" 
'"""-"""'o""'"'""~"'' _,,,_,-_._,,.., n'>Cill >:<-<=-__,., 
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ull•'"·l 
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'"''" .,. ~·''""' ,., ......... . 
' ............ ,,, _., .......... "" .. ,,_,, ........ .. 
"" ............. ~ .. , .......... .. ...... , ..... . 
' ............... ,,_ ....... ,., ..... . 

, .. , '"'' 
'""""' "'~· "'''"' '""' "'""' '''""' •= ...... 

' "·~·"· ..... ,., ,,_ .... '"' ..... '· '"'"' ·~ ··~ ......... . 
!. "'"'">u,,,.'"",.,"""""' ,.,, '· ...... ··~h ,.,,, ................. ,,,. 
!. ........ , • .,_ ................ ., •. '· ............ ~ .. . 

..... ¡¡ .......... ""'"" ......................... .. "" _,_ .............. , " .... '" ...... ,., ... , ......... 
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Fl¡;utt l. [ • omplo o/ • fO ~ 1! ~ TT E 11 r Roa LB! STA l n1 E)<T lor o no F~ or LSS. · 

S111umao· Rrpam.: These prescrll collcclions of infmmalion in 
summary from, or rarhtrecl from severa! clifre1enl rel~rion
ships. For exomple, lhe Dara BJse SummJry Rcporl proviclcs 
project mJnJ~emenl informarían by shOwin¡; ¡he IOI~Is or l·ari
ous types of ob!-.:.cts and how much h~s be en SJid abour lhem. 
The S1ruc1Ure Rcporl shows complcle or p:Jrtial hi~rarrhin, 
Thc [,tended Picrure Reporl shov.s the data nows in a ¡;r~phi
cal form_ 

Am>!.i'1<I Rrf'OF/S: These pro,·ide \'arious type_, or anai)'~Ís or lhe 
inrormation rn rhe dJra base. For example, lhe Conrcn!s 
Comp:ui~on Repon anal¡-us simil.rily of !nputs ond Ou1pu1s. 
The DJta Prorcss lnloror~ion Re~ort {Fig J) r~n be us~d 10 
dcrcct gops in the in(ormarion now, or rmuHd dota o~jects. 
Thc Pro:ess Ch,in R"¡.~:: ~~.:·.,·s the dynamic bduvior of !he 
S~'S!Cm (fig. 4). 
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=~. ~~~~~~~~--~'------~--~ ; Alltr 1ho r<~uio,n>,:n!l h.-. h,·cn 1nmpl~~ed. :c.,·:_,,: J~;Jnl.niJIÍ•·~ ,.. ,-~; 
qui•ed b¡· lhe ot¡;anir.lion ""~ be pa>du«d '~'"'""'''"''''';11¡ 10 • p:,.,.:,:,·d ~ 
form•l, < '·· lhe form•t "quired for lh< Fune<ionol llc•;riplinn ,,·d 8JIJ Re-, LJ~''''·r•Mnl •dllt.-~~ r,.; tim.: arJ ,,.,,¡,,. h;;""-' ,,..,.,, "hi,-h "·~··· 
qui1ernenll in PI). 11 .1:< Mi di'''"~r.:J u,nl>l PIC·~IJ~>O.oinr '•' IC•IÍ<•~. h-"" b.:.:n noini~1Í1~~ h ;, 

@ tc,:n;tlihJ lh•l pnc UJ1nn fur lh< hi¡;h "'"\uf •l"-'""' dn~ll>l"""M Íllh< ¡.,,, 
thll errors. in5onsis1cn<i .. , ond on1i>'ion1 in l¡>o:<~l<e•tionr. ore ffcqucnll) <-01 
d«c;tcJ un•il 1•••• SIJS<i ol d.-elorn><nt: in d<>i~n. pro~rammin,. IJI'•"'• 
1<>11, or Ó><n orer.11ion. The u1c ol PSLIPSA durin~ the ,p,,;r,-:ation "~¡e 
rdu."<>·lhc nu.~lb<r cf err<>r; ~hich "-ill ho•< 10 b' roHC."IeJ l•••r. Moie.\<• 
nJo.:c .:o;u ~re con1iJerJbl¡ redu«J b«JUIC lhe cnccl of a proper;:J ch.c.o: , 
con ehil¡· be i•o!Jted, thcrob¡ reducin¡ thc prob•bilitr thot ene corrcction ~in j 

T~t I'SL/:s,o, S)"lltm c!cscri~d in thi• P•rcr i1 orcmior.al con mo~l '•'•" 
rcmpulln~ cn•no.,mrntl "hirh suppon inltiiCii•c use. includint lB.\! 370 
•<rin 105/VS/TSOtC~tS), U ni' oc 1100 •erics. llXEC-~). CDC 60~0!7000 

1 """' ISCOr.E, TSSI, lluncp•tll 600/6000 •<ric• {~tUL TI CS. GCOSI, AM· 
D~!IL 4:0/\ S {MTS). •nd /'OP-IO {TQPS IOL Pombilil)" is .chic><d 1 ¡ 1 re· 
lau•·cly hr¡h levrl; olmolt 111 of 1hc s¡·srcm ¡, "''illcn in ASS! Fcrtron. 

1 PSL/PSA ~· <urrcntlr bcrni UICd br • numbcr of orp~;,.¡ 100 , ;,;<ludio¡ 
AT,t,T Lon1 .Lrnc•, Chl>e M•nh•llan B•nl. Mobrl Oil. Brili•h. R•il"•rs. 
rcanlco• M<>r<&no•, TRW lnc .• lhc U.S. Air forcc •nd othcrs for dPCÚmcnt- · 
in¡ s¡·srcms. 11 i• lbo be in¡ used by ltadcmic in~tilutions fot educa1ion ond 1 
rcseuch. 

The m•Jor bcncfru claimcd for computer-aided do<umcntotian .,, th" 
~he "qu1lil)":· of !he d~umcntolion i• irnrw•·ed ond that thc cos1 of d"i~n. 
rmrlcmenllhon, and m>rnrcnonce "ill be rcdu«d. The ""qu•hlt" of thc do..·u· 
~·cnloticn. mc.,urcd in term1 of prooi-.nen. <OnliJicnc¡·. ond •·omrlctcne,. ;, 
'"""'•d he<Ju" lhc 1no!ysa "'"" be morc "rccise thc scft""'" ~orfo • • • • • • •• 
"""''"'· 1nd thc ourrut rcports con he rnio,.ed for r<moinin~ omb1¡;u01ics in· 
consl!rcndcs, a~d ornt<srons. Whilc complctcncl! ••n nc,·cr be iullr 
~uonnlccd, nnc rmromnl fcoturc of thc cornpUI<r-•idcd mcrhcd ¡5 th•tollthc 
d.PCumcnl>rion thot '•c•i.,s" i• lhc doto bue. •nd lhcteforc thc ~•PI ond Omis- ' 
Soons &rt tnDtt Cb'IO"JI. Conoequemly. thc or~•niution l.no"' "hll d&" it' 
hos. ond d":"' ~el hove 10 dcr:nd en indi>idual• ~ ho m•~ nor be ..-1il•blc 
"htn 1 •roc,foo lltm or data obou1 1 •¡stcm is ncedcd, Any .,,.,_,.1¡1 p<rfvrmed 
ond rtpom rrcduced lit up-to·dite" of the timo il i• pcrformcd. Thc coordr
nation omcns onol¡lls i• &rcollt simrlifrcd •inct •••h nn "Orl. in hl• 0,.n ,,., 
•nd nill tl>v< thc ·~>'cm •l"<ificllions be wn•illent. 

----- ---- - .. --·- --·-·· 

COU>O Olhcr eHOfl. . 

1hc cost or u•ing a comrutcr·aided m<thod during logicol 5)1\em de•irn 
n,u¡l be comr'"d "ilh thc co" or pcrf~rntin~ th< operations mJnu•ll)". In 
PIJ\"Ii'< th• <Oil of the •·ariou• •n•lt>t. fun<tions of intcrvic~inl. rccorr.Ii~l. 
~~JI)"!ins. tt~ .• are not ruorded ICI'JIIt<l¡·. Ho .. cvcr. it un be ngucd r!nt 
dorect COl! of documenting sp-r.:i~:ation5 for a proposed s¡stcm u1in1 PSLIPS,O, 
should be oppro•imotoly cqu•l 10 lhc coSI or produting tht ~oo<umcnrJticm 

mJnu.tll). Th< <O<l of t¡ping manual doocumenlation il rou¡hly tQu•l !O the 
co¡¡ or ent<rin! PSL '"'<m<ntS inro lhc eomputcr. The eomputcr cost ofu1inl 
PS.>. 1hou\d nct be more th•n rhc cost or •n•IYII time in e~rryln1 out thc anal· 
ysn m•nual\y. IComputtr cosrs. he><e•cr,arc much more ~i•iblethan on•lptJ 
<OIU.) E~cn though the tolll <OSI of losk•l •Y•tem desi¡n is not teduccd by u1• 
in¡ compulcr-aidod mcthod•. th< clap•cd tome should be rcdu¡-cd b«IUI< 1hc 
compurer can pcrform cl:ricoltnh in a shofiCt time lhJn 1nolysLS requitc. 

ldrally lh< odoplion of a new merhcdolo¡¡y such n thll represente<! by.' 
/'SLIPS A should be ba<ed on quont¡.,,¡,., cvolu>tion or 1he bcncr.a ond to111. ~ 
ln ptJcti<e this ;¡ sclr.!om po.,iblc; PSLIPSA i1 no cO<cption. 

\'crr hllle quanlil>li<e inform•tian 1bout the c.pr:ricnec In usin1 
PSL!PS.-\, especi•llt con<Ornln¡ m>nPO"'"' rcquiru:-:•~11 ond 'Y"'"' dcvelor· 
mcnl cos". ;, naillblc. One rcuon for 1ht. t.ck or dat• ;, 1h" th< projcc1 h•• 
b<en tonterncd ,;,h d«eloping the mcthodolou •nJ hn nol felr ir ""'''''Y 
or "orth,.hile lo invell resoure., in <>rryin' oul ccntrollod c•pcrimcnt¡ "hich 
"ould Otlempt to qu•ntify the btnefi". Furthcrmor<. commc"i•land IO•«n· 
m<nt orl•nilotiOM "hich h~>c in>clligatcd PSL!rS.>. h»e. in !Drnt '"''· 
s:>md to "" it .. irhoul 1 fo,m•l c•aluotion: in olher '""· lh•r h~>c 111rted 
• "lh an "'lullion P<Cje<L He"'""• once the eo·oluariM proj<et i• ccmpkted 
and lh< dcci•ion i• m•d< te u1e the PSLIPS.>., 1hero i1 lirtle lime or motiv>~ion 
lo documcnt the re"on5 in ~ctail. 

O<!Jniucions <•rryin~ out e-.lullioM norm•Ur do 001 hove che rom~.r•· 
blc dll• for prc•cnl methcd• onibblc •nd 10 hr nono hnc f<ll it nccc..,>tJIO. 
run conaollcd .. periments "ilh both methcd, bcinl usod in ponlltl. Evon 



• _,,------------------------ .¿,-~. ~~~-~-~~----·,--,,...-<!l/>-

10 ~~~! 11 1 h; Lkle<min.IIÍ"n -'~'1 ,l·~nnhC-1 ,,¡,,n nf '", ·''·"''"'' ""J l 
lun. 1¡.,,,_,¡ , 1,,.,-,~ •. ni""' ;.on he in.pl•""d h¡ 111,\ ;,.' u•.: ,.¡ ,¡,_, 
,·nlloru<>r fur rocnrdirl¡ onJ anJI• tin¡ thc L'nlk.t,•.! d.•tJ JI•J 
;wo.m.:m< •~oul 1h.: {'IJUI'"""d ~)>l<no. 

"hen e•·alu,linm "' m•de, lhe ro<ulll ha; o nut h:cn m.•Jc 
rrojetl: ~~o•uoerho or~JniiJtinno "l'••d Lhe dJlJ "' rr.,pri,•t,,r). 

The e>idenro Lh:u lhe PSLIPSA ~~ "orlh"hile io lhJI •lnH•>I "rthnut ,,. 
coplion the mpni:otir>ns llhioh ha >e serinu;l¡- oonsidored u¡inr i1 hJ\0 d:.id<d 
10 adopl ileilher "i1h or ~11hou1an e>olu>~inn. Fur!h<rnwrr. pr•nic>ll¡ all or
~>niution< "hirh Slotled to u•e PSLIPSA are cominuin~- 1hcir u<< ltht C>«r>- 11 

1ions h"c bcen couocd b¡· f•tlors nthc¡ 1han PSLIPS.~ itldft ond in <•rpnil>· 
tion¡ "hith hH< •d~ptod it, """'has in<r<•-.d 

., 

Compul<r·Jid.:J Jocun1.:nwirm ¡, Í\\clf ~ W<l<nl of "hi.:h lh< 
,0¡1""" ¡, onl; a pJrt. lf oh.:''''""' is to be U\cJ._o<!.:~~-"" 
, 11 _, 01 ¡1,11 01 u<t b.: ~i•en 10th; l'hnl.: n><lhnJnln~¡. oncl~d~n~: 
uL<'I do.:um.:nL.ollnn. lori<l<C' and mcrhJnic, of "'"· UJ•non~. 
n1.:1haJnlo¡ocal suppml, JOJ "'""·'~'"""' <llc'<lura¡cmcnl. 

Thc b,,;, strucwrt of PSL ond rSA is_ corrcot .. ~ 'l'~lcm 

Jc,;riplion lon~uns< should bc of thc rc\Jit~n"l 'l:P.: '" "horh o 
d<•<•irlion con>i>~s of idcnlif¡in& and runung ot.¡ects ond relo
tion>hip; , 0100 ~ lhtm. Th~ sofl"''~ s¡Sltnl shouiJ be dolO· 
• oo'<"l<d i e 1he dJIJ enlr¡ ond moJ1fléo1ion prr..:cdures 
~•••'"·" ·rr sh"''ld be ><r•roocd from lh< oulpul rcpor! and •n•IJ>lS >t< J· 

1iei. 

¡ 

. PSL as o s¡stom dncriplion lon~uogc ,..,, in1endcd to be ''rompl<tO' in 
lh>tthe lo~icol ,.¡,.,. of • prc~osed informaticn s¡·stom •ruiJ 1>c de>rri""d. i c .. 
an thc inlorm>lion nuessary lo¡ r~nttion•l rrquir<m<nlS oncl >re>·on<J1il•ns 
rould be <130<d. On the cthcr hond, 1he lonfUOf< should noo be so <omplo,·.ol<d 
lh•t il "·nulO bo cltfroc~ll for,.an•I¡SlS to use .. ~lso. dclib,·"L<I)' omitl<d from 
the IJntu•E• "" on¡· •bilil)' lo pro•idc pr<>redural "codo" so lh>t •n•l.•11~ 
,.·ould be encou~>gcd 10 ooncentr>lc on lhe rcquiremcnts ~>lh« lh40 ort 1(!~<-
IC\cl Oow ch•ns. h is r!cor. ho"e><r. lhal PSL. mus! be C>lCnded 10 inrludc 
more prcoiS< s1ooemen1s •~outlo~ical•nd pr<>redural informotion. 

ProbJbly the mo<t important imrro•·emenl in PSA ls 10 "'"'• 11 .,.;,, to 
use. This inrlud., pro•iding more eiTccli•·e _and simple dJt• ontr¡ and 
mndif••OLicn cumno.;nds ond providin~ mere h<lp lo the """· A socond m•JOI ., S) 
ronsidcrJlion is performonre. As lhe dllo base ~rows in sizc ond the _numbcr 

4) . Th< appro"ch fol\o"ed in thc ISDOS pro]<Cl hn suotcedcd in ! 
bon!in~ PSLIPSA inoo O¡>ct>tionol use. _1hc somo OPP'"_"<h ¡ 
c~n be o~plie~ to the rtll of lhc '1"~"' hfc CJCie. 1\ porucu
lorl•· im~ortont port of 1his oppro~rh os lo cun,;entralc !itSl on 
lh;docun>cntotion ond lh<n on thc me!hO<lolo~~· 

1 

of USttS in<rr»cs. perforntJn<ee b:ccme¡ mote imporl>nl. Pcrfor man<e ir. 1 er¡· 
huvil¡· inOucnoed by faolcro in !he roinpu1ing enl'ironmcnt "hi<h "' ouaide 
lh< •ontrol of PSA de«lopmenl. Nc>Ct1heless. 1herc .,. inlpro-.mena tha! 
ran bc modo 

PSLII'SA is <k,l¡· only ene 5lcp in using oompuLOI•oid<d mctht.Us in 
dc•·clopint. Of"'r>lin¡, ond m;inloinin; informolion proceuin' s¡-sLemS. The 
r~sults achicvcd te d11e suppt>tt the pr~misc 1ho1 the um~ ~~Mul ~pp<OJ<h ••n 
surre.,full¡· be •rrtied to lhe rcsl of <he srsl~m life e¡ ele ond lhat lhe d•ll ~~se 
conropl r.n be used lo d<>rumcm lhe resv11s of the mher >eti•·ioies in the ~n-

i 1om life q-ole. The resulling data bases can be 1hc bosis for de,.elormcnl of 
methodolo~)'. goneralited JI'Siem•. educO! ion. •nd re.earch. 

Th~ ronrlusions rc•rhed from <he de>clopmtnl of PSLIPSA 10 dote •nd 
1 from lhe efl'ort in havin¡ il used OperJtionally may be grouped inlo five majO< ., 

The decision te use o computcr·~i<led d~~mennt'•cn mclhod 
is orLiy pafll)' inOuenod _ b~ the cap:>~ohlo"' of lhe '~'1"."'· 
Murh more imrortant ore r,uors rcloung to the D<&>norotooo 
itself ond ;¡·<tem dnelopmenl proccdurcs. Thercfor_e. cvcn 
thou~h computer-oided documem,nion is opcrotio~al ~n _.ame 

. · 'ons thal does not mc•n lh~t all orgJniiJltons orc·l 
m~·'"'''" · · 1 · l'f 1 r<Jdy 10 immediotcly odopt il •• p>rt o 1he" syslem 'e cyc e 1 
mcthodology. 

• 
' ¡ 

... 
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INTIZODUCTJON 

' De~!>rco's ''Stru~turcd AnJ\)'S\S •nd Spl<m S¡><:(ifio:-•tion" is 
th< -~nol pSpcr choscn for indusion 1n ¡hi> b~ok of dJ'>Í~ anick; on 
tho !Uuctur<d r<voluuon. h is ''" of threc on th' sut>je>l of 
•n,lysis, and. together .,.¡,h !l.o»IS.:hon>an ¡p_.,.._., lll ond 
Teichroew!li:T>h<y [Papo< lJl, provido¡ a ~nod id,,J of lh< dirc,tion 
th>t uruc1ured onal~sis "ill be takin~ in the n<•t ¡,,.-,cars. 

Any con•p;:tem systerm anoty;t undoubledl)" could produce • 
fivc-p.a'e cs>ay on "What's Wront ,.¡¡h Con,•ention•l Anat¡·sis.'O ·¡ De~hrto, bcing >n c.,-lnl1)5t, d()(S so "'ith pithr rem>~l-s, dc•crib: 
ing con.entional onJiysis., follo~s: · 

1 
j 

..J 

' ' 

"ln>teod of o meonin,ful interoc1ion bó"ecn 
·an•lpt and u•~•. thete is often o p<riod of 
fcncln~ follo,cd by thc twa pJnks' Studiausl)
ignoring eoch othcr ... Thc ~o•t·bcncfit •tud¡• 
is ~rforn1cd bJch~rd• by deriving tite 
de>elopment budg<l u a fun~tion of cxpe<l<d 
sa>·ing,, (Expectcd sovinss "'"'" cokuloted b)' 
pror>tin, co•t redu:tion L>rgca h>ndcd do"'n 
from On l!igh.l" 

l' In oddilion Lo providing rdrcshin¡ prosc,'DeM.,co's opprw<h 
.1 dilrcrs somt"'hJL - in terms of emph><is - from th•t of 

Tcichro.!w/He"hcy and of Ross/S.:hamJn. Unlil.e his colklgue•. · 
Dc~ll"o sucss., Lh< imrort>n-'C of the m.>illl~.,w~olol)· of Lhe 
•rcoifi<>tion. To~c, for instone<, thc "'" of one H•Lcn\ con•istin~ 
of ,;x ~"1/oon linc, of COBOL and writtcn o,-., a p.<riod of ten y.on 
by cmplo~ccs no longcr "ith the orgoniution, Tod•¡·, noborl)' kno~·• 
~·}!<lllhc '·"""' do•s! Not only 1\JH the pro~rom listin¡s ond source 
codc beco lost - o rdoti•el)' minor dis,.tor Lhll "'" •11 ho•e •c<L· 
too often- but thc sp<'ificollons are complctely out of datc. \lore· 
ovcr. the systcm hos g<O"'n' so lorge L~JI ncither thc usen nor thc 
dat• proccssing people hove thc fointeSI id~~ of ~·hal lhe S)'Sl<m Í! 

•uppo>~d 10 be doin~. lcl alone ho.,·thc mystcrious job is bcing ••· 
· romphshcd! Thc c~o.nple ls fal rrom hypothetka\, for thi; is lh< 
~---·------ ... ----·-·-. 

' 
1 

' ' 
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DEMARCO 

Structured Analysis 
and System Specification 

Whon Ed Yourdon firs1 coincd ¡he 1erm Siru<lur<d 
An•l¡.·•i; 111. lh< id<>"'~' l3r&ely Jpc.·uiJii,·e. H< hJd no 
aclu>l re>ulll of romple~ed projoCis le <e¡>efl u¡>On, Hiol 
pJp<r '"' bJS<d on lh< simple ob • .r»lion thJI ;om< of 1 
lhe principie• of top-do"n pJIIitionin¡; uscd b¡· dcsi~n<rs 1 
could be m3M >pplicJble 10 the An¡lysis P~3;e_ He re· 

1 

¡ionod son1e suecoS< in helring usors 10 "ork ou1 "•rSI<m 1 
d~1>1IS usin¡; th< gr>phks charocl<riuic of muctured 1<<h·1. 
mque•. . . . 

Since lhJl lime, there has bun • re•olu•ion in lh< 
m<thodolo~y of ~n•ll·•is. More thJn 1000 compJni<s 1 
ha.c senl emplo¡eu lO Sirue~ured AnJinis trJinin¡ som· 
in.r• al YOL.ll.illS >len<. There ore numerou• "ml.ing 
l<llS ond p~~" on thc subjoct 11. J. 4, S). 'ln rrsron>~ 
10 the YOIJ1UUC'-f 1977 Pro<Iuctivily Su"•r 16. 7]. morc 

"lh•n on< qu>ll« of the respMd<nll on;,.ered th~l the¡· 
were mal.in¡ •ome u~e of S~ruoturcd An>l¡sis. The 19H 
survey 181 sho"s a clo'f incroose in lh"' trend. 

In lhis popcr, 1 <hall m> k< a cap>ulc prosenl>tion of \ 
lhe subjcct of Siructur<d An>lysis and its ell"oct on lh< : 
busin<ss of ... riüng sp<c',_ficat'ton. cf to-bo-de>"<lcped sys- . 

. i 

~~------·--=-"~=--~ ~e-gi-~~l~ _•_•_•~ o~~~:~~~ns: 

' ' 

' Anal¡·•is is lhe prooess of ll•n•fcrmin~ a me•m cf infcrm11ion •boul 
curronl opera~ions ond new requircmen" inlo sorne •un of ri~nrnus de•uipti~n 
of • •¡siom 10 be bu11l. Th.t dc,cróplion is chcn c•ll<d • fune~ionol Spcdl\u
lion or S¡·Siem Spccificllicn. 

Tho A", 1> >1> r '"" In '""'' •' •' o'" r• .. ¡," 111• '"''· 

In 1hc con••" of •he proj<<l tifo ucle for srs•cm d<v<lopmcnl, on>ipis 
'"~"' pi'« ncn the bo~innin¡. 11 is 1,cccd.-d onl¡· br 1 Surv;y ur fc.o>ibolilY 
SiuJy, dui'•nc ,,hkh • projÚ¡ oh,flcr /s«tcm~nl ofch•n~es 10 b< con;id:~cd, 
~~~"'''"" &<J\<tning Jc•elopmcm, <1o.l ;, l~ncr•h·d. Thc An>l¡•is Ph~•c.i~ 
pri~.;ipoll¡- (.,nr.;rritd "ith ~cneratill~, 'l'"iftc,liun of ihc >JIICnl lO l>o: butll. 

--...-·---~ ~--
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us_cr iolcr:u:.;~r., • 

11u~y uf thc <urr<nt en•·irooment, 

oc~mi"tiun, 

euern•l design of the oew ~YSicm, 

110 formJt design, 

cu"·Lcu"fit study, 

Sfk:Cific-•lion " ri•ing, an~ 

cstimlling_ 

~~ ... -
_e ........... éi ~:~:.· 

~, •• 
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""·'"'"'' ~ ~ . .,_._ .. 

Sautturod Anol¡sis is' modcrn discipline for conduct of thc AOIIJ>i• 
Ph•sc. In thc contc>l of th< projcctlifc e¡ de, ia m>jor •PPOI<nl dtff<I<OC< i1 
its ncw prindrol ptodu<l, collod a Structured 5pcdfi<otion. Thi• "''" \,in<l of . , 
spocificotio~ h~s these ch,octoristi"; 

a h is &'ofiiJiC, mode up mollly of di.1gr•ms. 

• 11 is pofl¡¡ioMd, nota itn~le srecif<calton, but • network of con· 
n.rted ''mi~hp.oifiootions.'' 

• h is lop·do•·n, prelentcd in o hieruchicol fo¡hiun ... ith • 
smooth prptrcssion from the most abwa<:l up¡>er lncl le thc 
mcst ~=t~ilcd bouqm \evel. 

• ll is mOhuaii!Qb/r. a specifkaticn thot oan be updated lo renecl 
chln¡:e in the requirement . 

• 11 is a f'CJW nooilrl <~/ rhr 'Y"Cm·tD·tr; the user con "ork -..j¡h 
the mode\ to ¡>erfccl his vision of business opc:ntiom u thcr 
~<ill be "ith thc n:w s¡·stcm in place .. 

1"11 h»·e more to '"Y about the Suucturcd Sp<tification in a l~•cr •c<tion. 

In 1hc rreccdin¡ fi~ure.l hove reprcscn>cd Structul'd An>l¡•i< oso sinJI< 
pro~oss (trin.format"oon ~r thc projcct choclor .,nd Joscripi"10n of curren! opero· 
tions ialo outruts of bu~ect. schedule, pl>r<iC11 "quiromcnt• anJ thc Suuc· 
•urcd <;p,cifiraLi~nl. lct's r.ow look at th" dct•LI; uf lhol prO<<><: 

. . .. ~ 

' 



......... ~ ~------:-- .. 
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No!< thal f¡gurcl poiii•JS ~""'' Lhe sometr•nsfmmotion a. Bnbb/¡• lof 
the p1evioul fi~u 1 e (oom< inpuls, samc ou1putsl. Bu1 it sho"s •hat I<Jn~form>-
1;011 in con;ider>bl~ mor< dclail. 11 declar<S Lhe comp011cnl process« lha~ 
ma~< up lh< "holo, U ... n u lhe infor':'otion no~<S ~mon¡lhem. 

1 ,._on"t insull your inlellig<n•'< by ¡¡ivin' ¡·oú the thouslnd word; thll thc 
piC!ule in Fi1u« 2 is worlh. R>~h<r lh•n discu.s il d_ireclly, l'_ll_lel it sp.:~~ for 
i~>-elf. Alllh>i is rcquif"d 10 complomenL 1h: fi~u<" os~ dcfin1UO!l of lh< com-

... 11 ponoñt pHK<IICS and inform:uion no,.s 1hot i1 d~olares: 

f'1~,-.,, ]./. ,\/oJ,•/ 1¡¡,. CIIIII'UI <plem: ThtiC ÍS aln>O~l ~\"'l)> l 
cur~ent sys"m (s¡sttm- imcgra"d s~t ofmanuallnd p<rh"~; JU· 

toml!Cd process<s, u1ed tn occomplish som~ busiooss oim): \1 is 1h~ 
cn>ironm~nt 1h,¡ lhc new S)'llem ~<ill be droppod inl~- Suuctu¡od 
-Anolpis ,. 0 uld h>"e us huild o pop<r model_ of th< curren_l s¡sten>, 

¡ 
1 

! 
1 

• 
' 

and use itto ¡>erfoct our undorstJndin¡ of the prescnt en•·uonmcm. 
1 t<rm thi• n1odd "ph¡sbl" in LhJ1 it makes use of Lhe us<~'s 
te<ms, pHKedutes, IO<llions, l'<'"onnel namesand ponicul~r ~<o¡·s of 
o.~r¡·int ouL businen policy. Thc justificllion for Lhe phyll<ll notur< 
of Lhis firSI model is thJI i11 purpos< is 10 be a ~c•ifioble rtplc .. nL>· 
tion of curren! cpetOiions, so iL must be oosily uodemood by use< .,.ff_. 
P1o<~H },}, D~ri" /o¡¡ical ~q 11 t>alrnt: The logie;>\ equi;·olent of lh< 
ph¡sio.l mode\ i$ onc 1hat is di~o«<d from th< "ho.,.," of the 
currenl operoLion. h con«ILIIJIC! inStead on the "wha"." ln plaoe 
of a deseription of a "'"Y 10 ""Y oul policy, it mive• 10 be • 

- dcscription of the poli.,- ÍIS<:If . 

1 .;; 
[',.,,.,. .' .. 1 ,\/.,,Id¡¡,..,,., '·'"''"; T~1> Í> ><hoo~ ohc ¡n.o¡~1 "''~· of 

lh< .\nJI¡>Íi Ph ... c. •he .. in•cmi .. n'' ,,r <he"'"-'.''''"'· ~.>1,-., ''"'''· 
Tho PII':Í<~I <h.HIOI r.ourd¡ lb< dilf<!Oil<'C\ •nd P<ol<niÍ.ol ~<fT.:tcn.:t~ 
~•"••n lh< ~un<nl •n•ironmonl .nd 1hc he,., L'>illl 1hi1 •h•rl<r 
~nd lhC IDfÍC>I n•oJ<I of lhc nÍ>IÍUf \)•Iom. oh: -'~•1)\l ~~ild\ 1 
.neu modcl, une lh•l <lo:~"'""'' to;\.:<3ti .. nl uf •he futu1c en.irron· 
rnon• (,.j¡h lho :.:u· >l<~•·m in rt.rol. ju\L ll the ,-uoronl m<o!d d•.:
unl<llllthe Plt>tnl. Thc nc .. m1.d.:l rr<l<llll thc I)"Cffi·ID·I>< •• 1 
p•nitioned 1<1 of elomonul P'"''""· The dc10i\s of thuc 
pro:c .. cs :irc no~· lf>'<ilicd, onc nlini·>r<< per pro..·cu. 

Prnrru ].l. (",,.,.,Djlt t/Jr moJd: Ti>c "'"' lo¡io'JI modcl i> IDO I"¡;Í<>I 
for our purpo$CI,,Sioce i1 <la<s no1 e-.o "'"bli1h ho,.- much of 1he 
docla1<d "m~ is done inside on~ ho~· mu,·h ou"ide lh< n>ochine. 
!That is ph¡sicol info1mJIÍon, ond thu¡ nu1 pall of a to¡:icol mrodd.) 
Al thi$ poim, the •nal¡st <stabli>h<• thc nun-nuchine bnu<~d••¡-, 
an<l h<n<~ lhc s<op: of auto•nJlion. ll<l>h< l¡pirall¡· de><s thi1 ""''" 
th•n once in o1der 10 <tea'< m:.nin,ful oll<rnali••• for 1h: "kelion 
proco<O. The ph¡sical cumid:IJIÍons "" a<lded to'lhe n1odd" an· 
no101ions. 

f'tnrrlf }.J . • 1/ro<uu e<••" a10d b.-•wfm: A <O>I·bcn<fiL 11uJ¡ is no"' 
p<:rformed on ~ach of lhc up1ion•- F.4ch of 1hc tcnuti><lf ph¡-;ioat
;,.d mr.de\s, ~~~olh:r ""h i11 l>Sl><ioled coSL·bwcf'l r>~am"cr>, i1 
paned on in lhc tuiso of • "Quonlif"d Op1ion." 

r,orrJ! J.ó. Srlnl op/,'on: Tho Qu•nlilie~ Opi•'ons 010 11owanal¡¡cd 
and one is sclcrtod os !he b<". Thc qu•nla "'oc:iotod ,.;,¡, th< 01>" 
IÍOn 010 formoli<ed lS budget, so:hcdul<, ond l'hl>i<>l J<~uircni<OLI 
and ••e p.oss<d t•ek 10 mono~cmenl. 

Ptou<l }. 1. Pac!o¡r ¡/¡r J¡¡«ifirallon: No..- oll the el<men" o( Lhc 
Suuclu<ed Sreci~c>lion are ""emblcd •nd r•d•K•d 1c¡<thor. The 
«sull ronsis1S of the sclcClcd ncw phfiÍ<•I nl('Odd, the in•c,r.t<d se\ 
of mini·spces •nd pe1hapi sorne o>cJhc•d llobl< uf con!cnl!, shon 
abslloCI, Cid. 

J. Whar ls • mude!~ 

Tho mOO•I• thoL 1 hhc bccn r<fcrrin~ 10 lhrnu~houl "" f"•'"' I<J'f•·><n· 
lollons of I)'SI<m<. A '•r•l<m is a ,:1 of ~WluJI ond aul~onolcd plu.<duiC> 
u;od lo dfc" •~or,o buoino" ¡o.al, In lh' ,u;¡•clllion o( Sm"1~1:d An•l1·;¡_, a 
mnd<l ;, modc up of Dar~ Flow Di~g1a10u on~ • D~ra D.rli"""'Y- My dotinilion> 
cf thesc •~u l<rms follo..-: .. - .. -.-- -- -·-·- ·-·-"""TT'- -- - -o.,---r--· 
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''nin~rlti¡:i~k by thcm¡:I•~J. "" hJie nn.liinv 1o <h"" th.; U•."l ,..,¡;1 
th: ond of ¡nJI¡Sil. Our oulhcr-rcJdCI t¡tl.: OIJ)" b.: ~' r.lu,-h ~>o 
ye>r. Ther~ is no pol!ibility cf ir.r¡tin'!_ hhJI ;,, fr<quon\1~ rop•JIOd 
ortompu to rof1ne 1nd perle<! \he produrd. Fcr mosr uf \he 
An>lpis J'h•••· lhcre i1 no produ<t ro itera!<. "Thc f•mou• u.cr
•n;l¡u dio~lo~u• il no d>.,lnru< 01 tll. but a ••ries of mnnoln~U<I. 

The Clllli«T Functlorul Spoo1r,cation ¡, on unm•inuinable monnlilh. tho 
'"ult of ""communit>lion"" wi1hou1 b<nofi1 or feedb>Ü. t.' o wondcr ir i• """'"' 
fuorto~nal nM sprrif¡~ ..• ·:=-------- ------ . .. '· 

S. !!o~ dor1 Strurluffd Anolpil hrlp~ 

l ~oouTJ no1 be writing thi! if ( did not belien mcn~l¡· in the volue cf 
· Sinr<luted ,\n>l¡·si<; !Ir.» e b<en ~nown lo_wn loc¡uocious on il< mon¡· virtuos. 

flul in i fe" ~ourJ<. lhC\0 "' the mJin "''YI in "l1ich Stru<ture~ .'lnJiy¡il h<lp! 
10 lt\ol,-c !.n•lt\il )'¡,.,. prcbltm\: 

• !1 Ollocl> ,¡,. problom of lar¡;onc<s by ¡.an•~ioning. 

• • h >ll.r~l.• !he mony problem• of eomrnunicotion bcl~ocen Ulet 

· >nd anol)"ll ; by: /rnori~t commu~ocation 1nd Jn mrw!iou · of 

• 
'''"•"0"11 .· . .. . • 
lt 111"~; lh¿ probl:ri, 
rrJ;onJ~"'J· •. 

Sin, e •11 of tlr:« idt" ore rJihcr new Tn their •rplicllion 
some ccmn1~n'"l on Olth: 

lhw:rd 

lO I031)Sil. pro•ide 

' 

~ 
• 

• 

u'oct o,, no,. Di>pJrn> 1¡ • 
1 h•d c•:n d,fmcd thc tCim. 

d"cti/'IÍH 1001. Ion¡ ht· 

l'CI'o•ork mrodcls, like thc I•OO '"' build ~ith D111 Flcv. Ol· 
>J;Ilnl'. •re olr_.dy f•mibar !O !Ome U\el\. U<<rl m>)" hiiC 

~,ff<rent no me• fcr the , . .,;nu' IOol• u"d - retri t'et"or\.¡ gr 
P1pe1 Flo,.. Chu1s or Oroccrnenl Flo-.. D"o¡nml - hui lhe 

.<onrcptsare sím1lu. 

The ocl of plttilionin' "ilh o Dota Flo" Di•~r&m <1ll1 >llcn· 
tioo 10 the lnt<rfoce< thal "'"h from 1he plnirionint. l bt· 
tine 1his is impo11an1. b<r•l"e 1he compl"ity or interfo<C\ 11 
1 •••lu•blt indi<ator nf lh< quolit¡· of the p&rtiti!IJ1int o/furt: 
the •implerthe lntulo<"- tho bellcr 1he potlilionin¡. 

1 "" :he lerm 11rrarlo~ tom.,run.rar 01110 doscribe iho r.pirl r~O-"''l' Ínl<r· 
<h•~S< of inlcrm•lion lh" is <~""'"'i:ti~ ::.1 l~e -mosr pr<>dutli'" "N~ s:s
>ion•. Tho u;er-on•lpl diolcgue ~., ¡·ct ID h< • dioloeue. The p.riod DHI 
v.hieh c<Jmmunir31Íon "lurncrl oruun~ lcolled lhe oulhor·r:I'Í<"<I crdd n"d' 
lo Le r<due<d lrom monrhs lo minu<os. 1 quite litoroll)' rnean l!'lol Mreen 
minutes inlo 1he fu!l m<tlin! bel"<<n uscr ond anolyst, 1ho10 >hculd he >eme 
foodb•cl.. 11 lh< l>sk or hond requite¡ rhe user ro des<rib< ¡,¡, cuiJe ni Opero· 
rion, rhcn r.f¡ccn minulo¡ inrO rhot S:>lion ¡, nor loo eorl)' Tor rbc •n•lnr lo 11~ 
leliing the ""' ~~Jt h• hu k"ned. ··oK. l:t me"" if l'n 101 it rithl. l'•·e 
!!fa,.n up thislinl: pklu·ro el "ho1 you"•• jusr"exploloed ro me, ond 1'1\ <>ploin 
it b>ck lo l cu. Stup m o "hen 1 tO wrong." 

, Of rours;. the" e u!¡: unde·r~Undin¡; is al,.o¡·s imperf«t. But o roreful ond 
preci¡;e d"b"riOn of on imrorfe<l un~"stondin,;, the besl tool fur rdrn<ment 

T~e eon<rN of ¡>.Jr;llioni;,r-or "funrii~nai d:corñpnsiti~n" m>r be f>milior ond wraeticn: The mcsr imrorllnt '"IY prnUuc\ on lhe ,.,¡-·ro dc~el~pin¡ o 
to d"Orncll >1 tire flr11 11cp in crcotin¡ o mu<lurcd dcli¡n. ltl po>cnli:d ,-,¡ 0 ~ tnod rrnUutt is on· lmrcrfcct vc,.ion. The human rnind ls on i•eJJ>i--. rtO<ol· 
in an•lr•i• "" .-·idcnt from the ~o¡inninc - dc;uly, brre s¡st<ml <>nnot b: 1 •or. lt ne'"" dc's on¡·thinc prui>ely ri~hl tloe fu.r time. Whotli docs e<msum
onll¡:<d I'Íthout 1cme form of <M<urrcnl p•nitionint. Out 1hc dir<'l •rrliro- mRicl¡· "•11 is 10 make 11li~ht impro•·cn>cniiQ 1 O•wcd producl. Thisll e>n do 
tion or De•irn Ph;,e function•l docompo1ition tooll lstrutluro rhJIII •nd 1 o¡;ain Jnd •¡;o in. The id<~ ·or de~cl,~inf o nucd 01rl¡· ,-crJiM ond then 
HIPO) tlu"J more rr~bkm• '~'" ir sol><d. Afoer •omc c~riJ" su<r<>'ful .,.1" rdinin& >~d r<f:nins lo mol. e" h risht i1, >cry old onc. h i< <allod r•r,¡hrrr1;.,,_ 
ruim<nt< 191, n<t>liiC u><r allilud•J lo""d lhe use cf hier.rchi•: bcc•m< zp- ~ · \\'hJt 1 ,,.¡ propo•ln: ¡, on e~¡ineerin~ oppro"h 10 onoly•h ond to the u, 01 • 
f'>ICnl. and the •rrro•<h "'! l>r¡d¡- obondoned.· Suut~ured An•l)lis '"'~" onol¡¡l in:err.ce. 
me ~r lc,·olod o,, flc~· OiJ¡,ml for PJrtitionin¡. in pl:tce of the hi:rJrchy. The pTOduol lh•t ;1 lter.~eol is lho cmer~in' ')5l<m ;,codel. When the 

•Tho od"n"r" oro scver>l: · 

• • The ·~P"""" cr 1 Dn• flo..- Diosnm ls no1 ol •11 ffithtcn· 
inc. lo scem• lo he 1imply • picture of lb~ subjoct rnar>tr be· 
inc discuned. Yo~ no ver ~ove te e•pl•in an •rbitnry co.1•·Ú•· 
tion lo tht ~1cr - yov don"t urloin •nythin¡ 01 111. You lim
ply use tho dio¡nml. 1 did prcriscly lhll with you In thh p•· 

...•. -- . 
' 

Ul<l fu¡l ''" il, il i< no more lhan o rou~h dra~in, moJe ri~hl in from of hlm 
~urin¡ the diorussion.: Al the end. it ;, •n Í=>tepol fl•rl of •h< Structurd 
Spooi~<Ation. ny lhe time he 5001 the f>n•l ¡;po<ifr<•lion, <Oth >nd Ol<r)" po¡c 
of it •hould hOY< bccn •no" ¡,, de•'< o holf doren timos or more. 

Í 1 memion:d rhot Suuelured An•l¡-,is nlls fcr 1n inn•fJion rif 1·ir•roín1 
Thi< point m>y <eem ob¡cure ber.u¡e h ;, not ol •TI obvicu¡ "hJIIh< '''"f'Oint 
~r ,:.nical on•lpis hn boen. Frorn m¡ ,,,dOni of h~nd•od• cf Cl.t"i"l fun<· 



.. 
• 



IÍ<>n>l Sr<<ili<">IÍons O<tr lhC ¡>:'1 liflron t<.r>, 1 hJ>e <I>IOC tn lh~ cn~rlu;ion 
lhJI th~ir •-ic,.¡><>int i> mO>I oftrn lhJI <.>f lh~ r•.r,<pUICr. lh~ rl. .. ,ir•l 
lrt~ificJiion dt!<ribc:l "h•t lhc rompulrr doc<, in lhc orJ~r lhll i1 d""' il, 111• 

inz terms thJl oic r<lcvant 10 compulers ""' rompulcr rc"plo. h fr<~ucnllr 
limil\ itself lo· 1 discu,ion of proco,.:~¡¡ inoidc thc m•chin< ond d~11 
lr.nsferrcJ in 1nd out. Alno011 ne~cr does il spccify any¡hin; lhol h•prcnt oul• 
IÍ~c lh< m•n-maohinc bounduy. 

f. 
Thc morhinc's •iewpoint is nolural •rnl useful for lhmc "hose ronc<rn• 

he inoidc lthc dc•clopmenl sloln, ond tot•Tir fortign to lhosc .. hose concrrns 
lic ou~<idc (•he ""'' •nd hi>•sloln._S\f~(_I)!ICd-.Anai¡Stl adorts •- dil'fc'rcnt 
•ic" point, thol of thc da lo. A D>11 flow Oia,nm follo" • rhe dJI~ p>ths "ller· • 
her rh~¡- le•d, lhrou!h mo~uolls-,..rr u outomOied procedure. A eorrecrlr 
d11"n sp:em model ~escribes !he oulside os wdl u rhe inside of lhe automal• 
ed portien. In hOI, il deocribn the auromoled porlioil in'lh~ ron1rxr cjrM corn
p:rr, J)'flrm. The vie~~cint of rh: d•t• hu l\0'0 imporar.tod .. nr.¡es over 1h11 
~r ,.,r of t~e ~r<:<:sso•s: 

• 
• 

·, 

TM vie~poinr of the d¡" is eommon 
•he in•i.:!e " ... rr u lhD<< oon«•otd 
man•rr.>chi~e bound••Y· 

; ,' 

is otl-ioit:lusi'•· 

re !hose ronccrned ,..¡,h 
wit~ rhe curside cf 1M 

. . . ~,-. ' .. . . ,,. 
. --~ :,··· ... . ·.:· :.'·.··'·'·:-

The wse of ,',_,.:d ,,j,;~d~n"'.'" "'"'" ,··highly m•inr,in•ble producr ;, · 
nol M<"'- Any pro¡:H~lmer "Orlh his sJit kno•.-s thot • paro meter lhll is likelr 
10 be char.¡;od CUJhl ro be de~nd in ene plaoo ond en< pll<e c.1ly. Wh01 i• 
nt~ in S:runurd Ar->1)5<• is rhe id<> t~>L rhe ~~~~iflc3lion ou,htto be m•in
l>ir.sbl< " •11- M1er •11. oten'r ,.. ¡oin¡ 10 "fre::e" it?. lf "'" hi\e l<atntd 
•~)lhinz '""' lhe pnl l~<ntr rcors, it ;, rhat the_ contepl ef fr<oinz 
•re;ifi<alions is ene el rhc zr<ol pipe drums of our profession. Ch•n1e <•nnct 
be for<<IJIIed, onl~ icnored_ l~nerins chango ossure• lhe buildin¡ of 1 product 
lhll ¡, our cf d•rr •nd unl<«r,.ble ID lhe user. We m a¡' endea•·cr ro held off 
selrrted .~.n~es lo o•·oid ~;,.uprion of rhe develoPm<nt ef'I"Drl, bur ~• cin nc 
lonr:r rof<u¡e beinz ablrtrJ to ;,noo-e chan¡: juSI benus: our sp:Ctfi,·.,ion is 
imponible ro updare. Iris eQu•llt intoler>ble ID Jc<<p! 1h: dant•· "i1haur up
dl!inc lhe •r•<ifi,·aricn. The 1pecificotion ls our mceh•ni¡m fe• hcpin¡ rhe 
projccr on rorgcl, trocking 1 "'vi:·s pal. F•ilure re keep the spcci~c>licn up re 
dale is lik< firin1 ,,..,¡· 11 a mcvint rar¡er .. -ith ycur e¡ es doscd. A key conecpr 
of Siruclured Anal¡·si• i1 dcnlopmcnl cf a spo:d~cation with liule or no rcdun
doncy. Thi1 is a scrious dcpururc from rhe clusi"l merhDd lh>l colh for 
specifinrion of uuylhin¡ ol leur tic• en rimes In elc.en p!acn. Reducint 
redundancy. u a by-product. make• lile ruuhonl spcciftcaricn con•iduobty 
mote ronci•c. 

'i 
f 

r 
'· 

.. 

Srrucrmcd ... n:rlrsi' ;, • d"t·irline fnr wn~ucr nf rhc r\n•l."is PhHi. Ir 
inclu<les rrrorodurrs. rrrhn·,Qu<<. documen101i,n oi~s. lo•; ir :rnd r<>lic¡· rl.>erir· 
rion l<>t>ll. e<1im01in¡ ~ourillic>. ntilo"onos. <hcrl.ruintl ond ~!·I'I••Ju<r~. 

s~m• rtl rh••• are imrotlonr. ~nd rhe ''" morclr «•OHniont. \l'h•l 11 mtm 
imr<'.ronl is ,~;, <imple idea: Srrunured .~n•l!'il in,gi\CI ~uiiJin¡o n<" li,,d 
cf sreciftr>lion. a Siruc•u•ed Sp.r·iflco¡icn, m.de up o/ Doto f1c" J)i,¡Poml. 
D•1• Dirtionor¡ ond minhren. 

Tho rnles nf 1hc .«>n\lilc<nl r.," DI' 1hc Suucrured- Srcri~ation lit 

rrr><nted N:!n .. -; 

.Th< .DrJ<D nu .. - D-Dl''"'" son-eto l'•llitivn 1hc ,¡srem. The 'l"•m 
thol Íl lrr01ed br 1he Dali f1o" Dio~rom m>¡ inrludc m•nuol " 
"<11 u outcmared r>m. bur rhe s•mc r•rt'ttion''"' tnol h u¡eJ 
lhrouthoul. The rurpo<e of rhc 0Jia Flo~ Dio¡;rom i¡ nor In lf'<'<Í· 
f¡, but ro doc:a:o. ;, d«!Hcs romrMcnt pw;cnes 11!>1 mo~< ur 
t~: .. ho::, an~ ;, d,.r.,., i~l<rf.rn•mon¡ lhc comp..nor.ll. 1\"horc 
the m¡ct •J'll<m ;, l••r•.'s<~<~•l su<«"i''" p.,¡jrienin¡·< ma¡ b< re· 
quir:~. This i< occomrlished br ro .. er-lo,·er D11• no~ Dio¡;rom• of 
flnn on~ ~ner ~:1ail. All ihc le"l< orc rembined in•o 1 lc,·rled 
DFD w. 

The DorD Do<lior!Qn·dcfl~e< thc i~letlaeo rhot ••re d:elo~rd en rhc 
o.u flG~ Dilsr.ffis. Ir ~o" this "''h, n<~l>tionol ron"nrion lhll 
ollo~s reprosenlllion of"d•••now¡ond !loru in tcrms el lheir rom· · 
ronents. IThe oomrcn<i11< ero da• ano .. · DI llOre n11¡- he ln"er·l<<el 
d,,no"l, or rh•r m•¡ bc dar• rlomonl~.) BofDI< the Siru,·r~rcd 
Sp.•rirt<>~inn c¡n be c•llcd cnmplet<. rhcrc mu!l be one dofini•ion in 
the fl•to Diolion>:r ro, cach daur.o~ or d•u Sl<>r< dnJorcd nn an¡· 
of rh< Dora Fio~ :JjJ~toms. 

The Jt)m•-•rrr• dof>r.e rile olrmcnrol rrnce«« drrlored un rho n.r, 
Ffn,.- Drotr:.m5. A rrrocO,. i1 ron<idorc.t ckmon10l '"' ··r•imili,e"l 
"hon it ;, nel funhor Jowmp<»od inro • l<"«r-1<'<1 fl.d> f'ln~ lli
•P•m. S:ro,. •he Siru<lure<! Sro•ir<<"4lion r-•n be nlled •<•nrrlcre. 
rhore mu" b< nne mini-spee for c•<h printili\C prnce<1 dcclorrd on 
•nr of rhc 0•11 Flo .. · Dio~r•:-:-rs. 1 

The '0URrn:->: S~ru<rured .-\n•!¡,is «m•ention inrludos 1 .. , or 
rulos ond mcthedl f~r ~11rin~ mini·•r.:o u<in; S11unurod EnfiOlh. 
doei•ion 1>bl« ond 1rocs •nd «tl•in non·l;nruiSti< tcd.~iQuol fur 
sroeifirOiion. Fcr th< porr<>••• cf thi< r•r<='- wch <"O<>>i~Or•tions ~re 
allh< dcllillo•-cl- onco rou h.-e r•"''''"'<d 10 rhe J'<'Ínl at "hoeh 
••rh or rhe mini-•re<~ con ~ • .,,iucn in • r•'e or l<u. ir doe>n·r 
""""' 1<><> 1e11ihl¡ mu<lll10~ ¡nu ,.,;,, :!•,m. . ------ .... 

• 
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1.1. Ob.J,;.tivos d,:,l I•i,;o?f'lo Est.ruc:tur.:.do' 

. . . . 

_, : ,. .., ... 
_:;:~,<-.;<:..._.·· .< '·; -.· .•. 

-~::-=~·:·--~----- -.• --~ 
·-:, ·.·.··Pog .... 

'·· -· ~~-~- .• ; .· . . •· '; . . . 
• • ... 

E>~isten una 
los ¡Jroy.,.c:tos 
c:ont.inuac:ión s., 
OJ.propiadoJs para 

. ··-•;-; · •• ·~-:.< .•. 
S<:ri<;- d"' prob}o;,PIOS· COI'lUnf:S 0 la- Pl<l\JPriO'. dF
de dteSOI'rollo· ·do;.. sottwo¡·.,., los .:¡ue' a 

'Ph>nc:ionan s.a-·d,¡.l>.,.n··a·'ta' f<llt.a d"' tét:nic:•lS 
su d,¡,sQrrollci: 

.1. Il.if'ic:ilf.s d.;. Adr'lin.istror:, ... . . ., .. ·· .. 
Lo- 'principal cons.,c:uencia ._.d~;=;e-ste p_roblel'lQ es que 

cuondQ se. det.,.et.o un:--;r;e-t.roso _,: ó:'~:unoJ .. desviación "'" lo 
~·prt:su;o•Jest<ldo, • ..,.,. :· det~ulsi<l.;:lo -·tard¡; 'paro corregirlo. AdefllóS 
.los soluciOnes .. convencion<lles';>C·:<Iplic<~t>les ":_•O;- proy-ectos dt:
otros 0\'eos ·no soi1- opli cot>l ,_5- "al·, desorroll o. de Sof"t .. ore ,· por 
t:jeJilplo,·· ·af'ladir rt:cursos ---h•~Po<lnoS·:·tiene -·un ef"ecto qÚ.J.·se 

' - . . 
puede pr.o-';'ecir: con la l.o-y- d.o- I<o·ooks (1): • .. 

.,_ .. 
Adding PlolnpO .. er to a 

fllakes it later. 
l<1te Saft"'oll"t: project 

, .. Poco S•ltisf"actorio. 

CoJilp<lrado. con otras di.sciplinas 'de Ing.o-ni.;,l"i<l• .;,1 
desarrollo de Softw<1re es poco "prof"esional, f"r"'t:'~"'"t"'"'""nt.:o
los siste•o<>s terl'linodo". dejan ;.ot:'lS sati,.facciones a 
usuarios y disef'l•)dore'!i y_ N•Jch<ls f"rustracion.,s. Esto ll<:vG Q 
quE: el drs<~rrollo· dtl' SoftuQre "'"'"'' en g.;,n,;-ral, un•l <1t:tivid<1d 
poco producti.vo. · 

J. Poca Confiat>le. 

Es "'U!I frecut:-ntf!" q•Je una Vf!"7 quo\" o;-1 sistE-PHl se 
'lit>era', falle unQ y otra v-e-:::. las fQllas pued-e-n no ter . .,r 
r'l:;:ones ot>vias o f-'"'Or. st: p•Jed,;.n producir resultados 
incorr,.ctos que p<1sen inadv,¡.rti.dos. 

.. 
-4. · Infl,;.~it>lo;-, 

C•J<Indo un sis'le••<~ llt:g'l ci trat><JjQr ~;;- considera un 
odl'l!'ro. P•Ji<'-ro -~·"l•f'""' ,Q•Je se poc!r6.n r,;..,}j:;:Qr futuros t:<Jntoio"' 
J>:i, ;:·•·ol•l <-r·•'l? 

. · . ... __ 

. .. 
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DISEf\0 

S. 

.. . . " - . .. . ·t·. ·~ 

,.¡ ... ,. 
' ... . . 

Entend.er cOnoo trobOJO el si!!'tef!!a octual. 
Conc.ebir t:l c..:o•lt•io. 
Calcular las ra..,if'.ic..:oc.iant:s d€;1 c..:ombio. 

.. 

6. lnt:f'i c.it:nl.es. ' 

Pa!J. 3 

• 
Lo .id.eo. g¡_;n,;.r..:oli-za<fo_·- d,;.._ef'.ic.i.encia .est6. .inf'lu.,.nc.i..:odo 

p'or lo b.,oc<:~ -,;.n qu,;. ,;.J co.oto_del ~roces.,dor central ero -wJy 
su~er.ior •o los- otros ~costos. ·· d,;. o(¡ui q•Je ·,;e consJ.d"'''f
ef'ic.i.ent.es. a los:. prog••a,...:os "Q'J"' o~tÜIÍ:!•~n ,¡.} uso del 
.,rac.es"-dor c,;.ntr<ll t:n. lug~r d,¡. oqu,;.llos Q'J"' h•lC,¡.n •Jso 
,;.(.ic.i.,nt.::- <.!.e •·,¡.cursos .,;.sc•l.Oos . 

Con' el Io.isef'lo Estructur•ldo se ~r.;,tend.e - h•>cer sist,;.r-••ls 
c•Jyas car•lCt.e•·ist.i.<:<l.O ev.it,;,n' lo.o·.,rollle,.as· Ontes "";.ncion·><fos 
(y ot•·o.o no fll,¡,nc.iiuNdos_) _ 

El cibyotJ.vo del to.ist-f'lo Estruct•Jrodo ,¡,s h•lc,:,l" Sist<o,.oc; 
qu.e s"'an: 

Ut.i 1 ,¡,!; 
Mantenibles 
1'\oi:l.if'.icabl,;.s 
Flexilll,;.s · 
Efic.i,;.nt<"s 

. .. ·• .. - G<on~ral .es 

··" ·-----

Todos estos elefll,;,ntos son cofii~Ont:ntes·de un objt:livo.de 
calid<ld, 



r 

' 

' 

JIJSEt\0 F·ag. 4 

1_:;:: F.i.lo,.of'i•> Gen,.ral. 

F'od<er1oS ,·.,suMi>· l<!S -Ot.J,;.i.ivos del llis,;,tlo EstrOJctu•·•Jclo 
"" •Jno solo: F·roo:loJtir sist,;.o,.Js t-conóolic.:.oo.;;ntt- conv,;.nielltes 
(I>•>Polt.osl. 

Lln dis.:::i'lo ""'itoso s,;. t>'lS<l 
d,;,sd"' los di•lS d,_ .J•Jl:io C .... ,;or: 

e-n un ~rincipio conocido 

l'.o-•ln\05 

•>s¡:-;;ctos: 

El costo d" 
Ol.illiOÜ:.'"•ldO 

i••>-1 t-Olent•H' 
.t•Jondo lüs 

s.istt-olo:tS 
¡nll"l ,¡.S 

S•J f i C.i ,0, llt frO> ""t. E' ¡:o .o, (l <Jt:·i'\0 S 

- S. O l •J C :i_ Oll<l b} e S S .e JC"ll' •ld •l '" i:-ll 'LE-

Io,. Ol<lll.,rQ SiMilar, ,¡.} tosto 

Olinioli:-•>do cuando los ?Ortes 

c:~•"•!••Jto 
pi'Obl<'•l•l 

.,'lntellioü,.nto 
sist.emo s.;-oJ.n: 

fócilr'""t" rt-l•Jt:iono'.los o 1" oplicoción 
S•J f .i e i ""t" "'" n t." pt-q u <;-t\o s 
corr<-git>le-s s<:p'lrod•JM,;,nt.i' 

3. Modifit'lcion.,s. 

•l coste- d,;, ooodiTic:'lr •Jn sist,;.ooo:o 

~·6:::.i..lr•<-nt.,;. rt<lacion•lda~ o.l ~·•·ot>l.;,Na 

rnH~i fi c'lt·l es .. e¡•a radaÍ'>ent.t< 
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F'ag ._ 5 

En résu"'"'"' podt?I'IOS ,;,s-t.ablec"'r lo sigui,;.nt,;, filosof"io: 

1Mpl.::m&ntor:i6n, Mon'l,;,IÜMi.,.nto y Modificación 
st-r6.n generoJo¡,;,nt<? MiniMi2ados cuando cado ¡..arte 
dt-1 sist"'"''' cor¡·.,spondo. .o e-x<~ctoo,.,-nte -uno fnlrt-c
b.iE-n de-finido y p.equi:flo del probl&OIO• ·y ¡:oda 
reloción <:ntl'i< poPt.o-s d,;,l sistE-o>o corr,¡,spondo solo 
u r"'lociones ,;,ntre p•lrtes d<J'l probleooa. 

Esto significo ~ue un t>uen dis,;.f\o es un "'J"'rcil:io 
ccmsist..,.nt."' "'" dividil' y _org-lni::<lr los port.éS de OJn sist."'"'"-

-. -: .. ' 

- .. _. 

• . . . . 
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Pog :·. 6 
. '·-·; . .. 

;::_O LAS JII[AS _CDHF'LEMENTARIAS 

Poro olc:on:o:or los ohjo?tivos do?l dis.,l'\o <>Stru<:turodo;_· ""' 
.. - ~ 

Uno ,. •md.,lÓdo poro plon.,or. 
el siste~•a. 

Algun'l Oh;>n<:ro poro c:ontrol.Jr lo c:oMpl<:.Jidod 
d<> sisteMas no trivi<lles: ·. 

2.1 . El 

- .. - . ' .. 
·---·~·-. .., .... 
'· ... -~' 

ModelO.; . 

. ' .. 
• -· _: __ ,_ ... .. ; 

.-,""._ . . . ... . --:.,_. . . 
• 

Un Olod<>lD es ~i~•ple~o,;,nt,;- un cy;;-rpo ordenodo do? 
hipOte~is acerco d,;, Yn sisteMa COMplo?JO; "'" un intento por 
o?nto?nder algún aspecto do? lo infinito vorio?dod de ,;,}los q<Je 
p1•,;-s"'ntu o?l "'undo. so?lecc:iOIN\ldo o partir do? p.o-rc,;-pciono?s y 
do? o?Ap"'r1"'ncios p<>s·,dos, Yri cuerpo de observaciones 
go?no?rol"'s opli.c.:.bl"'s .,1 probleNo o<n c<Jo<stiOn. 

Los Mode-los se pr"'so?nton 
gr6ficos, ,;-cuociones, ~1odelos 
si,.uloáores,. ,;-te. o. Los 1'\0do<los 
disciplinas -d,;- inaE-ni,.r!o y su 
prohlE"••o en C<Jo?stiOn. 

de- varios ••on.o-ros co~oo son 
o o<scolOo nooq<Jo?t<>So 

son,~i••portont,;-s -e-n -los 
selo?cciOn do?po?ndo? dE"l 

Poro olcon:o:or los ohj<?tivos del I•is,;-1'\o Estructurado, 
ro;-qu,;-riMos de un ••odelo con·los-_siguient"'s coroct.,r!st:icos: · 

GrOf:ico. 
I•ivi!;:iblo? (top-down). 
Riguroso. .l 
C11po:o: do? pf-<?do?c:ir t-1 cor•portoNiE"nto d,;-1 51Stt-f>IO. 
o,..., s;;-o uno conso?c•Jt-nci'l \lOt<Jrol de-l 
Analis:is Estructurado. 
Cl•Je Sf:"Q uno E"ntrodo nllttJI'ol poro lo 
I NplE""'"nto:~ e iOn Est ru cturodo. 
flocu••.,.ntociOn bOsic:o d.o-1 s1stt-•oo. 
Ayudo POI'O rNnto?nt-r y/o "'odificor ,;-1 's:ist., .. o, 

... 
. •, . 

• 

. . 



·rs .,. .. qu;;o .,.,.,_U.,"fpu;;o;!.;.pu"F Ut•.;>S s~..Jfi-;.11 

Sr>fOJ sor ¿o.nb o .. t.;>U~u t~1-;;op •o;.¡q-,sooi ;;o¡oit•H'i 
59ru 0( U0'!5 St> .. tfi¿o.N 'i~f~J · ¿>..J)U-"' s;.UO"F>"_-"'UOJ ;;~'1 

"NO¿o.{qO..Ioi ¡;;op 5-"'UO"FJJ-"'UO:> O 

uC>puoois.;o..l .. toJ S<> .. <fi·1'N S<>f~J .;o .. q.u;:o s;:ouo-,::o::o.;ouoJ. S Col 

· .. t.OOP"-"'1-U"' .oop t"FJ9..f o;os t• .. tfi<>Lt oro::~ t•pt•:J 
·ow.¡¡-¡qo.toi ¡;;op r>pHl"!'"J"'P 

u.;o;q ;.} .. wd·oun t• t•?uods;...I..IOJ o.tfi.;oN oft•:::J t•PC•:J 

:;:>rtb Oki.IOJ {O"j. 'i'? sorw-¡.J·C'UOJ 
SCo .. lf•"tl St•fOJ 
pe· p 1-r -~ t·1••o::o 

ll-0> 

oc 
C•OE'lS;S ['i' 

..lt•{O.t)UOJ 
·'"!'P"F""F? u:,. '"""FPt•.t '""-'"'l""F" 
O..lt•d t• .. t6':>N. oft•:::J o¡ -o>p os ro t3 

t '='P 

··st•pt•JfJTpotu fi ~t·p~U-"'iUC"U. 'St•p>fi'O'.t.IO:I 
'St•ptoqO.td 'SC>pTplt¿o.'J.U•) •)"¡.U.;>L"[T:I"<;•J. Ull'i St•'¡.S'} S.;>"¡.U•1'"FpU.;>f1._-.pU"f 

-"' Stn,F)I)b;¡¡ooj So .. t[i.;>U St•ft•:l UO:I U.;>JO\l .;>S SO'JC'S"FP SO( opur>n::J 

"::.00'1 o¡ o'"'P ..1.;>qcos O"J.f;;"";,"u ¿o.s ON 
oo>:lo4 '='nb Ol 
sop"!"[t•S sns 

sopo . .qu·' sns 

:"JOUO::O "S tt•fo:l I"'? OLOS"fL<t<J_,IO Ul"t 5" O..l:'i"t¡ C.!:"OJ N<n 

pop,r.,.rctwo::o 
·o.tfi.¡o¡¡ N-O::J O{ S_, SO<O""J.S"!'S ¿o.p -oOJ'.lS fp {•1' ll•.> 

<'P ¡o .. quo::o t.,. o .. u:u1 P:t\1 "'"" O'J.U"~HO .. t..l"4 Ol 

\;'.'JlS:!ritJ "M ·3 "tH> .. trlO .. l'1 
fit" JO )U.;>o••'<l!Joi' .. t --'""'11-·lTtJ ""q'J. s;.ap os '5p.,..;oJQ .. t•1 
'i"<Sfi¡··Ut' IO""('!O..(d :o>•n S';' "<'{'f"FSO<! St' 'i't"J.lt"[ SO ;;>tO!"J. 
<pt•-"' l-LL"FP!J"P <Sd""'J.S '?)TtUft" U"f t•w .. tfiO .. I.f ""'11-aSOd~;oJ 
01-_,'-( [(;-M 4J00 .. t'!<!O fitu JO ll..l""l-1-t"Í J"fSO<t "'11 

·pop¡!:"¿o¡<\toO:::J ¿op (0..11-UOJ {3 

{. -[i['_:J 

... " " 

!J'JJSI•1 
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J>!SEfiO _Fng.--8· 

El I>i"<,;.tlo Estructurado se apoya 
h"'rr,¡.M.ient.a5: 

"'n &1 uso dE' .dos 

El 
sist.;:o,ma, 

El l>iagra~oa d;;- Est.•·uct.Ura. 

El I•iag¡•aooo d¡;. I•at.os. 

' 
!liagrao>o · de 
su .Jerorquio 

'E!Ú.ructuro _,\U.-.st:ro._ 
y su organi=oci6n .. . . ·. . .. - .. 

la -división dE'l 
• . 

," 

El D:iag¡•Qn,a d.;, Datos. omestf.a la d:ivisi611 d.;-1 .sisti:"mao 
sus f'lUJDS d,;. datos y I>U _o~g<>ni:.aci_ón.· ·' 

'·-. - ¡ ' • 

E~·ist.en otras h<:rrao•ientas cor•pl"'N"ntar:ias o ·las ont.es 
••.:;.ncionadas co"'o son las h<"u>·ist.:icas doo- dis<;()o, -lo 
n~orfologio d.-;.1 5:is'l,;.o"'' c•·it..er:ios d<: t.ronsf'oromción, ,;,te.," 
los cuol"'s int..,.rvi,¡¡.j,,;.n en ,¡.} Itis«flo Est.ruct.ur<ldo; sin
e••t>•lrpo la oplic:ación de- .o-s tOs h,¡.rroo>i,;,nt.as c:ooopleolo;.nt.orios 
l"í.-quio<r,;. d.el Diog,-Qo,•l d,¡. f•otos y- dod I<i.;¡groJNol d,¡. Estructura .. 

' 

' • 

,, 

.. 

' : 
.... . '' . 

' 

' .. 

'· 

- . -.. 
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2.4 L•l M,:,todologi•l. 

E5 posit>l., dividir E-l ~·roc,.so de dis.-.l"'o e11: 

Dis;:f\o gt-n<?r<:~l 

I•i5'<':1'\o det.Jll>:~do 

El dis,.1'1o g~·n.,Pol COl1Sist., t-n dtecidil' q•JÉ- f•Jnc.ion,_.s, 
tc•<ll't.tr·•,.t>·os >J l'E"lacion,;.s son l'f•QlJ!l'l'id•lS par<~ el prograNo (o 
sisteow.J. I•is.e1'1o detollodo ._.s cóo10 iolpl,;,l'l.;.ntor lo5 
func.ion.,s. 

En t~•-,.,inos Muy g,¡.n,;.r,;,J,¡.s, J.;¡ ••etodologio do?! Il.i';>í•f'lo. 
Est.ruc'loJI'•ldo· conli:l-St<: "'" lo cq.oli<:o<:"H'm sist.,.o>6.tic<l de las 
~'"'''r•l•ti-¡,-nto:~s d!i' dis-:,1'1o d.;. l<l sigui.ent.e 1or•oo: 

H•l c.::r ,¡¡.J. !liolgr•lOlol do?: flllt.os. 
A"lic<:~ndo crit.;,rios d"' t.runsfor•••Jción, 
hoc,;,•· .;.1 Di<lgrar-o•l d.;. Estruct.•Jl'O. 
F•lctori:::or ,;,} tl:ioJQI'OMa d.e Estl·uct.•Jro. 
An•lli=or ,:,} Diago'""''' d"' Est.>·uct.u•·o 
ut.ili:>·lndo cr.it,¡.rios d,¡.: 

Aclopu~,i,¡.nto 

Coh,¡.sión 
H,¡.ud5ticoJs ¡:[,¡. disel'\o 

Esp.::ciTicur curJu Pl{odulo 
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3. O EL DIAGRAMA I•E ESTRUCTURA 

'· __ .. 
El [li_ogramQ dt: Estrur:t.:.rQ .::s un.:a r~prest:ntQ~ión-:a·,,llf':icci 

del si_sl<?OIO QUE- S~ utj_}i_:;!Q COmO herroolientQ para f.,}. rliset\0, 
implE-n•entaci_On, docuN,.ntQr:i_ón •. NodificQci_On y 0\0nt,;:n:i~l-iento 
del sistt:No. ES uno "ht:rrG••iento, nO un "'~·todo: 

' ., ' • • 1 • 

El I•iag¡•oo1o dt: · Estructuro es un 010dt:lo :independiE-nte 
·del ti.::o•po de :los ·.,.elaciones .JePó.rquicas _d<: los. o16d~lo"s de 
.un pn)gpomO o ·sist,;,Na; eS 'pOr esto ·que nO.;s,;, p'uf,d., · infeP.ir 
de un Diagf'OOI<l. d"" Estructura:,,~uál-.,s-.,1" ord.in' .,n ·que· s"' 
ejecutan ·Jos ;.,odulos. ·: · .. · · · ' · 

' .. :.·:--. ·!., ·-·' . ,.· •. , - ·: ~-.. 
Los "el"'"'ent'os"~q"ue -forman e1 'Iliagf'aoiQ' de ,Est.ru'ct.u"r'O-son 

.los siguientes: - · - ·- · :_; .... ·.; ·· ._ ---~-~ 

Módulos (<:uadrosl
Conexiones '-flechas) 

-· '; . : : ,-. 
_Interfases (Nombres de dcit.os-·que entran 

y sol,;.n de-coda ••Odulo)'" 

... 

Un MOdulo 
"d"'-- pl'O!l'I"QOIQ 
.ident.ifi_codor. 

es Ull•l s.:,cuenc.io d"' inst.¡·ucci.on,-,.s 
confinodoJ.s por varioJ.bles. l.io•ilro.fes, 

, cÓnt.i>1UQS 
t.i;:,n.,n un 

Los Mód•~los tien~:n otrib•~tos:' ." 
' . --

·El qul,: . ·., 

. ' .. ~-. 

Entrados (}o que obtiene d"' su .invocodor"l .
S•Jlidoli (lo qu<::f'e!J'P"'so·.:a su invocodorl •· 
funciOn-<10-que~hQCe o-los eñt.rodos poro 

·- p1·oducir los solidQs·l 

El r:Oo>o: 
Me cllni CQ ( cá"'o hoce 'SU· -función) 
Doltos .int.,rnoli <espacio "pr.ivado _de trol>>:>JO• 

solo ~1 los reT<?f'enr:iol 

tJ6tE-i>e quE- no exiSte d.if'erencio entre MOdulo, '-Prograo>O_ 
y S.ist.eooa. 
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Lo. ¡j_ivi-s.ión d,;,l sist,;,o1,l en Módulos 
J"'Porq•~i·l ~ Ol'gani::.ooción d"' los Hód·~los 
Int.:,rfol'Ot:"s·d.;. <:oMunicoción t-ntr"' Hód•JlOi!i 
No"1t>r,;,s (1uncion.,sl d.;- los Hód•Jlos 

J".,.conis•los internos dt- lo5 Módulos 
Il<>tos .i_nternos de los M(ldulos 

• 

~·ag. 1l 
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l!ISEl'\0 

. . 

+----------+ 

! Mant.,n.i- ! 
! "'i"'nto 
+----------+ 

. . . .. 
' ' " . . ·. •,': ... ·-·. : . 

. ,•. 

.. 

+----------------------+ +--------------------~-+ 

' +--:-------=+ +----------+ - -· '+----------+ 
' . ' 
! Altas ; · Ca•1D.ios:. ; :-·· .!·!<OjOS 

+----------+ +---..: __ _:__ ___ + . '+----------+ 

" 41 1_ 8' ! 10 
! 2 ! +------+5 +---------+91 +----------+ 

1 3! 60 
! +-----~-------!--~---+ '7+----------!-~-------+ 

-+---------+ +---------+ 

+----------+ + -----------! +----------+ .¡ ·----------+ t-----------1 
C•lpturo 11' 

' ""'''.if.ica ! 
·' ! l'eSJ'.iStl'O ! 

'! Eso:r.it>.e 
CorriSJ'"' ' ! R"'g.ist.l·o ! 

' ' ' 

Le,;, ! 
! h:,;,g.istro ! 

' ' 

! [l.,spl:i.ego! 
! h;,;,g:istro 1 

! ' 
+----------+ +----------+ +----------+ +--------~-+ +----------+ 

' 2 1 
3 

< ' 5 

' 7 
.B 

' " 

t--------------·--=--t--------------------1 
! Entran ! Sol<.-n 

(al sut>ordinodo) ! (del sut>ord.inado) ' 
·t-------------------1-~-----------------t 

f>·.eg.istro 
R;;-gistro 
R;;-gistro 
r;egistro 

h:.o-g.istro 

Registro 

Re-gistro 
R"'JJistl•o' 

R;;-gistro 

R,:,g.istro · 
' 

f:egistro Ro=s·~lt'ldo ! 
-+------------------+------:..----~-------+ 

' 1 

t----~---J 
El:io1in'l 
R\"gistr 

+--------
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4. O ACOf•LAMltiiTO 

Dos NO.<:lulos son totalfll,;.nt,;. ind,;.p,;.ndi,;.nt,;.s si ~ad·l uno 
pu,;d,;. fun~iona1· ~oMpl,;.t.ao¡,;.nt,;. s.1.n }ol prrsrn~ia d,;.l ot.1·o. 
E:st•l <:f,¡.f.i.n.i~iO.n .iMpl.i~a au,;. no hay .i.nl,;.¡•con._.c~.i.one-s d.i¡·,·ctols 
o .ind.ir,;.ct.ols, ,;.xpl.ic.it¿s o" l•lpl.i.c.itas. ot>v.i.as u 05C<J\'ol5• 
e-nt.1·r los M\'.d<JlC"IL Eslco 1•\0rca rl .,unto c,;.¡•o e-n la rscal'l dr 
'cl,:,~'"'"oj,¡,nci'l' ,;.ntl'í.- ~i6du_los. 

En g,¡,ne•·al, ,¡,ntr.;. r16s .int,.r~on,;.cc.ion,¡,s ,.,..istan ,¡,ntr,. 
Htd•Jlos. srrón ••6s drprndie-nt,;.s "rntre- si. 

El Acopl'loli.;.\1t.O E-S una "'"'dida d.o- la int,;,rd.o-p.o-nd<'<nc.ia d.o
un Módulo rE-spe~to a olro. Enton~._.s, los Módulos olt.aN,.nt.Ee 
Q.Cc>Pl'ldos E-st.O.n unidos por .inl.o-r~one-~c.ion.,.!:. rig.idol!:.. Lo!> 
Mt·d•Jlos holgad'lr-•e-nt,. acoplados í.-!:.t.an unidos po¡• 
.int<'<>'con,¡.cc.i.one-s d(·t>.i.l,;,s. Los M~od<Jlos ·no acoplados son 
•lq'J<'<llos qu.o- no tio:<ní.-n .intr>·co•,,;,cc:.ion,.s. 

El ¡;c:o~·la•o;.,;,nlo ,;os rl c•·it.í.-r.io ••6s 
Ju::g•lr 1•15 t>ond•Jd,¡.s dr un disc-1'\o. 

i•>portllntr ~·ara 
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E...:isl«n cuatro f'o~::tor,;.s - pr.incipol,;.s· qu,;,· pueden 
• loctulos. -son increOJenl<lr o decreNentor"el oc6~lo•oiento do< 

los 5.iguie-ntes: ' · · 

l. Tipo d<? Con«xiOn entre-Nódulos. 

-2. 

3. 

. . -. 

Exist,;,n tro:-s iip~!i d.;,_sist,¡.ooOS:_._-
. - - . . . . . . ' ' t ' .. 

' -·· 
• 

'· .... Cm>exion<'s ·••.iiü.,.,ás. 
- Conexiolles· norPullés. 

: ~:-.. Conexion'eS·. po_tológicO.s. ; ' --· 

..... 
: ·' 

lo int.,rtose'. 
... . . 

. 

.-_' 

$,¡. pu,¡.d.:;, o.proxilllor por el n(loo.,rcl d.:e ,¡.J.:,M,;,ntos 
posados «ntre los ''Odulos. rnt.re PIÓ.S "!""'""tos 
h.:a~,to •. lo int.erTO.s« seo-6. PoOs CONpl,;.Ja •. 

Ti,..o -d,;. 
con.e>:ión. -: .. ;. . - .. ,.· 

• Los sist.e~>~as con_ a'éOi>loMiento de·ctO:t.os · tienen· 
Me-nor ocop 1 O."lient.O:_ -·q'!"' ·_;·los',· d._. ~ O.cop lo, Miento de--. 
control y i,st.os·a··su ve:z·son· """.:lores··. que los-.~de:. 
a<:opl<Ho.iento hibr.ido. · · · · ·" · .... · 

. . ·.. -··· .. .. . · . . , .. 

Las tono=x.iones unidas a refrrent.i.as f".iJas al 
MO•Irnto do= o=Je<:ut.ión, 't.i.enrn rornor acoplarlirnto que 
cuando lo unión se efect6o al t.i.rMpo de targo"o de 
tONp.ilot.i.ón o de cod.if.icoc.iOn~ · 

... 
El <:oncept.o de Acopla••.it-nto .inv.it.o al de-sarollo de- <Jn 

conc,.pto nu.,.vo: I•eocoploMi,-,nto. 

¡o,.aco~·l<>roiento es 
s.isteM6t..ico para vo]v,-,r o 

cuolqu.ier 
los MCI'.iulos 

U·cn.ico o ••t-todo 
•oós .i.nd..-pen>i.i...-ntes. 

• 

.. 
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4 . .2 T.i¡:•os ,¡.,. •lcO~·lo.Miento 

Ent.r.e oo,;,nor s.o.:J ,.¡ 
,,,(,d•Jlos. l-stoE s,¡.rGn r.oó.~> 

l•o,;- JOT'. 

ocoplomciento «nt¡·.
.ind,¡-p.,.nd.io?ntt-5 \1 

E>:.ist.,;,11 cinco tipos de c.c:o>ol•Hli.ento: 

floJtos 
Est"'-olpodo 
Control 
Al"o;.a coon'Jn 
Cont,.n.ido 

• 
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c•Ja 1 rsq•J.iero 'dos 
,.¡ dis,.no ·~ro 

El "'"'JOr 
co"t,;.n.ido. 

oc:oplO•>i,.nto- es .,.¡ d,;. datos !:1 ',;.¡ p,;.or el de 

Si se pres,.nta w:ts dE- on tipO d.o, ocoplol'!.it-nt.o ... ntr.:, 
,,,(Jd•.Jl.,s, t-S el ¡:•t-or ,_¡ Q'J"" <>plica. 

4. 2. 1 

Aco¡:-laod,.,to d.e dotas .;os ·cuando solo los d•Jt.os 
n"'c:"'~'"'JOS son coooun.icodos entr ... ooódulos. 

Este t.ipo dt- .:u::oplo:ll·o.i,;.nto "'s t:-1 r•ó.s 
h~·cho; c•Jalqo:i,;.¡• s.ist"'"'ol ¡:nJt-d"' con!!.tl'IJil'St? 

(,} ónice o.copl·l•lit<nto s,;,o de d•lt.os. 

!! d;;, 

[<os fO(odulos ¡.r.;.st-Titon r.~copl'lo<irnto d,;. ,;.st'lPif•'ldo si 
r,;,f,;,ro-nci·ln l'l •·•iH·•·• ,;,o;truct.•Jro d& d'lt.co,; (no gloto<>ll. 

Est.,;
~·rc.Í' l "'"'": 
1.odC'~ los 

1..i¡-co d,;. <>ro¡•l'lo • .i.-nt.o prieS(·nt.a f-) 

uro c-:.rol•.io "'' l'l O:•!"t.ruct.•Jr<> t:l,;. datos 
,.,(.~•¡¡¡.!- .-¡•¡;,- ,;,st.Gr, ".,;.!tc;.,.,adc-s• con l'l 

s.ig•Jio-nt.,;, 
af.,.ct.'lrÓ a 

o-,;truct•Jr'li 

• 
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~j_n _.,p¡J"ll'ga, IJS•>lldO U1l•l !><_¡,¡,\).] 

,-,~tt- tir•o- <:1.;- QCOpl<:.oo.i,;,•-,t<, 
do> tos. 

y n•lt•Jral .-,.~truct•Jra d,;, datos. 
so= oc~o·co Q} •>co~laNionto d,;, 

4.2.3 

llos l•o6d•Jlos pr,;-s<:nt,lll •>coplaoliento 
r.or•nJn'-c•lll •Js•lndo; <>1 ,.,e-no-:, •Jn "'l""'"'nt.o <J., 

d.:;, tont>·ol 
cont¡·ol. 

Est,;, acopl•>Pli.,nto es ind,ese·ll•l,. 
t>•6d•Jlos no s"'r<'.n •Jna C•lj<l negrQ. 

~-orqu,;. uno o OP1Pos 

Un p.o-ligro reloJcionado con 'el oco¡_•lQn>iento de 
,;.s ..,¡ <:l,;,norün!ldo "<lto?l\l.t>oi,o,nto hih•·ido". 

At<;.>plao>ic-nto 
sig¡-.ific•>dos ¡ .. lr•> 

4. :::. 4 

hihl'ldO SIJC.e<:l,-, 
.,] MiSNO d•l"\.0. 

control 

Un gr•J¡oo <:1,;- "tod•Jlos pr,;.s,.nt·>n Qcoplo••it-nlo dE, ár"'a 
cor•1ún ~i c:o••po~t..ero un<l roisno•l ó.rt:•l glol>ol d,¡. datos, 

E>·ist-=n 
cOútrol: 

V•l>'ios 

' Es oo.'!s o:l.if~ dl 
órt-as 
no••hrfc. 

r<"''JS•>r 
!! 'l Cf'J"' 

los "t":I'Jlos q•JJ? ut..ili:!an 
us•J•llooent.~· lo hac.:,n por s•J 

:::. El Nolnt.,;-n.io>:ient.o s,;- h•1Ce ,.,t.~ d.if.ic.il sol>rt- t.odo 
C•Jondp s,;, f•Osan d.if,;-r.;,nt.es t..i¡..os rj.:, dat.os ut.ra"&S 
del ó>·;;a ceor .. ón . 

3. 

... 
Ll •Jso d<- <.>·<-•lE glohales dcif.ic•Jlt.a. la 
d<- los p1·ograM<:~S. 

}.,git>.il.id<:~d 
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"1.- Es d:ifit:il so:.t>,;,r qut,. P>Odulos uson qut, dotes. 

S . 

6. 

En nl"gunos lenguo.les como FORTRAN, 
on 
o cop l on>i,.nt.o 

~osic:ión de los dotes 
odo?N~S del prot>le••o· do? 
"" ti.,n,;, un prohl"'"'o dol" 

COMHON es ,. 
d• o copl o•1i en t. o 

donde· lo " 
iPiportonte. 
óré'O •co••(ln, 
est.-:oropo?c, 

Un ,;,rror en· cuolqui,;,r "'Odulo u sondo el~- ór,;,o _ coMUn: .- ;"· 
pu"'d"' o~"ll"e<:er "'" ot.ro Nódulo (que to•1l>ien Use·,..¡_ .. __ 
Or,;,o · comOn>. yo qU,;,: i,¡ -óro?o co••ó.n no e~>t.ó protegido··. __ 
por _ningún ~~dUlo. -; - · ., . ,·_· f > ;-· -_ '· .-: •. ,, . .-.. -: . -- .. ·: .. ; ~:_;~ :r:~:-

-·· _., -·-· :.-:.·· 
----~:-:--··· _, 

o.. - • .... 

Acoplo••i&nt.o dt? Cont.:,nido. 

Est.,;, e,. oel p,;,or co.:;o, ocurre cu.:ondo: 

l. Un Nódulo o.lt..e•·o instrucciont?s t?n ot.ro ooó<julo. 

Un ••6dulo ref".,.o-,O,nd.a a caool>ia dat.Os cont.t?nidos t?n 
ot.ro ool'>dulo 

3. Un Módulo l>P.in<:a a at.Po. 

los .casos 1, 2 y 3 taMl>i'-n se conocen COPIO f·atológicos. 

[1 lC·rol>lt?MO princi;oal t?S qut? un caMbio ;.e-qut?t.O y de 
ap,;.pi,;,ncia · inoc,;.nt,¡. a uno de los ••ódu]os ;.ut?d,¡. dt?squicior o 
otro rol'>dulo "'" cualq•J.ier J_.orte del s.iste•oa. 1 

.. 
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5. O COHESION 

Cohes;i_{,n 
osoo::icc~6n ¡j,;. 

,;,s una roedida· d.;. 
los el,;-Menlos dentro 

Uno inst.rucci(m 
·- U11 grupo <:le inst¡·uccion"'s 

-:- U11o ll,j,.odc. o otro N~dulo 

lo consistencia 
d,¡, un OIÓd•Jlo_ 

,. ]O 

.:-s d.ec.l..r. ooódulos cuyos 
fu.o-•·tes• oltoJr•ent,;. 
· eler•enlos est.O.n 

coh,;,sivos, 
altaMente 

o·,¡.Joc:ic-nodos. 

Clao·o••"'nt.,, cohesión !:1 oc:e>pl•looiento "'ston r"'loc::ion.:ados. 
A ••·~l•Or cohesión d.;. Jos· P>ódulos· del 5isteMo, .,,..istirá· rl 
••.;.nor •lcoploooiento: 

L<l c:oh,.s.i(m es 
dividir.,os ,.¡ si~1-t-o"l 

•J11Q ""'!)UndoJ owdld·J·. <:le qu,;, 
E:eislt-n los siguient,;,s tipo,;: 

Funcional 
S,¡-co.~,;,nc:i•ll 
CowJn:ic<>cion•ll· 
I•,;. proceQirü.,.nto 
"T,¡,ooporol 
Lógico 
Coi'' c:i dentcl 

Si.-ndo "'"JO>" 
r:oinci<1,n•.•Jl. 

lo 

·. 

i"unc.ion<>l ' 

ton t>i.:,n 

lo 
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5. l. 1 

Un o•lfoo:l•Jlo con coh.es.i(m, fOJncional .es <~.q•J&l ,¡,n el q•J,¡, 
todos S•JS el.oo1entos cont.rib•Jy.:cn •> IJll'l y solo uno t•lrea 
corlpl,;,t.g; c:<>da oo-l&Pot-nt.o .es ~"lrt.e- int.íiO:P'•ll y ,;s t-s,;,nc:iol p<1ra 
l<l "'J"'cuc:.i6n di: lo f•Jnci(>n d.;.l po(odulo. · 

5.1.2 Coh.:-s.ión s.,c:u:,'nciol. 

Un Nód•Jlo con coh<:sión s<ccu.,ncial .,,., aquf"l ,;,n f"l que 
s•Js t-leo..,.nt.os ,;,st.t..n involucrados .;,n t.or.eas o?n ·las que do tos 
q•Jt" o;ol,;,n d.,. un ,;,l.,M<:<nto sirv._.n d"' .entrodo o o'Ll'O <-lt-oo,;,nt.o. 

Lo• 
1! SIJ Q) PIClY\. t

Contit-n.en 
cor.opl,;,t.o. 

e>ód•Jlos con coh,;.sión s.:,.cu.,nciol son furrt.es, 
t.i,.n.en bu\'"n aco~·loMiento. No son id,.al,.s porqu.o
V•lrias f•Jncion,;,s 'I'J"' no forP>oln uno sola función 

~.1.3 Coh,;.sión CoM'Jllicoc.ional. 

Un P>6dulo con cohoesi(m cooUJ\Ücac~Onal ,;,s aqu,;,l ~n el 
que s•JS ,;,lepoent""' conto·it>uyen a difeo·ent"""' t.:oJ•e.;os, ¡..ero c.:oda 
tar,.,.;, se refie'""' n los •lis•oos ¡..oo·lo"'eto·os d~ ent1·odo y/o 
<'·~lid-l. 

Este ti~·o de cot10<S~6n es f•Jerle ya q•Je ;;-1 
de funciont:-s dt:-ntro d" un "l•dulo ti~·n<en olg•Jna 
.el ~-•·otol.er•" ,;.n l•Jgar d.e la io>¡:•J.;,o¡,;-o1t"c~ón d.e la 

ag•·•Jp'looiento 
r.el.,cilm con 
solucilm. 

(;} d~vidir ,;,stos oo6d•Jlos 
'io'p)ifica ,;,1 ocopl•l•o~,¡,nto !/-~"' 

,., r•6d•Jlos 
.i nco·"'"'"'"t•l l·l 

s,;,~·a•·o:odos, 
coh¡,..,.i6n . 

5. 1. 4 

lln n~dulo con tC'h,.~.ilm d" ¡•rDc~·d~oo.i,;,nto ,;-s o:oquel ,¡,n el 
O•J<e el cont,·ol fl•Jy.;, d.;- un el,;,n,o'-nlo al .,,:g•J.i,.nt.e, ¡..i.-ro, los 
<::·>to= no lo!i-C;;-"-o:ori'leot-nt,¡, flOJy<en d,¡, l.:o '>.iSPoo) ro.;on,;,ra. 
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El ••ayor ~rolll.-:ma con t?st.os o1ódulos es que manipulan 
l"t?sultaoios porci•lles. vori•llllt?s int.""'"llas, ~ond,;,l"(ls,-
s,.it.ch,;,s, ,;,te. y qu,;, ti€n.,.n 'J'•art,;,s d"' VOI"ias f•Jncione-,;.,.' 

:>.l. 5 Coh,;,sión T,;-o,poral. 

Los ••ó<iulos .con coh,;,si1'm t.e-mporol son aq•Jt?llos cuyos 
ítlt?OI.-.ntos est.Gn rel-:~cion.,dos ,;-n t.it?mpo. 

Usuol••t?nte t?St.os 
<iif«rent,;-s funciones. ' 

5. 1. 6 Coh.-.sión Lógico. 

Q . · .. 
' . . . " ,,. 

Los ••ó<i•Jlos c<:>n coh(•sión lógica son .:.qu.-:llos .-:n que- sus 
el.,.m,;-nlos opo•·enlan ,;-sl•lr r,;-lol<:Íon(I<Jos a l•ll"t-•ls d"' la mis•o<l 
<:(ll.,gor~o g,;-n,;-••al (d,¡.!lel"ioJ llooo.:.t·os"' coh.,sión il(ogic.:.l. 

5. 1. 7 •• 

coi ncid.,nt.:i }, lit?ne e-lerot~nlos· 
s:in r,;,lQción signific.:.liv.:. ,.nlre- e-llos. UsuQlott~nt.,;. ,;._,ecutan 
t.or.:•QS dif,;,•·-=nt."'s y· sin r.-.loción "PQT"O "dif¡;,r¡;,nt.-=s • .l¡;,f,¡.s": 

.. 



:.;o,u;:.~ro.::r<> 
O.lfll~fo..IT~4 t•( o 1)-<06.,0{{ "'" (t'..l.;>l<'i'fi UJ '01)![<>5 

.;.p (<"1TJUL'•l Noto.\ Ol)t'J O.<t .. i O{foi)O>< uro ñ t•I)<•JV.I"' 

.,01) {t"lfJU;.<•Í '""to.< Opt•:l OJO.-J. O(ropt)>; Uro UO:l t•!""'·'¡j 

ltc,JCIO«.IOjt.l!" t•[ "P -'<l··«•<i O to.<fo"l:lfl-'"1'>"' t.( "'~·-''>TI! 

.lOI'it·•; .;op '>0"1llft•1 so¡ -<Oll'f"·'.;ot·)<J ·op--r¡t•s 

.;op SO"IOP ;:>p S.;>[O<l.<Ju~..l·1 Stot;O,.l St•{ 

U<)"'f:l::. <•-'"1 s.:¡ o 
ñ <•P<•.nu"' 

.<t•:l! J'f1U-"' p J 

'{OJ"IUC'J llt;)T:li>I•J.IOJSUOJ"I t>{ Ut•lO.lOJ SO"Itlrt•:l 50"15.;> 

"'-'"IU"' '>OS.;o::.o.I•Í SOl .'toP'!'{OS-t>p0.11ll"' :;>p SO/\r"I'!'S0•1'>'!'P 
SO( ap S.;o1U<3'!'pll.;>•1.;>pUT UOS SO"It•p SO{ ;;oro/:1 U•) 

SO"Illft<l. SO{ JO..l1Ll0JU'l' to"ISO\j t>o;O..lfit>TP (4p S;:>"ILI·~.l.;>J-~ 
f1 S4"1U4.l4J<:o St><H•.I SO{ OpLt.;>)'fli5CS 4S..lt•::T(t•'l'.\ 

~pc>r<•i O"ISJ 'It•.qU'?:l LH,)Ot•t;.IOjiUI:o..l"l t•{ .lt•:l!J"'f"ICI<'PJ 

'SO:l!Ú?'[ SOtOP •sopr.S-"JO.l'Í 

.;>"1Ll.;>l•J01{0 SOtop LtOJ o:-\!O>qr.-11-JO!.<.;><Ifl5 o¡np<)l•O {'l' .;>nb ¡.'• ""' 

O.lfq:lro.q5J "'P [qur..tfiO'!'tJ LlO $:;> optq.[flS'?.l (3 'SO"IOt{ <'P [•t;t•.tfiOj'IJ 

['-'P .;>.l.;>fnb;:>.l '-'S lLQ!:lOt;.IOJSUCO.l'¡. .;op SC'S'fl7'-'\l ("' t•.<O,j 

'(t•.L1-""'J 

llQ'f'.'[•IU,.lOJSllD.Il t•( ;¡>p O<J')'SYtJ CIIUOJ -"JOUOJ "{ .;>S ""''{10[·_1 

'SO~[o.;<JUO[[o4 <3"1Ue>I;O">[O St•lU.;o"ISTS ,H•<J.;oSTp 0..1"'<! S.;o[t"Jy:>Lt;-<•1 

50'!'li"''l0..l15"' SO( -"'P llfl S.;> Ut;)'f:IOLU.lOJSUtoJ",. 'i'p S'!'S!(')llt;l 

'NOI:Jt;IW.'H).:ISNt'-'H :m SlSil';IN';I 0'9 

O<J::JS [o! 

., 

. . 

J 
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+----------+ 
1 

' ! 
+--------.--+ 
. 1 ! 2! 3! . . . 

+-----------------~----+· 1 +----------------------+ 
+----------+ 

+----------+ 

' 
2 

3 

! 
+---------'-+ +--;---------

. ! 

' .. ! ' . ,. ., 
p 

'.• 
' . +------------+ ,•; +----------

. '. ·: 

.... 
+-------------·-----+-.,-:-----------------+ 
!- Entron . !. Solt-n 

(ol s•Jb01'dinodo) (del sut>o1·d.inadol 
+------------------+-------------------+ 

UsualMentt- nodol 

Ilorlos .:~Vst•·•H:tos 

'e o?ntr•Hlo 

t•otos ot>st.roctos ' 

I•ot.os obst.rott.os 
d,. "'ntrado 

[lotos- •ll>str'act.os: 
de solidol 

.·_. : . " .. 
. .. . .. 

. de ·s-1l.id<.1 ! Usu.:.h,.;.rit."' nodo ! 
+ ----- -..,- ------ _;__,_ -+ --- ---·-: .: ____ ---'----+ 

S. Por.:~ toda uno d"' los .,6dulos d"' ent.r•ldo, 
identificar lo f.tlt.iNo transforMación nt-~t-sar.io paro 
prod·~~.ir los datos ,;.n lo for,.o t-n qut- los ro;.griisa 
.o-1 o16dulo. Io,;.spu!'-s .idiint..if.iquf" la for••a doo- lo 
t-nlr•>da .JUSt.e> orot.,;-S ·dt- lo o'.olt..iooa t.ron!:for••o~.i1'ln. 
f'or<1 oH~•dulos .d;;, salido:~, id.,nt.ifique "'1 prio,,¡.r 
proc.,so n"'ct-S'll"io i poro o~,;.rcarst- o lo ~'llid'l 

d"'soo-odo con .,1 1orooot.o doo-!>;;,odo. Roo-pito E-!>le· posn 
host.a. llc-¡¡ar a lo for"'" original d;;, los d'lt.os 11 oo-J 
foroult.O d,:,.s;;,ado d,;- los r"'r;ult.ado!> . 
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1o1m::no 

7.0 ANALlSIS !•E H~ANS{;CCIONCS 

Uno1 t.roJnsocci(•n t-s c•Jalq•Jii'r ,¡.Jeo>.:nto d~ d<J1os, 
control. ".o-fl•)}, t-v,¡.nto, o c·Ho•tlio d.;;, t-St<>do II'J"' ca•,so.. 
•:Lisf"~ra o inicio:~ oJlg•Jri'l acción o s,;.cu,;.lici'l d"' o::tccion,¡.s, 

En otr•JS po.l<lt'>ras, un<l trons.:occit'Jn ,;-s 
q•Je ~"'"'d"' s.er c:OJolq•Ji"'rQ d"' •Jn nür•>.;,ro 

l't-quieJ'<c dife•·entt- proc"'"'H1i,.nto. 

un·> l'"lrt.o- d.e 
d,;. tip~S, C<J.dG 

L•l ~Jestrategi<l d,;. anólisis t:!e tJ·•JllS•lcciono_.s, siN~·lt-OJ,;.nte 

¡•,:,c:onoc;;, qu"' los d:i.•>gNHICS d,;. d•>tos d,¡. "'stt- ti;•o pu.eden· 
"''l;•<:<>rse o un<J ;ostl·uctur.:~ PICdular particul<lr. El c.::-ntro dt
transoccion,¡.s d,¡, un s.isto;.IIO<lo d"'P"' st:r C<lpo.:. di': 

l. Ot>t.,.n,;.r {r.,s;•o"d"'r o) las t••<JnS•>cciont-s en su forMa 
"''"' p>':iPo.itivo. 

3. 

En su fOI'rl•l roós f•>ctol'Í2old,J, el C(•ni.ro de tron;.•lrcion"'s 
¡."J.:,de ;.<->' r>od•.lloo·iz•ldD d.:, l•l ~ig•Ji<-nte fo1·~>ol' 

• 
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+-----------! 

1 Tr•:l1l~•lC

! ción 
+----------t 

2• 

f'•l!) .. 24 

+----- 1' ----------+ + ----------------1· 

+----------+ +----------+ 
' 

Ar,;li:::•l lle:~.-•lCh<:i 

+----------+ +----------+ 
3 1 4! 

' 

+---~-----------+ +---------------;-
+--+ .¡ -----+ +-----1 +---'-+ 

----------+ 1----------+ +----------1 t----------i -1----------+ i----------
trt-tien.e 
t;-.,,-,.,,,c-
ciGn 

An•lli::u 
t-r-1ns·l e-

' e~ un 
Ti¡:•o 1 

' 
Tipo 2 ! Tipo 3 

' 
1 Tipo tl 

' 
i ----------i +---------- + .¡ -----------r .¡ ----------+ t----------.¡ +----------

' 
" e 

-1------------------t---~---------------t 
En'LI'•l11 ! S-11"'11 
¡,,¡ s•Jl•OI'C:in-ldo) 1 (d:l .sOJ!->ordinodo) 1 

+------------------1-------------------+ 

' 

ll'•l1l~ú.cci6n. codi- ' 
'f.ic•ld•l :ilYLernooo.,ntel 

' To-onsocci{,n codi-! 
fic•>d•l int.eo-n•lr·l.ent 

3 T,-.;,-,~··>cci_{,;l 

' . T"·ln!'·lccj{.n ! ro ns·l e o:i {.n 
(ll'•]l.i::·ld•l, !:1 
~t'~~,i~'ld'l 

+---------~--------,-------------------+· 
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I•lSE1'l0 Pog. ::5 • .. · • 
7_1 La estr.>t,;,gio. 

' 

. 3. 

•• 

'· 
" 

.. .. . 

Jd.;.ntif'.icor los or!g.;.n,;,s do;, t•·onsaccion.;.s. -.: 

EsP,;,cif'icar lo organi~ación _de
·a~l'Opio:~da (lo f'igura ant,;,J'iDl' .,;,s un 
- g,;.n,;.ral). 

' . . ,_-
.-· ..• ·-· ... 

t T-ansa cciones 
t>u,¡,n Nod,;.lo ,;,n 

.. 
~d,;,ntif'icai-. _lo tror.Soi:cion ·acciones •"· def'.inen: .. 

' 
'.· . .-·.··-.- .. 
' 

., . 
' 

. .. 
' '· .. 

" . . 
• Note • si tuOcion,;,s pot,;.c:ir..les •" 

• ,· 
' •"· 

. • . 

•• 

-, .-
.::··:~ ... .' .. 

¡..uedañ··· 
c:oNtoinor ~1ódulos: 

Pora C<lda tl·ans<lcción o 
tronsoc:c:ion,;,s, ,;.sp,;,cif'icor 
trans.:~ccion~s ;.aro ¡..roc,¡,sorlo 

F'·~•·a cad•l accil'm .. n una 'l.ransacc:ión, 
.,6-:l•Jlo d.;.- acción s•Jt>oJ•o:linodo ol 
Nód•Jlo de trcns<lcción. 

coh,;.sivo 
NÓd'JlD 

.,.s~ecif'icar un 
corres~ondi,;,nt,;, 

F·oro c<>do ¡..oso 
<=Sl>"'C:iíic<>r· un 
••ódulo de •lcdón 

d,;,tollodo o;,n un Plódulo de acción, 
••ódulo d,;,tOJll<ldo sutoordin<ldo al 
qu"' lo n,;,c,;,sit,__. 

' 

.. 

,, 

·• • 

..· . . ·, 
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I•lSEI'\0 

l. lde:nt.if'.ic:or los orige:nes do¡. t.r.:~nsac:cion.os. 

3. 

6. 

'· 

Esp,;,c:iT:ica¡• la organi:.oci6n de t.r.:~nsou:iones 
apropiado (la figuro ant.,;.¡•ior·.,;.s •Jn t>u"'n NOdelo t-n 
gent-ral). 

Jdentific:or .la tronsoc:cion 
defin.:;n. 

y los 

Not,.. si tu<lcion!'cs 
coo•t>in'll' 01~•dulos. 

pot.t-c:ial,;.s f;oll 

oc:ciont-s 

se: pu,¡.don 

c:oho?s.iVo 
t. rons<:J e cion<?s, ":S?" c:i fi e o r 
t.J•ansoc:C:ionli1s pCl'O pi·coc:<?S•ll'loJ 

U ll I•IÓO:I>J} 0 

de 
de 

C:O"IP 1 "'t""'"'nt.e. 

PQr•l cud-~ occit'm .o-n un<l tr.:.ns<Jc:ción, 
ooód•Jlo d,;, acción s•Jt•ordinoJdo .:~1 

ooódulo_d,. t.r<:~nsac:ción. 

,;.spe:c:if.ical' un 
c:orrt-spondi.-,nt.e 

"'5t>,.c:i f'i c:or- -un 
••~•<:I•Jlo de- QC:c:ión 

doe-t.ollodo en un 
01ódulo d,;.tallo:~do 

que lo n,;.c..,sit.,. 

Nódulo d"' occ:.ión, 
sut>orliinodo ol ' 
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J•l sr:t~o 

B. O CASOS f"hr>TICULARES 

Un pl'ogr.:tO>C. :i nt"'"" ct.i vo 
C•l P•l Ci.éri '"'ti CQ$' 

l. Conv.,l·so.cional ... 

2. Est,••Jct.ul'•ldo pOI' t..ipo f'unc:i6n, 

3. C·~dO. '\,r•lllSolCC:ibn ,;os V•ll.id•ld•l (COllSIJ]t.oJndo •lr'CI'\ivos) 

>' •>ctuolli:!<ld<l .in~t·lnto:an,;.•lMt::nt.,;.. 

Lst~-s· p>·og>-·l"l•lS )•O\' IN"l'Jl'oll<·=•:. ,,,.,~.,nt.<:~n tJlN ~-st.r•Jct•Jl'•l 

·>d•or,--.¡_ F·or '••::nto. loJ O;St>·.:tt<-gi•l r-1(15 opre>pi·ldoJ r"ll'•l 
d.is;·\"1•»'1'05 "S .;, !•Ol'"li1' dc-J ~1'/"IC)] d.:- (1Jl1Cl0ll~·~•-

,_ 

ClAF'TUf;A Ul~ !•DCUHEIITO 

AlCTUALJZA EL t.f;CHIVO 

,_ 
LWClOII[S ( F. l GF:EGA r·M:T J ¡or.,~; 

t',lDI•IrlfA r-A~:TlVt.S ,_ 

F l JI' 

,_ 
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de estructura o partir del ñrbol de funciones. 

+----------+ 

1 I10 CU"1entos ! 
! ! 
+--------:---:+ .. ··. 

. 1 
+----------------------+ 

' . 
+--~----~--~--~--------:-+ 

' . 
+----------+ .¡ ----------+. .¡._.;. ___ ;_;__...;_.¡. 

! Mod.if"ico ! A~tual.i2a! 

+--;---------+ +----------+ +----------+· 

:;·J 
·.· .. 

.. 

.. 
·- . ' . : . . ~-

+------+ +----------+ 

+---------+ +---------+ 

+----------+ +--...:-------+ +----------+ +----------+ 
C·~r.·tUI'•J 

_IEnc·~be::Z•ldo' 
Agr,¡;,go 
IJOI'tid•lS 

Modifico 
IJ•l1't.idos 

+----------+ +----------t +--------_--.¡. 

Q•Jita .! 
pa•·tidos 

·1 ' +----------+ :! . ' 
.¡._:_ __ ;__~---+· . 1 
1 , • ! 

+----------+ +----------+ +---.:.---~-
! Val.ido] 
INovi••ien- ! 
'tos ! 
+----------+ 

I•espli,;,ga! 
docu••ento! 

1 

lhtuoli: 
! archivo 
1 • 

+----------+ +--------· 
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' 

a.::: F">·og>·'"-"":.s I•o:~tch . 

• 

' tDo•·lndos. el 
incm">'<?Cto, ~,;. re-qu"-"'""' , • .,,llir·•<-ll~··l>')O ho:>'Et•l q•J.: s,_,, 
CO\'l'o'o"Ct.O. 

ti~ "'"' p<>sit>l.;- h·lCicl' corr.,ccicnes .:. loo; er¡•o¡·,;.s d,;, 
V•llic!cciún •ll ''"'''"'"t-o de "'J"'cutar el t>l'O!Jl'CHHl. 

LoJ N•ln,o.r.:t od.os .:.d,:o,c•J•l<l•l 'p.;,ro dis,:·i'l·lr rstos ¡<rogroM•lS e!' 
•l ¡•ortir d.;. •Jll•l dt-finición sint.t.cticoJ foro1<:1l dt- los COMO:.ndos 
~~ do;, l'l inf'orr•bltirm ~·Jo? s"' V'l o f•l'Dt<?S•ll'. 

Uno d,;, l'ls d"'í.in:icio;·,,;.s sil1t6ctic<l5 oo6;, conv,;,nit-nt.es ¡_.,, 
l•l notolci6n d,;. II•JCI(us· ~¡.,,,,. (f:NF) l·l c•J•ll se v•Jed,-· 
l'o·pl',¡-<<"'"lt•Ol' gróíiu>o;ent,;. CCl\'1 leos dio:.gr•Jt.o(lS ¡j¡,. f,.rrOC•lrl'.i l 
(-,tilo f'.'ISC.:.Ll. 
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EJe,Poplo de, 
.POLIZA: 

diagraooa 

------------ ,...:----)l 'ENCABEZADO 

ENCABEZADO: 
=:======~= 

de- sin'laxis: 

' 
.;· 

. _: ___ . __ :__.L._;_ )-------

• V ------------
)--,..-----)! MOVIMIENTO'!-----)( 

--' 
.. __ :...)( J -¡-=--. . . 

' '. 

' . 

------------- -------

' 

----)! NUM. f"OLIZA ,_. t---)( E l----1---)! 'FECHA !-----) 

MOVIMIENTO:, 
======:.=., .. -

----)' CUENTA 

·:----)( t• )--· 

: ---.:) ,.-liEiiE--.' __ :....:_ .. . -" 

' , ____ , 
. . , __ -_:_),-IiESCRIPCIOÑ-, ___ _ 

------- 1 
·--~-)! HAI<E~ •----• 
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OIIJtTlVOS OC Lll PROGM!111CION tSTIIVCTURA!:III 

e>n frecuencia, ae obaern ·que loo proqralll&o no 

, __ 
utiohccn ,., necuidadu '" uouu1o 

'-- "' •• producen • tic01po, , __ 
cuutan ~· .. ,, ea timado . -- contienen Hroreo ' ' ·-- "'" d1Hc1lu •• mantener 

-a;atoh.o ..,uvado el deurrollo de nueva& Ucnicu y lu•rra

•UnUI para udueir h comple,idad en loo proqr..,.u. 

1-!ETOOOLOGIA 

' 

1,- Definir un conjunto p~que~o de eotructuraa de control 

b.f&icao para. el desarrollo de cd"digo. 

2,• Tener Uh<1 !H""' CO"'P<cnail\n dd proble .... a Un da - • 

atacar loD dctnlloa del miemo . 

una vet que "" haylln sathCe<:ho 1 y 2, la proqnTMd6n es

tructurada euqtere atacar el p~blema en forma progreoiva, 
yendo de lo qeneral a lo P<Orttcular. Eat_e proceso se 

conoce como r<>Cina,.iento 11 paseo. 

' El proceso de refinamiento n pasos se lleva a cabo median-

' te una secuencia de nivele& d~ abotracci~n, procedi~ndo --
de lo 9cneral a lo particular, ea decir, oe ccmien•a plan

tundo el probl@,... en dnoinoa y entidadu naturalu d 
mil~ y ae finaliza al nivel de detalle del len9uaje de 
programac16n en que se implanta la ooluc16n. 

El proceso de refinamiento y pa1o1 ea contra! a la progr•
,...c16n eatructurada. 
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' 

PRODLEitA 
00/QIItttiStON 

. '" ' 
PIIODU:MA 

. 
I'RODLEHA . 
DIIIlGIDO 

. 
Plloct;$0 " 

IU:rJ N/1111 ENTO ' 
PASOS 

. 
SOLIJCIOII 

• ' 
~ 

PllOGLEI\A 

EL SEUPOCODIGO 

., 
El aeudoc6digo o Seuooleng~~j~ eo"un lenguaje inter~edio 

~ntre el lenguaje nntiyo d~l programador y el lenguoje de_ 

proqrarTI1lcl6n en que se int~nta 1mplont3r h ooluc!Gn. El 

oeudocódigo le permite al progn..,.dor penur en la 16q1ea 
' -y expreaar esa l6gica en una for"'3 semlformd sin tener -

' qua a"<lentruoc en lo~ d~tallea pArtJculnl-eo de un hnquaj~ 

de progra..,.e16n. 

D~aiesment~ el oeudoe6'd1go diHere en l aopeetoa dG un len 
' guaje .<le programación 1 

1.- No eKht<!n reatriccionea oint.1ctiea• para el ueo del_ 
seudoe6digo. · solo l~a e•trueturu de cotftrol ~51•• 
eao y el oangndo para mejonr la• claridad dol alean• 

ce de dH:hao eotru~tur~a, aon 'las llniea• ccnvencione• 

pan el u•o del aeudocódigo. . . . 

2,- Cualquier ope~acJ6n·ae pueda ~xpr@aar B cualquier n1--. 
' vel de d•telle, por ejemplo 

ihcttilU!t.Br contador 

ctdor • ctdor • 1 

·. 
"-•<" 
' . ~ . .. 

' 
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• 



.. 

El nudoc6dto;o pou.,He al proqra,...dor tnt.r d prÓbh""' ., . ' 
a dlverooa ~!vol•• d• abetracet6n, ya qua·eata·~~ la'he
riPhnta ..,dhnt• h e\ld eopnu1r10e h aolueidn de un 

probhN durant• ;,¡ proe~ao d• reUna'"1entÓ a puo~, eato 

u, d .nudoe<fdlqo "' un, lono;uaje de din~ci de' prcqromae 

{POL) • ' 
• 

El nudoCÓdJQo u 1111a !o..,.a conveniente para doeuroentar 

loe · utedoo.do d¡.oorrollo dal progu11111, lo cual P"••He 

1 otro• progu,...doreo reviur l_a !undiSn d~l p;.oqiama;-
antu de l10phmentarlD en un lanquaje de Pn>gramaCidrL -

a<!e..ao da !aeutur una v.loueidn del eahclo de ·de~.~-
rrollo en , ...... eot&do del prt~Cuo de diseño <!•. pro-

Debido a quo al uudoeddlq<> ducrlbe detallada...,nte el 
• 

pro<;uM fuenta 0011phto, pueda runtenern como parte de 

Siendo ut, d: u~do-' . 
e6dlqo debe ect11~l1uru, ced.e -t que heye .celllbloe ·~n el 

. . 
lllhten pecu 

etec:tho .,., ... 

Jetn eono 

iJu(n geneulu 

une heru10hnte 
.que hec:en 
de dieel\o 

,., ,, uudoc:ddiqo . . -
pro<;n"'"•· 

• 

1,- liiQI del eeudoc:6d1qo une ellten116n dd '" ¡..enu111ento. 

l.- 5enqre el c:6dl9<1 

16q1u. ·: 

),• o. norobne 1 loe 

1"tenc:16n, 

para r•••lter le eltrUcture de 1• 
' ,. .'. 

detoe d• tal mener• q~· reflejen eu 

t,- ""'ntenqe h 16q.lc:• d~~~ple 

5,- Otlli.,. lee eetruc:turee de ntrol bloico pO!ndt1do1 
' • '.1 . 

LA S ESTRUCTURA& DE COIITJIOL 

BASlCAS 

1.- Seeuenc:ia· 

• ' . 
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2 ,• · Selec:c:16n 

nudoc:d'dlgo. 

Jr pr•dleado TllDI 

propo•ic16n 1 
,~, 

Propad~i6n 2 

Z:NDIF 

T 

..... 1. 

• 

• 

u.oot. 

s~udoc:ddigo 

IF predicado THEN 

proposición 

ENDlF 

D1aqraiM de flujo 

A T ... 
"---· 

1 '" 1 

~ 

'f' 
.¡. 

' 

-
e; 

' 
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.. 

uudoed'divo 

IIIIII.E pudicado DO 

propo•iciiSn 

ENOMIULS 

o 

.. 

' "'' ~ ........ . 

--.. 

o 

' 

..... 

o 

• · •~udoed'digo 

FO~ 1 .. expa 1 ro· expa 2 oo 

' 
PropÓ•iciiSn 

ENOF'OII 

o • 

phqUIM de flujo 

... 
T 

• 

.. o 

• o 

o 



s~udoe6digo 

POSI'r 

propo•iei!Sn l 

GUIT POSI'r IF (Pll 

pr6poeieilln n 

'"'' propoRic:16n x 

"ENDPOSIT 

• • 
• 

• 

• 

T 

• • • 

. ... 

• 

J,- Salidn6 

ESCI\PE 

CYCLE 

etiqueta 

etiqueta 

• 

• 

• 
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aeudocdd igo 

propoaiddn 

\INTIL pc.,dicado 

Diagrama de flujo, 

T 

' 

' 

... 

... 
' 

• 

" 

.... 

EXTENSIONES A LAS ESTRUCTURAS DAS!CAS DE 
. ' 

1.- Seleecidn 

aeudoeddigo 

lF predicado 1 

pi.-opoaici6n 1 

ORIF Predicado 2. 

propoiicidn 2 

• 

CONTI!OL 

ORIF predicado n-1 
Propcdcidn n-1 

""" ¡:lropoaici6n ' . ENDIF 

"' n= de !lu , 

T 
I'<IDt. 

, .. , 

' 

' 

' . 

,. 0 

' 

• 
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E;!, PROCESO DE REFHINUENTO A PASOS 

Existen pocas quías para llevar a cabo este proceso: 

Las aiquient.<!s qu1aa deben considerarse en el p~ceao de -

' refinamiento a.pasos 
' 

1.- Po~pon~r detalles 

2.- Tomar cuidadosamente deatciCnea 

3.- ser !lexible · 

4,.;, considerar loa datos . 

' 

@)¡ 
1 
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I'ERSPECTJVES OH SoFT114RE EM61NHRING 

fiAk!NG TNE ~(IVE TO STRUCTURED f'ROGRA,.,..JNG 

Tt!E NEED FOR SoFTliARE EHGINEERING 

SOFTWARE EMGINEERING: PROCESS, f'RINCIPLES, 

ANO 6oALS 
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INTAOD\ICTl?"' o~ ;; C • Ó •':: , 

s.~twat-o "'"lo'"'"'d .....cy ~m 
ooo of owo "lYI' oitlo.r U.. poopun,_ 
-u ....... in ~ imP<'mt<>ting. 

.,.¡ ,_;.,.. oott··- ·-"' l>t ;. • ..,...,oo ol o pou¡o ol !ro., u.. .. up t<o 
....,.a] hur.lrod. -klo.r <opther "" • 
lup ooflwon .,......._ ,o.ltloouJh .. ~ .. .,.. 
.,;-ritoc .noto.ac.o both .......... ._ 
""" "' ..... ............, ......, ¡,. ..,.._ 
prncnm dov.lo¡om""-

Wb.n tho y...,....,.,.-...,...... lirio%• ID 
Now v .. o a.,-..-.. olonnllo liSIO. otlkialo 
.. oUnal<'d tloot 1< -..Id """ U25 nlillico 

:'i~i:";'i-~ plowd by 1~ lo lo tJoe !ot1tot 
. bridp .... to..ilo.)'O'I k-

pl.tod ;, Novtmb.T 19&1, .,. Jorre~ ...,¡ 
..-lthln loood¡.t [ENRiiJ, ENIIS4). No oimi
brpot..,.loooolooooo-....twboto
buUd oob.,.. oyotomo lar¡:tr !loan 11-. 
•hld>bodlooooolo<últpoO 1¡. 

Sott ..... ;, - o!.tl;-...t lo.._ .. lo &.
.,...,.~~y ..nnlioblo ond .....U'"'*"'" 10 

Dmo.oot-• 

.. 
~ 'l1oo lBM OS P"'::e<t. whid:J ,.._ 
- ..... l.OOO --.-.."' ofl"001.. -)'nn loto [BRoo7i] Why loo bridp ,..¡;. 
.....V.. oo .. Kl •loilo ""''._. .....,......,. 
flouo.d<n oo! . 

Pon o! <loo ......., b .. Uo.th• "''"' ouo 
.ntb ..-loldo • .;.;.¡ .,.,.._ ,.,. - .... 
oddo4 ~y olo "''" ton.:lp tlouo o 
ooft "'" o.,.;notr ilio rom plont y ol o lao¡,. 
-"'- Port ol todoy'o "ooft,..,. pnob..................... ""' .,._ ..... ,,.po~ooo 
from ~ .. ,..,-;,...._ ..JtloornoUor,.... 
-"'loop.,..._~ pro¡. -Wo to.p;in h<"' b)' ""~•nUoc- U,o Jto>to.l 

·~-i;o~Jr(Op ... po-od-
"""- .... pt.asizinc ._._.,. - ... Olill 
¡o:oorly """•noood J..otor. "' .,...,.. ... -
.... ........... -~oa.oo ..... - .. 
ooolveu.-p 11-=Wotlo-•tto-mJ><"' 
......- oll ol tloo m..-.t tapi<a bo dop<h. llul 

-p..-~ loo-luotlooo< ~ .. 
Soft•oro ~ on; ...._...,. -,. 

---··~--
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inr u.. ,.,..,... of ~~~- Pf"Obl ........... ""' 
mochon;., of .. ,..,,,. .J.volop""'"'
Thoy .. ,k bol~ oO>n>ttoin"' on ~'""'""'" 
"""~ ~hkh .. w ''""'' "''"""' , ..... ,.. ... 
.,.., on<l ...,., ,.¡¡.t,~o ond o1ao tho lh.....t-

itol '""""''"""' ~""" .. hd .................. ¡,.,~~ Soltwm ,..,,...rtn¡;, no\ lllt .. .,. 
oo ptOJtotrunU.... olthou1h propommin¡;, 
on Importo ni romrononl .lt i> nol tho otudy 
of compiloto on4 opt,.olón¡ oytt<mo, oJ. 
u--p. .....,.;¡., ...; .... """ .,.. .......... 
,.m impi.......W,. - oimllu ....t.niqu.._ 
11 ;, not oloctrieol. on¡inoorir.or. olth"""h 
olen....!U<odooop<"Oold< U..~;. lO< lmpl .. 
montinl U.. eomputor IJ..,..7J~ 

. s..t~ ....... ~;.u...rdio<iplinary-
1<- ,...tJ.omo.;... "' ....:1)"" ..,.j -ury 
a~, • ...,._ .... .....,;,, "' .......... _.., 
..,.¡ drfU>O lrodooiY~ ond mona¡<motd td
'""" lo doMo rwquiromon'-. .._ riab, 
,.,,_ _.,.¡...,.¡--

~--.. ·~--

1, $TAGES Of •OFTWAA[ p.VHOPM.NT 

Tho oomplnily ol o\v¡o oooftwm O)'!lom 
"''P"""' th< compnl>onoio<> of ony ono 
indt..!uol. To t.-u.-r «>nuol tho ~ 
...,.., ol• ptO¡.rt ... r,~ ....,..1'"' ~>o .. 
idonlifttd .,_, otporolo , ...... thrnugh whith 
10ftwo" projo<U po»; 111 ......... .,.. tof. 
1t<ti .. ly ...Uod ""' """""'" d""""""""' 
"'' <7<1~. 

o R .. .....,mtfiU .,..¡,..;.; 
o Spooú>eot>Of" 
• Dosign; 
• Codo~ 
•T ....... I. 
o Opo<•tion ond ~ 

FOJW• r. o pi• <hot<, ohowo U.. •PI""",.;. 
"''" omount ol o.hne TO<h olol• t.okoa. Tho 
otq ...... d-d ;, '"' follo....,. ... b--...................... 
Th~ ¡,..t •'"<•· ¡uño.Wy obunl from many 
pm)o<'-. dofin .. lllo roquÚ"O"""" for *" 
,...,...bl ............. "' tho prOblna. n.o 
.,.tom<trt "Writo o eo.n._..., oiROt 
,...,. th&n 00.\XII "ords to pr<t<luoo poyt<~U 
<hoob" i> t>Ot o ro~uÚ"emont; 11;, lbo 1>""" 
lio.l opocif""<loot ol o tompul.lr ooluliot> to 
thopmbl""- "Tho"""pu'"'lo-..lyotool 
fw ooiTinc U.. pnol>l<m. n.. 1 4 • m.,.. 
..-..l)'!io r-"" u..---

....... , .... 
'"' 

......... -.......... -~·~-- ' 

1 

' 1 
' 
1 

' p.,.,_.,..,."" .'Ioft...,,.. f:<v~in..,.~ \19 

U.. tool orx! lllo ¡..opl• o·l>o ,...,¡ "' u .. it. 
Fot oum~<. o compony '"'Y rnn,idor ..,,. 
e.,.) mctbOOo ol poyin' Ita empluyO<""" 11 
poy ompio)'<"" in as~>; 21 ,_ o ..,...,.....,. 
"'print poyroll ~ 31 pno!O<o po)'IOII 
rh«b monu.olly, or <1 d"""" poyroU di
no;~y inw <tni>loy .. o' t>onk occounl.o 

ou.., tupo'"'· ou<h .. P""'""''"' timo, 
....U. mor ptobabihty, on4 <),.o><, ol ftoud 

... tboft. ........ be ~ ......... '"' 
bah< , .. "'"""..,"' \>ofo" on oppoopriot< 
oolubon moy bo ehu .. n. A ...,uUomonta 
onolyili con oid In "n<ltt>1>ndin• both tho 
ptublom ond lllo uodooffo "'""'1 ccNlkt. 
lrq¡ ....,...,;nu, <hotoby «>ntn"buti;n¡ !O lho -..,¡., ..... 

H&nl nq«ittmonl.o ond lbo op<'oonol r ... 
,..,... mun bo d;.tin&><i•hod. Aro tho« time 
or Opa« llmil.otlono' What t.rultloo of tho 
oys<om .,.. Ukoly !O <han¡o ID lllo Mu<>! 
........ foritltlro ..;n bo "'"""' lo moinltOin 
tl'lltto"' -o.... ofU.. .,...., ot diffotoftt 
loutiono! 

Tho '""""''"" no..!od to implomtnl tbo 
.,.mm ., ..... bo dot<rmined. Ho" rnuch 
_, lo owo~obl• lor tho P"';.<t! How 
.....,¡, lo uh .. lly .....r..rT 11- mo.ny tum· 
pul<n orcoonpu...,. .. ~V~<eo .,. olfotdoblo! 
Wbot p<nonnol .,.. O"O!Ioblo! C..n .,;.,;n¡ 
ooftw..., bo uood! Altor tho fm;t ~"""""" 
.,.. ......,..,¡_ ¡woje<t a<h<d""" muot bo 
~ ¡¡..., ..;¡¡ ~ bo controU«l 
O<t<! """""'red? WNt tw boon loun«l 
lrom provlowt .rforu! Wl>ot ehtt<k¡>Oint. 
wiU be ln .. tted to mooou,. this 1""•1' ... 1 
Onoo oJI tl>eu •""'"""' ho .. h<on ut· 
.......!. _.;f><Otion ol o """'"""' oolutioto 
lo U.. ...,W.., O>OT bo¡i4. 

5""''""'""" 
WIUlo rwq..lt.mont onolyoit ..,g to d"'•· 
..,¡, ..-lo-. """""'"'· op<<t/i· 
...,.., !oloo coJiod d<fi~u;,.. [Fl,..77JI 
oeebto doftn< pnriooly whot U.. t"Ompul<t 
;.lo do. Whot ""tho inpuu ond uUIP""! 
In tho poymU ...,,ftlplo: A"' <tnpioyn no
-In o diolt filo! On .. ,..~ Wl>ot lo tho ¡.....,, r ..... h ~;.,u.. filo? wt.or;. 
tbofonod fot U..output~ Aroeh«Q ..... 
primot\1 "' ·~· l.opo "' "'writt«o ...... 
taíNo¡¡ lnf""""tioto for printi:o¡ 111• ei>Kiot 
-~ Wi\1 po-mtod - """""f"''Y tbo 

eh'"' U~ 1'o'hot oloorith'"' ...,¡¡ h< n..-d«llot 
"""!"'""• d.,ju<tlo,.. oueh u Loo,""''"· 
ploymont ond hoolth insuror><o, or pon,.;.., 
"",.,... .. ? 

Sineo """"""'<iol 'Y"'""" """""" ....... 
oKlotOblo omounta ol do'-. U... dot.ob ... \o 
o <miro! con«rn What r;., "' no..!od1 
How wlllthoy bo fonruolt«l. ,......,.,¡, ">'" 
olo!«l. ond dololod! -

\\'l>on tho rt<W Oyskm ..,¡,.....¡ .. ut 
oldor 1""'"'.,. (fw .,ompio, ~htn an auto
molle poyroU oyot•m "plaooo o monuolo)'!· 
toml, tho eonv.tOkm of tho ,,;,,.;,J doto· 

'-< to lho ....., r'""""' '""" b< port oftho 
d...ip. c.......-... tnoy nquln • opociol 
,.,... ... whkh io -dio<.ni«l ofl.,. lto 1\nt 
ond only ""'· Sln<a tho "'"'P'"Y may bo 
u•in¡ tho old" •>•l•m in ito doy·to ~•Y 

""'""'"'"· brlnrln1 tilo"'" oyo!om onl;,.o 
p.....,l.o o pto:,lom. C... tho okl ond tho 
...... .,.._,... .,.¡, byolo5o ,..,., .. hU.? 

"Tho , .. .,..,... lo thoso q""'tlons"" ..r 
fot<lt in lllo f•Mito.a/ 'P<"fimlion. • d"" 
umont dott<ribln¡ tho pmpo>.d eomp""' 
.. lutlon. Tiria d""'mont lo impo""'t 
tlttou&bout lllo P"'io<t. By dotlnull tho 
pro}tct. U.. _.u,..tion oi•oo bot!t U.. K:
put<huet O<t<! lllo d .. olopor o .,.,...,...., d .. 'C. 
B<rlptlon. Tho mor< pr<oiH tho opmliCo· 
tiono oro. tho 1 ... likoly ..u! bo ort<ttO, eon· 
fuaktn, .. ,.,;...U..olonolotu. n.. opon~~ .. 
<otó>na .... blo ..... "''"' lo bo d .... lopod 
"*'ly; llllo .._.no thot lllo potfo<l''"''"' of 
tho o)'NO"m eon bo tOA!.od obj«<h·oll·, olr><o 
lllo tnt. d•t.o .,;u not bo lnnuo<>«d by im· 
piomontotion. n.e,,.. lt d ... nboo tho 
- o('"" -1ullorl. thio dotwn.,t .... ho .....r ror B>itiolootimo..,. o! timo,,........,..~ 
ond o<h"f ru«~ot<" noedod lm lllo Pf"O,_ 

Th .. o ,,..cifjeotiono ~.r.,, onl~ ~hatillo 
oyototn lato ~o. but no~""'" lo do'~ O.. 
tollod o~...,;om. r .. irnplomoft"tio" .... 
"' ........... """ .... , undal, .......;, u.. 
dooi ....... 

o. .... 
In lhe t!osicn oto&o. U.. al,orithmo callod 
'"' "' ""Opeélkatlot>o .... do',, 1 l • ..,.j 
lhe o•oroD """"'- ol U.. tompu10r "l"" 
tert> lokeo oh.apo. Tho o)'!lem muot bo di· 
.;,;.,¡ lr>lo omoll parla. uth of wkk:h;, U.. 

"'"IÍ')' ol "' -"" ..... ....,¡¡ 



1 J • ' ' ' ¡ 1 



fot "'7 oorly mitiol lonplo..........,tioo ...e 
bo ...... _, ..... lloooo '"'. ,_.. ....... .... .-.. ... .;,...-_ ....... 

Tho múnWWoto ptobhm lo aom;tlon .. 
tofe,..d t.o> .. lho "']>ort.o noo mbo>' 01plo•!<m " 
Fw ooompl•. o """"' .,......., ....,l&!no 

......., ofL<n .... oh n. ..... u.... "P«JJ\ 
"'""""· rodm&, .... ;,.,; • .,..¡ o¡>er•Uon ... 
,..,] probJ,.., in desórn Tho c....U. <>! ooll.
""" •>Wn .. ~nl '" !hu• to· 

O Ooo t.d.Nqu .. llio.l """"' o)'Slom 
-.p .. ;,~. 

• l""no..-...W.boüly..-.1---o tJ,_o]op l<<hn;qu" O u p....0"'\ oofl>'!ltO 
mnamuroO«uro,.ly. 

In u.. r.........u.c l«liono. ... dlotum •P"" 

prood>eo. .. - o( the.. ~ TI.. 
lilt uf l<cluUquto 11 d;,.;&,j inLo -

'"'"' ond P"'f"'"""" ;...,.,_ Monogom.nt 
bou .. """"m !ho oll«th<. <>r¡oniution of 
p<,_l "" • pto,io<t. ~· ...._ 
_.., tbo t«bnjqueo .- by !nmWiuol 

~-~. 

10 lnopr-. tlwlr ,...-

l. MANA~E~[HT !SSUE5 

,_,_.,..,.,_ B, ond C. lnst.ollotion 1 linda A .....,.,.. <Ontrola ,,.. ""jw ~ 
..,.¡ ...,..... "' """"· n.. o~.v<lap<t r.... "",_,.¡ ..,.¡ """"""'' "'f"ÍpmonL "lbio 
\he inW""' ......... 0 "'nrrled '""""''A" ........ ...,..)'O IO<)uúqU .. fO>" Oplimhinc 

lo¡~.,..'"¡¡ .;:7,~ :;..~~opio.,.: . ~t.~:·~,~~-."."""'-
. • RO<ntond _.....,. wiUo u....,.;c'nol•l'*'•m. · · &loo - Coot Ccontt,. 

lnaiOIIol-1 ond 11 d-..,.........,."""' 
;, ,_¡, A. "llto o!o .. '- """" ,..,.. do
.....,;,. .. lonlo ... botlo col oh... ............ 
U.. "'""• oln« dillor<n! •of>iotoO ofm<><lul< 
A .,.. !owolnd. The """'"''ion of L~i> '""' 
1n ... 1 ... ~ ofl:oath A" [forllond A 
Uoo 111 ,_;.klm-, A" ond A-. n,..,.. "'' ...,. 
""" ........... o>[ !he _..... 

To ,...,;d tluo ~. o)"<l<""' oiLon ,... 
<ci'"" up<lo..., <lliJ.d ,.¡,...., Ol fio<d in· 
""'ola. A .... fui '""' lo• ~.,.¡...., ,.¡u, '"Y"" 
iod .,.;.,Lrnott<> prvbloDIO io o "o .... mo 
dato-" oLMt<o:l durinl tht Sporii'"""'Lio>no 
otqi. Thlo <lootob ... - U.o <l>aoa...,.. 
ioti"' of "'' di!l.....,t l......n.üono. 1L ln
ol®oo !loo l'fi""'dwoo/ur rel"'nÍ"', """''
_,¡ ..,..¡,;.,, •noia bofor< dioouil;.otinr tbo 
<><rTO:tioooo. 

........... -.... ,.,,.,, .. ...,. 

A l'"'lod nuyfoll•botomonopmontil
ow.,. of d .. rlcpln, poobltmo: • ,....... d .. 
loy <om .. "ut>O do~ oto limo" (BRoo7S} 
rot!'d ..;th eot.uii'Uj>hi< lo.ilu ... ({or <Olnl· 
plo. '""'ded Wdw.,.. io dolo)'«~ lis 
......,,hol •• ~ul""""f" ..... .....;.¡¡~ 
""" olt<""'ti- "-· 1\ lo ... , .. 
irno~ d.oy-l.o-doy pmblomo ¡..,.h u...,.. 
omployO<•..,. many '""" dutin¡ tooUn~). 

Mool problomo <><c<ur >t lho l"""lf"''" uf 
-ul .. ..nu ... by dill"..-.nt ..,.,....,.,..._ 
Sin« !he numbo> of oudo inlori...,. io un 
!he ...,¡.,. o( lho "'1~ uf "'' ...... t... o( 
lmllriduob !n ... lveot. lJ,. probl.,.. b.com .. 
un,.jtMy """'" lho nuoob.r ol p.,..,,. In o 
d. .. Jopm.nt I""'P IP""" to !out or mo,. 

Ao ........ ¡.~o of .... """"""""'"OO.. 
ptObhe>.- thot • oln(lt """"' ......... 
io copoblo of.mtln¡ o &.000-lino l'fOI"'''' i<l 
o ,...,, .,.¡ Uuol • pruvamnolnf; ·~·"' 

ll o!>ould bo dou lhol ""h .. ~ ... .,... d•vfi· ....,.~n~oo oboot &O.oool!n .. of ..do ond io"' 
.,.,..., ...,, "'"' Wlu""" .-... _ bo caooplel4d In - JUlO. Fo .. """'""'" 

..• 'l'bo-..ritlaco(..,...;foca.....,Jivooloo.olb.dr.. moro .....sd _,.¡, booodf!doal (.< ,.._ ... --........- ..... -............ ~ 
,___ ........... -.... 

' 

:¡ 
1 

1 

1 

11~ ........ tho r,., f"'O;••m....,. ,...., B 
"""'"""'"'"'" with on• on<olhox. llU<h «om
tnunl<aliun .. k .. rim• ond aloo oo,..,.....,mo 
lo,. on !>'O<!u<U>ity oin"' fmdo"" oni .. md..,.. 
"""" U¡oo<" ,.¡u nqu;.. oo:ld>tlonolleotln¡:. 
f., [Moo oimplo ,,..¡,.;.._ .....,.,. 1b.o1 ...,¡, 
«>mmom;, otioto P"llo • .,.,.... o P"'l'"'"'""' 
:z&Jii...,ofroolop<r~"' F .. ,loo/thor.,, * 
P'"l'""'rn'"'· lh.,ofo,., can ~tOoduc. only 
4.000 1'""'' por~"' """' only 00.000 r.,... 
.... ......,P.tod ..;tJUo ·- ,...,., .... ·~ •• 

Thia metnoo '""' •icht P"'ffot"""'" p...,. 
dudnc I,U.O li,.. rer ,,.,. oro o<tually 
n~•ol in onler lo p.roduo. lho r<qu...,j 

~.000 A ""'"'"" b '"''"iml foJ dÍI'<'tt;.. "! <M• w-1, <lloo1.. -n-.r...._ in """""*"'· 
.;¡111 pnof>'oto....,.. ond o mana¡..-, eoclo 
F'>Oiudn1 •n o .. ,. .. of MOill"-poo- y..,-, 
01< ortu.Uy n"dad l><o Figuto 4<1. 

Ao "" ohooJl .. •. olmply counll"' li,.,.. uf 
codo io not •l<lod '"Y Lo eotlmatei"''<l""
tioitJo. Tbo ~ lo> Lhb. namplo oro..,.¡, 
ci .. n 1<> rnu..n.te • poin~ loul thoy .,. 
r<~nloti"" of !ho problonc Thm ..., 
W. «·,hniqu .. d .. i¡ned Lo Hmit <hio o:om
munleollnno "",.l'looion" .,..¡ Lo i.n<nuo 
- P«><<ucú'l'i,Y. . • 

...... - ..... _ -.:=:::.:-::.:: :::-----..... ... 

-""'*"""" 
!lon .. oto """ u.uolly bo dovHiod loto tht.. 
«<"Jurlao H ron~l p""'""'" l...:h a 
op<rillnr •>"'1<-J, 21 oyatomo -"''"'" 
loudo .. aanpilonl, .,..¡ 0) .... ~ 
I""CfM'M ¡..,,b .. fdo .,......,......._ ayo
lomo[ A oinglo p"'ff&lnmor ..,,¡.¡"1..., o 
ooonlrol P"'f"m <an produc. oboot 600 
li...., uf todo per )'Oot, wh,,.. .. he """ -
"""' oboo.t 2.000 li- lf _. ...... .,... 
""'" - onol olooo.ot &¡lOO il' -m... 
on 010 op¡>!i<otKo .. """'*"' {WOLv7~~ Tito 
·-of ..... «r!.oolnly o.lfectoo "'" prtodudfy. 
it¡o thaL """' bo o...-t«< from o IJi..., pro>-

____ ....,._,... __ __ ,____ ... -...... -

•• 

-·----................... ,_ . .....,,.._ .. _,.....,,~ ....... 

._ __ ,. ... ,_..,. __ 

• 

• 
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p...,_,.,.. .... &fi-n~- 2:01 

' . 
COmp<ltrt .00 """'" doi"'W"< fo<ili<,., 
bó,. l>o-<n o'Oiloblo fnr ,.,.,,.tomo In con
ti.,~ ""'" ptogrommino oH!>"" """' ond 
olpo,;,... .;u. lhom io ,,... ..,.,...; ... 

c.- ...r......an,:. ""' ..... ,_ -.,.-....,. • ..,..,.po,.. .. ompa...or-
oOlo- A...!ilm.. •• dotob ... ''""""""" l>tlp 
10 ccnuol u,. orpni>.otlon or U.• dndop-
0.• '""'"' Th< i'rob!."' S"""""' J..u.. 
1"•<•/hobl<m ~<otomtn< Anal,.... 
II'SLIPSAI <d lho IS!IOII pr<>j<-clol tl>t 
Unl..,.¡ty <d Mi<hi.¡on lo one DI tho ru.t 
dotoboM I)'SI.e<M loo ~ • modoJo 
bbnly for ......... ""'"'" ceolt. ond-• ~· r ... ..,..;r,q ~n~m .... ;.,. ,,.. 
lnrl dooirn olúch <20 bo <hoo:lood """"""'· 
k.Uy [Tucn~ RSL{SSL lo o oirn~or 'l'>' 
tom ~"oi¡nod to ..,...-ify ""'~"~''"''"'ano! 
'" d .. ;,. ; ... n .... .;, o o~.ou '"""""'"''"' 
"~""' [P•n17J. An ~ ...... ti .... ,.,_¡, lo tho • .._ ..... 
tnto'o 1\'orlb.Ddo .W...Iopod. by Boll ToJo. 
F01- ~boo-o- [Oou>X}. A PDI' 11 - ., .................. ... ..r..._ ...... 
tin"' krt modulo 6 .... loproeflh litu'u7 
¡nolnlon&nee. dO<UmonUtiotl, oncl .-u... 
Pmptt ... of tl> ... fo<ili~ .. ollowo o~ 
..... lnformatiolo m on ,,.¡.,., cor>tr<>llod .... -R 1 .. , --c,. .. ~···t i>oupi<;r, unifonnUy ol 011lo 
ond olm('lidly ol ''""'"''• or< ..,.,.Jiy 
ooh .... d by mórumW,. tho numbe• of 0.
d .. 'o:luolo in tl>o projo<L A ehiof p"'f'&''· 
................ ~, - .. co-optwd in-
~.. . 

A omoll 1""'1' mhll ....... ""'"'~ 
_.., o1 , dosicn. In tht rL/1 ~anzu,.., 
fot ••.,..plo, <h< riCTURE "'"'"""d..,. 
ltio<ion '""' bo obbot..;.«<<u oithox PIC 
or P, bu< in fonnat 'f"'<l.l"""'''""' it ""' 
only be P [ANSil&].ln l'DO<Tll.'-", tht >icl>• 
oiolo flf.., oair;runon< Ita- ..., be on 
............. oriU:unot<i< ... ~ bu< DO 
,_ lt>o!iooo- b. ........ - .. 
...tabloo, ond .. bo<rlp<o 10 .... ,.. """ l>or>-
11«110.....,- fonno [ANSIGO~ ~ • 
oto •.m..dt ldiooo,..ocloo 1<> -mbol. 
[....,. .n ........ l.oelo of .....,.ptuo! ih"'· 

ri<y tbo( "'"...;.,. ,.locJ> """'' pooplt wiU. 
Mr., •• , Qh;""' ... .__.. ;....¡.,..¡ m • 
pm¡.c<. A '""""''"' d .. irn io \o-oo prono to 
'""" b.oou..- tho """' ean foUo" o oimplo 
oot ufrul.._ 

c-....,¡ s,..,.... ·-
" ~..,¡,,...._,~ i> • --- "' 
dO><O•" '"'"' "' • •J'Ol•"'- In .... -·· THW d""""'"!'<l tMt tho rost o! rwn,., 
ono• at tho tod<toJ "''' ¡, oboul hmo U.Ol 
of fWno tt >1 th< dooip ...,,., .00 at<hiol 
lt in ... tinc «><11 ohoot..., timo> u mucb 
..... d .... U. d ..... (ll<l1<1tl6~ 

A •oll.throuJh;,. 0<'-IWod ~ 
roo o~~ pononnol 1n .,........,.. .... "" 
,...,i«< .......,,., t•h .. r ,..,.,..,,.....,.¡, lht 
P"""" '""''~·eo!, &nd ... ., .. olh.,. .....,..,. 
O<!Joot.lo obout tho ptojoct_ Ono ''""'"" ol 
tho ,,..,,m O. .. lo<"d lw "'"'" and OO<h 
it>diVlduol ;, ~'""" Wo"""úon obou< thot 
_.¡,., u .. ••ampl•. dHi.., ~ r .. 
o clo>l.., ..-.n.Uuouo1>. ..,... r.. • ..o.~,. 
wallothrnu#>f bofon U..~ ... n.o po<· .... ...... ~ ... """~--u..-- e:
.,¡. undOT otudy. . .. · ~. 

Tho ,.oJi<<Mov,h ;. int<,.¡.,j "' do<o<t 
t>TNO, not 1<> torfO<t thom- Alao, tho 
...uc!lllouch io boitf-...t moro !han "'" 
""""'" By .. p~.ow., U.. doal" Lo ..U..... 
1M pe ..... ,.,.¡.,..,¡ lo ~Uiy ... - .... ••p;e ~"" .........,._........_ 

"" irnpootqt pOinl ro. ....,........., io 
lho\ lh• wo,lktluooJh 1< ""' loo- po..o.,..l 
ovoluo~~ lfU.• 1"''""" ,m.,...,¡,.._,¡, .. 
U»l h•;. h•tn¡o•&luoo..d, ho1n0y ot!<mpt 

1.0 ''"'"' up pTOhlom> ot "'""'"' o rooy 
pi<ture. - -

"" inlcnnol ,., ,..., o~~.,.; .... ..;.. "' 
ti>< o<olitlu...,h ;. ...Jo....,.,¡ __ A -
proparnmn-tho«><lolornth.....!· 

1>1•. Tirio lodvUqut ~-~· ,...,. "" ... 
mn •hon tho .. ~,.,d.,, faihno 1<1 """ 
~ontand """"' "'f"''" of tho cOOo, ul<o tho 
oull>oT ¡,. an nplanoliorl. 

~-·..._ ...... ~--



~ M_ l'.z,.¡¡, • .,,, .. ,, .... ~. '""''''"'' ... '""'""'" '" ,.,,,. P"'<""'"'"'· tht<o ,,.,¡, "'' ,¡, tdtl...., ,,.¡ 
"""' odur .. d T.,hn.,un In• ifnl""""' 
«>d,n, ~'"' "''"'"'~~ "'" T'ho ""-"' ••· 
""' d••<lu¡•m•n<> ¡,.,. "'""'' tn ,... .. .,,_ 
"''"" ond o¡oo-r,¡-,..,··- Alohou~h '"""' 
""hnko! rmMom• h,.• ""' fo.•n "'" od, 
on tfl«ti>o tntohodul"'y" ,.,..,.,.., S...... 
ol tlon. "'<hn-.,..., '" pr....,t.,¡ in ti>< , ....... ,., "",_,"""'· 
y,.,,...__y __ 
lloñflrall.,., o'>'l valirtooion lmud.,¡., on•l on. 

'""''''"" ttMin¡:¡ o( o'>"'''" O«upy '"""' 
l>oll of <ho ........,_, ,;_ of o P"'i«<
Mony dobun\nr ,;,t,. h"' '"''" ó"'d"i"'d 
In fo<ll""' thl• •ITon: ""~' "' ;..,, .... 
mon<od " rnor•"" lo'""' ,,,,,. ''"""o( . '''""' 

' Tho ,,,¡;.,¡o mi m.,., p<l•nollv• tlo·lnt'"'"' 
,....., w"' tho- riu"'l' ,,.¡ "'" 1 •"'•· .-1 ''"'"1' 
lo o IO..>no <t/ 11-.t o-.mtonl• nf 1 ... "'•" h;,.,.·, 

'"''"""· n~ ''"'"' , ""uno""'"'"' ••· 
lnh lli•ihlt ,¡_,,. '" •m•"- l:nf•"''"""'o-1¡. o 
tNmo• 111 .. ,.,. bo odtn """' To~l< -,~., 
u,. 1><1" ~nó tho• "'""" nftho """ '""' not 
'"'" .... ,., ....... .-1 ''"'"' ;. • ''""""" 
,_..., iho ....... o( ... "" .... '"""'"" ,,,,, •••h "'"""""' ;, ,.,.,.,,,.,,, !t .,.,_. 
ho-l¡t a '""""'m"'" lo oll""" r '"""

Th<.. '"'htÚ!¡< ...... ""' .... n_. .. 11' 
•fl•'<lh~ t...,,.... ,¡,_,. '"""'-' mud< """ 

• ;,h ''"''' or "" ""'~'"''"'"'" ·Mo,. ..-1· '"""""'""'hado-,.... ... ¡'"''""""' thlo 
doto lo o o Ím•lh,lblo rutm_ 

f"l•~~ro¡•h '""" "'" "'" , ;ti'·''''' of ri•
,,....~, ,....,...,.., lo ,,,;.¡~.,. •h..-11 •~ 
....,.,_ ;.;, .. ¡,...¡ ut ..,., .. '"""' oltor ,_ 
.,;,-¡ .... '"'""' ,¡,,,.. , ...... 11,· ........... "" 
"'" T"'i ,¡.,, O'"''"''"'' "" """' ,,.,,¡_ 
....... ..._,~ .. ,¡,.,_ ~ ... ' ''"'"'' '"" '''"' ..,.,,,.,, ..... '"""',,.¡,.,,.o '"'"" "'' 
P""<'""' .-\ltlnmtl k· ,-,.~r,.,,;.,, '·"""""' 
~.o .. """' '"'"""''"'".,. r,,. ..... -.n ~ .. ~ 
[lil~,-~,. 1 ""' ., '"'"'" ,., .......... h.,. .... .. 
r"'l"''"' .. • "''",..'' ,,..._ r..- •·o!"'"• ;"f" 
"""""""' "' ................. ~- n... 
l'SL/I'SA "'-'"'""' ;. an ''"mi~• .,¡" uovl 
fot< -~•;.,. in ,.....,, a'>'l ~...-oik"ooO.,_ 

S~brol"' <fu""'" uwl , ..... .,. ,....,.tod 

""" """'"'''" ltlo I'UC ¡c.,,,;¡¡"' 
I'U .\! l7.o-'k;SI H'""'""""'h' ,,.¡ 1\., 
111 ' " '; .\ J "'""'-' mon .' " r t ho·"' '""'' 

""'•""" "" ,_ ••ttfu-rl" •<'<r.-,1 '"'•l• 
c ... ., (o"" ;BJii•" "'•h• ,¡,rr.,, .. , ,.,_. 
;r .... , .... • -.~ ...... 

• A 1"""'"" '""'""" "" "''"""'' «

''' • A """''m o:onooi,.. ""'"'"l"lat""' «
roro ot !oulto durono pror,~;rom •••<u-

'"'" ' • n.... ••"'< "''" <loro lo~ ~h;.~ 1ho 
Pm<""' <h<•=rm·t """"" 

• Fot '-'pito!..,, uf""' ''·'"· th< ¡>ro
<"m,;,..., ""'"<1 """"'"" 

o F<ot Mf• nll "'"' nf t<<t d•OO th• pru
~" '" ~ ;, , .• ' """' ( ... '~ ,.,. 

• for oll ,._.! .. ""' n! doto ~h,..h oro 
>OfNI Nilh ro-.,>«1 In th• to~d,j, tt> o¡.-. -

·~·" "'"· '"'' ''~'''"" .;, '"'""'"''' ,,_ 
'"'"'" o f"ot oll ,,,_¡d, ...,. nf ,.¡¡,¡ "~' ,¡,,, 
""" •11 J,~.-h """1"'""' "' ,.,,,,, ""' 
"'""'· lhe 'N"''""'.,,..,. '"'"~·• on· 

"'"""''"'" ....... ,~ 
"-- .-. ....... ""''"'''"'"" '"'' ..... ~.,-,.,.,,,.,,.,,. '"""""" pm''""' • ,.,;n. "'"" 

otll lx l""''bl,·. 'j'.,¡,,.-, ''"''',.,,..,,.o 
,....,,.~¡_ ,¡,"""""''';"" tluo '•;••<>1'<'>
''""' ""'~'- T """'"''"- • ''"''' "oll "'"'' ,,,. 
""" • ,.; .. ,¡ "'''''"" "' ''"' ••• ,. '""~'·""' 
• hkh "" ""'"' ¡.,,...,. oh.,- oro '""' ""'
s..-h ,....,¡, o·on ,.,¡,...., , ¡,. """'" no " 1 t '""' "'' 
..., .. ; ... ¡ ,,,.,, ''""'''""¡ ""'-""''' 11>··~•"1-

\"odr..-....... ,., h..;.,.., ~u,-, tl:r. ¡,¡~., · 
;,..,. . ., ............... ..~,. .. ., ... ,;,. ,, ..... . 
.,.,.,,.,¡,,_, n n.,,, """· .1-~ ¡,,,.,, ,.,¡, • .,.¡, 
oro-,,''"' '""'m"" -.,~ ,,..,,-..... '""""" "" 
"""""';.,.,· lf -'· .. o !o,___,¡,.,_..;_,,,..¡ 
•nh "" ,.,- <Ono•nn¡: """'"""" .~. ''"" .! 
'-• rho ,_rtiOtt "" oho- '"' lod~'"'"" oho 
.,,,..,....,_'"""'t..""'"""' -n .-!, "''""· '"" ,, "'""'"''"' -~;. .... ,, ... _ ...... ,,.,,,. 
timo .1, Rtll t.. ,,.,. .. rnnot bo pn"'<tl t .... 

'-n"" ;,_ 
no;, p..., . ..,..., 1to "'~'"'"" '"' '""'" 

"''"'"'"' "'. '"""'"'" [f ·'· ;, ''" ...... >óon ,.,......,..,,.,¡_, "'.....,.""' '"' "'ru' .,.,.¡,. 
lo 1!..- no-hat-t \<luto;., tho ;,,;,;.¡._,. 

1 

1 '.-nopo·o 1 " '" "'' ·''"{'" ""' F."#""""""# 

~ .... !.... --·"'-. .,,.,, "'-'_.._ ... _,__._ ...... _ .......... -
,..,, .... ;¡ .-! ... th• .......... " ·~· .. ;, 
nod~ ¡for ... m,~·-,,.,. r .... l .._......, .... ,, '"'" 
oh<""'""'"' '"11.-!,,. '"''· ond th• 1'"'
~rom 1< .,...,,«!. '"'" ·•·" ""' • ~,u loo 
'"'u.... ...... '"'' "''" ,,_., oho """'""' 
"'""" "' ,,....,, ... ,"'"' 1.4, '"" .-!_.1 ..... ,. ·~·,. n Thio ,,,,,..,.,h ~ •• ,.,.. ....... ,, '" 
n ..... !1!.,.,....,1 """d • .-• ..-.~ • ..-. "'••· 
;,n,.lnr "'"'"""'"~oh< orr..-,. "'"'" ''"' .... ";""' '""""' .. '"""" ''"' '""""'"''-
'""'' "' _.¡, .......... 1'1"'"' ........... _ 

Tiou• ~";'""" '''""'""' rorrt'<l"'"'. n•
d•>c·., tu'"""""" oh'"""' uf Ü•• '"""""" 
ulnoluo. 

C<tilrK~t~"' t«hn;o¡ut d..,.¡,•pm<'oi '" 

'"" '" . "'''"""'""' ...... "'"' ..... ~ ""' 
.,..1 1¡,, o hallen .. o# o n-h-m lo.-.• •>~ 
,.m_ In ooltht''"'· .,¡,,,,.,;. n-n•ft••'"" ~ 
"'"k ¡, ,,,_ ,..,,~. ''"' ,, ... '"" 1'"' """'" '"~' 
.. '""'"' '"''' .... ,- ,, th• ··~·•""' ,.., .... 
.... .._ A•""""'"' M<lh .. tf< ""' .....-.,.Mo_"' 
rro•i"' """""'' ¡,,,., """ ,., ", 1 """ nnL ""' 
con o:ft '" ho 1"""«1 tli"'"'"''' by lho P..,_ 

"'"'""'· A twK-ol '11•N•Oth '" """'"' •h•1 pro· 
f'""' lOOP" "'"'"''" ;. oho fullo•-inc 

w"~ ,_..,,;,. .,.) '"""";,., IF;. "''"" 
rt..-~ '"' '"" .,.,,,;,. ,,, '"' 1"'" ~""' 
ohe looo• mnl>lt" th< •<·"'"'""' ' ·• •• 1• 
f'lt+ll. PUI-1, .. u,h-on• ntndolton lo 

n-..,.tomo '"' '""" "'"" '""''""' 
C.nif"'""" ~tll nnt ""'" oll ""' oolt. 

•11< proltlon"- olthoo•h " "an '"'"""'"' 
1oo!. Go '"'" mi \ tlo~ '" IG> ,..,;;] h" < 
_.¡,,,. n thot 1heto or• "''"' puhl,.hod '<<t

o;r...J- ....,. .... '"'' ""''""'"""-E"" 
""''" "'-

G,,.-.,,.,_;~ nn~ Gorh•" !G•••""l ""' 
dottr.o<l thr '"''""" of '""'"" .-1 </onooon 
¡, 1ho "'' o( ,.,,;...Id. in¡ou" to 0 1'""" 0 "'
ond , ¡.,¡ is o '"~"'' ,¡ <h• dnm•n• A 
""'"'" ,.., .... ,. ... ,.. ...... ~·" " '" .... , .. ,,.., lfo< oumpl. .• ,...;ro otóon•. oll .,.,,. 

-·"·"" ,..,¡,_¡ ~ oc~l ;.,,mo¡olo•lo• ol 1 iol' IO><L ""'" all lh• 
................ ul ,, ..... ,;., <n" '"'"- """ • 
""''"Ir'", ... ¡,''"""'"/"',,,,,. '"""-"" 
,;.,., '""'''' ,. ....... '"' '"'' "''"" "' ,,,. ,.,.,_ 

Wnh 1¡,_-..d.ru""""· ••·• oto do fm• 1""
""' ,,,.,,,,,. '"'' ,.,,,,,., ''· ·' '""~' '"' " 

~lt•"'• ;r .. -.;., '""',¡ """' "'"'""'"' 1•
.... '> <o.n¡~ctt 1n1. A'""''"'" is ,.,fotl ti 
0"')' '""' is t<<'OOI<d h) •omr con!¡>lo" 

·~ ' . "''""' Wl1h ,....,.o,r,o;,;,.,., ... -. .. ""' 
,_¡,. <ot> bo l""''<<l. Among ,¡,,..,. "" ]j Ftnd ...,,. """""'' p !l>ol lo olWO)'O 

""""""""" ~ithiot oh• loo¡> 
2¡ Sh- olut< r.,. ,..,h ""<'<\)'"" or tho 

........ p lo <Ion-.....,, ... b)· " ...... 

• lf 0 I""C"'m ;, bo<h roliold. ond< olod. 
thon ;, is ...,<Rrt tf ond '"''' ;¡ ""' 

"'"''"''" '"'' " ...... "" '''"'"'' ... r,..,¡ """"''''-
Jfbo<h ,--ondioK>no .,. o)"o .. t.vo. rho ~ 
,.... ''""'""" bo-fo,. P """"'" n.¡:•u·~ 
A I•'"C'""'""' ~hu""'~ '""h ""'"'· '"" 
;,.r .. rm•llr. •;11 ..-klom '""" ...,,•""'"''. .. ._ 

Conoid•• lhio "'""""' '"""""" 

"""'"'' .. .... , -Lt:t ~~'"""' p ho , •••• ,, .... ,. -~-·- ""'' 
1ot Plllnl;., ~~ otw .-.J.,. o( P Wrin¡: '"' 
"h H«Vi_, o(("' \,o,p n..,_ '"""""" 
bo '"" 1•• .. m.,.., """"'" r•,. ol· 

. ,..... ·""'""' ........... '"" ..... " 
""' "'"'' ........... ''""''""" •11 ol 
" ..... '. "" .... '"" ,.,., 1 1 " ,, " h,. " 1 ,,_ 

dun '"' ~'""' , .. ,l<>l"t ~'"" "'1""

WM• ,¡,;. '"'"'""',:,_ ;, "'"',..h." '"' h· 
.,.,.,¡ """ ;, ""' .,,,,;,.,,,,,,."' "'" '""'""'" 
"''"" it ·,. on ··-••' "''P \n lunno1~·,.,. 
thio ~ w.""" "''-. • ¡,.,_;,. r .. 1ollml 

...... " ··-~rl ......... ..,..,,, .,~, .~ .... ...... ~. "' .... ~ .. .. 



( 

~~~ 11011 ,.r's IH'k ¡, madt• ~a•ier "h•n tho• 
cumpulN dut·>mm~ ""'k 

SUOJC/urea Pro¡;>r.ommmg 

A m~jur rle,elnpnlCnl m fnt·ilitaliO~ the 
prn¡:r•mmin~ ra;\; is ~"""" HS ""'''"'"/ 

1" üJ,'r ""'"' ilt/f, " ltido b." he, n , """''""'' 1 
rall~rl "¡;uluJ~,._, .. ~''"~'~""'""~- r"'"'' 
ll&lel.>-. tloe d,b;uc oJ,uur ··¡., ¡:uto nr "'" w 
¡!<>lo" has musLiy <li,:.pp~art·d, and '"""' 
d.-ar, iJt·o• ha\'< t•llr<·t~t·tl. Tho· jiii'U\"e ¡¡f 

"""".'""'d !''"~"""'""'~ ¡, '" ,,,." >nl;,ll 
bel (,[ •inr¡rlt· """'"' ""J d,ot~ '"'"'""" 
kirh'i;impl<• 1''""1 ¡u]~, 1\ ¡.rc.¡:r-•nr ¡¡,,., ¡, 
¡,.,¡¡¡,·¡,\ ne>tiu~ rho·•<· >lakmt·n¡, ,,._,jd,. 
t Hl Ji <ol i<el. Th ¡, IIH·I l"'d 1 < "1 h 1 > 1 ho• r IIIIJ, • 

' [,., ni , """''' '''"'-' hd" t 1'11 !"''~""" 1""" 
nu<l¡ i ¡,,., ,.¡,,. ;,. '1" "' ,., 1 ht• , . .,,,, "' J,..,,JI,rl. 
1\)' ,.¡,,¡ odo:d,ilot.• .,¡o l .. · 1''"~'''"'· 

TJ'oe ¡f-l}u·u-o-l,¡•, \lhih·-du, ~,..¡ '<'· 

'H"''''"" ''"lt·ll«-ul• ,,,." "'"""""11 .,,1:
~···''':,¡ ,_.¡ of < "'11 ,.,¡ >LI 11( IUI ,., lo•J lloi• 11 1"" 
;,rl:;.,¡:o.uuoni"~- lum•·•o·r, ¡¡,,,,, '' "'"lnro~ 
~ .... r.'-,¡ ,.¡,,,", ,,,,,,, """'lo ¡1;_,, .:11 ¡,_,_ 
· .. ~~i,-ol oloO<I ola· ¡;u\U ""h'nii·UI ¡, ir .. -1, .. 

.,,,¡ '" th~ ""''¡;u,< l.• <JI''"" LL<1o·d ptu· . ' 
!' 1 "'"' "" '1:' 

•n., . .,. ~¡, nplt· , ""', ul " , "'"' "' .-. 1 ~t·lp pr01 . 

¡:"'"""''" ,,.,,r, p«•i:'''""· ~"'" ·" "" '"· 
. 1""'"'1 h·•d )',, '"''""Pit•, ;o 1""~'""' con 

¡,.. "1'" """'"'1 '"" ¡,,,. ''"" ¡,.,,, "' ;"'"" 
' ' . ' . L nt¡o tu 1\.1 LILILI•tol 1:11:1. :-;.,1'1""'"/lll "'1' 
,..,..,, n "-~,,-m .,r" 1""~'·"" ""'"" 1, 1 
\ ¡,',.' f<' jj L' LL ltl~ lf-\1 1<' n·<"i><' >l oll l"<l"'lll 

if pl<ltho·" ,.,,' ,.,.,. 1,,, 1 

~~~t'll<t><' {¡o"t ILLHII !! H"<l IJ ,OI<' ,j¡<lpl,•! liO:III 

r.,;,,.,, .... J. ,~,,., 'l""'''r¡, ·""'"' '"'"'Id J,.. 
';\o'llplo·l, lf ¡¡,..¡, '1'<'< ,¡,,.,,.,.,,,_ ,<1<" "'""'"· 

t!ti• Ulo·r~ll fuou ,;,., /•· d,·(ounl lo<' 

r" • - v•" •- ~"" . ,.,,,"- """ 
Tlo~ !'"'~'"""'"'' ,.,,, '''1''''" tilo· fuollllll 
rl,:r,.,;,,,., ,,¡ i ;,, ,,.,,, .,¡ olw _,;,.,¡•l•·r ,¡,.¡¡. 
IUIÍ""' ul ¡.:,,.,.¡h. 

L•u::II.IJ'''" ·'"'¡, "' ,\1<,•11 .. 1'.1'•'" .LIHI 
'''''"'" "'1•·••· ,.¡ l'L"I ,,,,,,¡,,,,. '·' ~'"wi 
l''"f·'''"'"''';: 1"·"''•''' ¡,_, 1"•"''1"'~ ,¡,."_ 
¡,.,,¡,¡,., ¡., .,,¡,., '" "'!'·•ir r,.,.,"", r ... 1. 
uf;,.,,.,,.,,._ "''' ;..o i'"l"'"'""'" '"' ,,.,,:¡,,,¡,,,: ,.,.¡¡.,,,,,.,u,,.,¡ 1''''"¡,,.¡·,,, 

·¡u~-.! 1'"'1''·"''' """ ,,.,. f"•~>; '" 1' ,,,.,-
' ¡,.,., ,¡, .... ¡,r«·<IIH•.Il ;,,¡ ,\n ,¡.,¡,,.,.,.¡_,. 

lo•• ¡,~¡,, "d~,-<1 !<> th~ """" l"o>UII"".;; 
M.md•rd, ahl""';h" ~··neral "·loil•· '·' >1<11 
.,,..,,.;,¡; f<LJffi doel•n~uo~c. 

Sysrem Dc>•gn 

A ltduúque rd.d•<l '" •trufi\Jf< ,1¡11 "P""'" 
Jllitl~ L> /"f' "'""' ¡/,·,¡¡,1. '" lo)<Uh H 1110• 

~'""'"''"' ""'' furtllc\o~l<.• a • .,¡,,.,.,,,e'" 8 
>in¡:l<· -"''''"·''"· «hl<ll "tho11 ''l"'"'l,d 
i<1L<> ""' '" '"" of <h• ¡,_.,¡,. """"'¡ >truo·
''"''' I<><•ILiiuoa-d ,-.orl~<r. .\t ,.,,.¡, ¡,,,.1 Lhe 
¡.,,,.,¡"" ¡. '"'fl·''"''"'l ill "" ,,.,.,,~1.1" ~"·''''' 
rlo·o .. il UJolil 11<~ ,,,uhn,~ ,¡,._,,,1''"''· 1"-
' ''""''oh.-"' Lllol .><>IJito· l.ui~u-•~·· l"'•~<·•nl 
i11 "'"" l""~'""""iM ¡.,~u··~e. 

J:11<1~ tiLI.> rll'l''"'" l1. ;,j., ',,)1,-d •1<"1"' ¡,,. 

i<'J""""'"t 1 \\' "' ' ; 1 • \\'¡" ' : .¡ l. '1" 1""~' ·"" 
'' ¡,;, '"'' ¡,,·.dh ,, "" '" 1 ···1 ·' 1" i ,. "' " ' d .. ,¡ 
¡,. "" ( , . .,_,;, ,. ,, ¡¡,.,.,, ,,, . 1: ... lo 1 ,.,; ... ,, .. "' 

'' 'ouli·r¡or<!t-rllol- ll'l<llin~ '" <>111<·1 rdllo•· 
""'111> ¡,f 11 ¡,,lo 11 j," L <o;Jij'•<lll 111, ( ·,,,,. d 11-

!IIJ: tloj, IJ\I'Iio.,¡j, \\',til •lalo·>-

¡,¡,.,,,,¡¡,(, ,,..,,, .. ,,," ... , .,,,.,,¡,,,., '" ],,,,., 
'"'' ' '''·" ., ·~-' , ..... , ""' ' .... _. , .. "'" ' ' ........ '" 
""'"""'""'•""""" ,,, .. ,, .. , ........ ',, ..... " 
'""'""' ,_,,., ,,,-,,, '"'''' .. ,.,,. "' '' ""'" ·•···~ ........ , ... ' ......... ~ ......... ,., .... ,., ... ' ..... """' 
,_ ...... , _ _.,,,,.,, ¡,,, ""' .... , "' ····' !•"'""·" 
""' ,,, ., '''"'""" ..... ,.""''"-''''' ... a,,.,.,, . 
''" ,.,,¡, "'""' ... ,.,,¡.,., ,., .. ' • '"'' "· . '" ,,¡. """ 
........... '" .• ,.!,,,, ''" ,,,,,,,,., ,, ......... r. .... . 
. .... '" ""' .. " ......... ''" '· ... "' ........ ,. ·-' '" 
''" , .... ,-, "" "'"' '" ,,.,,J,, "''"'"·" "'' ' •.•. 
'"' "'"' ,., ... ,,. ,,, • "''' ' 1 '" •• 1 ' • , ..... '' .......... . 
"'""'' ,. '""'""'·''" ........... ,, , ................. -
' .. '" ... r, ... ,, ,, '" , """'' ,, .. , , , , , ,.,,., .,., , "'· _,, 
""'" )\\'I"L;I_p ;.:Lj 

(I¡OI•i;<lill¡: >.'•lo'"'' •0<" 11\L<•Il ill>.,),•lt•ol ,t• 

,,,.,,,. 1 ¡,,' ,¡ ,¡,,, '"'' "' '/1/1/,o/ ,.,_ ... ¡,,,., 
IHt/1_~;:¡ .\t ,¡,,.¡,. .. ,.,,¡,.,,.¡ "' ,¡,. "''''"' 
,. ¡¡,,. pl •• ,i..d h .•• rl .... ,,. 1: .. 1, "•'" 1,,,¡ 
1" "' .. 1.-_ •• ,¡,¡" ,,,,,¡ ' "''" ¡,,¡, '" ·•. "' .di .... ,, . 
~,¡,. ¡,,,.,;,,. "" ,1 "·'· ·""'· ¡,¡,¡, .. '""" ,.¡ 
,~,, .• :.-o ... l- "' ·' r""'"' ¡,.,,.¡ r .. , ,.,,,,.,,1,. ,, 
'"" ¡,,,.1 ,,,,.,._,,., thO' 1'·'~"·~ ¡,,,,,, .. ,,,, "' 
,¡ .. '"'"'""''' ,..,,¡ 1'''""¡,," ¡_,,,_, '"'"'1 
,,,.,,.,,¡,.,.di"'"··· 1"''··--··-·. ,,,,,., ·•'·· 
'''·"' ,,_,,¡,,,.., ,,, ¡,~¡,., 1,.,,.¡, ,_,, h, ""' 
,,¡, ,,,.,,,.,1"' 11 ,¡,,., h.l<l .... :.,,,, d "'' '"""' 
>1111<" 111¡. ,¡,,,,¡ 1• o·nollonll,·d In.<¡,.,.,., 
1,· .,.¡ 

·n,- "''"''"' .. r .. /""~"""' J• -·~" ¡,,, 
~-,.,-~., •l'o!l.' '" ,,¡ '" llil· ,¡,.,,1"1'"" "' 

,.,. .. , ............... ,,, ... '. '··- ,, . 



"1 

"""' .>1¡¡ '"'' .,., ,,(,-,, , __ ,,,,,,_.,, _,.,, '" 
. ''. '11'11 11·" .,,.,,,,."~"'" 110'\l' ·'""" .,J\' '"'·'[ 

_, ""'"1'"''1 ·'"'!~-'"·'!··~···'"! '! ·'1'"' ·""'1' 
·1'111 ·"'"1" "''·"''"''''-' ·'!'"!·''"' "' 1'·'"~!'·'1' 
.;-, ·11.>·•·,¡ ·;Ju"l ~nnh -~ ·""" """'"·"·' 
'"'"1 )' .,,., :huol -•¡thu" J" :hu'!' " ••1 1 < 1!' u 
_,,.,,,..,d ""·'1·"1.\\ '\1')>0111·'""'"! '1 ,,,_,_, 
'1Jj-> l'lljl 'J,l\,"""1 'UH.>ll< IOU ''"'!' '"1.1. 

'·"" '")""' p.>uo>.> ~"" -'1'1"'1·" ~ mp" td 
<'l 1"'" J,.,,n.> lltll 11'1U~U"1 l"jl j'UW :IUIIUIU" 1~ 

_,.,.¡ ·'1""' "' J;!o·n~""l ·"1' ~"!'11 P'"""' 
llltj· ·'1""-"'1' B >1 ••.o¡¡ ,\I'I"'.J. '\\I.HtiiOouo 1 
-UJ ·'lllt1-llrU lli·"·'~IJ·' IIP ->11'." 1 "' 1'·"',!'-'1' 
"1 ~11""1' ->ll!lj.ll'IU ><p ]H!jl 1""' HIIII,I,HI 
'111 ~'"'''" ''"'"I'"'J 1'1""'1' ·'·'"n~''"l ·"1' 
H'11\ 1'·"11.>»• ""' H "I~Hil ~IYI •"1\ -'!1 

'1'•''" -'1"1"" 1011" ·un¡ y "1" 
lto~¡d•~ '~'" '!'11 :1-"Hcu-.\<¡·11u •uoo~m~->J 
·;j '1 1"·" '~1)·"" '"" •''""P'~'IIaUO!IU·l "'"' 
o¡n '''"'"'"'""·'lduu "'"4" '!d·•"m.> P·"""' 
ll•>l '•UIIjll w,flo :JUihl ll[,,t jfl \1' 1\ l'l·lllll,><f 

__ ,,,,,_ ""'1·"''" o"' ~-'""1·''·'1' "'" e¡ '"1~ 
ln',ll\' '1,-JI .UPIUijlUR ·lljl jll IIIUIUlj "'" 

-~-"'11 ·"1' '·'Id"'"'~ '"JI 1'·'<1"1·"·'1' 'R" H 
'1'"1 " '"1 1 u: 1 ~1!1 ·"1' JU .lln l.>n 1,. ~'1' "'" 1 1 
;i:II·U~ '-' 111 1\<1.-J lU ""!II'U"<III' ollll<l< <>1 1'-'1 
'''11, '1011! l ,,,¡, LJ 1 11r '" " ·'1"' 1 ~~ 11 11 '" 1 r ·"1 1 l'' 
'"' ., ,,,_, ·"11. """'~""1 .• ~,.,,,,1 ~""1 """ 
lll·'! '1-'1·1 01111 11 ·liTII•<IPll 1'''" <111111111~1'1 'IP 

\IIP·'I' '"'"" • "' ·'1'1" ·"1 "1 ·''·'" '-'~~n:l<,-1 
1' -'11 "1)':•1 '1 ro•-• :l1or•ln1> '·'1' Ul 'Ir'>~ ·"1.1. 

·"" .. -.. 1 "'1'·"'1"·" "'"1'1·" .. 1"""·'1'"1 
11·"1' .,, "''!11·1 ·'""" '11"''"''''"1 ·"",,,.o;! 
•nld ·''"n,llt<'l ·'1'1"'''"'" q:ltHHjllJl\-l .HIII 
•< '"1.1. 1~:''11'11 ~é'""'HI .ÍI!"'"'I"'"I 
-"''~'1'" '·'~''"~'"'1 1·"·'1 1•111'11'1 '"'1' '·"1" 
-tUl •"1.1. '1'·''" ·'~"""'"'1-"11 !" "'·'1'"·"1·•1"" 
·"\ 01 '1"'·'1 ~'"" ,,.,,,~ • "' ,.,,.,.,:j.,,,¡ 
~ .\r¡ p-ll!liiOH! •p<>l JO <-1111[ JO J~<¡Wllll 

"1' 1eq1 !'·"'"!""'"' ••~•1 "'"'lln" I~'"'·'S 

HObou~1·>1 5UoWWPlBOl.J 

-, '"1"' "' r• •·• '!1·'1' " 1~ '''""1·' '·'1' ·"1' 
Woo¡ IIOIIHilii"J!U t¡J"' liiPI•j<l Ol 11"-''JIIjl 
·~ \HlU ll 'J'UO.l-'S W ,,,¡, R f'·ll-11U-l Nltl 

mii • ·~1" '!o,., 1 • u->4" 1> "' '"'1' 01 ll"-'~1111> 
" " '"'!.1 '1'•"0 -'1·'1'!" '"1 lll'J ""'""·'"' 
"'1' '""1"'1 "!""'" <11J.1[11'lld JOfHUI 0"1 
'
1

•
1 

•·' ""11 · ·"" ·'"""! ~u un 1' ""1 Ll!"W-11 11!" 
ll >•>¡t •IJURtp jlllll~ 0 '! "'41 ll•tlfl 'tUllO> 
.tHp IOil> >~01 O '11!\\ P"·"!l"l-' " W~I~ 
·OI<! • J! lllt¡l •p•w >! UO!l~W!l~"Sll ~lj,i 

•:<~-••r'; ·~ "' 0'.1 "'u""""'~'"'"-' 

1 '"'"'"1"1 '•·'1' ,,,¡¡ 
'""''' 1°-'"1-~''"1 '" Lll,lo•-•p ¡nndl •HUI> 

·'"'"" 1''•"-" ,...,, """" -"'1' '"'"' '1-1!'1 \f 
.,,_,,,,. ·"11 '" .,., ""''' l~lll _,,,, ,,, '1'~''·'1 
•Hfl 'lllll' '1-"'·' IIIJ ':fUUIIIllth-\<l jl•;ll;d 
"""'·' "! lll·'l'" 11 ll! •.11·p IOII.O J":'·"l'!"'" 
1""" ·"I.I. -;,.1' ·'"" '"J "'-'"" 11 "! 1'·'1-""·'1' 
_,,, ""''"''" ,,,,, '"'" ""11 :'""~" ·"""'·"" 
U "U ÚlJI "" '·' ll 1! '·"<U ·'P { !lé 'l'il ! ~ { "11! 1 ~ 

'"1·''"'" ·"P J" '"1"1"'!·11 ·111' 
JO .llll<"-'"' ~ ·1111->IJIIII" ·m.>J<(< •"11 "! llt·' 

.,,,.,¡ ""' •• ¡n '·"IIUrlll 1"'"' ·"1' J" ·' ""'"'·'• 
"'"'·" ·"1 "' !'·'"'""" •w '1·'"1" '1' '1·''"' 
'''1' ""''·' 111 '·"!'''"'' '"1' _,,,;,,_,,, ,,,,1;,, . . 
"'1 ,,,, ·"'·"11 '" '"''1~ '1'·"·'1"'""' ~"'·"111'" 
,>lit """'~'Ud 1" ,\llllllll.t ·llll ~IIIIHLII<i<.o 1111 

'·'111""'1'-'' '·'1'1''"'''1"'"" 11!1~" """"~"¡,¡ 
J" '·'"''1' -'~ •~1 J" ""''" ·~· "·'-' 1m u '"1 •'-'"!S' 

' M'.'(} 10113 

1 i 
., 1" ,.,.,nf "w '"" ._,.,,1"1'''1·" 

·'1'1!"'"1 r• ""'''''!1"" '"' '" ·'1''" 1'-'".'rl 
•1•1>111 •111 ''"1' ""o .1!1.1.1~ ·',1''1 V'¡>·"!·"·"·' 

·"" ""' '" p-•1 ,_, '"'"'"' '~ '1'¡'"'1' ·"''·' 1.~·'1' 
-"'"' .íll.l.l'l ,, .,,.,,,._.,1'''1" '·"ll" '"11'·;", 
-'1''"'1'1"""" jl '"'1 '.-1!11.1'>' :1""1 "·'"''1-Í""' 
,,,,_,1""''""11 "1"' '''"1' "'' '•1''" 1' '"' '·'1'" 
"'"'V '1'·'1"·'· '"1 '""'"' J" '1'"'~ ·"1' "" 

'1"''"1-•p .,,,,, '" ''!'1.1. "';,,_, J" ._,¡,!'"1·'·'~' 
,,_,.,,_,,¡ ·'"'!1 "1' '·"""'"" .HI,I.\'J ·"I.L 

]lr.l' "'1' '""'1 "'·"-'"' 
1"11-'110 1'·'!''·1'·11 '11"11~11~'11 lt"llu liH 1!1!" 
1'·'>"·"·"<1 "·'·"1 ""1 u • .''I'"J .. ·11111''"" -"~" 
•ljll'" li·'LI,\\ "lllljlOLI ''"'f' >III\\IOJ0!<1 •Hil 'H 

:111<11 '" 'IEHillr ·ILLII'' Oljl 1'11 1-!1\-'1<1 olltlft' •>'11 

·"" 1''' "1 S W.\\1" 11! " 111!' ''~" ICI <1 "!:l \f '·'IY~ 1 

-np ar• ••"-"'J''" 1" Slll·lll<>dliiOJ 1"·'!~"1 •l<jl 
'J->.>•'""H 'J·'III!hll<>~ ar11 JO ~~~>ljliHif ~111 

'"J ~nn D'll~ '! '!'IJ. ''l~rl"l •uuof I'·""PI"' 
:1n11 oun<¡ ""IO!U :1rrJ ""'"!'UTIII :uw Jlla." 

>\ll-'ll<>dwn,l ICl!"'ld """J ll!n'l ""''"'·{S 
"<.>op 11 JI'" [l·>'ll '! '''"'!' 

__ ,,,,. " 'l~""'l'l" ''"""!"' '" .Ífl-'·"!1' A'ld 
·tlo! l•>u <-<np (-!f/.1./\'J ·""/"'/ '-'·1·"'1·"1 JIU,•/ 

""·"" 1" 1rl > ''"' ' ·"1.1. •-•):l<>l~uu ,, •·•1'1' ""'''! 
J" ~.o¡r ·"'" <;t .Íl!l!'l"'l 'll '>19.~ lJ!!" P·"" '1'1 
''""' '!'I·''J ~"!'·' """"·' "'Y'" '1"" f·'!~"l" 
·llTI '<IIO!lll-111" Jll'J :ILILWJ") IOJ lnJ->'11 •'llLI,\\ 

~¡~¡rPj U~"-'</aH ~'-"'1 UC·'IV 

'"" >·11 l~I 
·JOl P"" .111)1'1"!1"' ... ,.,,~lU<l~ '1"" ]ll<l<jW 

'1!·"~'11-'Z "11 'ff 
'" 

.' 

• 



. . .. 

• 

' ' 21~ M. \'_7.,/1,-"""' 

hu; kt·« ddn'<·<l (CAt.~;.>¡ Thi> t.l'p~ .,¡ 
~~~~~u;,g~ '""'"'"' !"" >truclu"·• "outer" 
sym•• uf[,,,.;,."'""''"~"' l)V~•. •ut·h a> if
llum-t·l•<', while, antl "''lll<'lu·e for t'Wl· 

ut·t·tit>~ '"'"!"'"''""· and "" "in<O•·r" Hnta• 
tila! wnt·>!>"'"j_' tu ¡bt ~pph<;<tlun ht·m~ 
,¡,.,;~n~rl Tht· inner ,_,·oto 1 h Ell~¡¡,n "" t •· 
""''" mit·n"•d, ,ond <> <'\]l~lHit•d, ""P hr 
"''P, llntil it "1"""''' thc ali:<Jrotho" in 
'""'" 1""~'""'"'¡"~ lull~llar•·- Fo~Uie ~ r~p· 
'"'"'''-' au t•>;orllplt <>f ~ ]•]JI. <], ,;~" 

lt >l,ntld loe ntHt·d I«·Je 1iottl 1'.~1.11':-iA 
arul ]'IJI. <<>noplt·JTot·r\t ,.,,el, t>lh<•r. 
l'SI.JI'SA ¡,a >J«'<'Írl<·.lliuo~> tto<>llloüt ,-ah· 

<lü 1 '' c<>rr•·< 1 data "'"~'' l>ct" "''" 1" " nwd. 
.,¡,., (Íntcr/;ou-.1). A"·"""' hh ]'IJ). Íl """ 

¡.,¡ f,or dt·,ttihin~ " ~i\t•n "'"dule al ""'' 
1<-~.-1 uf d<·<ml. ll<>th ]'SL/I'S.-\ ,,,.¡ I'UI. 
,;,., t'<Jrotro!outt· tu""',.,,;," lao~t· prujo·tt. 

¡.:,,.,, tl""'l(h ,¡,.",:tlt·tl fttlll\ ,¡,,. l••p 
dtoll ti', IIH<Jll '.' ,,,. n" '" '' i "'I'J,. n 1!' ril , . .¡ f '"' 11 

' "" ¡,.,,<out "1 • ¡_,., .¡,., .-1 ''"" ~~>• ' n ,,. ru '' 
'""'',¡ 1\Íth ,¡,;,,." '" ,,._,1 rlu·ru. 1lu·u '"'" 
""'"' .¡,.,, mit1~ 11 "'''' ¡,.., .¡, ·«-1 1 '"" ll "-,, or 1<· 

r>ildt·tl. ,.,.,¡ ,¡,,. ''''' '''" lrt~dt "1' 
'J'oo¡> ''""" rlr•trloo}""'"' '' ,.,,,.,¡ ... , lt·th· 

""1"'' ¡,,, im1 ,¡,.,.,..,, '"~ ¡,,.., ;, 1 • ¡, ¡, .olh 

"'"'""···! ]""1~'·""' ¡¡, '" '"" l<Jjo•lo ,..¡ 
"""''"'-' "''' "'""'" ¡,.,¡ _,,,¡ ¡, .. ,., lt•l(•l 
'""''""'· t·alh·d ,,.,¡,_,,;u,-""''''""' llllt·o· 
futt' """ tllt'M', ']'],.• ~(o¡!" J('(U!l\ nor\too] 
ull•·r pritOIÍllg n >Írnpl,• ""'-""!:<· 111111 lltn)' 
"'''"" "''"'' ~ ... ,¡ """1'¡,. rc.>t ,-ar, ... _,_ ']'¡,,. 
M"l'}' o•\'t•tliOJall,l rt•¡rla<o·d ¡,, tlu· hrll 1\l<HI· 
ul~ "hi,-h n"'' Íll.-ludt••, ,.¡¡,tu <>liJo·t >~oh>. 
lu thi> """'"''' "" t·rllil<· "-,,,.,., "on l11· 
~~ ntl" .oll_l' ti,,, ,.¡.,1 .,.,¡ 

l[ U>t·d ~RI<'illlll, lhÍ• tt•dulltjlrt' r·~or l>t• . . . 
•·ulun!ol.-, hn•'<'«-r. tlw " ,, ''"' , ""' r<"l "''" 
o. "'"""'·d. lrt\1 1''""''· nroril ¡],.. l.o-t ,, .. ¡, 

"'"' I'HII('),I>I'IIt:olo•l<, 

,·r""''""'"'"""'''"""""'.''"' 
lltt'I..IHI; ""·""""'" "' "' '"" ,,.,, 
1 • H 'l .. 1 111: ¡,,, lo-o .. r '"" ,, , ._ 
"'''';,,.,,,. ,,., ,¡,.,.,, "' ,¡¡,.,, 
1 ){) 11 1111 .t: "'"''' • ,, "" "'' '" '""· 

...... - '"" ,¡, ........ , "'''''· 
''"""'"""- r. .. , ........... '"'· '"·'""'"'"-
¡:~·" 

101~1 1'1<:-.' '"'·""""'"'· 
t:~JJ '" "' 

''"' '" " l'tJI. "' , '""•'·"" , .. r .... t oh. ,,,..,., 
'¡, "" "' '" ·• ¡,., ""''' '"'"'·" ,. '" "l't"' ',,., '"'" r 
'"""' "' '·'"'' ··~' 

~ .... , .. , ... "''""·'"' "' ~ .. ' '·-- ,.-. 

hao !>~en replat ed (Dt:ss-;Ga] Th~ doru
m~nlatlOn 'J"'tift~o. rh~ a."'um1Hion. un 
c~<h >IUb Fur "~rnple, i/ 

/ul • llpl•l thcn~(<l <lo< hC<I 

'" ¡¡ ¡or<>~ram fr»~rn•nt callin~ ""b" ¡: and 
lt, !loen¡,. ill bt ,..,,,..,, onl,l' if th• modul<s 

, lt·ntll,rll_r rqolrot'ÍtJ~ lhe >tubo¡: 811tl h ""' 
<UJJt•t l. 

\'10 tup-olo"n dt•Hlopnwnt, • m<-r O.rH 
the wp-leHl into·rbc~; lt\ lit~""'""'''"' 
¡-arll·. 11<· t·an tho·u ma~e tltau¡:c> ro f,ti•ei.'' 
,-a"ll- a11tl >O un. Arw<her "l'l"""'h "tL), Lh< 
'~"'" ~'"'1 ¡, rluulir·~ r•ulwll<<·mcnr [H''' 
~j). C>ill~ thi> l<·<'hi1ÍC]u•," .<oriN·l tof th~ 
pr<>hlo·oll "ftN ,¡,.,¡~nt-tl """ tntplt·lii<Jotr-tl 
Thi'~"''' thc· ""'' • ntrtntnf ""'"' ••th 
111 tloe lofc cyclt· "b~n than~o-• ar~ , .• ,,.., '" 
mrokt·_ Thi> prott·.- ;, tt'II<'O!r-d lto do•l<lt•]' 
""'""¡,.,.,,. r.,~,, '"""''" ((((til '"' luool 
]JJ"d'" 1 ;, rldll..rtd. 

JJ'""~' [IJw,,;~] ht-lt~"'' that ,¡.,. r'"' 
... ,~¡"" .. r a '·""-"' ;, ""'"" .. ,¡,,,..,, 
"";o\·," lh•f'ahl(- tllt- <Uiltttlt• >joeuflt.ol<•«l· 

l"1" •;· .. ,,, "' ""' toiLt·n ""' dt·liowd utll>l ti,.. 
" ·l• 'H 1' , ""'t>lo·l t·t l. a l ltll<' "loen 1 1" ""' o .. l 
1"'""" ( ((¡o·p" tl""" >]«'\'lf«atoon' /nlho·t 
1""''''· ]l j, <>lll·ll ,foe.l]l<'l ,.,,.¡ fo,ko I<J 

,,.¡,,¡¡,¡" '-'-'1'''" ""'""'""lo''""''" ..... 
t n "' n d ! ly Ion ,. A! '' i 11 & J' tt>rl u 1 · 1 1 " n "'"' t ¡.._.,e 
'1"-''ir .. ·~tion,_ ll<J\\l'lt·r, ~ olo·•du¡•<t ~<ill 
ool!t'll olt'lll<•• >Ottlo ~ n~<•drf<,·d "-''''"' ,.. • 
..1'""''·1···"". tf" """rllirw ;, m·.n· ntul rlu· 
purr·fo,,,., ;, dt'""'"'hn~ "'-"'""- Th,· !"""' 
l lu·n Mll k o< " ll lo thi> -' eo >ion. r~¡ol.-t ,. "itlo 
l'H<JI>, .,,,;¡ ho· t]tl{nl> n """-' DI]¡;" the 
prot ¡,,., te louilt , lit• 1 ;¡ 1 ¡,,. ,., hn11t ""''''" < nn 
uoa,,. Tt'l>11olrl•n1: ], . ._, dt.«>tio· "'"~ ,¡.,.,, ,, 
A,.,,.,,;,.¡:·'-''"'"' (nnt fll«·•ine tolt ohe re

'1'"'. '"'''"-'' '"' ¡, "' "'" ,¡, .... ¡ .. !""'''" ( ·' ,.¡,. 

Tlu· ,¡,,., . ., :tl.oolll'"" nnol rl.oCrt ''"'' ''"''' 
h,.,,." "'""h ""'·"', ;,n,,.,,. ,. "" !""~'·'"' 
pt·rfutnt.ll1< <' t lo.t" • ,.,¡,. "1 >1 "" i ''" wn "' t he 
IH~~rrlllt!HÍu;: i.Ho~u;o~,. [!,.¡.,,,. < ho~"'"~ ~l\ 

ül~torllhno, the !""~'""""''' '-'"'·' dn·-·· 

<]'"''''"""' 
• Cnn l"•''i'""l)- "''''''" ,.,f,,._.,,. h .. 

U'-<'t]~ 

• lfB "''" m .. ,J,,] .. nou-tl•o• "''''''"- "!Jrtl 
"11'""''"'" ·""1 drol.o "'''" '"''" ,,,¡¡ 
~¡, ,. "'' ... ,., .... , .. "'''"' ; .. ((,' 

,, 



\ 

• 

l'rur,r""'"'in~ l•n~ua~~s u•Llalil' iurl~~" 
•l~nd 11 ¡d rn;nlwrnaucal funt tÍIII" Mr('h "' 
•int, lu~"'ilhm, ~nd "1""'" ruol. Tht•.l' ~in• 
1 h• pru~ r•rnmer r<·ad)' acre'-' w ldorarÍ•h of 
i\ILiltiHTd >"f'"""' P·"·la~eo. Tllis ulhr~> 
!loe pr<>pammer to u'" re>ul<• of pr<·•·iuu' 
"';'~- !u ¡orqraring !""~'""'• fur '\aud"rd 
lriJJo<ri•·•, oH<'<il'>l> loo\ e 111<l11do·d """" up
Liim• in o >Ín~l" par ··~• Tht· <·lfett '"" lre 
• l•r G<: r "" rl>t•rwme 1'"' ""P' \\ 1 rrch " Ílld • 
f11 it·m' ht·r·,¡u;c un~\" • '"'"11 1""' uf 01 ;, 
~ppli<·i.hle al "")' orw time. '1 hi, 1.111 Le 
8\'uid~rl by iu•rhllill~ multiplc '"''iun• uf 
¡¡,.. ,;,,,¡.,¡,. fur b>rh ;¡oc!'i;.l UL><·. 

Miur up¡H>ttuniuu renrarn for "'"'" 
pHrk~~ill~ ami m.o uf ,.,¡;¡jn~ .ooft""'"·IJ,(. 
f 11·llltii·s 111 "'loieviro~ thi; imludt•: 

• 
• ldo·rnifying "t.ich >~andard al~~rirhm 

¡., l'·''k"l"'· 'J'hí> i> ,.,.,,.., in '""'¡,, .. 
¡,;,, Í< ].1 "'' '" ,.,,.¡, "' ""' "'" ol Lt·>liro~. 
iri!< ·¡:r~t ion, drlf,·n·nt i'" '"", ~,,,¡ "'·''m 
' - . ' <Urll[l!lloollhj" lilo<ll 111 rlo.n11 lhiii•IILI-

1001<'Jh',;l Hl<'·'" >utll d' ¡,,,.,"-'' "l'l•li-
1<-hoiull'-

• T•·'"'l'"""'l: ;wd in"·tl.o<iro¡: 11i1io 
,~ • ..~ ... ,:.-d '""" "ll'' ...,,,,,.. 111 "~'"" h., 
1;,.,,. llw<h· "ioh !''"~""'" """"'1 ill 
<~·"d"""'-'' "'''"'"'¡"' l<hl<ll ¡olu~ intu 
"""'"'""''''""""•· '" "nlo ;,,,,.,r.,~ 
¡ir<o('t'"""'' IHI '""'1'"'~' ""'""'~' A 
IJIÍLjot 1"''1.1,,,. "''"" lie' in LrH••rlonill~ 
•ofr"""" d<ro·nly w urhe< o<ohlldl•. 
~in.-.· ,¡,,.,.. ""' "" , un1t·111 ¡.,,,_ :-;,,,. 
hdp ¡, ,11,,,¡,.,¡ lo,\" ,,,.¡, '""' ,.,,,, '" 
tlo" "pÍpeh11e" In L:"l:\, ~<l<idr pru
<·ideh lo ~ell<'l.d tiOIIHLILIIJÍo'iiiHH" < lo~ll
né! t>t,r" "''" pwgm rus [ Hl'l <"7 ~ J, 

Ar,,• .. mm Anatysos 

!;.,,,,.,ill"'" ,¡,.. I""P·'"' 'l"''lf«·.uiu« i_, 
""' o han¡:o•.•l•l<'. ""'' rlo,• llll;ol.<>l 11111'1 f1111l 
th .. 1«·" '"'"1lol•· . .11:"'"1''" s,.,,..,¡ll""·'· 
¡,.,,.,..,.,,olor >p•·•·or .. -.ui~"' '·"' 1.,· nh,•fl·d 
'" ,,..,..,," ,,.,, . .-~r,;,.,u '"'"!""' ¡,,,,,. 
Lll'l!<llt<'> "'' \'JIII >ILUW lhuL !ht•rt· Hrt' !lO 
al¡:"'""""!'"·"·""' trl "'¡,, . ..rr;,.,.,, in ;oll 
< ,,,,.,, l11•r ,. "1 '1" "' im.<l ,. "'"'" L! 1 1 ro'' L lw 1 ar.· 
,.¡j", 1<"111 ¡,, 111«•1 ,._,,,., '"" '" ,.,, '"" ~;,. 
.-.<<L'I ,t>llll i<IIL> 11<1'"! ¡,. ~~~~1. 

'l'l.t· r.,_, r .... , 1"' , ""''" 1 .. 1 '"" .,1 ,,, • ,, ... 
"""' < llo• io·1•1 1••<111 ¡,,., '"''1""1''~ o l.,- f".,.,,_ 
"'' ,,,,,,( .. rll<. ,, ,,,¡,,,,,,. "'dul 111 \<ni<-

~ 1 'J 

lurm unalui• (Cn<JI.f•~l. Thi' rran,f<lfm ¡, 
''"'c-ol un • nro11e '"'uf puinl> r~lhcr "'"" 
un a wmplt•• H\le~ral which i., harder \u 
"""1""'"· Lhll~Ua~r ~uai~>Í> lpa!>in~) in o 
¡·wro¡11ld lllu>l w< e; ¡,. •W d 1J1 n~111~ rlw >J •~•·· 
iliuiLÍ~oll ¡·an permil a mure .¡f,.-i,·m >ulu· 
'""'" An' """~ of .\" >•nolo<<b in ~n ~rhi· 
""'-' wnlt>t·fl.,.. h"'~""~' ,.,, ¡,,. 1""'"' 
in tirn•· of ouler úr.\'••.lJ (Yu¡·_,¡;:j, hu"· 
<"lH, ~ prupdn1n1ÍII~ la11~ua>•• lln·ol 1101 Íll· 

o·lmle ull h-l<ILJ!e5 111 1111 ;uroitron' t<oJILt'"" 
f.,.,. l,.n&u"~~- l•,,_,,·~r. ;, on '"dmplt· uf • 
l•u~""~~ ~<ILid; "'"he ps""'l ¡,_. 11 <ldt·r· 
,,,,¡"¡,. t"l''''"" n 1"" ,.., in"',.,,,~··,'"'" ,,r 
<>r<l<r IJI.\'1 (,'\11<>~~~- lf "~ •rt fJ<•e IU s~l 

l.m~u"~" 'J><«r"<tatiull>, "" '"" tloo<>"•tbe 
l~••¡;u.<¡;e HIHI 1.,- l<ll!<r<leol ll'ilh dlitll"lll 

'"""''"'' "-~blll" '""'';,~¡ ,,,.¡,¡"""· 'urh "' ¡«h 
,.¡,,,¡,,¡;,1; .. , "'"'''"1~ """"'"'¡,,. n""· ,,. 
'""'' < IIU!Ill"l,•ll'>«- ul ,¡ t'unilnn.o!<lllo!IIC 

l;""'" '"""'"' "' .,,,,., .. .,¡,, .. '""' ""' """ 
"' •• ¡,..,1 '"''"1""· '" lh•--·- '""''" """ ,.,. 
h<-11<-[ '" '"·'"¡" '"" >t'd[('h ¡.,, " ·"""""' 
"'"' ¡.,, ~"'"1 '"'""'' \\'e """'"'"" 1"1 ,¡,.. 
11·'1"'' 111 \\',.;,l,·[ll"r:n<77j lo"" ''"'""1"" 
ul ,¡,,. '"""• "",¡ • ~late-uf-tlo,--~11 ~U!"<"I 
"' ;,l~o>riLhm ""''''""· 

In "'"'" '""'" the n·,uho uf al~"""""¡,. 
!11\1<1\,j, all' llt>l e>(<II>Íit 1'\IUII~~~ IU l«·lp 
olot• pou¡;r .. ll\lm'l: ,¡,,., ",. ""' d tn ,.¡¡,., ro•tJ,. 
lllt(LL<'> \<]<it•lr raro l11·1p llo<'ll!t' o1110l I<•!ILULt• 
""""'" ,¡ indJi,io-11<''- Ou~ >mh 1<><<1 ¡, sn 

"!'"'""¡"~ <'lllllJ•Íh·o • .. ltid<, lnr ""'"'" l1u1· 
~ ""~' .,, hur ' i, ·Id -i1:•" n, ""' ;, '1 """""'''"', 
[!..<JI\)1~~~- Th~ '"""" ¡¡[ oudo luul•. ¡,,..,.. 
t'\N, ¡, hruil<·ti[I\."'J~Ij ,,,¡ """¡,,.<e· 
nli<ed <IIJII- lt<J !""~'·'"'' ·.<loit'h 1111' ,,.,,¡ 
ul«-n ••uuu~h ru !"''''-' th< in•e>ll11o·lll i« 
"1•111 '" '"' loll L. 

Om· uf tl11· """' l''""'rlul Hid, " rl,~ 
/' ,.,,,,·m:• '"''".!!' ""'· "hidr ,,., , . .,), h"" 
"'""" ,.,,.¡, ,.,,,.,,..,., ol ~ 1""~'·"",. ''"" 
t'llll-tl_ 11 1> 1111\ UIIU>U.d LLI fllod <h.n JI<',,( 
lh<- "llll<"lll<'lll> l<ITUI<Ill f111 MI', uf1l1o· <"h"• 

t'UII<Oil [11\11'1),~\ !711 ,\ jllll!'l"lll<11!"[ "Jiu 

"'""""""'''' "" ,¡, ... ,,. """",,.,,.,·\.," Ílt ,.,_ 
Hl¡:<<rllhllo.- <'all J<·.ol,,· ,i~n11Ídllll p<·dur<n· 

'''"' 1111jl!lll<"ll"'"'" ,11 ,, "'""""'"' 111\<'>1· 
lll•'"' Thi- t<·· 1""'''"' ''·'' ,,..,.,. ,,,.,¡ iu "'"'"' 
¡.,t,O,«'ll\¡• t<jwl.l\111~ -'.'"l<IIL'. ><nh d> 

' 

······-·"" .......... '·· '" ·'· ' ...... ,. 



. 
• 

'" 
UNIX "'"1 MULTICS, .,¡,¡,¡. ""'".,¡ nut 
x> hi~h-lo·•·el bn~U.•J:< <•P•·ralltl~ "''''"'·' 
Hn!lklu'< b hu\!• ],. 1'11 ¡q>lao o·<llo_1 ,,,,.,.,. 

t.! y ],,.,""""" '"""¡"'' iro ¡,.,. <h.no '!Ir, ,,¡ 
tht· ;pLt·lll. 

lhem 1 or Speo<hcatoon. 

One Brt'H <Jf Mofll'alt <'!lgÍnt·<rÍII~ that " 
"""' .,,.,)e•¡ >tudy ¡, _,_\'i< ltl >Jit•t'l~l"liutL> 

'] lot• <>hk<'tÍ<e Í> tu""'~ do< >]><·nl-,.·atinno 
,,,¡]_\ ,,in¡: a ""'"tl.or~vu;o~··· 'J ¡,¡,, ¡dou ,._, 
r.-;lri< ti""" "" the ,¡,.,j~n Rn<i IHb)" ¡, l¡o 
,.,.,,¡,¡,,¡, v.l .. ·tiO<·r tL,• ']"''''"'"'¡"'" ""' 
"'"l. 

A11 t·tnl)' '''•'"'iJit· <Jf "'"¡,u >]l<'<Íf<, ·''"'" 
"B' ¡].- w·rhli<d ··~utul•·" pr<>~taotiiLlÍII~·· 
(11< JI,I,H, ¡,;,.,,. 17~). lt ¡, 1""1"'11,1 ,,,]]cd 

"''""''"'"'' '""~'""'"''"~-" h "''''''"'' ,¡,.. 
'""" .. r "" 1 ,.,",.," , " 1" ~~~, "m""'' "'•"' u"·. 
l.ut ,¡,;, ''"'''''"" l'<•nt•illlll<'' lo '""'1"''' 
¡,.,""'¡¡¡,, .... d ,.,.¡,,,,.,., " '"'"''""""' 
fltvuf. 

A "'' ""'1 "'1 ,¡ "'' 1\ ,,,¡,., •·m¡duv, ,¡,,. 
t 11111'1"1•1• <o! leHI, ,¡ ;d"l''" '"'"· ,,¡.,,,,,,. 
,;,,,, ¡,¡,,¡,,~. ,, .. r ,,..,r,r •. ,,,.,,,., "'~ ,,, ••.· 
'''"1 ,,,, .• ,,lo 11 .. · ""'''"·d '"'"''"'' ,,¡ 

' ,¡,,,_ 1•,,,,,1" 11'"•·':!¡ ¡,,,.,,r1,,.,¡ tlu·" 
iolo·,o< "¡,¡,¡, "''"' ,,,,,.¡,,,.¡1"·"'''', ni o·l· 
1"'11 i""i~I.IIIIIU<'I' lh· ol•llll<'' d.o[.< '"a 
·,,n,., ""'' .. ,,,.,,, ·" ,,,,,' .... ,.,,,,",~o,,_.., 
,, ,¡¡,,..,IJio· •1.11<·•. i'loooll,,,.,' ·"' ,, ... , ,,.. 

>ltilteu 1<• ltido·lih· IO'Jol<"'"''"""' Úl Ll1<·'<' 
uhjt·t"L.• ¡,,_,.,,. ·"'1'·"·'"' ,.,.,¡.,¡,., 'j'¡,.. u•<'l 
nt.oOiij'III;LI<'> ti<•· ,j,jo·o 1> ¡,, • :.ll111g illl· '1"" .,,,, ....... ,,,,., . 

,-:l''<•loljj,¡"I:H•<~l" lit;" f..,·illlolll' lhe ""' 
,;f IIL<·••· ""'"''1"' IL."'' ¡,.,., ,¡,.,,.¡,,,.,!. 
Amu":: 1 lu·"' '" ,. 1:1 , 1 PI • [1'< 11'!:;7[. CJ.I. 
[I.J•<,77J. "'"' .\1 '"11.\111• jll'l·u;o;¡, 'I'JJ, .. ,. 
t .... l:li.<r:•" ,.,.,,,, l''"l'l;•i111111'" '" ,¡,.¡¡,.,. 
.d .. lt!«l ""'" ,_,.,., ..• ,""'"~ lll<'jOI<>j'l'"' '" 

1'1";'1''"1""' n,. "'l•l•·.,·11r,,,·1,.,, ,,¡ 11 ... l .. ¡:i· 
,.,¡ uh¡o·t·h (1.1-h ;;,¡ 1\'ku ''"" '"" '", 1• 
''" '"'"'· 11 .. · ""' «l ·''""·" 1 .. 1.,,,.,_ ,;,.¡ 
IJt· '""'1"11,.,¡ ¡, ,,,,¡,.,,u:;uÍ"" ,¡,., ,.,. 
lllltpl<·. ¡,.,·~-. "I:Ji.d,l: 111 lhi. • ,,,,. 1111• ,t.. 
. •IJ.L<'l ''1"' lu.ut:oco·l•.no• ,,,11,·<1 ""'"''"'' 

,\,,,,¡,,., hind ,¡ ., ... , ,;,,,,,., '"'·'1''" ,.¡ 
"loi¡:J ... , ,.,,¡,., ,.,ft,.,,,. """"" 111<1 . ..;1 

:¡¡¡..,,,;,;l. 11ltido ""' 11 ·'"' 11l '" ·""""' 1 lo,, 
>l'•····k ,,,,..,,,.¡,¡,. ""'''" """·' ·""''"~ 1'"''. 
""''' ¡," ,,.,,¡.,¡,,,. >'>1<'1!1 ,¡,,. ,,.; .... ,1'"'' 
hihn~ M 1'''"'''-' (""" <<'lllt••lliu~ ¡,, """ 

( ~'J"""' .... H '"• \'-t .... ,... .c.'-'"'" 

encuti<>n, d11•reb." rulin~ '"" ,.,.u,_;.,n in" 
d, ,ir.n. AtwiiH r .o.<i<>n< ,,,,,,., 11t.ot '"' ""'d· 
,¡,.o <llllrul• i1• "" n inp<ll ol.na 'i'"' ,. "'"' h 

Ll,·<o·I<JI ,. """1•1•· lu al1 t·t i" in¡HLI 1 "' i¡oi.J,.,, 
\\'hit~ ,,~,.. "' ¡,,,, Hit· "'" ' '"''1'¡,., , .. , ... , 
"'"" ftr>< ''"P 111 f<orm•li1i11~ '1"'""'"1""" 
lu1 >)'>h·m rl<·•is10. 

SUMMARV 

ll<•o•hm h~' ~1.11•·•1 wn·n ¡orin•·iplt·• tlo:ll 
¡,.,,,. lwl¡ .. ·d <•l¡:.<tllll· IIH• l•·<illll<¡tn·' ,¡¡,. 
' .,.__,.,¡ iu 1 ¡,¡, 1'•'1"'' ! II"L" :o; 1 

)1 .\/ttJHI/'1' '"IIIJ: 11 "'<fll''"lllo/ lo¡;• «Ci<· 

¡dow ·¡¡,,, """"'" '" ¡,.¡¡,,. 1!11· '"lt"'"'' 
ol"''l"l""''l' ltr,. ,.,,¡,. ""''""·<1 ,,,,i«·r. lo 
,,n .. .,, ''" ¡, < olh,,. ~ lli<l<h <Jjlildl<' )'lt·IJuLL.• 

,,,,.,., "' IIL<· IUIL'I<jLL<·Illl'' <ol '"'''""""'" 
,.¡,¡,,, ¡.,.,,.111<· llll~lum·n. IL '''"'"'1"~"' 
01 11 L''l <lln•o l" ll ll'oi•LII 1' 1" "~1 "'' 

~~ ¡•,.,¡ .. rm '""''""""' t "'"'"''""· ('..,. 
111.' , .... r. ,, . ., ,,.¡¡, ... ., ... "',ro"""¡,¡,._ l."•~ 
""lktht""l:l" "",¡ ',.,¡,. tt•;Hiin¡•,. 1 h't•ldl 
o l.,, 1·,,,.1111 , ¡,¡,al '''"' llll<· u( llw ,., ... , 
, j, ,n],l 111,,11 tln<'IJIII<·IIL,<li""' 

:¡¡ .l/um/11111 ,¡,,,,¡,/""'/ /''"""' 1 , ,.,. 

,,,¡, All ""'1"" ,¡ ·' I""Í', <-d, "~",¡,.,u· 
""""· """"' '""''• ""'' ,,,,,,,.,.,1.111"11, 
.01111 "' ),.¡ 1 j,~,lwuld 11!· lo11 IIL;olll ••1'1'"" ,.,¡, 
(' I<.LII~t , 1 lo <1<11'111"<' 111' ,!1111 1 11 u~l ,ll 11 1 do!,<l , 
,.., """'he >IIÍ< Ll,l' IJII!IIIIuo< rl "'"1 ·•lldllcol. 
c .. ,¡,. readii<J:. ,., .. jt•([ ,,.,,,.,",~ ''''"1'· ¡,. 
1" "' io "·'· " ,¡,., ,.,.,,,,,..,1 hh 1 ",, .. ,, ,¡ " 1" ")· 
•·<1 lllll<·l<niOk 11!1 t<lllltÍiotJIO '" thi., ~.,,,¡, 

j 1 1 '•<' ,.,¡.,"" ,.,¡ /"}' "'"'" '''""''"' ,¡ 
l'"'~'""'"""f!· 1'1..'1 •nd I'A•<".O.O, h••• 

~,,,,¡ '""''"' a1"1 ""'" "'""'""'' h ... ,,, .. , ........ ,.,;., "'"''' ,,,~,,.,, ,..,,,,"'' 
lnt 1 1 ,.,, · ,, 1 '11 1 '" ,., 1 ), ·'"' ,1" í,.,. tt 1 lu "'1"''' 
"" ,, "' ,,..,..,~-·· ... r.,,."""'"· ,,.,,.,, "·"" 
,,¡,., IJh 1 11 '"'· : 1111 1 d.<La 11.,11 lll'll' "' l • oltuuld 
ht· ... ,.,¡_ 

[,¡ .1/iii!J,'""' ,.¡, 11' ui'<PIIJIIII/o¡/¡1.< l",,. 
,,,,.,.,,,,., 1<> "'''"'"''111«¡:••".'', ,,,.¡ .1 1'''"' 
,.,, !1111<1·•"'' 111 ""'"""' , .... ¡, mtllltd~o.d', 
,.¡¡., ,, 

(,j /",,,. !oi'I/¡-J ()ji(/ ¡(·11 ('t ¡•m¡d<•. ')'¡,. . 
,¡,,.¡,,, ... , .. ,,,,.., ,,.,,,, '" .,¡, .. ¡, ,.,,¡, ,,, 
,,;, .. r, . .r ,. ,· •.• n •. ,r ,,,¡ ·"""'"'·"¡,,. ,,., ,,. 
"'''"'"'· ,,,, , .... ,¡ t<··ull• ,,,. """·"'l,d, ''"'' ;,, ,,,, ,.,,,.,,, 

~1 ,1/uwl"'" ''""'"'·'"'OJI ¡,, '"'1"''''' 
1'"" •·••· ;-.,.,,, ,,,,. '"' ,,. ¡., .. ,: ., ",. ¡,, 
11111'""''""'''~· Ht• "1"'" '" 11111 ,¡,.,, lolp· 
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,. 

• 

-. 

}',·r•f""rtir ,., "" Sa[lu•ar~ E11¡:ir"""' iJtJ.f 
• 

Ul<'ll\S m hU(\""'~ t·n~in,..nng, hui <lo no! 
.,rrif1(·c rdiul,¡llt)' f<>r rnudifodl'llll)' ,.¡,¡¡• 
pur;uif•s thcm. 

J'rogr~,._, hru. Lt-~to rnarle in rmclef'l" tod 1 ng 
¡,0,. ¡,.,~~-~cale H>Il""'" >Y>I<m> are bu!lt, 

y<"L """'' u<·t·tl• '" he dtono. M"""K"""'"' 
ai.l' mus! he ""l"'""d and pwjt·ct e<>lllrol 
,,., 1 ,.,;,1""-' J "" lupt•rL Th• rulo of >ul<"" ro 
'"""~g··nu·rll ¡, turninc more lo r.oo·n,Jlk 
tlwt uf t·n~¡.,,.rin& rna<Lag<m<nl '" <>tl .. -r 
di,riplill<S. Wc '"" uu lt"H:« offtotd '"-"1;· 
rnisi ~>k<·> "Ir< n "·' Sl<n~> ar< '" IM~< ~ud "'< 
dcpt·rul so rnudr "" lill·rn, Mu>t iur¡wr· 
~.an<ly, ""'""'!Le ¡oata•m; "" nood "' cain 
"')'"""""" '"' ,.],idl fuwre !ht·urit•> tan 
rdy, 
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Making The Move 
ToStructured Programming 

by Edward Yourdon 

The best way to ensure that people will resist the change is to try to im· 
ple"Tient a!l the new techniques at qne time. 

Th< <nCU ccmmon chjce<ion te Uruc:
tur<d pro¡;ummifl'l. toln lhc fcrm, 
·~Gooh, Ít !Otmdl gr.>< and wo'd l•ke lo 
de ít, but .... " Mere 'P"''~' ouooks 
bave bten levol«l a¡:¡o.n¡l tho HRFO~M 
otatomcnt an~ cth<r formo of 1Ubrou
tine <:•lis, ·~>Ín<l nestod W •t•rem<nt!, 
and ag>inot th< chminltion of Geno 
1lll<m<nto. A moro oubll< and pcwor
ful lcrm of •uock io thi.: ''Oh. ycu're 
ju!( utling about mo~ul>r progrom. 
ming; "'e've been doing th•t !or tec 
yun!" 

For ltruotured progrommin¡; tD havt 
Lhe pro¡><r op/>ortuni!)' to 1hcw it> 
strongth> and n<>l be r<Í<Ci<d ou<righl 
by an org>nlnlion, conoideral•on 
<bould be g.-e.n lo the<< qut.l<ionó: 

J. Wha1 wUI lhe 1pec•fi< obiec•ion• 
•·? Are lh<re ~ny pO[<nlial d•>'d .. n. 

.u th&t may be uperienoed u a 
'>Uit of UIÍn8 oh e I<Chn•qu.,; 

2. Wh1ch o/ lho 1echnique> <hould 
be &llompled firot.. u•umin¡ ll'ool ~ou 
canno1 uoc !hem &11? For e.ample, 
ohould ¡ou allempl 10 "" Uru<lu<ed 
pro¡r~mming fin;~ and then ory 10¡>
do"'o dMÍJn en • ¡.,., ptoject~ 

J. V.1'1a1 kind o{ programming 
rroi<ct <ho.Jid ¡cu begin with u u 
nperilnelll ro demom¡rau lb<. bcm:-

1iu of tht StruCNrt:d prop-•mmin: 
ll:<hniqueo? 

~- H<>w 1hould y01J ~•luot< lhc 
ouo~e .. oC lhe up<:rimonl? 

Common objecticns 
· Jt \oOuld· he-umooi•JIÍC 10 """ume 

lh~t·\ •<ructmed· P"'l'l ammin1. ·<o p. 
down deoign, chie/ proJir>mmcr t<am<, 
llructut<d "'•lllhtou&h• (<>ne pro
lt>mm<t <:<pi.Jm ¡,¡, code to 01~1<rsl. 
progr.om hbrad•n•. and Uruotur<d de
oi'n would be aocep<ed wioh~ut argu
rMnt in ony otg>niuuu>n. H"e are 
same al lhe more common ob¡eo-~ipru: 

'J. Many monagero ond progrom. 
me" poíno ou( lha! the llructured pro
~·•mming techmqucs tre prlrn~nl~ 

·nded fcr. I"IC"' ~<'<IOf'mcr~ pro~ 
; for "'~"~nance cf <"IIOlrnl ~n

... ucluf<d pt~~r.mo. "'" oeem to b: 
or lim¡l<d "" (lhough thc Jibr>ri:U> 
<on<<pl ud lhe uru"uted wa]l;:· 
lhrough concepl would llill bc qmte 
uo<fu]). Thio point io ba>ically valid. 
lhcu¡h it io IUu.o.lly ¡>ru.<tblc to add oew 

1<ction• of code in a 1op-down mue· 
IUt<d manner, c.g .. whcn oomplet<ly 
ncw feoturo• are bcing add<d 10 a •>•· 
le m al thc requ<'l of • uo<t. 

Thtl problcm may b< oolved <Yen• 
tuall)" "'ith !he oid cf '"structurinl en. 
g1n""" lh•l will •uoomalically ccnvort 
un<tructured lcgio into <lru«ured 
/orm; whtle >uch tn"""engine"" c>nnot 
m•g•call) lf•nlfotm "'bod"" .code into 
•·good" oode.;, w•llatleut (Olter sorne 
>tandardiza<icn. 

2. Sorne man•g•,. poin1 out lhal 
lhr"~r programming projeCI> u~ ¡ypicaj. 
]y too lmall lo rcquire 1 tum of pro
¡¡rtmm<r>; lhordore, lh<Y at¡uo. !h<y 
don"t n<«l any cf the new '"program. 
ming producúvily" tcchniques. Sinco 
m<l>tiTiaoarer• •PPill<n<.l~ are nol P'"" 
pned to fire m<>>l of thcir mediom: 
progrommen &nd repla« lhem wioh 
ono hi¡¡hly comp<>ent chief progr.m. 
mor.""' muot •O«pl lhJS objection u • 
fa""lyvalid one-buo cnl) for th< chief 
programmer leam ooncept. 

Thert i> no r•••on ~<h)" 1he "illing 
pro~ramme,. in lhe ot¡;ani>>~ion, t'<n 
wor~.n¡ by thomoelves. oould nol U'< 
•t.ruotutcd progtamming and lop-Jo~< n 
lkoign. 

3. Still other m•n•ge<> objeco oo lile 
<051 of tnín•ng their pm¡r>mmeno in 
lhe rechniqu"' ·or Slructured prognn>
min¡. Th'> tr.ining ner<i>< ;, admio. 
t<dl)' nonltl'i•l. lhough it dtpcnd• on 
the pro¡rommct"< exporience. (Junior 
proer•mmet1 le•m ¡he «chniqu« 
mote e•itl¡ !han ,.~;~. p~ogron1mcr>; 
lhe outhot"• ~roup lfiÍr.od \10 pro
lfillTlmCt1 in •n ¡\uJtra~••n so•enuncnt 
1gency prior 10 be¡innins our r•vroll 
proj<<l. ond of the ~O who ,_0 rcd ., 
the 10p o~ :he d:ds, ei¡hl w<re novÍ<< 
pro¡:r>mmer• will'o le>1 1hao si:< .n~nlh.t 
upcr"oence.) 

Euc of tr•ining •he dtpcndl en thc 
prc~ummin¡ l•nguo¡o; tht !<~h~iqu., 
•rc ¡:enerall~ ea>ien in Plll. rea•on
ably uiY in coool, and more dLffioul; 
in FOUUI< and &>5ombly lon¡uoge. lo 
general, we found lhol programmt,. 
requirc three ro fi,., da)• ol ola.,room 
troinin¡ lo !eorn tho le<hn"LGUes, and 
opproximoi<IY one monlh of pto
gnmming (l<hen lhey "" ¡¡ lea>! iL! 

ptoducti" &S they I<OfC pteVIOUiiYJ lO 
beccme ecmfornble wilh the "'''' 
l<chniqu<l The invo11meno in ltainin¡; 
;, thu• ttla1ively smoll comp>rod lo 1~< 
benef!IJ lh>! "'" di!Ou.,ed in lh< pt<· 
ceding ><tlion. · 

4. Tht mana¡er oltcn ha• 10 o•tt
come t<thr.icol objecoion> rai"d ~' lh< 
pro¡r"mmen: !h<" ""i•won< mos: 
ltoquenll)" come ftom \Cni~r ptO· 
¡;ramm<n;. many of .. ~om-·ore now 
projcct loaden. who 01iil fondl¡ retal! 
the ""¡:ooif cid da)<" o/th~ 1401 •nd 
the 650. The common ptOgromm"' 
ori~nled ob~e<ions >ro: it i• '"'"'"d 
and incon••ni<nl at tim: tbe pro
lliunminJ l>.n2uo¡e ¡, in•dequaoc for 
lhe slri<l dJSoipline impc!<d by Slru:. 
rur«l pro¡rommittg: Íl " not ob•iou¡ 
tb>.l IJ'¡e new apptoach wiU a<IU311)" 
,...._P !h< benofil! diocu,..ed abo·,,: and 
1\nany, there i< • CCfltnnthil thetop--. 
down Sltuotured •pproaoh willlead tQ 

trem.ndou>l)" incffi<i<nl profn.ms. 
The ""'l.wordne;s and moon•t· 

nltnct i< lugely a mill<t cf troinini. 
The qu .. don o{ lan&LI>f< adequaoy 

ean bc • relev•nl ene. 1nd on< "''""' 
mí¡¡hi be 10 con•inoo the prcogrommer¡ 
(ond 1hoir m•n•ge,.!) to be~in usin¡ 
Pll 1 and th< other ALC.Ol.•loh Jan
¡uasco in prdor<n« to lho primÍIÍ\"t 
caooL-ilke and fOOJUN-Iile Ion: 
¡u•geo. 

The objec11on abou1 efficienn· nn 
only be '"'""'d b~ app<>IÍnE lo rhc 
protramm<!"< common otn><: \he l>ao
<.le for eltioienoy is f<n<rally won cor 
lo" >1 <he system or pro¡:rom deoirn 
lel<l (e.¡ .. by mo"nt out< lh< <Y>l<m 
¡, runn•ng en an efficion! hardware 
confl¡ur.OJon. and tha¡ i1 ""'' dc•nt 
1hinp it Wa>n"l inl<nded 10 do], ond 
not a¡ 1he bil·fi~dling le.-el {¡t., "he re 
lh< pro¡:nmmcr --....,,.., .. • mi<ro«c
ond or IWO indul¡in¡ in a mbrou\Ín< 
call). 
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()b..;ou.ly, !~ere are some e•cep
uons LO lhLS, in wmc re>l-tome >)"'"''· 
Jor cumple: but a< rroleswr Bill Wulf 
et C>rnegi<·Mcll<>n Uní•. poin11 our. 
"More computing >in• are committtd 
Íl> aame e( olñ.c~y'("'rL"""' oe:
.1 •... y ochieving· >t) th>n for ~ny 
other <ingle ru•on-iadudt~¡ bhnd 
uupidity." 1 

S. ln .additieD to programmer r .. 
troininJ cosa, m>ny man•gen objeot 
lo the ce" ol do•oloping MI' uand .. dl 
to conlcrm 10 lhe new progr:<mming 
rochni<¡u ... Sorne org>niution< may 
b .. e only rt.eentlY finahed dcvelopin¡ 
1\oadards for tulln¡-ond thcy tond LO 
be "bcllem·up" standard<, in dtroct 
coorr:ut <o the \op-<lo,.·a mctho<lolofY 
ct~nenlly being ad>oc>ted. While lhe 
cool el developin8 n<w <tandard< may 
,..,!1 be oubotuttiol, il is d•fficult 10 
think cf acy ....... , cf """íding i~ ¡~. 
deed, .-en il Slru<lured programmin¡ 
hod oet •ppeared en lhe scone, <urely 
r.ome """ le<hniqueo would e"Ontual-
1)' appur, (own¡ \he veluminouo 
u•ndardo m>nu>l> '" be rewnmn ... 
it >eern> lo be Ol1 inevit.oblo (~<:\ ef 
life. 

Thio m¡y be an acadomic point. b.n 
1 know of ene luge b•n~ ond ene 
in•uraná mmpanY that ha-. >ppar. 
cnll~ rojected muCiurod programming 
for tha I<UJ>n oloM--a.W .of "'h"ocb 

''""" rather ud. 
• ' S.Omo m..no¡ors h••• tx pi .. <<~ 

U.. ,;ar lh•t lhe stru.:lur<~ program. 
min¡ CoMepl> migb1 oot work. (o¡ lho.! 
lheir prc¡r.mmen might not be •uffi.· 
ciemty familiar ,..¡th 1he new le<b. 
niqueol on • oignificant proiect "'ho1o 
failure would havo diultrou. cen,._ 
quenc ... Thero io 1 •ery 1imple oolu
li<>n lo llli• problom: if you ha'< nor 
tricd Slnmurcd programmin¡ before, 
)'Ou probably should no\ use • critica.! 
projo<t u a "11uin<> pig.'" 

l bovt ltcn lhree pmje~ "' urly 
; 197$ foil Íl> tlloir at1<mp1 lo "" nri

ouo upoca of Slructured progrilm. 
min¡. Ono mid~>c>l<m comp1n} uoed 
lop.down ,..,,in¡ •• lhe program leve], 
but tllen inl<~r.ted the progranu in o 
bonom.up fashioo lo buHd • O)"''<m-
and they:e<>uldn"I·UnderSum! why-the: 
"lop-down" appro.ch had f>iled 10 
ri•elhem miraoulom re>ula. 

Anolher <Ompan)' in New Englond . 
mode In uruucce<>ful >1temp1 alwing 
the progriU'tl hbrari>n <On<epl. bul it 
appe>n lhat tht hbrarion wu 0 «<r<· 
tory who ,...., requirod lo opcnd ,¡, 
hot.l" • doy ryping tn,.lopco ond the 
olhor lwo houn •upporti.o¡ tho pro. 
·u· l<am. 

1_ , o.nother p<ogr.>mmin,¡ 'ptt>jcct 
hii<d 1ft "" ~tem¡>l ro tlW•lb~ chtef 
progr•mmer eonttpt. • In oppareot 
il:nor.ancc of the "'hole philooophy or 
the toncerl, thoir chid pru~rJtrnmtt 
did nol •·rile aay «>de liurin¡ lhe eJ>. 
tire preioctl 

7, Scme mana¡en are concer,..d· 
1hot rhey moy ne1 be ob\e 10 "' the • 
ben<~IO of lht new ltchníquos. Thi• U 
eft<n bee•u" th<) h.-e no .,.,¡,.i., te 
comp>re 1heir ctur<nl <echniqu<< wi1h 
tho new On<>. To be more blunl. IIIill'lY 

orgoniulion< havo no ide>. how mony 
lin•• of debuued codo their prJ>. 
¡ramm•" generato "'h day, nor how 
many 1u1 'h"'' the avoroge pro¡ram. 
me< roquire• boforo he deliverl his pro
¡ram 10 the Ui<r. Nor havo lh<y ony 
ideo hcw many r«idual bug• Ir< feund 
In programl that ha•• b«n ddinted 
to the U<ct. Thu<, ono ol lhe fir<l 1<· 
<ult> of muctcred programrning may 
bean unploa,.nl awarene" of )u51 how 
bad <hin¡< oro: whilo <hi< may well be 
unplo .. ant, it can •l<o be a hoalthy 
lhock. 

The l.ck of "ali<lical e>idenoe h» 
be-en n<ed u o reaoon ler not uoing 
structured progrJtrnmin¡: i1 uoually 
¡akeo thc ferm of: "Oh, wtll, r·m pret
ty oure our programmen are abovc 
av<ra&• anyw1y, <e we don·l n<ed 10 
use theoo now to<hniqucs."' 

Som<!imes lho problem is more 
blatantly politic.l: when manuemenl 
doeo find out how bad th< prO¡;ram. 
ming produttivity currently i<, they lry 
•et"J' h>rd ta <O•er il up 10 ovoid the 
ob>"ious a<eU<alion thal thoy hov< been 
doinJ L~eir job poody for the pasl oev. 
eral yoar>. A banle o! preoioel)" this 
oen io going en ;~ one o/ the Jarger dp 
org•niutionl in Dotroit, whero one ol 
the peeple en !he ,.,..,eh 11>11' has 
madc somo "lhor inlet<lling otudieo 
bao<d on a "m pie o/ 100,000 PU 1 
""ements: lho aver.ige module sil< 
.,..., 900 otuemenu {oo mu<h ler 
oma/1, independent modules!); only 
feur natement> wrre DO-Wil\Lt oratt· 
ment< {so much for úte .... umplioo 
thala!l n/l pre¡nmmen in>linoJively 
know aboul the three b<Uic formo of 
stru<IUred codinJ)~ in a oub"a..~tial 
number of the programs, nene of lhe 
lf" "•tomento hod an ELSE ~laul<; ond 
variou• olher llali51ic '"IS"I thal tho 
programmo" h.-e been .. -rhin¡ "rat'o·. 
neol- codo for the pa>l sever•l )U" 

a. There U an lntereoting ~aria1ion 
on the proeeding Objection: ><>me 
man•gen wort)' thal the su"ttclured 
programmíng l«hnique; m•r improve 
tht produmvily o/ tlleir programmen 
by onl)' IO>é Ín>lead of the five·lold 
improvement ~enerally ad•·eniotd. 01 
cou"e, lhis may be becouse lh< pto
B"""'"" were tlroad¡· following on 
informal semi·Oiruetured, semi·top· 
"""'" •pprooch. 

Nevenhel<,., snmo mon.'''n worry 
that they {~nd p<e>um•bly 1helr pro
i'""'"'''"' :u well) will be judged in· 
com¡><l<nl if lhey experience less thon 
a fi><·lold improvement( Onc hardly 
knews ,..h•t lo uy •bcut lhio b .. d·in· 
the.und ol>je<tion, ucepl the ob>i.ous 

poinllh., a JO<;\ impro,em:..: oo pro
ductiviry ("·ith commen<Ut>l< 1m· 
prcvemeniS in >oll,..•ro robability and 
maintenance) io b<lter than no •m· 
provemenl •t •11! 

9. Fin>lly, wm< m•nogen •ugge>l 
thoi lhe fanfaro and publlCtlf "'"'· 
oial<d "'ilh lln/Ciurod progamming 
m>r b< • di<gui!<d form of 1he Haw. 
thorne dfect-i e, the pro¡;r>mm<r> 
oro mor<: producti>< becauu ll".ey 
know lhe) are b<in¡ obo<"od. 1t ;, 
h>rd to botiove <hat any managtr "hO 
h" 1he otighi<U, hmiliuit¡· "'ith pro. 
gramming would bolie'< thio, thou¡h 
perhap< lhal ¡, th< problom-many dp 
monogen aro aboul ., familiar wnh 
pro¡ramming u they aro with tlle 
th<ory of rot;ti>~l~· 

E'<n i/ lhe Hawthcrne eflect ,..,,. 
relevan!. •~ wha~? Why fi¡hl l1? On the 
Auunlian pa¡·roll projoct, t was <nti· 
ciztd for giving lh< progr•mmero te<· 
1him tha1 h•d ¡ho word "oupe;pro. 
gramn¡er" tmblazoned on lhe front. 
Som< people felt thi• "'"' an ··unlair" 
m<thod or all<mplíng lo increa<e their 
produCIÍVÍly~ But if il contributed 10 1 
five·fold impro,·em<nl in pro¡ramming 
produ<Jivity, il w:u wenh h~ 

Plckin¡ the right eombin~tion 
As mon1ionod eariicr. <ome org>· 

ni.utiono are conoerned aboul ll'lo 
dil!jouiL} of imptementing all o( !he 
now progr>mminJ techniqu.., limuJ. 
laneou<ly. In mn\1 •uch di>cuoliono, 
(our major l<~hn>qu« ore con•iderod: 
.,ructurcd progr>mmin¡, top.down 
implemenlation, cbid programmer 
le•m• (wilh mucturtd wallihrou¡h.!), 
and !he pro¡ram librari>n. ln "''" rhc 
moot progro11ive Organinlion, il can 
bt difficuh 10 imploment all o( theso 
techniqueo" the ume timo: othor or. 
gani.utieno tul that oome of rhe t<ch· 
niqU<:o ore oimply no1 app[LCable for 
their protr>mming projeru. 

1t ;, importan! to rmpha•ite <h>t 
while 1he feur ttchnique¡ are u.uan1 
US<d tng••her, lheY do not havo lO b<:. 
lt io po"ible lo uoe ltnlCtuttd pro. 
gnrnmin¡ withoul lop·¿own implo
menution, or lop·do,..o impl<m<nt•
IÍon wJthoul otru<IUted programming. 
Slmila<l¡·. it io po"ible 10 use the chief 
programn10r tppro•oh wi1hou1 uoing 
lho hbrarion concepl, 01 vice veno. 
And it is posoible lO uoe lhe ohief pr<>
¡ummer ronctpl and the libr>riao 
oonoept ,.·i<houl uoing 1\ruoJurcd pro
lf•mminf or top..down deoi8"· 

Whilo eooh o{ the eonoepts c•n be 
ln<d l<p>ralel¡, oomo.of lhem are al
m011 inovilabl)' 1o>nod wi•h oth<n. 11 
an or¡aniution decid<> 10 "" tho 
cllief programm<f Je>m apprO>eh, " 
alm011 alwa1~ uoeo tlle librari>n and 
oome lorm or ""'"'""d ,.. •il.Jhrou¡h•: 
en the olher hand. l h"e sun O<voral 
proj«ts ~ hete the librari~n Nn«pl. 
,...._, uocd wilheul lh< ehief pro¡ram· 
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m<J tum con<tpl. Similuly. if ""'~· 
IUr<d pro¡rommm¡ ¡,u><~ • ..,p.do,.n 
¿,,;¡n ¡,; al•o u .. d:.con .. ndy;H"" 
1 : iÍUIÍOn d~cidoo lo uo~ top..;lown 
'~· •. ¡n •nd top·down t<"in¡;. 11" po,.. 
libio u,., th<~ moy cle01. not lO Ult 
muctur<d poo¡ramming (lhio Ktmo 
nptciall)· 1:-.J< in toooc ohopo th&t 
h01c b~on brainwaoh~d /or yur< lo 
ovoid ""'''d" illl<ll\<nu). 1 

ft ¡, dil!i<:ull to müe &ny ~ener1l 
ou¡¡o.tions at>out tht ordtt in which 
\he lochniqueo should bo implom<nttd 
ln o lypic•l orga.niulion. Ptrhaps rl1t 
mO<t impOrt>nt point to rtccgnize ;, 
U,at 1 oharp dill1nction con b< mado 
be""''" tht technical conctpU ol 
llru<:lur.-.1. pro¡-romm•ng. top·dO"n 
ompltmtnlllion. ond ltruttured deoign. 
and between ihe orgon1l.,ion>l <on• 
ccpll of chief programm<r "'"''· 
Olructurod wal,lhrou¡h•. ond prngram 
libruion•. OM should <h""'' the 
eombinalion ol l<chniqu« ¡fl>l w•ll 
¡ivo the groat<ol implo>tmtnt lor the 
ka>t elfort. 

Tht hbnrian conotpt can u¡uallv b< 
implementtd fairly eooily. ''"" 11 doeo 
not.tl"<ctlhe "'" and do" not l<qUlf< 
ony m•jar re:uinin~ on the p>n ol tfl< 
progr>mm•rs (thou~h i1 do0"5 g<t rl1tm 
'" ohangt '""' •tttludt<: ··v.ltoddya 
"eon 1 can"t !)"P' m)· own progrom 

~ tho time-oharin¡ t<rminal? So 
"what if 1 can only type twc word• a 
minutoJ""). On the othor h•nd. it do.,. 
<equirt "''"' otandord< to be de••loped 
for proper u<e of the libr>rion. as woll 
•• ..,m, ¡rainin¡- !or lile libruion; and 
il do"""'"'" •amo p•ohlems lar crga. 
niutioru tila! find the) ho•t no bud. 
¡m. no *job ~!le>.· and no place in tho 
or¡anll..otton chan for tho libroria"
ÚU"pl in JO>crnmenl accncies ond 
"""" olhor l>r~< buroou<rati< orpoi
U!Íono 1 hl'e '""«! rocen!ly, lh"e 
ore u•uolly minor probltm•. 

Top-do .. n -d<li~n. oJtUC"tun:d pro. 
¡romming. ond tho chi<l programmcr 
cone<pl t<nd "' h.-e 1 l•rger impact 
on on "'1'•niation. ·aml ;)wukl. t>e im. 
¡ilomenl<d wtth mor< con:. Stru<IUn:d 
prnsrommint g<nerally implits .. coro
Jo,.·· programming (cr " l<a>l le..! 
COTO pro~rammin1 J. wlúcb ¡, • ¡olt 10 

m011y nperion<ed prognmm•" Tht 
<hiel pr<>~nmmer teom •pprooch 
uoually mclude; !he concepl of >INC· 

tut<d ,..l~thwu~hs which '"U'"' 
<hu each p!o~rammor ohould ma~e • 
formal pre«nt>llon of hio cod< 10 all 
· >f lh< pr<>~rammet5 on tho ttarn for 

<ir l<Vi<"' •nd uitidom. Th10 loo il a 
¡<>.~ 1.D !he a> erog-o pro¡¡umm<f (41 a 
pru¡camm<r •• Sholl Otl in London 
.. id. -Read"tnJ ...,m<<>ne th<"o prngnm 
i• He reod•ns !hoir ~<r>cnol nutl~it"• 
10 inva<inn cf pri•aoy in which civ. 
il•~<d ¡><ople oimply do no! indulgo"'). 

Top<down deoign on4 top-down 
""rnr '" • bit ,..,;., for th< pro. 
1rammer lo •wollow. but they can 
taU'< sevcte manogement disnrptions 
in oomo c.seo. They impfy. r~r eun¡. 
pie. that o eomputor i< ••••bble for 
'''""1 al an eorly ilag< in th< prcj· 
«l (in contr..,l to lh< comm<>n m1n. 
agomont poltc)· cf not wpplyin~ ma. 
chino ~m• unul th~ final sta1 .. of :ho 
prcject). 

None cf thtse probl<m< io insur. 
mountable: indeod, many organiza. 
tion< hn< imp]<ment<d atl ol \ht 
techniqueo oimulton<CU<Iy withoul 
uperíendn¡ any mojor catutroph«. 
No•crthel<ll. thl uunou• m•n•g<t 
may wioh 10 beJÍn with cnly one new 
id< a 01 a time: •pocifio eondotions wllh· 
in !he nrganuoation "'ill uouall)" dicta'< 
which t<ohnique Í< <o be 1mp\emeDt<d 
fint. 

A good pilot project 
In sorne organllot",on1. the ltth· 

aiqueo of SltuC!oJ«< prcgramming and 
IOp·down d"ign. oftor <Omo «P<· 
ri<nce wilh thtm. Or< COO>ider~d ""in· 
luitively obviou1 .. to man•f•" ond 
prcgramm<n alike. Once •~posed to 
the concopu. "'"one b<g1n1 using the 
t<Chniques withoul ony oigniücont 
proddtng. ~hny crgoniu1ions otart 
u11ng ilru<\llr<d progrommina with a 
rr<>t doal of trepidO!ion: in mo" cose<. 
thi• " don< by u•ing !h< t<chciquos on 
on .... ptrimona!"· prcjeCl. 

Th10 leads to •n ob•ious qu,.tion: 
\ohat lind of p1ojeot •hould be·uoed as 
an "'P•rim<nl? Exptri<n« WJifl •e•· 
eral org1niutiocs durina the pa>t "'o 
Y<~r> 1UI~<Hl lh< following: 

J. Tho proltn •ho~ld be ••'tiblr. 11 
lb< uperimtnt ¡, &n acodemic project 
lhO! nob<>dy witl 1'1<. thon nob<tdy will 
core ab<tut !he resuln. The prcjeC"t 
ohould bt • •n::ol• o~"" ¡ha.! w.en 
•ill uoe, and ono .,.ho'IO reoulu poople 
will <are aboul lnd«d. th10 i1 onc of 
the rtnons the New York Timu proj. 
«1 had •u•h a profaund imp•C! upon 
tiM and thc rest of <he industry~it 

"'"'real. 
2.. Tht prcitn rhoufd bt ~onrrid~l. 

Ooe ol the ke}"llon<O of the ""ruc. 
lurod"" appro•ch ¡, it> allemptto breü 
oompl .. ta<ko into •impl" one;. 8) 
~<orling wi!h le" contpl<< pro~rant 
eomponon!O. thO" pfogr¡mrr.u io l<>> 
lthly lo m•\;o j,.¡J11a~ .... ond ho i> mar< 
lt~tl)" to produce somelhing th>l can 
h< maintoined. How<ver. il tht pto· 
gram i< >ltt•dy quito lll'ial (t.J .• lou 
<han 100 lineo ol codo). the impro"<· 
mcnt in productmty >nd m .. nt<nance 
,.¡u not 1>< as ob•iouo. The upori· 
menut project •houl~ b< ., Jent ~ 
mon-montho in duration. 

3. Thr pro¡u¡ .1hou/d be nontrifl· 
•~1. Thrre ore enouah probl<ms tn t.e. 
ooming familiar with otructured 
pro¡:rammins 1t1d top-<lowa implo. 

mcntotion in • roloto><l) omall pr~i· 
t<!; th<re io no po'r.r tn puttonE 
addilionol P"""" on !he pr~o<>m· 
mer< by for<ing thom to "" the toch: 
mques on o <tlli<>l projeot-on< 
.. hcoe f>~lule "·ill ha~ o d"a~tiou• con· 
"quene" in the orroniu 11on. 

On th< clh<r hond, if m>n•~<ment 
1nd programme" o~tt< thal th< !<oh. 
niqu" aro ""intuiii"OI) ob>iou•· ond 
feel rel•ti'<ly comfort•ble "'"h lh< 
l<chniques (a mor< ond moro co:nm<>n 
occurronce. ccn•idettng lhot most pro. 
1rammen oo"' grodu•ttng ~<ith • B.s.· 
1n Computtr Scitnco hal"t had o 
hulth) e>poourt 10 ltnJotur«! pro· 
ft>mmin~). th<n there ohould be no 
d1ngor. 

There is tht ,..,, or an orpnitotion 
1hll w.., fa«d w11fl •n "•mpcuibl<" 
pri>ject and in d"per•11on u"d 11 u a 
pilo! 51ructured pro~romm•no prc¡<<t. 
The Austialian T ""ion Dop!. ( rou;h. 
ly <quinlenl lo lhe t••l wao urgtd io 
J~iJ 10 •dopl otructuttd program
ming, 1op-down dO>i~n. chi<l pro. 
grammer tt•m•, •nd progra:n li· 
bnri>nl to anist in • projoct in, oh in; 
con"ve'"!ÍOn ol mochiM<, <On1·0r"on ~~ 
lan~ua,ts, and rede<ign of mojor ,.¡,.. 
ing l)ll<m< within • tímefram< lho: 
would othorwise ha>< t>etn con.•iCero~ 
impo•.,bl<. Tite re~ulu """ h•ghl,
•uece.,lul. 

Evalua(ing the experiment 
Cle>d), lht ob¡eC! of on "POIÍfrl<nt 

u to p•n information for future rel<r· 
onet: a structur~d plogr>mminl! «r<f· 
imonl should ~ivc tho ortoni»:lun 
valu•blc informouon aboul th< ""fui
""' of tho t«hniqun for futuro proi· 
ecu. From tht di<cuuion in th< prt· 
viou• <ections, wo ••• lhot thof< aro 
sovOr.l ltal~<tic• the pro¡tct rTIOn>J<r 
ohculd try 10 eopture: mo01 ol th.,e 

. caD be f>th<r<J b) onsw~nn¡ the /ol· 
W..·in1 que<tions: 

•· Wu the projoct ~n10hed "" 
sehtdul<? Ho"' oecurat< '"" th< ,.,;. 
mateo for milwon« during the proj. 
ect? Al voriouo sta~« dorinr lht 
proi«~ wa.~ it po..,ihlt to e<tim•l< at· 
CUtal<l~· 1he •moun< of codin¡; «main· 
ing t~ b. done? 

b. He"' productivo ""' 1h< pro. 
¡nmmet5? In particular, ho" manr 
debug~ed llot<mtnll rer d•~· ""<rt lh<) 
1bl< to produce' Afo~. h<>~· did the 
progrommotl dim1bu1< thott "orlin¡ 
tim< during tho project ¡..,m<"""'"' 
ro•ultJ lronl an <xperJment al A<tno 
Ule & C••ualt¡ sUnost 1h>1 sloghtl) 
undcr 6""< ol lht pr<>grommer"l time 
.,...,.. ;pont on codo re•i'"' and "o]~. 
rl1rough<. "hich ..,,m, to •que],·h tn. 
<omnt~o compl.1int lhll th«e th1nE< 
l.lh 100 much time). 

<. How erhcicnl wete the ..,tillmg 
pro~l:t.ms~ Th10 ma) b< d•fficult to 
jodgo 10nlc" the pl"<'~rom i< a rodt· 
oi¡nod vcr~ion of an urlte< (p..,um. 
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abl) un,.ruotured) program.l-lowe'<r, 
the man•K<f ond/or the pro¡¡ramme!'1 

. ohould be able to makt lOme ~uolna
~•• jud¡ment• about the pr<itnoe or 
obunce o/ >ub<lanttal o•Ofhtod in Lh< 
ft ... J pro¡ram. 

d. Hcw mueh tnt nme wu toquir«! 
for the project1 Specifical\y, "'" the 
k.r time di>tflbuted faLrly · evenly 
tbrou¡hcut ¡ho project? 
' e. What wu the rotio of develop
ment to>U te maintenonoo «m>? h it 
tl¡nificon!ly bener cr worse than other 
:-un<lruClurod" prcjects within Íhc or
lanizaticn? 
1 f. How e!fectivc worcthe mucrurod 
l"llkthrough>? Rcughly how many 
bup were lound per man-hour o/ 
1.-alkthrou~h, and roughly how len¡ 
;ould it hove t•hn the origino! prc
•r•mmer te find tho¡e bu¡>? More im
portont, hcw many of the bus• would 
liue remained unnoticed until thc 
'logrom began runn1ng in production? 

lfind that 1 re~i~.,ing audicnco can 
c .. ily lpot fivc to ,¡, bu¡• tn · 1 200 
ttltcmont program within lS minute•. 
1t Í$ imponant to rcl:ognize thot the 
programmer whc wrote !he code wu 
u.uolly convinced thot htl code wa1 
correct, and hi• tm data would u•ually 
be a !ol/-,.""ing IU<mpt to ccnfirm 
"'"' fcelins 

1· How m•ny bu1• "'"'' di<co•ered 
durin¡: "'"' acc.ptoncc teuing? How 
many b"i' werc di~eovercd altor •••· 
eral month> o/ production~ How do« 
thi> compare wllh Oth<r .. normal" pro
lflm> in the crganiza~iOal a 

Mr, . ~·••·GOnl o' ,..ourdo~ 
tnc.. eo~su>tod """ toet...,..., .,.., 
"'"~'""' deol~~ o~a 0~~,,~ """'" 
'"""' ontemo ln tho U.S .. Conoao, 
.E"ropo, ono AUOUOI•o. HO bea<n ~.o 
corur ot O•~ftol EQulpmoM Coro .. 
w~••• ho o~ve<oood ao.omo1oro, 
t<ORTR_.N IV hoeutov•o. ono motl"l 

""'ar;oo fO< voriOuo "'"""'"""· At 
Cenero! ~loetrie, ho d••olc""<l on 
O<>O••t·"• oyot~m '"" o M•<"'"' ln-
f.....,..ot;on oyooo"' on tno GE .. u~. 
Ho .... •~thcrod oowo••• booJ<o o~d .....,.,., .. .,, """''"'· '"" '" ·~·~·~w 
•-0'01•~5 • two-vol~mo oor.oo, 
._.d~oncod Prog•om")th8 Toe,.__ 
niQuoo." 
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Structured Design 

byB!IIInmon 

Producing 11 lines of cede per hour through structured design and program· 
ming is one of the advantages. 

Qulck an~ occural< developm<n! of 
computu pro¡ramo i< a lon¡ll>ndinl 
1<>•1 ot thc d.ua prO<cmn~ cwn· 
muniry, ~ccemly progr¡mmcl'1 and 
· ·os.r= dni~nen hove befun to 

émalizc .omc o! lhoir l'f'""""' by 
u¡ing cooc.pll of >lructured pr<>
(flmming and >lruCtUrcd dcsign. How 
do ÚlclC conccp" intcract .. ith thc 
to•l• ol <¡uiü and oecurat.o program. 
<lovclopmcnl? 

An cumple of how on< sy<t<m .. u 
dcv<'lopcd uoing thc<clooll in , limited 
omouot of timc ;. 1i•en herc. Thc opc
cific:• of thc symm may not be impor• 
l.anl-it happ<ncd Lo be a c<>>t ..C:
counlinl IYII<m, ntcc>litor.d by 1 
lar¡e ¡overomen1 contrae~ w~ch 

brolc """'" 1hc ccm of thc final prod· 
uctto '""' o1 componen! par!< a1 the 
)o..,al Je•el. Ha,. ... , me ptoblema 
lhal aro« in 1ne de•elopmenl o! thi1 
oyllem. and.l~< "'"Y they wer.e ll•n· 
dltd, are imponan.t k<KIJC.th....,ume 
bui~ problemo u•ually oc~ur tn d<· 
•elopment o/ mO<t typa el 1)"\tenu. 

System overv.ew 
Here io a profile o/tr.e JYil<m und<r 

dJICUIIIen: 

• 
l. Len¡th el oy.,..., d<Y<IDpmeN 

- menth•. 
2. ~bnj>O>O<r-1• man-monlho p 

pro¡;r""'f11<f1.-2 lull 1imo. ~ 
part time J. • 

). Sc:ep ... ol pro;..:r-11.• in
cluded intern•l d<•irn t 1.e .• lh< 
buildin1 el deuoled pro~rom. 
min¡; ·~•ifio>Oiono rrcm a 

·bread d...,ro~uon el tllc prob· 
lem). prosr•mmin¡. unu ""· 

ona. inle¡ra<ed te.,in;. d<)Cu· 
menloticn. and tlle buildin¡ 
and main1enooce o! a lar¡e 
da~ab~. 

•· Toul oumber el lines el coding 
-approximately lJ.OOO. no1 
lncluding oyuem.support Cod· 
ing. ooch u Job Conttol cod· 
in¡. 1est-d1ta ¡eneraton. etc. 

5. Langua~e-<o•oL in1erlocing 
the <lata bue with OL l. 

6. Mao:hine-11).1 370/1~5, "'ith 
T$0. 

7. Olla baoe environmtnt. 
8. Prc$flmmer codin¡ produwv. 

i1y (jj 200 houn per montll
lhal i>. oppro;u.im.o.tely J 1 lineo 
por lt~~'-

9. l'óumber ot pro¡rams .nd mod
ul<>-50 

10. Median module oi:~- l.4 
poges. 

11. T~p< el appli~ali<m-~uncial. 
1!. Technical ccmple<il)-m•ld. 
ll. Pro11rommin¡ lo,ic complnny 

-'-moder.ne. 
14. p.,ifn ~onlidor.rions-sltUC· 

lu<ed pro¡:rammin¡:. mucturod 
desifn. 

A rroup ol pro~r.mmers w.u or1~· 
nized inlo a •chiel pto~rammor tum.
The chief prosrammer wao rupon01ble 
lar lhe de1i~n of all pro,r.m1 He did 
lhe actual co<ling ol 1ome crno~•l pro· 
Jfamo. and or¡>ni1cd ond coordinat<J 
the pro;rammin~ el 1he o•h•• pro· 
tramo in <he l)"lltm. Two pr6gram· 
mero ""ere on lh< ltam full lime and 
~•• olh<r pro~ramm<n c.;nlflbu<cd lo 
th~ 1um dlor<. Protnm• were de· 
•i1ned 1dherin¡ lo !he prlncopl., o/ 

•JruciUred desi¡n. L'rincip>lly. pro
gr>mo "'"'" kepl •mal! ud deoi¡ned 
-June~ionally.·· Lar¡e prc¡ram• "'"'' 
d1•idod in10 moduleo. The codin¡ o/ 
prOif>0\0 wao llnJctured. No GOTO 
otalements wero a.llowod. and otner 
con•<ntiono of mue<ured pre¡ram
ming "·ero followod. 

Th• o•~ttidin¡ ccnmaint en 1he 1)1· 
tem d<>elopmenl ""U lime. O,"<>UIC O/ 
c.ontraclual cbligaiiono pro¡ram do· 
oi¡n. prcgromminr. debun•n!. and 
implemontarion had to be compltted in 
feur mon1h1. The -dea<i!ine "'"' nol 
extondablc. 

The Olruc:rurin¡ el tht dora baoe ro, 
llectod • mon¡: u••• orien•ation and 
wu not dni,n<<i lar uor pro~rom 
monipulafoen. Allht outW ef ¡he proi
ec:r. only IWO pre¡rammen hod ""'"
oi•• dala base nperienco. In prepara-
1ion for fuwre on·line considerotoons. 
lhe O}llem wao to be upd&led by lr>no
a~riono. Repom "'"" ~eneraled dorO<:I· 
ly from lh< d~la booe. In terml el 
pro,r;mmin¡ lo;ic comple\liY. 1he 
oymm ... ,. moi~htforword nc<pl for 
><••rol inlernal rel>1ionohip1. T.,;h. 
ni~ally. lhe complnioy ot the O)Ol<m 
,.., nor be~cnd ~~~< aboliry ol1he chief 
prc(r>mm<r l<ano 

Oe&i¡:n goals 
Thc d"''~" goolo of lhe ')llem "U< 

Jf<OII)" in~Yenced by lh<,. pro¡ram 
developmenl prooriue" 

1. S~<d el d<><lopmont 
2. Pro~rom ond al¡ornhmic ac<U· 

rocy 
l. ~laonJ>inobilil~ ol progr>m• 
•· S¡ otem ftuibiluy 
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STRUCTURED 
DESlGN 

module. lnit>OIIy t~< octi•"Y .orioblc i< 
Jet up >< inaCll'<. A< 1 module wu 
involod. thc value ~~ thc acti'lt)' YUI· 
•blc "'" dr4ng«.. 10 indtc>t< that it 
,..._. octive. A• conuol ,.,. rciJn
qui>hcd. thc variable.,.,. rcturncd 10 
thc inar•ivc ''"'"· Whcn a d11mp oc:
curred. 11 wa• u•y to lrace <he paltl o/ 
active modules, amvin~ al thc Mn•l 

.. .. . .. , .. 

I,.,CTJIIE 

1 

-.-. 

do10n of '"'~' pr<>~r•m• into m<><Jui<•. 
ud mucwr<d pro~rommons. 

Thc mojar critct~on, thot of •p«d 
of dn-clopmont •. "'"' C<lt>tnly cn
hancod b) mucturcd Jc,i~n. A modu
lor pro~romnlint >pptO>Ch >lonc "'ould 
not hove modc ti P"'"'bk to "rtlc thc 
lar~< pro~nm> nc<dcd in thc amount 
of ltmc olloucd, 

The other de"~" 'oal!~ftc•ibilit¡· 
and m•intoin•bliLl)---<>nnot ¡ot be cf
lo<u•el¡ <'>lu>!Od <incc rhc 'l>l<m 
h•• rcmaincd r<lat,.cly •t>ble '" itl 

' . 

.. . ' , . 

ACTIVE 

. . .· . 
" 

. 

F•c. l. By ~•ing an "act•.-ry'" ••nablo on 01cM moéuto. the !lo .. n! cnnuettnrou¡~ tne 
c:>regrom can "be '1'<:onllruCl<d lnd ncn-aclive meaul .. i¡nooed in ~•bu¡g•n¡. 

OM in whido activily tud occurrcd 
(u:e Fit. tJ. 

Another u•cful te<hniquc wa• lo 
di1play thc paramele" ol a moo.Jule 11 
lhc time of iovocal•on. Becau« of dal3 
couplin1. the complote •<l ef r<levant 
data wu ••oilable for dctcrminins the 
srate of the module. 

An odditionallechnique that pro,·ed 
le be u .. fui"'"' tho ptherin~ of .,.,;._ 
,;., intern>ll)" by e:tch 1nodule. Typi
cal!y, a mO<.!ule .. ouiJ ~<cp tr>e~ of 
how m•n) 1•""" it hJJ be<n '"'"'•d. 
the par>metcrs it had been ca:red "ith. 
whol typc M interna! '"'"'" '' h.-.d 
s<ncra1~ . .nc. OOJa or thn t~p< m•d< 
r.,;on>tructi~n anJ anal)'" ot program 
activity an u•y ta!l... Thq· olw h<lptd 
to identify ate" of codc oh:ll had nevcr 
"""" l .. tcd . .-.!so. it help..-d to IOC>l< 
arcas o/ <od< that "'"'" crillcal in the 
cthcient tunn•ng eltM pro~ram. 

Summ"ry 
The m"'' ploo\ln~ ond ""pri,inc• 

31¡><<1 el t~e projcel ... ,. tho •moo•~· 
neo\ v.·ith ,..¡,irh dobu~~~n~ ~nJ '""'"~ 
"'"'" acc~mpli,hod. Thi> •moxothn'""' ;, 
<tl'l<ct<d h) tilo hi~h pro~romm<r pro· 
duotivit)" rar< el appro,imat.-1) 11 
line> p..•r hour. We telt t~at severo! 
laCIOn cOnl<itm;od to lhi• •ucco"-
• ... ~ ' . . .. . ·' 

shcrttireltme. Thc few doange• made 
do poin1 toa bigh de¡rec ol m11ntaiD• 
.ability. Structurod de1ign. u«d on con
junclion w>lh the compl<mcnrary lt<h
niqllos ol muetur<d programmin~ •nd 

. wal~lhrou~h>- dod mal.o po"it>!e • 
level el >pood ond accura<}" on S)""tm 
<kvdotoment not pr..,·iou•l'· •11ain•ble. 
Ba1ed upon our •~p<ricnce ·"ilh d<· 
velopin~ thi• >)"51tm. llruotur<d d""~n 
¡, u powerful in pr~C"Itc< u h•s been 
ptcdicted in theor¡. o 

Mr. l~mon •• • cn.cf oroa••mm•r 
'"' CT~ S>l"a"'" Ele~<rcn.co Sy•· 
tomo Gro~ o on Moun<aon v •• ~. Ca•·' 

: ... ~ •.e••••d -~ .... s. '" • .,..,.,., ... , •• 
· ..:oo"<o """' No- .., .. ..,., Stato 

u nov. 
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War~Myers 
Conlributing F.ditoc 

lnlroductlon 

Early in thi• docade o .. 1 al ¡>~ogramming praotice.o 
began lo oppear thU .. ~mod lo oller a way ""t of 
the software dillicultJe• aocomponying the develop· 
rnent ollarge syoUmo. These praotices, developed 
by BrO<Jks.' Boker,' Dijkotra,' Mili•." ond othera, 
includod otructurod programming, \op-down devel
opment, chiol prognmmer leams, HIPO lhiorarchyl 
input-pr.,.,esH>utput) d""umentation, dtvelopment 
support library, and struo\ured wolk-througho. But 
deopit.e the increasing amount of software de .. lop
ment ond i'" ri1ing coot r<lative Lo the defen•e 
budget, corporation e.penditures, ond even the 
gross national procluct, the new progromming teeh
niques bave nol been odopted by acclamation. 
McClure,' ourveying the S<enfl a\ COM PCON '16 
Spring, sow "the peal maooe• of propomtneu 
conducting their businns eurtly u they did five 
yoars ogo," Nor ""' there \he slightest sign in 
McClurOs ~-year projection of "strong windo of 
chango." Hio intuition wu later oupportod by a 
survey o! mo¡or !.os Angeles"'"" oorporationo.' 
which concluded lhot, for oll the fonfate, "the tech
niqu•s ore simply nol widoly u.ed " 

Why ore modern programming proctires prO!"'· 
galing •o •lowly? In \he judgmont o! o o me oea.oned 
observen. the reuon liet in the compl .. ity olthe 
techniqu<S and the difficultie• manogement and 
prnpammero lace in implementing them. As w1th 
modecn mono~emenl procticoo. modocn progr&m· 
min~ prartiro• are intangibles lhat ho\'0 to be dis· 
seminoted by "so!t" meano such •• education ond 
troining. 

l'orlunot.ely, tbere ore positivo !orces at "mk
th• fleportm•nt of fl•fen>e, NASA, !BM, defense 
and •!"'<< conlroClOto, ooftware hou..-s, and univer
oities The prof<,.ional •ocietin ro,er lht· oro•a in 
their con!trenc ... tutorio\s. and journolo Tho Goneral 

AccounLing O!Hce Íl sludying the UO<! and value o/ 
software deve\opmont techniques. These influences, 
lo¡;ether with the ¡r:rowin¡r: realiution thot proj...,led 
software development coots ore becomin~ o ~n·•ter 
factor than hardware coots m df'Cidin¡: Lo d~,·~lop o 
synem. ar<l'¡terolly forcin~ progress(o b~ made. 

The soltware predicamenl 

The general ohoractet of the aoflworo pn,dieament 
Olln De seen clearly, olthough con•iot~nt numb.>ro 
wilh which to characteri.e 1t moro predse\y ore 
hard lo come by. B«au .. leos expensive hardware 
i• bringing more app~cation• within e<onomio n•arh. 
tho amount of ooftware lo be developed ;, in<reas· 
ing. Abo. because more Mflware is already in 

' uistence, there is more o! it to be maintainc>d. [lut 
the pr-odurtiv:ity of pto¡,'Tammero is impro,·in~ rather 
s\ow\y, "'P•ria\ly by Lile slondard• o! hardware 
pricelperlormanre, with the result thot the overol! 
cost of •oflwar~ deve\opment is [ending to inrreooe. 
Or, ;r thlo inoreaS@ ·,. being limiled by budgeu.ry 
ronoidentiono, opportunoties lo apply romputor 
technolo¡¡y more fully lo both old and new applka· 
tion• ate bein~ po ,...; oHr. 

Soll" on gr~wth. E •lim•U• of the overall cooL of 
>O!Lw111'< developmenl and maint.eMnC<' in the U niled 
Statu range from Sl~ toS25 b1llion.' At DOD it i• 
running"' the $3 bil~on-p<•r·year rango, lt n•pre .. nt• 
~·5 pero.nt of Lhe A ir Force budRet. 1! perrent of the 
~'ASA budget. 

Acoording lo Woller H. lleam.' deput}' lor od
vanrKltochnology lo lhe "'"iotonl socrotar,Y of the 
Alr Force for reO<!arrh. denlopment. and logistic•. 
lhe number ol functions-most of th•m new-being 
done by •oft,.·ore i• growing at a prodigious roU. 
Beam, ~ ho give tho oofl"' ore tochni<ol k e)· note at 

COMP\JHR 
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r<l,\ti'<'ON n f'•ll ,, 1\'o•h•c.¡¡""· IJ(', 1.01 
So·phOitlxt, < ,¡¡,,,,,,¡ 11•<' toh '" IK- o!.,.'"' rol~ 
o·u-ry lloro·•· '"'" TI., '"'' '' ¡.,.,¡,.,t,h ~'"'"h·r ;,. 
,¡,¡, 11 .,.¡¡, • ., i11 ""''"lrl,lwl"""' jUIII h lnoo\il1~ 

ooph\h h<'lll """!"¡; '" oh~lldl ~'"\'"" •)'>lo·h,. l"ur 
< """1'1<-. lo"o<·Ulh 1'"" ¡,,._,.,¡ "roroll •te· IH·•••ily 

"'1'~"''' ,,.,,,,,¡¡,.,¡ ¡.,., '""'' '"''"' '"'" '-'''' "" .,,. 
tumo· o-11.-. ll\ • 1 ¡,,,, 1 lot· told l.ot ,¡.,oto· » •l•·m> 

1" """""'' "" d 1 ;, """'' ['""" "" •• l"''h'<'l> .¡, '" 
'"'". "'"'' ,,,, ,,¡,,¡;, .... '""''' ,,¡ .,¡¡¡, ,. """'''"" '""· 
lo tnno-o"' ol ,~o,, .. 1.~ """' nt 1'•'' '''"'· "'bol<·;,¡.,,. 
muloun 'l'"""" bu""'" ¡;""" "' '""" '''"" 
~O 1 ,.,,o· ni. 

Op,·t•ll""''-'1'" >)>"'""loor >te.-1 ""'''· to·L•ol 
>h•r.·•. !."""'· .-to .. """~'""'"'~al"'"'"',,.,¡,.,. llo~ 
'""' nf ,,¡,.., •'l'l'¡, .• ,;.,m, .,-,,.,J,,~ '" ,1,.,. M. 

llo·l\""'· '"'' '"''""' "' lor "''""'"' pluloloio¡; ol 111~1 > 
ll•lu i'"K''"i"~ ll"i>ion. in """''""' ¡,.,¡,.,;, .• ¡ 
"''""''" "''''"'" ~¡"." "' CO\tl'etoN 11 r.u" 
]h <'ooiOoo' IIH"o' ,_\ 'io "" '"'' ¡,¡,.tl•ooll_> L ""'Jolo·•. iloO'\ 

"'iLill<' "'"''- fU<•¡(tooiLI\1\ÍI\~ <tlooiLio"U" ilod(o >ÍIHjoh•r 
",''' "" lloa""' l""i•tt•·ol !loe no.n,),.., ,¡ Hn Ion<· 

'-''''''"' ,,, 1; ... ~ '''"" !1:.o11 '" '"1'• '" ~ '·""'' ,,. 
L '1~11 ~¡,.,o· •1 ''' "" ,.,,. ' •"' ""ii "' 1 J..- "' • " o,l ,·,.,,,~,_ 

' IIWtll .o no! h·• ¡,.,, ol plnhmn~. '"' h .- l"to~'a>IOH¡:, 

.,\,lo hu~. ""'1 ,¡,."1:11. ;ond liw• ~•11 ,¡, '"'""' """" 
,¡,;,,, \lo••·li"¡: ¡¡,¡, ,,..,,¡ ''"'"'"" l,or¡:•· '''''"'"''''! 
.. ~ '" "· "., "' •ll ""'' "' ,,,,¡ '" ,,,. "'"""' "' ,.,¡,"' .... d:., , lupmo·nl. 

)¡,,.,, N"'''tiLhor ¡¡, '""'1""''' ioul"'''' "'"' 11'
n'oinolo-d Lhol n«l ,..,ly ,¡,'"""'""'Y'"'" rnonu-
1?' 1 ~"-" n"l •~to·o· "" "•ndot<lllhljt<"~' """: U>~f> 
~to·to'l >ellhlo¡i ¡.,,¡¡.,.,.,"""'"Y ""\\'o·'t<· ¡;<oin~ tbo· 

"''"'' ""'' "' ''"'"'""''' ,¡, . .,,,,..,, ,.,,., '"'"'',¡,,.,,¡,y,' 
.lo> 11 llu•l<·r, '""'1""''' ")'"'""'"'""""'"·lulo! 
1 "'' r 1., ,. w,.,._" s .... ,u ¡,""'"-" " ''''"" ar ,. o.nly 
~ 1'•"' ulllo<• ,.,,,,¡,,,¡, • .,,,.,.,,,,.,,,¡.,,,<he< •·•••n· 
¡ohfy uno· Hl ¡¡.,. "'"''' lho· !''"~'""'"""~ <,<orkl"o<l 

~loinot""'"< '"''" J¡,.,-"'""" ~"'"' ol""' of •nft
~ "'• ,, "'' .-... ly in , . .,,¡, ru ••• "'"'" ul 11 ul ¡,., ,11101uy. 
,,.,,,. ,,,, """ ,. ,.f¡.,,,, ,¡ "". "" )'. '"" '" 1, .......... -d 

'" "'"""' ""'"''' ¡¡,.,,,,,, ''" ''';'"'""· ''"'"""'''' 
thol "1' '" ~IJ !"'"''"' <ol ¡,¡, <'""'1'""-' '• •l•rl~<•llun 
do '\ < ¡., 1 '" "· ni ,..,,, 11 • <·> " to· ol <' ,. "' o-J 111 m " "'lo . ., • no e_ 
s,,i¡ .. , r,.:.,,,., Hl<' ''''"'''_,¡ lo¡· 1-:¡,¡,.,11," ,..¡,,, 
,;,.,.,¡ ""'' ·¡~. 1""''''' o.f ¡:,,,,.,,¡ ~ ... , .. ,, "'""'"""'"' 
':'""""" o-llo,ol ~"" '1""' "" on•inh·n•n<'C Thio 
r~l iu. "', , ".1' "~ t" 1." 1 ,l,,lt, ¡, 1 ,.,¡ 0· 1 ) ,,;,-,¡ ,.¡ l• r ~c
;,,¡,""Y ,.,¡, ,.,,,,. "' 1 ;,.,, ,.., A• """'' ,.,¡, ..,_,,,. ,.,,,. 
1'~"•< ~·~·• '"'" .,,,,¡nl<l>.onn·, le,¡,.,,;¡.,¡,¡" lnr 
"'' " ,¡,' ' o-~ .. , ' ..... , 1 

!',,,¡,, L i \ io' _ E <1 '""" • ' ,.¡ 1 l,o- ¡.,"o: <•·t '" i'« KIU!'• 

1 ¡\ il \ ¡,,,""' ...... "' '·"·- •. 1 1" '""' """'" '' '·"·~·· lt<tlll 
,,.,,, :1¡ .... ,,, '" 7 1"'''"' ¡·,., ....... ,¡,., lf'll' 
, ....... .~.,, ¡¡,.¡,,,,,¡ 1."1,,,,,,, ,,,,,,.,,,.,¡ .~ .. ·~···-"' 
,.;,.,., ¡ .... ¡,,,, :,, .. , .... , 1"' ,, ... ," ¡¡,,,,., ...... 

"1 1"""'"' '"; '"""'',,.,,.,.l.;.' !i .. ,: ''" ,,,. ' . 
'""'"!'' """ '"·"'''· l"r ll.o· ."1" ·'' .,, 1" .,,,¡ ''""' 1 %~ 
'" ~~~5. 

Wlllom IAM, on lor~• l""~'"""'""g 1""1"1>. 
1•' <KIU<I 1< il)". Olea>oto-d in 1• t n» uf !lo• mtoo.\.,-• ,,1 

¡,,.,., .,¡ ""¡,. pttxlur«l¡•·r IJr"¡;tulnmo·r. '"' '"'1"'"'"' 
ut ¡¡lnnn ~llp"r«·nt ""'' ihe yo""· <lu<- in poll '" tloc 
¡,., 1, <l'lllli "'" olloi¡;loet lo·v.•ll•nKUU~<">," o< • <otJm~ 
'" ·¡,¡ Cl"'"' ni lit M, .J,¡,,.,_,,~ ti" ¡,, ¡ ""''' "''""" 
,¡ 1'(1\ll'SMC 11." Cli""'· o""'!"""''''',¡¡,, 
"""'l'"nY'• (;,.n,·rol l'r<•lu<l• \l'"'iun. "'I"""'''J 
obi> r;ole to cr<- tinu•, bu¡ n<>lo.J tl"1 P""'"' H•il)" 
''"'" "" l""l:rul]" ul LJ!od<·t ~II.IJOII ¡,.,,., ,.1 ',.¡, i• 
"''""' \' "' ou lolo- •hd ><·•m> lo olq ,..,,¡ lor~o-ly <Lfoutl 1 he 
iuolovtoluoh in• <>h .,¡ 

11 ,.¡,.,,,¡, U> Chn "' lo <l '' o!<•lllo ni >~•¡:¡;•·•L '• 1110 ,_ 

,,;,~ '""':'""'""'' !"'"''"''''')' ;, " ,,., .. , ........ -d 
Utool,-11.,\oÍn~ F"r < •onopl•, nn•· Í~""'l i~~lot. lrn<hn~ 
tlo.ol "1'"'"''1 p.,,¡,.,;,,¡,' tougo·ol ft(Oin <•toelin< ul 
< ,.,¡,. p,·r luLJH lu :111 Of '""""• ,-.,n<'ILOdo·d tlooo ltlOJtO 
.,,..,-;,. dd•niiH>n> <>1 • l""~rom, " mond•y. •nd 
''''"o lim· «1 ,,.J,. ""·11 ... o.,.,.,.,.,¡,.,j ll>in~ ¡,;, 
"~" <lolmiliom• ,¡.,¡,,,.,,,. f,.<Lnd o pto•lu,¡i,·it~ 

"'"~" un ]f, ,,.,,,,.,.,,.,,,¡ >pi<"LJ"I"''!:••uominK 
!'""luo-¡, ron~ir,~ !to•m "'"'"' Íl lin•> ol "•'• 1''" 
'""'' 1.ooo1oge <ol 11\e >llo.tllcr ,.,.,¡,.,,,, w oL"'"' 
:1 ¡,,.,., ,¡ '""'"]"'' lo<nLt 1,.,,.,.,~,. Lil 11 luto:<-J ¡oru¡
«1>1 In"''"'''"\. hi> "''""" .,,.,. du>e '" ¡¡,,.,~ 
pul•h'lwol' .,¡.,., 1<> f',.,l\ioo••k>.' 

s.,ft.,or.-loo•d.,.,. '"''"- ll<<i"OU>< ohe c11,, ul 
l .. u.l"ore "olo<o¡opi11¡: '•'1';,¡:_,.-,.,1 1\hl<!-oll lolo¡:mtLOole 

''''!""''""-"' "' IIL<• ¡,,,,¡~ore 1";'"'1'"'""'"""''" 
r•tio "'"~ J() •·o·otS-.,hilo· >«lt"'ol< ]<t<oiLortL.,Iy 
iru111 tl\ ,., on\_\' ,¡,,.)y. 1 ho• 1 "'' ol ooll" ot ,- to·I•IÍH 
'" ¡,,.,,¡,.,.,,.. i> illo'tC.J>iB~. TIH, o hun;ro• ¡,.., loccn 
""' , . ., \,y "'""y .,,,,.,., " T ........ loot "'""'!>'"- >OW 

;,¡,,""•liun !'"·"'"""'~ l.,, . .,rnon¡.' tb~ """' I.Wr
¡,,¡,."'"''" ul oll imh""'''' !Jy 1 '>Hf<, ill.,-ll,·r uodho.Jo 
"' "' ""' u,.-J llo-ütn "'"'"' ¡,.,¡,.,,¡ ll "' • "o """K" 
""""lry""-hardly on im•¡:~ <OIII]>ollhl• •i1h tho 
""' ;,.., uf ,·.,m¡outoH •• l) ¡oilying ITO,.Io·m '" ¡,.,,)u.:y. 

In NASA Ll"· ,,llw•relh•nlw•n• rotiu ""' ol~•ut 
2:1 l"e 1'""" •!<<> Wrolin;r ¡,, IJ~•~'"'"iuo on 19lJ.' 
11, •. ¡,,. l''"i····t,.l 1 ¡,. '"''" ¡,., 1 t.• A ir r,,.,." '"''"g 
'" IIJ.I 1,. ~~~r.. ¡¡,. '"'"'"•Í•Iil<~ '"""'"'"· tlo<· 1\'oorld 
ll'iol~ Mihlnry l",.,,rn.nJ o11d Coturul S}.•l<·rn. ihe 
rolio "'"' "'" ••ly in lh•l ,.;,-¡,,,}'--$H2 n.illuon for 
,,,(¡""'" ¡, $[olo~IIIO llliiiO«to lor ¡,..,,¡~••< l'h1> 

,. <1 ,.,,_ "'ol h :1.1 ¡,, "' '""'· ¡ ¡,., the i'to·>irlenl • ,,.¡ th• 
!'eHid)l"n ""'' """m•nd, in llo• llmt.-<1 Sloleo, 
¡.;,.,,,,,., ond tho· i'«<lhc, u>ing .;,¡,.,,n. ""'""•nd 

'""'' "''""'·" 
JI, liohili¡ _>' Tite < '""" "'"' ,¡,~ of \\'\\' ~11 TS tolfeto 

u "'""""" ir,·dght ''"" ,.,,.,¡¡,., ''""""""" o1l Lho 
«•11""''" ¡•toolio,,,.,,., 11.,• m-eJ l .. r ,-..,,,.,1 "1"''' 
"'""" Tloi' llo••l "'"' ht~lolo¡:loh-d 1,, o,,.,, n1 "''"' 
"'1"'" ,.,. e,..,, H .. ,t,f .. rol. "'"' ,.,,., "" ,_,,;,.11• 1 
"'''"' ll; "'¡,¡,., ,,. ""11 .. · '', ,,d uf '"oliO••) , '"'"""";. 
•~""'"" to·plo·lo "'"" l.olu'"'· ,,..,.,,.,.,,~ in no 
""_,¡¡ i'"" r, .. ,, ,,.,. ,_,.,, m'• ,-""'1''' "'"' .. , H. 
"''"''''''" '" ''"'"'""""'''''"" dlll;,,¡,¡,., "' ¡, .• ,, .. .... ,¡,,,..,,]a.,,..¡.,,.,,.¡,.,.,¡,,,'"'"''"''"' ih< 



l:ulf uf Tnnl.in n"" ¡,.ti .. · \'tdhom ~"'· llw lmn•lo 
1rog uf u U~''""'"!' ,1111"' ~"''" l"'"m<ulu h) tl .. -
l'""'li>. tlw l'<o..tolu "11"" "'' No.nh K""'"• ,,.,1 
ulho r> 'j(,\•"' loro•,,hd"""' lfl O "lhiOIÜOUI •• """ '- 1 UO' 

'.-.1 '" 1 ""' ',,.. "''" ' ""'' "'" '., '"'' ,,.,,,,, ,_.,lo·TII "•' 
im 1 •11..1 , hu t t ho· < lo hlk< " ""' 11 .. - ,-, "' ~ 1 im 1" " 1 " '" ' 
,.¡ti>,"""'' •·r~·rotiuro 

n .. r.,,,. lll<>dt•rn pm¡:rumming l'llltlt: irolo Il"'· pro
""""~ '"'ro·lurg 1·, t'tllupl~~. tlt'Íiho·r ""'dulur "'" 
porluhlt•, uluou~l unrt·ud,,hh-, uud ,·xrwn~ivt• tu 
muintuin. 

' 

l'ro•l:""" 0¡u•lio,, ll'l.u< "''"' 1\'l"'"' 1""1:''"'" 
],k,• '··1 ""' '"""' '" , ..... :, '""" .... ,: , .. '" 1 ú ··>'! 1 :¡,¡,. '"" 
"""lyro·d l'ltl 1'1.'1 1""1"""" ,.,,1(,., to-<1 Ir"'"(;,.,.,.,,.¡ 

~'·''"" ................ , '"'"'""¡"~ '"''"11"'""" "' '"'" 
1n:1 llo· ,,,.,.¡,.,(,.,¡ tloot ''"' jtooh1iJuol I"'W"'"' 

~····· ""' """'"(,"""' ""'' "····· ,, ... , .. ¡.,,:,- .. ~.:tl'(,-1 
''"'''""'"'' ''" ,,,. "''''•'!:•·- '¡'[ ... , ~ •. ,,. ,,,, '"'" 

''"''• '"'1 1""'""1.-. ··'"""' .......... ¡ .. ¡,¡,. ,,,. hl\"''· 
"'"' ,.,, .. '""'" lh "'''""""'' 1'""" ""'"'''~' ~·1" 
r:1t '""':'·'"'""'' ~''" ¡,.,¡ ~"'"'" ,.¡,,.,¡,.,,., ¡.,. 
(,-_,,,.,, ''"" '"" .,,,,, .•. \ ,,¡,,,,, "' ""'' '" ¡ •. ''''"·'' .. r .,,,,., ;,,, .. u .. ,, .. ," "' .,,.u ,.,, •. ,,.u, ,.,., •• , 
;,,,.u,,1;,,,. 1',,¡,,,1'' th" ""' ,.,,~¡,¡, tlw ,,,,,,. 

"' '"'' l""•:•·"'""'"g •" ~ ¡, . ., ..... t.'""'"~'·"'"'""~ 
, ....... "'''' ·•!•\"''"'''' "" ''" "''""· 

Nc<HI lot dÓ>Cipline 

'('!.r .... ,; .... ((>,o[ X OTH>IO' o(o"'l('lot .. -d dfl)""dolo 11' 

1" "r:• •"' .,,;,.,; "• "''" "11.·•·•·" ,. t ¡,,. "d1 "'" ,. 1" ,,,¡ '"' · 
""'''' ''"' ¡,.,., ''"'''011 ''" ,,1 ,,.,,, lll ,., ... ,, ,, ~·"· 

lll ¡,,. 1' ¡¡,,. ¡,.¡,.¡ "'"' _,.,,, ""''" ''"':""'""""'"''''""'' 
< oould In• "l'l''" d '" t ¡,. ,.,(( ~"''' 1'''" o-" 1 hno f, ,¡ '" 
ti .. ·"'"'"'': ul t(,.. to·>llo .. ,.,(\"""- o-n~i"'""'" '" 
I~M ·• 

Tho ,,.~;,., ... ,,~""·'·TI,.." <1 t.-1on ,.,,:.,,.,.,,,:, 

¡,,,,¡,,., .. ,,,.,, ,,,.. ,.,,,,,,. '" ,, ''"""'''" ,.r" '"'"''"'' 
''"'" IIIIIO.d '""'''1'11"" ''""""'' ''''""': """ '"''"' 
Lo ""'" ,. ,, o,, ¡'•"'"" ,( "' '"' , ,,.¡ , ol 1', 11 ,,,,,,go .. l. lo ~ ,, > , 

Tbo· qu,<liLI. ("'1'''"'''"'''· .,,.,¡ '"" 11( ti«·("'"'"'' 

""''' '·'1"•''"'"\,k- ·""' "" "1'1""1"'""' '""''""'"'~· 
'"(\ .. ;o\'"'' ,O(ojl (0-lo .. I .. (O( \ "'"'' In- bO '""'"] "M 

t: "~"" ,., 11>.: ,¡,., ,.\. ''""' "' ,._, "''' ""'' '" "' ' ,., ,, 
t\,rooO(¡:I•" ",¡,.,,,¡ ''''"'' 1"'"'"' L ¡,l,.,nin¡;, 'l"'''dl· 
, .... '""· ,¡,.,;1:''· "'" """ lol ,,, ''"'· ,,,1,,,. "' '""· '''"' ,,.,,, 
~tilo,,,.,,,.,,,,.,;,¡,_,.,,.,. ,,,.,,,,,¡,,, .... , .. g '"''"''''' 

,,,.. "''''''"' '1'1 ... "''''"''"''"' "' ""' !'·"'""''" 
1'""'"' t "'·'' 1'·'" ........ ,¡, '"" "'i'" '"'' ,, ··-··' 
'""'''· "' ,., •• ¡,¡ ,,,,., .. ,,, ... ,,.,,,,,,.,u,, .... ¡..,,, .... 
¡·,., ... ,,.,_ ·"' """"'''" ''""' .,,,,.,, ''"'" ,¡,, •• ¡ 
' ... ~ "' ,, 
., (-1. ..... "' ,-.J "··· "~" ' ................ _,, ' .; ' ' '"' .... . 
''" J ..... ' ............. , ......... "'. 

A ,•ries ~r "•''"~""'. , . .,¡,,.,. ,,,_ ,¡,, iplt'"" ti ... 
<fluchin t>l tlf 1 o·o llloio j, n "'O<ll' "" ,. "< t (" '"' ¡.,. ' "" 
lo u i Id t "· 1 he dr11l tJ ~~~ "'" "'' o:•-• """' • t (,, Í ol« """ .,. 
<•<i"n 11111.,,... lit<· out,,_'""'!"'"''"' ''"C''"'''' ''' '" 
"• nd•roliro· t ¡,,. ¡,.,¡¡,¡,.,~ ¡,¡,,. h. "'"' "'"""lo< "" "'~ 
•·n~im•·" r~•ur .,.,_, th,- ,¡,.~ <n~· '" .,,.¡~,,¡, ti••< 
1 h···- "' ,. ' ,..,,,,,,., ,. 

Tlo< "'1'"'"" ""·'·'JI,.,,¡,,,.,..,,, .. ,, .. , <1.11,,, 
¡,, .. ''"' ''""'~""' 1'""''" '" '"·''"' ""'' ¡·,, ''"'' 
L hing ( ¡,., ¡,,¡ •< '' ,o1 '"" •1 o-¡' '" 1 1 "' " "" o.l " 1 ''' "''" '"" 
<he pr"g'"'" '""'''· ,, ""'i!<lllu-,.,,, ·\1'"· ti" 1,,,¡,, 

,.¡ g .. ong thHough ti .. -''·'"'''"'"'"'"""''(,,,""' 
'""~"' "" "' '!'"'' "' lito·····,,.,,; .. - .. ,.,_,'"ti""" 
""···~····'"" ~111, .. ,,¡,.,~ .. 

ln ,.¡,¡,;;.,.,, ''"" i"'"Lioo- ''"' L<IHio•ol tu""'' 
wtlh in•l' "' t '"" ~ rtl in,·.,,.,¡ tlwto ""'" ¡,,., ¡, '" 1 he 
... ,¡.,., ""1:•·• ,,¡ ,¡,,¡~, "'"' ,,.,, ,;,. ,,, . .,,, ., ~o:. 
mo·<lu~l ,.,,,¡,,.,[ \<oo-11 o M«~~"" ti"' f< lolllei) "''"11 
l"''~'~'"' 1¡,.,1 '''"'"'"'''"'! 1¡,. '"'"¡,,,,,.uf 
[ll'<>~raonnoill¡!,, looot it '"" ""' ,.1 11•-••" "" I••M ,¡,.,.,.,,,,,.,.,, '· 

"''"'''"'' ¡,,.,.,, on ,¡.,. l•<•••:'"'''"""g •;J' ¡, tho• 
,,, .. ,,:,,.,,,,.,, ,,¡ "' """'¡,,,,,,.,, ·¡,,..} ,, . .,,¡ '" 
.... ,,. r'""' ,,.,,,. , ... ,,.,¡ "''""'' '"·"' ,¡, ,,,_ '"'"!· 
"'·"'' ''"'!""'''"· "'"' .. ,, .• ,.,,,[1, L(,. 1""""''" "'. 
'}'''"'""''' 4- "' '•}<'•" ''"'" "'""' ]''"#""'""'" 
""" ¡, .. ". '''~'"' ;, "'"''"'"'·''"'· r".:'""· h"'""· 
1"""'"''""· o.f wh•te"'' 1\'l.o<no•• ""'' h01t 
¡, .• ,,.,¡_"'"',,""'Y¡,.'~''"',¡,.,,_,, l'"'''""'v 
,¡,,., "''' ,,.¡,,!,·, "~''"'' tln¡: "" ,¡,..,¡, TI,,,¡,,¡,"! 

'''"""'"" '"""l:''"'"d ""'\' ¡.,, ""'' .. r ,¡,. '"""' ¡,, 
tt ..... h,' '"'""'"'"' '""' .. ,,.,¡,,q .. .-- 1''"'''" .,,¡ 
,.,J(¡,.,. tn .,,¡.,-r ongino·el<ll~ oh•npl"'"' ore n>n· 
•ioler<'l '",(~·ol innm.,tion• i11 "'''"'""' ""~~n .. ·rin~" 

A '""'l""¡'""· 1t ,,.,.,,. ÓIH"""'''l thor ,_,., 
L<-l<h\tio ,¡, . .,.¡.,pmcnt prowo·<lllro'' ""ulol ¡, .• ,¡ '" 
,,..,,,., ,.,.,,,, [),,(¡·" ,,,,.,,,,,,.,, 1" .,,..,""''' ,,,. 

,¡'¡(¡, 1, .,,.,. '" t ''" to-,uh' ,.¡,1 .,.,,.,¡ t., lf,.. dt'< '1''"" ol 
o•O(~IIIO'O'till~ •('1"""' h Hh<( <\w ¡,.,_ ob,oplotlo'o( pr<• 

~,,,.,,¡,~ ·•1•1'"'"' '· ,,,,.,,,,_ ""~'"" ~''"~'""""'"~ 
['<~<'(" ,.,, ¡·.., tl11• pU<f""" ¡.,. ,,.,.¡,..,¡ tloo '" hlllo·ol 
,,,,,,,;,, .. r .. ¡..,~,. ,,,,, ,;,,,. "''''" ''""''';"H ,¡ 
Jo:n ()0!1 ;,,,,,., 1'""' ,.,,¡ lllt,tJ<)Ol (,,,:oc ~,,,., """ 
'""''''">:¡:.oto" 111 olul'l"'"'" oir<"ll'l llo· lo·IL ti"· 

"'""'"'"""''''''"y"'''""'""" ~•·« """"' ,,,.. 
"' .,,. -

¡¡,.,. " ~ '··' ¡,. r .. und' 

• '""'' "' """h o!IWl h•tl ¡.,.,.n h'o(ut<o·d '" 
dc·\olo•p "" ¡.,,,,,,. '""'"'"loo¡:" ~ole, 

• ¡,.,, '""'' "' '""")' ,¡, "':" """"1· ""'"'' """' 
'""'' ¡.,,,¡ ¡,, ''.,,,.¡,.¡oc·< '""''" ''"""'po-e>'"'''· 
• ,,,,., '""''' '" '"'" b ''"' 1 .... 1 '"'" ,,,,,,.,¡ ¡,,, 
,¡,.,;.,,, "'·""''""'''' ,.¡ ,,¡,.,,, .,,¡,.,.¡ .... ,,. 

,, •'""" 
, "'·"'•'!!• "" 111 '', ''""1'"' "'"' ,¡,.,,[,.¡,mo·nt ("" 
'' """' ... '" ""'" ... 11 ..... '" "' ,,,.,¡ ....... "'"" "' 
,,,,, ~ "'''· 
• (,,,,!,,.,,.,¡,.,,~'"'' "''"' "'"" '.,.oi,·noool ••B•I 

.-... ¡.\. .. '". "'"" . ''"" '"''" ,(, ''~" 
UJ<.< Po!l r A 



• 

• lil<- \,,,,. h<uldon~ ¡,¡,.,.¡., ""·d <n ""''""'" d<"' 
-.¡:n 11•· <hffo·<+•nl l)f'•·• uf"'""'" •lolo<"'-"''' 

,.,-t<- '""" """"'""' OO>oi cumple• \~01> ll,e ~"'· 
uf<, o11d '•• 11 ¡ "1" <f<h u.....J on loo!d"o .. : 
• l,onl""''" ~"' o duu!,l~ ,¡,,. ol <•-•""~ and 
,.,.,.1"""""· ,.,,.. lov >helf o¡>d lhe ><·u111d "' a 

""'""' h¡·¡"'"''" 1 uf '"'"'"""''-'Ung_ 

So!IW~IB englueadng process 

¡,. '"'"')'""o loe ''"1:•·• "f lhe ><>fl~"''" 11"•'<" 
t.ov<· ¡ •. ,., ouMivto·<l loy mony "'"""<d''"" on<l ¡o~a<
l<linn•"" Th<> ""'k i> >unllno<iH-<1 in Tol!l• l. 

1 oblo l. 1 no 1~11..,>!0 do<olo~mon\ p<\OCOII 

--:-:---:::--,-:~-

kfOUl~l •.•1111 ~ A~ O\ lSIS >.o,D Dlllhl110H 11 
1 ~I·ICII•l•T.nr¡; ''AS' 

[1<1['"""' 1111< /.\,l<ll~itH Ur u:,¡ K At¡U III'IILúflH 
OtiiHI \"t¡¡:llloiO>K,UI\I~[D 
HlllNI IIU J'llllol 111" l>l',l~f< 0\<'ILüP ... l'l 
Ut.\>4~"!\t' \"(j"¡ 1 1 U• PfiOC, .. .,¡ ·,¡ k<l \CAl r(lf< 

f1 ~'•'·""; """ 1 1 OR ~l<lL(,kA" \1 ~!LII~ 

J IJI~I(,I~ ILtl 111\~ i,IM,l IM'Il i>l 111! l,l'/111<,,1,~"0'''"¡; 

i'I<ACIII!~<-kl U>IILJLL 

IIA<,I lll<<llPI (HIIf Yf,J[."A~"I" SUI'><lHI 1\bft.;H,AN 

"' u,¡• nnv,., 1\IW•' DR SlkiiCIII.IU ~~~•G<,' tO~.IiJILII 
111 ~n,•, iolll•,-.>1 All "Lll<l t,'l tilll•t.RI.>ili.AI UH MLW
IIt ,\H \H 1 <IM 1'11',111!11, 
rk<ll,t<•'l 1>1 '.IL'J L •',!oUA<;t 1 O" PIILJ[)O CMI "" 
~1\Jiol!• il<loll~'l lllttll Akl ~0! P•(l(,HA~t¡¡·~ lAN· 
f.UAL!St 
PI<IUI ~¡ "I•H•~OI»_ ltH lmll ltlmOflliNT 1111 O{R_ 

"'"'MAL ki\'IIW,I·t!l<kiVIIW IIL 
• ltiJUI!.IL•i\AIIL•'~-1 b till'll 
IM>IJY 01 11•1\1 PHALII[l~ Cl"HY Tti"OUI.N 10 OA I<AV! 

ltol••touNII"~AHI 11t 1"{ M•IIWoll 

• '""'·""""'1"~ 
o VAfii[JIJc, 11 '<f 1 0 111 [ H<o(do01.1<llll¡; l <ti,,AI,(', 
• > IIWll U 111 U L H<JoiH;, '.' '.111L.; oliH L "''''•ÓL 

L<oll "'•'l I)H ~.11 f Oii(.JJ(,• 1 (\ IJd ll.f< 
5 TkULiu<<ill o'JAI• IL<kJU\.11 ~H ~UOI W,l(" 

• 1n "uo,.,,¡¡ 
O Vl~ll(klllotiAt.jJIIIIINI. 

1 IIHHI (.1 t, 1 \~ 1 IIJ ~l'llil >1 AIIOf<Sl 
~11 i>~L\ 11 L \L.'J U~"' 1 JUoliU<;<J(" IL 

• 10~ b<L.',, I!SIL"G 
• ~LJIL.t"IIO~•IJS 

6 i'II<I(Lkt'"<·CI" 

• i\fiiiiJocY. 11~1 M[~Ü"V ~1/l 
o ....... 
•O•H""""' llfiiBilLI' hJki•••ILI< 

Ul L 11•1 o<oll •100 1.'<\<, l(l•''•ll 

< 111 >n,t, 0\L 1 1<<\I.H.",t,'I,Oitlf, \ILIIL•I' (,q,.\(L 11"<1 
• t.',,, ,h <~IW I•LIU lt" 1 '<•<'<LI.I '.1t •, 1 

1 C()J,HLu~~llf)t,L.'"••'·IY",\ 

l•'-"-11<'•.".[; ~1 \'"'''·'~· :.I•L.I'> "''.",1 l¡,el"t' 
L ,.-,•.:,,, 

'"' 101 1 '·' 111 '"" ,, '• ', 
l"'"·.t U•'·'"'' , .•. ,,.,., '" ''''""\ 

l'hi<h rre.,•nlo an orderin~ of lhe 1·1~ht ~'"" 
•loq;•-• uf '"f'"•"' d••vel,~mo•nl•nd o ,.,-.,,.J ""''' 
lL•L>n~ ul •ume of lho mbno¡:<·ment ond do·"~" 

p<MI"llc<' cho<o<l~ri>lir o! uch ""~~ 
"l'la- run .. ·pl .,f • do•i¡:n Olo~< Ln •oil""''" onLI 1\> 

"'"l''""'i<>L> i<llh\ tlw P'"h'TIIIHtlun¡: ""~" io n·l.,li\'o•l)' 
1,. . .,, In !f,.. ,¡,.,.~, ''"~" tlw Lnl<-nl" '" ""'~ '"" 

~!unup·r,; rurnpluin !hut pro¡.:rllrnlltt'th rc.•ist !lw 
rww i.lt·n~, whill• pru¡;ntnHnH~ rt•lorl lhul l!lnn· 
n¡;,·r, dun't IIIHl~r~lurul the ¡>rob\,.m. 

'""'1'1'-L.-Iy nml U!lotnloi¡,~LOLL•lv th• '"n~'"'' '!'''""' 
,,..,.,.,.,y tu <n..-t thc 'l~"'fu->Uooo, u•in~ [n~l"h· 
pi1l~i" En¡:lish, m o l""h"""' tJ,.,¡~n lu¡.~'"~"- N~ 
in•lfuo·llun• '" e<od• ar~ "'Íih·n in IOio ""~• 

TI,.. 1"" 1 ""'' i, t" < "'"' <' n 1<>1:><ol ·'' ouo 1 u!!' ~ ),.- h 
t <1 1 1 loe t IL<•\ kt d lo"t'k U~LI 1 \L'I l h<· >pt•J'lf lt•U(J.,(L> LIILJ 
;,,., ... th· ,.,¡,;n Ll> u..-n >ltudure lod<><Of"'"''''Ll· 
i"t( \u tloe D<l<llliunol 1.1~" uf "'JitÍtLR in•huc\lun> 
in ~ bi~t.- m ¡,.~ · ], t ,.¡ p«o¡:t u" '"11 "¡; l•n¡.'Llu¡:•· 

·¡¡,. "' "'•'Y ¡,.. <''•''i'L\"'"· ¡,,,.._._,.,,In lhe ~""'
"''""'""¡¡,.,,rule o,,, h ,.¡,. n ><lllLL' """'"l["''¡,¡, <1\ 

lft>L>l ¡,.. , .. ¡,.,.,¡ "' lhe l""~<ullllt\llo¡; l<><·llu "'""" 
\loo\¡¡.,. ,¡,.,i,:nlo·vd >lru<•(ll!o· l> ""'~ohk Al<«ll><f 
i• f<"lt<'J«IJ(<tL, in "hioh ¡ou,j,j,.,,. C.tllftin~ in o 

¡,,,,, ''·•t:•· "'"" "' ¡,. r.-d loo< k.,.,¡ ,,..,,.,,uooly 

'"'"'" < looug••' In •n eooli<•r ""~" 

M•Ml<Jil l""~'..,""inK ¡«•<liceo. Ahhou~h lhe>< 
lllu<'li<<'' 1••••- IH·o·n wiololy dl<o'U"\'tl in lhe ILio·r· 
"lute, llull•m' lood Ul 1ioup ILilHhiul uf lhe '""'' 
p»LLie> h<• "uned '-'"' \<>·""'"Y ¡.,.,.,u•• lhey I.,J 
'"" '""'" cuo~<iole«_.d u,in~ lh~m. 1\1 ~ontol ,¡,,. 
, ""i"n'. m4L'>o~o·TS ~nmpl~on I1J>11L ¡loe I<Wium lh•l 
!""~'"'"""" """'l lh• ,,..,.ido o,, .. hole !""~'""' 
"" 1• "'"'' r. .. m tlw n., .. , ,¡,.,, , ....... , .. , • .,,. '''" 
¡.,, ¡,,.,,. llu· lltlty ~o\Lt\' 111 ,,,.¡, "'""'1 ti" 1''"¡,¡,,,., 
11m· t.On oml¡· '""'lude 11,.11 ""'"'' 1""1'1< ,,..,.,¡ 
iLHiho•c illf«lln~lio>n ol«>ut """ltm ~'"¡,'Tommin~ 

1''"'''""'· 
T .. t.le ~ ,¡, ¡;.,,, lht• "'"" !"""¡"'' lo11<•Dv llhe 

"'·'i" 1""1''"' ,f tho• ••lid•·. "fo.-r .n. ;, tu ,.,t.t.l"h 
il>t• n,·,-ol 1"' ono\ lhe \'oiLLc <of ti"-"' l<·t·hni<¡O<•. nvl 
Ul o·lu<-i•l•le ll«·m in <l<luLII Fo1 lhol l'"'fk"" llo• 

f" "' 1" '' "' <' <, f•-"""' , . .J. l '' udd 11iun. Fto-·-n••n ond 
1\'u""'""'" 1""''' """"'"'' <1 10 fuiii··"~Lh ¡,.,,, 
"" '"""'" "'~'""" uf "'''"'"'" ""'~n , ,¡,, .. 
t '" '"'"1." ·n .. -y .¡,, ,, 1'' "" eol ~ 1 ol 1 lo• """'" u ,olul 
1'•'1"""-

-;,.,,,,,11···"' ore''"'""'"¡,. ¡,,1.,1 hv ¡-,.,,..,, 
,.,.t 1\",.,,,,,,,,n "1.-"1'~'"'1.,.-," '""""''· 1''"""''''1 
uL ll10· .h·L I'L"I"'"""' 1 ,d""·"'"-' Ultd<·J • '> 1~.-1 
'""''"''· ,,,.,.,,,¡,..,¡,.,,t .. ,.,,,..,., ···~··· •·1 -1 .. 1-lo· 1 

·""1 ot ... '"'""''""'"i'''' '"''"""'"' ,.f T*to\,. ~ '*"'t 
.• lt ... ,, '" u "'''''''1" "'"'''""' ¡¡,,,.¡,.., ""'' 
•,¡,¡, .. ,, .• , .. ,, 1 ", .. , ..... 1,,,, ,_,., .... ,., 1 .. 1.1 '"" 

.¡,,,_,. ,¡, ,,.¡,,1'''·' 111. ''''"1"'•,¡ i''"L'I·'"'"'"'''· ''•1' 
,.,.~ ,.¡;.,_,n~<tt. aL.J '"'" hlrool ~•1• Ll'""~!" -l•tll 



• 



ol>o '""' ""ucLur<~l 1""~...-omrrung In thr"" wmm"~ 
lon~u·~'" Cubol. Fmlmh, ond 1'1)1. 

Ttla DOD wlaw 

Thc ll,·p,.rt"""' uf llt•fen'" h .. taken >h•p• l<o 
""'""'·'1:•· ""''" t•ffcctive '"hwnrc Ch~lr' "in~ Fnr 
''''"'Ph·. " 1~7ti d<n·o\il·o· ¡oruei<lt<i ¡:uido-lmt·o 
ir, L ,., o do J 1" 1 n-.,((· o dt" tpliht ul ><•lt ~ """ t•fo~l ,,.,., 
'"~-" 1-:.rt .. •r, "' ~'"" h 1~<71, ,,,. ,\rru}' r ..... puler 
S}'lem> ('"""""'"' no~tl lLo· ,\ir l·«no· li"rl"' A1r 
llo'l'<•l"i""<'nl Ct•nto•r JuLnth• '1'""'""-d • o·omlfio<'l 
woth ll!M Foduoil S¡,lo·rr" ll"'"i"" 1<1 ol .. cuth<'rTI 
, ', oythtu~ 1 hHI ~ '" "'""'" ol,.out ocru.-tan•d 1"" 
~r~mmi11~ ¡,.,.¡,,,¡,~Y. Tht> olhort ,.,.,¡,..,¡ in • 
1 ~. ,.,¡,,,.. ,..,¡,.," ' 

ltio( 1 PIIDGI!hl.!lll H 11 W 1' ' ' 

lo "''"" "" totor<I•••L"'" l""''''"" oo '·"ti' "'""" ""'' 
'"'''"''" '"' ''" ,, "·'""' '""' '"'"'"'''' '"' "'"'''''' "'"''"' '""'' '""''""'"' ~"' """" '" ""'"''" "' ''''·'"''" "' '·"" '"""'''" ''"'"•" ""'~''"" '"'" ~""'' "'"'·'""'"" ,, ""·• 
'"'~'"' ''"'" 

P'"'l'""'"' óluo< lh.o> """""~ "" ""''''" '" """'" '"'""'' "' 
'" "'" 1 ' '""" '""""' ,, '" " ' ' 1 " '"' 01 '" ' "' ' " 

on, ~'"" "-"" """''"''"" "" ""'·'"" "'" "'0'""'"" lo, 
"'• i>'"'l""'m'"iJ '""''"" '"''"' '"""'""'0 """' '"'"'""' '"" 
nu ~··• re"" "'' """"" 1 to " ''" " '"" < " '' '" '" tr oo ''""" "' "<l' "'" 
m•roq lrom, ~'"'""' "' '"''"''''' 1"""', 

1 (JP llOW~ 111 V< l (ol•r.tj '· !'· 

()"" "Q"""'''"'' "' ''"""' uo. "" ""'''"''""'"' 1""''" 
"" ""''"''" 10. '""1""" '"'"" "'" • "'"" o< '"'" on • h "' 
"'"' D<~·nn"'Q ol ""Lo¡>'"" ~nr.onQ '"~" ¡,., '"\1""''"'11\ 
U'" "'"~'"" e<>l<'l '"" luLI•·~""'"' '""" '"" "'flll ""''' 
""'' """""'' """ '" ;l.nd "' '"' '""" '"" ""'" ""' '" "''"''''" '"' ,, "" 

To ''"'"' '"' '"'"' ''""" '"'" '"''''~"'''"' !•"'''""' ,,,,, 
'""''"''" """'"'"" '" ""' ~'"' ........ " '""''~ "~"'" '"' 
"''• '""''"' ''"'" ·~ '"""""''" "' "" '''''""' """"'' "'"""" 
01 '""' '"'''"'" "''" "'"' moJol< '"'"'"" ""'""' "'''''"" '"' "'""''' '"'"""""'' """'" .. ,,, '""'' '"'" '" ' ..... '"' '"" 
'"" < '''"g' "''" mot• "'''"'"'"' "'"''"'" 

\Uu<loo.n <l<>•4' '' o ><< ol '"''"'""' lur """""i '"' "'"' 
f•''"'' 01 '"i' "'" '""'''""'" "'"''''" '""" '"" "'''''"''"" 
""'"'" """"'' ~"'' "~'"''' '""" il<'""" "'' '"~J""'"'" ,, 
'~" ''"'"º '"' "" "'"""·. '"""'""'' "'"'"".'" "'""''·" 
'''''' '" ""''' '"""""' 01 "'' '"'"'' '•'·""' r.""'"''"''''g '""'' "' ""' .. , "•'·'"''' ,,,, .... ,, ""'' ,,.,,,,,, •... '"'"''' ''""' ........... ""·' '''"' "'' ''" ,, .... ; .......... ""''"''' '" ,, .. ,, •.. 
''''"" ""'"" '" ·~ ,_. _,., '" .,,,, '"' ' '' _,,.., '". ""'' 

HIIW<'>Or, ll 1> Jtlllt'UI\ ¡,, !Htll '" t!t.toh· juot 
¡,,., c"nlron"" \lo'lll 1:" throoo¡:h (i,.. ,¡,.,i~n xml 
,¡,.,.,.¡,,!'""'"' ,,, •. ,., lt .¡,,., '"'' ""'"'"!'' '" ,,,, "' 
¡,, h .. td"'""' ltl 1""1"'' ,,,,,..,,. ¡, 1<1 '''"'''"h 

, ,Jpro•!uct ""1"""'"''"'' 
F«rl<ltH<lely. • ntttnlwr tof mo]<•r "'''~"''" l'H<

Lr,clo" hu' e '"'f'""'h·J L« tlw < ],. ll,·n¡;r• ',¡ '"' ,¡, rn 
pr<•¡:<ummin~ pro.-lto'o-, ond h,.,.,. ,-,..,,,,¡ ,¡"<'Lpltn"l 
,¡,.,,.¡,,(Hl'<'M 1"'"''""'· r,.kin~ ,,¡,,,,,.~,.uf tlw 

,,.., prot·ti,.., in''"'"""~"''' r-; .. r "''"" 1"-"i>l• '" 
tiLo· th·f•·n,. I'"""'"'""Y ti""~'''' '"' th•• ~'"""' 
\'olu" u( th.,_,.. f'""'"'""' loo>IO\'. 

]'roohlo•rn• t<·l<toin. Thnc i1 ottll tlw 1"',¡,¡, r<> ni 
~dtin~ '"""'"'""LO l•r><¡;ro·;> (rum ,_-¡,,..,. th<'l' 
""" t<> llw , .. rt~uu· o·n¡p,.n·nn¡; >J'''-"' thot , .• ,.¡, 
<IH>' liLLILh io ""' Uf, jLo•ri"'Jl'· '" ,¡,. '"llo•rtl ih• 

'""''"'' " 1< """(>."""' ",,,, "''''''"" "' '"'''"·'" 1"~1'"" 
"''"" '"'"0" ''"~'"g" """ '" "'""""'""·'''""-"""PI'""" 
"'"" "' "'"" "' ·"' ,,., ....... ' ""·'" """'' . '·'"''" .. '" """'" "'''""" ¡,,, '" ·~·" '"'"'• '''""' '"·'•'"' 1 "'''"'' "' '"' '''" ·~" 

,..,.,,, ''""'' ""'''''''' '" '"'''" '""'" .. '"' " '"""" ,. -"''"" 
"'" 1 , ••PI.• n ' """ " ,,., 1\ ''" 1 o ,, • " 10 < ,, Pl "' • ·"'· 1 . lO<J '"'" " 

'"" " ·~ '"" ,, "'·"'''. '" .,,, '""" ,. '""~ "'"' " "-'"'''"' 
lur " ,, ''"'' 

Tt"' p.orl ""''"""''''''" ~"' '""'''''' lo'il"'"'"' '"'''"" 01 
"'""'''· '''"" ""' "" """ '''"'"'"'~ '"''"' ..... '1> '"·'•'·' "''" 
'"' '""""'' "'"'" • '"" '·""' ~om•'•' '" "' '"'·""'"''" "'"' ''"""'i t "'' '"'"''"" ·'"" ,,, """'"" """ '"'''"'" '"~' ''" '·" ,, ..... '"'" " '"'''"'" '"'" '" .. , .. , , .. ~ '" ,.,,,,,,,, '" ,,, "~~···· 
''""'"tu""""'',,,,,.,,,"' ·~1" ""'il" ....... "" "'''""'~' 
""''"" '"" '"''""'"'·"¡Mono"''"' ll u,, 1111'() "''"' '""" 
.,¡,,¡ "' """~"' '"' '"'""'·> '" '"""q"" '·" """""" 
U' •Oh•< •llr ""'"''"' 100 00••< '""0' "' "'"''""" """'" 

T o '"'~'" t '"-'""'"'' '"' "~""""'"''''' ,, 1" "''·"" " """ ,,,,.,, 
" "'-" "'' '"11" "'" ~"' "" ''""' '"~''""'"l "' ""' ··"""' 
""''"'' lolon.t,nQ ¡,,, 'L'W""" '' L~"O 00 ""' "'""'"" tnol 

·'"' 1"''~~""' "''" ""' ""'' ·""' '"' '"'''' t>e '"'"'"'"''' '""" "'"'"""'""''"'"'"'''"" """'"' ,, '"'''''·' .,.,, ...... ,, 
" ,, ' " ' "~ ""' ,. "" 1 '" "'·""" " ' "'"'"' ' "" 1 " '""' ' '"" ' '"'" "" ' 

.... '"' '"' ""''""'g "'"''• 

llot "'"'''"'" "·"' Lhln..gh >O<•·«·O~> '-'"''' 1~" "''" •> 
'"' ""' ""'~" ...... ~··· ''ll'"''""' '""'''" '''""' 
- '"' ""'"" '''" "' '"'"'' '"~·'" ""' '"'' "'" ""'"'' """"'"'""' """ ""' ""'"'' '""' '"' ........ ,, . """ ....... , .. . 
'"""'''""' . "·• .... ""'"" ""' 
" ''·'" "" ""'"'' ""' 1 "' ' """-"1" 

'"'"1"""'''"' 0''"" t• '""'"'' '" 
lro, "'"'M" 1.0 "·"'''' '" 

1 '" ' '"""''·" '" "" '"''"" ,, "" """ ""'''• '. '" '" ...... 
" 0\ >0 ti< ,,, 0 '"''"~ Fo' • '""'' ' 0"' • .,., '' '-< L~·, '""' 

COMPUHR 



\ 

think, tl .. - ~'"''"""~"\ "'"ulol M~ him tu u•~ Anol 
""""''"!~ ,.,~¡,., .. l"''t''"'""""~ 1""' ,;,-,,, "' " 
~'""1' "" ..tlr·rll\~. ll'<rr ¡, ti,.• lurlll<r pruhl¡ttr 
,.¡ <h·l<•!l!IH<ill~ j<"l .,¡,¡,¡, l>lo.-ti<o·; ~r<· """' 

"'""ltl<• '" l••tlir,.lot •wl«o<i""' And inl<•mu<h 
a• riHKir•rn ltru~rOIIIrllihg pr•< Li¡o•• ""' Dud¡.;d 
"'""~l. ohrN· ¡, olrr· ptuhhrn oll¡ndtn~ out .. hi<h 
,.,,., ""' "''"' ,.,,, ,.lJ .. ·ti•·e Thc<,•" tite p"'hltm
., "'h-..o!<- r·n¡;in,.•rin~ ,uflirio•nlly motur~ tu 1"' 
,, . .,,¡, ¡,,, ,,,..,,¡.,,d,.u<i<m'' M"")',¡,,,,,,,,. lhink 
<l .. o•-,. >lill ,.,.,.-o,'" l~•m onol or1:•oú.r .. tinn, •l•~olol 

''"''"'"'' '"' "oll"' Lmw ¡et Lro '''l"'imo•n< "'"¡, '" ~ ,,., ... ,.,,,,., 
S.rll-...r~ on.l)oi• l>n• dr·oT ,., . ..J ¡, lot """" 

<1•<• un 1 loe '"h"" r ,. do·\'< I"P" ""fll 1'"" <''> T<o ,,.,.,.( 
,¡,;, 1,.,.¡!, thr· 1\ir ror<~" _;.ttih¡.; up ohruu~h th~ 
¡¡.,,,,. 1\ir llo·l·t·h•pmen\ C•·nlo·r • •ullnnre lliOUI)'''' 
o·ohl~r." ll •• (u ¡;o<her pru¡;rdnl ¡J,•v•lopmoll\ 
,,.,,,¡¡,', lh ,.,.¡,., tu oh<o·t<Oiim• tbe '"'''"'" l1<1•l 
lnllur·n~<· th~ l"'"lueli>il) oll""~l~ltlun·'" oml '"" 

''"' "' '"''"""' ,¡,.,,.,.,!'""''" "'"1 """"'"""'""- ,, 
~•·<<><«! l••k ;, '" umi,-Nonoi <11<· ll»(UrP, ,-~u,..·•. 
;,,.¡ ,.¡¡,.,." .,¡ ;ul\>~l<le ¡.,¡l,.ro-;_ Tu OC!'Illll[<ll'h 

¡¡.,.,. 1'"'1'"""'• >\ op¡"-"" th«l "'"'" olditoilu•ll< 
;,,¡¡ h•••· <u ¡,.. il"m"" ro·d ""' lu '"""" ol,.to '""" 
' •• ¡.,,, '"~"'" .. "' ¡,.,, ' '""l'"'"lolo 

l'urr•l•liuno, Or«· "'"Y tu ,._,u¡,t.,h lhe volue «1 
Ho<.,Jern f''"O(fJ<TTIH<I",_: j•lOt\iet·> "111 LiU l<ortofHLIO<Il 
,,,.,¡,..,_ ~ ... -¡, '""li<·> •llempL <u ,.,,,..]•«· uno"' 

¡- .,,.;,., 1"",_:' "'""ni"~ 1'' ocl ; ... , ·~·'"' l "' riou• tmu>-

\

"""'·olthe o·lf<oli•t·nt'" ol tho• "'''"'"'" dev<•l«p
tuo·i" pi;,,._,,,..,¡,"'""'· '"'"''• ""d I""W"""""' 

't•"idutlii'<W. tt·.,,uld J,e irlh·to·•l<n~ '" kn"w <1 
,.;,¡,.. ul < lu· 1'' "' 1 ;, ,., '" ,. """" o•(l,. «•·•· 1 hnn .aher• 
1<> •n »1«-Jnpttu ,.,,,..,., th" ki"tl .,¡ '1""'''""· the 
llume ¡\ir ll¡•>o•l"i'"'"n\ Co·nh·r «o<llmi"innt<l o 
,,.,.·,,,., ,¡ ""'¡¡,.,, throo uf whid1 ,.,,.,..re¡~"""" to 
l'll~ll'l'lJI"> 1'oll71_ 

' Cu,( r.-l•lÍ.,n. ·¡ h" i<<;\ >(Ud\', loy llndu·l llloO"k 
ol llowill~ ""'"·""'·d 11"· o·ll•·n• ,¡ ,,,¡,.,, pro
~ r " • to mi n H 1 " "" 1 ¡, ¡- ' "" "' h '"" r· ,¡, · ,. o·l"t '"''"" \ no>to 
¡,, t.vo· '"")''""uf 1!,,..,,~ e"'"""'''' s, . .,;.,.," 
11"""'"'· '"" .. 1 ,¡,,. ¡u•i····•· ,.,.,,. ""')' ..... n. '" 
'" ,¡,.,...,,¡ti,.. 1 .. ·11<·1 ,,,,, ,,,,.¡,,..,,,.lly ''" ·"""11 
projo·cb ¡, hiHhly <lq,.·nolo·nl "" th• inoli>idu.ob 
,.,.,.¡,.,.,!, lho· '~'"1" lruul ,¡,,.,.. Lv.'n P'"l<'tl> ltove 
¡,,.,n eli"''""'•d lrum <lw d•<• ""'""~ri••d ),,.re. 

Tlu• ~"Y '""'!'"''"'" "'" m<odt• ¡,,·twH·n "''"'" ""''"!" ¡,, ,¡,,. ['<"Í'"''"., ¡.,,..,.,,,.,¡ 1•.1 lto~·•ng'• 
,,,,.t,¡;,,,,¡ ,.,,¡.,,.,,,,,~ 1'""'"'1"''' ''"'1m."'"""'''" 
d•'""lh ""'"''~¡ TI .. · ''·"1"'"""'1'"~·.,¡.,,..,, '"'d 
,,, 1""'"' ,,,.,, ~"'''" ~ 1~· l''''''li.l .... t ..... ,, • .,,,,¡ 
,,,.. "'' ,.¡ '"'"'"" '''""'·"""'"'''· i''·'"'""'· 11 .... -
,: ... ,, ''" 1""'"" '"' '" ,,,.,_ "''" ,,,,,,,., " ''""'" 
"' "'''"' 1''·"';, . ., 

'1'1.,- ,., .,,.,.,¡o !lo·• 1 ••l """t: ,,,.,¡,.,., l""':'•"""'ir•H 
, ..... , .... , '"''" l"""i"·· ........... '" ,- .. ~ ..... ,_ .,,,.. 
,,,, '·'l<' ;, .. , .... ,, ..... "' ,,¡ ''" ...... '''"'" ''· ,.,,.;,:¡,,,.,\ 
¡,.¡ ''"'· ,.,,. /1¡""'"'· lht• ''•-'"'''"1""'''"''''"
,¡.,¡, '' '"' ¡, , .. ,.," ''·· ¡, .... ·"' ..... ,,, .... ,,,,, .. , .. , 

' 

Hul"in~-: fuuud modrrn progrum!lling pru•·ti,-~s 
rt•Útl<'t•tl uduul ~osts o\'l•r furt·•·u~l <u~(" h) 1:1 
lll'rl'l'tl(' 

th~ actuo\ "'d"n<nnth>. dl\·ido~\ J.,. tlrr· 1""""'' 

"'"""""''h' 
Tlw¡ua.-ok·-• •·tnplu)..l un <he ohr«· I""Í<"rl> •r~ 

l"lo•d i11 'l'td•le .1m,¡,.. ordo•r ul lt\oo·~·, "'"'"""" 
rrl tlwor iUl['"''l <•n ""'- h du<•< "l>p<·ar thol "'""'' 
1""' ,;,,, '"'" """'' ,.¡¡,,.,¡,,, (\"'" "llwr> "" ¡t,. '"'' 
don" '"iun 

'rJ.,.,.. Ll<rt·•• 1""1'"'''· •• ,.., 11 •• tlw t~n ,,.,,.11••• 
proi•~t. ,.,,,;,,,,¡¡- ,¡¡,.-,,.t,-d. ~~ ... utili«d '"r 
do''"' n oh-<<¡:n lo•• ¡, '"'1"'''· '' rltel ,.,..,¡ pr "'~' olll] '" ilt¡~. 
""d !"''~'""""'"~ '"PI''"' ''"''' ond ¡¡¡,_,,.,_ 
llo-•"""' Ll"• '"" >rr11olh·< pro,jo•¡h horrl ,hn~n hllle 
in<("O\enlr·f•l U<in¡; tloe"· lr·o·hn<que>, lll•c~ hod 
,¡,.,,¡,,,,.,¡¡¡,. . .,," '""ttit.,,,.,, Ln thel«·lt•·lot; ti"· 
( lrr 1·• \or~<"f i'"'i<·el > O< hh•\'<•Ol - p1<1b.hll lllh< iwh _ 
11<"''''''• ¡,.., lltterli•·~' ,..¡,¡, l•"•jo·il 1"-'"''""-1 

' ' o 
> 

' > 

' -" • 

'~-

1UOO -

"'· ~~ oucuo• 

'.ol ,., 
•tpuct•ur. 

"' 

' ':l ,, '"l '"' " • ' l '1 
OWUCIIU• " - " > 

" " " " ~' - " 1 " r:.:J ,, • ' 
r '""" 1 '"'P'"'' """"' ~1 """'' '""' "'""'"' "'"' 1~«< "' mol> '"o"'"' 

"" """ Bueor,:¡ ·~""'•" "'oroll> 01 • to>ull ul oOu~Ung 
'""""" p•oll'•'"''""g p<o<l<<U 

" 



.. 

Tohlo l ,.,..,n ptogtomm!ng poo<i!<oo und on IMoo 
8ootng ~toJOCio Jllolod In Ot<IOt ollmp"t on <OIIj 

f•HACllltS ·~lllCIATtU WIT" PROGIIA.J,I ~AN .. GlRS' ~ANO(;[· 
.. u,¡ MUh0()'; ¡~EO Df Atl I~RH PFICJ{CI~I 

"llllllo lAS• lSIIGN~EOIIS 
IO~~ll tuS IO~lR Rl'llfNS 
l•~lliiOCU~It<TAIIU/o 

u•;11 lllOHOP"lNI IOtOlRS ¡PR(l(;RlMU!RS' WOR>DOO•l 
m;oGN ~¡,·,¡;, PRIÜH ID COOtNt; tSIRUCTUR!O WM'· 

IHHlUGHJ 
1 üM~ ll 11 SI 11,¡¡ 10~10 ~· TWD l~HGlR P~OJlCI S Ol,l' 1 

COio~TRUCIIO•o '"NNING IINCtUOoM, PtMNINlo IOR INTt
GAAHOio "O IU',tltllt,M HSII,I>t 

CDm "l Hlfot•IIO" !l'liH CDDl ~t"1lWSI 
lCtl ~1*"0 U~ ll>ot; !fOfo M'! (I{J,10~SIJIAllll~t 
IUNlltONlillSTtNG 
lO.'oiROL !ol HSI ''ll[qiAIS 

tO .. ioGOH>.Ttlm MA',AGlMINT ¡US!D Dl IWO LlRGlA PROJlCTS 
Qq,¡ 
b>SEWn~G 
f400il~ R(>üRIII<G 
CH~,.~¡ U>~l~Ot ~JA~D ---"" ______ _ 

r.•veal.-d nnl\'t•rsol )H"""'l' ft·elin¡;> olouul Ll•e 
••llo·c;iverU''> uf l~jl rl"" n d••i¡;ro tnhnit¡ue>. 

¡•,.,¡.,,,,}' ,,. 110\f""""d , ... ,,, .. .,"''1""¡,.,, .... , 
intr•·prt•)«l <'un<~nunio-oliun o·itt-d lo) ooor inU·t· 

vi''"',.,'" " , "'"'"'!"''"''" nf '"1' '""'" ol<·>i¡;n loo> 
it> I"'"'''Y l .. ·ne!i\ 1n t•>l•llli>loin~ o •<ounJ h,,¡, 
l<or 1'""'"' lvolin~. In J'"tlh·uiJot, '"" .,¡ tlot• 1""
~rom "'"""11'"" int.·r>'lt•w.-d lelt tlo•t tht-H h>l· 
lO){ ••tt•·otio·>pro•r,t·o·d•-•1 """" """o¡l,lv, >HI<l ¡¡,,,, 
1<'"''' • '""' "',,.di""''''"¡ Jurin¡; h·>llti){ •• • 
Jn..._., ••·•ult ,.fu,.. '""'1""" ,¡,.,i¡~n '"''""'!'"'" 
Llwy <lnpluyt·<l. l"oJr l~¡·k tof '"I'I"'"Í"¡; oloto in 
thi• >lüoh, ,.,. ton unly "'ndurle 11.,1 ti,..'"" 
¡.,.,,.,,,, "l '"1' ,¡,,.., oi,-,[Hn onoy ""' lot· <·vtd<·M 
unlll o ,,.¡,,..,.. "-'"'""' i• in "!"''"""" ouJ 
""" 1 ,, '"""'"" 

lln the <•llot·r l•ouol, IIH• ulo>Oh<'U ul 11 jlO>Ilt>e 
<'lofi<-Liiwt 1.-l~t<·n Jo••.!ern 1""~'""""'"~ l""li<e• 
uuol ."'''' ''" tloe t"'" ,.,,.,11,., !'"'¡,.,.,. "'"' """" 
Hely the fl'>Ult ul tlw idiu,ymr•neo u! ;n,.ll 
1•'"1"'' tlo,n it "'"' .,¡ Lht· ""'['!"¡-"..-'" ,.¡ '"1' J .. ~ . ., 
Jo·>t¡:u r••ctice>. 'floo """""" ,., ... ¡.,;un, fuund 
'"' <he ll<r.·t· lor¡~t·t l""l''"'· wllH·h "''" u,.-d tup· 
''""'" <l<>i¡:u oto<! ti><· utl••r ,,..,¡.,,;,¡uo·•. ;, '""'" 
l"''"'~"''(•. 

lllo<k ul><• •tto·mplo·d tu nu-"""" tho· Ímpo<l ul 
o ..... l. '" )""•''""'"'i"•: ,., .. ,, ... ,., "" ,,.,. 1"""''""'"•:·· 
.l"trll .. oti<>o< tol o·uH> ,,.,., t!.o lour uouiu l'"'jt"tt 
pi'""'' ""·o1 h¡- ¡o,,., .. ~-

• ,¡,¡,,¡,.,,., lt'>'•·nli•ll)- "''i";"""'"'' Jond >pet'i
fl<'"';'""' 

• '"''lgn 
'""'''"'''"" ltnoh,.¡,., •••l<n.:. ¡,.,.-¡:<.•liün, •nd 
'""' ,;, .. ,,.1 "''""':' 1 
,¡, . .,,uo"""'¡"" '"'''~''""''- '''""~ uud Íol'tol1· 
ot ¡,.,. 1 

"1'1..- "'"'''· ""o.u ... ,;,,.¡ lor 11.,. ¡¡.,,.,. 1,.,,¡,., '' 
'" ¡-,,: .... · ·~. ,1,..~.-d ll<>ol ''""' "'"" ,hilto-<1 OH(" 
, .• ,¡.,, •·••.:•• L¡ '''"'"" ,,¡ n ... 1,-rn 1 ,,., 1 : 1 .,,,,.,,,~ 

l'••otiooo. Unfurtunot..-ly Jor tlo• otudy ,¡,.,;~'11. 

Uocmg Ínclud«i !.uth cu<hng ol)d kolin~ <n the 
lhtrd >lO~<. <On>tru<L!un Cun><·quently, the >holl 
lo th• 1.11 wu loso tnarhd lhon it mi~ht ho•·• b.,n 
iJ Loot c<nl> were broken out ><porot<i)'. 

Pw~lotlotnin¡¡ olondotdo In lh< ftr>l uf two 
<<lot«i o<ud•u. Roown" inkr>·i.-..ed o <ru» '""iun 
uf "'"""~eonentond perlmtner l'"'"'nntl un '11111''• 
'"'}' l•t~< Lolli,tic·onio.,ledeh·n>< l""~''"''"m~ 
¡oru¡•"<l, "' W<ll •• key ololl l'"""'mel "ut>ide th< 
pro¡oot_ Tlu•-•ur.·q co1.red th< impo<l "'In de
t~tlt·d P"'b'lOUlffilOK >londords le K, >lru<lur.-d 
<oclm~l un JO <h•!O<I<·rÍ>Ii<> ni ,uf¡-..,,.. ur the 
de.,·lupthent 1""'"" le~, '"''· l<'hcdul<. "' pru
~toll<ffi<J p«<lucti•ityl. Tf,ot mode • n••<1i• "1 ~40 
«i•ti<<n>lot~>. eoch ol "'htch wa> <ole~orueJ o><r 

'""'' nine leveh of wml•ined tnn<.en«· ""d """" 
<ion '""ngth frum I'<IY >ll'>n~ ¡>O>itive lO ''"Y 
""'"~ n··~•tiv •. Hu-..e"'· n ¡wm•n< .,f the ~40 
inl<-l><<'tl"'" "'"" lo.IAI,.I in~.ll.,.nt"' ¡.,,,.,.,-lumo. 
in,plrin~ '""""' thot there teolly ""' >•-IY httl• 
ro·l•tiunolup [,et,.,nn the.e "'""LI•• ur th•t the 
iuit·r< lo-..o·">-.. •·re i~""""" ol ti""'· 

A> • Lri.-1 >umm•ry ul >Om• uf llro .. n"> hndon~•. 
tuut ni (be 111111e >i~"'1i<OIIL "'"' 11<'1"'""""""~ 
'""""' nxhn~ .o.nd•,.l•l ond ><·•·•n ,.¡ ¡¡,,. ""''" 

"'"" nin~lul "''"""" lt• 1" ·-•ol<tlrt~ ""'i"'' > '"'' """ 
<loor""'";,,;.-,¡ hove 1 • .-.-n Ltuu~ht l<o,:o·lhor on 
T«blt· 4_ llouwn'• rultllp l>lnong l""iLI<<'. ¡.., 

•·••n•plo. """"" '"~"~ "'""";""· 1"'"';,. ;.,n~entol 
"'''" "''"""'''¡ '" -;,,-i~I,«·J in«-¡:.·'-'''""">: I'">Í· 
¡;, .• - -! :11. IMoth fo>f >ÍIIof<llC\t)" oto<f t .. j"-l"'il ih• 

,.1,,.., '" 1.· ''"1"""1 "''""' the ""'' '1'1'"'· noutino 
,;,,. <ol o¡o.xlu\•rol¡ Í> relol<·d IJl tlu· "'" n '""""'" 
,¡,,.,.,.,,.,;,"" '" oloe do•¡:re< uf ~7 '"''"'"' ,¡ ,¡,. 
n'""'"""' 1''"";,,. '""n~ lt " rd•lo·J '" ol\ :10 
>tolt~"'" •h••••'-""-'"''' lnul 'lwwn lll 'l'ohle -11 
""Ir tu,¡.,. d,~, .. uf 2~ ¡oer.ent. Tho; J"'l'" nut 
""l'"'"'li· ,;,.,-" IIH• ,..,,,.,. «ol""""'· ""h un< 
• .,-cpl;•m. ""'" >•·k<lo·d <u '""" th,. >lfl•n~« 
t<loti~nohip' StrU<'(utcJ <'<•hn~, "hith ,.., t•ot 
>l<<on~l~ C<one\al.-d, ""' induolt·d •• • mol<et uf 
1"'""'"· >io><"< ir;,'"'" ol tl.e '"" ,, ... ,¡,.,., 

StrU<'Iut•d coodin~ "'"~''\ "'""¡; 1,;•\IJ'~' ''" tho 
1'"'' "' ¡¡,,. •nl<·IVI<•-;,•·•·• lher•ll l< hod lO \'<O>l(IVe 
r•tin¡:• \•l«•~e t l.7T ""~ >V<'en lle~OIÍ\e """~' 
'"''''"i:" -~~lil A• ""'"" ,.,,¡,.,,.,¡ "'"· tfoi, ""' 
><·len""' «l •tuldl .,¡ uu\¡· 17 tw¡:•IÍI'o· '"'"'!:'in 
the .. l.,,le >Uf"l")-. l!e ldt lhdl it "'<oJito«-• o <elo· 
t" •-h ,¡,.,, ,.;, -.. ,.¡ ''' '" 1 uro·d , ••1 "'': "" ¡J,e ¡oort ,.f 
1 ¡or "1 ,., L 1 ~·· "'"' heL ' 

"'"""'"""'·"' t.. -..el<l ""· .. ,,. .... "'" ""'"' ~··.-1 
"""""" f .. r thl• '" 1~· tlw ,-.,. .. J-"orot. ""' ,, ... J.rJ 
~"' ""' O•>j<li,.th ,¡,¡,.,.,¡ ""'1 ,o,)u,.o<l '"'"1 .,)'ll•t>L 
•~u ¡ • '"' .¡,,,, Jtl" l""''''"l]l .. ·~on, ~•"1 ¡¡,.. "''1";,~. 
UHnl I<O '''""''"''" <·•i"in~ ,,.¡,. ~.•> l•lt '"loo 
tu<u<L•·t¡orodu<tile ~lur.u<e<, ~tllin~ '''Uti<H;<I 
.,,¡,.in,., .. ,,¡.,.¡ r .. ,,,.n ".-..h .... l o .... ¡,..,,,¡,. .. .,¡ 
"""'" , .. , .• r .. ic..-io ' in '"" .n.l .... , """" 'lnl<- n··~· 
in~;, ,1111., ult '" '"'"fl ,1, """1d"'': '' 'l"l""'' "'' 
¡,.,.,.J un clo• ""lltme ""11"~'"· 1-"ut.l!¡. jthe 
, .. u)<·< ti ,.., ""' )1'1 ... ,¡,,,,¡ ,,.,. ,,,,.,, ,¡,,in" 
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ool<"••• choroot"l"lco(llr>L TRW ""d11 

1 R(J(,HioM M<.ll< 
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" o . ' . ' --- -- ------ - ·--- --- --- -----. , . ' . ' -- -
wloido Lt.. m~jur hem!Lt; ni >lru<tureJ ¡or<>¡;rom· 
mm~" t·. in•l""'',j ,. .• ,l.olnlit}' "'"' ,.,.;n...,in•hiUlyl 
,.,.,,.' ., .. , ,, . .¡ , .. , ... """i"'d" 

()" th•· n-l,r[,.,.,¡,,., l>e·lw,.,., co•d"'~ ol•tHlord> 
• ., d ,,,_ , 1 •• "" , ,. " , , ic , .. r , '" , . ,, ¡ .. ,¡u r. . ., ,.,¡ !'"~ 
!:'""""" !'"•hulnol¡, lb~ ,Hod¡ ~•• l~ulhiod• 
;.,. ,,,,.¡,._,, ,, "'"' "'"' 1 ¡,;,.¡ "''¡' ,, 1 i "'· ., ''"' "· ,, 1 ""'' 
'"'' ¡loiroh ,¡ ,¡,.. ;"'''"' ''""' t .. r ,¡,."" '"'''~""'"" 
,.,,.. l.olodool uownolU>I\o· ur .,.,¡,¡¡..,..ni TI•• r~

u\oonih~ <>Ho·lhorol ¡,f \).,.""''""'''"'"~o-ro· '"""h 

'"'!:'"'"'· ''"'""''; ''"" t .. u .. ~,,~ '"1 i"''"'""g''' 

,1,'1 !'" ( ' "' 

1 ., ., : ' .. "" ""' 
l'i<~lut ti> oty 

t 7 i" " •'<1 L 

" " 

• 
l'erhop• llo< "'"'""' r~, lh• f'<l<" ,h .. ~ in~ on ,¡,..,. 
, horo<h·n,ti<> "'" •Í<nil~r lo lh<>•• quyled •\~»• 

"" ''"" 1 ul cd t•o.lt "~· 
In "'""""tiun, lhe "'"'")\ "'"iKhi<d r•lon~> ¡.,, 

1" I"''~'""''"'"K •••n•lotob ogoi"'' lO ,,¡,,.,,. 
o loo o'" 1 < "'' ¡,., """' .\9 )"'" ,. ni ~'"'¡ L ¡,.,., ,16 i''''' ,.,, 
unldl.·to "' ur ""'""'h<'U'<•, ond .'o["'''""' llo·~OII<e 

In ~Jollli""· '"" !"['"'!""'' '"''"'" lo-,lo-oL Ttoe 
¡;,,, ,, ,¡,,,, '""~'·"'"'·¡"~ 11 ,. ',¡,.,, ... ,,.,; .. , ""'1 
,.,,¡.,,.,¡ •1"""""''· d ,;g"'"'"'-' ¡\o llm-.1, '·''''' "'"'' 
;,.,¡¡, ''"'"" • d, ·•tod '"L'I""''-J by ,,.,¡,_ ¡, l¡o '" 
"'"~'- 1"""''1,- !Lu· 1"'"'"' ,;,.n ,.¡ ,_.,f¡~.o<c ul l"t:lod 
tloon u"oul qo~olllj' ¡., tl"' l''"l""''""' ¡¡,,,,. Ll>l.r· 
1 ..-~. '1 ,,,;,.,-,]o,\ ¡,.ro'"'·,¡.,,,~".,¡ 1 1" '" 111, ",.J 

" 



tl"lt' t ''""" 11 pmo•nt. T<> Lhe ,.,.,..,¡ h¡¡.,¡¡.,.,;,~ 
, ". Lhul ¡¡.,.,.. <Londurrl> hd¡< lu ouuk" 1"'"'¡¡,¡,. 
Llu· I""Uut'LI"" uf ,,.1\,..ur• ul 1""''' Lhun u•uul 
''"1-lhu>~ '"'""·io·~o·d ~¡:ro't."d <mly 2~ 1"'"'''"'· 
d"o¡:r..,·d .'oO ¡~·H·enl, und Uidn't kno•'" ~2 perr~nt. 

Ml'l' iml"'rt. '11te ,.,.,,nd Tlt\11 ~~oluation ""'"")" 
g,.,,..ruled u motri• <>1 ll modern j>t<>~r•Jllmin¡: 

1""'''"""" a¡:oin•t 12 ,nltwure P"'hh•m•, rnukin¡: 
¡:1~ intt•r><·<<i."'" ¡, •11· In th" S!U<Iy l'"'"""'""l 
,.,,.,. .,¡,tJ lo '"l"'"d on bnLh un u¡'/uul und • 
rlu '"''<icu/ bu,¡, Tlw th<•"<Hi<ol ro•wun '"' •huwcd 
a hi¡¡l,., Ue¡;roo ul r.·lotiumhip lh•n th• o<LUol by 
~ ~•i¡:htPU mar¡¡in ol bdt•r thon J to 2. In odd<· 
,iun, the "tndill<rent" or "inwnrlu>ivt•" inL<f>'"<'· 
limo> d"'l'P•:d hum iO 10 t·i¡:ht. Olthe ~O irodlll<r· 
•nL ur im ondu>ive ;,ter>•< 1 iuns ito the •• luol t utn· 
puri>on, ~6 ,.,,.,~ iiO"I<Iwd '"en>~'" odu·olule '"~r· 
runo'" ,.,.¡¡;,¡,.nL ""' <>1 '""""""'··~"in >U¡:~''""'~ 
<he inLt•r•ot'"''"''" .,,.,., o'llrl<·ntly dlll,iuL" ¡,. LIW'" 
"'"'" On" <),..or<L'l<td ¡,.,,.,, hm•t·O<'<, iltt• intlltler· 
enl ""d int"""'""¡,.,. inl<'"''' 11010' In tlu·>t· 11'"'" 
_,,.¡¡,., .• ,.. pwhlo·tll.• olrupped Lo¡¡,.,., ill<pl)'iu¡¡ thut 
with Jlu>l• •••p•·ri•·n<<, nl<xl,.rn I'"'I::'~UliO\Ull( pr~t·· 
lh~> "'""Id hoh· O'"""' Juv~rololc ¡,.poo·< nn Lloe>• 
proLio·m•. /(1 lo<'l, tho ro! in~• ¡,., lh•><• Lhro·e prul¡ 
¡,.,, ;,,, .• , .. ¡ Jrom "tn<"uhcltt>i>e" t~ .. ,.,.dtoon" 
'" .. .,,,.,~ l""itiv.·." 

'1'11.• lo\<·r.¡:<• itllpurt .,¡ ,.,"¡, m .. l,·rro ¡or<•¡:r,tlll<tli<OJ.: 
,,,.,.,,.,. "" ¡¡,.. 1 ,.,.¡,., ,.,rt "'"'" prt>bl<·u.s ¡, ,.,,,1'¡.,,¡ 

_, _, 

'O"AitOAILUii 

1 

--

-P~UC!S> ii~SIG~ ----

m Ftb"UN' 3. 'J"he Ll••"«lirol '"''"~> ""' """'d,.roLly 
Ldter, thi• time~)' ol"'"' 2 '"1m ..,,.,1:ht,,l terno; 

In llrown'> ""'" "'orJ>. "'Th<•re ¡, '"""~ ·~"·•· 
menl omon¡; lproj<·<ll ¡><·T>otono·l •• "' ,¡,,. l<>or M 1'1' 
u/ g,..atell imput<onc. ond impo<t onol '"""~ 
·~r.•mcnt on thoir rd .. ,;.,. runltm~· 

• lh•quiroono·nlo unoly;,. ond ,.¡,¡"'"'" 
• llu>t•l1"in~ <>f '"4""""'"'"' >p•·<if,.·uti,.n 
• Cmnpl.·tc ptelim'~"'l oh·;,¡:n 
• l'r<>t't''" de'i~n 

Th•r• ¡, otnm~ "~"~·ment on ,¡,. i"'l'"''"'"'' ""'1 
pooitive in'~'"''' uf tOe n~•• ''"'" """' ho¡:hl¡ 
runlt..d Ml'l', Lutth~ reloLi\e '""~;.,~ ""'""~ <!ocm 
"leso <i•·•r: 

• ln<ronwntol oh·,do~menl 
• \l!ut tlt•o ..l .. puwnL loldero 
• S<>h~on• ,¡,.,,.l,.pme"l ¡ .. ,lo 

'rhc·re <> ·''""'~ to~<<<m.,nl "" lito• IIHI""'""'" und 
!'"""'''' iiHj>dt'l uf !he lutrr ¡,.~·•·< ,,.,.,,.,¡ .\11'1'. but 
<he r..lolll>• ronki11¡: otnull~ ,t,,·m" ""' di •11 ··h·or. 

• lto<l<¡ot·n•l•nl t•·•llng 
• Enl"u•·d ¡om.:rommm¡; >ldnolor.h 
• Sol 1"' uro• < unloh'llf .. liun tt>uno~o·un·nl 
• Fann•l In>]••''"" ol d,.·unn·hlni><'!O utod coolc.'· 

,.o,., L<l tloe ~,.,.,.n,l ~11'1' h¡poll""'· ti"· <¡Ut'f>" 
""d lhe ,.,.,.,¡,. "'''"" "' f,.llo~,· 11.,1,,, f:<>~<·rtoinK 
,,.¡,"' ""' ,¡,., ,.¡, '1" "''"' ' ,., .• ¡.,., "'"' '"' ,¡ ,¡ '" "'"' "' •. 
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• 

'"'"· il ngvmu>ll o!o '""J Oto<l •PI•Ito·ol•nJ >Uj•p<>rl· 
od lo\ """'' "' l""':'""""i"g 1'"" liL<"' llo·d<t<i<l"''> 
ond lo••l•l. "'"~' !"""''''' iho· pr<~ht<'\<"n-

Foho ' -~1 loi~l" r lh•n "'""1 ., • " ''"'''"'' "'¡'"'"" l"'"'o•n! port·•·nl !"'"'""' _,¡ h,,,., th,n "'""' '" lt' '" Ido• !'VI le,.,," 1"''' ••ni , ..... (•tol ¡w¡¡·enl 

E u"' ro1•• ¡," llpt·t u 1 iun"l ,..¡¡"hila¡·. ,¡,,. u no<·n· 
I~L iun etr<•t h "'1'" nn, ond o o<htl~ ""'" f«•o¡u•ncy 
"""' 1 loto..- ,1 1 ho· JIJ >• oh~""" o ho•••·lcti>lle> 1 .n¡ol!tl • 
,¡¡,, 11"'"" '" ¡,¡, ¡.,,, >ludv. Tlo,• ,..,~¡,¡,.j ~"""¡,.,. 
Jotokin~, "'"''" •• 1"11""' 

llpo•r.ol iunul ,.,¡,,¡,¡ 1 i 1 ,. J 1 po•rcenl 
1 lo• u n " to 1 ol i "" ,., r uo 1 ""'1" e n ,., · • 1 ·1 IH·rr en t 
{",,¡"'~ ,.,..,, ¡,,.~,,.,, ,., ;¡¡ '"'"''"' 

In 1,¡, """"' "'"1>·.1.,· fout«l d "'""" po>,illl!· rtlo· 
'"""'"!' ¡,..,,..,.,." ,.¡,.,,.n ...... ,,.,, ¡<tug.,,,,,,;,~ 

1" "' ''"'' •""' tdiohol") , "' lullu,., · 

'\''""'· '''"'"""'""' Tln<>tO·I ¡, .1 13 )""" •·ni 

l!t•IIHr<l, llun"l"'"· twd 11t·•rJ" ,,..,¡ ,.,¡,,..,. 
'""'"o- th<" ,,¡, ¡ toto·riw1 iu iloeir >I<Jth <•1 ~~ l<·t·h· 
,.,·, . .,¡ ,,.,¡ ¡,,,,."'""·'!''""'ni ,,¡,,...,", t·n~tut·t·om~ 
'"hni<l'""' In ,¡.,.~¡,...,,,e uf (mn hi>hoti<dl '" ,,J,, 
''"'" ""' ,,¡,¡.,,,,¡ IJ)' ,,¡,.,,.¡,w, """ '''1""'¡,,,,.,.,¡ 
)"'"''""''1 'l'loe ¡,,,.¡,. ol•<• ""'ti<'"" •·o[o•¡;um·.: 

• ¡¡,,. 1"'"'•'!1111¡:•· ,¡ '"'"' ''"''" '''""'·''''" '" 
"nur '" •·•dt .,¡ ><·H·n 1'""""' ut tlw 'ull•a"· 

¡,¡,.' ",., ''""''"''' ""1" Ll«· ""'"'"'' ;,, ,¡ (•!( "" 

in lh•• ,,.,¡., "'"' "'"''"""' """". "'" , . .,,pl<>\t.J 
in llu, ,,,.,¡,., 
• ,¡,. prul,.l.,li¡,. ,¡ <ielo·tLi<m uf, .• ,¡,,.¡¡¡,., 

""""'" , . .,,., ''1"'' '" , .• ,.¡, ul the ~li "'''""'" 
''"!:""'""''~ ,,., ,,,,,,.,,.,, 

TI,, iull·nio•w ,¡,.,,, "'" 1"'"'"'-'"d tu !<h1Hin intle• 
!IUHl],·o' '"''l:ill¡: fnuu 11 lo. 71o 'J'he,.· "'""'''"" 
imiK"dl t· lhe o·ll,. 1 l< l "'"'" u( o mio ~olt ,.u, .. '""11""''1• 

itlg ,,.,.¡,,¡"'"' ;, "''""''"~ ''"""· '" "'"""·"¡,.,.¡ 
in T .. t,Je ~. 

Tho· uutl""" oq(""l ¡¡,,.¡, l'""'<tol rtw!l""l "'~he 
prot .. t.>pe ul a ,.,¡¡ uupro,.,d !"'"''·" tl.•l "•·•n 
,,..¡U< e iht· itl•nlif"·"""" ond ,elo·o'l1"n .,¡ "l'limum 
..,,¡,,.,,,. <H¡:ioH·<·<in¡; ll·ob""l""' 11> u '""iglllf.,r· 
""'"· "..11 ol..lino·ol proo·,.olure."' 

Tu !MI).' l1"· 1"'"''''"''" hottlh•r, lnlter lll""'itol 
''"'" ;, m~·•lo·tl. "' .,,.¡¡ "' ¡,¡,,,.,,.¡¡,.h "n ulhet 
¡¡1'"""' ul !),.. !Jfe 'y d ... 

Tlle broaJw C<>rmnurtily 

S,., J>H·ml"'" ,.¡ tlo<• do·l•·ll"' in<h<'l!V """ tn.okin¡; 
heool"~' in t he o·llm l t" •·uol<! .,.,. ,,.¡, "die ,¡,., o·lup· 
"" rtl ir1 • ">:<<l<'o'l<<<¡i ,¡,_, ipll'""· 11<11 ~ ''"' «1 t!.e 
''.''""lo·J ol.oL,o l'''"''"i"g ,.,,.,,.n<,.\01! ·l!"· h«nh, 

"'""·'"'"'" ''""!'·'"""'· ,, .. ,¡ ''"""" ,, ;,,¡ <>l,ot.li'h 
"""""! Nut 1""~ «¡;u, J].,d,,. M;¡¡, ll'il '"11 "hl,. 

'" ••)"' "The ideo or a ri~mou• rotb•r than a 

'"''"""'' !""~'""' dP>J¡:n mell"~l ¡, "''"• "'"' " 
still l•r~.l) unknown in pruc•~mmm~ "' ¡oto.ti .. •J 
lo~i"y."" 

Th• 111M oppma<h. Mony uf the itnpruud 1'"'· 
~r•mrnittg tednoulo~i,·s ""'" devdop~d b¡· lll\t 
scio•nli>lo-~lillo ¡.,,uno. The big oompu"'' '"""''' 
hu,'""'"" • l•ooler in !loeir upp1iooliutt, ¡,,.,¡, """'" 
the o·ump•ny ond lo ¡,, rusto"'"" One to>k tloe 
itHI«>tr¡· J,oc<'>, "'"'"¡,,~tu""'' lB M '"'"utile, ¡, 
''"' t\eed IOf a <"n«•ti..J •lforl by ~\1 •·l•·ment>
t1 .. · "'"""f•rluter>. !he',..,..¡,.,. bun•Oll>, >«flwoor• 
hu\<><">. _,.¡,""¡'· •mi un<><'t>llics..:.u, lorin~ ~ithin 

tht·Lt """ """'¡"~ l""h"'"'"' or o·umru14 in,lfl•tl•"" 
in llu· ionjll<loo·d 1""11'"'""""~ lo·•·hnol!t~i••• 

Tlt .. im~>a>e-lhe <lelte-ol ¡oroG'•""""" he<n~ 
otldo<i l 1< ¡¡,,, ""'"'"Y • "" ""'" l•• •do\" .,,.,J L lo<Ou~h 
1 he 1 '"""'"1 e<l~<•l iu11 <hom>o•l• A loi~~er l""blo·on. 
"'<lh \.no~h·dl!!' in llo<• ¡¡,.¡,¡ <nu\·ing "' '"]"'"·'' 1> 
,.., \ o lm~ •·•l.ohlhh<·d ¡uulo·""'""" - lori ,.~¡,,~ ¡¡,. . ., 
-~•11> up '" ,¡,. ¡,,.,, 1,.,.,.¡, ,¡ ~,,.,.¡,.,¡~,. In lloi> 

""" 111~1 '"" ¡,.,¡,,,¡,.,¡ ihe ,,.,.. )""~'""""¡"~ 
l"••·tkt•• in il> ,.,(uc•li«na\ <tllorin~s lu <U>l<>tne!>. 
lt ",.1,., "'"k"'~ 1<> '"'"11 o ltno"lo·ol~e ,¡ ¡h,·>c 
!""' lio ,., intu il' """ \'el) t·Uen•l' e ¡u u~'ThlLtmin~ 
1 " '1' " l.o 1 1 "'1. 

hblo ~- ElloW••n•" o! ool\""'" on;lnoorlng 
1 •<lm<qu" '" d"ootlng '"0' o lb• nd on oooo &nd 

ol<ockoul ph .. o only) l.ohniQuoo "'" llolod In oodoo 
olol!octloono.,, wllh m•r,.gomonllocnnlqu .. In 

P"•n1hoot•. 

Vl~Y ! f F lC 1 In tl'olll < MI MBI ll <; 10 ¡; 1 
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.JPL Improves Softwure 
Dcvclopmcnt Process 

Al Colwcn's Jet Pwpulsoon Laborotory, about 
on~ 111111 ot '~" ou~got ~nd onA SIXIh ol the m~n

. power "'" a~v"tutJ to somo aspect ol computong 
All t~" ~oltwar~ <.t•"elotrmunt organilalions, 1ncluO· 
1rr~ lhtl Mr•;,orr Control Cenler, Oeep Space N~l
work, SpdC"~ralt on-~u.,rd compulong, 'pacecrah 
t~sllng, ;,nd ltre tun11ali1ud compullng lactlllle>, 
h,rve otrown a kean lnterost In sy>tern•llc deSign 
metho<ls dnd, b~ginning uarly In llr~ 1970's, In 
strrrctu1~0 ¡rro¡¡rarn11m1g, lop Oown dev~IOprnenl, 
and oH'"' "'"11~1n ¡uourdmmtng p<aellces 

l~dnogem~nl ol JPL oelltl~1•1dv touk a low-kev 
dpproaclr 10 llr~ 1ntroductron ol tne~~ prdLIICes 
A\ lrr$1 ttrc<e wos ~ m1n1mum ollormal Ollcellves 
ano a ma.omu<n ol s .. ggeSilOO and e•o1np1~- lho 
prog1amnung h~r4rron idea "'"" uan>lorme<l tJy 
'"" D~ep SpdCe N~t into a mean• ol a>sisling 
~IOQHunm~<S C~lle<l (h<> •·prog¡ammrn¡¡ s~cle

l~<iaJ_'" In lh~ tasi seva1al yea<s the Oe~p Space 
Net n~s I'"Yull a sel ol <lgo<ous sol1wa1e devel· 
opment st•n~.uos. as trsted In t~e accermpanying 
uo._ In a<ltlrlron, a JPL slalt member, Aot>~rl C 
Taus ... mt~u. pwpareu a 37g-page nronog1aph 
which prehw"s Htosu pracllces rn a logtcal, 
1u1ona1 ICrrrn." 

.II'L lool< u low·lwy U]lpr<>ul'h lo inlrUllueing 
th~ IH'W ll'l'hllitpH'H. 

Fhg111 tliDIUCIS •nd t~e MrS>iOn Control Center, 
wiHCh 1> •h~ru<l tlV llre poo¡~cl>. llave nol >I•<>Crlr~~ 
>ollv.d<~ dov~tlo¡rrnunl meii10CS lo lhe s;;1ne luvel 
ol deldil as \he Ouep Sp,,ce Nel. Tne p~niculao 
.. ay rn ,..¡,en lh~~e mellroos are implementeo os 
addplud t>v edcn 1>10jec1 oro~rrrzauon 10 lile ÚXII> 
avalldl>le on thu co11rpu1e1 used tor eacn laS•. 
Howe•u<, me use ola t><C>Q<•rn oe~r¡¡n l•nguage, 
stiuclur~d f><tiU<~mrning, lop-<lown lle•~I<>P\~""'· 
•na <eldl~<l "'"ltlo~s are oe lacto ~~~noo<as rn 
llre prOJdCI ""'"'· Srnclt nru~h O! lhe ¡uugr•rn
n\lñg 1~ scrun1rl1c 01 cnr¡rnee1ing in cont~nl, an 
earl~ ldS~ "'"" ll•o <le.uluplfr~lll ol SI'II~AN. 
Strucl~"'ll Po .. g<arTrrning T<r-Forlr•n Tronslalol. 
R,•c~nlly d j11Cproc"'"<l' lo l•crlrldte Stluclurell 
rroog'""'"""g 1n ·•••omiJiy lanuuaue h~s Men 
Mvllluj>d 

:;o, dlllt<>IIQh lhe ldlJOidiOIY dúOS nol IOSISI 
upo01 "'''"Piulolv stcrndanliioll mgonllolron-vJ~<le 
~"'U'•I"""I"g ¡rr,.r.tlct•s, lhe ~rndo<I'I'"U prrnc•ples 
die <-tl<HI!lOII lo dll """lruns Tlle Drllurrng Del.;rled 
¡rrocorlur"'' <rndorsuil l>y '""D"> ¡11oyr•1n ot11ces 
or~ lhe oosul! ol llrllerunces 1n llre '"'O ol apph
c•tlons For O••nrple, tire Ouep Space Nei .. O<• 
dev.,lops >OII""'" lo ~e op~ldi~O al a.-e'"""' 
srtes D~ ['"'~''""~' "hO ~re nOI Jf'l enrpiOfO> Dut 
a1e ¡.errl,~l1~1r! ~~~·d~nt~ ol !<·~ coun!II~S '" 

! 

wrrrcn me stations are tac;.tec_ Con>e<s~l). ttrgnt 
p10¡eCIS utlllle the same pe<sonnel whO de.~lop 
lhe soltwa<e to ope1~1e, rnarntarn, and nrU<Irt, 11 
aurrng tno m1uion. Moreove1, ltrgl\t ~olr~.~• ,. 
muen more suD¡ecl to l<aquent modrlrc•1ron 1n 
r~span>• to ch•nges in 1~e m'~"on lh<~n " tne 
soltware In IM Deep Space ~ •t. 

Po<scrmBI, By 1915 M hrlormal census ol a 
croos scctoon ol ~''"~rammers lound a~oul 50 
percent dulmltely laoOIBblc to tire rru"' proctoocs, 
ol>aul 40 perccnl ra111e1 neulral, and ob<><J! 10 pe<
cenl ho>til~ to 1trcrn. t--lowe•er, rt was not ontv 
me mod~•n progoarnm1ng practrce> 1hdl """'" 
rrrrpurtonl in lornrmo lltcse allilu<les, bul Jl>o the 
<n>~<unmunl 1n wiiiCII !hu wo<k "'"' ~on~-1no 
occc•••~rlil¡ Olle•l ~~Hrng, inl~raCI~<C compullng, 
dlld tools and !oCihlrcs 111~\ ~nohiM 111• pwgrdm· 
m11< lo 0~1 nrs jo~ done "'''" a mmtmum ot <unnrng 
dOound ano standrng in tone. They '"" 1ne piO
g<~mnrrng s~treta<ial and ;upport con~epl> lnLS 
envuonmenl malle theu tr.es easrer dM more 
prOCucli•e. 

SILII 1M<e rs greal •allaDIII\y 1n tnc md1.r~ua1 
PIOdUCIO>IIY ol piOQIOmme<S, pe1M~S "O·¡ a l•ciOI 
ol 10 lo 1. 01 "'"" more somelrmes_ Tne loch· 
niQues ol ~lruCiu<eU desrgn do nol, ol c~uls~. 
crr.H\U~ ~<!noes iniO ~rrlltanl p<c.grommors Tl10y 
do "'"ka 11 pos>tOie lo brcok up a lorge P!OJOCI 
rn >UCil ~ w~~ IIL,ll llr~ mure COrTrp~lenl p"r;or.nel 
Cdr\ bu u;>tgnud lo"'" drtlrcull e~rly >ldges • .no 

Sal1ware Standard Praclicn 

Of!P S~ AtE NHWO~i SU~DA~D f~lCIICIS 
I1D1l tlUGU~1 1~. \91~1 !.(~!!liAR{ lt.rPI!~l~!l!rOt¡ 
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1, 1 Hlri 

11ll,?1·l\ tSlPilMIH~ /, 1911¡ S[~SAl-A lDf PO<üG~A~ .... ~G 
OIA,.OA~OS 
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'O'.~ 50f !WO~l ~ ., .. Gl M[ IH GUWEll,lS 
JPl PU~IIt.~lrON 11-1< i/Ull 1, 19111 SLHWlR[ lllSrGN 
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1ne le~; "~"'"~ :·~"f"" '·'"' b<· ~''•'U""~ w 
omplcn1~nt '"''' tn~¡ n,,e Leen to111y well >lrUC· 
lure~ Tn" ;lru<lureU molhodS al>o eno~la ollot\· 
~UIHO lv ldt·niLI¡ llrt• rcol moom¡>Ciunt; SOQfiUI 

lho!ll ,j¡JtU 11"•11""'" llld, 

Ad••nt•-••· Tne ~ayo!l ''"'" lha ~aopllon ol 
moC<!rn pr~gr~rtHT,.ng praello"~ ''"' come In 
1erms ol ;rgnllot•nll; 1mpto•ed ;ct•edule pe<· 
tormance anc manpo"'"' pooducu.ny. Tnore ,. 
no douot '""' me;e 1ecnmques ""'" resutled on 
dr~mai1C irnprooemenls In cost, {lualily, dhd 
;cnedul~. For c••<nple, one ol lhe pro~roms lot 
lile Voya<}~l proiec¡-se>er~l huncred lhousan<l 
hnes ol hogn le•el langu<~ge-was retaMiy com· 
pletea ,.un labOr e.penaolures .. nnon buoJgel onc 
tompuler 10me al ;omelrungll~e hall o! t>uoget. 
T~e recuwon m coruputer ume lmpltes t~a• 11\8 

progrdm> "~'~ ol 1\euer qua\t\y, t>~cause tna 
progri>mmer~ 1\d<llo co muen r~ss d~buggong •M 
tes1mg In tl\e en\ore vo,ager sor, ... a•e de,•lop
m.,nl progrom, ¡u>t trn•s~ed, only oM ''loger 
leam" 1\dd lo De se\ up Tl•al was rn \M 0•11 
recoras area wnoCI'l lodd to bu don~ 1n h>emt>ly 
l•nguage t>~cau•e a h•gner-le•al langu6gu "'"' 
not a.a•la~lc. 

A rec~nl LJ"ep Space Nel pro¡ect, ona lllat llad 
il~en budget"d IGr lwu )O di~. c~rne in two "'""ks 
over burlget, iJul 1111> o'er~g~ had bt•en <.luteLicC 

a v••• "he~d •ml ""'""~""'" l~dd¡u;lmun" u .• c 
üpen m•de In 11"' c~;u, 1<>0, Ceb<lflU"'9 "'"' lc>l· 
•ng t<>o• noll 111~ '"'"' UtiUm"IIV tout1U"'"C llou ' . " r•·-·o~ '"'' lcw "'"''" '" lclt.l, \1'"'" weoe J~v 
~""'"· <r<Liu<111<9 ltlu>e 10 <H•<·•••n~nl.t11Uro, Ir¡ 

300,ú00 llnc> ol "'"'" -cl role ni '"''i 20 ¡""'-""' 
ol ~''""""' ~·~•llene~- Pcrl1d¡J> 01 "'1""' Hlli'OI· 
lancu \O lhO>~ Ollly \00 ¡ocCuSIOITiCd 1<1 llC<VC· 

,wrac,ln~ "ll~co leom" ~110!1> lo mecl ll¡gl\1 
do1eo, m1s ton•e lt<cre ""'" no ''~'" teom lt•cre 
"""'" no h""'"' at1d no uM •onra•ale~ nos 
ulcers 11 so-~m~d lllol ~ollwaro monaQcm~nl WdS 
coro .. ng ul age 

l~oroo•~•. the lull e•tem ol lh" ... ,¡ngs t•orn 
\loe use ol 1110 o~.-. pooCIICCS ..,¡¡¡ onl¡ Locull<e 
op~or~nl se;~ldl y~"'' mto \hu moorotcn~ncc l•lldSe. 
lh•s pila>" ,. "'"""Y goorog lo IJe muelo more 
elhcoern. lnp ~1'-'!lldtnS woll Lo "'o'c ochoLie, !he, 
""" ue "•••t• 10 ChJng" wh"n nctc•sa•¡ lnc•c 
omprc..uncnl> loll~"" hono lh~ e·p~10e11Ce "' th~ 
oonpltm"'"""'-'n ~h.ose 1'/~en lh,. jJIJd>~ os'""'' 
pl~t~<l more quoc>t, ~n<l ;,<ih le'·e• ertOI>, ttoere 
os m<>oe conh<Je,ce tn~l ~~~ ""'D'a~• <t~cl! '' 
cto,er 10 tull <:on~ctne~S-

JPl os'""''"!! a greal~r ¡.eouni~Qe el th~ "'"'' 
all soll,.are O~·~'"~"'~m .-fl(>r\ heu.g C<li\C<·nto•l"'l 
•t lhe lwnt ~no ~nder 11•~ """ tH•Cioces C.uJonO 
IS ~·pecoed 10 re'""'" a >uo•ll loott<on, <··~" ~s 
lh~ propunwr> <>1 <e>ou<Ce> <1~•<•1•·'1 to U·>l1"0 
ano ma'"'"~''"'-" <lecl•ne• T•••· •o~u~O¡,e•<~nt 
(~le tm tlle ~""'"n <>1 oe>ourte> \,"¡~•~" <!clono 
tru11 ano <Jo;,o~n. Lo<long. •n•l le>llnQ uwr,.•oolly 
l<¡,e>,()f> \11<; lo>l>uiOIO<I/> W•l'""'''''" 

' ' 

' 
Slill. thero i• an ~lemenl ul '""""':elll<nl ill lh~ 

prohl~m. There ¡,a net·<l ¡.,, <i<><lphn•d t11il\kito~ 

Hnth<r th•n facu• on lhe 1•<1 th•L """" lnUtw) io 
l,oin~ op•nt on ooft"''" Jel'<·ln¡mwra, lhe hi~ "'"" 
h•v" t.cnded 1.0 empho>i<e fin• tunio•g l.ot.ely thero 

~"'" >fl•m 1.0 h., an increa><n¡; ~"'"'"""" L)· ln•n· 
o~eonen\ of tho d1rhotumy ¡,..,,.,.,_n the price:per· 
lormon« impro,<menl of lh< n.rJ ... r. •nd lh• 
lotk of thot kond of impro•·o·menl in >ohwore cle10l· 
upment In the fm•l onolpi> the "'"' them .. -l.o>' 
hov< ¡;ot tu be ~<illmK to del''"" ~f!urt ond nmn<y 
tu impro,mg lh<ir sofl.,.at<· Je,·dopmen\ P""''"> 

Pr<>rlorti•·ity r<lotion. Althoo¡;b Urn-..n found 
llltle re\oliuro,hip ¡+7 [><rnnl) ¡,,.,,.,..,n hl> lB 
<c.ling ond duo:umenuouon ''""Jdtd, ond pro~rom· 
m.r prc.lo<lil•ity, onother ap¡01u.ch >ho"'od o 
oi¡;nificantly hi~h currelauon. 1\'ol>tron and f•lia" 
..-tupo •oftworo mea>uremenl prO)«I in tho l!lM 
r,.J,.rol Sy•tems Dil'lsio" in 19?2. One of tU 
porpo>es wos 1.0 .... ,. the •ff•"''• o! Slru<lur.d 
p•o¡;romming, lhen juSI bo.·¡:mnin~ to be U>od, oro 
the ;ultwor< <J.v<lopmenl P"""""· [)ola lmm bO 
«>m¡Mto•d proje<t• is no-.. tn tlw" doto bas•. ~<·prt-
><nl<ng piOJO<" ran~ing from WOO 1.0 4b7,000 
sou"~ linos ond 12 to 11.57~ monmonths. Sourr~ 
hnes "'"'" d<·hm-d os lh• input lo o l•n!!"•K• pro
,-r,.or. 
lhin~ this rlatH bo>e. 6~ »ti,dJles ""'" anol)to•d 

""J ~~~ ohow.~! • h1gh corrd.o!l•m ~~~~~ pn•lo,·lil·ity. 

Th~ overull judgnlt'n! i~: 
nJod.,rn pr<<~ruonmiug prut•ticrs 
llrt• reudy fur u;,r. 

'l'l10• <lato "'"il .. bl~ en•IJI~ol o "'"'P""""' lo ho 
onoJ\·1>.-IW<"el\ delivercd oOUIIr '"'" l'" m•nmonth 
•mi cho• P"'"""'"~" <>( c•><l• <[,.,,.¡,,¡,eJ uoio•~ ooch 
"-<.·lmÍt¡u•. Tho>< relotiun>lup,, viouoh.<,;,] in fo¡¡ute 4. 
'ho"'cJ • rote o! pwdo<li><lv i•"f>IOI'em•nl "'"'' 
·~"'K 70 P""""' bet"''"" "hlllr u • .-- o! 11"' """' 
le,·hniqu•s •nd "muen"'"· 

ll<ol-tim• Je>i~n. Tlor AJihnct-J T,~·hn<>ln~y 
{ .. ·nler o( the Army's ll•lh>~i< ~¡.,,¡¡, [),·fon>• h•• 
1•,-n ""~"~"! >in<e !972 m i<!,•nld)in~ oou\ tdmon~ 
'•·<hnio¡uo• 10 lll>prn<o '"" ,.,(1,..,, d.-i~n<r'• 
o!.ihly ln pru~r•m l .. rgo fl•d) lioHo• 1""""""' in 
"bah lht lirr,tn¡;' anJ <•r<l•r uf''"""" ore >flliool. 
·n,. re>uh ul i<s tff~rl>, ,.11,-J 1""""' d•·•ign 

"" 1\.,~lolo.:y, •"'"'"'"' ;\ ru.-tur.-d ¡>ro~r.mmu>~. 
'"!' <lown ,¡., o·lopmenl. •nd ,.,¡,., rl\oth<>rl• 

n.utrlmg •nd l.oo.sun~ on•l."ed a dota L••~ 
,.,1\,,IO·J ¡\uron~ '''1><'"""'"'"1 de1r\.oponenl "'"'" 
<unl"'"ing O••< JO,UIIO lohor •nol oom¡>o!.r-run 
•·n!fi•·• 1""'" rli>lint·t o<h•nlo"''' n{ th• "''"' d,-.,¡:n 
n, 1 t.••l"l"!!' 01 <r '""'' nt ~om.l •PP• ,..,, h•·• •·mo·r~·,J 

• "'"''''"'" .,¡ "'""""' ''""" "d' ''"'''"''d 
!""" "' '"' '•" l·•·r .. •nl !"'''''" '""'~'"""" 1"""'· 
tho· •·t'i'"';" ,,¡ < "'''' ''' '""·'' "'i'' '" '"'"· "'"' 
• l""d<u 11> '" ~-" J .1 o·o¡<molo·nl '""''""'~ 1n· 
''"" "'''" l"' a .. ,nh""'· '""1 "' ¡,. --, .,,,.,¡, .. \,1¡ 
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--~ 1-c;;;¡¡·PROG~AW.IER Tl'"' •. 
--~--

DlSIGN >~O CODl L'<SPtCTION ' 
TOP OOW~ DEV"OPMENJ , 

SIAUCIUR[O PRüGRAM MLNG 

1 
---~ 

---!,00 <00 >00 <00 
OHI<ERW SOURt:l lltllS/I.!Atii.!DNJH 

Pn><luellon oppurs ro lnorouo c!ramatlcoiTy wUh lho uu ol 
!mprcnd progromming lochnc!ogin. 

l>etter" than the results on comparable real-lime 
projcct• programmPd by connntional methods. 

Doto manag~mont. Hsiao" reporu.:l the develop
ment cf a highly secure doto managcment O}'sU!m 
ccmposed of 80 modules with 40K words of code. 
The total design and implementaticn "'""' rom
p!otood in 3 manyea,. "'ith on elap...d time o/ len 
\han 11 months. Using a chie/ prognmmer leo m, 
strut·tur....:l programming, and the other roncepts 
of modern programming prootiee>. he lelt tbat the 
effort could not hue been completed in such a 
shcrt period el time "ithout the u.., o/ the>e tech· 
niques. In addition. said Hsiao, utensi<m o/ tho 
;ystem "has be<n greatly focihtaled by the com· 
plet.e de.elopment·support libtary, clear system 
interface, high program modularity. and well·!lrU<· 
tured code." 

• oth~r t~pes uf 1""~.,-ammin~ """'" dt•cffo•e-d 
~'' perc,nt: 

• "'"'"K~ lon~th uf o bu~ find and·fil ,-yde hao 
1><-on r<;duced lo oboul one-third tho c"nnn
tinnoltime 

Theoo impr<>•emt•nt' ""'" on·ornponied by •mol\ 
de~rodation• in pw¡¡-ronl p•·rforrnonce. 

F.uly .. ,~••rnonl. Racll in !9H, oher only o fo,. 
yearo of cxperienc~ "·ith the group af l<"<hn1que< 
~hot wero then <atled ,¡rurtured progromming. the 
IEEE Compute< Societ_,.·, l.ah Arrowh~ad Work· 
>hop fnund that ""''inw• of "over 50 poaenl hod 
been achieved. re\a\Í\'0 to proviou> pedormon<e on 
•imilar projocl•."" Companies pro,·iding dai.O in• 
cludPd !BM Federal S,.stetm Division 140 porcenl 
average improvemenl ov•r 20 proj«:lOI. ~I<DonneU
Douglas Automotion Cumpan_,. 136 1"'"""' ímprov<'
ment on thr"" proj<"<h; 5 percenl on o fourthl. and 
Hughe• Airrraft Compt~ny (5() po-rrenl impro,·•ment 
on t wn re•l-lime proj..,t•l. 

New pr~clices judged e!leeUve 

Sofl,.·are is in a predicament: it is t.oo ronly, 1.00 
error·prone, too eomplu, 1.00 hard to main1-0in. 
This pr<'llicament !TliiY deloy new opplicotion• of 
e<>mputero unlus 1.he effeuivenen of •oflwore 
developmeM con be subnaMially impro•·od-

Modern ptDb'Tamming pra<lkes are no\ \he only 
v.ay, ol course. High.,..le•·el programnling lon¡¡ua¡;u, 
improved lile cyde plonning ond monagemen<,' 

_aulOmatP<I. de•·elopment lOOis, beu.er perwnnel 
• selection and Lroining. and, of rourse, more sophis· 

ticated managemenl will undoubl...tly help. 
The 5\udies broughl l(lgether her<> indicau. thol 

oofl,.·are effocliv~nen can be ochie,-..:1 Where the 
re•ults have bt.-o>n redurPd lO numben, ~~~~}' rangPd 
from ah<>u~ 25 per<en~ lO oh<>ut 7~ percenl on such 
factor~ as co•t. error reduction, ond produttivity. 

Too much weigh! ohould not N plarPd on ony 
one numl>er. S~udin of this kind are difficult to 
moke and ore u•ually not comparable from one. 
organi<ation to another. becau"" delinitíons ol 
termo vary. Moroov~: overoging variouo omounts 
ol knowledge-or de¡¡re"" o/ ignoran<e-from ínter· 

Japen••• fin<Ungo The Nippon El..,trir Company viewo d.,., I>Ol nec~ssarily provide pn-ri .. numben. 
has modified its data base management •ystem, And summarÍ<Íng dei.ailed ruulto, u has been 
pro¡¡rommed in Cobol, to tah odvanto¡¡e u/ the done in this article, olmoot inevitably obO<ureo the 
concepts of •tructured programming." Thi• experi- nuonces of the original papen. 
once, plus sorne experiments in using the new !<!<h- Rothcr, it io the onrall judgment tholls impres
niqu ... has con\'inced ~hem ~ha! thc method.• can sive: 1\'heLher from formol oludie• or the impreosions 
be succossfully appl¡ed to the fonhcom1ng deoelop· cf oxperien~ed executiv01, it ""emo cleor' ~hat 
ment cf • very large on line bank1ng sysu.m Thelf ;modern pro~ramming practices ore offO.:tivo in 
experimento indica~.<! the following: ;j; im'proving the prooessco of ooft "'"'" de,·elopmenl. 

• number of sl.eps programrnPd per working hour They ore read)' for uso. • 
douhled; 

0 nlilnber of U.epo programmed per moohine 
l10ur us~d triple<!; 

0 number of database handling error> d•crea•ed 
30 peroent; ·~· "''"' "" ¡,r, '"'' "''""'"" '" ~'""""" '"' ,.., """"" 

"""'" or '"'" 
COMPUTER 

1 , 
! 
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SOFlWARE ENGINEERING: 
PROCESS, PRINCIPLES, ANO GOALS 

Dougia• T. Ro"', John B. Goodonou¡h, C.A. hine 
Soff•ch, lno. 

lntroduction 

The ronf<rence< <p<>nsorod by NATO ¡n 1968 and 1969 
ga.< popular imp<lo< lo <he l<lm "sofN·aro <nKin<<tin¡." 
Sine< lhl! time lh< n«d for a more diodplm<d and 
>nl<grat<d opptoach lo ooft,.or< d"elopm<nt hiS b<<n 
in<ru<ingly «ro¡nued. Althouglt u<tful definition< of the 
l<lm 1<moin <lu<i•<, <o[\ "•" <nginemng deuly imph<lo\ 

,li¡¡•u !h< di<<iphned ond tl.tllful "" of <Uitable soft,.,'tt< 
-l<lop,..,.nt tooli ond methodo, 31 w<ll u a <ound 

und<,.l>ndin¡ o{ c.trtoin huoo pnnciples. In lhi< paper, ""' 
lll<mpl to upound ,.hJI thue ptin<tpl" oro, ond how 
!he y ore 1pplied in 1he ptottit' of softwor< engtne<ring. 

lt io p<rhaps h«< lo 'iew thi• pap<t •• •n •ll<~npt 10 
idenuf)' the imponom undetl)-ing i""" of , 0[1,.,. 10 

engin«rln¡ in 1 fo1m 1hll p<lltuU the interaction of the" 
;.,un 10 be b<ll<r undtntood. We will di•cu.:. the<e ;.,.,., 
u¡ termo of fou1 fundam<nl>l goab: mt><lifiabtlit_t•, 
~/P~I<ncy, rrliabtliT)•, and undtr>t:mdc;bilily" -..·el!"""" 
principies 1h11 offect the pro ce., of "'"'""B lh<l< ¡oall: 

• the ·moJ"/Qrl/y prin<tple, whioh d<f•n"' ho-.. lo 
OlrU<IUI< • <Oflw•re >yU<m approptiOidy; 

• the o~mQ<Hun pnnoipl<, "hioh h<l¡oo to id<nhfy 
uoen1,.1 properttn cummon IO>Up<tftmll) d,ff<tenl 
<ntitie•: 

• the h!Ji•t pJJnC.ple, -..ht<h hif,hhgh" tOe importln« 
ol not merely lboUa<llnl common propertt<S but al 
mo~in• ino.,tn!i•l iMcrm.,ion moruu•M• (h•dtnJ 
d01b "'ilh dtltn~nJ •nd onfordng mnS\lllnll on 
><«U tu tnformotion): 
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CQNFIRMABILITV 

• ¡he /a<al/rarron principie, which highlilh" melhod• 
fcr brin¡ina re/oled lhirl¡<' IO¡ethor into ph~<icll 
pro>imoty; 1 

• lh< unrf'""'"Y principie, whi<h ensuro< con<i<tency; 
• !he <~mplt!<n<u prtnciple, whi<h '"'""' thal 

nolhin¡ ¡, lefl <out; 
• ¡he wnfr"•rabr!r¡y prin<iple, which enrures lhol 

rnform>lion needed to verify comotn<» lut been 
e>plictlly<l>l<d. 

Thue prrndplu ond goah >re opplied in the pn<lr« of 
1ólftw"< ongino<ring, .,.-hi<h deol< with .arious ..,[tWlf< 
de.olopment •clivitreo: 
Dtrm,in< req"""'ltnU-Ihe p!0"" of identifying lhe 
I<Qurremenn lO be "mft<d b) • wfl"''" <y<tom; lhe 
ob¡e<tr•t " 10 defrne the problem to be <Oh<d 1n l<rml of 
llle conUurnu • oolution mu<t .,¡,.fy, inoludin8 "''' ond 
'<fform•n«. 

Jw1n rof<•~ro•the p10ce" of con<idering <>eh "''' 
"qui~tmtnt ond Of<>linllhe conceptual b"" on .,.-h¡ch the 
problem "to l:>t >OI><d: ~'"'" i< the P'O"" o( deeiJrng 
~ow lo .. ,;,¡) ""' roqurtem<nlo ~llhrn lhe •llowcd 
conllt""" 

Spr<l[)' impltm<n!alion-tlto prooess o! descrtbinl the 
inl<rac\ion• bctween tM deoi¡nod moduleo of o oolution; 
the rotult of th" ocn.<ty is a detoiled •peOlfiCOtlon of 
conmornt< lh< sof!w"e rmp]<meniOiion muu üli¡J~, but 

.• notthe sofi\Oo'<te ilself. 

Codofdtbur-the prooeu o! ,.tuolly produdn¡ tito wftwore 
"IL<Iying ¡he specificatron, and 'erifying thot the produetd 
software dO<I ,.tisfy lhe us<r requiremenn. 

Tunr•1- lh< proce" of modify1ng a Jo¡ioolly corre« syllem 
unul ti moet< porfcrmance ,ools. 

O.>pil< lh< ob•·iou< dlffetonc<l omong lh<>< aclh-itl.,, ""' 
b<hc-. toch reOects a common p311orn which we caU th< 
fsmdarnrMol pnx<tt- This ptoteS< com.isiO of fl-. bnlc 
¡tipO: ( 1 ) Cl) ltOlli" a purpp~ or objectivl; (2) formulO!< 1 

· e<mc<pt fur ho" <ho purpese can be ochievod; (3) de vi .. a 
"'«''""""' that lmpl1ments tbe conceptual muc\uro; (4) 
lntroduco o lrOtooon for upres>ing the capabiluie¡ of lh< 
mcohani•m Olld in•olung ·,a u<e; (S) desoribe the UlQI< of 
the nototton in o ¡pedfJc problem eontext to invok1 !he 
mechonism ,., the put p0"' i< achri"'d. 
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COMPUHNESS 

"'"'"""'· 1f tho lo•m dooo no1 001mit o ·~""''""' ID oooelfy 
'""'" io to ~oooon '""''" tho "'" ototoO>onl ""oblo ~out ol 
10"110. thon ,,. 0'011""'""' ~ uftO.,O ID OO"IV ""' tloO ,_,¡. 
"""•• .,d., .... D 001 '""""'-d 10 doooloo ""'' ............ 
"1""'~""' /t.'""'"'"' nototion '"" '""" .,l,.bil1tv by""" 
'"'"'""o P'OO'"'"'"' 10 opo<lfy '""' "'""'' do!ollo 

-These eumples can only """1 to illuma1e tht 11yle of 
opproach (on • per-cube b,.is) used lo make the soals. 
principlt<. •nd p>rtl of the fundamental process u•eful in 
d<'ttibing >nd undenlanding ••pem of •oft"'"' engineer
ing. The following se el iom dis<ul! the hiemchy. gnoll. and 
pnnciple• in more •pet1nc terml befcre we apply them 
jo1n1ly in an •~tended eumple. 

Hierarchical Decomposition 

The "pro~n of developing hiorarchlcal mucture may be 
viewed IOp-<lown •• •urct.,i•ely impo1ing mc«aSingly 
spocific cumuainl> on the form of an ullimote solulion. 1t 
may al>o bt >i<wed l:>emom-up 11 succes¡i>tly uploillng-
1he con<u•ina utiS/led by lowor l<>eb. An understonding 
of •ofl '-"••• engineering lies in undomanding the romrraitm 
.a eh <nginetdng activily pi'"'' on the olheu-e.g., how tite 
d"i¡n ronmains the impl<menlallon, ond how rhe. 
in:<plementalion possibihlie• consmin the design. The 
procen of hietOichically and ilero¡ively imposing con
stnlnts •ppropriue lo lhe an•lylis, dnign, •p<crnca~ion, 
and coding phuu " whal unine1 lhe pn<lict of softw01e 
engineering. 

Th• proce" of hierarchical dtcompolition in•olvu both 
1nalysio and o)·nthe.1.11-both 11king apart •nd putting 
logethor. Whilo one decomposel 1 •ubjocl by recogni<ing 
the differenr •ub·pam of whkh il il rompo•ed, one must 
aloo pau~< ro txamino 1he o><rall decomposllion and Jook 
for '""ilamies •mong tho low«·levol constiiU<nts wilh on 
eye loward recompo•ing collections of lhom tolo lnger 
ronmucu_ For cumple. pur .. decomP<llilion would nevo1 
1e•uh in ~<Cogniz"lng subromine~ thot are needed in 
sep><~l<d paru of lhe decompolition. 

For • given P".>blem rhere "" rnany '"corree~" 
deoomposit>Onl. and g¡ven • la~ge coii<Olion cf ooluli<>ns lo 

'prim111ve sub-problern• (< g., a ser of CPU imtructions); 
the¡e 111 many corroe! compooaion• whlch will ""~ a 
gi><n prublem. Thu•, wh<lh<• <mo ¡, ongaged in synlhul• or 
•nal)lÍI. <:um¡>o'""'" ur decomposition. lh< sele<tion of a 
""correct"" sulutiun mus¡ be based upun s<>m< ovwiding 
crit<ri•. i>.'< mull try lo selecl lh< mo<t cl.,inble •olution 
f•<>m the ..,-, of ct>rrt<t .Oiulions. For this te~Son "'' begm 
n"'. m ""' •l•bourion of lho lht~is uf thi• parer, by 
w~lideung lh< goal< of soft wa« enginemng. 

F•u" 7. u._ c.,..,,.,,on
"""'oiool>lloty. 
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The Goals of Software Engin•ering 

The okill with wh•ch we can apply enginee•ing mtlhods 
and tools will depend on lhe dcgroe to which w• ha•• • 
clear and p1<d,. view of our objocll•"· In the rulm of 
ooflw>re engmeeriog our obj<clivu will alw•yl bt m1ed In 
lerm• of d"if•d prcponies of lhe teluham wftwate. Four 
properlies that "" sufr,ciently general lo b< accep1ed u 
goals fot 1he enlire discip~ne of scf1ware on¡inunn¡ .,e 
modlfUJbiliry. efficimcy, rt/Uzbilily. 1nd und<rstondobiiU)\ 

The goal of modifiablliry il hlstorically tho mo•l 
difncull goal lo '""""'" Modifloblllly implies con11olled 
chang<, in whkh wme pam 01 aspo<l.!. «main the sam•. 
wh~e othen 11e alle•ed,oU in-$uch a way lhtt 1 des.ired new 
re•ull il ublained. The chlfiCie•iUI!On of '"<.Omenoll" or 
in>arian.;e maf be >ery subtlo, lnd !he dfeclo of change -
llllly bt hard lo predkt. This maku lhe tchl .. omcnt of 
modifiabillly diflicult. Mcdifiabillly ti 1lw difncult lo 
~chie>e bec•u .. chong•• occUr for "' m•n~ d•fferent t~pcs 
of roasons. For nomple, in tunsferring softwue lo 1 new 
computer or opcrating oystem, il il duirod to keep / 
lnvariant the logi<al effeca of the •ystem. limiling chang.,, · 

'only lo the n<otlllrily machin•-dependent npccu. Orzngú 
Ir< abo "required lo 1emove <rron from lOflwzro, lO odd. 
ne"· capabilities. 1nd lo impmve a •yotem's p<rformanci:" In 
general. dtfferenl opproach01 ore n<c<ls•ry lo misfy lhue 
di ITeren¡ IYP'• of modinability. ' 

Modtflability roquires ncl onl~ lh< ability ro h•ve an 
1daprable, e\'Oiut.onory d.,ign, omploy ll•nd.,di<<d 
software building-block$, tune for perfcrmanco, otc .. but 
oho thc more oublle ab~ily lo mainllin project •chodule• 
ond budgets by allowing dummy test mtxlulo¡to be used u 
driven befolt later pariS of a •yuom "" p<opared,etc. The 
vuiely of ways modiftobilny a(( o en wftwuo onglnocrlng ls 
OJ!< of th• "'"'"' for giving ir 1 p•imary role in our 
discussicn of softwalt enginetnng. 

A mu<h·abuoed goal " tfflciency, usuaUy b<cauoe in an 
<xcess of ual it il p~<malurolr penni11•d • hoghpriofily In 
<nginetling tudeoff•. Blatont in<fn<><ncy conoot, of 
cour ... bo luloral<d. bul" U5uolly efnd•ncy qu<Uiono 1ft 
beu ue•l<d wilhin 1he ronteu of other issue~. For 
oxzmplc, achi<'ing • hish deg••• of modiftability can 
provide th< b.,;, for meeting eflic•ency goolo during the 
lunmg ph..,e of ooftwore d<"elopntenl. In odditicn, in•ishts 



•• 

'UOJJ> lU»>ld 
pu• ~1!11r,•pu!¡mpun >Jn!U> d¡;~ U!> '!'P pur 'p>¡n;>.-> ;¡ 
¡u;w;¡.,, ""!3 1 ~)-'~"' upun •uo_uopuo) >>¡1 1!'!!dn ·~•w 
01 U>U!Wfl~md Ul10J I"!WW•J!OJd »Jj·Oioi '>JdW"> 
JOj ,,,-!uuoouo!u; >J~M1Jo• -"! o¡d¡)upd ·''"'i"~ow 
Olj1 ~U!,(¡dd• JO >OU,,i> Oljl" S>Jn¡)nJ)< UO UU!"l'UO) ljOn! 
lluuodw¡ ¡~l1r'l"l" ¡.\ou>O>!JJ> ¡ '"l''l~l.I!POW >l!l!l'"J 
uu¡•u•uoo ¡OJn1)nJI! ¡o IJOI_ 114"' '>¡dwno 10;1 

'>!OdJnd 
>W?I .. >]>jO! 01 1>p11lj JO 1>!'1> 11 010W UWO IW>"·'' 
jO >lnJ>n1]> Oljl UO UUJIIlfUO) "!liJO> MC\j iu¡UjO[d\0 
hq >l>,uoo >pow SI hl!l1]npow JO >¡d¡ou¡Jd >41 '»U>H 

·:~"~"'"" ¡~j.,odmd" 
.!¡¡Io¡npo)'l 'JO]I .. >codmd >Wm JO IU>WU)OIIO ''11 .,.w u.o porqo uo ¡o """""' '41 1004 '11!"' SI<>P Á1UI¡npo¡~ 
:UOIJ!U!J>p ~Ul~JtUn jl'>U>3 1 ,osodo1d >"' '>UO lUIIJOdWJ 
)WW. ~1 S1 >A!l'>fqo >UO hur lOO¡ >S Ult¡1 l>t¡lr¡j 

· J>)!l> S:W10o,fqo >s>ljl JO 1U>U1U)Ill' 
>~1 •1•w SIU11J)Iuo; ¡un¡onm u¡ru» ~4"' UJI¡dn 
01 ldwonr pur n•u»fqo ><><ti JO "4IOUI 10 ouo uo snoo¡ 
~1P•1npow JO •uo¡,nos¡p IIOI'j ''W"&>Jd .!¡¡pow 01 "!'" 
1! "1'"-' 01 8u¡dr•4 puo 'tw11%oJd puo •ubop uowwo, 
JO >In o¡d¡1¡nw "'"ll" 01 ~"!di•~ '~l!l''l'!t>J >JOMIJO! 
>AOJdw¡ o¡ iu¡d1•~ ... p;¡1J S! ~I!Jr¡npow '1"'"'' U] 

(6t "d '01 O>U>l>J>l! U\ P>11:)]'Sl!"" 
.. 041 JO 1>\1<110]>0104> >~1 lj01\U0l 401'1M Ulnl jo'¡>! O 
., >l>41 '"4"' · · · .,mn uow< ¡o "qwnu • "'"! wuJqJd 
>1>1dwoe • ¡o ruu¡uo~Jo >41 S! 3u¡wwu~oJd '"lnpo¡~., 

h( "d 'i >OU>J>j>ll) 'j>JnprtJ¡< 
1"!4'""'4 • '"!"41 w11fo•d • •! W113md JO[npow v .. 

(t61 'd '¡ 1 ''"'"l'll) 
,,'>t<t•nod n ¡u¡ols¡p" ><l. u1npow 1041 IU>W>llnt>>J oq¡ 
"n•qdw> """' ~l!'•tnpow .,poo1 .. ¡o UO!JI"!I'P v · • · 
'SOinpow JOq¡o 41!"' <uo¡IO>UUO> >AI4 4"4"' 1nq '~!>''' 
·•d" p>lldLUO> >q U<> 4'!4M ("¡np<.>w) $W"3o!d<l_n$ 
0\tr] Wulrud o fU!P\A!P JO <I>!<UO> U0!1Uií•lnpoj~ .. 

(1 "d 
·~ OOU>J>J>'!!) ,,'!UOLIOOIJ)O>d$ '"Jl>IU) oq¡ U\ p>U¡01UOl 
JI "4" ¡dn» <>1npow J>q¡o·¡o uouuodo >41 ¡n<><t• 
~.uo¡¡dwn"• ou "V"' o¡npoUJ qou 1'41 4'"' '""J"'"! 
P'"'J'P·ti•M •••4 4'!4"' u¡npow Jo <¡nd 1U>pUod>pu¡ 
~10.\l![>J ~U!IU u¡ U>li!J" '! 11 JI JO[npow " WrJ:iiOJd V,. 

'>! 

:IUJ>!$.Ú ,.ll(npow, ~q p><S;Kiod "! u>doJd 1"'""""' 
Jo """' lll p>uU•P A¡tu>nb>Jj >Jow '! ·'I!'"I"P"l-'l 

(001 'd '(1 »UOJ>j>ll) ,.'J>410UO >uo WOJ¡ 
¡uopuod>pu¡ .11'11!4 "' u¡npow >41 1<41 ~'"' o 4'"' 
"' "'"''"'d '41 >Scdwo»p 01 oq r¡noq• · · · ¡•o! Ál1\UtJd 
>U ·.,¡npo\U Jo UJOd "11""' 010! wutoJd >1~•1 
O ¡o UOitJ'!P Á11Jitqll •ql ~¡dUI)< '' ' IOU <1 ~1\IIInpOJ~ .. 

(H 'd 
'6 """'Plll.,'t>jn¡x::.w >~1 ¡o UOI)'nmuoo >~1 ¡o;!~> 
·i"'""' ¡no~w• u¡n~ow "'"1 OIUI "lnpow wutoJd 
.(J""G" ou¡qwo> o¡ ~~mq• >41 -utou>~ ~l!"lnpo¡~ .. 

16<:1 'd 'r """'!''!!) • ."""'"10' 1~ "'"" "''.'1 !u¡p¡¡nq 
"' "" 111 JO 1U1Uoo >~1 JO ~¡wopu;d;pu¡ '>1npow 
WOJiOJd 1 JO tS>U)l>lJOl >ql JO j¡¡> .. UO >OUIAUO> 01 
>1q• >q 01 51 IUI\UU,.lloJd It¡npoW JO >A)IO>fqo >UQI .. 

' ·''"1»[qo 
JO, <WJOI U! p>Uij>p U»'l U~ 11 UW\I>WOS ''UO\I!Uij>P 
<M!"' u;.,~ u>>q "4 1[ "<>Jn~;~nm "''"''Jot I"'IIPII 
·1>1q ¡n <>11J>doJd 41'"' II••P ~UJW¡npo¡~ ~1\'"t"P<>l-'l 

'""' •n!!I!UO> >41 ~unou• "'"J""" >ll1 "o.-t-~lti!U"!I'I" '4' 
JO JJ><l" >WO$ 4'\"' 'l"P 4>•> <nljl pu• ''t"'S mo \Uit\l! 
uo•1"odwwop iutJI"-"' >'11 ''4' """" ~1 "!"1!'-' uonpop 
U ~II'!IU>«> p>~n '" ~''11 '!d!4<Un1¡r¡" "'"ll jOJIU~.' 
pu• ou¡\UH!>p Ul p><n "" 'Uüll'lll~""'·' U1 P'!" \¡~OH<, 
'1>¡dpu¡1d "'·"' >.,oq• •'11 '!IU>nln<uoJ noqt iluowo 
•d!'I'UO!I'I>l >41 ,(q >Jno)nJ, • ~IU! p>t¡UP~"' 111>1< ¡,, 
>41 JO 1\U>nli\IUO) >41 1\J¡dop W>I<Ü' JO UOLI"ndLUO.'>P; 

1"'!4'""'4 •'11 ·ouowdo¡oup '""''1"' Jo '""4d '""!"\ >ljl JO 1\0 3"'1np lJMJJ mO >Aotqlr lf.l!'l"'-fiiOJJJS<~IIII«Up, 

JDJJ~"D>'!IJ ;;npoJd 0\ 110M 111"'-"n<>•d fDIIIJIII>/'W!{, 
0~\ U!llll"' SU0111UiqWOl <Ooll•• U) p>!jdd• <Jfd!.>IWd 
7;>'11 ·,(JIJ!qcou•Jf•w• puo ·ruom~¡d•uro ·,(J!'"'nfum 'lmr!•l 
'UO{!D:¡¡DJI>j 'un¡/JU<!<qO ',(Juo¡n¡l<ll<l 'l>lpt> p>U~!lU"'i' 

'"' '" 'OJO Su!'•·'"'Su> >I'"''J"' ¡o so¡do;uud >~ll , 
! 

6U!Jaau!5U3 al~MIJOS 
JO 'H¡<lpU!Jd O~J. 

'ÁI11!'l<PU•l<-'OpUn WRJSo•d Ul l!O) • 1' 'P"'" oq 
o¡ ""''1 ~•w o8onSu•¡ Ál'l"""' •opno '""'LIJ' ~¡qr1d»o. 
»npold 10u op uoudwru "'4"' • >Jd•un> •o:1 ''P"41"" ''1' 
uo S• 1¡001 Su'"""'~"' "'"'I)O< >41 uodn lj)OW " •pu><lop 
~l!l!q<pUOl<JOpun ~""'!'!" "<<>'ti '1! JU U0!1!1U>!OJd>J 
>¡q•pu•IIJ>pun u1 pu• W>l<~< l'"'"' >>¡l u»-'IJ>q do~ 

>'1\ .~puq Ol-')¡~ ·uo¡odww '·ll·o-U0\<1'""' 1~"'"''1'"" 
II!WJOd )!41 UO!\!IOU Jt>i' • U! p>JUO<>Jd>J >q 1$nW 
>Jn)JnJ)S >'U 'W>I!h< >41 UO UOIIUIU•~JQ pu• OJnl)nll$ 
>I•UdoJcldl Ul >!odw¡ 01 '! "''"~' xo¡dwoo ~IIU>I>t¡UI 
ut 01 pJtS>J 4'!"' ~npqrpuo1uopun JO ¡•o! ''11 '"!'!'" 
01 -''"' h¡uo '4.1 'h1!l!q•putl<l>pun ¡o ¡•oS >41 WOlJ '""" 
lil!x>¡dUJOl •~ourw 01 p»u >41 puo ''P"4l>W Su!"'"'~"' 
"""'1)05 JO tl><ln 1'""" 1 <¡ ~>tu¡dtuo' JO lU>W>i< 
·U!l-'l -~l"'ldwo>-~1']!<l.O?U<I'!Opun 01 JO¡mq IUtU~dWL 
Ul O¡ UO!IU>ll' !MOJp 11 ""'"qJI"" Ulj<O~ o" lUOIJOdw¡, 
"'1" '! 1! ·~upqi!JIPOW puo ~ltl!G"'I" 01 >H<tnbould 
1 '>SU>< 1 u¡ '<! .\1!\!'l'P"'""PUn 4!no411Y ·puno•i Ó¡pp!W 
ou" "'41. 'IU»>~d ¡ou SI '" 1! "'11" Ál!l!'l'PU<l'-'>Pun 
JO 1•••1 o¡q!ld>>l! u• »UII!WnlJt> U>Atll ~u. Ul 'mty 
·p••¡o•u! 1t """""' ¡on1d>ouoo '"'"' >41 '.>nuouodwt 
OJOW >¡>nJ~ ~1\llq¡!;¡ JO ,\p>ifoJd O hi>J>lU IOU <! ÁIIJI'l• 
·P"'I'-'>pun 1!41 "I""I"J u¡ >ION '"'" 10 '1u:Owo!ou•w 
'[Ol!"'!O>I :"'U>Ipnt p>pU>oW 041 UO 'OIJno:l JO '•puod>p 
1[ ·S¡mqor''~"'~l''"' " 8uu.,uoSuo ""'"Jo• JO '",.¡" 11• 
U! OJU>nuw• :iLJ<JLI< 1 IJ>" Plnu4' 4'!4"' ¡on% jWij >Lll 

''>)lllOJd 

tuu,.u,fu• """''Jo• uo I'>JJ• ¡tllnn pu! >AISO>J>d 
• "4 <111¡!q•!l" '""'H pu> >>¡1 '" un popp• >q 10W1l"' 
1! :uon '4' woJ¡ u1 tnnq >q .(¡uo "" l¡q,q•'l•ll 'UIOJJ> 
IU>Wdo¡o.>p OJIMIJO< ISOW m 'tl! ¡o lOU JO '"t¡ 001 
P•"P"""' ""JO >Jow '! ~lll!'l•!l" 'P>!Iddo .l¡>Hiltw"d 
'! -'ll"'"b"J 4'!'1"' '''"'"UJ' ·~•¡un . .,~•w•o¡t>d 
JO U01111>d0 U] >ln[!OJ !uOJj l>.!Ol>J U 11'-" .. 'UOil'nJIIUOJ 
pu• 'U~!'>P 'UO!IdO>UO' U! ""I!'J \UOA>Jd 410q ISnW 
Álll!'l"'l'll ·~·poj On~o' Ut 4JnW 1"'" • <1 .t)!/1'/VIf>lf 

'~UIJ»UI!U> >JrMijÓ<JO >Jii>"d 041 >l<LL1WOp IOU 
'"'P 1!08 .\;>U>1l!Jj> >t¡l '"IOJ 1UOU1W<>p (!¡d ~OW !UOIIUnb 
Á>U>!>IJJ>U! "oJi >J>4M 'U~!'"P ' JO <JO.OI ¡•n¡d>)uoo 
l"4g!~ >41 JO) 1d"'x' '1'""'~ u¡ '""""'" ,\¡¡n•¡ 
r U\41!-'" iuo¡pp1 ... 1 11<1, JO JUnowo (u• "'4' 1 luwm¡oun 
pU! U0110t11<G! •!•) ~>U>!>!Jj> UO >"•Jwo >II>W "J 
""'1 wo¡qo•d • JO !utpuOI!l>pun p>~¡lun ""'"o !ULI"U" 

' 



Th< pune¡pl< ol modulmt) can b< furlh<r iliUilrll<d b) 
OJmod<unF modulonl)' '""" ""''"! 1n d<ddina wh11 
pmlwhul• "lo11otillup> •hould be con"d"•d in d<~tlopin¡ 
hi<O>I<hO<ol dtcump<><lliOnl-

lnrrcwn¡ .Uo,-hrnr D<prnJon<e Th< )ow" th< modulo 
on th< >)ll<m "'""""· th< mm< tho modulo is 
dcprndont on th< hardwore on which jo runo. Thr> helps 
lo m•ke >oft~·aro rnoro pon•bl<, by "olalin& m"hrno
dopondenms. 
Rof<nnntnl ~1 oclion Htghor lovol modules opeci!y 
ob¡o<tr><l lor oom< oction, r < "h41 os 10 be dono_ 
lowor l<>ols d<Sm~< how tho ob¡<et¡vo ., 1"'"1 lo bo 
roah:od, i< .. ~0"' som<thing" lo be dono, For eumpl<, 
w11111n o hil;h<r t .. .t modulo, •n on,in<<r mLlhl aptcily 
th>1 o tompoutu<< lS to be od¡u<tod unid ti ls 11 loa<! 
145"_ A /owor lo•tl modulo will def1no how lhi> · 
ld¡ullm<nl lS p«fo1moJ, •-!-. b) od)lalÍnland 10mpllfll 
lh< l<mpontu!< Uond u ¡,., minuto intervalo_ Thi> 
oon.Ulinl h<lps mako a oy•t•rn "'"" undenundablo ond 
,.,;.,lo mod¡fy. 
ScoPt o[ <onrrol ll¡¡¡ll« levol modules call low" le.el 
moduln and sup<lvi" lhoir >Cl.vllieo, This mean> thot 11 
Jowu levo] modulu enoount<r somo ucoptlon oondition 
1•-L • ccndll<on thot pr<vonts the re~u<llod op.,olion 
from boin¡ porformed), thi! must be r<ported to hi¡her 
level modules oc thoy c•n tüo oppropriote &otlon. 

1t may be impo$$ible for a gi><n pro&flm to uti<fy al! 
thu~ ob)oclives oimultaneously. A pro¡¡um maY h1v< on' 
olructure lf modulos 110 ord<r~d accordong 10 on< rule, ond 
• dilf<rent muclu« il 1 diffe«nt rule is ccnUdered. The 
main J>Oilit in identifylng these robtion1hlpS 11 lO hlghlight 
po"ibl~ criwia thll can be consdou.ly used In mucturln¡ 
the roodulos. Mony of lhese crit<ria ar< 1lrudy used 
'nstinctivoly: 1he ad vantoge of making tho "]" d• <xplich lo 
.hat any programmor produces beller reou]tl lf he io 
ccnsciously 1ware el crii<rio for evalual!n¡ what he ¡, 
doing'. 

' 
AbSU1c1ion Uk< modularily, <lhllrocrwn is • veey 

porva>ive principio. Tite «S< neo: el abmaction io te ntrlct 
e"enlltl proporiiU whilo omílling inu><ntill d<ta!b. Our 
discu•>ion of hiortrchical d<compo<.iuon in the fotm of 
"lev<is" show<d obmaction In porhap• in me•t pristine 
form_ Ead1 lo-.1 of the docomposition pruent• an abst,.ct 
viow of 1he lowor ¡,_eh pu«ly in 1he S<nse thtl dellils aro 
suborclin>led lo th< lowor ¡,_,¡,, 

The princ,ipl< of abstraotion when cumbin<d wlth the 
principie of c~r.,pteteness ensureo thal 1 ¡jvon level in • 
decompOiition • Íl undontandablo U a unJ!. without 
requiring oithor knowledgo of lower le .. ls of dellil, or 
nocenarily hoW it p1rtidpa1ts in tho sySlem u viewed f<om 
a higher l<Vfl. Thuo this principie is empleyed on the ene 
h1nd to obtoin 1 ducription of oomo leve! of the zy>tem 
v,-hich could be ttllizod by 1ny of scvnal implemonutions, 
•nd on tho o1her hand to givo 1 d«criplion of on< part ef 1 

zysl<m "hich could be m<d in many 01h<r l)'ltemo 
requiring rho .. me com¡>Onenl at thatlevel of obmwion. 

Tite principio of obstr•,;tJun '"'""" '")' ,tr.m¡¡ty with 
lhe pu1po« underlying any p>flicul" documpu•iti<>n. The 
prinCipio i> ol linio pnotic•l ''aiuo Urll<" cornhined with 
the pMciplo ~~ rnoclul"ity ("purposelul structuting") to 
mure th•t opprupn;¡t< •bstnctwn• ato fuund. Ab1111C· 

lionl employed to <ehl<'< the gool of undorsllndabllily 
mean thll ooch le••l of abm•ction, "h~< presenting more 
and more d<lailed ""'' of the 1y>1em, muS! do oc in lerms 
"'hich '" undormnd•ble 10 th< imonded .ud,.nco. 

l.octlialion Tho principie of loClllu~/IOn i> com:t1nod 
with phy•icol proumily. Things m\111 be broughnoguh<r 
al! m ene pl1t-e. Thuo, Looaliution deal• .,-¡¡h ph)·ucal 
intorfaotl, te~tual ,.quuc<, memory, etc. Thon th< pth" 
principies un int<ttolatt lhe localitod thing1 to ser .. 
particular putpo .... Considor carefuUy how intim11e 11 lho 
connection between locali.a1ion of an ab•tnellon in o 
module and our abUity then te und'I.Und and do al with il .. 

Subrouttn<l, orray¡, logicol and phylicol rocord<, u w<ll · 
u pagtd m<moriu, aro eumples of ]ocoliution. The 
ovoidonot of &olo'• in structured prog,.mming 11 an 
apphcotion el localiution 10 control llructuros which' 
enhancu und<rnandabiltty and <implifi<l oonflrmabtlily. 

H>:Lin¡ Anoth<r principlt famllia< to many re1d<n is 
hiding_ Pornu,'' for eumplo, uses itoslh< mojor cri!Orlon 
for • decompo•lliOn lnto modulos. lt io reloted to tht idea 
of "po>lponing hinding docioions" in top-down problom· 
10LYing, although lt lo not the same. Tho purpo~e of hiding 
is oimilar to thot ol abmaction in thot 1t requlres maklng 
Yisible only 1hos< propertios of a modulo noeded to 
inlerfaot with othtr modules. But hidlng d1ffm frem 
abmoction In that tht purJ>Os< of hJdlng b to md• 
inacct.,iblt ceruln dotails that should not affect othtr 
p.ans of 1 sy<l<m. Abstr1ction h<lpSIO idonUfy de11ib thll 
sheuld be hidden. Hlding is conotm<d wllh dt/inl"l aM 
tnforci"' acc-tss consl'rllint< 1lu.t, withoul lho hlding 
principie, ...,uld otherwiu only be tmplicll in ,_,,. 
purpo!<, concopt, mechaniom, notation, or usago 
description. 

Hiding, comblnod with 1bsmction and locallutlon, 
forcos oupprusion of how to emphuil< whar. Supprudng 
how a ccn>!laint 11 utlsfied force• tho conmoint lo bt 
made more explkit, th<Ieby amplifyiilg our undtntandiilg 
of th< c<mltroint itsell. Decidiilg what conllraintl "'lo be 
cxproised {an llpeCI of roodulority-purposeful comtu.int 
selection) ;, a """" ind<pendonl of th< hldln1 principio 
it.self. 

Uniformll)' Unifermity (tho bck of inamoi11enci<1 ond 
unneco"IJ)' dlfft<ences) io also an impor\&nt principie. 
When applitd to notat!onal matton, uniformity yields 1 

notation free of ccnfu>lng and porhaps costly lncon<.ia
toncles. When also combined wilh th< ahur•ction principie,· 
uniformity impll<l a nolation !h31 permiu arbllrl')' 
mech•nlullun uf the Interna] deuili!lg of a mechanllm-tho 
nomion cle<l nol conmain one's choteo of implementa· 
tion. And wtten the h.iding principie io 1dd<d, tho ruult 11 a 
noUtion th1l de<1 no\ merely permit severa] implemenll· 
tion choicos, but also onsurc• rhat no unneceSII!}" detoUoof 
a spoclfic implomontotion lfe 1<>ealed by tht noution. For 
example, if 1 ¡ubroutin~ ponmetcT is to be 1 ttack, tho 
r<p,.sent•tion of the 111ck should u•ually bt hldden from 
tho u .. r of ¡he •ubroutino. Thu•, tht user •hould boablete 
allocoto llora¡e for 11•<"-' and P'" lh<m 10 subroulinn 
Wlthou\ having occess lo the indJ.,du•l romponena o[ 1 

stack. A notation fm ropre•enttnti such abotract d•to t~P'" 
~ givon in Refertnces 7 and 12. Anoth<l ex.mpl~ b glv~n ill 
• recont ~p<r on '"e<ption handhng m<1hod1,1 In whlch a 
unilvom noution Js prup<>><d "'hmo semontlcs con be 
r<•lizod u1in¡ varlou• tr•ditional methods el h1ndlin¡ o rror 
rotutns from subroutinn. 

ln ia ,,.sence. nototion mi•lying tht unifounlly and 
abouactioo concopu has b«n colled <b<wh<~e'' lh< 



• 

• 

Un,f<>rm Kofrt<·uo Pronoipl,, n,, proncople.•rrhed w ohe 
'"""' r• lor ""' ""' ''' r·., 1 oh e lun dunenool pr<>reu, yie Id• a 
con.,.lenL •nd wOII-dEf011ed ,., uf -.m•ntk cune<pli thlt 
can b< rcrre,.noed' wllh • unifurm syn"'· A unif<>rm. 
noliliun•l •1 non " nul r<>Uobl< of oh ore o$ no .. manlk • 
unofounn¡ undul¡:on~ lhe nololoun. 

Cumplrltnt" (\,npkl<neu '' ub"""'ll' an imponanl 
prmciple. Thc puo P""' uf llll> p"r111t1ple os lo e muro lha< •11 
lhe e<>enti•l> nf •n ob"'"'ion, fur nample. 110 t>pliCil 
•nd lh>t nulhin~ essential hll been' ommed. Thi• does no1 
require thll ever¡· d<14il be shown-merely lh>t the ,., of 
abmacl conotpu "'' rr> every deta~. Applied o o noulic.nal 
"'"''"'· comple<eneu requírn 1h11 • n<>Ulion provid•• 1 
means fot oi¡•ing <>ery1hin8 lh>l one ""•"" lo "Y· 
Combmod wioh ab<tractiun. ]t lmplios thal ,• nuta!i<>n 
>hould be eonci>e. permilnns lh< >uppre>Sion of invadont 
details in fovor of highlighling lhe pot<nlioUy chln¡ .. ble. 
Complel<n<" <'Ombmed wlth uniformoty and abmaclion· 
and applied 10 the goal cf efficiency llJU"'II thu 
programme" should be able lo "\ecl d1ffmnl imple· 
men1 otion moch••••m• lo tune a synem"s pOrfm manee, but 
without ch•nging the form of ony <ubrout¡ne call, for 
nampl<. A nolalion thal do<$ 001 p<rmlt th.S purpme 10 
be achie>ed i• ineomplo~<. 

Confirmobilil}" Confitmabilay i> a princ•ple 1h01 direca 
auenuon lo .molhods for finding out-whothor >lalod goah 
have been achieved. Apphod 10 d<Jign i55ues, confirmabolity 
r~f•r> lo the "ructuring of • symm ro it is readily 1<1\0d. h 
mun be po!Sible 1U >timulate the con<lructed <y11em in •' 
controlled monner <0 il< rupome can be evolualed for" 
courcme ... Apphed 10 no111icnol mane". mnflrnu.biUty 
mean• 1h11 a notation should require e>.plicit <pecincaoion 
of con<mina lhat affect the correctneS> of 1 dclign or 
implemont,.ion (e g., data Oeclarotions 1hot specify ronge 
of ,-,]ueJ ond umts of value ., well u modo of 
roprosentluon). Apphed lo lhe praooico of softwAr< 
engineering. confifmabJiioy rdors to lhe u .. of wch 
ni«hod•• u mucoured walk·1hrough• of duigns, egole10 
programming.' 0 and oth<r meohods that holp 10 ensure 
lhat not~1ng has been ov.,lookod. 

The pHnctple uf cuntlrmabilily can be reolozed in many 
u,.ful form•. bolh as enuroly m•nu•l prootdurn ond 
suongly oJdtd by lhe tools ond dota base of • sofoware 
engu>eering foctlioy. Ceotain kind• of type clo<Ckin¡ ond 
conustency chec~ong 1tfleco 1he prondple of contlrmabihly 
apphed to tho de.,gn of programmmg l•nguag<> and 
compoi<l5. 

Completeness and cun~rmab1h1y are ea11ly confused. 
For example. on lhe !nl!oduttoon, we pre,.nted <>ampl" 
!llu>traton~ oh< in'''" lion be lw«n noul!on. compl<teness. 
and rehobdily. In one of obe.e exomples. we not<d lhat lo 
emure comploten<» of .,,. uatement control a pro
grammer >hould he ¡oamii¡¡·J by lh< S} nla. l<l >r<cify wh01 
sh<1uld happen o.·hon a '"" ""''""" 1ari•ble 11 uut of 
rmg<. lonGrrmbolll}' •pp\ied !<> lho >Omc i""' would 
imply 3 P'"~ranm><r should be "'qurreJ lo •»le wh.o 
ihouiJ hoppen. Of cour«. of he ~no~s lhot out-uf-1onge 
1·a]¡¡" Ir< llOl po"ible. ohi> tou lhuuld be 0\pr<llible. 10 
permit irnplernentatiun effidency. In ilwn. thr e~·olution 
of compl<ten<« to saoi<f}· <onfirmabolil)' require> thal 
othor.~·i .. ob,uro in>pllCaoions bo mudo to >huw In <>plidt 
furm. 

An Exampte of 
the Framework'' Utility 

Having d,.cu; .. d the rompon<nll of o! .. vruc:,.igoal/ 
prinCipio fum<w<>rk 11 grealer lon¡lh. '" no,.· Ultond lo 
show hu,.· ohe fromework can be u .. d 111 g•m •nd •tructure 
in>i¡hl> intu .,peca cf ooftwore enginotfln~. lly gmng an 
nlended e>.ample, wc hopo to show that the framewu¡\_" 
not mo~<l¡· 1a.onnmic hut can aCll"lY a«ost in de.hng wLih 
lhe complnities of soflw>re "ngm<<ling. 

Our euntplc will >how ho"' 1he framework "'" help 10 
or¡anlÚ our undrrsunding of the notion of • subroutone. 
Wo dtOo,. lh" eumple becau ... •lthouglo .. ,ubroutint .. Í$ 

fund•mcntal tu •of!WOIO, and oeem> wel\-undemood, 11 i< 
also ""' of !he mull complex conc<pll when con<Jdered on 
111 lotohly. Figure 8 <how> the patt<rn oflhe fundanl<nlll 
proccss applied lo tho •ubroutine oontopl. The notation 
propooed is .,,.nlially lh>l of ALGOL 60. Olher notatiorn 
o;ould have been propooed equall) well: Th• d<<cription of 
lhe subrou1rne eone<pl in F1gur< 8 i• obviou>ly veoy 
gen<rat, tri pamcul.r, lh< d0<t11pt•on of "'Mochani•m'" i• at 
a high JevOI of abmo¡;tion. 

Applying hienrchical decomposition. •he mechani•m 
upect of •ubroutinn can be d<mmposed into two 
le~bmaa mecloonismi for implomenling the oubrou1ine 
conctpl·.:(rno fw irllin• subrouunes 1nd one for clo,.d 
subroutines. Then. lh< fund•mentol proce" con b• 1ppl10d 
ogoin wilh re•peot lo lhese mechanism>,"' •hown in Figure> 
9 ond 10: We hove inmted parenlhetic•l ,ommenl> 10 •how 
how VOfiOu, prin<iplnand/or goals are being """d. 

Consider now the closed subrOui]M, Foguro 9. Our 
ducriplion hold• no ourprioe>, for "'" 11e otill at'• hi¡h 
lrvet. Tlie notion1 of Fi¡uro 9 could be rer.nod in «vera! 
wayt, hÓwever. For example, there are >1 \east 1wodiotinct 
k.indl of •ubroutine linlage mechonisrns: 1) d<re<l 1/lokago, 
whl<h 1< usually 1upponed by a m•thino inmuctmn th•t 
10>01 1ho relurn addrou ond tnnif<ll control lo tho 
subromlne body, ond 2) md.recl lilll..rtt, • mechani•m 
employid in AED impl•mentation•.'' in whidt a 
subJOuliM oall 1< lmplemented no! dnottly by tr•n>ferrin¡ 
control te the •ubroulrne. but indirectly, b¡· '""'ferring 
conlr<>l to o "'linkage" subiootine. Th< porpo,. of ohJ< u lo 
•aoe >paoe on '""hin" for which ""k manipulation• 11< 
"P<n•lVe and lo /"cal/u al ron-time atl •ubrautini tilll 10 
different hnkage routin" can be •ubttituted-e.g .. o timing 
linkoge 1hat gathers inlotmation aboul how much ume i• 
•pen1 íit each >ubroutíne, or o drbugging linkage 1h11 
permits 1 interceplion ond tradng or call• by a dobugging 
package. Thi< applicauun of the l<>coii?OIIOn pnnciplo lo 
•ubroutine linkage h" the •d.,ntogo of making il "''" to 
"1 i•fy th< efnciency goal {by g01horing timong inform•lion 
1mp<>nono in ouning a·$yll<m) ond the reliab1lity gool {by 
ma~in¡ it easier lo trock down bup). Furthermoro. when 
comple~ colling sequ<nces are I<quired b)' the language 
implemenl31ion, lhe •hghl run-tLme co>t of ontor and leave 
maoro operalmn• yio]~i signirtcant stongo la.ing> lhraugh 
localitat ion and <hlling of lhe machin< inmuctions nO< de~ 
for uoh cal!. 

The call-return cmo«pl could olso be "plic.,ed funhrr 
by diset~«ing moro 1pedfl< <x•mplu of oh• concepl, in 1he 
"yle of Figure 9. For e.ample. the u<e of stack from01 
(e g., seo R.eference 14) ~- the >toring of relurn addre• .. • 
•nd other info¡malicon r<latod to >ubooulino mvoooiLon on 
"eh •ubrouoine'o oouroge >pace can b< cl>rifled by 



Te 1n•oko o oomilor panern of lotion from m1ny ploo<• in 1 pro9rom. 

"Similor" bul nol "<~e 11m1" imolr« 1~11 thl "oome" poru m un be ccllooled 1n ene place. bul ccm
bined in uch el'" wilh lhe "d1florent" pom. The "ccmbinuion" m un shcw hcw <he "dofloront" onll
"ume" potto inleriC'I_ 

The "samo" por< u o ;ubroulino bcdy, lcclled in ene plooo 1nd re!erencod by name. Tho "difieren!" 
ports ore lhe a<luol paramOlor valueso.,ocioted in eoch coso wit~ !he oubrou1ine name. Tho porametor· 
pan in¡¡ mecho ni> m ond coding el th• >ubroulintr body implomont the "combin•tion" of lh< paromot<U 
.. ith tho body 01 calltimo. , 

' 
<¡.rec.-duro "'"""'nt> ... ~{,·,··;~~:~n;n•~:r> [([<actua}l paramoler>·.-J U 

-...•prtouon..-
<.octuol poromnor> ... <arroy idon11!ier> 

<switch identilier> 
~roteduro i<:lenlilior> 

<¡.roe<duro deolorotion> ... [<typo> 1 pro,.duro <idontifior > 1 (J<idenulier>;-1 ) 1 ; -+ 
-+ ['"luo<idontilier>7-';)-+ 
... [<.peci!ior> <identih~t>:-:J- __,. 
... <.tatement> 

Tho •vnta• ond '"manlics of o pr~ramming langua~e do fine tho conte>l< in whicl1 prooodurot can be 
invoked, 

~•~·• a_ T..,. lo•ot hpl~""'" ol ... s~~wo~,.,.c.., e • ...,..,, 

••plicil!y uprelling purpo .. , concept, mechanilm, nOla· 
tion,and usag•. -

lt io u .. ful \o note the difforence in the "Purpo"" 

•

compon<n" of ,Figures 9 and 10_ Althcui)l tho goab 
lnhem;d by docompooition from Figure 8 are the 
~me-tmpro-. <ffiCJ<ncy-note in Figu" 10 lhot ioline 
,subrouline< can improw effidency in two woy>: l) by 
~linli?ating <ubroutme call overhoad 1tnd 2) by pt:!Íorming 
~trt'ln compuutions at compilNime r>\her thon ., 
[WHimo, u$ing actual parameter 'llues_ For oumplo, if lll 
P""'"'"" ore «>n<tonll, it may be potsible to compule thr 
tolue of the subroutine 11 compile time with conS<quont 
' 

Plffplu~: 

• lo sa•• opoc:e by uocuti"'l the nme body o! 
cedo with difieren! Plllm<ler ••lun 

CoM•pt: 
• Call-return copability (trondor control lo tho 

•ubrou tine't body, romomberin~ whero t11e 
c.oll como from] 

• S,ocilic calling sequono<l, o g, 
• diroctlinkage 
• indiroct l~nkage 

Nol~l;on: 

• Nototien for call should 1><11 be ódlerent hom 
notation u<ed te invoke inline subroutlno•. 
!Noto thtt tMis i1 an application el tho uni!orm· 
if\1 principie. •nd oer•e. to fomr prog,.m 
mod<liobilitv .] 

enormouo savings in run-time effidency. Wegbm1 11 

oxplcroo thi• ponibility ond relued ones in more detail. 
For purpo<u of ltlustratin& !he "" cf our pro¡>Os<d 

fr>mework, howeY<r, it 11 worth noting how F1guroo 9•nd 
lO help in comparing ond contrasting t111<1 rel3ted but 
doffering inte<P"''•tiono (inlme """"' clooed) cf the bolio 

PurpoSB: 
• lo,.,, time a,- olimlnol!ng call ovtrh .. d (tho 

elficioncy 901l); 
• lo'""" e~ec~tion time by permining compilo· 

timo •lmplificoticn of 1 subreut1n1 body based 
on actuol val u u o! param•loro 

Coneept: 
~ Tho wbroutino body ;, oubstit~ted in plo~ o! 

tho call. wi!h .,.tutl poram•tor •alu" •ubni· 
tutod for formal parameter valu., 

Mech8niom: 
• Macro oubstitutkm. followed a,- compile-timo 

optimiution; or 
• Syntoctic wbstit~ticn, in the oenso tnatlocal 

,.,;,bl•• doclored within the subrou tino will 
no\ be found te conllict with oimilorly-namod 
•ariabiH in the contoxt of tho coll, 11 m ight 
hapo-n with macro wbllituticn (whicl1 ccc...ro 
11th< l .. ic~llhol ola pro¡¡ram to~tl. 

Nar~rion: 

• Should not be dil!orent !ro m call nototion uoed 
to invcko closed •~broulineo. IThit lo on oppli· 

• cotion olthe unilormity principio, md sorv" to 
lostor pr~ram modi!iobilif\1 .1 

Usafll': 



• 

<obromtm< null<m S<M ,¡,., l1<<1• "'' h"< •l'l'l"d li« 

'''"''"'" • 1 """~ t.,, r ord'" >1 Jo.urr.pu>LL '"" 1 '" ''"' Ll" "' 
"Mnh•nr>nr'' •nJ tu •h<ILL"'" "(",,.,,qu'' "'"'(h•LL<Lrll uf 

,~., ~''"""'"' r,,.,,,. ,, '"" w. n,, "'"'"" '~''''"''"'" 
«1 lh< p>II<UI "LiiLLn """P••LL<LIII ,¡ 1[" ¡•Jii<LL• ¡; • 

~''"'"~''' "'"'""" .. .- "''"1''" ''"'"'~"'''"'"""""'"J. "'t' LL>(o ~ '" <LL~ILL« 1 LLI¡', l"p>C> lh >lq,h. 
Ouo LIIULL"II<LII '" (., o¡>¡><>r> '" LHLply lhJI Olor i'LL><'I> 

'>p«l uf ''" """'~"'' u vi """""'""' ""'""'"'''• ¡,._, .... ~· ¡,,,. "'f"""J ""''""'~'"' ,,,,,,.,,,, '" ,,.,, .. 
<'l IILI> 1""""· llul c.d• uf tho "''"'""""" <LI 11,, 
lr,n><~"'' "ul <~u·l ""!'""'""· ,._, "' '"•')"' o>n h< 
'"~'"'"d <4u•lly "'11 Ln I<LOLL uf ~ .. ,¡, >« f'111"<PI", 

ConlotmobLitly: 

""'!'"""· 

Af<l """'""'' 

Conr<•¡H: 

Umlotmrly: 

Putpo.o: 

Comploton<"' 

Pw¡>O>e· 

Ca11up¡. 

T., onture ""'" 1n lotu\in~, •·•11 
•••d<ll<tol>le. 

llo\loLijlLLih LLLj>Ln O<l~ U"lihJI 

!'-''"'"'"" 
U•• 1 tulon w • ''" ntc<>lun ·~ 

'"''"'"" "'''"' .. ,,¡ '""''" 1 ""' """ 
t.rt.t g, f!A,Il C.!ll u< 
1 l ... ,a.r:.o¡. 
l'<fL,itl< IOtlnol>un ol ,.,¡,,, OAC<P 

"""' '"""" ""·~-
~ •.• holow. uml<r Co"'~'"'""''· 

A>u><l ""'"'-"'"V <1•11<1 eLle<l >Ll 
lor~• ul <•11. 

~"''"" olm<d "'~ onhoe '•'" '''" 

"'" '""'' """'""''' '"'m- 1 ¡¡,,. 
•• LhorH " <u<~hl>oiLlhly d UO<IIV. 

... d '"'"'"""' ""'""'"'·' 

lo'"'"'' all pou¡•••t><> ol >ul> 

"'"'""' ''" "llet lttl "' "'' 
""'•l•<>n. 
P><•n«l<ll \hnul~ b<l•ull< '""'IolM 

"'" w<i,.oblo; ""'""""' lor '"'""' 
'"'~ •<HL<>O\< lO ••'-<PIIOn> '"'-'"'~ 
'"' , .. ,,,¡,¡,Ju< ""-

• rur r<o<lfWLLI< Por<nl<!<LI: 

• 

ll>< ''"'"''"'""" '" "'''' ... 

"'''"' ""' "''''"'' '"' '""''"' 
[l,d.r< which 1'"•'""'" "' 
"'1'"' ·"" "''"-'' .... ""'''"'· 
lrn>L•PUL<I<I""'V ul '"'"""'"'' 
"' '"""'""' ....... ,, " ...... ....... , "' ~,,,,,,, .... ,, '" ''" 
''""' "'"" .... " " '''" ... "' 1 ,., ' ... 

'"''~'"'"' ...... d •••• '"'""" 
l<g_.,,,Atf.OL). 

NolotitLLl\ IV d"l "''"' "" ... , . 

""' r,n<> ~~ '""''"'"' "·"'"''' 
''"'" ___ j 

IJ,pend<ng on whJCh d'"""""" " '"'~- "'' ""''"'"' ~•11 
\.< dtli«<n!, bu1 u<inf '") ul 11>< """ '""'!"'"'"" """ 
dumm•nnr <><g•ni""~ c""'--'P' ., ""~ '" •rrl><n¡ <h< 
!"'"'"""''· 1\'htch ol Lhem >lwuiJ o, >MJ ,¡'1''""' '"" th< 
1"''1'"" of tho d!ltm>Lun. 

lu d<>n<>liiUol< llo< ••hJII} >~>J "'"' ul """1 ""' ul 

11« '"'·" '"'"P'-'""'" » 111< '"~""""~ <""'"PI<, "' 
J<>:lll•e 1n i'L¡'L'I< 11 lh< LLLLI .. L>LO "1~" .,¡ '"''''"'"""• 
vo~•nii<J >n ''""' «l pnn"pk< .. ,,,-,.d b) '"'""' 

'""'"'""" ''" n••l•''"'" w. "''" J ..... ., ••• h l•<L<Ii) 

'"'"~ n .. ru•p<•>< of ,.,,¡;,.,,¡.,¡,,. " •rpt.,J •~ ""''""'"' 
'"""" 11 10 Cll\UI< lhol '"'P.."'"" 1"")~11"' "' ' 

lO<-•I•ut>on: 

PurJ'<L>O' 

lhrlong: 

Purpu<e· 

Cot><~pr: 

Purp<>U 

l n .,,,,,. only u neo"""'"'"' 1< 

tluMo!•l oniUtm" .on <on<ort!Ln<¡ 

'"'PI>U<•I. 

Al\ocLOio h•ndl<o ,.,.,,., t.,g., >vn 

t...:loc uM n .. n "" <o<l ''""

U>< ""101iun '"~;•<I•J "'lid.,· 

"'« B 

Tu p• uhilnt ><«u 10 i<>~o•m•uon 

'"" >l"'"'d b< ""''~'' unly to 
li>O '"t.ruul<n< . 

U>< .~>l<o<l d•o• ,.,,. in docl'""'-' 
'" "'"'' 1••• ,,.,.,., '• ,,,,. o y pe, 
''"' • """" .,,,.,¡,.,, ,¡,._¡•"l>on ol 
ll>elo«nol por.~><!<''> <vP•-

1 o'"""'""""'"' ¡>lopo<h<> el 
< oll LO tiLO <><>loiLl>Ll, ''"'"~ 0\lt" 

,,.,.,,,lo"""'""''''"'"' d"i'-« 

co~< .,., · TI•< "" uood '"' '' ,,d,,g < • ••P 

''""' ''"'"'" ""' •~ <loody '"''"'' 
IU inopl•m'"'''"·"' .,,.,¡,<o<)¡; 1 
chooc< ol o'""'' ul ompl,men<o· 
I>On l<[nniqun >hOuld nol loo 

lureclm<d Ly oh• "o"'""'· 

Me.lodl>""'-' U>O •" i<hplem«llol>QL\ noolrol 
<>UIOiooo> lur ••C<jli<Un hondhn~ 

M<><lui•"'V' 

Pur¡"''" l <> ""'-''o lh•l >V"' •··he >1> ~O! u lO 

''""" '''1''~1'''"' ~"'"· 
1 '""""" ""'"" ul '•"''' un ~o•l 
•• " ••• ,. "'" ' L. 

D1omo lit< JOVIAL moll><><l ol 

'''"'"9'"'1Mg '"''"''""'""' ~·••m 
,., "' 1 , "" r '""' o <1«1.,, ""' 
"'"h<><l. '"""""JOVIAL noto 

o•on ""'""''' ""o""'"~'~''"•-

' ..... ,, A, •• ,,,,, IH ,.,,,..._.,, 10 

~. ''""""' C.ll Nololorn ,,.._., 



oubroulm<'> '""'1•« "' "'"J Hph,:nly '" 0 coll, .., 01 ., 
d<ar w)>e\),<¡ !lo<)¡,,,. olf b<m ~<ah.,.,.¡, ronoclly_l,.o 

'.'1"<11 of • nfl Jn<r>< porllculor mmhon u '"""P" loo 
"hi<>mg lh" puop"""· lh< fn" " IU dmin1u11h '" lh< 
roolonun uf lloc o•lf .. ludo l'""""'" ,,, ,..~-unly (o e_, 
"hoch ore mpul po~<m<I<~•J•nd "b"h "' "'onuble h<, 
""lpul P"'O"'"") llo< "'""J n 10 d.,llnguult '" !lo< 
loo m uf lh< col! .,¡,.o <>e< pllun ''""¡" '""' o •uhnmtm< <an 

"'"'· ' PLJ! 11 d<flucnt 10 thll no tndicotioit uf· uutpul 
P"""'"" il rnaol<. ln 1hn rt>p<CI JOVIAL;, '"l"tior, 

'''"' o .o\1 ¡,. o ]IJ\'IAL ouloh•llllnl, re, I¡A,II t",ll\, 
'1"'"" nphouly thot A >nd D '"Input P>mnclen ond C 
•nd O ore Output powr~m•. In th<> ca,., th< JOVIAL 
''"'" i1 on '"mpl< o! • nutoli<>nal med,.ni\m lor 
lrro¡•lcno<nUng thll '""«P'- An eq<~all) gnud n.e.h>ni>m 
(,.,.,.,J.,<d >ni<IY fo,om • <OIIflonubolll}" •i<wpuolll) ""~Id 
L< hl<><ly In '"luir< th>t 1n th< dcdoool~>n o\1 \Ubo,mnn<, 
tlo< inpul/outpul >llllbnt<l ol poranocle" b< •P<Cifoed 
"PIL<illy •o th< ><quu<m<nt con b< d~<>l<d al 
colllopil<-lime. Al.o, unlfurrmty .. ,h mOl< lllOd<rn prugo•m
"""f l•n¡•,.g<> • ., ..,.¡¡" urdm••Y Enghh, mi,·hl "Y that 
lh< ":" uf JOVIA-L mo~ht b<lo<r b< o ":" 10 ful\h<r 
1nopoo.e ih< unM,.I•IId>boht\" of 01 1 !) ntn_ 

Th< nplidt mdi.'li•>n of ""ption conduion, " • 
oo•fnrn•hihty '""' 111 th" 11 1''"""" o<<111¡l,1, with 
l<lp<C\ lo <>«pllon """4'"""' to be d<l<.-t<d '""" <>>il;. 
11"< "'!l ""' "" ,¡,;, "''""PI fullh<t und<> C umpl<t<ne;s. 

A.> ¡,., '""'"""'""· "' lat rt><rdy thc cune<pl 11,., mhn< 
•nd dm<d •uL'"'"'"' ¡,."'e•"""' ,),.ouhl "'" tl" """ 
Ioom llm <nh•n~<\ .,,,,hfoob<hly fuo ""'in; (tlil."""l-1 
1\~or-»<>. ""'' <¡,,,~m, o <I<CI>I<>n aL,> u! l'h< lhCo tn 1 1< ;t o 
,.,¡,,.,utm< >1 d .. ><J '" onhu< wol\ ""' tlr<ll o«JUII< d,. 1111ng 
""Y c•IL 

U.,deo ,.,.,,plel<lt<l!, "'' ·~"" h" thc wn«pl lhot o 
>Ubll>ul\nc'< ''"'"''""" noU1i•m ,h.,uld 1'""-oJ< fm d<41mg 
"'!'h ""'~'""" ,·unJou,.,.,, n,, pu1¡><•>< ""'J hn< 11 ''"' 
''' """" 1h01 .11 '--""''"¡""' "' dcoll ,.,¡, '!'P"'I''"'<ly l" 
luo <unfnm>hthl)') hut ,.n,., '" """" '"" ""l-' 
''P•boltty uf 1loc luhouulln< cune<pl ""m•p¡-<d llll<> , 
>uttabl< ""' 01 l<>n luo """l.mr ,¡,., .op.bllll l . '11>< •hJILI )- tu 
I'U\IIL>llil< f<IJ><>UI< '" <11 <>C<pli<>n 1! •n tmpoH\olll aop<CI 

uf •ubrmnon< ""'""''""· '"d "''"""",¡,,,~Id bo plo.tdcd 
l<t di>l wll\o IL. llt< ,.,,,flllltJbollly Pllll"'"' l'"I"P' 

P0"""" • '"'"'~'o ''~"'""" ¡,, "'"'''""~ "'"P'""' 
1 ... ail111~ Wi\h <Jii>, btJl W< <11< 1\ l,<f< h< .. u« 11 ¡l1<1 

''"''''' th< c""'l'l"'""' P""••Pi< " ,.,,, Sto•>~l>rly, 
10ihtdLJc111~ li1< .t.olll) '" "''-'" '" 1'""'""" 11,1 '"""P' 
'"~~~oocJ ll)' lh< ""''1'1'"""' poio .. opl<, tli!L11111mlton~ 
lttpUI •nd toulpul P"'"""" 111 lit< fuom u\tloc "11m m> 

,1"1"'"'"' "'" •PJ'''"""" ol 11" '"nr"'"'bJIII) l'""••rl<, 
L< < Jll>< t lm ""\.e 11 , ""o '" <lel" 1 , 1 1 "" 01 ,:, ''"1"1' 1 1111< _ 

lh< P"'l""' of '"'"''""""" "''I'Ph<d tu no•l>to<>B•I 
"""'" ¡,., •1"1"'~ ~n\, '"'"1'""" ,.,,,¡"'"o" ""~hl b< 
Wl<d ><, "1\'h<ll lh< """ ncc¡•LI"" hondl<l " 10 b< 
'""mt<d "lllo """1 e>lhn~ 1'''"'" ¡,., ,¡,, ;,1111 , 

'"1""''''"'• lh< ""'"''"" '"' , '"r''''" l'""¡¡.,,~ •hc. 11 1~ 
!~""" tl.t \,.,,¡¡" '" ¡,, """' 11 "'"'· ,,,,¡,, ''"" '"1'"""1 
ol '"lo< '""'"' "pnl ,,¡.·.~el. ,,,\\'" lJo,, ... o"'P' lo.o 
>oilll) 11<; Ll11> 1'"'1·'"' 1\ '" ·"''"' ol< ], oJhfkl> v.Hio l.too'<l 
>)o>l,(ll, 110111> ,j l<'•l Li"lt Lj,, o . .\1 li>c\f <~., 1-."Hh 

'"'''"""'· ¡,, .. p ¡ .... to..,, ,.,, ¡¡,., i"''i"'"l l> ''1''"''·1 
l11nl"o "' Rd'""'' h ,,,_¡ '>¡•.,<lo, ''"''' "1''"1''""',¡ 
11"". 

The h¡Jm¡ pnn<~pl< •ppiJ<d 1<> lubooutw< <Otl nu<ollun 
m<on> •llowlllt lhe oubruutiM "'" "'-'" u~l¡ tu 11,. 
ob"'"' d•l• l)'p< >nfurmilmn n«J<~ loo tlo< "'"'""'' ul 
tl.r c. U. Thu• d<cl""'""' o[ form•l !'"""'"" \1 < .. un lh< 
,,,.J, uf tl>e oubrouhn<) '" bmken tnlu 1"" r""· >nd unl) 
tlo< ob'lnct pill ;, modo '"il;obl< 1u oh< "''" ío• l11t 
dedor '""'" (< ! ., 1<< R<fu<n« l ~) 

11.< pnncopl< of ghmani"n <unobuo<J ,.,h unlfo>!Olll) 

'"•~"" lhot th< noullun h•! J<•l"'l .. n)o '"<pllun 
wn~tll<>n• ohouiJ be nrur•al ~oolh '"~"'" 10 """"' 
unplmomiOioon l<dllliquu fm h1nJ~ng <•«puonl. ln 

Hd<1<111< ~. 1 ""1•11••11 fui <••<l'll"n t .. u.lhn' 11 l'"'i"'"J 
lh•l c.n b< lttopl<m<rll<d """g \lotul '<ll•hlu. "luon 
codeo, •ubouunn" pn«d " P""neleo•. oo PUl ON 
wndlloun• •• i<hpl<m<n<><oon m<lhoJI fo1 dc1hng .,,¡, 
""Pilüm, J<r<nJin¡ on th< lo!'''\ •"""'"''"" o\>n:illcJ 
""h tl" <u<pllon. Th< ['Jilll 1> <h•t lh< nul•ll'>n "'""1~ 

1"""" • P'"g"m"'., '" <~<•1 ~·•h tloe ''"""1 ,~n«PI <>f 
>n "''J'IIun, .. ntouul beong ll<J Juwn lo ion¡•kou<ntolloJt 
do10ol• unnl he 11 O<oJy to 1ur.c • l}'ll<On. ]1,., puont " 
nplo>o<d m gr<il<t dou•l in lh< <ll<d o<f<~<m<. 

l'ondly, •ppl)lng th• nu,J,.rouro· p1111<1plo tu nu"u~nol 
miltcll m<>n• npl"''"il lww thc llloCiur>l cunlltornl> 
1\101"->><J b) • ')ll!U r•n h<lp lo adu«< '""" purpo><, Fuo 
cuonple, th< ~o•l of unJonunJob1lny " <nl10n~d h") 

10\'li\L"• O)hlh fu< di\lln~uhhini onpul and nutpul 
1''""'""'· " o>ppm<~ tu d<d•rio,: .. ¡,¡, ¡>.ooollo<l<l> .,, 
i11pul !!""'"'"" bul nol do\IU<itJi>hL"J '" llo< '""""" .,¡ 
th< c•ll "¡,,¡, P'"""''" "'" 111pu1 P'"'"'"l. Of "'"'"· 
lh< J ( IVL\ L ""'""'" ~'1' •J« ,,.,,J¡I iobolll) , lh thol .Jo,ou\J 
oll lllj\UI P''""•<L<r <><1 b< ,¡,.,,~,J 1<1 "' ""'1'111 
1'"' .,,.,.,.,. ,¡¡ col!, "uuld lwe tu 1'< ,.,,,.¡,1 od, ~ l'""' tl.e 
¡.,,,¡"'""" uolJO«nl "' • ><r-or•" Jr.l'""'"' vf ocoJ/"''"' 
P"'l"-'"'" "uuld uot lo.-e thll dto .. b•d•. llut""' 
jU~t:""'"' 11 U\<d \o mA<. l"d<O\[ d<<I\IU!I m lhi; <'0><. 
fl" f"llnl \1 Üt>t b)' WII\IJ<r<n~ 11« <fi<CI of l)lllo."' 
lloUdlJI< "" •d•i<ll!•~ Wlll< gu•l, ~• \ool< ,¡,,.~n ¡,,.,. \l,c 

"'"Jul•nl¡ pnn.opk oppl«>tu ""'"""'''! "'""· 
In •loo• t. 1 'i"" ll ,¡,,,.., thol "" '~'"11> l"'"'bl< "' 

"'~""" • J""'"'"" .,¡ "l'"" uf lhc '"b'"'""" ""'"P' 
111 1<111" uf P'""'l'l" " 111 l<lrlll ul lloc lttn~""""'l 
P"'""/P•""" (il\ '" '""-'"· the '"J" "";hl ,,.,.,.J., 
"h,¡l J'llllcl(>l<> ote l"!!ll<J t>l d<~IOJ<d b) lit< llUI .. I<IIlll 

"""<pi uf ~l""'"'l "''""'""' •. ) 
Th< anol)lil In !'o~uo<l ~. q, 10, onJ ll u onl; ohe 

begu111111~ ol • """I'I<L< npi!Wiun .,¡ lite '""'""'"" 
oCIII"j'l, hul "' loo>p< <•UI di\C!LI>HoO ],> ~Hl~ll 11 .. 1 b~ 
I<!U"I'd) oppl)HI~ Lh< I1J11"""''· 10 ''"'IIHl<llo>ll ,.11\1 
lo~<l•o•ill<>l Jr'""'i"'""""· '"•'""'d •nJ lotol,:hl\ul ''PIL 

""""' "" ¡,, J,"¡"I"'J '" '"""'" ¡,., ''" '""'" >toJ 
,f,f¡d.nmo ,.¡ '"'""' '""""' "''"""'"~ 1'"'"''"'· 
"'"'' 1'"· '"" '"'"'""· ""'" "'"', o nd ""~"'· 
Cundu<ion 

11,., "'"o" '" Lln• l"l'" ho> \"'" '" '""'"loJot< "'" 
''"''""'' ,,¡,,.,, Hl¡LH«"nl id<>> IHI<t J .toh<I<HI JI>,\ 
'"'lui fo.ol"'"''l. h•l ,,,,,¡,.,,,.,,,\LI.f" lite onl< o\oco< ,.¡,_, 
l'l•) 11,, 1""'·'1'1•·•. 1''""· .nJ P'"•''" '''1'' '""'1'''""1 

litll '''"'"~'"' ... ,. ""' "'" '""'""""'· ,¡,..) '"" '"'" 
..... ,.,.,.,.,¡ h) .,,,¡.,¡ ""~'"" .,¡ '""""'""''"'"''"'' 1,, 
"'·'11) )<'·"' 1\'e "'" """'1) '"""Pinl '" 1"<><"111 11">< 
odt•:o> Lit JIL .,¡do JI) ,,.j "'11.\cfoloCJ "')· \\' ,¡., 1><11 ,·l•lln 

''' ¡,,,, ,.1,-o,toftcJ ,11 olu· "''i'"'''"" l•'""'i'b "' 1"''' 
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~q.rlnltd 

Covyrtghl 
Wlth f'Lll:!~¡ t,•¡, Í!~Ci ]rA!A.'IA!HJJL 
® 197' \>y l~u.nlcal l'ublt~hlt;&· ,, 

HOW DOES A PROJECT GET TO • BE A YEAf! LATE? 
ONE DAY ATA TIME. 

N(t '>l 'i,NI l·kr ,q 1'111'111'>1 <Jll.\" ¡, 
'l""" ,, "'"1 .,. '''·" "' 0o" ,, .. n,l 
'""~····· "' , .... _., '"'·"''"' ,¡,, '·'' 1'"' 
lo ''"' "'"'"'> n< ,,,,. "'"' ''""""''"• 
"""'"'"''''· """ ,_.¡,,.,,,,11,.-J ''''" 
\lroo¡:~l«•¡: ·'~'''"o oho· '"" "' 11« '"· 
Tho '"""' ,¡,.. '""H'•· ¡h, """' coo
l>n~l,n¡ 1ho o.r. •nJ '"' '''"' ¡, '" 
"'""~ or '" •lolllul n,,. ""' he ulli· 
m•O<i)' sin\.1. 

l.ar¡<·•r"•m rro~"'"'"i"~ "" <>•« 
oho r•ll ~«•d< he<n ""h, w r•o, and 
m•n• ~'"'' and I'O"<IIul hco>L> ""' 
Lhr.•I>Fd •inlonolr in 11, ''"" ~'-'' 
'"""'~•J .. ith '"""'"~ '1''"""-1''" 
h••< meo ~<>>1•. •chcJul<s. and hudJm. 
1 ••o• •nJ '"""·m"''" m wiry, le> m 
.loor 1oom h.- hooumc cno.n,led in oho 

'"- Nu ""' ohillf '"'""' '" '""'" lh< 
ololh.ulo¡·-·•nl rmocul.r r•"' con ho 
rulk<l •~•l· lluo lhe accumulaloon ,¡ 
"'""''•nooo<• .nd ""''roqinl lo<~ur> 
h•or•¡;• ''"~'' •nJ ''''~" mmo11n . 
e .. -,""' '"''"" o .. n ... ¡,, ... ""P'"'J 
hJ oJo< ,,,.~'"''" o>l lh< rr.•hlon>, •n.J" 

" lo.old "' J""'" <i,.· """"~ ol 11. lhll 
~, '""'' "l In ,,,J,·¡¡o,nJ 11 il ~• ,,. ,,,,.,,.,, 

_,¡,.,, '""~"' P"'l'''" ¡,,, ~""' 
•~<) Oo>t ¡,,l ,¡ <dlo·oul.o """ thon lnr 
oll <>Oh"""""' ,,,,¡,,,.,1. Wh) ¡, "'" 
""' ,.¡ J ....... ,'"""'"'""'~ , ... ,,_ '"" ''''""'""''' "' '"'""""~ 
Mo )"'"'" .le>o·l,op,[ ~J,¡« 1<'<1•~1•1\, 

''"' <.-11.-.o ·'" ""'""'J """"!"""' 
~n,,,, "~'""' '""'""·,,. n .. o .11 ~•11 
~ .. ~otl 

'''"'"'· '"'' ,.,,,,.,,,,,,.~ ... ,¡,,,,1"•'• 
1..H ...... ,.,,, ..... o .... '''"" ,.,¡, r~o·;· 

""· '"·'·"¡" ''" ·'""'"!'''"" 11 .. 1 """ 
,,..,¡ """'''"' ,,,.. 11\11 •• ¡,,,,.,., .ohl<. 

¡¡,,,¡_ .......... - "'' ... , "'"'''·''" "' 
'''". ,,,,_,,,.,, ,,,,,,.,,, "'""'''"'' "''''' 

By rrtdcrick P. 13rooks, Jr. 

~. ... "" """'"''" ''"1'""'"""' , .. 
•1'""'1 '"m"'' p.-.•plc ~"''"' • ~·'"" 
!'""'""' 

[\,.,rih . .,[,.·J¡¡k 1''"~'""" 1'"·"1' 
'""'"'''''" ,,.,,,,,.0'"'' 1'""'" ''"' 
""" 1 "' "' """' "'• '"' ,.,., •; ""· '"'' '" ' 
.. ,. , .......... ,"' ,,,¡,,,¡ '"""'""'"' '" 

"'"~•« '"'''"""'t 
1 '''''· ~ 1.,,. •• '" ,¡,¡,. ·hrr•o·· "'"· 

··~"'""''·Oh< ... o .... l ¡.,,o""""''"'"(' 
'"'1'""" " o ..... 1.1 "'""~'"~"- 1 ,,, 
J,,.,;,.~. ru. ,. "" ''"''"'"·oh" "'"'', 
"""'" "'"'"· '""'h ~ .. , •• ~ ..... "" 
r.·~""" m~fC 1""'"" •"~ ohu, "•~•m 
• "I<OU•Oi>e CJd' »hich ond• in J,.. . ..... 

Sch<·Jule moni¡~""l ><ill b< <m «<d 
l>l<r. Le< "' no>< comid« ooh« ••· 
pec<S ol oho pto!>l<m in mote dot••l-

Opt1mi~m 
All rrn¡:ramm<n .,. opoimom Per

h•p• oh" moJorn '"''"Y <>r<<i>lly "· 
""" oho>< .. no b<lih< ¡,. b"PPl cod
ing> .nd l•i<y goJmoohcr>. l'<~h•r• lh< 
h11ndred• or nm1 hu•'"'"'"' d""' 
•~•t oll holl lhu>< "ho h>hllll•llt lo
''"' <>n lb< ond ~·"1 l'<~h•p•" ;, ,.,,,.. 
1¡ oh., comr""" '" ¡oung. P"'~fOm
m<fl •" )¡\un¡:<t, ,nd lh< ¡nun~ H< 
.1 .. •1• "r""'"" Buo h""'"' '"' ><· 
kcll"n P'""" ""'"· lh< l<>orll " In· 
d11pul>hl<: "lhi• oinoo Ll ,.,11 '""'Y
"'"·""' "1 ¡u>\ l11und thc lo.< bu,_-· 

\n tht r,,, 1.1,, "'""'PMn •h•t 
¡¡nJ,•¡I~¡·• ohc ><ho·duhnll "1 ''"'"" 
rr··~'"""""~ 1> 01»1 oll •oll ~" .. u . 
i<. lh41 ,.,,,, '"'¡ .,¡¡ '"'' ,,¡, "' 
'""•' '" '' ...... '/¡¡ . ,,, '"'' 

lh,· !'•''-'"'"'''''' ni''!''"'""" 

·""''"" r•"~'·"'""'" ""'""' ""'" 
'''"', ~.,, ·"'"'"" n ..... ,n, ~-'""· '" 
¡,., """"" '"''''· ll.t ""'·' .. ¡ ,¡,. 
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'"'"''-"'" ·'"' ~""'"'"" '"""' ,., 01 >"1 Ol '"''' D·"<Oh>J UO'IOO,'UO•JJ•LJ<l) 
I•"""'PP' >41 'o¡~0•1 ~uow• P•uo• 11 IJ•d 
I¡O><u oq ""' •••H <~<OI uo U>'J 'l ~'el 
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ll~"nb u P'" '1"'~" "0!1' "'"1"" 
-nwtuo_~ •d'4"""' '1""'"' »jd<LJo. 
Ul >'IJJ>" 11•-IJOjjl IW>Oiil; ipU-1 

-l'4U! '! uonooo<Un> '"'"101 ""'S 
'( ·!·.~ )~ ""'1'"'-'' '41 "' ,,.~ "' 

~ullq pu• ,,., 1'"!'"" >41 JO U0\<1'1¡< 

>41 """'""''' .lnn¡ .l•w '"!'""""w 
·WO> JO UO~> r>rpo >4! '1>1 "'"" 
1>~ '"'"w "lpuool •!U)41 ><jO<" 01 
,,,,~, '" "Jno¡ '»141 ~uow• "'"' 
·Í>jUOl >q 01 r"u >J><II "J>AO>IOW 'JI 
O"l" 4>nw "'""!' '!' >Jinb>J mo1 

'u"l " """'"""'"'""''""! "'"""" 4'"'" '" "'"" '"41 >Jil1h>J '"''"" 
"'41 <:111""1" ,. '"'"'"! ""~' '41 
'U•d ~>410 '1'" 411" P"'"'P'"'" ,(¡ 
•>IOlld>< >q l'OW ,,., "11 JO iJ>J 40<> 

JI liJO" " UOII"'!unuJ\U~'"'"I 
'>lnl>nJII jOlUJOI l41 OIU! 

?"•''""' r•" p>u'"" 111"!"4"' 41oq 
>q ""'u •1d~•d '"" ru• .,.,, ud ~o~ 
¡o Ji<~Ulnl o >1•d1>11U• ll"W I>>IOJd 
luo¡ • ''~' onn <Juo'od 10,. JO~IIOqJo:_¡ 

' i 
' 

r J •'•H•wJ "'""'''"'""""" ,1! 
ru• ""''""' 1""'"1'" 1'"""" "1' )" 
""""''"·' -"1' ""'"'"' "''' ru• '""'" 1'41 "''!1 """' ,._,, ,_,.¡ ! . .-!!1' J« ''" 

-ppn~ '·'""'!""'" • ""'"" "" 1-'·'I.,,J 
.~"1 • 1"11 '·''"""''-' '·""'1"'"4' 1 
'""4'¡_,1·'1 11·'11 1" ''"'"''·' ~ ,\ 

'"1'"" '"'·"!"''"' ><11 ql! " (¡u ·'"'1 '·'"" > lll "11 ' 1'·'1'1"' ·"11 
1" I"J "'1' "' ''"""""'"' ·''1 ,..,,,., 
~"'"'"' "'11 .,,,., 1" ""1" -·~· , .. ,. 
''~'""' 11"·"" >41 '""11·' ·"1' 1" ....... 1 
"1' ""•'1""'1'-'' '4' "' 1'""'"11 "l 1''"" 
"1'P"' ~"Cl ""'""'"'"'"""'""" 1'"'" Suou1111 .,,.,¡ ""'' J« cln •rc<u" "''" 

"""'"""""' '" "'""'4 r-'PP' ><11 
(;: -.it,JI 

'~'"'''" '"1 "·'"' 1" 'P"' u<A> u• "'"'1' 
'"""" '"1"·"""' '! ""'" '4 '"~ 1'<¡1 
'"4 '''' '"'1-'"41 -,,,r >q "' ''"" 
1" IUIL<'LLII" ·"1' o¡ 1'·'1'1'' ><1 I'I<W """ 

""-'"""""'"' )'1 "''"" "11 ''1'"'4"' ·"1' ~<l<nll" IJI'II"'IUILWIIIPj lli<Jio,,J 4'"1" 

onq P'"''"""" >q ""-' 1'41 ,,,., "1 
3u<~~"4 

·•r ¡u'"""' I"IU>nb., >'-il'J" '""-' 
->q '"'"·"''"4' 1141 ""4 ,,,, , • ., 
-no• ¡,,.1\ ·r•u!l\•• "" "'"'"" Au.,u 
«<04 1>11'111 <LU ''41UOW >UIU <>,01 
Pl'4' • 1'1 ~"""q >4J. ->1111''4" >4> uu 
"'11' "" '"I""IJ' >~mu ¡o """"·'!IM• 
>41 "<1UI'li<IIOJ j>IIU>nhll JO "'""~ 

uunn' ~"'~''d ¡o onJ¡ >q ~•~• 
!•41 'IHIIüiU ouo <JI 11 OP u•o uow 01 'qoJ 
ropo,""''"'" 01 '"'"' u•w ouo ¡1 1'4\ 
•••1dUJ! ,.'IIUOIUUPUJ .. WJOj •41 '[ '~!j 

" "''' r-"P"' '·"'r I«•.J 4'"""' "''" 
"11 .lu'l"l'-"1" rn• .1"""''"1" uo 1'·''" 
ll"jf> l<' 1111n (,, >41 Ul p><'>JJ\,1 \o 

·'f'"'" 14~'"'41 '""''"11•1 P'"''"·"ll 
4lUOUI•U<:!!IJ I~:><LU lu¡ ~LIJ_ 

li""' ''~""1"""' '·'111"''•1 11'" ,,. 11!·" 4·"'·' ,,.,,, '"'"''' 
'1"1J ·"11 '1''"'"''1 1''" P'"'"l' """' 

"'1"1 '""'" 1" '1""'''' .,..,,,.,1 """1 
.,,, •

1
""""'""'"" '~"'1 y ''1'1"1"1"'" 

·'""'' • 1''1 .. '-'1·'1' ""· pu• '1'""""''' •Ul -"1 11<« 1"'1' l•p¡• >41 J<>j U<"ILI41JI 

·«r '"'"'"'"'" • " "·"11 "'1 ·r•nu•¡J 
•• ••.1 r-•·•rm •4·1'"' 11 'I"P'4" "11 u<> 
1-1·'11' '""1"1"'1"'"" '"411'" <'111!" 11• 
1041 Ll<'<l(hm«,_ ·"11 "1"1 lj~U!I • Uf 
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1
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1
1"" " """""'1" '"" '""4 

:.~,4 ''''1 '" ''"""' ·'" "'1'1 '"" 
"""·'11 "'"""1•1" ,,.,._,..,,¡ ""'·'·'"'4 
:"'"''''"""·'!"'"' '" '·"'I""I•'P "·'·1 '"" 
.,,, '" '>1~''"'" "'""1P·"" "11 """ 
"'0 'Jil>P41 <U<"I'III>I->HI'l Jj•I'"U 

'"' ruo "J"""' "11111<·<4~""41 ''"" 
"'"'1 'PI'"q "'"'"''""'d '4 L '""'r''" 
'1'1'"•" (¡;l"IP'·'-'" U• 4"" '"'·'J> 
""""'"4 ".lU<IUW.,.l<lld J.liiLdW<',J 

'"''"'~1'<11 
'"" ""1"' >pud ""' r"" .,,. ''-~1" 
>41 ''" "1' "! .. """ _ "'" "' ''P'•" 
·'41 1"1 """1'"'11'1' """''"""·'Id'"' '"" 
1'' "~'" '"1 "1'·"" 1"'•1\•¡•1 >'11 "'"'N 
"1 ~'"1 •.11 "•r• ~'"''"r"" "1''1" 
"!·""h·'P'"' -',11 1" ·'""'·"1 r•"' '!1'·''" 
1""'140 "1' 1" """'"1 '1'"'1 ''·'"' pu• 
lW!l '>VI "U>41 'uou .. LI>W>I<IUij 

"'" ~~~' ~~ '"""" ~ ·U><U>jclwo >~\u¡ <>ll¡n>~I'P p>,.JoJ 
-u~"''" o•¡• l>ql pn 'p>«JJd\i >q 
ütu ''41 "'P' >41 U!OlliUO» wnor>w 
>41 ¡o <UOn•I<W!II""'I4d ><>4t ·hu 
ll!""!' l"lliJ>j> 'J~>WI tlUI'd :<111d< 
uqwn1 '14'"'""' '! uo11n»<> ¡n <un 
•!p>W >~1 I>Ll]\1100 O.IIO>Jl (UIW Llj 

' 

p>U~IIIU•d J~ IOUUt> ,101 • U~4."' 
-!u!W 

•w•J~~JJ \llll\1(\ jO >OJI ~l'"'"!>oJJ 

·d• "'" 100 \1 1! 'uonoo ~"'~"d JO 
"'4~ !t11de.11 ¡n >nll <! !!4J_ '( 1 ·S!:II 

"'"'' ''"'""" "''·""''"""'""" "" ~~~~ ,,,,o, ''"u' ~"""" P~"""'I"J >q 
"" ,,., • ""1" 11uo ""'P"'"'""' >¡~1 
·•'"''~"""' "" ••uuow ru• u;¡~ 

-;¡q.,Nu•4' 
•J>\U1 >1' 141UOIU PIL• <>>W 11~1 '><jJ 

·W! 11 ~'''" ""~'"P P"" '~""~""P 
O U q<~ n /<> ''" •yo ~"""""w "'/ 
¡oun n on y¡unuo-un,.. >yJ ""'11 '"" 
<>np «JJ!LIJ,j 141unw ji> l><¡ounu 0<¡1 

pu• "'"' ¡n 1>4'""" >41 ¡o '-'"l''"d >41 

'"'"!"'"'41 '4' '"1""'1" 
·!-'" r 1'! '""" » • ,.1no ~"' 1'" .... .'11o11 
••IU>Lli!J>J<> '~UIIIJ\1 1•41 11 >! ""IJ 
'UOimU><Ulj<lW! ~U!l"p (¡<1<• l"IL 
>ltm»q "'P' lOO JO <mLJ>IIIIUOlUI 

pu• ""'""'ldW"'"! '41 '''""11 ¡n '" 
.,,.-IJ uownq >ql lOJ 'l''l IU>•>Jd Jnu 

"! '" d¡oq u•~ "ll'"!'l •qo l" "'!"'or 
U•ll\"4J >ql o•¡• ¡oq '""'" '"" 
• .,, u•_wn4 IIUO lOU ''""'"'"11' <11 '"" 
<J>I•S "'1~ 4"4" 'UO!iclOJ>I>P "41 

'JlVIU >41 ¡o POJLW 
><!1 411" ~UIIJ"'llU! .lq>JJql 'WOJ~OJJ 
"11 \Uftl JO l>IILcliUOO >lll \><O '1"0~ 

>ql lj">l >U<l>LUO< <t>'i" ll>j<IILI"' 

11 uo""" "ll "'""'J 1'"" '"''"111 
''""' \q '" 'n<i•d puo '1'" 'u>d l•¡ 
'""' ru• """ uo P>l'l"' " 11 "Jnqo 
·rLI >41 JO puu_u >41 uo >I>¡JwLll Jn4 
»•J< pu• '""1 >p111nO II!"Q '""'" 
·UOJ IO>ro "' " l<Jy »U>!II» <>IUI 
<>W<" w"Smcl • JO '"'"Jwll> • "' 
"U><jl "W<«l ... U~IIO• j>IUI >41 pu• '11011 
·•<u><U>¡dwl >~l '>lp! >41 :<>~.,, »141 

"'"' '"""' '"'"" <>P!"P ""T~JY 
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• 

domm•ln lhr oh.l<•>< on onJo.,d.o.l 

,.,, """ hl•'~~ht .b"·'' h¡ P•"""'"' 
mg ... dJtn~ m-or< """ th<n l<n~th<no, 
MI >h~II<O>, lh' >:loodol< 

s~ .. em5 te~t 
~o p. no olth< "hodule "'>U lho'l

oughll .Mo.'l<d b¡ ><4"'"'"' '""' 
,u.,mo •• wmponent dobu~~tn¡ •nd 
>)>L<m t<>l Furth<rmore, the 11m< r<-

4""''' Jopond> on the numb<r .nJ 
"''"'"') ni th< rtrl\11 onw.,nt<r<J. 
11""""'-,11¡ thl> numb<r >hOuiJ he 
1<10- Be><u>e .,¡ "P"nll>m, ~< '"U•Ii1 
"P'" th< numh<r "' nu~> 10 h< ,moll
" thon it tutn> out In bo Th<rdoro 
l<>tmg " muoll¡ th< mo>O mi>·>OheJ

ul<d poft "' Pl"~'"""""g 
Fur >Vm< )'•" 1 ho>< h«n '"""'· 

lull¡ oam¡ the lull·•~tng "'1' .,¡ oh,mb 

101 ;ch<Juluo¡ • '"''"'' r< '"' o 
., pl•""'"i 
1, wJmg 

' 
''" '· ''""'" "" ,,, ''""~'""'"" '" 
h .. od 

l h" ohll<l> l1<>m '""""'"'"'1 
,.heJul.n~ '" '''"'"' ""P""""' '"~" 
L lile''"'""""'"'"" lo plolln<n~" 

l·r~<r lho~> th<rm•l. l''<ll '"· 11 " 
botd~ '"""<h 10 P'"""'' ' Jr-

r 

\' 1 

1 

1 

5 

' 

ul th< ><hrJ,olr 
In "'"'"""i <lln>rnti<>n•ll~ .chrJ. 

ulr~ P'"''''"· 1 n,,, lounJ llno"l<" 
,\I.,,.,J M<-holl ul lh< pr~ÍW<J 
,,n,-J,.I< hlf '"""~·hui lhat m<»l JoJ 
mokcJ >r<nd h.ll uf th< ooouol ><hrJ· 
ui< lur thil purp"'<- \l.ny ol th<>< 
"'"' un ><hrJulr unlll ond '"'P' in 
·~•l<m '"'mg. 

~•olur< to •1\•'" cnuu¡h ume IPf 
>~>l<m ""·in p.rucul.,, ;, ptcuhorl¡ 
""""'""'-Son ce oh< deL, <om<>" ohr 
rnd ol the >'heJulr, nJ onc i> '"''" of 
>cheJul< lrouhlr LOnlll olmn>L lh< Jdi>· 
tr} dOir. BoJ 11<">. 1•1< •nd "nhPUI 
"'"nin~. i> un"nlong 10 cm1om011 ond 
LO 0\<lli~<f>. 

hroh"rnorr, .lrl•l >1 oh" puino h•• 

"""'"'11¡ '""" '"''""'"- ..... 11 " 
p>)•h<>h>~i"l, ''P''"""'""' lh< Ph>J· 
"' i> full~ "'11"1, ,nJ C<»L·p<f·d•) i> 
ffi•>•m»m -~'"" ''"""'ll, ohr >c>fl· 
"''"" '" '"PP"" 011h<r hu>in<» crt<~tl 
l>h>ppin~ of ""'"P"''"· oprr•loon ol 

"'"' I•<>IUi<l. d<-1 .o11ol lh< '''""''·'~ 
<~>L> ni d<lo)illW ohe•< •" \<1~ l11~h, 
lor io ¡, •lm'"' '"'" lc>r ,.,¡,,.,,. >hop. 
mrnL lnd<rJ, lh<>< '''"nd.r¡ ''"" 
""Y r.r ""'~,;~-h .11 ,.,h,,. ,, , ,,,,". 
'"" 1<1) lffiP•"'''" lh ollnv. '"'"'~h 

''"'"' ,,,, ''"" '" '"' "''~'""' "'''"
"''' 

e o 

JI=:=J Tr~ining 

A 
compl~te 

2 

Mllnlhs 

5 pruur.n¡omer~ 
lor 7• m/on 

F•i- 4 Add•n~ '"'""""'"' 1<• •1""~"" "'""'" ''''" "'"' ro~l '"'''' '" 111<> '"'"· "'1'1'"'' 
lllrc< men un • 1? o"'""""'''' 1""'''' ~•·•• • "'""'1\ '"" 11 •1 '"'"' ""' olll>< oluor 
an <>H• '"""'" to 1""' l~o '",.. mell, "" ""'''''' ..-,11 '"' ¡u>l ,, '"'''" ''""o"'"'"' 
""''"'' 

'"1'.1 "'"'' ,.,¡,J •r··.ol''"'"""· .. nJ 
""' """"f'h '" ""'"·¡, ,.,.,,,¡, "' 
nrl"o"''""' "' ,,,,,11 '""' "•"· 
"'4 .... , 

~ r ¡,, t,.,¡, "' ,¡,. ,.~ .. .~,,,. "• '""'t '" 
''"""~""'~ ,¡ """1''•'"1 .... le ,, 
mudo l .. !;<< lh•n '""''"' 

1. 1 h' r·•" ,¡,_, " ,,,, '" '"""""· 
• <. ''"'"'~' "~,,,.,. "'''' '''"'"''h 

Gu 1 Ou~s '" '"n" l•nw 
01"'''"' ,,,,,,¡,, "'' P'"~'·'""o"·r," 

''"o l .. • ohcl.d •• · '"''""l ,,,,.,. r•""" 
""' ,.,,.,.,., ''" "ln•l<~lrd '""'PI''""' 
,1 lin 0.1>l, '"" \1 """'"' ~"""' olor 
·""'·'' """~'"'''·'" -~" ""''1''"'· 1'": .... 
... -J '" '•" ""'"""· "'"~ •1'1'•• 1 '" "' 
1'0"~'"""~ '"'''' ¡¡,,,~, .. ,"h ... ""' ,., "' ..... ""'""'"'· ,,., .... , ........ , ,,., 

• 
'"'" '"""'1-H\1 UO <ol \1 10~, ~h· 
~"" """'""" ''"' hod lloc ,.m< 
<! .. ,,-., 

11>< "~'' ¡.., ,n .. oh<r cho"'· h< ,.,, 
'"'" up lh< h<ol 1 hr f<>Ult 1> ""'" •n 
om<i<'" ""'""'~ ••• •••<-h"'"'J '" 
""' p.rl, ,,,. '" """h". 

¡>;o~ J J~ nol lh<nl ..,r.~'" """
·~<r> h><< 1<•1 Lllh<I<OI '''"''~< •nJ 
noonne» ot..n ch<l>. ""' ohon "''"' 
'"~'"'"'"~ """'1"' bLLI lohc ,.hrd· 
"""' oo ""'·" ohr p•nnn\ J,.,.,,J 

J.¡lt ;, "''"" '"'"' •''"'""'" '" ''"' 
"""rhn< th•n d><~herr <n '"f"""" 
on¡. lo""'~ J.rh.:ulo oo m•l.t • "~'"" 
"'"· pllu\lhlt, onJ ¡c>b-mlin• "'""" 
ul on "'""'" du\ 1> Je""J h> "" 
4"'""""" ""''"'J, ,uppOrl<J h) ILO· 
olr J•"· .nJ ""'ncJ ch .. ~} 1>> ohc 

'"'"'h""' "" "'"'"'~"· 
Cl<.rl¡· '"''' "''""""' "" ne<JeJ. 

11'< n«J '" J<> <l••r •nd puhh.ll< 1"''" 
""'""'1 lo~"'"· hu¡·onO>d<n« lo¡<>«•. 
,,,¡"'"'".li '"'"· .nJ "'M. lb, ~h.•lc 
pr<1ic»ion "" nnl) pf<'fiO lrom >h"'"i 
,.,,n J.oa. 

Unul .,,¡,,.,.,,¡¡ ;, nn • '"'"'"'' h•· 
"'· >llJi>oJ""' ""O"J"' ><>11 n<rd '" 
>llrtco\ 1ht11 l .. ,t.l>un<>, onJ ol<lrnJ 

o~"'"'""''" ~.oh ohe "'"''"''oh" 
IIICif P•"'' ¡,,,.h<> "' '""" oh.n 
,.,,.""''''•1 ,.,,,,,,.,_ 

R<t~e!"ltH ~~·~~ oJ••s ol ~r 

11'1'"' u,,,"'" J,, "'""' '" "'"''"1 
'"''"''" P"'l•<'l 1> ~<hond >Ch,·J<ilc' 
-~·tJ "'"'"r··~"- """'""\· "' ,-,~, 1 
''"''"~'h l "'~~"'·oh, ""Y'" ""l ""' 
1"11' 

1." '"''"""¡">~o <>•mrl• s .. rP•"' 

< ,,_, """"''"" "' ·~ """'"""""' 
,,,¡ '""~""1 '" 1111<"' "'"" '"' ln\11 
""""'"· ,,,¡ ,,,,, ,¡,..,. ... """""",,. 
,,,._1'"'" .~. 11. e ll, ~h,,h "' ><hc•<l· 

,.,,.,, ••• 1..11 ... ''"' ""' ,.¡ , .. ,, """"'' 
~"~ "'1'1'''"" ,,,. ¡,,, ruli'P'"' "'"'' 

" ,, h••d '" ,.,1 '",' m"" 1 he h" ,. •·l.op•nl 
\lll>ol ..... ,,, •.• ll<lll.oll><< t ...... ~,, •• 

n '·"'·' ~·· r .' 
l. ""''"",¡,_,,oh··'·"' 111<0\1 ,,. ''"'" 

'"' '""" """""' lh-•1 '"'') ,,,. '"" 
~'"'' "' ,,,. '"''~-·"'""''"'·"··d. 
lh<n '1 m.ll\•11\oiOIIh< ,.¡ '"'"' 1<'• 

"'"''"· _,,,¡·~··,,,,,.,h •. '"<'' ""'" 
~•11 ,, '"'"'"! "'", ~ , ..... "' '"' 1 
,.,,.o,.J, 

~ \.,,,,.., ,,,,,, ,, ... '·"' "'"" "'' .,,,,. 
"" '"o"· A""""' Huo 11>< ~¡,,.¡,. 
,.,,,,,,,. "·'' '""'"'"''' 1 .... ,,,., 

'" """"'"o"'""' "'' "' """""· ""' ·~- .,,,,,¡,_ '"" ....... ~·111 .. · 
.,,.,.,,.,, ~ .... " ,,,., '" ''" ·" 
,,., •. , 
k,,¡,,],,¡,- ,,. ""' "" 1 1,1, ''" 
.,,., .. ~""' h¡ "' "'"""'···J 
¡,.,,!~.,,, ·"f'"'''• "'I,L< '"' "'"" 
•'•r•'" th,ol" ,11 •• ~ '"""~'" Llrm '" ,,, •. ···~ ",, . .,.,,,. , .. ,., ...... ,,,., 
''" ~"'' .. n h•· ""'""' "'" 

' 



lhi>r<>u~hl) """'· '"" 11,•1 '""'"''' 
,¡,,~ ~·11 ""' ¡,,,, '" ¡,. ""'" 

·~··· 
1, 1 r1m '''' L"l l1o p~ocl"o '"" 

'"""' "' l><¡•pm .r•I"•Y. """'oh< 
tum "'"""' odo<Jiol< ohpp.,<. 
Wh<" lh< •<cond•<t ''"'" <>1 otd.y 
'" '"1 ¡,;~¡,. th" ;, ''" onl) ¡,,.,_ 
,,,, .......... lht "'"'"'"'' ""'' •\-
"'""''" oro 10 '"'" ll lorou•ltt 
'"" <•l<iolt¡. lo '"''"do!<, or '" 
~•toh Lh< wl. ~<1 "l<nlly 1rim11t<LI 

by h .. ty ""'~" ""'' '"""'"~'''" 
'"'""1 

In lh< h"l '"'" <>><>, in,i,un¡ Lh•l 
l!o< <Ln>ll<r<d ,,.¡,be nHnpl<tod irL lum 
<oi<nLtho i1 oli'""""' Cun>i<l<f ti« 1<· 

~'"''"'''" dloch. lor '""'PI<. h>! lh< 
f~r01 •l«m•ll'< 1h~ ~ p~<,odin, P•B'I· 
, 11,. lw<> "'" """, ¡,,,. n" CCinlp<l "" 
.. ,,, ¡,"""'" ~,,,-¡,¡, "''""''"· .. ,11 ,,. 
~"'" ""'"'"~ '" '"' t.-l ,,, ""' "' lh< 
< •r<~i<n«J """. U 1h" ••••• , """"h. 
.l "'""-""'"''" ",JI ¡.,.,' h.cn Jo'"''"' 
'" .,,,¡, '"'' "' ''" ""~'"al '"""""· 
¡-,"'htrm~"- th< 1•>1.. "''J•nallj polll
ll.on<d th!<< ,..,,, hOü>l be rtporto

'"""" into lioc p.uh, lo<rOC< '""" wur\, 
,,¡,.,,Jy d"'"' ..,,¡¡ ¡,, '"'' '"" ''"""' 
,,.,,;,., mu11 ~< lon~•l•on<<l. So •• Ll~< 
<nd of lh< third ;,,,,.¡,, •~b•<•hli•ll) 
"""' lhan 7 m•n·hl<lllil" ul dlnll r<· 
,.,,.;.,, >nd .1 or.oine.l I""PI< and "'" 
"'"'h ore.,,¡¡,¡,¡, ,_, ~"•» 4 ,,~~<>lo, 

.no ponduoo <o !"'' •• lO!< •• of no ""' 
,,,,¡ h<<O '""'"· 

J,¡ hupe In ~<1 ''"'" 110 1""' ruoulll", 
·, . .,, """'"'~ <>lol) L!•oniu~ lime o~nd ""' 

••r•lhllonms '"" "''" '''""'' '"'· 
~uuld ro·~ouo< •<~•!ins -l "''"·MI~-" 

11, '"" ol the """"' "'""'" r., '""'' 
"'P•''"'""'"~ ond '''''"' •<>1 dl,·oll. 
"'« ""uld h••< hl .,¡,¡ >1111 olh<! 111en 

~'""· h01wner, "'" ¡,._ •t l<a>l • 7· 
"'·"" '""'· ""'' ].,,,,"'"'·u .. ,""" 
•"P""., l<.rn "'~·"'"'""" .nJ '''' 
''' ~ i.iun ore d•ll <re m '" l.iM. nol m<l<-
1) in J<s«<. 

,..,,;,, thal h)· '"" ,.,, "' ,,,. ,¡,,,¡ 
'"""'" tl1in~o hol '<1) block. '1 he 
.\l.u,·h 1 mil"'""' ¡,., ""' """ 
rto<h<d in opit< ol .11 lhe "'•"•gw•l 
o·llo>n. ·¡ he tcmpt•1 ;.,, " •" t "''"'~ '" 
«po·•t the <)<'1<, ,J,¡,,~ )ot ""''" ,,.,,_ 
~"'"<'- '1 htr<iO 11<> 11'-'clll<>o. 

1 he ¡,,,g,in~ • .,,,,..J !h•l onlj the 

~ ••• ""'"''""" ,.., '"""'""'''"" 11 "" 
M.,<h 1 '""' "'"'" tlo< '"'""'""" """"'¡,""" lh•• lloe ~h«l< ,,hoJulc 
"''' "P';,,,,,. ~•< "'"" '" •<~d b """ 
'"'' '" '"' "''~"'"' '"' (',,,,,,,,, "' 
""' '""""~- "~'''""""'"f- ..... ., 
'O'>Uog dko·t• 1\ kl1 '' •n '"'''"' ¡,, 
he ,..,J., Wuh .. uJ • ,¡,,,.h,, oh< "' 

' ... ,,.,.,,.,.d.,., ..... u'"'~ . """"' 
/H<HIOI<'l i<JOf, 11,.11 ~.,,¡,¡ fco<hL·<iHIIIO~ 

"'"" 1hc o>rigonal 1hru "''"· """"~
""''"'"· 

O•i"'"'phf¡oog ""'"~•·uu 1 1t. "' 

"'"''' ·~ n•<>nP<>...,~r to d U> te 
~of t "'"'e D<Ol"~' "'"~es <1 ''"'"'-

1 h., 11.,.,, ,, Lhe d•llo)lll•'lu¡:l/ong ni 
thO m•n·nwnLh lht ·numhct <>1 
mñnrt., «! • P"'l'" dq><nJ\ upon 11> 

•<l¡u,·nti,¡ ·'"""'""''· 1 he '""'irnum 

'"""'"' "' '"'" "'!'"'"" "1"'" ,¡,, 
rHunb<l "l'ond<p<nd<nl '"'""''' F,,.,., 
lh ... ,,.,·~·""'""' ,,,. '"" """' 
,,,,_,¡¡,¡"' ,,;,& f<"<r "'"" •nd "''"' 
¡.,,,,.lt" < 1 1>< onl) '"' " P'"""" "h 
>blt~«o<:c.t Uno'""'""·'"'"""· ~··• 
.,hrl.•hl< •chcdul<>- """~ mM< """ 
anJ '"'" month> .. ll_,r< ,,.¡,,.,,. 
pH•'"' ¡,,,., g"no '"'Y ''" ¡,,¡, ,¡ 
l.lcnJ.r tlon< thon l<or ,u "'"" '''"" 
t"noh<n<d. 

C,1il1n¡¡ tl'l<l ~hot 

11"" '""~ "'" , •I•L<n> r•·•~rom
m•"~ job '-'''' f!o,. mud> ,·ti<>U ,.,u 
he h'~OUI<d'0 

\10" <i11t1 """ ""'"'"' 

1 ""'' """'' '"~~'"'''' "'"" thal 
""'" '" •pply '" ''''"""'8 ''"'"· ""'' 
;,,_ '""'"'"""' '"'· ••d ''''"" ""-
1 ;,,_ on~ rnu\1 "1 lho~l on< Ju<> nm 

,,,¡,,.." lllc <l>lire '"'' hy "'""''""8 
tlo< c<>J<n~ p<1rtion ""'Y o~nd lh<f1 •P· 
pl)ing lh< '"'"' ne <ud1nK ;, ooly 

8,000 

7,000 

G,OOO 

5,000 

4,000 

3,000 

2,000 

1.000 

""'"'"'" "' '" ,¡ 111< pr,lol<ln, onol 

"'"" '" '" "''"'"" or '" '''f ,.,,.,, 
'""'J '"J '" "''"'"'""' '"""' 
~""""· ""' """' '"' ,~., J,¡, lor 

'""''""~ ""'""'d , ... u 1''"1''''"" "" 
""' -'J'Ph<,hi< tu P'"~''""'""¡ •)>l<mo 
p~<>Ju<io 1 ur • pr~¡r.r•> -'"''"f'"i 
>l•~ul _1,!LKI ""'"'· lo>r '""'PI<.~"~· 
'"''"· E11hn10 . .,,¡ '"""' "P"" "" 
''"''1' co>J<·ph,..Jeho~~ tLÍ,.,· "' '"""' 
17" ¡.,.,,,. fur-' ""fl< pl<'~<on>m<r. • 

¡,¡,,. ~h .. -h """"' ""'"'''•""' f'"' 
'" """"' I''"""''IIVII) ul \\,.,)11 ,,,,. 

"''"" r•• , .. ,_ " P"'~""' "•'r '"•' 
"" lo~•• ¡.,, th.n nndnunh •• '""~
' nJ e<tr .1 pnlol<d ph oJ""" llj 1\ •ln<Lhl 
~IJ,IIIXI "'"""'"" P•' ,, .• ,_111 p¡,,. 
ni<~g. doe<•ll•<nlol"'"· "'''"~- 1)"'"' 

'""~""""· >nd ""'"'"~ '""" "'"'' b< 
.. JJod, n,. lin<or """~""'"'"" "' 
""" '~'''"~ f>glll<>" ""''""'~''" 10•· 
tr•ruto~~oun ~1 '""'' '"' 11« hunJr<J, 
)•!J d .. >h >h••~• 11,.1 • mon <On ruo • 

""'' on "'"'" lhr« "''"'"" 
IJ<IoH< oh1nu1<n\~ lh<'lll, lho~<><r,l<l 

"' "'"" tho~t '"'" """'""'· ,¡,h""~" 
nol lor 111icll) o«mp.u.hle po~hkm>. 
"'~~"' th<t cflon ~""a> • P•'"" ol 

"" ""' "'"" '"' ""'"""'"""""'" 
"""'"" co«pt lh" "' • man ~Llh h., 
m<morie• 

1 ncomplele 

t 

600 700 
ThouS<~nds of machine insHuuions 

r,~ S A• & prooetl'• <omvl•"'' in<oo••••· "" mombo• of m,nn,;.nth> "'l"""d to 
<ornpl<lt • t i'-"'' up «i>«"""" 11,. 



' 

Fo¡. S ooll• lhc •••' ""'' 10 ''''"'"'" 
r<>UII> "P""'J '"'"' • ''"JI J'"" I>J 
N'"'" .nd hrrl.'l .o '''""' lk•tl,p· 
meno lorp 1 "" oh.•~• '" "P"'""' ~1 
1 .3, lh•l "· 

'''"' ~ """"'"", ""me" ol "'"""'""'' • ,.O,n~lh<r "~ ""J) l<purlod b) W<on-

"'"""1>) '''" '""~' '" "1"-'"'"' ""' 
' ' ,.o, ¡,,. >ludo" <>n Pl•'~lommor pr<>· 
dunl'"l\) ho>< "'"" '"•J<, ond ·,.,.,..¡ 

Po o~ o¡,ml.>o< ol 

"""' pw¡,.mmon 

0"".,'""'' '" "' 
"'"""""'" '" ro 
Com••''" " •• 
To,n!IOI<>< " " oD<ti o<kmbl•<l 

'"'"'•tlns ''"""'4"'' ''""' b«n P"'" 
P""d M""""" ¡•«r•«d • '""'' or 
Lh< pubhoh<d d•l• 1•1 lt<!< 1 oh•ll 
~'" unly • ''"' IO<m> lhol ><<m <>P<· 
.,,u, ollwmn.un~ 

Portman·~ elata 
n,,,¡,, Pu"""''· "''"''" ol on'o 

Sol!~"" Dov., ( "mpul<l E~u'i"ll<OI 
Or~•ni<a!H>O (N<>~Lh,.<>t) '' Mon

,<h<ol<l, off<l> onothor uo<ful pcaonol 

Mon- P<D\Itom Wuru•l 
' Yem ... ,.. ""''di m•n·vr. 

• '"' ~:I,(XlO '" • "' ' 
61,000 ''" "'' ' " "a.ooo "~ 

" " "~ 2210 

Toblo l. 0111 !Iom Bol! llb> ~~~'"'" producll>ll> d•tleror><•> tool ... en compito 
probl<ms (lhe 1«>1 1..-o ••• b•>•<~llt co~I<OI p<vr:••ms ~•lh m.n) m<K!ulo>l lnd le» 
comple• one,_ No o•~· '' co<ll•n 1'10~ much ollt« Ollt<ten<c "duelo comple"l), loo" 
much lo 11•< nu<nb« ol p.·uple '"'"'"~· 

' ' 1 

F i¡ ¡, 

' • ' ' ' l 
' 

00 

00 

~ 

~ 

~ 

" 
" 

f,~ 7. Sell'> p••d•cloono lor d<bu~·n~ ,.,., on • ''"~'' ptoo.cl, conu,\tod "''" 
.cluollilu«•-

• 

IMI~hl 

tic '"""J h<> P'"~"mm•n~ '""" 
m"''"8 """'"'" I>J •""'" ~••·h>lf
<oCh JUb "'" ••>rn¡ ¡rr•~••m<l<l¡ 
""« "' ),rn~ ., "''m'IOJ. Thr <>ti
mol<> ~<« ><1) r>rdul. Jonc h\ <>· 

P""""d '""" """'"""~ m••·"""" 
Jor ><• crol hrrnd«J >uh<o>h un o fl •1 

rh>r1. Whcn ''" olr¡•r•~< r•""" •r· 
P""d. h< .,l.<d 1h<1r< '" l.«p <>r<lul 
J 40 1¡· lo~• uf rinw """' 1 h<>< '"''"'d 
Lh•t ohc ""n'""'f "''" •oulJ Ir< <n-
11«1) '""'"'"'"J h>< h) lh< ¡," '"'' hr; 
'"'"" ~<r< ,..,)¡ '"''""~ 11>'1 ul 11>< 
"'"'"'"~ ,.,.,, "_.,.,¡ 1""1'1•01<111°J 
.nJ .h-huo~'"~ """ ~1 .. :1""' d .. ~ o· 
""''· hi~h<o-pli.ont¡ >1«•11 '"'"''"J 
¡.oho, rn<<Bnp, 1"1'""'"''· '""'l'"'l 
~ll>inr·'>, '"'""'· 1'•'""'"1 """· <L< 
.. ccr>untrd h>l Uo< '"'- In '"""· Lh< 
,.,,;"'""' m.J< '" '"""'"'" "'""'P· 
uun ,¡,..,,, otoe '"""hcr P! '''""'"'\ 
~ool. houro p« n-.n·)<ot. M) """ 
<>p<ricn<< ~'"" <r•nf'""' hio <r<ndu· 

"""· An unpuhh>h<d 1~61 >1\1~) 1>) E F. 
u,,d.in '"""'' P'"~""'m"' ,.,,;,n¡ 
rrnly n'il P"od"•"" ""''·''1 

Aron'• dat~ 
h><l A""'· "'''"'B" ni S¡,.,·om 

¡,.t,,wh•~¡ " ''"' "' r;,.,¡'"'''""~· 
t.lo<)l•nd. "" """"" P 1 "~""'""' 
prn.I"""''Y ~h<n '""""~ on ""'' 
'"~' '''""" (htitll), l"'f' "'''"' 
m"'< '""" ~-~ r•"~""'""" •nJ JO.· 
(~•) dcll'<r•hl< '"'''"«"'"''·\le do· 
,;J<\ ""h 'l"'"" """~in~'" ono•r· 
'""""' aon"n~ P'"~''"'m'" (ond >¡>
l<m porh 1 .nd TrlrJ• prod""""'"' " 
l<lllow.: 

'"' ... '''"'""'"' ..... , ......... . ... , ''"""''"' ..... ~"'"'"'' ....... , ... 
"" '~ 

Th< m•n-)"" .¡,, ""' ond.,dc >Uf\' 
pur1 ond '1'''"' 10>1 ocoi"l«•. nnly 
.¡ 01 i~n anJ P"'t;'""'"'ing. Wh<n ti«>< 
fi~ur<> "' dtlollrJ lry • f>eh>l <>! 1\lo.O Ir> 

' '"'' '~''""''"'·¡[,.y <l•>><ly no.l,h 
ll"r"•d•u. 

Harr'G el M" 
Jorhn u .... "'""'~" ,¡ r·"~''"'" 

mon~ Jor lh< llc\1 r ol<phnne ¡_,o,,.. 
'"""" El<mu"i< ~"'"hin~ S)oltm, 
r<¡><OII<d hi• .nd ulb<a" "P"""" rn • 
P•r« •• th< l"b~ Spoin¡ loino lum
pul<r Cunf•orn.:c 1•1 Th<>< d•" "" 
''""'"in T.hl< 1 •nd f'o~• 6 ond l. 

()J th<><, f,~ b ¡,oh< m"" ol<to~lod 

ond 1hc """' """''· llr< '"'' t~u J•>ho 
"'" o •• ic.ll¡ '""""' ~''"~'"'"· ol>< '"" 
''"'1 ·~" "" h•ll···ll) '"'8"·~· '""'''
'"" \'""''""'") ¡, >l•i<J "' '""" "' 
,,,.¡.,,¡·~··J ~""''1"' '"''"'l«f. ¡o,orn· 

<luJ,, 1''"~'"'"'"'"11· '"'"P•"""' '"'· 
.nd ''""" '"' lo " ""' "'" 11u~ 
"""" ,,¡ 11" ~''"'""'~ """"· "' "''"' 
'" mo.hrnr "'1'1'""· ~ro11n¡¡. •nJ ih< 



h\.o, i> inoludcd ' 
Tho produ""""'' hk'"''" 1•11 inrO 

1w<Í <IM>OhC.Ioon.: lh<»c lor oon1Jol 
pro8rom> uc .bout bOO word• por 
mon-~<ar; thu>< Jor tr•n>l"o" ort 
ah<>ut 2,200 "'"'"' p<r man-yoor. Note 
th•t all lt>uf prn~r•m• are ol >Omolot 
>llc-the varoatourÍ i> in >ize ol lh< 
"'"'' ~rnup•. l'ngth <>1 Hnoc, ond num
"" of mt>dul<>. \Vhoch " <ouse >n~ 
"'h"h h offe"' Dod tho control prO
gr.m> rcquir< nwro pcupl< bcoau>c! 
thc) "''" m'"' •·umphcotcd? Or drd 
thoy roquoro moro·modul<> ond mori 
m•n-month• became lhoy W<re "' 
>igmd more P"'Plc' Dod thoy to~c 
Ion~« hocouse ol thc gr<Jl<r co,nplu_-
11), or hecame more peopl< woro ••· 
>O~ned1 Onc c•n'l be'""· Tho c<>nttol 
P'"8"m' '''"0 >or<ly moro <omplox. 
Thci< unccn .. n\lc> .,iJe, 1he num. 
b<r> d<>cribo tho real prOd<>c<IVi"es 
uh1C'ed un a l•rge >Y"<m, """~ pr<i· 
<<>1-day programming l<chni~u<>. M 
>uch they are • «•1 controbu11on 

fi~>. 6 and 1 ,¡,~,.- "'"~' ontore>11ng 
d,,. on programming and debuggtn~ 
rot« •• <ornparcd lo ptedicted rato, 

OS/360 datoo ' '""' OS/)60 'np<n<nCc, while nql 
•»•lablc in thc óeooil .,¡ Harr'o data, 

, C<>nfitrn> il- ProductiYil"s on range 01 
·• 000-800 dobuggcd '""'"Ciinns por 

Ol<n-ye.r wore e>pcricn«d by cOnlrol 
prc>grom group>. Pwduc11>ities in lhe 
;,1)()()-3,000 dehu~gcd in>tru<toon> pcr 
mon·Y••r wero '"h''"d by l•nso•se 
"•n>lator group< Th<>< onclude plon
nin8 done by tl>e gwup, coding com-
1'""""' te>t, sy>tem tcot, .nd >ome •up· 
porl o<t~Vitie>. They ""comparable to 
Harr'i dala,<olar" 1 con tdl. 

• 

Aron'• daro, Hotr'> "'"· ond the 
'''' 3!'0 data oll confonn "'i~ mg dilfcr
ence> in producri•iry «lot<d 10 the 
cumpl .. ity ond dolliculty of thc '"'' 
ihel(. M y guidehne in 1he m"'"'' ol 
e>timating coinplc>ity ¡, tt •• r compilen 

"" lhree lime> •• t .. d •• """""' hatch 
•rplioalion progrom<. and opcr•oing 
>Y>t<ms •re rhroe tiu><> a> b.d "' ,mrl· 
pilero. 

' 
Corbató•• dat<l 
! ~oth Harr'o <l•lo ond o>/360 data 

ore lor ""embly l•n~u•~e prcogram
"''n'g lirtle d•la >«m ro ha-e ~ocn 
rOobli>h<d, on ''''"" ¡u<•granom;ng 
pwducli.,ry uli"& ~ighcr-I<Vcl lan. 
gu•g<> C,>rbao6 ol .,., Proicct "'e 
rcf>')rl>, howe>or, • mean produollvlly 
of t:zoo tone. ol dobu~~<J n/ 1 '"'e
"'"n" per m•n-)''" on th< MUl11lS 
'l'>1tm (b<i"'"" 1 ond 2 m1llono 
"'ord>)l11 
'Thi> numbcr ;, ~"}' "~1\mg_ Loke 

lbe orher prnj""· .,u, TIO in< lude> 
<-<>ntrol P'<'8"'"' ond 1•"8'"8e lr•n•l•-

' 

lut>. Like the othcr>, ti " producmg • 
•y51om pr,gr•mm•ng pwáUC\, te!lcd 
and documenocd. TI¡< da" ooom lo be 
comp•r•ble in t<rml ul kond ol elfort 
1ncluJod. And th< productivity numh<r 
"• guud ••erogo b<t~<ccn tho <ontrol 
pro¡¡r.m and tron>l>tor produ<1i•iti01 
of oth<r projecu. 

Bol Corbató'• numbcr is Ion« per 
m,n-ye:lr, not wo,d>! f.ach mlemont 
in hio >Y>tem corre>pond> lo oboul 
lhtte-to-fi>e word• of handwrillen 
codo! Tb1> >UU<"' two importano con
clu>ions: 
• Produ<tivity O<<m> con>l>nt in termo 

ol elemenl>r}' >IOI<m<n!S, • <onclu
>ion thao i> reO>onable in lefm> Ól 
thc I~<Hlghl o "'"menl roquor., and 
the error> 11 moy include 

• Progromnlin11 produClivily may be' 
incr<>><d " mtoch ., fi'< 11m<> 
whon a suu•ble high·l<"el languoge 
is u.ed. To b.ü up the>e cunclu
>ion¡, W. M. Talioffero aloo report-> 
• <onstanl pto>dtJct'"'l' ol 2,400 
stolenlOniMyeor in A>><mble<, FOO· 

TR•N, and CO,Ol.l'l E. A. Ne\son 
~as >ho,.n • 3-to-1 prodtJctivity om· 
pro~<moot lor hish-le><l langt>oge, 
•llhough his ;taodard d.-iation> aro 
wodo.l•l 

H~>tchln¡¡a cat ... trophe 
Whco one h<>r> of di>a>lrou-> ;ohed

ule ¡lipp•g• in o project, l!e imaginco 
lhot a '"i" of major cabmitics mu>t 
have befollen "- U<ually, howe~er, 1he 
d•>a•ler ;, due to termil«, not loma
do<>, antl 1he .chedule ha> >lipped im· 
poroeptibly but inewrably. lndeed, 
m>jor c•lomitics aro '""" lo handlc; 
one r<>pontl; wllh ma¡or /orco, rad•cal 
reorg•n•'-"<ion, the iowonllon o/ ocw 
approach<>. The whole ltam ri><> to 
tho ooo•si<>n. 

B"r th< doy-by..tl•y >lippage i, hOld
er to rccognize, h"tl" to prevenl, 
hardcr lo make up Y<>l<rdoy a koy 
man WOI >ick, ond • omeling couldo'l 
be hold. Tod•y the nuchin<S are oll 
down, heo.u>< lighrning >truCk ohe 
build•ng'• po"'cr tr•n>lt'lm<r. Temor
rol<' lhe di>< rouoine> won't ""'1 1<<1· 
ing, be""" lh< flr>t tlisc i> , wcck late 
lrDm ll>e faowry. Snuw, ¡.,ry du1y, 
l•mily problem>. <mer~ency me<tin¡> 
wirh cu>tom<rs, <>«uto>·o a11d1U-1he 
li>t ~oes on .nd "" J;"h une only 
r<>>IP"""' ><>me """"Y hy o haii-Jay 
or • day. And th< sch<d,le •l•p•. o!l< 
day al • time. 

Hu..- d.,., onc C<>ol\rol • btg pro¡<ct 
on a ll~hl >eh<dlll<? The fnst >lep i• lo 
ho.o • ><hedulc Each of a ¡1,. of 
event>, C.llcd mil<>''"'"· h•• a dale. 
PJC~;ng th, di1<> i> •n e>llrnottnK Pl"il
lem, d""'•><tl ai'<Jdy .,,J crumlly 
d<p<nd<nt ''" cop<rl<ncc. 

Fur piCI '"11 th< milc.tun<5 thcre i> 

only on< rel"""'" rule. Mol<>lon<> mu>l 
bo concrete, opw!l<. m•••onbl< 
e>enl>, defonocl wah ~niie-<b8' •h•rp· 
ne>1 Codtng, lor, coun>"'cumplo, i• 
··90% fon<>Oed" lor holl .,¡ th< llH•I 
coding ''"''· Debugson11 i> ··99% com
plete" mmt ol lhe rome "l'lanmn¡ 
comploto";, an <>enl onc "n pro<t.im 
almo>l 01 will.l"l 

Concf't< mile>ton<>, on tOe other 
bond, are 100% '""" "Spwfi<'lionl 
>~gncd b) at<hH<ct!. and in>piOm<nt· 
<r>," ">o<~rco cuJio~ IUO% complcl<, 
k<) pun<hcd, enl<r<J onlo dnc ilbr of)," 

"dehuggod .. ,.i"n P''"' oll "" 
'"''·" The" cun<rm miiO>lone, de
mar\. lhe "~'" ph••es ol pl•nn;n~. 
, .,_¡ 1ng, debug¡ol\jl 

11 " more impunant 1h•t m•le5ton<O 
he sharp·<dsed •nd un•mb1guuu> ohan 
lh>t lh<)' be e»ily ><nftable by lho 
bo». Raroly woll a mon lie ahoul mol<· 

Nonelove 
the beerer of bod r>ews. 

'""~'" 
stone progre.,, il the mii<>Wn< ;, IU 
,horp thot he con'\ dccoi" h1n,e11. 

l!ur if <11< ""'"'""'" luuy, lhe hu>! 
oll<n und<r>tJ,d> O doffcront rcpor1 
Ioom \hal ,.h;,h lho m.n gl'<>, lo 
•upplcmcrot Suphud<>, nu une enJ"l' 
be.ring bad n0\\1, eJthor, >o 11 ~"' 
"'ltencd Wllho•ll ony reo! tn\cnl lo de. 

T wo inlere"mg >ludi<i ol cooimallng 
hehavior by gmornmont contrae>"" 
on lotg<->cal< d<'el<>prnent pru1ec., 
>howthal. 
l. E>timate> ol lhe len1Jih ol •n """· 

ity made and romed cardully 
every lwo wcch bcforc lhe ae¡i.,oy 
>lar" do nol ,ign•ficantly chango., 
the """time dnw> n<ar, no mil· 
lcr bow wrong ihey ullimately 1urn 
oul to be. 

1. Du.oni th< activity, OVt<<-'llmOICS 
o/ duration come sreadily down as 
th< activity pr<><ood•. 

l. Und<r<Wmom do nol oh•nge sig
nificantly durin¡¡ the "'""'Y unti] 
oboul thr« W«b bdorc lhc 
scheduled compl<tion 1111 

Shup milc>ton<> ore m la<t 0 ,,,. 

vice to lho toam, ond one they <>n 
propcrl) e,peC\ from • manogcr. Tho 
luuy m1l<>tone i• lhe hardor burdon oo 
livo with. lt i> in loct • milbrono thot 
~rind, Jo"n moro le, for 11 de<ci-., onc 
•hout '"'' time uo\11 11 i> irromodt· 
ablc. And chrc>nio ochodulo 1i1pp•g• u 
• morole-);•llcr. 

"Th& athoor pleca lo lata• 
A >choJule ,lip> a Jo); oo "'h<tl 

Who ¡¡<~> '"'"d """"'' ""'-<!') >ltp1 
W< <•n <n•l.o 11 up l•!<r And tho oth<! 
pi«< ou" fll> HllU t> 1•10 on)~<•Y· 

'' 

S' 



A bo"h•ll "''"'~''' "'"~""" , 
nonp~)""'' lol<nl. h""l<. •• •• <>· 
""'"' ~~~~ ni ~'""' plo><" ond ~«., 
'""'' 1< " lh< chor•<"'"';' ~~ run-
"'"( ¡,,.., lhon "'"''"•<). nwv.nx 
'"""'' l~•n ""'""'Y· lr)in¡ h•rder 
lhon n<«»of)". 1> h <>><nllal for grc.l 
prn~r.mming l<am>. 10u. Hu.,lc pro
•od<> >ht <>»hion. lh< f<><l'< cop.cuy. 
lhor cnahlo, • l«m to copc '"'h ro u- .. 
tone Oll>hop>. lo amioopo\c •nd lnrl,n, 
monm calon>itÍ<> Thc colculdlcd" r<· 

>1'""''· lhc m~"""d clfon. •r<olh< 
"'' Mon~ch lh•l d•mpcn hu>li<. A> 
"' ho>< >«n. <lOO "'"" ~<1 <>dl<d 
ohmu o ""'·do)· >hp. Suoh '" lh< rle

""'"" of "'"'""Ph<. 
B,u nol •ll nnc-•J.y >hp> '" eq,,'.ll) 

d"""'""'· So >Om< c•lculaiOon ol r<· 

'1'"'"' ;, ""'"'')". lhnugh hu"l< he 
d.mpcncd. !!o" do<:> onc odl "hich 
ohp> nootl<t? Thcre ¡, no >Uh>tLiot< lar 
• "' •1 chorl or a crioical-polh ><.hcd
uk .~uch a n<l,.orl. ,ho"' "hu ~oit> 
lnr ,.h., 11 'h""'' ~~oho i> on ohc miO
col pdlh. "hcrc •O)" >lip mo.c> lh< 
rnJ ~Ole. lt "'"" >h<>w> h<>" rnu<h an 
"'""') can >lip ~<f»t< i1 mn<<> jinto 
lhc cr»icol p•lh. 

fhc P<Kr. rcchn>..¡u<. >1f>cll)" 1po:al<
'"~· 1> •n cl•h<>rounn of <rl!><•l-i>••h 
>ehcdulonG on "hl<h 00< <>IOnUI<> 
lhr« 11m<> lm <>ct) <><ni. lime; mr
l<>pondong ro dolf<rcm pr"h•h>!U><> ol 
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mc<hn~ lh< <>hOLo<l<d do><> 1 do not 
llnd lhO> "h>><m<nl ro be """h the 
"'" etfort. bul lor br<>Jl) 1 will c•ll 
•n¡ CIL>>("ol P•lh """'"¡, • P!U ch•rW 

lh< prcp•rohon ol ¡ Pl•T ch•iJ ¡, 
thc mo" "luobl< p•fl of m<>><. L•>· 
'"~ ~111 lh< nc< .. orl.. idenlll¡inJ th< 
dcpcpdenc><>, .nd <>IOm•llng the 1<¡:• 
•ll l9r« • gro•• dcol ol •<<> >pW(oc 
'pl•n~ong '") c.rl¡· '", pro¡cct. lhe 
hr.l ohon ¡, al"•)> lctr<hl<. ond on< 
in><&<> ond 10><01> 10 m•lon¡; lh< ><<· 
und óne. 

!\> thc pro¡ccr pmo«d>. !he •rRT 
ch"rl prO>id<> ohc ""'"''' 10 lh< Jc. 
m,,,l,.on~ "'""· ""Thc »lhcr p1<C< "' 
1•1< ~n¡ho1»."" h '"""'' hn" h~11lc ¡, 
no.dc~ to ~crp onc"> o"'n P'" otl th< 
<TIIOO•l p»h. ~nJ it >UC~<>h "'•)> lO 
mal.c up lh< lml llmc on !he olher 
P•fl. • 

Undar the ru¡ 
1\"hcn a fit>l·hnc m.nagcr ><n hn 

>mall tcom >lippinG hchind. he¡, f•l<i)" 
tndonc~ 10 run to lh< OO.. ~»oth 1l>i> 
""'- Thc l<•m molh> be •l>lc '" m•l.< 
11 up. or he >llould he •blc 1o '"""' or 
r<nrgoniL< lo "''" 1h< prohlem. 1 hen 
"h)· "Off! lhc ho»> ,.¡,¡, il~ Su for. >0 
gok<~ Snl•in~ ""h prohl<m> i> <»<11) 
"h" oh e f>r•l·l<nc m•n•g<r " lh<rc" 
lor. And ohc oo-,, d<><> h•>< <no<>gh 
r<ol -..orri<> d<m•ndon~ ¡,, ocuon tho\ 

' .... ""'"' ....... """' .... .. '"''' ···~· .. "'"'"'' . ""'" ....... . .. .. ........ ....... 

be d"<>n"t >«1. '"'''"" ~. olltht·.d>rt 
K<l> '"'1'' undcr 1~• o u¡ ! 

llul eocr¡ n,.,, ""~' ,,., l.on~; ul 
inl~rm•ll<>n. ""PIIOO> lur .. own onJ 
O >I>IU> pL<tUI< h>l <Jo .. otLnn 11-'J 1 "' 

lh•l pmpo»< h< """' 11\ '""" '~" 
""'"'uf oll ha ><•>n> ¡¡"""~. ""' 
poctorc ol lhol >tolu> » hord 

lh< fi•"·hn< "''"'"''.' '""'"" 
onJ tho>< of lh< b. • ho>< on mh<r<nl 
•~nn>co h<r<. lhc r.r.l·hn< """•¡o< 
l<•n 11>., 11 be r<[>o>ll• h» poohl<>n. 
o he b»» ,.¡¡¡ "' "" o l. 1 hcn h<> "'"'" 
,.,n pr<cmpt ohe "''"'~"'·' !un<L>nn. 
donum;h bi, ou>h""'t· loul "1' ho. 
oth<r pl•n• ~u ., lun1 •• rhc "'•"· 
a~cr ohonl.> hc ''" ,,¡,. 11 ''""'· h< 
d»eon"t 1<1! lh< hu» 

l"n ru¡-hllln¡ "'hniqu<> ore opcn 
10 lhc 00.> ilollh mu" W U><d. 1 he 
ht>l ;, 10 rcJucc th< role conft>CI ond 
in>pirc ,¡,.,,.~ nl ''"'"' He <>1~<1 » 
'" )~•• th< '"~ ~ .... 

Re <lucio¡ the role confll<:l 
1 he bo» "'"" hr.t do>lin,ui.h hc

'"<<n •CHun onlo>lmoll<>n •nd >loluo 
onfurm•"•'" llc nnal d»<">phoc h•m· 

><lf ""' '" •<> 0<> '"""''"" hl> "''"'~· 
<ro con •nh<. on~ """ 0.> •<> un 
pruhlc!n> .. hcn h<" coploc>ll; O<»<~· 

•nR ''"'"' 1 ""'' l.n<• o hu» """ 
!O>ati.hl) pi<·I.<J up lh< phM< 1>1 ~O>C 
urde" hdofC lh< <n<l ul lh< lu>l r•to· 

·-~·"" ,_,_, .... .. ............. .. .... , ... , .......... ........ ..... ... .......... . ..... , . ..... "" .... "" ... "" .... , ·-·'"" ......... ........ .... "" , .... 

....... 
... " ... ' ........ "'" .... . "" ....... , 
'"""' ""'"' """' . '""'' """'. '""" 
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....... . ...... ' ""'"' ....... ....... ' ""'". ""'" ....... 
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'"'"' '"'"' 

"'"" """' 
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'""" '"·"" 
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"'"" .. ..... 
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"'"'' .. ..... 
"'"" ... ".' 
" '"" 
"'"" '""" ....... 
''""' 
"'"" .. ..... 
"'"" • 
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f,g e A ••p<><t >ho .. ,ng mol•"""" •nd .,.,,, '' • ••~ oocu· (lho;• w•lhout ""A""I. d<>eü<n.niAI!OO ISRl] opp>O;ol 1> D•<>Ouo 
on onolh<>: a na one (22~0 >upportl" "1• <orn•~g out ol alp"' 
f<>!. 

m<n! '" o>Ooe<! conlool. Tn,; ono ;how< ;omc poobl<m; '"OS 
oe.elo~ment, >pt-e>f•<:ollon; 'P~•o·•l ,, lote"" ;ome ''"m' 

' 



• 

¡:.r•r" m • ''""" ,.-r•'fl 
"~"'""""<•1 '" '4"''1'h 

'""'"''<1>, ~h,·o 

1 hol "'P""'' 
Oull d'"lo•ur<. 

!he "''"'~"' 
l'"'~' h" h'"' "'111 '"'<pi''""' 1<· 

r·'"' ~·lhouL ponio N preompllon. he 
"'""' '" ~·"· t-. >no• t •rr r ''"1>. 

ln1• "'hol< pro<:<<>;, h<lp<d ol ohe 
h"" ¡,¡,.,¡, m••coin~>. ,.,.¡,,.,_ <<>nler· 

,·nn.,, ' ' ""'"'"'"'~• nl<<lint> '""'" • 
1.,,b/.o"·"cr"m "''"""~'- .nd c-ontrOb 
hom•cll •«nrdin¡¡l)- Oh>i~o>l) one 
m•) ooll, pwhl<m·•<lion m<<llng o> a 
,.,n,cquon<:o ol • ''"'"' mt<M~. ol he 
h-eloe•·•• a prnhlem "ouo of h•nd. Aut 
ol le.,l Oó<'l)hod) """"' "-h.ll lh< 
.wro "· and oho ho" oloinl> ov.·i« be: 
h>" gr.hbin~ tloe holl 

YenKin& !he rua off 
NoiOrlh<l...,,, il i> no<:C"''Y lo ha'< 

rc>i<"' occhniqu<> b) "hi<:h !he orue 

'''"'' i> made """"'"· "helher cooper. 
""el)' or nno. Tho "R' •·hon wioh il> 
1 r<q«cnt •horp mol<""""' i; o he ho>i< 
¡,., .uoh rev.ow. o.i • l.r~< projeCI onc 

"'")' "''"' "' ''""""' "'"'" p>rt "r it 
e.oh "-«l, nldl<n~ rho round> onCe • 
month or >o. 

A rcpo11 >hnv.ing milellon<> and ••· 
ural '"mplcliM> i> ohe 1.~~ document. 
Fo¡. 8 lprocedrn¡ pa~<l, >hO"-> on e•· 
corpt from <uch • upnrl. Thi• roporl 
•ho"'' >eme oro\lble> Sp<cificOiion• ap
pro-.1 ;, o>erdue on ><vera! compo. 
nenl> M•nuol I>Ol) 6pprovol" Ovcr
duo: on •••"h<r, and one i> lote ~"'''"B 
""' uf the r,,., "''" 1" PH' 1 uf the 
indcp<ndenoly ct>nduclod proJuct ''"· 
S<> >uch • ro:ron '""'« ,, "" ·~end• 
lor the m<<! in~ ol 1 Fchruar). E•o:t)'· 
on< !,no"'' 1M quc>li<>n>. and the <om· 
po<r<nl mano8<f >hould he pr<par<d 10 
<>plain "1<> ¡f> !•le. "hcn r1 will be 
fini.hed, ,.¡,., >1<p> he"> oal.in¡, and 
o.h>t help. ol •n). he nocds from the 
00» M COilolorol ~r'oup•. 

V. V)hol>).y of Bell Telophone 
•hor<l<llie! add• th< following ob,or. 

vation: 

1 h~• r f.,und u ""-"dy ro ~arry br>lh 
""«hcduhd" a~d "'rllunuud" da<r> in 
rhr ,,.;¡w,mr ._pon. Thr .rhrd~INI 

da<r> arr rht p•opnly of <hr profrc/ 
"'"~"1" and "P'''"" a co">i>~mr 
~od. pla" ¡,, <ht profu• M a ~-lr<>lt, 
u"d unt •h1clr" a prLori a ""-"'""blr 

1 pf"" Thr '"""""d drJr.s "" lhf prop· 
Cd\' ~>J lit< ¡,,,_, f<> e/ '"d'fOg<! H')tl\ 

ha< <~g,ri:an« "'" lhr pi<<r o/ •·o,~ 
¡,. qurHi""· ond "~''""'" h11 riw 
ruJ~""'" "' '" ""'" ir .;¡¡ acrl<al!_t 
ho~pp<~. ~'"" <h< '""'"«' hr ha< 
"' oilabl< •~d "Ir ro hr rrun d "" hM 

Cf""""""'"" '"' d<li> <rj r>/J hi< P•<'· 
"q'"'"' '"P""- Th< proiur "'""axn 
hu> '" iup hiJ ¡;n¡•<'IJ off 111<' <J/11010\rd 

a.,.,_ a .. d f'"' ''" ""~'"•''' "" ""''"~ 
"'""""· """'""d ""'"""' '"'"" 

Iba" P"luwloh "P""';.,;,- "'"nalrl "' 

>d •· P""'"" ,- "'" "" """ """- (/nc:r 
1hn ,_, ,-¡,.,,¡, <·•lal>fi,/~rd "' '""""'' 
1<111"/, ¡/¡e pm¡c(l '""""''" ''"" <U 
~UO lf il " "I'J """ ¡/te j¡, 110 C " ""' f>' 11 

,., ""•' "' ,, '" ,,,¡,¡,- ,, h,- ,,,.,,·, J .. 
'""'<lirio~ ' 

l h<' preporotion of oh< '' •1 <h., o i• 

'!f ~--,N'""' o,,.,,'"'--"''"'~.,,,.,.,,, ............ '"" ....... ,, .. "'~' ··~ 
"'''""·>/((,,,MI,'"'" 
""""'"'·V t .. '"''"'''""'.,, .. , .. 
~·"' "' (,,,,,., .. , .......... , ... , ........ . 
""' '""· '''"'" li<'<loom<" Co.,o.l>"• ........ . "'"'" '' " '"'""""" " ...... ~., "" 
···~··"' ''"'"'"'"""' ···~·"·" ........ . ,., .. ,,¡ ~ ..... ' ....... e,,"', '""· "" 

' Q<o<>OoO"' n o "''" •" A v.. "-''"''"· 
...... , ................. ol ~ ......... , ... . 

c .. , .. ,~ •. 
• tuncMn <>1 th< bo» •r><l !he man•!
'" <<punin¡t lo hitr '11< upd•oin~. r<»· 
-..ion. •nd "P"nin~ ro:qoire• th< all<n· -·· ··~"''"" >' AC" ....... , 

.... , ..... " ...... v.,.,. .... - ,._ 
""''' '" ... <1 '"' ,,_ ... ,. .. 

'' c •••••• f' 1 ' ......... '""" ••••• o •• ,. 

l1nn of • ~m•ll (one-to-ohree·m•n). · • 
\uf! ~ro,p which ><rv<> a< •n ut<n·' ,. 
-~iun el !he. bo«. Su eh • "PI•n• and, 
Control;" tea m i• onv•luoblo for • la18< 
prnkct. 11 h•• no aulhnr<l,l' ''"'P' lo 

., ....... , ... ""'"" ~. ...... " "' "'""' 
ot '"' llnn.,,orr EDP T'<Onolo" ., ... ~ ...... 

»l all the Jtn< "'"""f'" "hen ohey 
'will h>Vt ><1 or oh•ngrd mii<>IOnet, 
•nd "h<th<r mil<"o"" hove ~<en m<l. 
Smre thc Plan• ond Cnnorol• rroup 
hondl<> all 1he P•pc""o'~· lhe burd<n 
on lh~ linr manager<;, reduced 10 lh< 
<>•<nli>l;-makin¡ the do<i>i~n>-

1 Wo had • >killed, enthu•i•"i<. •nd 
'diplomaoic Plan' and Control• ¡roup 
on !he oS/ 360 projeot, run O¡ A. M 

,Pietr .. .anta. who dC'otod oon>idorablt 
~invontiv< oalent to dtvi,in~ <fi«IÍ'< 

1 bu o unobtru>ivo: con !rol melhod•. A< 
¡a lt>ull, 1 lound his ~1'01/P to he widely 
•r<>l"<l<d and more ohon lelet.,ed. For 
'¡• ¡;roup "h<»< role is inherenlly thao 
el an irritonl, 11i;, ;, quile an accom-

!pli>hmonl- ' 
, Tho inv<>lm<no of a mode" amount 
'Df >killed effort in a Pl•n• an<i Control> 
funotoon ;, very rewardon¡. lo mak« 
Tor more doffcro:nct in pt•'Í<ct accont· 
pli>hmonl olian if oho•< pooplo wer~ed 
dirrool)' on building the product pro
¡ram,_ For lh< Plan> ond Control> 
~rmrp ¡, th< watchdo¡ whn rendor> ohe 
impercepoihk d<l•r• •i>i~le ond .. no 
poin¡, up thc oriliool elemcnl>, lo ;, ohe 
urly "''rning >)mm a¡ain>l lo>ing a 
year, ono d•) ot • timo. 

Epilogue 
Tho: ur pil of Ü>ltwore on~tne<nng 

l ~ill cnnoinuc to he stidy for a long 
lime to como. One c•n "P«l oho hu· 
man noe lo continue •toempoin& <)'" 
l<m> ju>t "iohin or juol h<)'ond our 
r<><h; ond >ohwarc o)stem> ore p<r
h•p> ohc mo>l íntrkale anu <:ompln of 
man·, handi"'o'~'- The manÍOJtmen< 
of lhi< compl<> <ralo will d•m•nd our 
h<>l "'" of ncw l•ng"•l« and >)'11<m>. 
our b.-.o •dapoooion el pro•o:n cngi
n<cring mana~omenl ntethod,, l1h<,.l 
do><! af,common '""''· ond o God· 
~"en humihr) '" reoo¡¡nllt our f•lhbil
<1)' and hrpotatJon<_ 
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''"'"'"-H."- l '"'""'- ond E_ E. e;,..., 
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'""'""" (""'""""'"""'"'"' ;('>t \< ''"''-'-'' 
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~-"- louo•~ f. P .. ood X_ E. hmon, ~,,._,. 

""" ''""'"'"'· ,,..,,., .. l41l00.. Noo 
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Or. 5<00kO ;o p¡UO~IIY o ,.'ofoooO< 
ot t~o lm>v. or Nortk Co<ot•~• ol 

C~a,.r Mot, ond '""""''~ of tno 
eomp~<o• oe;anco dopO<tmont 

'""'"· HO •• ,.,, known oo "'"" 
IOihOI ol '"" IBM Syotom/~60," 

"""'"• ••ovod oo "'o"'ct mono••' 

"'' ... ""'~"""'" ~~·~'"""'""' ·•• ,.,.~ .... o< '"" o~··••·~• ,._.. 
tom/3"e O•Oooct d~""• ;to ~""'"" 
ono ... E""'"' "" woo on ""'"''•" ol tno OIIM SI<OlCh Ond ,__,.,, .. , 

c~mpoteoo, 

At ChOPol "'" ~• nao """'"'potod 
tn ootobO•on.n• o~d oo•<>•n& ono Tr•· 
ana<o un;voro.tt .. Compototocn 
Contoo ond ¡no N<>'"' Caml.no !do· 
ootoOl'" Comoo<•na So .. -co. t-<o -o 
tnO Oo!h<>r ol twO Od•I•OhO of "A~to

'¡ motOC: Doto """"""''~•· •~o "'T"" 
• "'Y'""'"' "'"~"'""'"' hooyo en 

Solt~o<o 1ino,noo,no" IA~d•o""" 

! "'"""''· ''"'" ~n.en '"" ••••• ,, •• ....... 
-- - _j 
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In contreost to Dr. Brooks' presentat•on, 
this portrait of failurc is for those . ' who learn best from looking at bad examples. 

ONI' UF-IHE PRI~!ARYcau<e• f"r 
rhe I.LIIuro ~~ da<a P''-"'"'""R proje<l< 
i• '"" moh projeel> >r< ofton not ini· 

'¡iall) dofincd. and lh<ro!oro may bü 
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projocl "'" ho ''')' appcalin¡¡ te nn< 
!lall n1emhor, hut ropu~n•nt lo on· 
othcr.ln l>oth '""''he >CILh>l11mo wrll 
he Jiloctod Cnnooqnonll). lhe St'""" 
~l•n.L~CI "'"" unJcr"'"d •IMI d<>it<i 
ond ,.,,;gn projrcll •ocordLn~l¡ whcrr 
P"'"hlo. 

• hrsrnllin~ andan en<' Once a rrni«l 
hl.> hc~un, Mono <ecm< "' •now: 

o ""~ rhc r~<•icct "'"' "arlcd, 
• ~ha! •he "•mng is. or ..,..,, at •nY 

M< roint in Irme: 
• "'"·•1 ><livitie> havo bcen r<r· 

!ormcd: 
• "h<n lhc projc<t ~ill cnd: 
• ~ha¡ lh< projc<l ,.¡11 accomph•h. 
f.•'<nlially, l><Clru•• projec" a10 ;.,,. 

ly formally d<fined, the)' ,,. rarely 
complclod~ C'nmplcloon occul5 ll•uall¡ 
"rnn lhc doalh--or rc•i~n>!iM-----<>f 
thc '"<r lh< prnjoot ""icc5• M "'hen 
lh< 'l•<cm ¡, duc !nr cnn>e,.ion. C'nm
plclinn ¡, >l•o o pr<rc~ui_,il< for '"'· 
<0". hui > prr>jc<l i• con•id<rcd ILIC· 
<«•1"1 <>ni¡ if cnmrlc•od wilhin'lhc 
nri~in.1l tin1e nr hud&<l """'""'· ond 
hy """' "'11 i1 ,.li•nc, 1hc .. ,,,., nrcd•. 

"'" """"'""fui rrujocl, ho"cvor, 
un ho iJon1ifioJ durin~ •e.oral ph."c' 
M il• lifo qdc: ond 1 •hall hcro "Y 1~ 
~uinl In lh1>10 ><ry indtcalo" 

I.P~ic.>ll)'. an~ projocl can he lim<· 
Oi>idod inln fi>< d1<1ine1 pha.o.: 

al Pto·•nilialinn period (ll!U>IIy 
me,.urcd in I'Ctk< or monlh•l 

hl !niholion p<rind (m<a!Ut<d rn 
woch) 

<1 Proj<:CI duralion (in month, or 

)'"''' 
di Pmjcct l<rmin>lion peri<>d (in 

..-ccl.•nrmonlho) 
<1 Pn"·lerminolion peri<>d- (nrCur· 

rin~ •cvrral m"nth• afl<r prnjeel 
tcrminolion) 

In c.orh ol tho •howc pha"'· erro" ni 
cnmn1i"i<>n or nmi"inn con hove ma· 

, jor impael u ron lhc '""""M 1ho tnlal 
PW)I'CL 

Pr•·•mti&tion perrod 
1) Nn .,,md.rd• ••i" f<>r nti· 
"'"'"~ n.,,. lnn~ Lho rrnjcel will 1al.o. 
Th.IL "· o·ach prn¡CCI ;, lt<atcd" • ncw 
,,.¡ nmcl o¡·•rom ~llh ""'" ind,.·idll>l 
"''P"""hlc r,, .-,;,,,,.,,, fl" ••>im;otc 
~ rll h,· h:r"·J urnn hi• """ "nJ<r•t,Lnd· 
;,; "! ll1< P'"JC<I anJ "' la~h ond nn 
hnw 4LIIül¡ hr can oooompli•h Lhe 

<Lrh:•'''- l.illk "''" m.1d~ .,¡a hi""') 
(11•. "' •imil;lf pr.>j<cl• anJ .oct ... >l ver· 
-·" Orr~in.oll) c••tin>:Md tinW•-

~1 "'''"""i"" " ""' ""nc h) 
th•' rro•h.ohl,• pro•i''' l<'udor. hut rolh<'f, 
h¡ "h'"'"'' h.orr,•''" '" ho ;ov:oil•hlo a1 • : 

••linr:llin~ rin><. 
_ll 1 he pf<'jC<I i, MI ,LÜC~"·"<l) 
oklinoJ. lh•• r.·~""" lnr "" «lin'"'" 
"'"·di; '"'''' lhc '"'"'ni ").,hl1, 11e'rc 
pl.•n11in~ '" red" rile r•yro>ll •r•lcr>. 
ll'h>l dn ;o>u lhink il ll'ill rc~trirc!" 

"l';o)l1>11" "'") mean " numh<r uf 
,bl!<rc•\1 lhin~' '" tloiT,•renl p«•,>lo. 
n .. , .. " in.-.•ho l.oht1f Ji•lfihuli~n'' r.-r
"'"""' inlurrn;u;,.,,;• kaV<' ;omwuinp 

'·''·")· "'""1)' ;,ud ""'''"""' r•l'"ll~ 
.~ny r>! 1h~ .tll.n-c ,.,,., ""'·""·'hly im· 
p.cl thc ,,,¡"'"" "' ,¡,,.p.,¡, .. ,,. 
~~ Sh<>rt lc.>d """" ,., ,¡¡,,.,d 
!01 o-~im.ol<• • .,.;,¡, co•rr<•P•"odm~ in~c· 
cur•<> -''a f<"'IIL 
,1) · 1'<1•"'""'1 _.,,,¡:,hrlu¡ !ur 1hc 

P"'l''" ;, ""~""~"- ¡;,lin»l<'' "'" 
'""'11' p~<po'<·d """1~._,;, .• of .,.¡,,-, 
~ill P"f<><n> thc "'"1 1 hal ;,, .on «· 
lim.M ul 1~ """ "") h< nwd<. htrt 
""1) '"l l""inr !·'"'"""' "'·') he 
,,.,,ilohl,•: ohi, •ill .nrl.rl•' th, ·'"'""¡ 
""''· illlhn.,~h lh,- ,.,run~ prico.·rc·r· 
r .. rno,1ncc r.lli<> "'" ho '"·,·llout. rhc 
"""'" o•f ¡¡,.. 1'"'1·" i• '""'J in letm< 
t>l ,OCILI.ll • •'""' '' n»lcd '""'· .ouJ "" 
rh,, h;r·i• rh,· P"'."' "'-'1' he' r,hrrc. 

lnitiation of project 
11 Lot~lo Oo>Cument.ltLun u 
.-.·•il•;•l< fM «Í•Iin~. •inül>r, N in"''' 
/ocins •Y•I<m• In rru•iJc lhc pr.o¡icl 
lcade< wilh o d••• ~a<e lo hwiJ upnn 
2) Prn¡cc1 lc;d<t t<•p<•n'Lholity 
i• undcnned. Thc kodor h>1 "" idea 
11hat" o>pc«rd cf him. in ro~>rd 10 
lh~ projOcl or thc rcr-.onnclo"i~~<d 10' 
~-...~ on it. ShouiO he r«~nomond ol• 
tcrnoti•e "''""""'? C'on ho re<om. 
mond tcrminaHnB thc ptu¡t<l' C.1n ho 
""'"'' pirounn<l from it? (' •• h< f«· 
!lmmcnd d"mi"1l? 
ll Popor nnw ¡, h.ondlod powl1· 
(<>r ¡, nonc.i•lcnll. Dnctmt<•noolio•n 
re~arJinB ro•pon.ihili1 ico. ••wr.,noo 
o<rlcrin. •Y"<m nhjw.-r•. <1< .. i• MI 
dovol"pcd l!aihor, dnCLimtnt>li"n ;, 
limiloJ lo tho l«hnicol "P«I• o! lh< 
projoct. 
~) KnnwkO~< o1 "h>nh" In p<r· 
fnrm the projcct n\~f< ollkientl¡ i< 
Fac~int. Aro lh<rc ntr><lulcs, nr •uhrcu· 
line. oir<-ody ovailahlc which C.ln he 
".od? l• lhorc a 1011 dal• ~cncf.llor 
a>·.úl.ohlol Whol al>ou1 sy!lcm d•••i~n or 
doc,mcnt>lion oid<! 
51 DcHnHJOn of thc pr.>jcc1 • ·~ 
•·o~uc. mi•load<n¡, m lotall¡ ~'""1· 
61 l'hc prnjccl. hct,.ccn 1ho 
time of lh< ori&in•l <Oiim•l< ond '" 
ioi•iotinn. h" chan~od ""ho"l o oor· 
r«p<>ndin' chao~< on ti>< "limo«. 
71 Littlo "' no lime is •r••nl in 
pbnnin~ thc rrojecL Rolhor, ,¡nolt•i< 
dc>i~n ood/or c<>din¡ i• hc~un imm<· 
cliatcl) upon thc projocl arpf<'\01. Th< 
prnjocl l<>dcr i> nOI r<rnuucd lhe 
"!""")" nf pl.1nnin~: hn,. ho "'11 al· 

l.rc~ rhc pruJ«l: ~h>l 1a1l! l'iil h< 
"""' lir<l. <en>nd "' Lhird: ~hot op· 
rroac~ ho ~ill "'" nr 11h,11 ,imilor 
projcct> he "ill in • o-ti~alo or te• ir~. 
81 Problom "";<J,¡ncc " MI 
undor!looO or cnn!IJoreJ. Oddl) 
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WHY PROJECTS FAIL 

enou¡h: all pro¡oct.l begin .. ,u, lhe 
rrem,e 'that e•<r¡thin! ,.;u ro 
>moothly_', !len" '"'h •• 1"1. ~1 l<>t 
time due lo •o.r-end do,ng are nol 
con•idered unltl 1fltt lhc pJ<>blem ha. 

'oecurred_ ~) then. 1hc pro¡«l h» al
tud) 1<>>1 ,,,,,.¡do;>."' il ¡, ooo l.oe 
lO pro• ido an al" rn•" 10uroe. 
9) Ro.no•·co req'"""''"" '" 
not \th«hMd lvr ohe prn¡«t (rl[>eal' 
ilcm>. 1mh ., leyp<Jn<h. "" tinl<, UIOt 
manual lyping, IO<r<larial, ond pnnt.' 
ing requircmentl h"ome • prohlem,\ 
ond orc odd""ed Mly o/t" the)' ha>o 
alleeled the pro¡eet. -
10) Tho pH>j«l ~<•m'• ocli•itie> 
'" ""' d<>rly P"""''d "' the end' 
U><t. Only too oi!On. lh< r<oul! i> • 
"ri" of ~¡ tbought ..... -¡ u>umed 
... ~ "lm'l he.,.?" commenl>. 
1 1) Projoct eomplotion ti e
meo!> are not dtfined. Th., i>, the 
pm¡ect l,.dtr ;, nol owatt o! "hat 
con.,ituto• corl.plttiun o! th< projoct.' 
What " tho ond pruduct1 \llllOt te"/ 
a<o.ptonce ctittria ,.,¡¡ bt U><d? Who 
mu" sign o/1 on projoct lurno•·er? 
What mnSiilutt\ turno><r1 

Ouration of the project • ' 
1) Po>lin¡ 01 I<¡>OriÍnB o/ proj: ' 
ecl inlormation io not ptrlcrmod, r<· 

""""~ Ln ilH' pr.•[OCI 1,-.,Jor ~,,,;,~ 
""-"'''' .,¡ ~h.11 th<• c.-nopiL'tlr>n PL'I· 
oonl,¡~,- "· anJ L~rc Ll-<r hctn~ un.1~>1tl 
o/ tho Ín•p><l o/ (h;ngc• 11pon th< 
NÍ~inol •t•l<m. ' 
21 Prnjw ,.,-,.,..,are l¡poc,¡!l~ 

<><J<i•<r in "'''·'· Thq '""'!>luto a 
"Ho"·' l1 ~"'"&· J>e~? An) rr<•hl<n11? 
Nn' (inr>tl~ Seo l"" "'" "''~"" "tho 
"'"~ ')'''""'' man.>ger J"" twl ,,.k 
pt~hi,~ .. JcnoilrJ qu<>lion• Ho J"'' 
nul tc~!IÍ« 111>1 hi• P"'""""' •nti<i
p,.to prnhl<ml, lHrl ;, r•im>rtl) cnn
<erno,l " il h iJontt 1) tng pruhlom< "hic¡, 
hi> P"'i«l lrod<t •lrcoJ¡· h•• 1«<>1· 
nittd. ' 
) 1 <hon~t n/ p<rs<>nnol Í> On< 
o! oho m>jN r<»Pn> "hl' projoo1\ fail. 
P<l\unnO!. indudinr projoct k><l<ll. 
>t< r<mnrcJ lrnm lh< pr<>j«t. "ilh no 
>djlllltn<n" In tho <eh<d<~l< IM limo 
10" d11o '" lho <h•ng••- Whonovor a 
lo•m rnomhor ;, >ddcd ''' , pro¡ttt, 
Lh<ro il o lc·arning c11rvo "hich impoit> 
hLS df"ionoy on lho proj<el- 11 ,noy be 
a doy. oro month, bu! Llnfor111na1dy, 
pooplo mMetnonl i• con<idcrod 1<> h< 
tr.n•p•ront In lh< proj<<t <<>mplt!ion. 
4) Adhoronce to moldord• and 
•pocificotion• ;, eilhtr not dorlntd nr. ¡¡ 
dolined. nnl /ollo"<d. More ofO<n than 
not. "'"d"d' do "''"· .,r•ci•ll)' in 

' lar~<t inllaiiAtL<lns Thoy '""'"' dnv 
-: ""'"""''on tochntqu<>. lobehn¡, file 

"'"'"· <!<. Hown<r, on« on tni!tol 
indnctrino!ion i> providod for a pro
l'"mmct/onal)"· follow-up Í\ i1norod. 
He most e>podiont >olulion> ar< lol· 
Jc,.od. r<>ultin! in,.,.,.¡ '"P' ¡mod·
ulnl in the ••m• pro~nn> •<qutnce 
adJro»in~ !he idmlt<ll file wilh dillor
ont mncmor.ic•. 11 mullO fnr ,.,mplc, 
in •><~<:h) oporaoion• dccum<ntalion 
"ilhoul con.,derolicn for rntarl pro
ctduros. M•int<nonco thtn bocom<! a 
majo! port o! projecl d<'olopmont. 
S) R<>ourc< requitements .,. 
oor anlicipllod. Thc major ol'ltnd<n in 
tbis ., ... ,., 

• 
o Da<> on1rr. lnad<quoto time i> 

pcrmiUed for turnatound o/ 
murce· codo ptopataticn andlor 
1<>1 filo op<r.lion. Wom. •ori~o•· 
lion may nol bo performod, .. hich 
~lmo•t in•oriably addoall,.,l one 
day lo lh< pro¡¡rom dcvclopm<o1 
cyclo. 

o Compul.r Tcot Timo._Tht lad of 
adoquale t<SI limo boootnc• e~
lrtmoly mticol to,.ard th< ond of 
a pr<>i«t. whon only ono or lwo 
programo are bcinB finalizod. lf 
lutnaround is o•erni1h1. eoch mi· 
nor chon~< 10 o pto¡tam odds 01 

lta>l one lull day te lhe duratio~. 

o D«ign Lc~cl Rovio,.o. Whtl<., 
mml of tho limo lh<>< are conoid
crcd in projc<l pl>nning, it i• rare 
that an¡·lhing lons.r thon a min
ute ;, ""umed !or duralion bt· 
twoon •ubmi.,ion o! dcoisn •p«t· 
ncaliono and appro .. L 

6) ""Brul< Force"" Approach. lo 
1hi• 1ypc el shop . .-orylhing i> de
<iJnod and implemcnl<d from •crolch 
"ilh no thou¡hl given lo lht u>< o! 
r.,1 projecu. tool•. cr work timplifica
""n meohod• "'''Íiobl< lo ohorlon lhe 
cle'lolopm<nt cycle. 
71 Laok of a prcjoct manag.r. 
11 •ound• mange. but many projom 
ftnundtr through lo <omplo\ton wilh
or!l a ruddor. Tht ""DP Manager" i• 

' norm>lly thc proj<CI leadcr and he 
rro•idts ., much 1Uen1ion •• he can 
comidcring hi• olhcr duliu. In concr
al. •ory low in<1ol101iono havo ono man 
occountable /or an onlire proj<d. but 
r>lher./ragmcn1 lhc rupon•ibillúeo to 
oho point "'her< no ono porson ;, 
occounl•ble. , , 1 
5) Lock or a Proi«t Los. A 
pro¡ool log can bo an involuoblo tool in 
porforming po•l·mOrlcmo. Funhor, in 
companitl which chor¡¡o·ho<k 10 lh< 
uscr 1hc cc•t ol rtsourcot u1«l, it can 
he lh< m•Ín•I•Y io justifying ouch 
ch~tgo-back> 
~ 1 Laü o! o proi<ct oudit l<•il 
D•n audil lml• are CMSÍd<l<d the ~<Y 
lo lhc do>elopm<nl o/ any ftnancially 
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'"""J "'""''''"'' "''''" ',., "'" ~<-~ 
p!O¡<<I """·'1"'' '""'"'" lh<h"<h<• 
'"""mOl"""-'"" ol ·' P"'!''' ,..,,~. 
b<>OL l<>pll"ld< • "molar •udot ,..,¡¡.,, 
projm do• ''" rnoonr . 
10) 1 ,,, "'. ,,,,,, '"''""'"· 
M•ny P"'Í"" .,, pur>u<d .. uh lh< 

projw """"~"' c0mpkooh '"'"'"'·"' 
ol the •Lrll> •~••l"hlc lo him ,.¡,hin hi< 
own >hop A •<ilh in•·on1<>r)' ni P·"' 
oocomph1hmon" nf ooch <1ofl monlt>or 
oimphfo<> lh< "•fling ol a projW anJ 
onoum thll npcricnoo i< ''r<') cla~l< , •. 
·¡ 1) L••• ol pmj<C! milwnnr<. 
-B«•u>< proj«t mib1on<1 •ro nN de· 
t<<mintd al lht on"'l ni • project. 
per<enuge ol «>mplcuon Í< u<u•lly 
cqu11od to p<re<ntagc of hour.. U· 
pended. For n•mplo, a proj<CI for 
"'hl<h 100 hm1" h" boon <"imlt<d Í! 
60% compl<lr "'"'" 60 ho"" h•v. 
b«n <>r<ndod: v.hm 90'1 of lh< 
hour> ha>t boen <'p<ndtd, il ·,. 90<;', 
compl<te Thi> c•n Me~"'~' <•lfiP'O· 
!oted 10 140% compi<Le "h<n !40 
hou11 ha•< bnn «pended. 
·12) Sr.rf membe" ore <on>id· 
•<rod •·uni>ernl!)" <'P<fl ·· Ourin¡ 1he 
ouim•lion suge. and ·~•in dLirin¡ im· 
pl<m<ntolion. >l>li m<n>h<n ar< con· 
"de10d 10 be oqua!ly rompooenl ona. 
lt>ll, de>i~nen. prngrommors, librar· 
iono. docummtotion >p<oi>lull. <te. 
The~· .,, ,.,;¡ned any el 1h"< lunc
licn• wilh !iu!e <:omidor•tion given lo 
lh<ir ohituy. ln'>riably. thi• '"ulll in 
pr<>j<ct del a~. 
11) Uulozation Philnsophy. 1\ 
mol! fund>m<nl>l problem which 
ofl«l> mony Jorge e<>mponi<> ;, one 
10hieh domonclo muimiring lh< Llllli<>· 

· tion ol por>onncl. a> oppo>ed 10 • proj. 
«l·ouon!<d •rrroaoh. Whon • hrll 
occua in o portimlar projocl. llolf. 
memher~ u< ru.,igoed. bocome ir is 

•onothemo lo hove people nol pcrform: 
\n1 "u.oful"" (lhO! i>. desitn or pro-" 
larammin~l "'ork. C"omequenlly. "'h<n 
lhe pruj<Cl """"·<be same peoplo 
may no! he ""lahle. ~~"'""')<l. are 
•••ilahlo par! lime. Thi• i• o di.o11rom 
appm>oh. hoco"'e whtle il """"' lh31 
poopl• '" a!way' •~<i~ncd lo o prn¡ccr 
•nd utiliution i• high. i1 pla<<> an 
"emphuio upon ef!ort. nor resul!l f 

Tarmination of tt">e project 
Jn the filSI pl•«. it i< m¡ npininn 

lhat P'"JOCh n<•cr lorminat<. lhlhcr. 
lh<~ l>ocome lil.e Me'"· conJemnoJ 
lo ~•nJ<r lill lhe ond nf lh<ir do)< 
~ilh~<JI «oins lhe P"•mi•od l.rn<l. 
He~""'· lnr lho~e rr.•rect> 1h.11 <1<• 
""t<rmin.11<."" lh< fnllo~ing •re ley 
de~oienoio• 
"!) Hi•l<")"la11•tu:~ ar~ nol do· 
tormuroJ or not Ll¡o<l.uoJ. rm •••mplo. 
01 pmj«l tormin>lo<>O. 1he proje<1 
l<>d<r ,ho<li<l mal< '""'' ortempl lo 

. --· -
J 1·r"'""". 1'<""""·'"". '" lo~hl r•l <"<1· 
1.urr "hl«""'· "' "''"''""""1•· "'''"" 
¡,,.~ nwu) P'"~""" ~'"" ""1"'"' 
h"~ "'"'' lir><• oll .,..¡, ~onor•lod~ 
"''"'10 hn•·· ni«'<~< rrr da~'.,,,,,,, 
"""" "''""""'' r<t P"'gr.onrn><r' 
<r" lc·<r 1in" u·~•11r< 1 per pro~r.rm· 
mcr' pcr P'"~"'m~ ,\JI ,¡ <ho ahn« 
'·'"Oc ,,,,,1,.,~1, lnol• '" th' """'''" 
1n~and .,aiLI.rlllr~ o! f"'"" pro¡o<ll 11 
hccon«• tho forll mp in lh< dc«lop· 
mcnl ol a "'''"l"r<<n<Jt« o<counlln¡: 
!)>l<m"" for .",• pr~j«l>. . 
2) O<~>lo\J ("onlfol. T~pocllh·. 
"h<n • pr<>Í«Ir> onmplcl<d." ¡, """ 
e>·aluatod lor qu;lit)._ Th< Q<" critorr•" 
""doe' tl.c P"'~rono wn~·· Thoro >t< no 
~rado.,(L < .• '·"·e: o. f) of pros,. m>. 
The•· ore <ilher ""A>'" M '"f>."" 

TÍte "'"""f<t moy evaluaie P"'""" 
nol b"cd upnn gu>nlil) of cod<. ptO· 
g" m• or tl<>etlmont>tion ptoducod. hui 
in fact he no•cr "·en <onlide" o•·ahl&· 
lion h•~e•l 11pon lh< quality of ce<lio; 
le<boiqu<> uood. 
JI KM"loJ¡c goinod i• urely 
lfan>l<r>hk. On« • proj<<l " com
pl<l<d. il ¡no> thrnu~h > procodu~e 
•imilar lo '"d<·St>linoution."" ,.·herern 
all Vo!lige> ol lll<l<iotion wi1h a pro¡ecl 
are for~nucn 1<>1 nno b< >lllck wirh 
p<O!'rom moinl<nan<:e. lnadequalc 
""" i< all"~·ed 01 lh< cnnolu•ion of the 
projoel lor \t>lf mcmbe" 10 ""dtlmp"" 
1ho <no"lcd;o g;rine.l or oven pro•ide 
m<•nin;tul inlifhl in10 I«M>que> 
U$<d. 

4) Po,.nnncl .u< nnl o•·;lu>ted.· 
Thorc i' on iclc;J 11m<. >nd onl¡ one.ln 
""''"'" p<rlnrn,n« or '" iiiJi•iduol 
on, pr .. j«l. ond rhor i> 1mmoJ"'"I; .11 
tho cconciLIIion ni o rn•i<<l. Yor. nnly 
too olrcn. p<~'nmiel cvoluo11on 11 oicd 
in!o cmpln)menr •nnivcrurv d.11«. 

· aer~ccn the lim• an inJr>id11>l ho• 
cnmpkrcd • pt<>¡«< .\nd hi> n<" •p· 
proi<>l. a )'O>f m>y hove ~op'l:d. Du~
ing lhat l'" he h•• hod lhe e pnrtum. 
ry lo p<rp<IUO!< m"O<tol<omo .. oll) moJe 
IZ montM o~n. 

5) L"l ni lnrn"l • '"'""'"'· 
T;pioally. a prnj'<t l<rmLI1otL!'n "f1n1 
knnwn h\" ~he ;'PP""""" 0l " n<'W 
rcport. ~lnrc rcaJi,ri<all;. ,, (.,rmol 
pr<«nl,\linn 1hnrold l.rl.o pl.r<·c ;oJJr<l<· 

'"~: 
•) ini1ial ~~i«ri•·" ~r lhe r•"Í'"" 
~ J porlormonoo at.rin<l lh<'' o~jcc

tJv<> 
e) '"'""'"llh<ondpro..Ju<t 
d) Jc,i~notinn "( pnr>c-ip•l '"nlacl 

fnc n>:unl,n., n«. etc. 

61 ~'"'"""'""lnl.rtioot>< [or <n· 

""'"""""""' ·'" 11 ,.1 ,¡,,.,"""'"'"'' ,\1 rho 
"'"el"""" ol' prnjocl (ol ""' <'lrlicrl 
LhC pr,.je<"l I<.Ln< i1 in .rn ideal P•"'""" 
!n '"''"'monJ cnhmccmen!l 10 1~< 

')'''""'· rr \h,··· •re 0\)1 4110nlifocJ •m· 
mod~ald). lh<y "·rll he )n<l /nrcvor. 

Po5t tarmo'1atron 
1 he lo¡ Ln~r<d1on! herc i1 lho <on· 

dll<"lln~ of "'"' '""!'"'""'"''">'m 
1<> ninc monlh> alrer lh< <Omplwon of 
0 pro1oot. The '""') <hnuld •ddr<»: 

a) rtl!oll' """' <>~J<CiiV< 
~) onlcgnl) ofdoto 
<J rrc,•dl1m Jr~m hu¡> 
d) quoniLfi<ation ol chang<> ,,.· 

quired 
o)•u~<fulnc» ol i<11orm•''"" Ji e. 

should !he >y>tem be <Ontinu<d') 
. 

Summary 
A• o ,.,ull of ••"'~'"1 lh< Je"l

opmenl of • numbcr ol major S)>l<m>. 
lb< ahovo faulu <X<>I mot< chon !han 
001. How<l"<r. lhe l.oy ~roblem> •p· 
~·., in roiling lo undmrand the char· 
octm>li<> ola projo<t: 
o 1t ¡,,.o b•ginnin8. 
o Jtha•anend 
o 11 um mulrrple. fLnil< r<><>ur<<>. 
o 11 has •n objtcrive. 
o 111 ou<«» con be mumrod in l<rm> 

el lime or doll•"· 
o 11 ttq11ir<>olnd". 
o 11 roq11ira a •tall. 
o 11 mn>l b< planned 
o Performance ogainsl plan mu>l bo 

,.,;, ... d. 
o 11 coc.i>ll wilh oth<r proj<<n bol i> 

disrin<:l trom thom 
o Hiome•<urabl< (q•,.nl•fi•ble]. 
o lt m>)" be abad ~roj«< (hom th• 

>l>ndpoinl of mdulne»). 11 il io. il 
mu<t bt olltrod, or torminllod. 

o fnrernol •nd <>l<rn•l foro<> ,.,1) 
¡flc<l a projeo1: rhey muSI he idenli· 
~.d. 

o A pm¡ed ;, • group ol •ub·P"'i«ll 
• No proj<<l i> unique. 

U ni<:" foil! a non non ¡, poid ''"'~'o 
,¡ rlo01<: ••rcm oJ a pr~i«l. 
h>ry of pro¡«l lailure ,.¡¡¡be·:;.;;; 
out once a¡:aio. 

• 
'" 

'o\<o~ .,..ono~omont. 

"'OnogomonlwhoLo Wol~ 1 

~• ooanl l2 yoo" ,..,.. 
Noooo,oeo. 
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!'ROYEC"íO "TIT/INIC" 

t 

l. Fecha de entrega. 

2. Seleccionar nor.1bre del proyecto. 

3. Seleccionar jefe. 

4. Desarrollo plan de trabajo. 

5. Contratar analistas de sistema.· 
• 

6. Desarrollar especificaciones generales (sistema). 

7. Definir especificaciones de las entred:~.s y orden de la --

programaci l'in. --.., 

8. Contratar programadores. 

9. Cmaenzar el desarrollo de rrogr<mas. 

10. Comenzar la conversil'in de prograr.1as (archivos maestros). 

11. Enpezar el diseño de los archivos de datos. 

12. Actualizar pro¡::rar.~as ya elaborados. 

13. Contratar mas programadores para cumplir plan de avance?? 

14. Comenzar de nuevo a actualizar progra~:~as. 

15. Comen:ar a trabajar 

Interfaces. 

Reportes. 

Documentos. 

16. Plan de avance retrasado. 

17. PANICO ! 

18. contratar ~:~as programadores (el grupo ha crecido 3 veces). 

19. Proyecto no ten~inado a tfempo. 

20. Buscar culpable. 

21. Castigar inocente. 

22. Promover a lo~ no involucrados. 

23. Empezar nuev~mente (Goto 1). 



. " El problema del Software" 2 
Estándares 

~uevas herramient~s Automatización 

Todo proyecto de Soft,care tiene: (como todo proyecto). 

Costos de desarrollo. 

Confiabilidad del producto 

Soporte 

COSTO DI: SOFTI1'ARE. 

• --· 

En los E.\J. en 1976 se gastan 80 billones de dOlares en e~cri

bir software, en 1980 en probable que la cifra llegue a 100 bi 

llanos de d61arcs ( II-EE procedings sept. 1980). 

'0"1" s · 1. ,, l'ii\ , (. .... 

30¡, Hcu 

.· 
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Adcmás la demanda (crecimiento) de soft~<are es del 21 al 23', -

anual, sin embargo en el mejor de los casos las productividad, 

y el personal uumcntarán el 15\ ;<nual. 

Para el caso de 11 (Texas Instr11mcnts) 

En 1979 gastaron 100 millones de d61ares en desarrollo de-

sofh;are. 

Para 1985 habr~ 5500 personas en II escribiendo software, 

con gasto mucho mayor al de los 400 millones de <.16lares. 

El software es caro primordial~ente por que 

trabajo directo (labor) intensivo. 

CONFIABlLIDAD EN SOFTh'ARE. 

,. 
requiere 

Para cualquier compañia un"BUG" en un producto terminado 

es un dolor de cabeza. 

SOPORTE. 

Casi la mitad del 'presupuesto' de 'software' se gasta en

"componer' errores BUGS ve¡¡mos algunos casos extremos citados

por I I. 

Cn G.M. 75\ del presupuesto de sw se gasta ~n mantenimiento . 

• 
60\ del presupuesto de GTE (de los sister.Jas) se gasta en compg_ 

ner errores. 

76\ del costo del IBI'l OS 360 se gast6 en componer errores 

(yourdon). 

' 



~ El peor 

4 

OS 3bD 

cuesta $4,000 el corre~ir una línea de código en el 

'acrocspacio' y cuenta S75 escribirla. 

POR QUE AU~1ENTAN LOS COSTOS DE Sil'. (Adc.más do la inflacilin). 

Resulta difícil diseñar, construir, y probar un programa de 

computadora, que satisface totalmente al clienta o al usua

rio. 

Muy frecucntamentc el usuario y el analista Subestiman la

dificultad del problema. 

La mayoría de los errores ocurren nntes de empc¡.ar a escri

bir c6digo, y esto ocurre por '!UC se tienen requerimientos

muy pobres, y se logran detectar muy pocos de estos errores 

cuando ocurren. 

, . 
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;> 50\ De los problemas se or1ginan en la fase de análisis. 

Y se corrigen hasta la construcción, lo cual quiere decir cam

biar muchas veces el análisis/diseño. 

VEANOS EL COSTO. 
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Como se ve en la figura anterior aproximadamente 72\ de los -

errores se detectan en la construcción o el manteniniento, y -

este error pucdp costar hasta 30 veces mas corregirlo, <:ue lo

que hubiese costado si se corrige 'donde se orirna'. 

Los errores y las omi~icnes tienden a MUltiplicarse con el aVU!! 

ce del proyecto. Requisito~ incompletos, el no entender el -

problema, deci!<ioncs vagas, pruebas pobres son las mayores CUJ:!. 

santos de los problema~ en dos palrtbT<!S: PLANEACION POBRE. 

' ¿ QUE ES LA I•!GENIERIA lJt:, SOFTI\"ARE? 
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¡;., d,., ,,. ,., <•1 ''"'' 

pa 1 a hr as ::::::t> poll{'T tenninar una tarea !le 

$11' Bl EN A Y EN l'RESUPlJESTO 

Si definimos SW. ENG, podríamos decir que son las re:;las pa

ra tener buen S\•,'. 

' 

·-= 
-t:·,c_ ._, ¡::-- " (::\ \,¡ 



8 
Que soluciones ó sugcr.cncias tiene la industria para disr.linuir 

los costos de SI'.' y mejorar la calidad. 

() ~!OV!LlDAD DE SOFTII'ARE. 

Compiladores compatibles con los nuevos sistemas. 

Traductore~ para Jos l.eng. ensambladores. 

Compatibílidnd en el <le~~rrol1o de herr:<micntas 

(HW y SW.) 

ESTANDARIZACION. 

Nuevos lengllajcs ADA, ACTOR, ACTOR, C, PASCAL. 

(J REDUCCION DE COSTOS El\' MANTENIMIENTO Y DJ;SARROLLO. 

- Mejq,¡es lenguajes de algo nivel PASCH 

e 
ACTOR· 

ADA 

FORTRAN Ti 

~!axirnizar la reutilización de software. 

Procurar cambiar el softo.·arc de hoy por hadware mañana 

(en PRQ~, PLA'ER). 

"Desarrollo" de herramientas para el desarrollo Y mante 

nimicnto de SI~'. 

() MAYOR CONTROL DE DESARROLLO. 

Programas verificadores de est~ndarcs (i.e. CODE CHE -

CKER). 

Programas para seguir actividades (CP~-1 PERTJ 

Uso de técnicas de "ingeniería de softv.·src" 

Diseño y prognmación eqructurado. 

Mejonr las técnicas d~ "M!INMiDIE.'\T". 



" 
... 

() E:\TE.'\PEI:. U1~ ~1\;tlli:'\1'10~ l'UYII>'' l'll:\"1'<1:'. 

Ti<·mpo 1 imi t:ulo. 

C:n·ihi 1 id:u.l l'!l <'l prO}P<"IU/~n]u,- iím. 

Av.~lólnch;~ en la uunplej i<J;Hl " 

"El desarrollar SW para una aplicación específica es uno !le ··.-. 

los aspectos· mas frustrantes del Managcment" . 

"T~cnicas y rutinas en 'otras 

nos radicales en S\\' ingcnieri 

• • 
ingenierías' 

T.l'. llruo'h~ 

resultan 

''TIIl: MYNTICAI. ~11\N M(INJIT''. 

, 
} 

. ' 

. . 
• 

;. 

i nova e i o--. 

., 
' 
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SOFTWARE DE CALIDAD ' , 10 

Antes de continuar 

definir que hace 

hablando de la 

B UENO 

producci6n de Stl, hay que 

SW B ONJTO 
B ARATO. 

' ' 

Debido a que los humanos no se pueden comunicar a la "per-

fecci6n" se requieren técnicas y netodolog~as en al 'manag~ 

ment' y el control de calidad en el SW a producir. 

' ' 
CARACTERISTICAS DE SOFTWARE DE CALIDAD. 

CONBIABLE. Los programas se cO~portan tal y como fueron

disenados o e ncebidos?- como se comportan -

los programas cuando ocurren vi laciones en -

la entrada? 

MANTENIMIENTO.- Se puede leer los programas? existen manuales 

y documentos en cristiano? se han aislado -

las funciones de un programa en m6dulos dife

renciables, de manera que un programador pue

da fácilmente llevar a cabo ¡1 cambio o corre 

gir el-error. 

PQRTABLE. ,, '" programas transportar fácilmen-

" ' otros sistemas? ' 

"" independientes de un 

HW ' con O.S. especificos. 

PROBARSE. ''" '" programas ,, estructura simpl,e, de ma 

nera quo '" algori.trnos, 1 E/S puedan f!cil 

mente PROBARSE, 

EFICIENCIA. (Economfa) - '" programas utilizan '" forma-

' 
racional '" recursos del sistema. 

' 

-- "' 

' ' ' 

.. '- ,. ·. 
; ' ¡ 
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U SABLES - lntcrf~: hor.~lne 191i.quina. 

C:JCLO DE VIOA DE I'JlOUUCTO UE S\1'. 

El ciclo de vida útil de un programa, debe de ser de \'arios -

años. Si como se dijo antcriorr.~ente el desarrollo inicial es

¡;¡enor que la mitad de costo tOtal. Y haciendo un poco de his

toria, sabemos que todo proyecto de Sil' ten.dr:í cambios y modif.i 

caciones continuas es decir tendrá que adaptarse a la din<'ir.~i
ca del sistema que \'ivimos. 

• 



• 

• 

DEL CONCEVJ (1 SI STH·IA l'G 

Los r('querimicntos son import<~ntcs porque una definici6n pobre 

resulta en: 

Fallas 

Omisiones. 

Ambigued:ld. 

Inexactivo. 

Sistema nor alizable .. 

Cambios. 

Altos costos. 

VAMOS A DEFINIR LOS REQUI:RlMIENTOS. 

Los "requerimientos" estan orientados a la estructura de1 

problema. 

Definir tolerancias. 

Tier.tpos. 

Costos. 

Base de datos. 

Definir las interfaz. 

Usuario. 

Equipo. 

Comun i e <1C iones. 

DEFINIR LOS REQUERINI l;'NTOS ES DCFICIL . 

n"y que dar lugar a cambio~ futuros 

Evitar acronismos y ncm6nicoS 

- Evitar terminología COr.lpleja. 

Est diar las necesidades del usuario utilizando metodos "!:S --

TRUCTURADOS". 

o 

o 



CONCEPTO DE CAJ,\ II'ECRA. 

f..}.f\?-1\ D ~ ?\!.o(E:-~0 
c._ 

USO DE PROTOTIPOS O SlMULAI.JORES. 

No se esta familiarizando con el problema. 

El usuario no "cntiend.e" el problcl'la. 

HA Y QUE REV.I SAR LOS REQU~F< !M lEN TOS. 

~!aximiz:~r eficiencia y confiabilidad a elinirniznndo 

costo, memoria, equipo f:R. (GUAL). 

No s~ entiende el objetivo. 

No se cuantifican las m<.!t<ls. 

OBJETIVO DEL PRODUCTO. 

( ) CONFIABILIDAD. 

Tiempo 1/2 de falla . 

. ~ de fallas . 

. Tnlcnnci"s. 

( ) PROTECCION DE DATOS E 6S 

( ) DETECCION/ ERRORES. 

( ) TIB-!PO DE Rf:SPUESTA. 

( ) USO !JE MH10RlA Y PERIFER!COS. 



' 

''.( 1 . r ... 
• p --• 

Continuación objetivos dcl·producto. 

( ) CO~!PATTHILIDAD CON. 

Sist~mas anteriores. 

Lenguajes. 

Soportes (BSP). 

( ) I<!ANTE~IMIENTQ. 

( J SEGURIDAD Y PRH'ACIA. 

( ) COSTO DEL PRODUCTO. 

1~ 

( J TR,\:-/SFORMAR REQUERI.\1lENTOS A ESPECIFICACJO!'.;ES. 

( ) PARTJCIONAR EL SISTH!A. 

( ) PRllERAS DE !.AS ESPEr,JI'lCACIOCIIF.S. 

(-) Entradas 

( ) Salidas. 

( ) Intefascs. 

( ) Estructuras. 

( ) Base de datos. 

( ) Documentos. 

CARAC"f!ORJ.STICAS DE UN BUf:N SI.SThMA . 

( ) .Jerárquico 

( ) nodular 

( ) Rastrcahlc 

( ) Consist('ntc 

( ) lr.~plcmcntablc 

( ) Prohar 

La mente human;¡ sólo "ruede" 

tarea~ simultf<nNIS 

1 
Particionable. • 

con 7 2 

' ( 
' ' ' ' );< ' 

' '.' ' 

-' 

1 • 

. .. 
'" " •' ·' 

1 

1 

1 



1~ 

; 

• 

C A P I T U L O 3 

cosro~. TIEMPO*. CONTROLES" 



20 
ESTH:ACION. 

La estimación es un proceso continuo 

Durante LJ fnsc de definición 

l.a fnsc de disefto 

La fose de integración 

etc. 

Esto es cada vez que se cuenta con información 

Las estimaciones se hncen mejor con In experiencia. 

Como mejorar los estimados. 

Actualizando fechas. 

• • 

Llevando una historia de datos (y Libro de Bitácora). 

Llevando control sohre lns suposiciones. 

Proyecto estructur;¡do. 

Técnicas estadísticas . 

.Soft>mre 

Limitando el problema. 

-- . ' ,.·,,·, 
L"J"-'' .- '--

\ 
) 
' •/ .. 

Leer l'utman "Getting Thc Soft,.arc :-.lumbers" IEEE Computer 

.Julio 1930. 

• 
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METODOLOGIA UTII.IZADA EN LA ESTIMA.CION. 

( ) PRINCIPIOS. 

Dcscomposici6n del problema en bloques pequeños. 
Estimar el costo y "dificultad de cada bloque". 

Desarrollar un plan de! proyecto en detalle. 

Incluir ~t. O, Equipo, Costos, Admon, Varios, Asesores ER. 

( } VENTAJAS. 

Hay que hacer un an~lisis detallado. 

Ilay que estimar en dctnllc y con 'e.xnctinal'. 

Ln estimaci(in se torna en una parte del proy<•ctu. 

Las faltas y errores tendrán rcpercllcioncs proventas. 

( ) DESVENTAJAS. 

Hay que gasta tiemro y dinero en estimar. 

La actualizaci6n requiere de técnicas automáticas. 

' ¿ Proyectos pequcf'ios ? Vale la pena. 

Si en su plan. 

1 $¡ FALLA EN PLANEAR, UD. PLANEA l'ALLAR 

PL,\N PARA' 1:!. CONTIW!,. 

Costos. 

Calendarios. 

Eficiencia. 

Estfindares y C.C. 
Personal. 

Cursos, Ascsorias, cte. 



2 
,_, ' 
"' J;LHIENTOS IIE l'l.AN JIE UN I'JWHC-1 (), 

1. !lc~cripción del prO)'C<:lu. 

2. Estructur~ <k trak1jo [le afiJt'ra hacia adentro 
llc :JrJ·it,n ¡,,,cia :1bajo 

3. Plan de tr.1b;~jo de cada fa~c. 

4 • 

5 • 

5. 

Entrc¡;as (fechas y productos). 

Orga_r:!,~-~r.ción. 

---- Contr<Jt:lcioncs 
Cursos 

Personal 

7. Financia~iento (estimar). 

8. Er¡uipo. 

9. Tiempo y recursos de computn<Jor;~. 

10. Herr;1micntas en 51'1. 

·JJ. An~lisis de riesgos. 

12. Plan de continr,encias. 

13, Procedimientos de revisión. 

14. Control en los cambios. 

15. Plan de integración/pruebas. 

16. Programa de entrenar.dento. 

17. Soportes. 

18. Documentos y referencias. 

19. Plan de "involucrar al usuario". 

PUNTO 2. ESTRUCTURA IIIPOS. 

---Asesores 

. ' 
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ELE.\!E!>'TOS DEL PLAN DEL PROYECTO. 

1. Dcscripci6n Jel proyecto. 

+ Breve descripción del mismo. 

Objetivo, metas. 

R~z6n d~l proyecto. 

Organ i za ción i nv oluc rada. 

Beneficios a obtener . 

' 

+ Breve resumen de los requerimientos. 

M.O. 
Duración. 

' Costo. 

• Aspectos particulares de interés. 

1\uevas tecnolog"!as. 

23 

•• 

Si tuaci6n de competencia 

:-.Juevos Jaétodos de implementar. 

insumas. 

2. 

Proyecto 

ALFA 

+ Entregas. 

Documentos. 

Sil'. 

11~: • 

+ Breve an~Jisis de los riesgos. 

Tiempos. 

Costos. 

In sumos. 

ESTRUCTURA !JE TRABAJO 

llepto. Fase 

PROG. [)JSENO 

• - ·Descripción de cada hlo<!ue. 

Nomenclntura 

DJSE!'lO O. S. 

Descripción 

lliscñar el 
OS. del Sist 
RT. 

0.5. interno 
Manual Usu.1ria 

• 



3 • PLAN DF. 'IR,\BAJO DI: CADA F,\SE. 

• Usar diagramas de GANT o PERT indicando 

Actividades principales. 
Dependencias. 

Eventos importantes. 

Ruta crítica. 

Resolución a nivel 

Entregas. 

Di;nio 
Quincenal 
~1C!1$Ual 

24 

4, ENTREGAS. 

( 
Las "entregas" son el resultado. 

• Reportes. 

+ Eficiencia. 

• Plan de pruebas. 

+ Estudios especiales. 

+ Minuta. 

• Docur;¡entos. 

+ Manuales internos 

+ Manuales usuarios 

S. ORGA~IZACJO:-.' DEL PLA:\ • 

• 

Normas 
CodificacHin 
p, 1 
Pruebas etc. 

otros documentos ic ruta crítica 
sv soporte 

IIIPOS D.F. [l. STRllCTURED CHARTS, ETC. 

• 

1 

11 

1 

1 

1 
1 
' 

1 

1 
1 

' 

1 
1 
' .1 
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6. ESTJ~t~CION )lE PERS(1NAL. (Ver gráfica] 

• Por imlil'i<luo. 

• Por actividad. 

• Por paquete 

O.liacer un cálculo de 

Hr!' hombre y perfil 

• Salarios • agcsores 

• C:ursos (hasta 30t) 

7. ¡;S'J'IMACION l'lNANCTI'I<A. 

( ) PRESUPUESTO. 

• Afto anterior 
+ Afio presente 

• Afio futuro. 

• Vi:iticos. 

( ) DESARROLLAR FOP.MATOS ESTANDARES PARA FACILITAR ESTA 

ACTIVIDAD. 

+ Desgloce de partidns. 

8. EQUIPOS. 

• Rentas. 

• Ca pi tal. 

+ Desarrollo. 

• Cuando y donde se necesita. 
• Duraci6n de uso. 



2li 
9. TIEMPO DE cmiPUTO Y RECURSOS. 

( ) R!OQUERH1TEXTOS. 

• Para gransfcrirlos al presupuesto. 

+ Para utili:arios en los diagramas de GANT. 

( ) UTILIZAR RECURSOS ll!; LA CAJA 6 REI;"TAR 6 COMPRAR. 

1 O. HERRAMHNTAS DE Sl'l. 

Como estimarnos tier.~po de computadora. 

+ Comprar herramienta. 

+ Desarrollar herramienta. 

11-12 PLAN DE CONTINGENCIAS Y J<IESGOS, 

Que pasa si 

+ Muchas suposiciones suponen riesgos. 

• Como prevenir riesgos. 

13. PJWCEDI111ENTOS DE REVISIOI>J:S. 

(> ~LE.~IENTOS ~LAVE DI: UN PROYECTO. 

• Autitorias 
+ Plliticas estructuradas. 

• Rcv 

• Que se va a rcv1sar. 

• Quien• Jo va a revisar .• 

• Cu:lndo se va a llc\"<lt a cabo la revisión. 

• Quien asiste. o- REPORTAR 



1 4 • CONTROL DE CM·IBIOS. 

• Por que el c~mbio. 

• Costo de cambio. 

~.,nblo de calonrl;¡rJo. 

Quien aprueba. 

2~' 

' Información necesaria para llevar~ 

(Ver procedimientos de la B.S.P.) 

·--- -
cabo el cambio. 

1 S. PLA!\ DE JN'J'HiRACIOl\ Y PRl!EllAS. 

( ) 

( ) 
( ) 

( ) 

PREPARAR l:L P LAII DE ,\RP 1 il.-\ -1-l-\C 1,\ -ABAJO. 

(Implementar posihler.~eute mejor que Bottom·lJP 

llESCRIPCION DEL PHOCJ;so. 

SALIDAS (QUE DEBHIOS VER). 

1.\'TERf'AZ HmiBRE-~IAQUli\'A 

{ ) RESPONSABILIDADES 

16. PROGRAHAS DE ENHENAMIENTO 

Alarmas 
,\ce iones 
etc. 

Seminarios, cursos 

Conferencias. 

(lugar, costo, tiempo) 

{ ) DEFINIR UN PROGRA/IA DE 1;,\:TRENAMIEXTO. 

17, PLJ\,\' DE SOPORTE. 

·• 

Una vez terminado un producto har que soportarlo. 

+ ~lantenimiento 

+ Cursos. 

+ Garantías, etc. 

. . 



1 8 . DOCU,\1F..'/TOS Y REf'f;RENClAS. 

19. PLA¡.; DE 1/;VQLUCR,\R AL USUARIO. 

' 



DISEfW. 

1. Aspectos directivos. 

2. Elementos de diseño. 

3. Considcr;Jciones especiales: 

1. Aspectos Directivos. 

Diseño. 

Organizaci6n. 

Personal. 

Documentos. 

Revisiones sobre el diseño. 

Control en los cambios. 

1.1 Diseño. 

• 

El diseño se inicia una vez que fue aprobado 'lo que no se 

va a producri' y el plan de implementación. Se espeC:ífica 

como se 'rompe' cada funci6n en partes, estas partes serán 

los módulos a programar. 

Deben 'direccionar' todos los aspectos del sister.Ja (sub·· 

sistema) 

, Algun¡¡s preguntas que nos tcncmos que responder son: 

Que tan grandes son los 1'16dutos. 

Como divio.lir el discilo r la impler.~entaci6n. 

Como )' que vm:10s a probar. 

Llmi tes en: Memoria 
Disco 
Tiempo CPU 

Hay que modcl~r 6 simular. 



¡ 

:JO 
Al final Jcl diseño dcbc~os saber que vamos a producir las

especificaciones ;;sí como un_r.1.1n dc_r.ruchas. 

1.2 ORGANIZACION. 

_____________ __!__ -------;:::=:L--. 
l)\Sé. Í) o 
FJ!'t>~.c;':· 

g 
DI~.(< .'J Vfr_ 

,,",~'"~'--'"~· >:»~·~''---____ )_ -
DI~no rc
¡ •. ,-;G:-r.:.. L 

, 



• 
DISE!i:O. ' • 

1. Aspectos direcúvos. 

2. Elementos de diseño. 

3. Consideraciones especiales: 

1. Aspectos Directivos. 

Diseño. 

Organización. 

Personal. 

Documcn tos. 

Revisiones sobre el diseño. 

Control en los cambios. 

1.1 Discl\o. 

• 

2~ 

' 
' 

• 

El diserto se inicia una ve~ que fue aprobado 'lo que no se 

va a Produci"i' y el plan de ÍI:lplementaci6n. Se espc~ífica 

como se 'rol'lpe' cada función en partes, estas partes scr5.n 

los módulos a programar. 

Dchcn 'direccionar' todos los aspecto~ del sistema (sub-

sistema) 

• Algunas preguntas que nos tenel!los que responder son: 

Que tan grandes son los módulos. 

Como dividá el diseño r la implenentaci6n. 

Como y que v<>mos n probar. 

Lír.~itcs en: ~lemoria 
llisco 
Tiempo CPU 

Hay que modelar 6 sitmlar. 

. ' ' 



! 

:w 
Al final Jcl Jisci'io Jchcmos saber que vnmos a producir las· 

es pe e i fi ca e iones ;o sí como un pl;m 

1.2 ORGANIZACION. 

. -------

de _r.ruchas. 
• 

' 

·- - .. 

b1~'DO 
"f-J)l(•t::,;-

DI~I:~ .. ,:, .Jér._ , 
$\',7?_'-' .:. 1 

,_._j_ __ 
c.x-wo rc
i-.>G:.é-L €. 



PERSONAL. 

~::.lb-•.,\~ 'CC 
¡:~,~~~}~ 
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+ Disefio funcional Orient3do al producto. 

Orientado al sistema. 

+ Diseno de sistemas 

DOCU~Jf:NTOS. 

REVISIONES. 

Programadores 

Consultares. 

Con experiencia arcos. 
Con experiencia en programación 

Problemas Modelo 

Sin tesis 

Análisis 

Calcnd;~rio de revisiones 

En la revisión ~e deben tener los documentos (sistemas) 

a revisar antes de la sesión. 

No transforme las sesiones de revisión en se~ioncs 

de diseño. 

Anote los problemas. 

Asigne fechas y responsables. 



ELn!ENTOS !lE DISEI'!O. (EN Gf:NER,\L) 

( ) LEER EL DOCU~l!:NTO DC LOS HJ;QUEJU~llE:\TOS. 

( ) EXTRACTAR LOS REQUERIN!ENTOS 'C0:-1 JNHUENCIA EN EL SIS-

TEMA' Escribir uan especificaci6n funcional 

( ) DI SE~AR LA ARQUITECTURA flf:L SI STE·!A. 

Especificaciones del sistema. 

Iilterfnses, flujo de datos, c/s, estructura 

( ) Diseñar los m6dulos ( y sub-sistena 

Especificaci6n del m6dulo (y subsistema. 

AL F 1 NAL DEBH!OS HNER UN DOCUMJ;NTO 

" LA ESTRUCTURA !!';TERNA DEL S ISTE~!A -SUBSJ STE:tA" 

CARACTER I STl CAS DE UN "BUEN" DI SEfl O DE S J STE:.JAS. 

Hodular. 

Responsiva.- El sister:Ja debe responder al llamadas exteriores 

Eficiente 

Mantenible. 

~1odificable. 

Comprensible. (1\o se debe requerir un llr. para entenderlo). 
Probable y 

Transportable. 



33 

UTiliZAR EN LA DESCRIPCION DEL PROBLEMA. 

1. DIAGRMtAS DE ESTRUCTURA. 

Z. IIIPO'S. 

3. DIAGRAMAS DE FLUJO DE JNFO. 

( Burbujas Yourdon ) 

4. LENG!1A.JE PARA Di:SCRJi;IR PROGRMtAS 

PDL o PSEUDO (o Dino) 

NO UTILIZAR. DIAGRAMAS DE FLUJOS 

MEJOR 6 EN LUGAR DE: 

WARNIER 

6 

NASSl 

Los veremos un poco mas adelante* 

SCHNEIDERMAN 

*Tomado del curso 'llcsarrollo de Sistemas' F.A. Rosenblueth. 



Y utilizar métodos modernos de anlilisis, diseño implement:!!_ 

ción o prueba. 

Permite actividades en paralelo. 

Permite rctroalirnentaci6n y la oportunidad de repetir 'al

gunas' actividades. 



. ' 
EJEMPLO' DE PIJL (CliSI F'DL) 

SUBRUTINA SCilll EDC 

• 

' . 

LEE Longitud del Buffer de entrada en Bufent 

$ PTR+O 

l,LAMJ\ el MGR del espacio libre para que de un 

Buffer igual a Longitud (BUF. Salida) 

IF 

SI no hay Buffer ENTONCES regresa con +no BUFF. 

ELSE HAS HASTA todos los caracteres del buffer 

de entrada se han convertido 

m.o 

LEE los caracteres ASCIL del buffer de entrada 

un lNBUFF SPRT + 1 

Convierte a EBCIDIC (luego decidimos el algo

ritmo) 

tiRITE 

ESCRIBE los caracteres EBCIDIC and buffer de 

salida. 

FIN DO 

CALL 

LLAMA al MGR del espacio libre para que 'deje' 

el buffer de entrada 

Regresa el estado ~ termine y OUTBUFF$PTR 



3G 

Utilizar solamente las siguientes estructuras 

• 

• 

• 

• 

• 
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CONSIDERACIONES ESPECIALES 

0 El SW debe escribirse para el FUTURO 

• La tr<lnsportabilid<>d niouiere consideraciones especiales 

• Hay que diseñar con la idea de MANTENER 

Veamos esto 

• 

• 
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Utilizar solamente las siguientes estructuras 

·i 



Costos de Desarrollo 

• 



.¡ iJ 

FASE DE IMPLENENTACION 

o ORGANIZACION 

0 ELE.'IENTOS DE LA HlPLEMENTACION 



En 111 implementaci6n de 'grandes proyectos. se reco-

mienda 

' • Organiz11cion Func~onal por subsiste~a y tipo 

( ) Lo que ~antiene modulas logicos agrupados 

( l Minimiza el 'SPAN' de las comunicaciones 

) Mejora el 'inventario' 

Le. 

SISTEMA DIAGNOSTICO !!ERRAIUENTAS 

os • COMPONENTES • TRADUCTORES 

DRIVERS • PERIPERICOS + INTERPRETES 

!.JTILERIAS • ENULADORES 
DEL SISTEMA 

• REVISORES DE 
CONTROL CODIGO 
ARCHIVOS 

+ SIMULAOORES 
DATA BASE 

GENTE ( El mayor problema) 

FJ.Jese usted: No hay un tipo de progra1:1adores 

~ Administradores 

+ Informatices 

+ Ingenieros 

+ mate~aticos 
+ Actuarios 

+ Psicologos 

+ Musicos 

+ Artistas 

COM!JI':ICACIONI 

(SW) 

• SilLC 

• BISYNC 

• AS~C 
+ AUTO 

A.'ls¡.,·ER 
PlSTL 
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POR LO QUE: 

+ Existen problemus de cornunicacion entre los ~ grupos y 

personas con diferentes antecedentes. 

+ Se hace dificil la selecci6n de personal para los pues

tos de rn<~ndo 

+ Se tienen diferentes habitas de trabajo 

+ Personas que conocen 

POR LO QUE: 

+ Aspectos de HW 

+ Aspectos de SW 

+.Aplicaciones 

+ No saben ensamblar 

+ ETC 

+Hay que capacitar 

+ Hay que fijar STO' S y NORMAS 

CAPACITAR • Se involucran le; personas coo lo empresa 

• ;e mejoran le; aptitudes 

• ;e mantie,;,e el personal capacitado 

STO' S ' Documentos • Fl1mes 

• Prograr:las • Normas 

• Procedimientos • Diseño 

• Reportes • eTC 
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• META' 

Construir un sistema que funcione 

• Por pasos/Etapas 

• En cada etapa "hay que demostrar" 

FILOSOFIA PARA IMPLEMENTAR 

TAMARO DEL PROYECTO 

+ Los proyectos pequenos se pueden imple-

mentar con mayor facilidad h•Y 

que romper en modulas 

+ Mejor control del personal en proyectos 

pequeños 

S¡ PODEMOS ESCOGER 

+ Tener el HW Corriendo 

+ Tener el s.o. Funcionando ,-
+ Tener las utilerias y herramienta de desarrollo 

HAY OUI: 

Minimizar el tiempo/costo de desarrollo 

Minimizar utilizacion de HW 

Maximizar el mantenimiento 

CODIFICACION ESTRUCTURADA 



LENGUAJES 

TECN1COS Algol 

Fortran ow 

Basic 

ESTRUCTURADOS Fortran ?? ( ? ) y PL/1 ( ?) 

Algol 

Pascal 

ADA 

• 

Orientados • cada maquina Ensamblador 
\ 

Que lenguaje utilizar 

- Mínimo tiempo de desarrollo PL/1 

PASCAL 

AOA .. ' 
Mínima utilizacion de Memoria 

R§pida ejccuci6n Ensamblador 

• 



B 

CODIFICACJON ESTRUCTURADA: 

Genera modulas que 

1.- son relativamente pequenos 

o alrededor de 60 a 100 lfneas de codigo incluyendo 

comentarios 

• se puede 'pensar' en todo el algoritmo 

2.- Relajadamente acopl~dos 

0 una sola entrada, llaJ:ladas simples a rutinas 

o una sola salida, Pasar parametros en forma simple 

i.e. MAL 

A ~ §ciPAL~ 
B 

T D 

e IL:_j D 

~ 
_j ' 

D 

' L:!l ~, 1 [~ 
BIEN 

A _l 
• 

' 1 1 Q 1 R 1 

"-..,. 
i'í ;>;p '"1 1 Rl 1 í" 1 

', E' 
' ' ' 1 
~ 
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o Acoplamiento es una medida de la "fuerza" de asociaci6n 

.:.ntre modulas 

0 NO queremos modulas fuertemente acoplRdos 

• Si modificamos un modulo oucre~os NO tener que modificar 

otros, es decir minimizar el 'irr.pacto'cle las modificaciones 

Es decir debemos poder mantener o corregir un modulo sin 

tener que "saber nad<~H de lo que pasa en los otros. 

Los Factores que tienen influencia sobre los modulas son 

Vector 
entrada 

(Acoplamiento) 

La conecci6n entre los modulas 

La complejidad en la interfaz 

El tipo de fllljo de informaci6n 

L<~s correcciones normalmente significan un "bajo" acopla-

miento versos conecciones patologicas 

SUPER 

1 l ' esul tado 

SUN 

ProLlemas con co.-.:~·10N 

13C 
entrad ~ 

'0 

' • • 
~ l 

TC 

Ji{i 
l i! ) 

232 
salidas 

Common en rortrnn 
\·ariahles globales PL/1 ALGOL,C 
Data Div:islon '"n COBOL 
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4.- FuncionaliUad 

0 LOs modulas deben ejecutar funciones !:>Üaplcs y ¡:-ela 

clonadas 

0Se deben poder definir en terminas de una CaJa negra 

(caracteristicas externas) 

5.- Codigo documentado 

• 

• 

• 

• 
• 

• 

ENCABEZADO 

Nombre dol Programa 

Fecha 

Programo 

Fecha 

Objetivo 

Entradas 

Salidas 

Logica.s 

Externas 

PDL 

Revisi6n 

Reviso 



6.- Organización Consistente 

Encabezados en la documentación 

E:< ternas 

Publicas 

Declaraciones de datos 

salidas 

subrutinas 

Fuentes de error (Ruben, oana y Biche 

icee, Trans on sw eng. Junio 25) 

Error en la especificación 

Desviación intenciaJa.l de la especificación 12\ 

Violación de los std's de programación 101 

Error en los accesos a datos 10% 

Error en la seguenciacl6n 6 decisión logica 12% 

Error en calculo ar1tmético 9t 

Tiempo invalido (invalid timing) 4% 

Manejo de interrupciones 4% 

Constantes o valores de datos crroneos 3% 

Docum.,ntación ine:x11cta 8\ 

~ QUE NOS DICEN ESTOS DATOS? 

- errores en la fase de desarrollo 



ALGUNA FO~~A DE EVITAR LOS ERRORES EN LA FASE DE DESARROLLO? 

EL USO DE 
HERRAMIENTAS 

Con~piladores 

"ENGINE" Ensambladores 

Linkers 

Utilerias 

campaña de platica 

involucrar al usuario 

Libreria codigo fuente, programas 

LIBRERlA Libreria codigo objeto 

Documentos 

Materiales de Soporte 

Emuladores (ICE): = (IN-CIRCUIT-EMULATOR) 

De BUGGER para tiempo real (SofLware) 

De BUGGER para tiempo real 

Programadores PROMS 

FILTROS 



Fi\St·: !JL lNTECRACION 

"Desde el punto de vista de SW la ::>anera ióeal de integrar 

SW es hacerlo en HW total~cntc aparando (Versi6n a utili~ar) 

DIAG~OSTI 

<E 
DESARmU.O CERTIFICA

Cirn DEL 

HW 

SISTEMA 
A 

1 

1 

SISTEMA 

' 

CBTENCICN 
DEL ¡¡w 

SIS'rEMA 

e 

S\~ 

"' 
• ' N 

T 

' 1 G 

1 ' 
1 

A 
e 

' o 
N 

1 
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INTEGRACION SISTEMA A SISTI:MA B SISTEMA C 

__ ,_R_c_<_R_A__/> 

l \ / \ 
CONSTRUCCION A CONSTRUCCION B CONSTRUCCION C 

La integración involucra 3 ~spectos principales: 

( ) El proceso de integración (de acuerdo al plan) 

referenciamíento de la unidad probada a la librería 

hacer link' de los modulas para tener una nueva construcc:iór. 

preparar la transmisión documentación de liberación 

( ) El proceso de prueba 

+ 'correr' la construcción de acuerdo a la 'prueba' 

+ hacer diagnostiCo y Matro:~par" errores 

+ Generar un reporte de la construcción 

( ) Proceso de evaluación 

+ Evaluar los resultados de la prueba 

+ Decidir si se acepta, para llevar a cabo la siguiente construc
ción 

Que pasa si hay errores de diseño o 

la integración 

• 
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ie utiltz~ndo PDL 

PROCEDURE: PRUEBA 

TOMA Construcción de la Biblioteca 

Verifica la construcción - n si cumple con los stds. 

SI no-standar ó 

antonces rechaza la construcción y espera una 

nueva construcctón 

Clse inicia los procedimientos de prueba / congela 

la construcción 

TERMINA SI 

DO mientras 'los errores no son muy grandes y la~ pruebas 

no se han terminado CORRE la construcción -n utilizanCo 

el bloque de prueba- n 

DEBUG y prepara retroaltmentando al grupo de implemen

tación 

TERMINA NO 

G..,nera reporte evaluador 

Espera la siguiante construcción 

TERMINA REST 

• 
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+Recuerde que por razones de 'magia' los errores salen en 

la demostración al cliente y estos son peores si se trabaja 

en linea 

Por lo que 

( ) En las pruebas de diseño, para cada elemento se debe 

utilizar una matriz de prueba correspond~ente de prueba 

indicando la función. 

+ La operación de cada función es calificada de "correcta" 

si cumple la prueba cuando se corre. 

+ Los problemas se deben reportar en la forma adecuada. 

La matriz de correspondencia debe incluir 

+ Operaciones as1 como rangos 

+ operacion con entradas anormales o cursos extraños 

+ operación por actividad 

j 
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LA EFICIENCIA SE MIDE 

i.e. El sistema ordenar~ nnn registros del tipo 

YYY en zz seg. 

El sistema mantendrá una exactitud de X% 

una tcmp de y e 

la respuesta de la servo valor w es de y seg 

etc. 

Si no podemos medir ó especificar~ se incluye 

el parrafo en las especificaciones. 

( ) El diagnostico de sw es similar al s¡.¡ de aplicación 

+ tengo un requerimiento que satisfacer 

+ ex1sten especificaciones 

+ se planea su desarrollo 

( ) El diagnostico de SW es difero:.nte al SW de aplicac1ón 

+ es un esfuerzo en conJunto de HW/SW 

+ La into:.graci6n inicial se puede llevar a cabo en !!V.' 

diferente o HW sin haberse probado (nuevo) 

+ la verif1cación requiere conocimientos de HW. 

-



! 1 

,. 
1 

Ji 
1 

1 
' ¡i 

[ 1 
' 

" 1 

4 
1 

d 

(J 

() ' 

se deben tener 3 modos (cuando menos) •• 

MODO 1 • f'ALLA El sistema va a tener problemas 

MODO 2 PREDICCION El sistema puede tener problemas 
: ' ' 

MODO 3 El sistema deberá correr OK 

Cuando falla sucede lo que se conoce como 

LOCURA DE CAMBIO 

Hay que justificar todos ~os cambio~ 

n? ~xiste el cambio e~gueno 

cada cambio da lugar a una nueva coñs-tiucCi6n 

los errores deben eliminarse 
cambio 

.. . .. 

·' 

hay que hacer 

' ' . 

LOS CAMBIOS SE HACEN A TRAVES DE LA ,J?_I,~LIOTEC!>¡_!?E SOPORTE 

DE PROGRA.'tAS 

LEY DE BLOOK'S ~~ ·" 
Si su proye~to esta atrasado y. contrata mas personal 

,para snlir adel<>nte, mas .tlempo.se atraSara y 

esto se cumple como que 1+1 = O y llevamos 1 



METODOS DE PRUEBA 

' opruabas convencionales 

"Plan de P"Uebas 

0 Generaci6n de datos de prueba 

0 Prucbas de acepti'lción 

NO vamos a discutir "pruebas de corrección de programas" 

(todavia no se descubre o se inventa bien) 

PRUEBAS CONVENCIONALtS 

o Combinan 50% del tiempo y recursos de algunos-proyectos 

o Se hacen de abajo hacia arriba 

" Terminan con la pac1cncia da muchas personas (especial-

mente con la del jefe) 

o Gran cantidad de prueba y baja calidad. 

o Poco control de la dirección. 

o 1 a 5 errores/lOO lineas de c6digo. 

--~~ 
~ar las pruebas 

-----~. 

/c:~ien va ~ 
/ hacer las ' 

1~ 
" ' 
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DESARROLLO DE UN PLAN DE tRUF.BAS 

Punto blisico.- Sin un plan organizado no se pueden tener 

pruebas 'decentes' por lo oue 

1.- Responsabilizar a una persona/grupo ñe las pruebas 

2.- Establecer los ptocedimientos y los STD'S para llevar 

o. a cabo las pruebas 

\ 

3.- Describir los casos de prueba. 

para aceptación 

y versión de arriba hacia abajo 

4.- Criterios de terminación de prl?eb¡¡s 

5.- Calendario de actividades y recursos requeridas,· para 

llevar a cabo las pruebas 

. •'~;..NUAL DE 
ESTANCARES 

VOL 31 

COMO CONSTRUIR 
CJ,SOS DE PHUERA 

' 

MA..'WAL DE 
ESTANDARES 

VOL 32 

CO~O DOCU!-;FNTAR 
Y USO DE XXX 

MANUAL DE :-!ANUAL DE 
ESTANDARES ESTA.'iOARES 

VOL. " VOL ; 

CONVENCION Bt.SE DE 
oc DATOS 

NO:-! ERES 

L ____ , -- l _ __j 

' ' 
1 
' i 

' 1 

1 



PkOCE!lHHI::N1'0S Y S,'DS I'ARll I'RUJ:OAS 
' 

Para poder llevar a cabo las pruabas de una form<~ 'm.:mujoble' 

uniforme se debe 

Tener un esquema para la de los-casos de prueba 

nocumentaci6n de los casos de prueba y resultados 

Convenci6n en el uso de los nombres de las variables 

STD'S para el uso de la base de datos 

Responsabilizar a una persona o equipo de las pruebas 

Dependiendo del tamano del proyecto se debe tener un 

~ de parsonas en las pruebas. 

Por razones obvias, deben de ser personas t a las que 

desarrollaron 

' Probar es el proceso de ejecutar un modulo con el fin expreso 

de encontrar errores. 

o 



GENERACION DE DATOS DE-PRUEBA 

-Para generar datos de prueba 'inteligentemente' debemos 

considerar' 

que aspectos del sistema (comportamiento) son los que 

vamos a probar 

funciones externas 

eficiencia 
• 

logica interna 

etc. 

Esto nos determinará ·los valores de los datos de prueba 

Que "combinaci6nft de los componentes del sist.ena estamos 

probando. 

modulas 

colecciones de modulas 

modulas con E/S· 

modulas con acceso a B. D. 
' 

Esto nos determinará la complejidad de las pruebas 

+ ¿Como podemOS utilizar herramientas automat1zadas para 

lr.ejorar la eficiencia y productividad del proceso de 

prueba? 

• 

• 



' . Go 

Hay que limitar las pruebas 

lini tes de E. 

limites de S. 

limites funcionales 

loops 

condicioens invalidas. 

POR EJEMPLO, SI AL PROBAR UN PROGRAMA "ORDLNARTABLA" 

• 
QUE PASA SI 

La tabla esta vacia 

solo se tiene una entrada 

todos los elementos son iguales 

la tabla esta llena 

los elementos ya estan ordenados 

etc. 

• 

l 
·1 

' 



• 

PRUEBAS DE l\CEPTACION 

ESPEC. 

ESTRUC 
TU RADA 

• 

EL SISTEMA 

Hav que involucrar al usuario 

' 1 

• 

EL USUARIO 

las pruebas deben salir solamente de las especificaciones 

( RPC) 

Si al sistema no pasa las pruebas de aceptación, segura-

mente hay una falla en el An~lisis y no en la Codificación 



' . 

., 

•,.' 

{)i.J 

HESU~EN DE SW ENGINEERING 



UN PROYECTO DE SW TIENE 8 FASES QUE SON: 

• 
1 JNlClO " . 
" IJI-TINI!"ION , 
TU !JISE~ü 

IV PROGRA~lACION 

V PRUEBA SISTEMA 

VI ACEPTACION 

• VII INSTAU>.CION 

VIII OPERACION 

DESh?ROLLC 

• 

FASE DE INICIO.- En esta fase hay que contestar: 

cuales son los requerimientos 

Que se debe producir 

Quien es el usuario, cual es el mercad~ 

cuales son las ventajas/desventajas 

Que características y efectos va a tener 

Es factible 

se pueden hacer en tiempo/presupuesto 

• • 

DOCUMENTO QUE RESPCNDI>. A LAS PREGUNTAS Jl.NTERIORES • 
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II FASE DE OEFINICIQN.- Hay <!UC contestar 

es factible 

se puede producir 

se puede probar 

vamos a requerir herramienta/recursos especiales 

se necesita un cambio en la organización 

es el presupuesto adecuado 

es económico (costo/beneficio 

Esta fase termina cuando se completen los requerimientos 

y especificaciones del proyecto. 

Documento de definición 

III DISE~O-- Esta fase produce un plan para la 1mplementaci6n 

ESPECIFICACiú~tS 

arquitectura del sistema 

tamaño de modules 

DISESO 

como dividir diseno e implementación 

como se van a probar los modulas y el sistema total 

cual es el perfil de los prograrnador-es/anal.istas 

hay que simular o modelar? 

es factible 

Esta fase termina con UN DOCUMENTO en el cual se'delctrean' 

(Gspecíficamente) las especificaciones del diseño y un plan 

da pruebas 

• 

• 



7i 
• 

IV FASE DE PROr;RAM!ICION 

J::n esta fase se toman las desiciones técnicas, as! corno se 

hace un diseño detallacio de progr~mas de computadora 

La fase de prograrnaci6n produce modules codificados que se 

pueden probar. 

El control de calidad del producto empieza en esta fase 

Programas fuentes, objeto, notas bibl~ografia, papers, 

reportes de problemas, documentos etc. son entregados a 

la Biblioteca de soporte de programas. 

Esta fase termina con la programación (escribir codigo) 

de todo el sistema integrado y se tiene una 'primera'ver-

si6n de manuales. 

V FASE DE PRUEBA 

Esta. fase asegura oue el producto cumple 
" " . con .los requeri-

mientes funcionales, además verifica que no se tengan 

errores 'signific~tivos'. 

Las pruebas las lleva a cabo un grupo dife~ente del grupo 

que progrilma, y utiliza el documento de 'diseño'. y .el 

¡;¡anual de usuario para llevar a cabo sus pruebas 

Todos los errores/solicitudes de cambio se hacen a traves 

óe la Biblioteca. 

• ' ' 

1 

1 

' 
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VI FASE DE ACEPTACJON 

El usuario (o grupo emulador del usuario) debe <~Ceptar el 

producto en su forma final. 

El "CRITERIO" de aceptación debe ser perfectamente "DEFINIDO~ 

durante la fase de definición, y el cliente'dcbe firmar que 

esta de acuerdo que el producto que se le va 'entregar es' 

lo que finna 

Las personas que forman este grupo deben de comportarse 

como el usuario, y llevar a cabo auditorias al producto final. 

AQUI TERMINAN LJl.S FASES DE DESARROLLO 

FASES DE EVALUACION 

VII J:NSTALACION 

se inicia cuando el producto sale al "MUNDO REAL" y colocan

do el producto en las facilidades en las cuales va a ser 

e:<plotado. 

VIII OPERACION 

usualmente el proveedor debe de dar soporte t~cnico al pro

ducto que vende y obtener durante la operaci6n reportes de 

proble~as. 
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ACTIVIDJI.DES 

1.- LA ACTi~IDAD DE __ AN_AL.ISI_S_ ( inic.io y definición) 
,.. ..,¡,, .. · '"·· "" . • .j' . ; 

El proposito de esta 
J. r:. , .. o.•; • 

actividad es el desarrollo (y bases) 
('. • ' J •• ' 

para el diseño. 

se debe entender el problern~ 

se deben conocer los requisitos 

'·tener en cuanta factores humanos, ingeniería, documentos 

herramientas equipos, etc. 

Lista de Verificación 

... 
( ) Libro de bitacora 

( ) Lefinir las necesidades del il.suario (Hay qun estar seguro) 

( 

( 

comunicación 

Conocilneinto de 
.' .. • 

con el usuario 

HW existente 
( 

Analizar la necesidad de simular/modelar 

Investigar proyectos semejantes 

l Def,:inir y evaluar alternativas 
• 

( ) Revisar los documentos de.definici6n con el cliente 

2.- PLANEACION 
u' 
•O Se debe desarrollar un.documento base que.sirva de punto de 

partida entre el cliente y el dise~ador. , 
' Calendario 

o 
Recursos 

' Fisicos 

Humanos 

Economices 

• 

1,: 



pruebas 

criterios de aceptacÁón 

plan de implementación 

ruta critica (CPM,PERT) 

analisis de riesgos 

puntos claves "milestanes" 

estimac16n de costos 

Herramientas para el control de calidad 

Documentos 

standares 

desarrollo 

prog-ramac16n 

diseño 

coditicaci6n" 

manuales 

Calendario de platicas estructuradas 

RESUMEN 

ORGANIZACION 

PRUEBAS 

TABLA PLANEACION 

• 

Tener un resumen del proyecto 
en general 

Descripción calendarizada por 
actividades clel proyacto (incluir 
costos y recursos) 

Definición de la organizaci6n, 
y actividades del personal 

Definir los requerimiento• de 
ce y pruebas de todo el proyecto 
durante cada fase . 

<. ·r 



' ' 

! 

CONTROL DE LA CbNFIGURACION 

DOCUMENTACION 

-~ ~~~ ENTRENl~IENTO 

' 
¡~V.flJl1IO!ofE;$,- JI.,UD_l:;'O~_IAS 
Y ·~ll9.1\.'llllS 

PLAN DE INSTALACION ·Y 
'OPEP.ACION" . 

J.- ACTIVIDAD DE DISEflO 

75 
Definiz: responsabilidades y 
co'ntroles en cada fase y 
actividad, asi como conttol 
en los cambj_os.·, 

-.;.• .. 
Definir que documentos se van 

. a .elaborar (~P, Estilo, etc) 

Definir los requisitos internos 
y externos de un .plan de entre
namientU-y los ~esponsables de . . . 
llevarlo a ~abo 

.Definir revisiones en los docu
'in_en'tO_S-l :P~%1.P9tos indicando un 
a,vance 

Describir la forma y requisitos 
de instalaci6n-·, asi como un plan 
para llevarlos a c.ibo ·· --

DISENAR BIEN 1
• BUEN PRODUCTO 

• Oisei'to General 

o Diseño Detallado 

-. 

' 
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).1 DISEno GENERAL 

Las acti vidade'~ son: 

71) 

Jlnalisis, in ves t.igaci6n, es tu-

dio, simulación, modelado, diseño de paquetes, uso de 

herramientas, selecc:i6n del lenguaje. 

HIPOS, CAJAS NEGP~S, D,B. ER. 

Lista de verificaci6n de diseño 

TOdos los niveles del sistema han sido incorporados 
'·l. 

se han definido las interfases y los modulas 

se han definido, las utilerias 

se han :hecho consiCeraciones de tH~mpo" (CPU) espacio 
ITie'ffiodli _-.!!te. , . -·-' "· ' "' ,•,.. :::. .. ~, " ' _, •· 

.,::-,,:o::-~¡,.n .. d.e!i!'lJ.do las estructuras de datos 

sé tiene un procedimiento de iJnplementaci6n, prueba 
documentación, etc. 

. .. . '" 

DIS~O DETALLADO 

Una ve~ aprobado el diseño general se lleva a cabo el 

diseño en· el mas fino detalle de cncla modelo por ej. en PDL' 

definiend? cada algoritmo, la entrada, etc. 
-. 

TABLA D!SESO DETALLADO 

Con calr.1a pero ,no Con flojera 

involucrar a los equipos.'t de desarrollo 

ver si es posible todavfa descomponer el s1stema 
('"adulo) 

organizar las ideas - escribiendolas 

.. , 



n 
Al final de esta fase de deben tener' 

la producción (lo que se va a producir) 

la descripción detallada de cada unidad 

pruebas de integración 

pruebas del sistema 

parametros de control de calidad 

calendario de laticas estructuradas 

UN MANUAL DE LO QUE SE VA A PRODUCIR 

ACTIVIDAD DE CODIFICACI~~ 

una veZ que se ha diseñado en la fo¡:-ma correcta y apropiada 

se procede a codificar de arriba hacia abajo. Cada progra

mador debe tener una tarea bien definida del diseño detalla 

do y al terminarlo lo deberá probar en forma unitaria. 

Se deberán tener encabezados detallados de cada modulo 

platicas estructuradas 

e. e. 

en plan detallado dn prueb<~s 

reportes dn progreso 

reportes dn cumbio c.c. 

reportes dn control 

reportes dn problemas 

manuales cuando menos en carla encabezado 

Al final se tienen MODULOS CORRIENDO Y MANUALES 



ACTIVIDAD DE PRUEBA 

- De acuerdo al plan de pruebas se llevan a cabo estas, 

por modulas y por sistemas, siempre de arriba hacia abajo, 

es decir por niveles de jerarquia. 

ACTIVIDAD DE ACLPTACION 

DEMO al cliente 

- manuales 

ACTIVIDAD DE ENTRENAIHENTO 

Reglas para las pruebas 

' una buena prueba descubre los errores ocultos 

una buena prueba es exhaustiva 

cada prueba debe tener los resultados esperados 

no haga pruebas fuera de programa 

haga pruebas para condiciones invalidas y extremas 

inspeccione los resultados 

la gente que prueba debe de ser la mas creativa 

NO al te re los programas pa'ra problarlos 

desarrolle datos de prueba 

revise los documentos y manuales 



• 

LA NECESIDAD DE LOS DOCUMENTOS 

Los documentos resuleven problemas de comunica~ión 

3 tipos de doCu~entos: 

TECNICOS.- registros de información de como trabaja el. 
• sistema y lo que hace 

USUARIO.-

CONTROL.-

FASE 

INICIO ,. . . . 

DEFINICION 

registros de gue hace el sistema y como usarlo 

inforrnaci6n acerca del desarrollo del proyecto. 

DOCUMENTO 

especificaciones de marcado 
analisis de los requerimientos 
analisis de factibilidad 

Requerimientos func1onales 

descripción de los requerimientos 
del SW 
marco de referencia para el diseño 
eficiencia y restricciwnes 

TIPO 

TECNICO 

calidad TECNTCO 



'-' ... 
o 

Plan del p~oyecto 

plan detall~do de trabajo 

costos, tiempos, metodos de control CONTROL. 

Cuaderno del·proyecto 

DISE~O 

PROGRAMACION 

() 

o 

cuaderno donde se lleva el control de 

los eventos y decisiones que afectan el 

proyecto CONTROL 

ESTANDAf:I.ES DE DISENO 

descripción de la arquitecturil del \'IS 

descripción general de los modulas 

interfaSes y requerimientos de progra-
mación TECNICO 

+ Plan de c.c. 

+ descripción de las metas y pruebas 
que aseguran un C.C. TECNICO 

+ Cambios 

+ Control en los cambios y bitacora 
de Cilffib10S CONTROL 

+ Manual de Usuarios 

+ Documento de como usar el sistema USUARIO 

+ Standares do codificaci6n 

+ Standares do Diseño 

+ Reportes do progreso 

+ Reportes 00 pr-uebas unitarias 

+ Reportes do revisiones 



., 
bl 

reportes do cambios 

listados ,, px-ogramas 

PRUEBAS ' reporte ,, prueb"'s 

' reporte ,, aceptacion 

pRUEBA DEL SISTEMA 

OPERACION 

+ STD'S De pruebas 

descripción de las pruebas a 
llevar a cabo en el sistema 

• 
+ Reporte de fallas y problemas 

+ Reporte de sugerencias y mejoras 

+ Bitacora hislorica 

• 

TECNICO 

TECNICO 

.. 



' ,. ' 
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· METOOOLOGIAS PARA EL DESARROLLO DE SISTHIAS DE INFORMACION 
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Programming 
Considered as a 
Human Activity 

lnlroductl~n 

DlJKSTR.\ 1 

ay woy nr intrt><lucricn .. l shnut,l ~k'"""" this 

Our unc!>n><ioo• oS><OC"i>lion of clc~•ncc "irh lu•ury m;y be ene of lh< 
mi\!ins.of lh.,. nu1 unu•ual loril """'"Piiun 11\~1 ir to"' 11> be elqanr. To '"'""' 
lhal ir ol•e I"'Y' ro b~ clc~anl ;, nnc e[ my l'rimc purpO<c¡ Ir will &i~e u• a 
dcorcr under>l"ndin& or the uuc n•turc or rhe quolily of r•o&roms and lhc -..¡) 
in which they are e>prcs•ed. •·•:. the Pl!>¡ramming bngua¡e. From this insighr 

_ "'" shoi\ rry-·to dcri~• •omc clucs u •o ~hirt, prosrommin, lan¡uage fearuru 
- ••• n1Mt dcsiroble. Finollt· ... e ho~e lo convin~ )'OU thot \he dilferenr aim1 art 

k'iS cnnnirtin~ ,.¡¡h onc onorhcr rhan thcy mi&hr •N'""' lo be or r,.,. ¡ighl. 

On lh• qual\1} ollhc rt>uh• 

. [ven under the "'umplion or na,.;le~\¡y ,;..ó,~in~ m"hinc• wc should o<k 
ou"c\vcs lhc questions: ""Whcn an •uromaric computer produces resuhs, ,.hy 
do wc 1ru•1 rhem. if "" do so?'" ond-~fler !ha!: ""Wh~t meo.ur~s can we tlke 
'" incruse our ron(odenc~ lhat thc resuhs produc~d ••• indeed \he 1esuhs in
lended!"" 

tt\k .. ;,ha story anda quot:llicn flnw ur~en! the frrst qucsrion is mighl be illustroted by 1 •imp\~," be i! 
The •torY " obou 1 1 ho ¡, hn~·i<l L udwl& !lnlo ¡,;.,,n n: somcwhOI · 11m rhncd , e.omplc. Su I'I>O'c lhat • mar hemotician i~1o1 «tcd in 

" , number. thCO<Y has or his lli•r>O••I a mochine with Q program te ractofi<e who ""'' willin¡; 10 r<>'h hi• ~OJ!> uy lcn~o 1!' c1>mputo· 
!ion• Onre sonlCbl><lJ complaincd ot>ou 1 1hc utlin"so or numbe11. This r"'''"" moy end in one of two way<: either it give, a flcrmiu
his fllC\hods • .,

1
,., 11 Vohr'h cnn1r•lo•n1 \lolrlll"''" Jdcndcd 1ion o( lhe·numbcr ¡i•en nr il •nswers !h>l lhe number givcn is prime. Sup-

~ ···¡,.,,. nn,. th•t our mothcmotidon wishes ID •ubjeot Lo this proc:css a. soy. 20 h 10 woy or wor~•n~ b¡ .,.,;,~ 1h"' ""<'-~•"•'' "~' t,.c ,.,.n. 
cerno( IJilo" and ,hocmJk<"·" imp1) 1n¡; th.ot h< •<fu<ed de<~mol numb.r. while he hos suon¡ reuons lo suppose lhat it is 1 prime 
le be rroub\cd by it. numbcr.- !f the mochine conflrms lhis e•pec\arion. he will be hoppy; if it finds 

a focrorirotion, thc math'emarlt:ian may"be diS>ppointed becou•e hi• int~ition 
In centraSI 1 sheuld hke to qu01o >nmh~r lomous'- h•• fooled him o~in. buL. when doubtful. he can lokc a desk maolnnc ond co~. 

nineLeenth cemury sooenli<l. G~o''" lloolc. In thc middle muhipl¡· thc facters prod~":d in order lo .:.hctl•whcther !he praluo·reproduces-....::J 
o! hi• boek An ¡,,,..,.,¡:<mo" uf,¡,. Lu"' ~1 Tlw~t~lll, in • the ori1inRI number. Thc •itu•ri~!l is dra.~rically chan~ed. hCI\l'ever. if he e•· 
ch•PIOr title.d "Of lhc Condition> o( • Pcrf<cl ~lcohod:' _pc:cu the. number given tn be nonprimo: if the m•<hinc now pn:duccs faciOrl 
he "'riles· ""1 do not hcrc spcok ef lhJt pcrr~,,ion only he flnds his e•r•crotions confirmed ond moreover he nn check the rc.ull by 
whi<h consists i11 puwcr. bul of th.ll al•n "htch ;, founJcd- mohiplying. lf. however. the machine comes back with !he an<wer thol rhc 
In thc concoptien of ..-har i• flt ond bcJul•ful h i• prob· numbcr siven is. controry 10 his ""pectations and warmcst wishes. alas. 1 prime 
oble •h•t a ,-.refu\ ono.ly•is nf lhi> Qu<>tion "ould ~-ondue! number. why er. unh should he believc this? 
us to sorne su.:h condu•ion "' the fo\\o ... •ng ... : .• th>l • 

· perfec1 merhod should noL only be on ~lfoctcnt ?ne: ~
rupecl> the accompli•hmen• of lhe objc"' for whoch 11 '-' 

desi~ned. bul should in al\ il• pam and ?'"""""'. mon~· 
fesl a cerloin unity 1nd horniOny." A dilferem:e rn atu· 
tude ene <Dn hordly foil te notice. 

• . . -. 

Our hamp\e $he-..-s 1h1t even in romplctely discrere prcb\em• the compu· 
!Otlon of .a 1uu\t is not 1 ..-~11-de~ned job. well·dc~ned ln the sea.c tha1 ene 
''""so~: "l h.-e done lt." without poylnK oltention te the convir.cin& po...-er of 
\he rcsult. ""-• \o iLS qno/Jry_ 

Th~ Pro~romm<t'o situ•tion is do•ely onale&ouo lO lhal ef lhe puro 
m>lhemotician. ,.he de~elop• 1 LheorY ond prove• re•ulu. Fcr a IOnllimc pure 
m>lhemolicion• hne thou,ht- ond sorne of lhcm >lill lhink- tha~a tho1em 

--tDn·be praved comptelely, thal the queSlion wh~ther a oupposcd proof fnr 1 

--\~OTan 11 sufficitnl or nC~.:·•dmits 1n ~boote•e ""'""'' -ye•"·or·'"no." SuHhi• 
is on illusion. fer •• soon u one thinks.lhll one has -pro•e.d somethin¡. onc has 

_ Jlil! !he -!1'J ry .te .p.rovc lhal \he Ji 1st proor .wn·flowleu. al\d oo on.- ..el infinirum! 
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. ' 

One con ncver ¡uorontce thot 1 proof L< corrcct •. thc ho>l nno '""".'·'~ "'1 h:l'o 
not dr$<:o~ere<l •nv mi<takes."" We •omc<inoc> nJuor our<che, wirh rhc idc.o uf 

. ¡i~in1 w~tenight proor~ but.in [:>ct ~>e dn nnthin~ but makc the •nrre(ln~ss of · 
¡ our condusoons f'IOUS\ble. : So u ir< mol y piJu•iblc •. thol <he ·~nalo,)· m;, y: se r~o 
' 11 o ireot sourte of inspirouon. · . · ; : . · · · ~-· :.· ., · ,· ··-.-c.·;,, .. 

In ¡pite of 111 its deficicncie~: mo<hcm>IÍ<.'al rc;mnin~ i>resents on out· 
1itondin¡ m<>dcl of how to ~rasp C>trcmelv comf'lir.lted \rructuro> woth o brJin 
o( IÍmÍitd COf'OCII)" .... nd ti ICC!>lS "orth~>hilc \0 Ít\\C>IÍ~JIC In \\hJI C<!Ct\r 

: these proven meth<>ds con be ll>n>plJnted to thc on of com!'uter u...rgc. In the 
· de.Ji&n·o( pro¡rommina lan¡uog<s ene r;on let"oncoclf be &uidcd prim.•rily b¡ 

considcrin& ""what.the.madUne ~;:~n do."" Considerin11. howe•er. thot the pro
&rommin¡ l:rnauoac is the b<id&c betwecn tt.: user ond the mothine - th•• it 
can. in foct. be ICIOided as hi< tool - it se•m• just os impoflont 10 to~e intO 

.. ronsid~rotion ""whot Mon con ünnk."" ll i< in lhis vcin thJI "C 'h"U '"1\lllinuc 
our inve.sti&Jtlons. 

In M~thennnics. ·i.i•n<hcr wnrd1. th"l 1 lH•I"< 'fiOI) u ~.:t¡ 'moll h•od J.ond mult 
lrH".>~ith it. l. thcrd~re. >ce !he dr<<C(l\(tn tcchnique as one of thc rother basic 
p.111crn~ of hum.m.undcmanding ond think it """'""·hile tn 1ry lo etCOte cir· 
cunl!tun•cs in whith u coÍl"bc mo<l fruilfully opplicd. 
.-· .. ; ........... •=. '· 

Thc ""umrtion .thal•thc pro~•ammer hod made • <uitoble subdivisien 
• ftnds in Jo0Wion in .the possibility to I'Orform thti fom twO SI:J~Cs; the 
~PC<"tft<"JIOOO nf the pons ond the •erilicol!on th11 the¡· tn:cther do the job. 
Hcoc clo~onre. o<curoC)". dcrll¡ •nd a Thoi<ru,h undcntandinr of the rroblcm 
ot hond ore prere~uisiTc. But the ... hole·dl!seoion teehnique·retres DI\ ~eme· 

thin~ l••s.oullf'O•en.,,."-, on whot 1 should li\:e tOc~II""The principie of non
interfefcitce.~· In ·the <econd ">&C ottovc it is onumed thot the correr! W<l<kinl 

· of the "'hole con be established by tokin&. of the pOIIS. inlo ~ccount thcir elle· 
rior <p<cincotillfl nnlr. ond not the porliculors o( their interior conmuction. In 
thc Third >tn~c the r•inetplo ·uf non-inlerkreftce pops up n~oin: he re it is n· 
wme<Jthot the·indtviduol f""' ""n hc,cr>nrei•cd ontl con<tru<ted indepondent· 
1¡ f<om"one·onolher. ' · ' 

Thi< is perhops the moment to mcntion thot. provided 1 interrrel the 
<ign< of curren! oltitudos towar<h tho rroblcms of lon~u•$C llcnniticn co"cc!ly. 
m wmc more furmali"ic ~l'l""'"hc• thc ">Undnc" of thc dis<.ction lcChnique 

' 

Thc tcchntqliC of most<rin¡ L~tntplest\) hJ• bccn known ,in.c Jn,·icnl. 
times: o,rt,h· rr ""P<"rQ (Divide •nd rutel. Thc •n>IO&)" bcu•con nuMtf ,en· 
suuction and prc¡ram construction is. ogoin. strikin&. In both case1 the o.ail· 

' · able stonin¡ points are Bi~en (~•iom• an d eúlli n1 theory Ve rsti• p•imiti vos and •. 
."·Hoil•ble hbrory pro¡¡rams): in both c""" the &ool is&i~en hhe thcoren1'1·o be'" e 
pro~ed.vcr~us the desircd performanc:}: in bath case• the compleiity is tacklcd 
br dlvlsion inlo ports llemmns verous subproGr•ms nnd proceduresl. 

tS mode subjecl to dcubt Their prometen orgue n follows: whenevei- you 
givc"of o mecha"ni<m such • twn-m¡e definition, fim. what h should do, •·r:. • 
it~;pOC.ifid"tiOns." Ond S"rimdly. how il wOrks. you hove.~~ be<!. 10id the sorne 
1hin~ twice. but in nll probobilily you have controdioted ynur<elf. And <IOii<li· 
rnlly sreo~ing. 1 ~m sorry to <oy. thi• la<t remork i< • <tren& peint. hThe only 
de•n woy 1owofds tonguii~e defini11on .. 1 he y urguc •. ¡, . b)· . ju <L rl.eflning the li: 
mtchonism<. becouse what the)"·then."'·ill do will.follow from thi<. ·My quos- '(_ 
!ron:· ""Hcw does thi< follow?"' is wiselY left unonswered ond 1 om ofr•id thot 

•iherr ne¡lect of the subtle. but someume•·fcifmidoble ddferenr:c between the 
con<ep\1 d~fi,.,Jond kno•wt will moke their ert"orl\ on intellectuol CHICÍ1e tud· 

1 usumc the pro¡rommer's genius matchcs the difl"oculty of his problem 
•nd nsume thot he hos arri~ed 01 o suitoblc subdivision of the tos~. He then 
prooeeds in the usual m~nner in \he fallowin¡ stoaes: 

• he mokes the complete spo.ifieotions o( the individuo! p.~ns 

• 

• 

he sotisfies him .. lf that the totol probkm is •olved providcd he 
hod 11 his di<posal program parls meetin¡ the variou• 
specifications 

he con>tn><ts !he-Individual Pom. s:rti<[yin& th"- spcóf><:ations • 
~ut ln~c-perrdent of ene onother and the.further cente<t in. 
,..hich lher will be used. 

Ob•iou•lr; the con•lfuction of such on indi•iduol p.¡rt may ag•in be • <U~ 
of ouch o comple•ity. thot inside this pott of the job. 1 further •ubdi~ision ;, re· 

in~ into onother blmd olley. 

After lh•s uoursion we re1urn te prnpommin11 i!self. Evcrybody fomilior 
,.;¡h ALGOL 60 will o~ree th•t ;,. f'rl>cedure roncept sotisflos 10 • foir do~ree 
our rcquiremenll of non-interfercnce. both in its stotic properties. e.¡ .• in the 
freedom rn !he choice of locol identifter<. as in 11< dynamic prorertie<. c., .• the 
¡>OSSrbihty !o coll o procedure. directly or indir.ctly. from within iudf. 

Annther striking e>ample or increose or dolity through non-interference. 
tU>ranlecd by stru<:tu•e. i• pr<:.!.ented by oll p•o~r•mmin¡ t.n,UOiel rn "·Mkh 

,lll,ebrait u(>ressir:in• a<e •llowed. E•·oluotion of such upressions .... ith o 
···,...quen,.alonort>ine hovrn¡ on arithnleti< unh ef hmited compluity .... m imply 

. . . . . . the use of tempero ¡y store fot lhe intefmediote resulu. ·Thcir ontmymity in the 
. Sorne pcople mo¡ht lhtnk the dtS1:~·uon technrque JUSI skclehed • rother source lanauo¡e JWI••ntee• the imponibjjity thll one of them to"ill irud..,ri.Crllly 

qulred. 

lndi<e:cl ~.tartuous.woJ .oLtuehln¡ ene .s &o:>ls. . M y o .. n fc~hnr• "'" F''<h•l>": . be dcllrO)'ed -bck>re. ¡1 i•·uo.ed •. l< ..,ould ..,,.., bccn f'O!IIiblt.lf tJt,c. wmpt~urlicnol 
bes! desenbed bJ urhtJ tha'tl·•m pcrf•ctiF owo,..,_thotlherc ~no Royol Roo<l · rroccs1 were desaibed in 1 von Ncumonn typc m1chine cede. 



. . . ' 
·: .\ .;,m¡>~t\o¿n-of M me o!tttnathn 

- • .. _. ' indepcndontl¡· of o~rh nther a11J nn thcir """ initioti~e. their ob>clvotion th~l 
.o th~ qu~lil)' of.thcÍI pr¡••rommtfS \>OS in~CI\Cl)' pro¡>DrtÍOn~!lO the dcnsit> of 

A bro;:.u mmp~nson bc'"'·cn a'"" Noun1.1nn t¡p.: "'"'·hin~·~><~< - wdl -~ 
kno"n for liS !;le~ ofclorny-- and J•llorcnt IJI'C> of , 11 ~<•rilhnllc !aO•'" .,._., "'•'". ~~to_.''""'m.cnl' in 1heir P'"''m'"!S Th1i ha• bten on •nc_entive to IIY todo awa¡ 

• not be out of order .• , ·-' '"" '' . : • ,.,. ·.,.: :. - • :· -~·nh}h":_!0~~ <W\Crmnr,_.· . , ·.· · · · .. !' ·': :- · . . ' · •• · , .• .. 

- '' ' · · - · ·.· 'The' ideO i•: lhat Wh01 we know n• r•a~>f<'r ~rr"'""'l· Le .• rcplaccment of 
In DI\ cases the ucnuion o( a ¡orngram'wnsi•t• of ··i'cr~~~.-·.¡ .:onfr""'"" -- ·•he ordcr cbunicr -~·aluc, is On Ur>e-rotion usuolly implied as poofl of more powcr· 

!ion of 1wo informalion sllcam<. !he ono I••Y rl~· !'"'~"""! rnnsta1ít in linte. th". ful nt~iun•: 1 mcntion thc 11ansi1ion te thc nc~l sla\omcnt. !he p!occdure cal! 
olhcr (s~~ tlr~ dDID) ~arying. for many ¡·e~" i! ha• ~>.>en !hou,ht en~ nf 1he 

~"d 1c1urn. !he coodi1ional cl~uses ond the f01 <\atcment; and h ;, 1he quntion 
encnual ~ortucs of thc von Ncurn.:1nn typc CO<Jc th~r • P•.<!!:••m could_ moo.Jof¡ "' . 
"" n inmuc!lonf.', In the mean u me we hove dosco~ercd·!hoL e>oo;!IY lhos facthtv . "he~~·· '-~e. ~rc~,rammer is nO\ r.th<_l,_led ~su o~ by Si~ in~ him ~~¡>:>role conuol 
ls lo i ¡rcoi h!Cnl rcspensible for the !o<k_Óf cloiity in.f"J<hin~· 2ode progrJ;n;, _- occr_n. , {,, : ' .• · '"'' . 
Simuhoncousty \!1 indispcnsobility has beco quesrinncil: oll •l~ebr.oic comPiiÓrs ·1 naVe done various progromming cxpcrimcnls ond comrored 1he AlGOL 
1 know JI<Ddu¡,-e on obje~,·t pro~ram 1hot ron1ain< o;on"""t durin~ '" ~ntirc 0 , 0 • te~¡ with lhe icxt 1 gOl in modifled ~c,.inns of AlGOl 60 in which lhe &DIO 
eu!lon phose. '\"lcmcnl """' ahnlishcd und lhe fnr SIOI<mcnt - bcin& numpous ond over

: .... This Dbotrv.uiun.brin¡s us.lo ronside<.tlle status of thc ~•rioblc informa- . 
:-.,, ilon .. Let uj. fl .. t.confine our ou~ntion·to Prli¡¡rammiri' l;lngtio~cs ... ;,hou¡ u-

: 5i¡nm~nl 1\0t~m~ntJ ond wi<hout 1010 otoicnicniO.- Pro~i~c~ th;il 1ho ,¡ÍCCHum 

cl;lborotc.- wos rcplaced bf a rnmili~e rep.!litiun clouse. The l;lncr·~ersions 
. werc. more\l;tricuh lo m~ke;·_wi ofe'so fomili~r Wilh thc jump order !hat it re· 
qtiircs somc'crrort to fortel ¡1!· In oll cO<e'itricd. howc~cr, !he nro¡:ram withoul 
thc ~ni o ,ui¡cmenlS lurned oul to be ~horicF •nd more lucid. 

_- of ·•~mi•<iblc funo.1ion v~!uc• io <uffi,·ient,lv bro•d ~n<l1he .. -on,·cpt of 1l1c conJi·. 
: liono! uprcssíon 1• omonc ohc ovuil.th(c prin111ivcs. onc cJn ,.,.,e 1hc outpLII nf Th~ nrigin of lhe incrca>c in clarily is quite undcrstandob!e. As is wcl! 
evcry progr•m as lht volue of • big lrccuroivd fun,·lion. For a oequcnliJI knro .. ·n lhore cxi11s no ~~~orilhm to decide whctller • givcn pro¡rom ends or 

• mochinc _this .<;O" ~ ,~flnslotcd. into 1 conmnt objc" pro¡ ro'!!:, in whk~ or _run . oot. _, ln 1 ~ll>er_;~ords. · eoc_h . r•~rommc1 . ~ho o.:~nn to p~odute • nao.: le~• pro
tlmc·a.s~k is.used lo kccp tro.-k of 1he eu<rcnt hicrar<h~ .o( col!s and;thc' crom,mull•t·lcosr con~incc h>mse!f by •nopcwon 1ho1 hll proanm wt111ndced 

· Vllluu of lhe ao.1uol ~romctc" si.pplied ot incse C"Olls: '· ·: '-~---;~--- 7 .> -~ --~ ·. l~rmltiirc:; lñ_o·p(crgrain':¡n which-unre<lfictcd uSe of thc 1010 stalcmen¡·hu . ·-· .. ,., .. ' . 
, • · _. ,. . , . . . -"; .. :; ·· becn'modc,!thl<-onolysis may be vcry hord on occount of thc crnl nncly of · 
. : D.e•p'¡te lls cl•ll•~cc o ~efl~u• ob¡c:llo~ can be moJc.o¡;llns•. such-~:rro~_.-. way1 iri'WhtCn the prog¡om lnO)' foil 10 stop, Af•er the abolishmcnt of thc ¡oto: 

1romm!n¡ nn¡uo¡~. ere 1 • tn~ormollon '" thc stock pn be ~~~wcd_ "' ob- staoemcnt there orO on!y 1,..0 woy< in whi.-h 0 progrom moy fullto <top: eilher 
\. }cct,-wuh ncsted hfetlm_c• ond_ Woth .• _constan! vuluc durln& thc11 enl~rc lifc- bv inflnilc rccursion, i.c .. lhrou¡h the proced~rc mechoni<m. or by lhe rOpcll-

tlm~. Nowhcrc lucept_ 1n !he 1mplkll lnCrc:LSc of thc ordc~ countcr -..h,~h cm· . 1;-., c\ou•c. 'This simphfico thc \nsr>e<ticn ¡rcatl~. 
bodoCS lhc l'flllfCU of lime) ls lhc ~O!UC Df 4n alrcady ui•Un, nonted ob¡Cot re· e 
place~ b~ ono1hcr nluc. As a Íc1ulr lhe en!¡· way 10 storc ~ ne,.ly form~d Thc noticn of rcpcmion, 10 fundament:l 1n pro¡rommina. hu • funher 

· ruutt i• by punin¡ h on top of thc <lo<k: we h•ve no way of urre«in' thal on ronsequcnce.· 11-is oot unu•uollhat inside 1 oequcnce o( stolcment>'h> lo<' R• 
· ea<licr voluc now becomes ob<olcte •nd lhe loncr's lif~lime .,¡l! be pmlon~ed. pco!cd onc or more suboxprcssion~ occur, whith do no! change lhcir ~aluc dur-

allhou¡h void of lnlerut. Summin¡ up; lt is etcgant b11 t in•dequu!c. A secon~ io¡ 1he rcpctilion. lf suoh o sequence is to be repeotcd mony limes. it would be 
- obicclion- wh!ch ls Probubly o'direct conscqucnte or thc first one·-= ls thol o rcgrclloblc wos1e of lime lf lhe machine had lo rcoompu\e !~ese sorne ~•lucs 
'such I"Dl'•ms becomc·aftcr • cenain; qukk!y-ou~ined dearee of n<:slin~. tcrri- over ond o~r agoin. One way ou1 of thls is lo dclcute lo !he now optimi>in¡ 

blr hard to rca.J. -lronslalcr 1hc discovery of <uth con.,anl sub·UI>IC"ions in otder that h an 

Thc u•ua! rcmcd~ i1 thc combincd lnlfo.luction of thc golo >l>temcnt ;¡nd 
!he Dssi¡nmenl iUHemcnl The aoto <l~temenl enoblcs us wilh o bockword 
lump lo rcpc•t • piete of p<o&rom, whilc lht assignment 11otemen1 o;on creotc 
thc neceuory di!Tcrcn~c In""'"' ber-..cen thc <u~;o;eni•c rcp..:tition<. 

But 1 ha•c ruson¡ to uk. whcshcr thc ¡oto Slotcmcnt u a remcdy is not 
won.e !hall lll~ dcfca.lt Llmcd 10 cure. FD< lnsl~n<:e. two Pl'"'l••mmin' dcp.¡fl· 
mcnt manqers (rom dilrercrn wuntria ond dilrerent ba<k¡rounds - the one 
malnt1 acicnlil'll:, lbe Olher mointr ¡;pmmc~iol - have communicotrd ID me, 

tokc thc computotion o( thcir YO\ucs ouiSidc thc loop. Wichout an oplími>in& 
tronslator 1hc obvious solulicn is to invite 1he programmer to be somcwhat 
more c•pli<:it and he can do so by introducin¡ os mony oddilional variables u 
lhcre ore con<tanl sub-e•prenions within !he rcpctilíon ond by a<oigning thc 
vo!ues lo lhem btforc cnlcring thc rcpc!ilion. 1 shoutd !ike 10 slfen !llat both 
woy• of ... rilin& the prognm ore cquo!ly mi•lcodin¡. In the 1\nt ene •h• 1r1ns· 

- louo:r, i$ fote4 ...-ith lhe.·unn'cce .. 1rr puzzle lo discovcr \he constancy; . in !he 
s.econd.ca>C ... e Ju~e imroduccd , nrilblc. !he =Ir .ú.tDCiion of ,.hieh il to 
denote a COOI!Inl ..-aluc. •.This. ta.r ·obiCTY~Iion -,.,.t.o-M; •thc~w.,-- -o111 « 1hc 

' 



J,rr.,:ultr: b.::•iJ~"' ~•ri-Jbie. the- ¡oro1;r•"'"'"' -..oUid be <Cf\ cJ br J...-o~l , '""'""'" 
ic., iJentifinble ~uontili~•·-..ith :tlinil~ lifetime. Jurin~ .,..~i.ch.:ho; •:!1 hu•-~, 
con•tont volue, thot hos'lx:en dc~ncd at th~ "'""'""! nf tntrc><.ILI~ti"n-ol" '"" 

-quontity. Such quonlitics are not ncw: thc formal~"'""'"'"" of ¡•ru.:cJurc, ol-
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re.tdy di•rolar this ~ropcny. Thc ob<>vc ;, "~le• l<> IC<-~ni1c tlw thc rnnw~t or:. :-- · 

thc /oc-Q/ ""''"'"' 11os its ?""" 'i'"' or ui .. cn.-e .. 1n.m ..-cu_in~"'"':J: ''"'. ""' Go To S tatemen t 
-alrtady bcen ICC<Ijn"ed tfl CPL, !1\C Pl<>ilammtng lon1110~C dC~I~ncd tn·J JOlnt, . . • · · ' ; 
elforl· oroutid the" Mothemo!lcol. Lnlmr~tory •of the• llnivmitY of CJrilbiid~é_." Considered Harmf ul 
En¡tond. •· 

' . 

The dnubl• 10ln of darh1 

1 havc discussed al len¡th th•t the convin>in¡ power or thc,rcsull>·i• 
Jreotly .oicl""ndent on the duity. of thc pro¡rom. on thc degrce in which 11 
rcnccts !he •tructurc ol!hc pn:.;c,s 10 bc-po:rtortncd. "For thc;c "'ho t;,cl thcm
sclves mosllr rnnrerned .willi cnidenc} os mcosured tn thc cr~llcr unns of 
uoror,~ S!'<c-c:·an,J n~Jchinc·llmc: 1 should Ukc lo poOn1 out lh•t '""""'" or 
crt•c•cncy olw...,.s ~ame• down 10 uploitation of mucture ~nd for th~n1 1 >ho~ld 
like to stress th~t 111 structuro1 pro~rlies mentioncd c:tn b-e used 10 inc·rease the 
dlltiency of In lmplcmcntation. [ Sholl r.:v;c,.'thein.brieny: ';. '. ~ · .. :· ·.. : 

:·,:-·-· . . ; . . -; ~ '' ·- .-- '· ..... :' 
. Th=:lifetime rel:otion !.Otisftcd-by lhc ln•:•l ~u3nlities of pr<><.-edure• •llows 

li! to ollocote thcm in o !loe~. thus mokin, •cry efficicnt 1110 nf ovoilablc s¡orc: 
thc anonymit~ of thc inlcrmcdiote results cnablei u> tu minimizc storage refer: 
cncu dynomicolly wilh thc ald of an outomotknlly controllcd sct of push pown ~ 
OCCUmUI.aiOIS; thC CO<ISlDOcy of pto¡lam tUl Under elCCUllon i1 ,)f J<iot help itÍ 

,, m"'hines with ditfcrent storo&e te•els 1nd ~ducc1 lhe coinplc~ily of odvJnC'Cd 
Wnuot considcrably; thc o:pc:lilion clousc. CDKS !he dynomic dctcction of end
tell loopins and ftnoll~ .. lhc l<ll.-..1 constootl•• •u.a:ssful eondidlte.fnr o w"rilc• 
llow-read·fost atore, whcn o•ollobte. · 

Condu•loo 

When 1 t>ccamc ocquointc<l ,..¡¡h thc notinn of ol~nrithmic l•n~u"~"' 1 
neve.: challcn¡¡cll.tho then prcvJilin¡¡ opinion thot the prnblem• or IJn~u-•gc. 
deoi¡n ond imp\Úncnt•Bon wcrc mostly • qucotion ofcompronti>Os: "'~')" new 
con•cnicno: for !he liS" h~d lo be po.id fD< by the implcmcntotion. eirhe< in 
lhc form of lncrc~scd troublc durin& tronslatlon. or durin¡ uccurion or durin~ 
both. Wcll. wc are mo<l ccrt•in!y nol livin; in Hoovcn •nd 1 om not ¡oin~ to 
dcny the pouibi!ity of o rnnOi•t bctwccn <-"Onvcnience and e!Ti,·icn.:y, but now 1 
do pro1est whcn rhis <"OnHkt ls prcscnted u • complete summins up of thc .,¡. 
u•tion. 1 am olthc D~>inion "!hat it is worthwhile to lnvcsti¡a!c 10 ,.h,u c~tent ' 
the·rnx<J.s of,·ll!aa •P<I-MKhine IO·hand.in lwld and.!o <e<: "'hat t~nique1 wc 
t;[fl devis.c!or lhe bencftt or •11 o( us .. ltrulltl¡,¡! th(s invelli,otion ,..¡¡¡ bcn< 
fruits and lf lhlt lolk modc tome <>f you 1hore thi' rcrvcnt hope, 1t hos ochiúed 
lts alm, 

y 

Edttor: 

For a numbcr of years 1 hnc ~en bmiliu "'iih the. 
obsenation that lhc quolity or pro&rammers is • decreu
ing function of the dcnsily of coto statemenn in thc pro
¡roms they produc~. More re~enlly [ di"ovcrcd why lhe 

-· .,;. Df thc ¡oto st~t~mcnt has such di•~strous elrecu. 1nd 
-~ 1 bccame convinced that the 10 ro 1\atemcnt should be 

obolished from a11 "hi¡her level" progr.~.mmin& languaacs 
(, .•. eYcrythin¡ e.ccpt, pcrhaps, pl1in maehlne code), Al. 
!hot time 1 did nol 111ach too much importance te this 
disco•ery; 1 now submit my con•iderations for publicolion 
bec:tuse in -..:ty reoenl discunion1 in "'hkh rhc subjcct 
iurned up, 1 h&YC bccn urged todo 10. 

My firsr temork ls that, although the programmer•!3 
activl!y ends wh~n he hu con•tructed 1 corree! program, 
thc proce .. 11kin¡ place undcr co-ntrol ot his pro¡ram is 
thc \luc 111bject mouer of bis oe~i•ity, foc it l1this proc:eu, 
thot hu to occomplish the desircd clfcct; il ls thls proceu 
that In ilS dynomlc bcha•ior hu to sotlsfy thc desi<cd 

· specification•. Yct, once the prognm has be en made, thc 
"mlkin¡" of the corrupondin1 proccss is dcle¡ated to 
thc mochlnc. 

My 1ccond rcmork l1lha1 out intellecwal-powersuc 
rather scar~d ro. muter. stadc re-lation• and .lhat our 
powcr¡ to visu•lize proc=e1 c•olvin¡- in time •re rell
livet~ poorly dc•eloped. For lhll rcason we lh<>uld do (u 
wlsc prosr~mmerJ aware o( our Umit&tion:i) oui utmost \1:1 



shcllen thc eonccpuiol '"" hclwccn lhc Sl~lk·pro¡¡r~m ond thc <.l¡·n.,mic'pro·' .·_· -·The moin··.....,int .• os that thc ~a!Qet · 0r. lhcse índices. ore .Outsldc ·" 
· cen. 10 m•kc lhe corrcsrondcncc hc:t .. ·ccn 1he r<<>i'Jim (•prc.Otl nut •n tcu Y~ 

.. ·l><•"'r:lmnier's <Dnl«)l; I~CI' ore.,encr3tod -leithCr by tkecwritc·uo or hl\ ••~ . sp"'c) ~!>d lhe prrqu (•rrc•d nut in1iincl11 uivi::la~ r>u»iblc. - -~ 
. -·&rom·or b~ \he dynofnic evnlutinn ilf \he P:DCCSSl whtthcr~IIC .. i\1\es Df.Mt.. 

le\ us now ronsidcr how wc ran dW;o<.1Cdtc thc ''"'~'"'~ of • rr,;,cn. They provide indcp.:n<lent coortlinatcl in which lo dncribe the pro¡ren af thc · 
(You may lhink HbnuL th11 question in 1 , .• ,) ooncrcte monncr: su¡•r(>•c lhl\1 process. 

· .. protc_ss, cr>~~idcrerln l.lim~ succcnion of •C.tions. is-stopred oftOr·•n. :1~b11rary .whY 'do ;... 'neod such inde~énde"nt -~i>ordinates? The reinan is - and 
• 11;\ion, what d311 do we ~~~~• 1o fh in order IJI"t "!'"c."~ ro,tn lhc-prncoss until ~ thil'sc'einl -,o· ~'inherenl 10 sequen'tial Pr""e"e, ·.:. 1hal we can inlerpret the 

!he ~ery umc point?) lf lhc rrnsram 1C" i1 n rure rnnr.lt<nolrnn nf. "Y· as; · •·olue of a vOrio~lc only wilh rc>pcct lo thc pro11 rcn of 1hc prDCcn. [f wc wish 
• si¡nment 5\alemen\5 (fot lhe purpose of this d1scunion •c¡ordcd •• !he desclip- · to count the number, 11 11y. of pcoplc in an initially empty room. we an 
. .\.ÍOM ol sin,tc .aetionsl 11 ls•sufl"ICicnt lo point in thc p1~rom tcu to ~ point 1chieve this by incrcasin¡: n by onc whcnevt.r wc sce someone cntcrin1 thc _ 
· bC\10-ccn two suocessive 11;1ion desc-riptions. l!n the abs<ncc of ~o lo stalementa room_ In thc in·between momcnt that wc havc observed someone enLerlnl the 
. 1 can pcrmit myself !he syntaelic ambi¡uity in 1he_ l•st. t~rcc words _of t~c prevl· · i'oom but ~ave itot yct perform~d thc subscqucnt in1;1c"'e of n. ill vol u e equob 
- ous scntencc:.!f wc parle them as "succeulve l•otion de51;riplions)" we mean·: ;•re numbcr of peOpie in t~e room minus one! "::· 
: suoa: .. !wc In tul space: lf wc parse as."(sucee55i~c.oCiion) dc5-errptinns",,.c· •. · · - · 

mun suCC<:nive In tJme.l Le\ u5 call such 1 pointer 10 o suiloble pl•cc in thc The unbridlcd use of the ID lo slatcment has IR immcdiate (Qnsequence 
_ 10111 .•.~ntual indcx." · · th~l it bc:comu renibly h•rd tu find l munin¡ful K'l'ofeocrdinotes in "'hi<h to• 

describe !he pfDC<n progres<. UsU&IIy. people t.oke into ar;count U ..-cll the. 
Whcn-,.c lnclude rondi1ion11 dousCJ Ul.l lhcn Al. al1cr011 tiwc clouse• (lf .volue• o( "'me ....,11 ch<»en .woriabtc•. bu! this.is out of the qucstic>n bceousc it 

1 thon Al tln Al). cholcC elause5 11 lntroduci;d b'y_'C.A.R,·II03ri: (coSe lil of ·.;. r~lotiv¿·,¡, 1~ prosrus thol !he meaning of then volues is lo be understood! 
{Al, A1, :: .·;· A•ll,or condllional c•preuiona u intrÓc:llf~id h J.'M•Cirihy' (11 , Wit~:the 10' lo mtemeot'orie con, ofcoursc, still describe lhe progre!> unlqucly 
- n. 111- a, ... , B•- t•l. \he fact remoins thatthe Pr 01 rcu of lhc orOC:i:n by 1-eounter •oun1in¡' thc numbcr of octions pcrformed sln•c proll'rom 111rt 
rcmolns eharoctcrized by 1 sinalc tutuol indei. · ,.,; ·-: (viz. 1 kind of'normalized doekl. Thc do!focuhy Íl that such • coordinate. 

' :· . . . althou¡h unk!ue. io une~ly unhclpful. In ouch a coordinate 5~5\cm lt bcromes 
. Al 1oon •• we lncludc in cur lon&UIIC proceduru "'e mus\ admWthal a' .'ai> eXuemc!y romplicated a!fair te define all tho•e perints of pro¡~ess whe«, 

,; sin¡lc tc>tu1! inde~ ISni> lon¡er suffielent.- ln.the nu th'at a teXtual indu ur:ncquals thc itumber ofpersons in'the roor.-t minusonc! - · 

:·' pcinllto the lnterlor of a'prDCc~ur~ body lhe dynamic Pf"'reil i~ on\y ehnoc· ·-·:Th;·ID ln·s;aic~c~t-as IÍstand.-lsjustloo prlmitlve; it istoo much1n in@ 
_. lell~ed when we also 1lvc towh~eh tall.of lh~ prDCedure wt refer .. Woth.thr In· vitation 10 makc 1 me'" of 00~·1 pro¡:ram. Ono con rtgard and 1pprcciatc thc 

:' tlullon of procedures ~e •tan choraeteflzC. thc _pro;rns of lhc. proccs• ~~~ 1 •e· •lo uses considercd 11 bridlin¡l\5 use. 1 do-col da!m thll the t\aus.es ín~tioned .. 
¡ quencc_ of .lt1!Ual Jnd•o;cs, .\he_ len¡th of IbiS sequcncc bcon¡ cqual '10 \he are e~haustlv~ In Che sense thallhU will saillfy a\1 necds. ~u\ whoteVer •!•use•. 
• dynam,e depth ol I'I'DCcdure callo na are •uuestcd Ce.&. obortion clauscs) they should satlsrr thc re<¡uirenicnt thot 1 · 

prófflmmer indepcndcnt eocrdlnate syst~m tan be maintoincd to de'scl'lbc the 
process in a helpfutand mon~acable way. 

' Lct u¡ now considcr repctilion clauses (likc. "hllr 1 r~pnl A or np .. t ~ 
' u11tll11), Lo¡ically spelkina. such elausu ore ncw supcrnuous, bec•use wc can 
· uprc" repctilion wj¡h the aid of recurslve proc~dures. For r .. sons of rcalism 

1 don't wish lo uetude thcm: on thc onc hond, rcpelilion clauses can he im· 
:plemented qultc.comfortably wl\h prcscnt doy finite cquipmtn1: on 1hc other 
hond. \he rnsonina ~nern known 11 "inductlon" makcl us 10cll eQuipred to 
rctain our intcllcctuo1 lfOIP on thc proccsscs ¡cncratcd by rcpctllion clou1CI. 
With thc inclusion of the repctition clauscs tex1u1! llldicc• are .no lona•• 
1ufficicn1 to describe the dynamic pro¡reH of the procen. Wilh each entry into 
1 repctltion clauoe, howcvcr. wc can assDCillc 1 so-colled ''dynamie indea," 
lnuoflbly countinl thc 01dinol num~r of the •orrcspondlnl et~rrcnt rcpe\ltion. 

Ml•n~pc:lit;,.:, cbtm:s ·(i~ll •• ·.proccdurc -talls) · may ~- applied ncsledly, we find 
lhol now lhC'Pf"'fca of tbc .proceu .con .. twoys·be unlquelr chu•C!erU.cd by 1 

• (mbed) ICQUCIICC of tea!UI\Ind/m dyn1nilc indkcs.. 

11 il hord to end this with 1 fair acknowled¡ment. Am 1 to judze by 
.'whom my·thlnkins h3! becn inOuenccd? lt i• foirly obvious that Iom not 
unin0ue 01:~d by f'eter Landin und Christophcr Str~ehe~, finally 1 should like 
lo record \sl'l remember it qulte·distinctly) how Heinz Zemanek althc pre
ALGOL mcctinz In carly. !9S9 in CD!'enhiJen q~i1e cxp1lcitly uprcsscd hi1 
doub¡¡ whcthcr thc 10 lo st1temcnt should be trcated on equal •rn~ctie footín¡ 
..-ith the ossiznmcnt st.otemcnl. To a mOOe•t utent 1 blame myaelf for nat. 
hovin¡thcn drawn the con•equenccs of his rcmork. 

The r~m~rk obou\ tite undc•lrabilily ol thc ID ID Slatemen\ IJ (or from 
ncw. 1 rcmember. hoving.. rcad lhc. uplicil n:coromcndaUoa. to u::strict. lhc · u.e; 
ol lhc 10 lo atoCement to allrm u!U, but·l havt. no! ~en-•ble-·to·uace- lt;• 
prcsumobly. ll has bc:cn m•dc by C.A.R. Hoarc. In 1!, Sce. 1.2.1.1 Wirth and 



Ho.ore IOEClher moke 1 rcm"rk in lhc •ame ilirc•·tirrn in ""'¡i,·ati"~ thc .-.se 
roos1<uc1ian: .. likc lhc cvndllirrn•l. il mirrors lhc ;¡¡·n.rrnic si,.,.·hrrc ,r u rrn· 
(ltilm morc.r.lc•rly th•n -~o·¡,. "'''"n•onl• •nd -•~·it.:~""· .:rrd 1¡ di1,1,r."lc• thc 
-~ccd for inti~ducin~ a br¡:c n~mbcr of IJhels in thc· ¡,,"l''"'" ·· 

In- !21 . Gui~crpc: J•mnrni .. >rcm• 10 ~~~~• P""<d lhc On~ir;rlt 
supc:rfluousncss of thc ~" to sl•lcmcnl. Thc ncn·i,c to tran'''"" an arhilrAf) 

· flow <lia¡;r•m more or ltss mcchanir.rlly in1o o jumrlc" onc, ho"c'cr, ¡, mrr '" 
' be rcoommcndcd. Thcn lhc rnullin¡ flow dia¡;r•m cannal be c>pc:clcd to be 
·.mor~ transp•r~nt iban the ori¡in11 onc. 

l. 

l. 

'· 

Rdor•nou 

N. Wiilh ond C.A.R. HD.1rc, .. A Contribulion lo lhc Dcvclopn1cnt of Al· 
GOl," C<>,.,rumrtlliiMJ o/ rM ACM, VoL 9, No. _tí f!unc 19661, pp 
413-ll. 

c. Bl!hm 1nd O. Jaooplnl, "flow Diagrams, Turln¡ . Machinn 1nd 
lan&ui&CJ with Only Two Formation Rules.'' Com;,"""'"''"'":l o/ tht 
ACM, Vol. 9, No.' (Mo.y 1966), pp. 366-71. 

DIJKSTRA 5 
·• .. 

Structured Programming .. 

lnlrndu~tlon 

· This worklnJ dr>eumcnt /CpOrll on upulcncc and 

in>ighls salncd in pr"'r•mminc uperimcna pc:rformcd
--. b'y rhe 4\!IIÍor in lhc 1451 yur.- Thc !Údin& quc"ion ..-., 
..;.¡[,¡¡'·,...¡ C<>nC'I:ivablc lo !nercose our progromminz abilily 
;.6¡:--on ordct of mo~nitudc ond whll \eehniqucs fmcnlal, 

orgnnizntional or meoh•nieol) oould be oppliod in thc pro
oess of program tamposition to produce this inoru•c. 
The pro~rommin¡: ••rotimeniJ worc·undertoken.to sh~d, 
lighl L.tpOn the•c quc51ions. 

Progron11l"· 

Mr real tonccrn is with inuinsieo!ly l~•r• pro¡rom•. 
By "inllin>i<-~lly !orle" 1 mcon program• thot .. ., lor¡:c· 
tlue 10 thc comple•ily of thcir tnk, in contrur. lo pro· 
11om• lhal havc uplodcd (by inodC<Iu•ey of 1he equip-. 
mcnt. unhoppy deci•ions. poor understondinJ of thc 
problcm. etc.J. Thc f11c1 thol, for procticol rea...,ns. my 
Clperimcn" had thUI for lO bC grrricd <>Ul with Jlllhet 
small P'DII'""'-' did pruenl I.Kriouo difficully; 1 hove 
tried lo <>vcrcomc this by trcatin¡ prob!cms o( si u: upli-. 
citly and by t<yina to.lind 1hci.r conso:qucnccs u·mur:h a:o. 
~ble by onolrsi2. impeclion:orul.rellcaian_ rolber Iban· 
by (as yc1 100 c•pen$lvcl c•perim~nts. 

•• 



1 
• 



· .. · 

In doin1 •o l fo~nd 1 nu.nbcr of •ub~r"'l' that,· •rrarcnn,·. "'~ h;"'" 10 
lrrrn w .. nhio•c lif wc dPn'¡ alrcolly know how lo do lh>!l 

. ·]f·l llf&C progrom io l'~'tlmpO>ÍI<Uil of t-.' ''prO¡;Iorn n'lllpnnCilli," lh,• 
cunfldt11cc·lc•cll>f 11\e indi•id~al <l>mP<•ncnt> "'"" he e>Hplil>11,,11¡ 1\i~h if N 
.is >try l&r¡c. lf 11\c indi•idu•l·mrnponcr.ts can be m••l,• ,.;¡t. tht ~roNbilit¡ 
"p" or bein& conecl, 11\e p<obobHil) lhol.lho wl\olc pt"l:r~m funcu'ons Pro,.crh· .,, · .. ~·· -·· ·-
... , nol e•ctid·. •. , •• ,. '... · .. ·: : ''· . · · , ·, . 

' - .· .... r - r• 

: for li<Kt N, p mus! be J'll<licolly equ•l tO one if P i~ lo difl'<r •isnifiron;lr from 
· 'lCTD. Combinin& tUbstli inlo lor¡eT cnmponenls from "'hi<h lh<n lht wholt 
., program is compO'itd, prestnl$ no remedy: 

'• . 
' · ~""' p"" 01111 <ouolo p" ~: 

· As·a·con.equence; lhe problem of pro¡¡rnm cortt<lness (conlidence lcvell wu 
·.Me. of m y primary ccnocrns. · · 

· ... ' The cll'orl - be h inlelleclual DI npc<imcmal nccdcd lo dcm<>n<lro\t 
:i.thc."cOTre~;~ncu.of a pTo¡nm In 1 sufficienlly conviridna minne<.may (mea· 
· .oured In 'sonie loose s=nstl no! arcw more rapidly \han in pro¡loilioÍl 10 \he pro· 
¡ro m lellllb. (mcos~red In •n e¡¡uolly loose son,el::. Ir,' for insiiíiCi!!:thc lubour 
lovolved In ~uifyin¡ lhc cOrre'\ rnmpO'iilicn Ot • whc\e P'"''lm'oul_ci'.N'prO. 
1,.m compOnenls (each of lhem individually .ssumcd 10 be ccnecll '"11 rrows 
uponentia\ly wilh N, we h1d bencr admil dcfcll. · 

·Any larie Pro¡u,;, wnfcxl!l durina iu life·li;,e in • ~ohhudc ·~f ditfercnl 
veuiono, so 11111 In cornposlnl 1 lor¡e PI"'Tim we are nn1 so much concuncd 
wilh 1 •ingle pr<>&ram, bul with 1 wholc fomily of relaled pr"'nms, rnnuinin~ 

' " ohcTnativc .pro~ranu for !he· somc ·Job andlm slmila<. prosr.m• for •imolor 1~;•1. 
A•PI'O!!J>m thr:tcforc should .bc.con~l~ed.aod.undenlnod .,.,; mcmber of 1 

· f1rnilr, 11 sbould be ro S'ITUC\UTcd out·or components 11111 vanous membcti of 
Ibis famlly,-lhlrln& rompOnents, do no\ only sharc \he torr~clnen demonma· 
llon oflhc shorcd componen11 butal•n of lhe sha•ed subslructure. 

. · .An assenlon of pro¡nm •conee~ncss is on 1,.c11ion oboul lhc nel etfce~s 
<>f thc computoliPnl 1h11 may, be·cvoked,by this pr<>&ram. lnvcslilllin¡ how 
auo;h •sscrtions a.n be j~llmed, 1 ca me lo lhe followin& conclu•icns: 

.. ,. 

. · l. Thc number oi ditferen¡ lnpuu, i.e. 11\e numbcr of ditfereo¡ 
compullllona f01 •·hlth the asscnions claim lo hc!d is ID fin· 
tanially hi¡h thol dcmonslntlon l>f rorrce1ne15 by Pmplin¡ll 

· · · ·' {.Omplctcly 0111 (1/ lllc ¡¡ucation. F'rt>t''"" lt$l/nz aoa 4c 1 too 
-· . ......,.r~w,..,..,,...wbiQ's..bcu_,...m •. 1 · .m""""'! 

2 

• 

Thorcfore, ~roof of ~ro¡r~m ccrrcorness should depcnd onl~ 
upon tht prll¡lnm ICll. , .. 

A number of pcopl( hove !hown lhal proarot:n eorreo1ne!! gn 
be: p<u•·td. IH¡hly form~l cor~celne" proor. hove been ¡iven; 
•loo correclnu• proof•. h~ve becn &ivcn for •:no.rmal pro-

• cram•.'~.Le.' pro¡:ranis riel Wrinen wilh 1 Plool'.i>rca:dure In 
:- .mind."'A~.is lo be c~pccti;d'~ind'nobody·is.tó b..blamed for 

lhat)·thc circulllins cumple• ore concerncd with'rathcr !mall 
·PrcgfJm• ond, unlc" mea•uru ore 1.0ken, \he omouol of 11: 
bour involvcd fn pro•in¡ mi¡ht wcll (willl uplode witl\ pro
lnm size . 

Thereforc; 1 havc nol foc:used my attcnllon on thc ¡¡ucstion 
."how do w: provc the corrcetness of 1 1iven program?" b,t 
on lhe queslion• "for whal PtDitlm 1ltuo1ure5 can wc ~i·e· 
cnrrcclne., proof• wi1hou1 un~ue labour. eyen.if 11\e program1 
~er lariC'!" 1nd; u 1 seque\, "hDw do ,..e ma~c. for • gi~cn , 
las~. "!u~:. l. well·IIIUolured . proaram?" M y . wr11in¡ness 10 . 
confine my anention ID sucb ·~well•51ruotured pro¡roms" (u 1 
sub•et or thc se1 of all pOISible proaramsl is based on my be· 
lid lhol we c~n llnd sueb 1 wc11·111Uetu<Cd ¡ub1e1 ullsfyin¡ • 
our programmons needs, l. c. thal for uch prc¡ramm1ble losk. · 
lhis subse1 conlain• encu¡h rcalisllo pro¡ram1. · 

-TI\is, what 1 al! ''eonstructlve appr.,.;ch ID the problcm of pro
&nm eotrcclness," ~n· be token 1 llcp funher. 11 iJ nol re· 
strictcd.lo ¡e<lttal consldctllions u ID whal pro¡rom structurn 
1rc anroaivc from lhe· pOint·of view ·of pru .. bility; in 1 ·• 

number of- spceillc, VCIJ diffioull pro¡rommin¡ lasb·l ,hOYc •• 
linally sucr:ccded ln con•truclin¡ a pro¡ram by onolyzin¡ how a . 
proof could be ¡!ven lhll • dass of computations would ptisfy 
a:l\ain le<¡uiremenu; from·lhe rcQulrcmcnts of tlle proof the 
program followcd. 

The relatlon bot,t•n pro¡ram 1nd comput1tlon 

!n.estig,lin¡ hoW .. seiilrins'about lhe po!lible ccmputalions (evolvin¡ In 
t!m~l can be madc on aocounl of lhe stalic "'"''""' 1ex1, [ have'ccncluded 11\n 
adttcrcnce lo rigíd. le<¡uencin¡ discipt!ne1. i1 enential, so u to allow slcp-wisc 
•b•tr•otion from 1hc pouibly difl'crcnl routinJS. In por!iculu: wt.cn pro¡r1m1 
for • U<¡uentia.l mmputer. are.upresscd as • Uneu scq~cnce·o! balic symboiJ. 
ot 1 Pf<l&n.mmin¡ lln¡ua¡c,. scquoen,illl should be' conlo"ollQ!. ·by oltem1ri"' • 
condiliDn.al ind repctlllvc cllu.es and prca:dure calb, nthcr 1hon bJ stalcmen~. 
U"an¡ferrin¡ conucltc ll.belled poinu. · 





The nccd for <lcp·wisc •b<tr•c•iun frum lC>Co~l •c<¡ucm·in¡ Íl pe~haps mou 
roll'o·incin¡ly shown by lhc [ollo10in1 demonstration:: · · 

lct u< c10nsidcr o "•Uclchcd'' prt>¡:.to~m .,r thc ¡,,.,, 

' - ' -: mhc th~nh~ ~bu•~ ,-.doull!ioll' oun~indn11r <JenL.,nouatn th~·need ro .... 
th~ '"""'h.n:rion of thc abm~.:nuo~"'""l5 S,. · An ~spcc\ 'of mr canstructi•~ '~"'
PrO..ch is not 10 ro~u<e 1 ci•cn r">ll'•m 0) to on ab~u•cl ¡>ro¡ram (LJ, bullo 
uorc ,.¡,h che louer. •. · 

•
• ,,.,,. ___ ,,__ •< • ; • ' :: • ~--~--

'\ -, . --·' 
• d' . , ' . · ' o : • . • , · ~ :Abslrl<L doto sfnlclur~s ... '. • 

• 111 " us intro:>duce the mc01urin1 ron•cntion thoC" hen thc ile1 dTccl of the -· · · 
uecuLion of eooh individual >loLcminL S, hu bccn ~ivcn, it ta~cs N sccrs of · 
tcasonln¡ lo cstablioh Lhe corrrctnoss of pt~a••m 0). i.e. Lo cscabli>h thol che 
cumutuivc nct dfecl of che N octions in succonion uti>~cs Lhe 1equir<menn 

Un<Jcmandin~ 1 pro¡rom compei~d from a mlllle<l number of 1burac1 
s1a1cmcn" •gam bccomc• 1n uplciding 1ask if the dclinili<>n of the ncl c!fccl of 
thc coM<itucnt·stalemcnts is sufl".-ienl!y unwicldy. This can be ovcrcomc by 
t~e ¡~,;~dionion Of-su\tablc'abstt:ct dala structurts.'·-Thc sltualion is ••••tly , lm~ond upon L_hc ccmpuLaLions cvoke~ by pro¡:nm m. ·• 

· 'For t ;cac~nienl of.chc form 

'" 
· "n..lo¡ous to the way iri ,.hith we can ondcrsund 'an 'ALGOL pro¡ram opera!· 
_in¡-on lntc¡en:without hovina 10 bolher aboul tire numbcr rcpTcsentation of 
•he lmplcmcnlali~n uscd. Tho·only dilfcrcn« iil 1ha1 now.the pro(rammer. 
mu~l invcnl hi• own concep!S !.nJiogou.o lo !he •·ready•madc" Í!IICICd ond-hitc-. 

· wlrere, 111111, !he net elfect o[ thc. exccotion of !he connhucnl stotements s, uwn OJ>Crotions uoon th•m l•naln&ou• m thc "ready-m•t~e:' orithmctic "P"'"' 
and Sl hu been ¡!ven; we Introduce !h mcuurln¡ C"Onventiólí thol h tokes 2 ·.: .• ~,¡ . _, ., · · · 

1· stcps •Df n .. onin¡ \o establish 1h nel elfe<:t'ol-prc¡rom ·Ol; \ri¡. onc for _thO :.·. ·' ·· 
' ·cae B and onc for the case not B In .the rclincmenl of an ab<tracl pro¡ram {i.c. rompoo;ed from ab,«tuct 

' ' -.; . 

Ccnsldcr """" 1 proanm of rhc form 

·, 

11 a, u ••• s, ,¡., s,1; 
11 B, lhu s., ,¡.,Su: 

IIB.I1Mft5k1<htS 01 

... 

• SlltÚncnn operating on tb!lracr dora stl'\lcturcs) we observe the phenomenon 
or "joinr relinirñcitt." Fór"ab<trncl data structurc• of 1 given rype 1 certain 
r~prc~cntotion-iil'~hoscn in tcrm!-of'ncw {perhops sti!l nther lbltrAcrl data 

_ · Accordin1 10 -!he mcuurln1 convention lt· llkcs 2 stcpo pcr 
• ·surcmcn11o·undcmond 11. i.c. to enablish lhll !he ne:t ctrect of 

-mut¡.~~rcl.t ThC, _ immcdiarc· conse<¡uence- of lhis· dtsl¡n decision i1 lhll lhc 
a¡;'slrict'itatc'mcni• opcrotin¡ upon thc ari¡inal aburacl doll mucrure ha~e to 
be redcftned iit rernis of ol¡orhhmic relincmenlJ operolln¡ upon rhe new dara 
s<ructuru in 'terms of ,.hich h w., decidcd to rcprc•ent thc ori¡lnol abstrae! 
dota structurc. Such a joint rclincmcnl of dtta'suucturc·lll.d uso;ilted sl.ltc·.· 
mcnts should be an isolalcd unil af the prQiram tul: it cmbodics thc '•mmc<fr·-

altcmotivc •te cons~<¡ucnu:s of on {indcpendcntl desi¡n dulsm.r ond is-u such !he 1'0\ltlr.ol 
unil of intcrchon¡c far JIIOirlm modilication. lt lt an u&mplc of ,.hll 1 huc : 
¡rowo lnro _collin& "a pcorl." 

11 ....... s, ., .. s, 

ls cqulvolcnt t<i thll of the nccution of on aburocl ototement S,. lhvin~ N 
IUCh 11\ctn~li~ llatcments, ll tün us 21'J stcps to'tcduoe proarom U) lo one 
of thc form of pro¡nm.ll); to undemand thc lltter form of thc P'"i'"m 1.0kes 

· us ancl~cr N step:s, 1ivin1 3N lleps in loto. • 

lf "'" hod refuscd to Introduce thc obslloCI 110tcmen\J S, but hod tricd lo 
undcrstond prosrom {l) dlrectly in 1erms of uccutions of thc stllcmcnts S • 
each sueh compulalion woYid be the oumu111i~c elfect of N su eh ¡tolcmcnt .:. 
cculions and would os auch requlre N IICPI to undentand lt. Tryln¡ to under· 

. ¡llnd !he ol¡orllhm In terml of the S- lmpl!n thot wc hove lo distin¡ui•h 
,-~..~:~et-.l"..Cilfcrentoftllltif>P"brooah lho ~p11m tnd·lhis would Icor! to N.1~ 

Jlcps of rusonloal 

PraKr•m~ u ncckl~cn ~llun~ from poorls 

. . 1 havc &rown u) rc¡.,d a pro¡ram os an·ordered ser of pcorls; 1 "neck'
lace." Tlle top peul d~scribu thC prQirom in ¡" most abstroct form, in an· 
Lov.cr pcor!s one or more coneepts used lbo~• 1re cxplained (reflned) In rerms 
of conocpts 10 be uplained (rc6ntdl in pcorls belo'" le, whilc thc bouom pcorl 
•~entua\ly upl•lns whot s111l hu to be uploioed In 1crms of 1 standord intcr· _ 
fate (-mJchind. Tln: P<"•lls~mllc be·a nllunl prQir&m module. ·. • · 

As cacb pc•rl embuo.Jics 1 speclfic desi¡n tlcclsion lor, as the 'c:uc moY be; 
• IPC<:iftc osp«rof thc orl¡inol prob!~m mttcmcnt) it.lt the.mtural unil of in· 
tcrchon¡c In pro¡rom mod'1ftcotlon {or, u the ca.e moy be, pro¡ram ldaptlllon 
lO 1 chonac In prob!cm Jtatcmcnt). 



• 
" 



. f'car!s and nc<kl~cc ,;.e o rlc~r.OI"ll>' 1<> •n ''in<'"Tlplclr f'"''l''im," ,.,..,, 
'¡islina of.lhc lop. h•lf. of 1 nrrklarc; il ran ·be· ·~r""k~ ~• _, ¡¡.,nrkh: 1'" ~-: :;-,, 
ID t.: r~eCulrd b¡- • <uilablc DIO~tlinc'h,( \ohirb lh~ bu¡u"n h"lfi~ ll~e··n,•,ü••< 

_ 1iwes. o fenihle· im~lrrm~i.tkoñl.•. As _,UCh, 1he n>rr~ctne!l or !he· uppor holf al 

e . . ... 
: t~f=,~edla~ ~~- ~ e·~¡·bfj~i:d rcgor~leOi'or ~~~ rhoic'= "-'.:~·-~\"~ hi.lf ..... ,,~ The Transla ti on 

· Rorwccn '"'"'5Urc ... $1vC poarls we ran moke o "cut, wh,.·h" a manuol . · 
ror. marhin• rro•id•ct by 1h• r•n d rhe ""'k'""" ""'"w th• ··ut ""d uocd by of 'gó to' Programs 
!he progrom rcprcscntcd by the pan of !he ncckhoce ~bo•e lhc C\!l. This manu· · ,.- ·. . ...... 

·:al serves: u ondnlc!foce bctwccn !he two·paru of :the ñccklaci. 'Wc:fee(thi• 'to 'while '· Pr'ograms ' 
.form of.mtcrfaa: more.l>elpfullhan rc&~rdmJ-doLO repre<enlaloon u·on 1nlu- . - · -

·' .-'Jice _bctween .oper~tiom; in panicular more ~clpful 1o"·ords cr.wring· lhe com- .' .' · 
binllorial frecdom /CQUÍtCd fo,r pr<>¡;ram ad~pWÍOn. 

The ccmbinolorlal f"edom jusi menlioned secms 10 be 1he llfll) ,.-ay in 
whic~. '"".can m:oh 1 pr .. !•m. u pa~ of 1 ~a!"i_lr ~-;:;n·r;o•_nJ ~l_!'iolj~IJ.:ver-. 
1fon1 ' Wllblllll'.lhe ·.labo:JU¡ \n~Dhed, I!ICfelll!ll . PFOJ>Or\ÍI;llll(: lO thC- Oumbcl Of 

• memben·of lhl"fomiiJ:-:'The foniilr beo:cÍnel ttii Ji:t. or ttioié ~~·~liÓnl' from •. 
,•¡j"='·I!C!(e<1i"" 'DI' PC:IriÍ·Ihll c:on·bc's¡runl inlo i fLiun¡ ni'cklici.' ; ' ' . · 

' - . . :, . - - . . . -.. 
CondudlllJ rrinorh' .... , •· 

', ·'·'<·'· ·- ', .--. -- .:·:';_;::· 
Pca•ls In 1 nccklace h1vc 1 slfietlc¡ieal crdcr, uy "fmm 10p 10 bcnom." 

Jwould likc to sucn lhat ihls ordcr moy be rodicllly dilrcrcnl froril·Jhc ctdÚ 
. fin time) in which ¡1\cy are dc•i¡ncd. 

' 
Pculs hne emer¡cd 11 l'fDgrom modules whcn 1 l1icd 10 mop upoo cocil 

o1hcr u complclely 11 pouible, !he numerous membetJ' of 1 dan of relatcd · 
pro¡rams. Thc obslrKtion proccss in~olvcd In. this moppin¡ turns oul !nol, 

·omuin¡!y, non afterthou¡htiJ to be lhc samc o111>c one thot con be uscd lo 
reduce thc omount of.Jnu:Jietluol-llbour in~ol~~d-in corr~~lne .. proofs. This ;, 
. ~~O' ~nrouro_,:in¡. 

'.: · -As 1 so id bcfort,; the PTDgramming uperlmcnts ha ve becn' carricd out 
wilil relalivdy small P"''"ms. AllhouJih, personolly, 1 firmlr bc:liue 1hal1hcy 
·~-<--- ,~_, "'IV towords more telioble composlllon of rully lar¡e pro¡;roms, 1 
should likc to Sl•css 1h11 11 yel 1 hnc no c~pcrimcntll evidcn~ for this. The 
uperimcntll ~vicien~ J~ined 10 far shows an lnc¡casin¡ ability to rompou pro
rnms of tbc slze lttlt:d. Althou¡h 1 tried todo h, 1 fccllhlll hove ci~cn but 
Jitllc TctOJOilion lo !he rcqulremcnts or proaram devclopmenl such as 1s necd· 

: c4 "hen one _wlsbcs lo cmpiCf 1 lar¡e aowd: 1 hove no upc:ricncc wl!h lile · 
Cblsl..., ATmJ IPptOieh, nor 1m J -vlmed o( 111 vlrtues. 

. ' ----

1. m::--:CIIAl: OISCUSS!ON 
' . - .. : 

1.1. ;¡ntroduetlon 

: Thc Hrst class of pro¡roms we considcr ore simple 
ftoow:hot/ progromJ conslructed from usi¡nmcnt slltc

·. mcnu Cthat usi¡n terms lo v~rlobles) •nr.lll::nsutcmcnu 
, '.' hhll tuí-quantiller·frcc' formulad opc~stln1 on 1 "IIIIC 

: 'v(ctói':·:r.- The nowch.rt pro&ram bc¡ms wlth 1 unlqu' 
'·· stort statcment of the flll'm · •. ··--, .. 

·,.herc :r 1s o subvc<:tor of }', lndicuin¡ thc·..-orioblcs· 
thll htv:Í~ be ¡ivcn Vllluu 11 ¡he bcginnin¡ of th~ com·; 
pulatlon. It cnds w'<lh 1 ~niquc h11l otllemcnt of lile ; 

form 

wilere 
whos< 
1lon. 

' 

· ·s 1 suhcclot or :r, indlca!ina thc variobln --· values wl!l be ¡he dcslrcd rcsult of the compull· 

We mah no • ._.umptlons obout the.donuil!. of.indh. 
viduals. or obout thc. operatlons and. prCdiJ:>.tc.s· used IR< 
the. si<IU:mcnLS. Thus our nowdUifl program.s ore rcally 
nowcl>arl sehcmu-{sec, for eumplc,-Luckhlm, Pork ond 
Palerson Ull and olllhc rcsults an be slllcd '" lcrms of 
•ucil schemu. · 





. ( •• 
• . 

" 
~ ·--. r. 

·--~ 
.~.~. 

h. ' 
. . (.: i ·-~b 

~ :i. 
1 • . . ' .. 

-
. _ "r1,.,. t. Th• "•••h"' ~'"~"'" f',. 

. In crder'¡o wriLc s~rn f\cwchOTI pro¡TOml in 1 conventiono\ prt·~r,mmin5 
. , uo e 010 s!Jtcmcnts ""·rcq1oired. Therc hn recen\ly bcen much d15CUI· 
, , ~ .~;; ior e...mplc.-.Dijbtu .{2]1.•bout whcther Lhe- U« of.'I'Oill statem~nL~ 

mlke' prosroms difficull lo undermnd, 1nd .,-hclller the "'" of_ 10ho1t 
01 fo 

11otemcntl ¡1 prcf~flble. In addilion, it is quite pos•ible thot S<mpler 1' 1~ 
mclhods of Lhe validity and equiv•lence of prn~rams may be found_ fo'¡ P 

1 r.ims wllhout tolo 111\cmcnl! (oee, for cumple, Swk ll]l. h 11 e cuY 
~clevont 10 thls dilicuulon Lo con•idcr whcLher Lhc ot:olilion of ¡:Oifl uatcmcntl 

iJ re.olly ponible. 
The,.forc !he ncond closs ot pro&r•m• wt consod.r •re .,holt p!06

1
"ml, 

le., Al¡o\-llkc prognml con.,stlnl cnly of ~<hilt stotemcnts_or the form "":~~ 
(quonlLfier-free fDfmu!o) da (statement), m odd1110n to cond~honal. "'"11""' 

-•and block" l\atemenll Al bcforc. uch P'DI"m IIITIS w1th • un1que ')"" 
.. at.atement. STAn{t_), 1nd cnds wllh 1 unique hllt ltakrncn\, HAl-Tli_, · 

.... ~---· ·-"' _____ .. _ .. --... ~- '"':'<"" 

• 
,·. · ~lnco both dosses of pt<J~rruns wc thc samc kind of st.arc and hall Sil \e· 

ments _. wc ·con de~ne the' equiv•lence Or · two pro¡rarns independenlly of \he 
do .. c's tO "'hich they bclonll. Two pro11rom• lwith the ,_,_me inp~t\ nobvectorT 
-~~;.., ond ihc sorne out pul !ubvertors 1' .. -l are said to be H¡ul•rllt~~tlf ror each 
assognmen1 of values to .__.. eithcr bolh prvaroms do noltermlnale or both ICI· 
mina le ,.¡¡h th• .ame value• in :r_.,..,. · 

\.2. Ttln>lallon lo ,.·hile pro~torM by addln11 '•orlableÍ' 

Wc can show that by allow1n¡ ••tro vui•blu "'hich kcep crucial p"-5\ 
value• of sorne of the variables in l, onc can el!hlively tron•late every 
l!owchorl progrom inlo on cquivalent,while pro¡ram (ALGORITHM 1). The im
pomnce of· this rcsull !1 1!111 ori,lnll, ~·tapolo&JI". of. the. pt111f11n -b. pu:s.er~e4, • 
and lhe new prcgnm is of \he same arder of elr!clency .._ tbe O<illnal pro¡¡r'om: -
Howe~er. "e shaU no! enter into 1n~ 4iscussion n 10 •hcther !he new program 
"•uperinr !._O lhe_ori¡inal onc or ncl. · 

_ This result, co'ns!deied in ten,:,• of scbemu,- can be tontrastcd with th<>lo 
of Potcrson.1nd Hewiu I•J (sec ol'lo Strona [SIJ. ThCJihowed thll allhou&h \1 
l! not pÓSsiblc to tnrultte all recunlve ~~:hem"-5 lnlo llowchart ~~:hem"-5. ít is 
passiblc to do this for "'lincu" recursivo schcmu, by addinJ utro ~arlables. 
Ho-..evOr, 11 they poinl out, thc l!owcharl schemu produced are les.s cfficlenl 
than !he ofi¡ina! recursl~c JChemas. 

Asan eum~!e, ALGOII.ITHM t wll11lve the fol!owln¡ •h.ilc pro¡n.m ..-h.ich 
is equinlentto the no..-dOln pro,ra111 P1 (Figure 1): 

START!il: ' 

·---- -------------- .. : .,¡,)<, ti) ""' ¡ - tli}; . ' 1 

li-i: ' 
: +' .-lil ..... li - .u!: ""'"' .m do¡ - 4{.,'"}1; ' ---------------------· 

•Mi< oriJ-")" ,(il ""' 
(i- <{¡); 

~- -- ---=-- -::------- -, '':hrl<f-:il doz-.U!; ! 
u---z: 

1 
trf.-(il ,.. 1 

• 1,. _!J":~i!i~IIJ:1il."!i_-::!!iJI_¡ 1: 
V" f(j) ..... ; - /l"il ""' i - tlil: 
HALTUl. • 

Ir the te•t ,(!) wu 01011 a suboedor ot.:r. ~n tl>e al¡o<ithrn.·,.ilJ.ln<liUJc.!N:I. 
th e -~- ohextn. ~ .... -" .gr:edr., or;b-~be..c{.,thc. Alne.'ll:nl(h.·.aa;t2Us., 
lllbvcctor . 





----------~~~--------... - --------------
·O--·- ... -·-'·· ¡"' \ ••• • • . • ' . 

. A·'' . . r;Occ thol cuh ici>Clllion of 1hi= m•in "hile st•••ment s\oru from poinll'-
Nolc 11111 nn c•dt (y(le_oflh~ m"in ~h1lc OT.OicmOnt; lhc 5<•1C ~Ú<or .f is·- imd prtll:~cds cah~r b><k lo~ or 10 6. In 1hc laUerc:uc. ris mzd~ /tJIItlnd •e · ·• 

11 ¡>DÍnt /l, whilt Y holds tho rrccedini \'oluc• of .'1' ~~ r(.inl "· · · sub<;.:qucnlly c•it [10;,·,-lhc .. hile mtem~nr; · ·.' 

• Ntlc "'"" ¡¡,i,llhc I~P >u~prnr••m• ~"''"""don l>ro~cn .lonc• "'~ i•'•nlio·•L 
Thi1 is l¡·ric•l of <he proJr•nn l'fodurcd by tllc >l;omllm. Onc miJhl u•c 111,. 1.3. Tun•I•~ 1G~ ro "hll~ pru~··~· .,uhout oddln~ nrlabln 

. (ul ID makc. Íhc Propaml--,;,:.;rc- rcodabll,. by ,;,¡,;1:- ··subio\uirics'' rci• '~ ••• . . ' • •.. • . . . 
•· pcalcdsubproir'ims.,. :. ;·: .- · ·,,_.~. _ _':,,;"· .. ' · ._. • . . -··: hitn"ilúr~llt'thispoinltocoñSiderwhelhcrevcr~~owch•rtpro¡romcan 

_ . _ · _ ., . . he lnnslated ln'io on-cquivolcnt while pro¡ram wilhoul oddin¡.cxlra variable• 
BtetUK d tpaco: limilotions we conno1 present Al GORITIIM 1 '" this papor. he .• usin1 onl~ thc ori¡in~l state vector i'). Wc sho"' thlll thi! annot t>e done 

Thc dctolled al¡D<ithm can be found in !he rrcliniinorj" rcrort nr this poper CCS in rcncral, and in fati 1hCri is 1 nawchort prOfr•m of thc form o( fi¡ure 1 
; 188. Computcr Science Dept .• StanfD<d Uni>eu<ey). . ' "'hich is an appropriatc coun-tcr-naníplc. . . :· .'· . ._._, .... , •. _,_¡ 
•r1.1: "Add!t!tbaoi~JI ,,.,;iablcl ' . ·'A similar ne¡otivc result·has bccn dcmon.uued·by Knuth ond Floyd [·;, 

"' .. "'!'• .· ·' 1 
·'. '" _-:; ~- • • and.Scou [prívate communicotion!: Howcvcr. thc' notion .cf cquivalence con-

Thc lrontlotiori af nowchart. progroms inta whllc programt by ihc odditiori · 
, ar boclcan nrlahln ls not 1 new idea. BO"hm -.nd liCtJpini'! 6lond Coopcr l1l •i<IPr~<l by th<nc authan is mace rcmictiv.: in lhat it rcquirn cquivalcrm: oC. 
· ( 1 1 • - computation 5equcncc• li.c.. \he 5Cqucncc. Df nti¡nmcnt cnd IC$1 olllcmcnts m · 

JCC clso Bruna lnd S!ci¡Jitz B l hove thown that evcry nowchart p<oa<om nn . . 
-be dl"ectiv.:ly·1Tanslatcd lntn •n equivalen! while pro¡¡ram. (~<·ith nne whilc statc• . ord~r of c.ccunonl and, not JUSI !he equ t.valcn~ ~ fina! results or computa non 
. mcnt) by lntrodutini new boolcan voriables lnto !he_ prO&ram. """' pri:~icates·:~ :: ,"'_,._:::~~.:~~.- us, •lnc~ ,ou_r _ not~n ;cf {qu.•v~~ence tS weoker. our nc&atlve result 
.~o .!..SI lhesc .vorioblu, lot;ctbc< ,.,.ith •aHi,nmcnts 10 Rl thcm "'" or fal>r- The ' •· -· '' ~ ', 
bool~n .vubb1cs c .. cntiol!y· simula te 1 pl"f.111m countcr, and the whilc pro.·· l. ALGORITHM 11: TRANSLATION BY AOOINO BOOLEAN VARIABLES 

¡ram simply lnlerprets !he origino! P•Oi••m- On ea:h repctitian' nf lh"e "'hHe' The Jtco~d· oToD<iilirri; ALGOII.ITI-IM 11• trorutatcs·Oowchart pro¡<~m• to 
; ltotcmcnt, the nut orcrotion or !he original pfo¡r~m is pcrformcd. and the · 
. "pro&ram counter"' b updated. As noted,b~ CDopr:r ond Bruno ond Stci¡lttz ... equ•••lcnt whilc prc¡roms b~ ldding boolun Vltiah!u. 1t makes use of !he 

tltcm•clvcs, this uansfotmllion is undesiroblc sinéc 11 chanleS tbc "'topolol)''" factth•t every Oowchart prosram (without thc start and holl Slalcmcnts) con be 

:::~·~~:~':lm0~.:h:r ~~~;:~,~;;~! ~ ~~~~~~:~ .~ti ~~~:~u~·~~.,~~.~n~~~ . -. :~:::~:il11~:\b:::~b;h;:·n: :~~.kn!:.~~y r~.·.·~. ~b~i~:~~~.~~l:r;a~:~.::~~ 
then t<ansformed hack 10 an-cqulvalcnt whilc PIOi<•in by their-mcthod, the the whole body or !he ¡ivcn nowchort P<Oir•m con be considcrcd u such a 
<e5uhin& whllc pro¡ram wl!l not rescmblc !he ori¡inal. )". , •. 1 . hlock. The aim. whene~cr IK'I•iblc. is to act hlocks tontoinin¡ 11 most one . 

• , - . - - top-lcvél tc<l sruemcnt (i.c., test "•tatcment nol ~omamcd in lnn~r blockd since" 
• Wc.-1h•e. an al¡;nrlt hm _,,ll.(l(lllllJlM 1!) .•for •tnn•formin& nuw¡:h~rt .pro. <udl blocks- can be lcpre•ente~ n a pie ce of whilc pro¡r11n · without ·addin¡ · 

.' 111ms !el cquivalent "'hile .programs by addin1 exua <to:>olcan ..-arioblcs. '"bic:h is boclcan vorioblcs. In pa!licul.l<. if a wbilc ¡oro¡ram h e •prcncd u a llowdla<1 ' 
¡ an'imp<ovemc,nt on rhe aban method. Jt prei~rvn the ~'10!>01011'" uf thc_é>ri· prn¡rom, !hi! !.alter pro1r•m con always be decompmcd lnto Slll'h simple 
· siqal pr0111m and in par!kul.lr lt does not alter "'hl1c·lih 111'\l'ture lha! may al· blni:L;. and thc algorithm will.aive ut l>ack lhc ori¡inol whi1e_ pr~rim. · ~ 
, rcady ultlln !he orl&inol pro¡ram. ~ 

Fcr any ¡iven .noWchul p<o&••m we construct !he cqulnlcnt whlle pro.. 
. FDf !hi! Oowchan proJrom P, (Fl¡u<e 1), for cumple AtGOliTHM u wi!l aro m by induction oo lh"' structurc oC thc.blocks .. 
' prod11011 the ronowin¡ whllc p<OJ1rlm. 

; · lTART(.,--,, 
':i-•(i): ·--.. -·· lo.tJ.It ,lil ... - o{i); 

r tfil ..... li ,... tGl; . 
.,J,IIt .t.'} .j- ~i); 

V llil t/lto i - rtil 
.u. l.i -JI.>i; ·-fob<ll 

.u. l.i - o(i); '-"'b<ll; 
· , KALT(i). ' 

Fn< -coch entrence 1>, to block B "'' roruider !ha! part -8, of- the blocl:: 
rcochablc from b,. Wc thcn <ccunivcly constru.;t on cq~inlcnl piccc of while 
pro¡11m ii;(.t, l)' u follows. Thcrc are twn ene• to consider: 

Ct=l: 
w '" "' 

B, contains at rno:u onc top-lcv.:llest stat~mcnt. · 

B, conttin• no top-lcvdloops. 
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' .. 

' ,- Let u• """me'""' wc h.,v;; "'"hit~-r~'"'""" 1··, ,~ 1;,¡,,,~,:m w 1'. "h"'' 
•_l•n h,. uno L',lri.ohlc 11nd lhC •ame dolllllin /J. lllthuu~h "" l'Oultl ;,11011 ·,,", ·"" 
51Cnmcnl "·ltcmcn!O cf 1"1 lo u,c :m¡· '''""' "h"oinc<J·~-' .,,.,1,.,,¡1.,,115 <>1" lhc 
D!'<'taloons _G ond.J.I. ,..~"""me "ithou• ln.-.(lf,¡·crN•Iitl ''"""'"'h.,,.¡~""'""' 

.''l_laiem"m .1,n· 1'" ,'~nsist• of o >in ¡:le. nrctat inn G- ''' H.:-TI,-~ ,te• a -in·th~ ;nn<Ji
·1•onot ond whilc stotcmcntl mo¡· only use qu~niilicf:rreC f<>rmulas ohtnined 
,from"'le<ll "'"'<.! ¡¡, ond Of'Cr•tinn, G ond 11 Sine.., wc u••'••nl¡- onc yari:;hlc, it 
f~lo • lh•t rh~ <CG~cnccs <>f vnlucs dcscribin~ ,·urrc,pnllolinr wmput.otiun, of 
1' 1 and 1'1 ore odcnHcol No1c also th•l 1incc lhcrc ;,-. t><>und on thc dcp1h of 
lcrm• in thc <¡uont_iller·fr~c_ formulas. rhcrc i1 a bound. M say. on rhc numbor 

.• ~-.lefrmoor-lcucrs rn-rhc.rarl ~hll.con atfccllhe de<i<ion uf on) '""in P',. f'r· 
n.olly, wlrhour lo».Df.lcnetolrry '"" shall mo~c rhc rcsllinion rhoor-rherc ;1•00 
udund.onl whilc sraremenr Jn P",; i.e., rhcrc is no whilc !IO!cmcnr wirh 0 uni
form bound on lhe nurnbor of irs iter•lions in r~rminaring romnur"rinns. 

. . Si_ncc 1''1 musl ctml•in sorne (non-rcdund~nrl -... hile srorcnrcnr. lcr W be 
. tny "'hrle mtcme~l i~ ,1''1 wllkh i• ilol n~n!oincd or. follo~cd b)" onorher" w.hile 
~rnenr.- The 1'01"!''~ P'1 1mrnediarely afrcr' WWi sh111 ibuiic by ,;¡-_ :· ••• 
. . . ' - r. .. • . - . - ¡· .. . . . 

_-.'. · Lr~no:;·. Foi- all ~ ·¡r ;:o Ol l.here e•iu irrinf-.1 .a: .r· i~ ri:'-01;· ~nd d.f . -. 
-In: .U[ { l r l -- · ~1 auch ihat for oll win~• 1> r lo. PI' rhc •vm"pi.i-·. · 
lllron Of P'¡ 11~11101 Wilh \al! 11/Jc-yd possc1 A With lome loil abc--,d 
where 1~ 11 sor:'c ri¡hlmost •ubwin¡ of ab (possibly cmplyl. - •. ~ · 

~~ thislcmmo wclrnrncdiarcly oblain !he fol;owing n~roilary. 
C~•Miary. F."' ucry rr. n ;:o O, !hcrc ••isrs a finlle mrnpurorion. of 
1' 1 whkh panes throu¡h A wirll more thon n operatlons srill ro be 
pcrformed. • 

!lur lhis mntradicrs !he factlhor.rin~ tllc«: ls no whlle·sr~rement f~.-lo~-
1111 A. !he number ofopcmlonJ lhJI l",an pcrfotm aftcr A is.boundcd. 

' • !+<xifof Lftnmt~:_ !1~ lnduciÍM on 11 

• -B_.,~ • .,~,._ • Choose any fOrnputotion "111Tiina whh tail o • 0 • b" -yd" (o· 
o': 6 € la,"l"ll', d' f lo,¡-¡1~ and jo"[ - MJ lhat enter¡ w wirh r1 ;i 
D • 6 • -yd: (Su oh compulotlon ullll by non-rcdundoncy of W.l 

Sina: al mDSI M kflmDSI kllers of l.bt.loil an tlfcCI ctie dcci>ion of ~ny 
· -~ • ..., -c:<~tctin¡ 1-f:tbe moin lCSt cao =IJr 1oot 11 ..-': Jbudorc ~~ ~ wiU be 

rruc"Tor anrun 1\onln¡ ..-Jrh o: 

-~,::""·---~-,....,,...., lo. .. L.,~ .. ..,- """'..., lo.#l•""'"' ,..,,. 

In "p.J!lÍ<ut.r. lh~ <M1P~l.Jtlu,,-,,~nin~.wtth .,¡¡ a" o"~·· 4~ fa' 11ny b la,· 
¡¡)• . .Jlso enlots Wat the sarni ooint. ie .. with rarl'a""lr,-a.:d: Sin<t lhe"torn•: 
putation i• ftnite. it muot sub•cquent\y pass Point A. budnotin¡-thalthe.test.·in 
Wmun be•fobc whcri pu~in& Al ir cannot P"" A with raíl a"ll'. --· ... !' --- . 

. Hen~~ • .,.;;~~·a - a· a·. d- a· d: for otlmin~s ;·in 1~. p)•, 1he -~mpu~
rion- •iortinJ with ab-yd mus! pass A with sorne tail a/rrd.,.herc ab is sorne rl¡lll· 
most subming of ah. 

/ndrtrrion ••~P. Assurnc wc h>ve .rrinl-' "·e € ¡,., Jll' and dE la,_ 
p¡-, [el - n. sutil th" for all mints b (n [a, P)~lhe cornputation · 
sranin¡ with rail abc--yJ pa"es A wirh s.omc _1111 11f!ryJ wherc llb b 
somc ri¡lltnia.;t suburina cf .,¡,_ ) -··· ... .--

' 
Wc find a llrinc e" E [a.I"I)',Jr"[ - n+-1, sur;h that for all Jlrinp b'ID. 

la, PI' th"-.;rJrnpuillliúnslarUn¡ with llll.•b'r'-ydpu.'>CJ A with·somC.lill-d:'~r 
-ydwhcrc ab"i.i sorne rightlllDillubstrU.a"or tl'"- · , · · · ., . ·.-.--.. ,_ .. ·.----··' 

Therc are Jlin:.:-a~ lo nl!l-'ide:; . . . 
fi) For ·al! ,;~~.;,¡,¡~ strings b, !he corrcspondlna sub1trin¡ fll! ls · 

· "nonernpry.': In tllls ene ,... IDb e' ro bt oc.' . · 

.1' Fo'r·,~,;;._-,,~ln¡ b:ln [a, 1"11' the eornputation slortln¡ with ra:l 
-" ab' o.ryd, panes-A wirll tlil D6' o.ryd, wllc:e g!'is: a rishtmosl 

t~bstrin¡ of a6: 

fii) Fot sorne noncrnpty strin& b - r a {b~ E [a, p]•), thc sub
strlns 11b ls cmplf, le., there exists rornpurarlon S stlrtina wltll 
ab" o.ryd thot.p•=•·A.with f1d. In this Q.IC ..., UJh e' ro bt 
fJc. ® 
Dy corlicr remor~s about 1' ond· P',, 11 follows th.u,the·DUL,~,,~· 
OP«ation in S of¡cr pa;slng ~ rnust W H. 

Now, for 11ny ¡tr/nt i,• In !<>, ,6)' !he a.rnpuUI(on 111Min1 witb 
tail ab' Pf"Ydmusl pass A with sorne tal1 ab '8c-yJwhcre ab "(J ls 
sorne rightmosl submin¡ of "b' ,6. 

ab '(1 anrmt be- crnprr bee11usc this" would mcon.lhot th~·com~ 
putation panes A wi!h !he 1-1me llil rrd 11 ror S but in lh'-. 
Qsc !he nul opcrotion to be pcrformed 1t G. This b impo:ssl· 
blc,. $1D.a::...llu: coursc of computarían frorn A musr be deU:r• 
mlned by l.bc tlllat !hb-pciat. -

.... __ ,, ......... .-.... -.--------·~·- .. -....... 





.. 
lloncC, \he cumrul>lion mus\ pJSS A 'With Stnl1C IOil•ob' pc-yd · 
(1 e., ah' t' ..,,¡¡ whc•c d' is 1 ,;~htmost >u bsuin~· of ob: . 

<lill '-F?f-.omc '"''"""f'IY 1ol>in~ b'"':'· b" fJ lb~ { ¡.,, ,lli"J. tho '""· 
·.. •trina ttb is cmpty. In thi> "'.,. .... rdr r'"' ¡,. "'· _ 

·-wc procccd u In root 
•nd 11 lnterchon¡ed. 
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'. , R~li~nl!~ ·.·"e ,· 

o\1 ""~ !e~ol.·ihC·IOii"n~!c fm clin.i~'linFihc ~"~~ "'" ahc•<l:.< bocn•&iven 
in lhr.i.,l•n.1C!clion. ·. ~.rno!r. it is !'f'>>ib!c ID u~oe !he tolo in • IT:••nnet which 
nb<eute• Jhc.lufir:tl •tructutc of • JU"O!I"m IP .o I'Qinl ,.herc i!Ma:::nes.virw•ll~ . 

.. ;.:, . :--· _.;'"":- ~- . "':'.o. 

A Case•Agamst the GOTO 
"•- ' ímpanibic ·,¡, undc,.¡ond "!! ;. J; · 4!. ¡ lt is .·no/ cl•imed lhll ~""'Y-""" of !he &ol• 

obsé"ur~S·iti'c"IÓ~ÍCIII struCiUtc"of'• pro¡r&i-n; ii·i~ only claimed tha~ it it pc:>Jib~ 
tn use ihe ~oto to fábricalc • "ril's ncst" of control ncw which h1s thc undcsir· 

· ablc propcnics mcntioncd abo~c Jlcncc Ibis •r~umcnl addreucs 1 ~• uuof !he 

• • 

~"'? r•!hcr 1h~n lhe ~o! o it>ciL 

. . . "\ · .. 

lntroduotlon 

: ':. •. Ai thc b..~is for ·a propOSal lo-tOI'olly diminalc ·1he -tolo 1his u¡umcnl is 
"'m;,..¡,-~¡ Weok __ -ll_mi¡hl rca~onobly l>e.ol¡ucd lhol !he i.rndes:,ublc cense·. 
qucnecs of linrcstrlc!cd hr~nchin¡ moy be climinalcd by tnrorcir.¡ rcmictionl 
on thc ~~~~ of 1he ¡oto rolhtr tMn climinatínglh~ co'n•lruct. ll.,_:vcr. l! will 

·.l>e •ecn thal"any r~tional 5C1 oi ~emictítm5 is equl\·OICt\1 to e!iminalin¡ !he con-

1! hos l>eon su¡iestcd "'"'!he use o( ihc coto con· _,_wuc! if.an .a~o;auat_e ~~·-~f utbt:t:?>"trol piimitiYC_• ls ·prl7Yide~·- Tnc·suonJ 
struct" is .undesinblc. is bod pra&rommin& praC1;c<,,, and u:~o~'- fO( ,~lim~uau.n¡ ~~-• calo .au~.lo-.!bc • ...,.teot ol mote,'JIOI-'I:ve·PTo!""ab 1 
th., atlc111 one meosure of the "qualily" of a Pr"o~ram ¡5 : for_~ P~OI'."'!'ml~l:m~thodolo¡y "!'hoch-.~~es !he CAI•·u~ncce~~-- h 11 not 
lnversel• rcl~lod to lhe numbo,r of, 

1 
·• 

1
.

1 
mcnt ron-- the purr>OSe,of_.\hlsfpaper lo c•r!kate t ese mclbodologres (vat~ouslr <•lled , on•ac_.< .,

1 
d ... , .... 11 .. ,, ¡ r, 

~ ulncd In 11. The rotionolc l>ehind this sundlion-i• ¡hot ¡1 _ .... S [~~.:~_¡• __ 'f>lOSIOmm ".•· conmuc YC_ pr~rammrnJ, .. <1cpw se rc1~e· 
1s PMSiblc to u.., the ¡oto in "''l"' ..-hich ob..:ur~ ihé ¡,)1 ;:·f~en~ .. cid~ however, sonce :he mojor Ju•lllk.llron for chmo~atln&the JOIO hes 
tol sltucture of o pro&f3m, thus mokln¡ ¡1 dillicutt to rn thos ,.-ork. 1 fcw words are !" arder. . · . · 
undcr-sund,-modify, dcbu¡, andfor proYC. it1 rorrectneu. '' ; ...... , __ .- .'?·.:·- - ' h · r d' ll;;pcth•ps,·pcdant!c to ob•erYC 1 at"the present praclice o bUll lnl 
h is quite, dcor_ thal·nnt all uses of !he ¡o lo are obsc-ure, targe pro¡rommin¡ systcmS ¡5 a meu. M os!, lf no! a11, of thc major opefl!iRI 
bul-the hypothc•i• ¡, thll lhcsc situ·>lions 1"•11 into one of systcms. comr"olcrs, informalion syl\ema, cte. developcd in thc las! decade hve 
a small numl>er of C:O>CS anJ lhcrcTor~ ••pli,·it ond in- -l>eer. delivercd !ale, hne pcrformed bclow upectotion (al leas! initl•llyl, .ond 
herenUr well·•lructurcd lon,u•;c con.,ruc,. mor l>e in Ir<>- :N ve be en filled _ with "bu p." This •iluation ;, in! ole roble. -and -!los prompted · 
duccd to handle lhcm. Ahhou¡h thc •u~¡:t•tion ID han ·sc.YCtll rcscarchen U, l.-4. 5. 6. 1. 1. 9J to ct~n•hkr wt.etber .a pro¡rammln& 
!he &OIQ oppc•rs to ha ve l>ecn • Pllfl of thc eomputln¡ -methodolOJY ·mii!bl be dc..,lof>!'d ·.to rorreCI Jbi-s.situ•tion •. This ao->;~rt.h&f.pro-
folk!orc for ~evernl yeott,. lo this author'• knowled¡e thc . c:Hdcd from two premi>et: Q' 
su¡¡estion .. wos. l\rst madc In prlnl by Professor E. W. --.. • 
Oijkotra In 1 lelter to thc editor of the Comnwmr1uion• «f · 1 •1MACMio 1968 [11. l. "Dij~stn iP.,:Ik5"of ou'r "human inobility lo do much" (o! one 

lime) lo point up the necuslly of decomposinB lar¡e systems 

In thls papcr wc sholl examine thc rationole for thc 
ellmlnatlon of the 101o- in pr~ra<nntin¡ Lonauall"'• .oud. 
oomc ·o( tbC · thcorulcal. aad pu.<tkal Jmpllcaliornr . of tu 
(ll>lll~ c~mi.,.lionv·. · • 

lnto smaller. more "humon 1iu" cbunh. Thi• obscrvation is 
.bard!y S!lt!lin¡, and in foct, mosl pro¡romminal•niUIJCI in· 
elude feoturcs (module•. subroutincs. and rnor:ros, for cum· 
pie) to aid in the mechonk.ol aspcct1 of lhi• dccompo•hion. 
Howcver. the furlher olncrvation thlf !he porticular decompo-
•ltion clloscn makes • si&n!liconl diffcren" lo lhc undcrstand· 

··ability, moclii'Lobllity, etc., of.a procrom and that therc is an 1 
priiJN methodDIOJ.I'_[or .thoo.sln1 a "&ood'' -dci:omposítion b leU 

.,,.,per¡ed. 





2. DijkJLr~ h~; ;,;o so;d o hui dd,;~~~~; •·olÍ •h~W Lh" · Prt.;~,;,-~ nr · 
cnon,~ b~L ~e~~ r Lhi:ir abs~~cc. 1 .TI!"' ··u u o·"'" rch·- wc. will. h,ll\: 
lo· be obl" 'Lo, ¡ir o~~' Lh" corr~ciÚ« ilf '1hC pru¡:i o Oh ,.~- .;on• 
Slruct (ralhor than "dcbu~" lh"n•) •im·c thcir shccr ·,;1 c pro
hibits cxhuu,¡i~c U:Slin¡¡. Although ":>"'" progre>! hu ·bccn · 
modc on· Lhc •utomotk piOÓf Df Lh~ roriectnc"•of progronlS 
(c.f.; !10,'\l, U;. ll.:-1~]); Lhi• irrrn.iéh 2p~o'n ,¡,·be for. · 
from i"Pr&rlio;-ol rcolity. Thc mcthoo.Jolog¡.'pro~cd bY'Di;kSlr. • 
lond othtrsl pNXcc~ 10 LhoL lhc cons!ructinn Óf ·, P<Di<>m 
&uidcs 1 komporoli~cly) simple aad inwitive. ·prad o( its 
corrcctncn. 

. ·' .. '·. ' -
Thc mcLhodolo¡y oL"constructi~ pro,,.mmini" is quite sinLplc and, in 

lh~ conLcxt. bul de¡cribed by an (palliol) cumple. Le! u• consi<kl Lll.c prab
lcm··of producint a KWIC' lndu .. Co¡¡l!rtlction DI" !hc.P«>Jtam pra..-.:cd-. in a 
Krics of stcps in whi~h ur;ll. 11cp ita reftncmcn! of.somc POtlion of ~ prevlou~ 
stcp. We. Mar! whh 1 sin11lc ttatcmcnl of !he funcrion 10 be pcrformcd: .. , 

··s1cP 1:. ·ran•nwtc 
, ..... ! -:'·~· 

We may thlnk of"this .s"beln& Qll lnstructicn in" 1 l~nguagc lar maehinc) in 
Whlch tho notlon of 1•ncratln¡ a KWIC in de• it primitivo. Sine-.: this opcrotion 

' b 1101 primilive In most practkalloniu•1•1. ~ proc:ccd lo dcfme lt. 

S!cp l: • UII<H WIC: JCnttate ond u><t al! inrores;i~J cl;c.,lor ·thlhs 
. . .. 

olphobctlie rhC"sirved line, 
prlnl olphobcllted linet 

•. 

' . 
·TM.co"nstfucrion of the."pro¡;ram proceod;·by smollllcp•' in thi• way until ulll· 

;..~11<1cly·c>ch opcrÓtion i•'cxrre~sed in thc ovoibblc primitive operations of the 
l'uccr.l•nrun~e. :Wc·sholl ncr con}" our"thO"d;ruilo ~irrcTthe·nbjtctive·of thll 

. r•rc• · i! ·no¡- •~ 1>o :a··¡~ ruriol · on thio . mutt.C>dolo¡¡y. 11 o;, cvtt, .rwre that the 
. mithod.oloú;.édlieve• lhe "jro1ls oct Out 'rP, il . Sin ce 1 he conte~t lo; .6nu.ll.11 nch ...• ~ , .. '. . . . .. .. . . . - . . 

· · ilcp crt '' -relltrvely ·casy. lo u ndersllnd · Whll. 11:¡om¡ on; rndeed, lt·ls el! Y lo .. ·-· --- . . "'- . . . . . . . . . . . . . 
. rrove~hat·.ttic·p<Ogram·will wa~k-o;orrec!ly,lf !he primrnvet frcm wh"h JI rs 
q)nSti"u-clc'd·are ~orrect. Moreover,·provinl thc conectncn of thc primltivet 
u sed 11 .rep ' is • small sct of rroofs {of !he sxme kind) 11 slcp '+l. Un thc 
tcrminolO&Y Or th>S methC>dolo¡y, srep' is on obWo(rion from iu-imrlemcnll· 
tion instcp!.+l.J . .. 

Now, ·!he consrructivc pro¡nmmin1 methodolo¡y tc!llcs lo eliminatinl 
!he coto in thc followins woy. lt ls uuda! lo tllc conmuctive philosophy th111 i1 
should be possibl~ ro ddrne the bchovior or uch primllive 1eticn 11 lhe .!.lh 
~lep independcnt of !he contu\ In wbich h ruun. lf lhil wett not so, il would 
. nnl. be possihJc. to.prove tht <:Dircctoes.s of lhcst primlives .&l lh.e . .!. + 1st step 
>without· ref creiÍCf: lo,thelr contO~t. hi Ulc oth JI< p. In. pa.rlio.utar; ;lhls .sunesiJ 
.(usini·:llo"':"cllon'tenninÍ.tO¡Y)'thll"lt shÓUid be passrblc<to rtpi'CSCII\ uch 
primitlv"<lt the"!th" st"cp by 1 {sub) 1\ow chorl wlth • sln¡lc tntry 111d • sln¡le 
'cidt ·Pilh. Sinec ibis mult be true 11 eoeh stcp of the con<truction, !he fln•l 
1\ow eh1¡t of 1 'pro¡rom construotcd In lhl1 w1y mU!l con•i•t of 1 scl of rorollJ 
ncstcd .lsub).l\ow charts. Such 1 1\ow chl<t c1n be constructed withoul an U•. 

Pliclf 10tli"lf COndilionaland looplnl conJiructl .,t IV&illblc. . 

Aui!l, •e niO.J.lhin\.of.r.:~dt of lhe'W: llncs.u bein¡ an.ln<l<ucrion in an ap-
• 

1 
l'fr;rpriuc ilriiJUIJC; ·ami o¡ain. since tll.cy ••• n01 vrimiti..., in moti· ~•i,rin¡ · 
lon¡u&ICI, wc musl define thcm: for uonrplc: . 

.. · · • 'i:onlid~i. n.,..,:, ;rosri,;.,, whlch. cait .be buill from only,~implc ~ndlt!or·: 
and loop ronstruru. To do thls wc w!ll uso 1 now ch1r1 rep/uenlltion bet:~usc · 
of ihe uplieit WIJ' In wbich 11 manllctiJ control. Wc anurnc IWQ..buic Daw 
durrl dcmenu:. 1 •:proccn·~ bo• a.od a "bJnuy declslon" box: 

Step :ho: ·IJtllentc ud uve all !nltltoiÍIII cTrcular ohihs: 
fo1 u<h tlne lnthc Input •• ..... 

aeneme and u•• al\ lnrereslln1 
ohif11 of '"this lino" , ... 

"f .. ,._.' . 
....... - ..... - .. ''"""' "'". ~ ........ , ... , '" ""'""'' .................. , ....... , ... b - ....... r .. ,.,, .... ,. 

.., .. Ir KWIC ""''" .,..,, o oer ,# .;.., t-h ,_ ¡, oo "''""' "' ,# - ood "'" ~ ~ •• .. ~.,,. • 

.... ....;..,.._...,.•" ___ ... _ ~ ~ .. , ... - .... - r••o:: M, ................... t.'""''"'"'" ... "• 
'"' lW ~ •• --Oo.-o, ... Qo.t .. ,....,.,.,"' ~'>< .......... pOo<loo" ...... '"" .. th, '"' .., -re-· ._ .. .,_..,, •• -.. • ,,.,.. ... ,L...,.., ;•;w:;:;•;•;.:·~::;:' ..,.,.. o< '" '"'"'"' .. J" o< • ............ r-, .. - ...... ___ _ 

' Thcsc bo•n 11e connccted by directed linc se&mcnts in !he usual way. Wc ore· 
interestcd In IWO spcclal "¡oto·len" Wllllru~tions fobricated from thcsc priml· 
livcs: 1 simple loop ond on n·woY conditlonol. or "ene," ccnsttuCI. Wc con· 
lldcr these forms "¡oto·len" since thcy o;on\1111 single cntry 1nd cdl polnll 
and hcnec mi¡ht rcuonably be prcvldcd In 1 !an~ua¡e by uplicTt syntoclic con· 
Slructs. IThe loop ccnsidered here cbviousty does nol ccrrcspand lo aH vul· 

•• ,...,... ..................... -"' .... - ... --·---......... ""' ..... <# .... -- .................. ,,. • ..,.,,........, ............. ._.IUJ '"'"" _,...-.~_,...,..,..,. 
--áaJ;WlC_..._..,,.X_oklnoollo<,._ 





,_. 
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"" 

. . 

vuiant• ...r ,..>o~cd ''<'onlrol cn•·iummonu:· Thc ""llucncc llf tron•f<><motion5 opplied In 
urd.:(tn ridu•c • J.r•ph 10 ~ 5in~lc nrodc m:l)".~ u<ed n • ruidc 10 both undcr; 
~1andi~; ·~i! prci,inr tht ro>r~cuic>o <oflhc•1'f"!"'m:U. <1. 6, 1:19/ . . ·. "-; .. -_" ·.;--.. ··:· -. ,----:; -· ., .. ;- --~-·---.-

: j hc•p;c;pCny or U:inÍ¡ :_ .. ~uio:ic•s" in 11Íc scn•c ddinc.f o boYe b ~ ne<c•· 
""<l' <-nildition for lhc pror;r•m' lo ho•c t>een dc>ilned bÍ< .\he constructivc 
methndnl<"CY- Morco•'l'r. thc propcny dcpcnds-only upon thc IOpDion llf thc 
pr...:ram ond not on !he primitivcs from whic-h it i5 synlhCslttd; In P.,niculor, 1 
~oto 51a!emcnt mi;hl hav~ bccn u<ed. llnwner, no! only an svch 1'fDITims 
be con11fuC1o.d wilhout o taTo if Condilioool$ and loops IK availoblc,-but fl"l 
u~• Or ~ ~"'" .. hith. is. no\ cqui,·olcnl 1(, onc·.of ~he••· ,..ill «suor -lhc requisilc 
lopolOI-)·. llcnre any le! or ..... ktions con !he usr or th• J:~lol whkh b lntcnd- • 
cd Lo achic-.c thio tOpoiOif is cquivolcnt lO climinuin¡ !he ;oto. 

' Thc lhoo..,\1<:11 po.-iblii!J of cllmlnalln¡ !he MITO · 

_. ----~_,.- >--:".;;: :~:-_-:>:.¡.:~--- .· -.·- ... , .. 
thn:e tn.nsf..-rnaliorts (Ti, Tl, TJ) defin~d on ITbil:&l}' 

11 í1 possiblc lo upress'lhe evalu,.;on of an lfbitnry rompulabl~-funelion 
. '" • ·notS.ion -..-hich · docs ·not hove. Jon taplicil · '111111.: ThB- ~is na! · porticul.rlr 
surprisin,~ sinte:~· Cll 'scvr~Jl formal systcms ol computabiiil)' lhcCII'}I, c.a .. rc
cunive fuiletions; do nDI use thc concc:pt; (l) (puJe) USP docs not use it; and 

H'---,__JHL_. _jr:,l' l 
n. AoJ ~-., ...... , ..... •f fOMHo hon ••r M •• ,,..,.,;, o lO.~,,_,...-•. 

-· . . ·-, .. 

1 

. • 
" . ' 

n. A..; '''""' tooa .. ,, .; .,,,,.:. ••1• ............ . 
• 

TJ. hr .... ,, ...... " ... .,, • ., 
1 ••1h •••••• lnto o,, .. ,,. •••· 

. · fJJ. Vii.·,WijnÍ•a•dcn (131;· iri delinins thc scmantks of Algol, climinolcd labclo 
J '' • , •••• -,ñd~íOio•l by systioinalk · lubstiiÍnion of pn:udurCs. llowc~cr, · lhis de>es not 
'. Ü.y' lhll.l.n.al¡oriÍhm for·lhi: cvolulliOIÍ o! \bese funelions is cspccially c'on

-. ~cnienl· or .lnnsporcnt in IDIR-Icss f01m. Alar! Perlis hu rcfcrrcd 10 limilar sil· 
uations os lhe·"Turins Tarpj¡" in wbldt coef)'thin& !1 pOSsib!c, but nothin1 b ¡ 

-cuy: ::-: ·-_.;;_- • ! ,..., : 

.Knuth 'anci Floyd [1~] 1nd 
Ashcrcf¡ and ·t.bnna [IS] ba~c 
•hown·tbal ¡p-.-en an 1rbi1rory flow 
clufl •11 ,.¡¡ ,fiCI -,om'blc ·lo cons1ruct 
anotbcr-n'" chart (usin¡thc samc 

· primiiiVn and no odditional va•l
- ablcsl which pcrfuunl thc sorne oi

IOrilhm and uses onll simple rnndl
lion•l and loop consuuciS; ol' cours.e 

- otbcr at¡orlthms Clisl that rnmputc 
\he 11mc funclion ond which an be 
cxprcsscd with cnlr simple condl
tionals and ioopS. The cumple 

.. sjvrn In A$ltuol't 111d Manna of an 
•lsorithm which cannot be writtcn 
in1-lc$s.fom'1 wilh<nl~~d!n¡ Id· .. 

- 11!\ionol ....-1abla 111: 

r--~--

' ' ' ' ' . 
' ' 1 
L 

• 
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By cndO.I~i ...,;.,;J ~f; thc rc¡ion• ol 
tht" n~w chan In dnncd ·lineo and l•belin¡ . 
them (Bt and tillo• 1hoown nn the pr~vinu• 
P.•IC. and f11llhcr abolractin¡ from thc de·, 
uils of thc proccn and dcdsion sn~cturc. 
the obstroct 11ructurc Df tbiluamplc is:·._ ·. :;· .. :- ,.. . . ' :.; : . -;' .. ~ . 

. ' ... ' 
Thc'rcadcr 1s rdcrrcd lO I!SI for a proof that such pro¡¡rana:connot b"·Ctin--.~ 
,tu..:led from limpie lo<>pin¡ and condilionol cnn•trucll unlc11 ~n •ddition•l: 
nrl•blc is 1ddcd. lntuitivel)', howcvcr, itshould be clcar from the ab~l!aclion 
ol lhe Cumple "lhll neithcr 11 nor 11 is inhcrcnUy·nntcd within ."thc othcr. 

; Murcovcr, the ulstencc ol. mull!plc uit pÍ.ths from 81. and 81 makc it impossi- .. · 
"blc to lmposc asupcri<>t (oimplcl loop (whkh inhcrcntly hu a linEie nit pothl 
lo rontrol thc· ilcrallon bctwecn them unlcu oomc mcchanism for poth ·sclcc· 

. !Ion (c .•. ~ on oddittonal nri~btcl il intrWuce..t. 

In 1211 B!lhm ond llcopini Jh'!W thot on orbitnry 00'11 chafl pr.ir;rom may 
be lflnslat~tl lntn on ~lvolcM·nne with o sin¡\e "whl!e natcmcnl"' br"intro
ducln¡ new . booluñ nrlablcs, Prcdkotcs te ICSI them. ond 1155i¡nmi:n 1· tlale· 
mcnlJ 10 ni them. A varlant Df this schcmc \nvolvin¡ !he addition,or."o sinatc . 
lnlCICf nrlable, col\ it "o," whkh serves as a "prOK<>m countcr.'" IS iivcn. 
bclow. ·.: 

. -' 

·:· 
• 

.. ' • 

• 

·. 
• 

·• ' S11ppose sorne now ch1rl pr01r1m conllins 1 se! of procu• bous n•i1ned:' · · ' . . 
llbltnry lnte¡n lo beis 11, 11, .. , , 1,. and decislon bo.es ns~· arbilrory in· Thus. for · uample, ·\he ·Ashcroft 
1C1n labcl• l.. ~o 1 • ., •• \., 1,. (By convcntion ISSIIm~ !he STOP bol ls IS· 1nd Manna cumple ¡ivcn nr!in 
ll¡ned !he labcl cero, and lhc enuy bol is nsi1ncd thc labc onc.l For uch (tht labcls are ai~en en thc carliu 

· PfOttJS box., 1,. autc 1 ac• bo.... ~·. ldcrukallo lhe formcr uccpt for thc addi· dioJflml bccomcs !.se e riJhtl: 
!Ion" al""the assipmmt "a·- 1,.'' where io"Íll thc·labcl oflhc :Rirxcssor of i1 in Constructiens 1uch 15 the ene 
~ Drl¡lnal PfOinm.c For cada dcct.io:m be~; i;creatc·the macro bor, 1,:· ¡lvcn 11 riJhl·orC undesirablc no\ 

.... 

).. 
. ,, 

"'f 

·-\ 

• • 

. . 

· enl¡ -bt<:~use -of·their·.;neffi¡:icncy, 
bu! bcc.ouse !bey dcmoy the lopole> 
IY (loop suucturc) and loeality Df 

. thc ori¡inal P•DI••m and lhus makc 
lt utrcmcly dit!kult lo undcnllnd.. 
Nevcrlhcless, the ronsiruction 
serves lo lllustratc thc pcllu lh•t &d· 
din¡ (al leos! ontl control variable 

. ls •n dfcctlvc de vice for elimina tina 
thc 1010. AshcrDfl and Manna huc 
aiven alaDI'Ithms for translatln1 ., • 

. whcre ~ •nd•l, are rhe·labcb ol'-llle' rurc-essws.o[·tht.tn..ln<J foln -br~n~hn or bltrary proarams lnto ~ato·l~u form 
!he· d,DC:!sMJn•, bo~r,, t1, la• t~ .orlamll•prqtwrr:. N-ow, creo te ""!he fQIIowlna Oow ·.(wlth .odditionol .. varlahleo) wbldt 

. dwt: · prcocrvc \he ctrlc:iency ond tepolou 
ot !he ori¡in.al pr01••m. 
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Tbt pr~crlc~ll"'"'lhllil) of ollonln:uln~ tht r.n10 

. ··' A! · discUSsed In· thc · prévious SC<'liO;l, i(.i~ · üieoiotklil; 1"'" 11:ic. lo· -:hr.-,: ... ' "" '" - ·'' .,_ ' ' ' ". · lnalc th~ ¡oto.•- Mcrcc,cr, thcre-con be lilllc_'qu~rrel ..-ith thc· "b}l'<"lm•s nr the 
ronwuctive ¡>ro¡¡r•mmina mcthodolo¡¡y. A conscqOcnce --or the. 'poiticular 
mtthodology prcscntcd Dbovc is lhot it produ«:• IPID·k" Pl"'lrJm,, thus thc. 
Joto is unnc«:ss.1ty In pro¡¡rams produred acroulin& to thi, mcthtKlnlcgy, A 
ker, perhops thc kcy, issuc. thcn. is whcthcr it is ¡m>rt..:olln rcnHl'C thc Joto. 
In-particular thcre is an appropriatc suSpidan among PracticinK pr<>¡1r;,:mmcrs" 
thot codin¡ withcut the 1o1o ls bolh lncorivenicntond·incmcicnl. In 'rti;s scc·; 
tlon we sholl lnvestl¡atc thue t..-o issucs, for, if il is inconvenienl or grosoly 
lneJr¡cient lo pro¡um ..-lthnul lhe 1010 rhcn rhe procticality of rhe methodology 
is In quesrion. 

Co,...-nicnc-t.: 

t P~¡rammiñl ..-lrhour the roto is n01 (nt<:C'J,.;rilyl -inconvcnicnt. Thc a u· 
th;,r it one nf-thc ~ui~n.,, .. lmPicmentors. ond uocrs ora "•r.rem• implemcn-· 
torion loncuo¡e,-'-' Bliu [16, 17, 18]; Bli" do., not hove 10\o. The l~n¡uo¡¡c has. 
!leen In a~tlvc u•e fcr thre~ ycors~ we hove thu! 10lncd considerable practica! 
upcrleno:c pro¡rammln¡ w-1\houtthc 1010. Thi• Úpcficili:C,!pan! m.¡,y~pe'oplc' 
and. In <ludes :scverol comPllcrs,":-. -conven~lional: pro¡ram"niin¡ !Y"stem i ( A.PL J. 
1~ · Opcrllinl_ sy>IC!"', 11 w-e!lu nu mero11s applkotioos programo. : ' · 

' · The inesapable ron,lusion from rbe Btiu c•pcricncc ;, rhatthc purporlcd 
lntonvcnience of pro¡rammln¡ w-irhouracou• b a my1h! Programme" fomilior 
.-ith lan¡uo¡es In w-hich thc aolo is prc<ent ¡o 1hrou¡h.o rothcr brief and pain· 
li:SI adapta!lon·~iod: ·Once ~SHhil adop14tlon·pcriod rhcy find that the lock 
of a IOio-is nol a humllr.op-.. ;on lhto·~ontr.uy. thc·-innri~nt.rc.,.·tion·is th.r thr: .. 
rnfnrced di•ciplinc of·pro¡ramming withou1:1 &Dio strucwre! and !lmplifics thc. 
lt1k ... 

BliSI it not, ho..-cvcr, a •imple ¡olo-less Un¡uo¡e; rh•t is. il contoins more 
!han simple ,.blle-do and lf-lhon-eln (or curl constructs. Therc are oatufll 
form, of ~nn,trol no..- thot occur In reol pro,roms w-hlch, if nol upticltl) P<ovid· 
ed for In \he lan¡¡ua¡c; cithcr rc4uirc o 1~10 10 that rhc pr<>¡1rammcr mJy srn· 
lhesi¡c rhcm, ·or. clsc w-ill nusc thc pro1r>mmcr lo c"Onlorl him•clf 1n mold 
lhcm lnto a &olo·lcu fcrm (c., .• in terms or.thc con•tructicn in thc prev•ous 
ICctlon). Cootortloo ob5euru 1n<1 1• thcrefore ontipathctic wilh \he con•trYc· 
llve Philosophy; llenCc tht opprO<tch In Bliu lla1 bccn ro pro•l~c copli~il forms 
olrlluc narunl con•trucr. w-hich 11c also inhc«:nllr w-ell-tltucturc~. In {191 
thc author anolyus tht rormt·or conrrot.R~- "'hic:h -ore 1101 ·cu~cy. rulized.ln:a . 
limpie IGI..,less. lan¡ua1e and. w.c.o. th~ anai)lllJ ro motlntc 1111: focilltics. In 

........... lloh ........ - ... ""'- OVkJ.,. .... , ..... , .... 

m;.,_ llerc wc sh"ll mctcly li,t """e or rhc rc•ult• or rhol an.l1•lt as thcy __ , 
m.•nifc•t lhcmsclves in llliss f•nd mi~hl monifc•l th~msct•·cs in ony &oiD-lcU ·• 
l"n;u~~c):· _-- • · .:·:-

"A colleouon'. of. "'con•·entinnAI"' ron u ni ~trumues: . Many of 
··· · · rhc inronvCnieno:cs cf a •imple ~uto-lcss l"ngu•gc are eliminll

. cd by simply pro•iding 1 fairly Ur1e collec-tion of morc·CII·lcsJ 
· "ronvcntional"" cnntrol struclurcs . .In p.arlirular, for cumple, 

Bliss includcs: conlfol "SCOfiCS"' lblocks -and · compounds), 
rondiuon:Uis (bolh 11-lh~n-~1•• and c .. e fO<msl. sc•eul loop
m& conltruct• Oncludin¡ »h!lo--du, dci->~hJic, and 11Óppin1 

.. forms), p<llentiolly recu.,;ive pJo<:tdurcs. and co-rourincs. 

2. E>pr~"ion Longul¡e: As nored 'in .. n earlier •cction, ene 
mcchani•m for e ~prcssiogi Íl~Orithms in ';olo-leu . form ls < throU¡b \he lnlfodU~tiM! o( ir. ieost nne ·.~ddihon•l. vuiable. 

· The :volu·e· of;'thb. uriiblc.5<>r"ts JO cneode the 111tc of the 
<omPut•tioo tnd"dircCI •ubseouent Row. Thi< is a common 

•prognimmi1Í¡•proctice used t"tn in lon¡uage• in ..-hich the. 
~nto is Prucnl fe.&., the FORTRAN "computed IOlo"). Blln 
"on ''upreSs!on lon¡uagc:• in thc sense Iba\ cvery conslruo;t, 
.10IUdin¡ ·thCii· Which . inanifc•t rontro!." ls •n cxprcssion and 

;;ornpules' i-'volue: The v•!ut or •n cxprcssion (e 1-, 1 block ar 
loop) form~ 1 ntturtl tnd ron~enicM implidl sratc nrioble. 

J. _ · E•c:ope Mechonlsm: An>lysis of real pro¡roms mon¡!y IU&· 
¡ests thar ene of the mnst common "¡ood"' u•cs of a 10\o lito 
prematurely terminatc uccurion of a control cnvironment -
for enmple, to exlt fTom the middle gf .1 loop befare the usual 

·tcrminotion condition is sstisfied. To occomrr.M'ale lhis form 
Df control Bli"" allow• -any upression . (Cllntrol · enV;ronment) 

.e 10 be.b~ded: -,n c.preo<i-on of tbe form ·-"kne· <htbet> -..1tb 
<cxpre,.icn >" m ay be necurcd wlthin thc scope oi thls 11. 
bdcd envircnment. · Whcn 1 lc..-t upeuion i$ necuted lwo 
rhings happen: {1) contrcl immedlttcly pone• le thc cnd al" r:::;;:. 
the control cnvlronment (exprcsslon) namcd in lbc lu•t, and ~ 
(2) the volue of the named environmcnl ls sel to that of tbe 
<c•pruslon> following the wllh. Note tbatthe luu upres· 
11on is a rc1tritlcd form of ror..-ard bronch just as the varloua 
formo of loop ron.rructs are rcsttkred boekwor<l jumps. lo 
bolh enes thc constructs are len 1eocul, and less dan¡erous, 

____ ._':'=•n the sencrol¡ot~. 

.,......,~_.,,......_-r-..-.---~----d"' l»!:w-~oo ... --....,_..llfl•- ... : 

--. ""·--·""·· 
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'In lummary, tl\en. r>ur UIJC<icn•·t with llli>' •up¡>ort• th..· nntion lhÓt pro-
crammln' without thc 10\o is no lc•s ,-anvcnicnl than W1lh it Ttlis .:on~lusion - -

· • ruts hcavily on tbe as•umpticn thot thc coto w~> not on~r~:¡ ;.:~w'e:! l"rm:. _ . ('lnc-ioal of ~ur rwfos-iDn muu he l<.o ¡,tf'>du'"" \ar~c·pr~hms or p;edoc¡-
. somc' · cxlsllni · ton¡uo,e," but•thU a cohcicnt ':sclcctii>n: of. ;.cli-StruOtuicd 'con- ah le. rd'~ Nh'ty T n. <Ir·. ~hi' ro¡¡uirc\ " ·onctlo<odulo¡u uf l""':'"m coMtructiun. 

strUrtl wcre nKmhlod u thc booll of thO conuol'com¡'<lncnt of \he ncw . Whotevcr_ the precise shope ni" thi, mrt.~n~~l<>t¡\ "·hr~h~r che on~ •kclihcd ear
lancua¡e. 11 would be unrc .. onabtc to urcct thot mcrdy rcmovin~ ti>; acto li~r ur -~?1, o~c rropcny of that mclhndnlo¡:y mu•t be lo loolo¡c (sub) <Dm· 
from 111 ulstin 1 1tn1UaJ~, soy FORTH.AN or PLII, wuul~ rc\uh in .. ·,-.,n·- pooonts_of 1 progr•m in such 1 """Y lhat thc pu>Of of lh~ corro:ctness of 10 
Yenlent notato'OII. On the other t>and, lt is ~O! unrusonablo 10 upect thut a re\. ubstracllon from thc<c oompoocon can be ma~e lndcpendent of bolh their im· 
all>ely 1mall act of lddltloru to ·an niltin¡lao¡uqe;especi.atly'thc bcUCr !lrUc •. plcmcntotion ood tlll! conle•l in ~<hkh lhcy occ-ur. In parlicular this implica 
\ur'"" oncs aueh as'AIIol O. Pl.fl, COIIld n:introduce the· ri:quisite·cOnve'nienCc:" l_h~t uo~estrictod bunchin¡ bctween compone~~~ connot be allo"'ed. 
Whllc 1101 1 unlquc lel of lolullons,_the'ec>ntrol mcchanisoíu'ln-Biiu are one _,: · - Whi:1hcr '"_.not 1 lon¡u•fe rnn1oins 1 ;.oto and whethcrcn no\~ •r""r&m· 

, ntodcl on whlch su eh 1 ·aet of addltlons ml¡hi be bued: · · · ¡ -

E.6'~t~q:...,_ 
:~-·" 

,. 
Mot~' Coinputinl ~sinl •ll• "'mmitt.id "' \llc nante of cffoc:ien"ci (.., itll~~~ 

nccenarUy ad,i;.•,\o.¡ lt) than for any cthcr sin¡ le rea.Oñ:... )nc!udins blind 11U_. · 
pldity. Onc of" these sln1 is thc constructlcn Df • "rat's nnt" o( contro\'Oow 
which uploits a fcw c-ommon lnstruction Hqueno:e•. Thil la prCci.,ly the form 
ol prosramminl .whlch must be cllmlnatcd !f wc. ~re e ver Lo bul!d corred. 
undeutandab\c, and modil\ablc •rstcms .. : · 

; 
: ·,- There '""' aPpllcallons (c.¡., "real time" Pr«cssingl auJ. therc •~ (a fcw) 

pol"\lons of uery PTOium wherc cffrcicno;y is cru~ial. Thi• is • real ;.,ue: 
Howc~r. thc appropr\1\e mcthlnlsm ror achicvin¡ this dfkicncy is -. hiJhi)' 
optimi>ln¡•compi\cr, no\ lncomptchenlib\c.•ource code. In Ibis conteu U is. 
'"0Tth notin¡ 1nother bencfit. oC• n:mcnoln¡ lh~· ¡~lo· - :1.· benclit ... hit~- tht au
thor did no\ fu\ly appra-i.ate until the Blin compilcr .. ~ dcsi¡ncd ·- namclr. 
that of ¡\ob~L .optlmlrotion. Thc prc.,ncc of 101o in 1 blor:l·!lruC\ured langu~¡c 
•ith dy!Limlc "onae all«ation forws runtime oYcrhcad for jumpin¡ out or 
b\or;h and pr«cdures and nur lmply 1 dimibuted oYerheod to support \he 
P!isslbility of such jumps. Eliminllin¡ !he ¡oto rcmovcs both of lhe~c forms of 
oYcdu:td. More ImpOrtan!. howhcr, is that: (1) \he ocopc of a eon1rol cn
,..lronmcnt is Sl.l1icaUy ddlocd. ln~ (l),all control apJ>M,n as onc ol •mal\ K\ o( 
upllclt control constructl. A con""quence Df {\) istha1thc fortun-H compilt:r 
!lO\, for eump\c, c•pcnds a c-onsiderable omount or dl"ort in ordcr 10 achic~e 
rou¡hlr thc ume pkturc o( onran control Q !ha~ lmplicit In the 1u1 o( a Blil> 
pro¡ram. Th• con5cqucnao of (2) la lhat the <;Ompltcr accd only dcai with 1 
111\111 numt>er olwcll-ddlncd control rorms; thus fallurc 11:1 Optimizo: 1 peculiar. 
b' constructc4 ,...,lanl of 1 cummon I:Oillfd 1ttuo:nrrc b·lmp0$Siblc:· Sin« llow• 
analysb ·b·prc--,..¡ubite· to- ¡lobol•optlnllulion, lhla.bcncll~ ol .climlna\i.oa.·.~ 
pte- alltblruno:knlllmolllef:l.o ....... . 

-mcr uses 1 ~oto tn sorne «>noe•l s re\oted, in par\. lo thc vorie\y ond utcnt of" 
,the other control fc•turu of \he tan¡uo¡e. lf the lan;uo¡c ftlls to provide ;10• 

I>Ortanl wrnrol construcl•. thcn !he ¡olo iJ a crutch from which thc PlO&Tlm• 
_ml:l" ~~Y synthcsi•c !he m_. Thc dan¡er in Jbe .Cflo is-thll thc-pro¡r1mmcr m1y 
~o ·thiS In o~urc w.ys ... Jl>e . .ad\'lntqe -in -elim\nttln¡ the '1:0111 · 1s tlnot ·thCH 
Utne (:OIIlrol ltru~twes will .oppe.tr .JO rq:ular .and .-.J!.dcflnl:d .,.qs. •l1>>lhe 
lauer ca,.., bolh thc human and the co_mpilcr wut do 1 bc:ltcr job o1 Jn1crpn:tln¡ · 
thcm .. · ' 
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lrOPKINS -9.·. 

A Case f or the G OTO 

·. 

lntrodurtlon 

• mid ihe scriou,nús ,.,;~né'd lo i1 bl' nlhcf'•i•c>i:ry sensible peoric ore $ymp-. · 
10mS ·or o"ffiolaisi: in l~e Cton>pulmg '""'"'unilyc Wc ~ue fcw r>romisin¡ new" 
ideo; al hond. 1 ai>O >U>¡><:~I lhll 1hc "'"'""CI')" rcfl,•n< <<omo1hrnl Ulhel 
ll«p·in !•••""" , .. :~re.!!" nr,ur.., lh-" '•"f'"'"'" 1> m"~'c •nd !he mere uuer
•ncc of <"erloir. wor•!s-i•.d3nc:r<>us ~r,delilin¡; .. b 11 an occidcn!ll.ol ~·¡;olD .. hu 
fuur'lciú,~i~·- .. -· · ' - ·· · :-.- : ·\,_ .. 

•• lla•i~¡-indrcalcd .;,y hélicf that lhis-«>nirovcrsy i•"not quite u mamen· 
\ous as some hove made oU1, il is appropriatO''to"poinl ou1 some lx:nelici.a\ as·· 
""'"· fir>~. inrcr.SI has h"cn fn<u,cd nn pro¡·rommin¡; Sl)'lc' and -..·hile style il; 
nm c~or)~hina h doeo h•'• a ~r••• dcal of inrpanonce. Second. the po;o~l•tity 
of the no ;ola rule is. in 14111C part, due 10 the f~ct lhat it is 1 simple rule -..·hich 
dMS improve !he code produeed by most pro¡rommers. As we •hall su, this is 
not sufficienl 'rounds for banishinsthe con•truct from ourlonau•Ul.ahhou¡h 
il moy wcll jusuf)· leaohina •ltor native mclhods of programmin¡ to lx:¡inneu or 
restrktins ito ~•• on o projut. Pcrha¡>S the mu•l bcncficial us~>t.tl of !he con· 

· uovcr<y will bt tU enoroUIIKt the u<e of block "ructure Lan,ua¡;e• and lO 
. 11 U wilh ..:rme trepidollion that"l urÍdelloke 10 de· -dilrouto;c use of rn:rr "'~)-!'CoPUlar l•n~u•&"'· COBOL 1nd l'OilTRAN ••·1hi:y 

rCnd the ¡o lo 1\alt menl.- a cOn"_rtiCI;~ which, ~hi_le · -.n~ie_n! , are not wcl! 5uiled tci"pro¡rommin¡ wilhout !he sota. 
and much U!ed ho• been •hown lo be~thcor<tioally ·un• · · ·- · · · · 
nerc .. ary (11 oncl \n recenl yco 11 ho•"oome;~!'dor ·~ .. 'The .. rrin01p&l·_mollvatiun tichind climina~in¡ lhe lOte Jlalem~nt is the 
muoh lltack 121. tn my opinion. thcrc h.-e been far.too.~:. ho¡>e.lhll _the resuhrng pru~r•m• wrll not loo'o lrke • bowl of 5pa¡ke111. lnsteod. 
manruto statemtntJ in rnost pro¡nml, but te '"1 thii IS - !he)- will_be simple_. _cl<lllll\ and easy to read, bolh for the pro¡rammer who J1 
not te s.ay that 10¡0 ¡hould be eliminaled frcm our pro- · engaged m '?!"!'O"'ron_.•n~ checkout"' wetlnthe poor •out aue~plm¡ _futurc 
&rammín~Lang~¡"&~ .Tbi• pa¡>er ccntain1 a plea fOt the'' '?odd\ca!ron.: By l'ordtnllcolo o~e ¡uaral'ltee_• !hoto pro,ram woll con~rst en·. 
retentron of aolo in bolh curren! and fulur< l•n¡ua,ei. -. \rJtly of one-¡n:one-oul conuol •l¡uCiuT<s .. tt ~ eur_ to Tc~d 1 properly tndent
lel us first examine thc ront-<xl in -..hi<h 1h< •onlro•e"Y'. ed ptosram wrtho<>l '"'" Slllernents, whtch " wrotten tn a.bloclr. S!_ructure 
occun. lan¡¡u¡ge. The po"iblc predccc55cl5 of c~ery 5111Cment are ob~ious and, wilh 

A wise phi\osopher once poin!cd out lo a luy k in¡ 
thot !here ¡_, no ron! road to gcomerry. Aflcr di•<c•er· 
In¡, in the lAto fifties, thol progromntin~ was oh~compu\er 
l'fObltm, 1 •carck·w"' m•de durin¡¡ the <illles for the 
¡0 ya\ road lo progr.,mming. Varinu• pJthS wero tri~d in· 
cludlng eomprchcn,ive opcrating syStcm•. hish« lc>cl 
"lan,uage~, projcct m.,no¡emenllechnic¡uc•. lime sh"ring, 
~lrlual memory, progr•mmer educalion, and applicotions 
pack-•geo. While cach of these ls u•eful, they hne not 
5olved thc pto&r~mminl problem. ConhonTcd ,.ilh thio· 
un¡cool>cd problcm ond with f:w.&ooo.l id:35 on,thc hori·
:u~n. !Ome people·aro """' hopin¡¡ that the royal rDOd wiiL·. 
bt found throu1h style, and thol bani•hment of \he ¡oto 
sutcment wil\ •olvc a\1. The uluence of thls conlroveuy 

the -uception cf,JO<:Ips;·•!l1'rede<cJSors ore hiJheT on the pa¡¡e. (1 assumc no- ' 
. , b<><l) . ••·.nes inncr. Pra<ed uru·lon1er tbon 1 · pogc anymore?) Why .lhen lhould 

wc-relain the ~~~~ st~tement ln out rur:cntond future'f'rosr•ITII'IIirta-lant"~'"'~ 

Th•otttlul tonslduaiLon$ 

11 hu been demonslfaled lhat there are how charl! which cannot be con
. vened tD 1 procedur~l notalion withoUI EO!o ll,¡trnenls 13, ~[. lt turns cut 

though lhot th\S re,ull l• not rcolh' an 111umen! fcr !he retentlon of ¡oto 11 
!hcrc ar~ meo~s by whieh a procedure can be '~"'""~n in 1 HSICmatic mannc1 
to •liminate oll instonces of ¡oto. An olmoot trivial metkod i• te introduce 1 
ne"· ~•riable ,.hkh can be thoughT ofas1he inuruction counter alon¡with lCSII 
and seto of lhi1 counlet. The method l• fu!ly dcscribed by llllhm ond bcopinl 
111. The results of this procedurc whcn 1pplie.d to 1 lar.se pro¡ram wiTh many 

• Jn11ancel <>!.gol• w~uld <~nroUy,be-e p~m ...,~;~~-;,--~·ra'dlb!e·thln lhl 
.ori¡in•l prosram wilh totollotem<:nts. Ho..-cver, nobody •eemsto be 1~1· 

lnl u1in1 IU<h uncon•idcred m"hods. 



• 



' 

The rul inue ;, !hol lh~ntclk•l Wllfk tu, SUH<>ICd ~ numl>.·t nf ,,.,h. 
ni.¡ues Uw! c~n b..: U>C~ lu r~"ri:~ p!<o~r.lm<, cló011in.oL111~ lhc ;,.,,,,,.,.,.,uf''''" 
Jhc!~ óndu<.lc rcplicnlinn· nf·O'>tlo.· lt\I"U: •r!tTiino¡L •.he inuoc\<oehom .,r """ ~..,¡. · 

.•bies ond ICIL~·~, Wcll •• Lh'e. inLrO\lu,·lión' of ~r<Xc~urc<. ;,,.~· of cÍ.c<c '"'": 
nlc¡ucs, when used ,;.iLh distTelion; con lntru,e ihe rc.od.lbihl)' of Co&'."·. Jhe ·. 
c¡uestion ;, whelher lhcrc ore ony · inlt.mces "hcñ Lhe opplic•tiun of su.-h 
mclht'd~ d.ccreoscs cWrity or produces sorne o•her undc<ir•bl~ crr, ... ·t. Whcthcr 
or not Lo rct.oin the 1010 doc:• not •••"' 10 be a thci>retic•l i<suc. h ;, rdlhcr o 
mtller of tasrc;··llyle and thc Pr>cticol consi~"•lioris .,r do• to dJy-conoputer 

· use." · •7' · 

A.Unnalhu ro COTO 

WUh re1pec1 lo curten! langua~es "'hkh are in wod< u>c ouoh •· C.OOOL 
.•n~FORTRAN,.Jh~re 1• the.prac.ticol con>iderarion'llutlhe 10¡0 uatemcnl is 
· ne<:usory: . EYtn·. wltcre. i. lln¡uoge it· re.,un.ot>ly wel!->uil~d · 10 PrCIIlrorn.niin¡. 
· wiLhoul the IOIO,' lhe eliminaticn of thi<i con!lfuct m.oy be- 11 on,·c too loo<c ond 

_1 too teSt:ricti~c. PL/1 provides sorne intcrcsling n~~tp!e> here_. Onc ••••~ frnm. 
on AlBol proccdure whcn th~ now of controlreodoc,,tlic en<.l br;o,~cr. PL/1 

, providcs an addltidnal mcchoolsm, an e•plicil ~HUM~< stotcmcnt. ConsiJcr 1he 
¡llblc look up In Ñ¡. 1 whkh iJ simi!1r toan e>omplc of Floi'd and Knuth)4]:, 

. -~~- The problem it'IO-Hnil.an Instan~ of )(in th'e--vccloi, A and if there is:n·~ ir--; 
- tllnn of )( In A; thcn moke a·new enlry in A of lhe or¡umenl 'X'.·'In eithu 

1 ,,..~ lhe indc•' of lhe'enlty ls relurned. A coum of the numbcr of moichC! IS· 
, 10d1Lcd wilh each cnu~ in A i• ol,o maiMoined in~~~ nsocioted nctor. B In 
1 lhil uornplc lhere JrC no 1o1o tlotement.o but Lhc 1wo RHURN uatemcnts 
: cause an nll from both Lhe procedurc 1nd the herative vo. Thu• 1he pro

tedure hu.rnnttol >tructurcs.which hove more thon ene uit on<.l one-ln-one-
' Oul control otruelures werc o principol n:asun for· "'uidin~ ~OlQ,. Should rhe 
; PL'll pro~rommer 1dd a rul~ forbiddiu¡lt:~lUKN~ Thc proccdur~ co<~ld thcn be. 

rtwrhten u In fl&- 2. Thi• involveo· lhe inttoduetion of a new. votiJble, 
SWITCH, ond a ncw tesl. lf ene """"'es rhol 1he lnlroduction of ¡ratui1out 
ldtnLiliers 1nd tests is unde>iroble pcrh1ps ~UURr< io 1 duiubk construcl tvc~ 

¡ thou¡h 11 ean·re•ull In muUiple exlt conltol >trOetures. 11 is my fccli~¡ thoL 
1 P<O<:cduret wllh leverol RETURr< >utemcnll ore eosy 10 rc•d •nd modif~ be· 
cau~oe thcy follow Lhe top lo bottom p>~ltcrn on~ mainuin thc ob•iou> pr~deeu
SOr Chltoctcrislit, while ovoidin¡ lhe lntroduetion of new vorioblt>. RETUIII'I is 
lhcreforc prcfctable lo_lhc o11cfllallvc of inltodUdn¡ new ntilblu ai1d Les!>. · 

· HowevÚ, IIETUIIt-1 lo 1 verr spcolallred slatemcnl. !t ooly permito on uil 
from one leve! ot one type of conlro!. lhe pte>Ccdure. One eould Jencrali•• the 
ftln>truct 10 apply lo muhiplc lheiJ of con!<OI•ond ro DO aroup• cr .. BF.C'olr<. 
bloo\o os .... 1!-Q procedu"'>c•-'!hi~ lt uoetly thc n:wnr of thc BI.IS'i \c~n {6] 

· <on11tuo..1,• La.:l<ina•sudt.lan¡uaac,.tll<: PL/1 u.c:r. muot conlcnt him..elf wilh 
IOio. But ls thlt 1 bad thln11- '!he 1ood pro¡rommcr, who un<.lcrstands Lhc po
lellllo\ complnlly whleh resulu from c1ceuive use of ¡oro, w\11 aucmpt 10 re· 

'"l 'ueh on alr<><irhm. F~ilon¡: 10 find an clc¡,:.anl rc<lalemcnl, he ,.¡11 in~ert thc 
l.oho:l :md il> '"«><iotcd ~nlo uu1 of thc tlc,ircd e<mlfol \Uucture. Thc lll>cl 
''""~> thorc as 1 w,lfni_n~ lo lhc •~•olor <H lhc roulinc lho¡ lhi• ;, 1 P<<occdute 
'"'"mor~ lh.on lho u>to;<l <umr•lc•lly. Nutc OI\O lh~l thc lobcl proin1 rnl<hc< lhc 
'~"· ·h·i• •mmodi•lcl).- oppar~nt "llcn lMUn¡ ~11h1~ >lalemc•H lhll iL hos on 
~nu>u•l ¡>red"""""'." Thc ''"~fui ., c,,Jcr ,..,·, "ant lo cun\u ~ o eros. ref"rencc 
li""'' 1c dclcrminc thc potenlill now o( cuntroL Note lhol lht BLISS ln•c 
con'lt~CI i> ><>mcwhll lc>S !han idc•l hcrc. In UUSS "hcn onc cumines the 
ende ~·hich folloW• o broc~el lctmin•tin' 1 lcvcl of conLrol, its pmenliol prcde· 
'""""'.' "'" n01 immcdiatel~ ~Pr>«nt. One musl lnok up~-ord on 1he page for 
¡,. "''"'i•led l3bcl. "'hich indic.ate< 1 p!'lcnlilll>m>mol prede~swr.lnd 1hcn 
ñnd lhe !out. h io m¡· fcclint thot unu•u•l ••IU. frnm le velo 0 ( -"'llltrol obould 
be a.oidcd. The muhiplc lcvcl ase i• especillny u¡ly. Where such amsuucls 
ore ncn:s<.ary, il should be made eomplelcly obvious to all, Stolcmcnu such u 
thc BL!SS loa•• encoura¡e unusu.al cxils from mulliplc k:vcls of eonlro\, Onc 
shou]d no1 eover up lhe racl lh11 1hcre is an awkword bll or JogU: hy 1Ju: inrro
<lucliDn.ol'.o new eun•wl=nmUtt_ 
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'· Ancthcr ir><crestin¡-PLII control o;ons<ruct is !he 01< ~nit .. Thi~ ¡,·.·~ 
n1m.e<1 block wh«:h io IUtnnigli~;;~lly •n•o~cd un'"''"'" •''"-" ;uch "' n>crtl""' 
but ot:corr •h~ be on•o~c~ ewh.:nly by~ •G!!Cmcm ur thc hum · 

~lGN~l ("ONUIIION '"·"'"'· 

i - . . 
COTO 11 a bule bYIIdlnt blod. 

. . 
• · The l&ck ?r • usr !!atcme<'l In PL!IIs o cle3r dcflcicncy, Thc resnurc·dul 

I><Qirammer ,.-,u tonstruct onc out of a roto. This docs not m3ke up for thc 
· lack oi 1 ""'! ll>_'ement, b_ut. il dots point up. on ,interes_ting and _ hi!hly le¡iti- . 
:mate uu or 1010. Onc C'ln _use h u 1 primiti•e io consiruct m O< e od•~need 1nd 
· ~lepnl control uructurcs. 'lma¡inative programmers will, from time lo time,' 

evelop·new contrcl-conslructt lJ Hoare·in•ented the •••• 11otcment [S], 
.~hosc..th~t :ue-wor!h..-hile.will be informall)'•defincd :md.inipkmcnt~d with 1. 

. , uro P<Cprocessor •. !he beuer one' >Oilloppo::>r.in e~p<:nmcnt,( mmpilcrs and 
- e_•entuolly lhe bcot wlll fin.J lhcir way inlo the ot•ndord longuol<< Suclt inven· 

:•ons ore o~en verr hard 10 lmplcment wi!h m3cro prepr"""s•c" for eú,.in¡
•nau_oaes wnhout use of the 101o construct_ There is still room ror lhc incor
porah~n or unusual cunnol mcchonisms lnto C>islin¡ block •tructurc longu"gcs. 
~~~"!"on \oble• ore_o prime ~-...1mpte. Onc woy o( h.Lndling dcci5ion l~blcs i• lO 

. 1 PI<P<oceuor convett thcm .. to source. l3ngu·1g~ ll3lemen" lf 3 con
. ~en1en1_ lton1lation proceu lnt<oduces 1n1o stalemcntl. lhi• is not impnrtant lJ 

lhe NS1c documentalion is 11 the decision table Jevcl. The sourcc lon¡ua~e is 
lrutcd 11 an inlernollangua¡e. The ea5c of !rlrt5lotion is moro importan¡ thon 
lhe lntroduction of l~lo statcmenl•. 

lh Another reloted re:oson for re~\ining IOio,.evcn in.our nev.c" lan~u·~•• ¡,. 
11 11 ls one.n II05>iblc.lo use a lo~uoge as·lhe lltrgcl tn which onc tr~n•btc.• 3 

-~~ot>ndorr •ou= lons,.•s•- lf·thc seccndory-langu~g" -hos ¡oln or -••en ". 
·,'¡~~rcnt _:acl of control ronstr\lcls, then tronsloticn could be very d1flicult 
lhc 0\11 l roto l_n lhe tar¡el Jan¡uo¡c. In albor word• sour~ lon~uo~ .. and 
• Ir usoc:lated compller~ •re usef\11 buHdln¡ bloch for thc d"'elopmcnt of 

•rcri"l t'flrt~lructs or ¡,.,~ua~cs ond climlnltion of ~'''" ~ctrcasct- lhc ranse of _: 
\l<tftJinc"·of o lolllf'U'•~C. 

r:tlltl "' "" '''"". - .. 

Part nl,hc rco;on fo• tct~inin¡ ~nlo i• that lhc wmld i• nol alwayso •ef}l 
ct~~.LM pl.~t·e ;111~ "linctimc• • tnlo is 1 u\cfu!. if ugly, loollo hon~Jc an awk
"~'d •ituotion. Aliorithnn n~ ofton meny. -~om~timc¡ !hi• m•r be due 10 in· 
hercnt comrle<ity. 1 suspecl, howc•er. th11 most of 1he lime il is bceau•e nol 
enou~h t1me·or in1e11t&~nre has bcen applied. Where lime ot inl~Jli¡en'ce ore 
lockinc::·• ;'nto·moy do th·e job. E•crr progr•rñ' will no! be published. Many 

'm&)' be'used'cnly once. 1 t~nd lo symp~.thize with lhe pro¡rammer who !hes 
'up a ene time rrn&ram 11 l:O() a m. wllb 11010. Of courR. lhe" is 1lw•ys the 
d•n¡cr that lhe procr•mmer ... m 1&1"'<- lnlo b•d hobit$ but l •m willin¡ to uke 
that ch•n~e. Perh•I'S il is·ln opronunity, for "'heo the inlelli¡ent supervisor 
reotb lhe rodeo( those undct him, he un roc:us on ony coto slatemeniS.- A 
Jlf<\toliÍmer ,~O~Id bc';._bi'e tii- juni(f eocli u~e of JOia.·· • . •, .. ,, ·'""' ~ . .- -, . . 
~ ::-:~..:J. h~~C ·--vtiided discuuin& rcrfcrmona:. whlch like deolh and lues, non e 
or'\il 'cari á~oid forc•ct. Suppose • proccdute tuns loo slowly or takes up too 
much spoa:. ,.. '""'rile oi !he llfOCcdure"' rcS\ruclurin¡ of !he d111 m•y be in 
or<ler. Bu\ lf 1hl1 f1ils ene m•y be driven 10 a tewrile In 1uembly langu•ac:. 
.There ·;,'In inletmedilté · aUcrnuive which ni1r sol ve !he ptoblcm wilhout 

· resorl lc'ln.iueffiblei.-- Tbi: p;o¡rammer who w1ites s1ruc1ured pro¡¡roms uses 
rellain 1echni~ues such 11 lbc introduction of proccdures and !he rcpe.tition of 
code -..hi<h an rcsull in lhelost or lime and SJ>ICC. Givcn thc idiosynctacies or 
m•nr.compilers, 1 little reor&•nlulion of code anda few.¡olll Halements inSert
ed by 1 rleve• pro¡rammcr ••n oflen improve performance. This is n01 a ¡:roe· 
tic• which l recommond for those Slattin¡ 1 ¡no¡<tl;cven ,.t.ere il is kno~.-n lo

. ha vc · ¡;,in~cnl p<:rformonce1 tequircmcnls. ·- Onc ·should.·~ve up ·• ·.itnu:tured 
pro¡ram in 1 hl¡her le~l ·lan¡ua¡c only 1ftet pcrformana: bonlenecks havc 

· bccn clea!ly idenlifted and tlrt:n cnly ¡ive up whll is obsolu\ely neccuary. My 
¡u~n i! lhol vcty few auch ¡ituations wi!l ui•t but when they do, 1 sli¡btly 
contorted proccdure In 1 hi¡her level lan¡ua¡e may be 111 mr•~tlvc a!ternatlvc 
to one l>'tiuen in assembly IIDJUIJC. The ~illain herc Js !be rompiler which 
produces bad cede In sorne sllu .. ions. Would eliminolion (as opposed lo 
•voidancel of ¡oto •i¡nl~c•nlly case the t••k of ~ompilu writers ond lhu< help 
us 10 l!CI ~ner objccl code1 lt ls dilfku!t todo justice to this ~roblem •s lhere 
are so many dif!'etenl comp!lin¡ techniques and sorne would be helped and 
1ome would nol. My feelin¡ 15 lhal eliminotion of lhc ¡oto would nol dramali
tally ene \he problemJ oi compiler wrilers. E ven !n cumpilen which do cxtcn
<.i~,co .control now analy¡ls, a ¡m.U potcenu¡e of imp!ementolion effort is de~ol• 
ed lo th&l tnk. A more lnletenin¡ 1ubjee1 for eompiler wtiler• is lhc 
identi~Cilicn or ·!hose oplimillliOrtl "'hlch · imprOVI' W porformana: Df pti>
JramJ .wrlllen wltb nene or -~ery few aolo srolemo.nll. --.Viewed .in 1his ti¡hl the 





c~i~tcnc~ nf well·,!ructur~d ?rr.;'" Id im 0<o<,,;·•n .L>I.;i·.,n •. d ol~i~o~ti"" .•n•l 
more \Oorl< un •nuopilcr "'u~rs. Tho< os wur~ "hoeh li1•"Y ;huuld c.,~~rlr . ._,·c¡•l 
.o Lhat pro¡¡rammcro "ill'nmC,ha•·c .lo mJ~t lh~ lTJd~·otr '~l"ccn "'· ""¡¡. 
$1ruclurcd prosram a0d one_lhal:¡,érforini "ell: More Y,.u;k"is rcQuiréthn <hl, 
iri:i: .· · ··• ' ··"'o - · · · · · · ·· · · · 

' 

The 1oto iuuc i1 pan of lhc lorgcr lo~ic of ovcr~ll pro~r"mming <L)io. 

One or m~ worries 1.- lhal wc will becomc the prisoners of onc curren1l¡ 
fuhionablc "classical" Jlyle.· Perh•ps olher rules of stylc are bellcr. For •~· 
~mrtc we mi¡ht uy lhat only a 1oto which was dnecl<d forward ,..,. ele~""'· 
Pcrh•¡n it !J u•eful lo re>trkt ·oorsdvu lo ""ndurd type labcls .such ~• 

""""ll.u<.:..hl<li.'".·Vaprin:of"JIYIC·"Ot f4ollicllt•uc"d- mw<.li~t~rL ">lU<.lcnu wllo 
!hould be ·taugiÜ la a rathen::onsiraine<l.wor.which ;, ~>t•bli•hcd by !he le$h· 
er.- · Al<a,. rho.•e woll..ins. en lar¡e projecrs ,.¡¡1 h•vc to <"Onform lo SlondJrd•. 
Hn,.cvcr, c~peri~nccd programm~rs and languagc designers of l~ste.ond in1J&i
narion will wañt lo e~periment and they should be encouragcd lo do so. ·APL 
prO\'"odcs an intereslins uamp!e ora diverso s<~le. A conwu1cd ¡:oto. in-rh'c 
fcrm of a rlsht polnlin¡ arrow uim in"APL,.bu·t othcr !h"n.funclion iÍiv"<ÍCJ· 
tion thcre are'no Control conSirucu"such as lf TÍlE!«"ELSE or ~n i1.:ra1icn' Srate
mcnt.· Surprisingly one doeJ nol gel a maze of¡oto slatenienl!i in a wcll-writtcn 
APL funcrion. for lhe powerfu! arroy opcralors '""be uscd in siluJiions where 

·loopJ :occur In other lan¡uoges. Sequenliol ••eculion of stotcmenl! 1hus be
oomu lhe ¡cnera! rule ond fcw righl poinling arrows ore rcquircd Wh~lhcr on 
•ltorirhm wrinen In APL i• d.orcr thon thc s•me olgorithm wriucn in a bl<Xk 
•tru<ture longu•2•·••~ou 10 ·b..-·J· nntter on- ""hioh ·inll:lligcn. ·pcuple of ta>to will ·· 
di .. !ree. 

Elcg~nce in prosrommln; lnvolvu.morc !han avoid1n& IDto. ond bcyond 
l~e 1010 controvcrsy therc are a grcal many olher importnnl issucs of style. 
Thete b the qucstion aboul Lhc elority á arrJy opcrot"tons in A PI.. ~nd PL/1, os 
"CII &! SlrUClure operatíon• in COIIOL and PL/1 To whot utenl ore implicil 
eonvenions l subsumplion of ••<raneou~ d<:l~il and in -..·hal in<t,nc~< do 1hey 
produce •urprising rc•ull•? Therc are many GUCitions about oplim.tl sire and 
tumplexity wilh respect 10 exprcs.ions. ncst1ng of IF and 1tcra1ion statcmenlS as 
,..ell Ll lhc 5ize an<l oomplexily of proccdurts. To what ex1cnt do decloraliOn< 
Prcpcrly oubsumc dctail and lo wh•r ulcnl do they lcavc lhe me.,ning of • 
Sla«ment unclcor unte" ono ls simuhnncouol~ uaminin~ the dcdar~lion~ 
Undcr what cireun.,t•nccs, if any; shoul<l functions h .. c sodc effec" or Jhould 
llcr~t!on .. rc/lli!C4-. tccut5ion·!. --Te. "'hot. u ten t. can -we· e11minale oSJi¡¡nmcnt? 
These Utd. tnlte:r.questlons a•a·sublle." b"l Jmport:>n t•slyli•rlr,prob\ems whkh we· 
or"c Ukely lo P&!S over lf we con~nlrate roo hc1vily en the relalivcly •implc and 

. unlmpgrtanl Wuc .of tala. 

1 

' 
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Concluslon 

tolo should · b~ 1 et .. inW iH"bol h ~u11en1 -md f~t~ure ·langu,~cs -!>cea use i~ ls 
u•dul 10 a limirod nun1ber of •itu•rions._Pro¡rommeu shoutd w<>rk hord_to 
ptodLICt well-struc:\ured pro~r"ms <~ilh ooe-in-one-out ccnlro\ slruclure_s wh1ch 
hove no ;oto slatcmcnts. Whcre lhis is nol possible. we ~hould no~ thonk lhat 
~lcgance is oehioved wilh a magic bngu~ge formula. 11 os f•r bcner lo admlt 
1he awkwardnc" ond use thc coto: Furthermore, ¡oto iJ • useful moons to 
synlhcsize more complu con1rot'>íruc1ure> •nd incr.eases thc use_fulnes~ or • 
lan¡uage as a target lo which olher l>nguages can be transla!ed. Voe~ed .'" lh_e 
¡1ght'of praclical programmin¡ "' on uhomote escape, ~oto can ~l_so·[a,,usnfied lf 
not encouraged. Finolly our wisdom has no! yet reached the pg1nl where f~tore 
langua~e' >hould e!iminale thc ¡oto. !f fulurc work lndica_lcs lhat by avo•dmc 
¡oto we can gain sorne imporl&nl adv•nla&c •uch •• rculmc pfOOfl thll pro
¡roms·an: corn:c~. rhcn rhe dcdsion 10 retain the p10 a>nllr:ucl . .ahould be 
.rccoosidered. But untl! then, h lo wi•e 10 retaln lt. 
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'._ 
On' !he Composition 
of Well-SúuciureciPrograms ·. 

lntrodu<tlon 
.' 

' . 
In th~ fitu docade cf 'omruters. ~Y up 10 the earl¡ 

si1ties, compute" Y.erc quite limitcd in their pov.er .. The 
·tnk ol the prcgrammer wu te fcirmlllole ~l&orithms'in 
the spc:citlc order 'codes of Lhe•é ¡,.;~~iocs'so'rtioi·lhey 
were ulillled •• efrecti~ly as possibl~:· Prim•rily be<;use 
of lheir limitaticns, this lask ,.., achie~ed b'y enllectina 
1e1s of de ver technique• ond mnling tricks, ii>d -by 
~nding.wplicotion• fm them ns.frequently '' f'O"Íblc. 
Eumplcs of such techniques·were the progr~mmcJ self· 
modincation of pa.rlS of lhe pro~rom, such "'· fm in· 
$!once, lhe tonve.,ion of conditionol jumps intu Jummy 
lnstruc(lans anJ •••• versa, '" the ·shorin~ of uorc for 
functionolly indcpcndcnl, bul nc~r simull~ncou•ly uscd 
au~lliary ~ari~blcs. 

'. 
t 
' 

" 
Tricks wcrc ncccs<:~ry 11 tllis lime, simply l>cc~use 

m~chincs wcrc· buih wilh limit~tiom impasc<l by 1 tcch· 
11ology in ils eorly dc~elcpmcnl sto¡e, ond bcc•u•c •~•n 
problems thol "culd be termcd "simple" no .. •d•ys cnuld 
1101 be hondkd in a waiglttfor,..ord '"'Y- lt wu thc pro-

~ •••mmcrs'·v.:r¡ t•sk·to·push·,-omputers to thcit lintils by 
wha~w:r mun•.avl.ilablc .. Wc should. tcnll.thatlhc.ah··· 
1cncc of. Inri""- re&isr.:t1 Cand indirccl addrcso.lnJ), for CI· 

ample, modc aulomatlc cede modmealion a mere ncec .. i
tr Cace olso [1, 2]). 

,_ Thc c«cncc nf pw~rammin1 ,..M undc,.ioOO to be lhc npfiiii"Qtio~ ¡iflht , 
~/Jjrit•rÍ.;o· of f'.ltlkubr morhines e•cculin; l"'rtkulor·ol~~rilhms. lis compu1crs: · ' 
ifc,. morc:-JI""crful, Uoc I•II•LIO:m¡ po .. ~d In llic rrrc.~r•rnri•crs ~,.,.-,rrop.>rliQr.'-:: 
ull¡·, ~n<l •• • •<1.•11, \loe -~ru,.,n~ Jl"''"''of h"rdw•rc did no1 c»c,-bu\ TO!Itct In:, 
'""'d Íhc hu--kn Thc-clirnincltnn of ~~r,,¡_,~cio~, crrur• ond blundtll ·;.: 
rollcd dcbu~gin~- bocamc lhc c~cr,.hclrnin~ pwblcm 

, Undcniá'ndably, · the 1cmcdy .,.-u iowgltl · in : lhc ~c~clormcnt and use or 
'heiicr lools in lht furm of Pruar•mmin¡ l•n¡¡ua¡es. The amount of rcslstance 

· •nd rrcjudicci >~hii:h'lhc fMsithted oririnotors of FORTRAN had.to o~crcame 
to &oir, ><'l"or!On<e of lheir rro~ucl i•.a.memn,.hle indicalion of !he r!e¡rec to 
"hich pr<>trorum~rs ,.-ere rrco:oupicd "'ilh effici~ncy, and lo ,.-hith loitloolo¡y 
h•d ol!caJy bccomc an addic1ion. l!o-..cvcr, once lhese odvcrsilics and fcars 

.had ~en overcOme. FORTRAN hoila tremendous iin¡»ct -- tn lmpacllhat ls 
slil! fclt'lodaY: ALGOL 60 follo-..ed scweral ~can later; lt wcn1 bcyond FOR· 
TR'AN in snerol signifioonl resreru •. but ei.senlilll!' .s.hned tbc.umc purpost 
ond-inl:ntinn_, In ~nkular,.ll uleridcd·lo lhc k•·cl of·slolcmcnts whll FOR· 
TRAN had i.rurOO•JCcd ron 1he 1<...,1 or lorithmellcl e~prr.<sinn" u"'r""''- llut 
ALGOL 60 wu nol vcry su=ssful .. hcn mcasured by ia f¡cqucncr of use in 
lechnical.ond ci>mmerciol'applioalions. Thcre ore.mony re .. ons f01 lhls, one 
bcinl lh.i( h oppcorcd Oii 'tbc scenc whcn !he rele~ance of slruclute bad no\ ~ti 
be en _Widely, reeo&nircd, •~d lis reWi<li~cneu •1•inll the use or ele ver trlckl 

- .. u-corisidered 10 be 1 handicap and 1 dcf\ciency. The law of thc ''Wild West 
of Programmin¡" wu 111lt hcld In loo hi¡b u1ccm! Thc nme lnerllllhll kept 
man~ ossembly code progrommers from ad~ondn¡ lo u•c FORTRAN Js now 
lhe principal ob¡lacle ·~•in" movln1 from 1 "FORTRAN slylc" to lltructured 
Slylc. · lo. 

As lhc powet of rom~utcr¡ OT\ !he one side, and lhc comrle•lly ond si•~ • 
.-of the prncr.,mmcr'<.luk on lhe olhtl eontlnued lo ¡¡ow '"ilh • •l'<•<l un• 

rnalchcd by any olher lechnolo¡;ioal vcmure, 11 was grodually reo:.o;nized lhol 
!he true challen¡c does not.oonsisl in pushin¡ compule,..totbcir lic:'lils by SIV· 

ing bits and microscronds. bul in bcln¡ capablc of o¡ganizinglar¡e and romplu 
progums, and assurin¡ thol thc1 speclfy 1 process lhol f01 an admlucd lnputs . 
produces !he dc•ired resolu. lo short, il bce~mc cletr lhll any amounl col 
cilicicncy is worlhlcn lf """ e~nnol pro~ide -rl;obi/rry [4). llul bow e~n tblf rcli· 

-abi!ily be provided? lfclc.llrutture cnlers !he scenc as \he one encntiallool 
for mastering complexily, !he c!feclin mcans of con~crlinga sccmin¡ly sensc
less mus ol' biiS or chariCICIJ imo mconln¡foland inlclligible lnfQtmalion. We 
mull ltco¡nize 1hc stron¡ 1nd undcnioblc lnnuen~ lhol our Jan¡ua¡e ncrts on 
our "•rs or thinkin1. 1nd In fael defines and ddimils lhe obmact 'l>let: In 
which we con formulale - ¡In lorm to - cur lhou¡hls. 

Bul .Dow tho term Jl<ur:llJrrd prc¡¡•tlmmint hu beco coin~. and h seem1 
· linotl¡'o be·acbievin& .....,111he 1erm "slnrctured lan¡u11t" . ..,-u unable lo 1111· 

i<51. /1 WIS lim used by E.W. Dijkttra [3), rnd hli·•p•ead-ilb '0/UÍOIII·In· 
tcrprclllion• and connolat!ou 1inee lhen. lt 11 !he cxprcuiOII.J;~f.a amvlr:tion 





·--~-----··-·-

. . ,_. .. 
th>l th~ programmcfl' kno~lcd~~ mu>t not am<ht of •·b"' of tri<~, J~~ tr.,k 
secrcts. but or a.atner•Lintell~<!ual ability -lo.t.cklc problon,.·S)Sl~m•tic:olly. 
and th>t partiéular tethnique• •hnuld b.: ropl•c.:d lnt.oucm~~tcdl h)·' "'"'~'1<1. 
Al lts hurt lies an orrrwd~ •~th« th~n a <ecipo:: thc ~dmis,ion of th~ linti<>tion> 
of out minds. · The roco¡nition-·of thCIC limilotiun• con 1>.: u<cd to OU! ad~Jn· . 
:a¡e, lf w"e carefully "rutnct ounelvÜ 10 writin• pro~r~ms which 'we can manase 
lntcllcctuolly, whC<C we fully und;rstond the totolity of thcir implicotions. • 

... - ·-· ·--

An '"'"nple·moy <1.uif7 tllc inucl at thls ¡>Oint. Thc: rcadcr •huuld be ,. 
aworc: lbot •nr c:•amrlc thai Í51UfrtCicntlylhnrl to-llt onto a sin¡lc ra¡c cannot 
he much more. th.1 n 1 metopbor. rt•>l>ohly _ un~M ~incins tn .h·abilllll .~k.eptics. 
T~o ;,rr-•t~nl thin~ ;, tn ~b,tn<l fotom lllt c<Ontplc ~r>d.IO.Imaginc the ume 
!"~l~!)d t.>_lnr -~pplied _lo _!.t{tc l'"'~'"'"min~ rwblems - '• · · .-
;.:_::.,.·.·- .... -··-··l_··· .... · .. '·'· 

E.,amplr Jc ScqUI'nliol mtrgi"' 

GiVen o s~tvf ~- lw inleiCf variables rt1 •• • ." rt .. ~nd 1 reeipe to permute 
theit v~lues •uth th•t "' 0!0 o1 o;; • •· • ,¡¡; "• usinl· !he pr!nclp!e of SCQUCnli.al 
merEin¡;. ·--Thu•, wc "" .tu- ""''. undet the. f. u u mptian e>f -•trl<tly .sequent.lal &e

te". ·Brii:lly to!d,·We sholl use thc followin¡algorllhm: 
·. ' 

- !) p;.\; individual fompcoen\1 ,._m and mer¡c thcl1) lnto otdered 
P•irs. dcpositinl[lhcm in a vorioble ,J'l'. 

l) .Pick thc otdcrcd pairl from ,po and mer¡c them pairwise lnto 
•. ordered quadrupln, dcPQsltínlihem "in a voriablc u"'. 

..,, -. • • •" '· • • • • 1 -•. 
· J) • - Continuo -Ibis ¡o me, neh time doubUnJ the al:e of the mcflcd -

¡ubsequences, un!ll 1 sinl[lc sequcnce o[ lcn¡th lf - l-""ls ¡eu-

· • · :Our- m'oSt --Únp.-irtin/ ment~l too!' for ·~~~~ with c~ntplc• ily is dbmocr:.w. 
Thereforc, 1 eomplu problem should nol be ·,.,,.ded immcdiatc\y in tcrm• ,f 
""mputer instruclions, bits, and "lo¡ical word1," but uther on ter_ms and cnll· 
ti~ norur•l In thc problem lnclf. obltncted In some suitoble sense. In thtS 
proti:$S, 1n_ abstrae\. prognrn cmeracs. petformtnl tpcctfic opcrouon< on 
abstrae! ditta,- and fonnul•ted In sorne ouitable nototion .,.;;. quite po;síbly n~tu~l:. 
bn~u 1ge .. The cpcrotion1 are tllcn conJidcrcd u the const!tuent•-af-the pro---
1.-.m whith orc.furthu 1ubj~cted to de.;-amp0$itlon to thc nnt "'lo .. cr"' leve! ol 
abstraction. This proc-eu of '"(li,.mtnt contlnu~ U'!lll a leve! il.reached that 
Cln be undustood by a computer, be 11 a h.lah·lcvel proarammtnl lan1U11e 1 ,__ 

.. crl!ed.- · 

FORTRAN. or somo machlnc rode U, 6] •. 
;• ) ·.,, \j" ,,_-:'1 • .· -~r- :·· •::·. <· 
• · :_- For. thi hiteUcctual mana¡eabllity,. lt ~ ··· 
·ls aucial that !he conJthucnt opctations al ~ 

:·.cach levd of absuactian are connccted IC· 
·, cordin¡ 10 suffidently Jimple, wctl under-

1-lood. ""'"~m JC!r~mGJ •.. ancL that . cacb 
opcration i1 duc:ribed u a piccc ofprov.nm · 
with 011~ Jtarrint pointand a tlnJ:I~ l~tminor-· 

_: lnz pomt .TI"tis atlows ddlnin1 st.ote• of the 
atmputation (P, Q), l.e., relotlcn! amona 
the lnvolvc:d variables. and onachin1 them 
to the startin1 and terminotin¡ polnts of 

· E>.ornpla. 
uch opcrat+~n (Sl. 11 i1 immateriol, 11 thls ,. 
point, whc:ther tllcse sutes are deftned by "·· 
tl¡orous mathem•tical· formuiJ! (l.e., by.· 
predkotes of lol[iool c:olculus) ar by 

. auffidently olear orid lntormoti~e sen· 
- "tenc:eJ, ct by 1 combinollcn of bcth. The 

Importan! PQint-ls·tho.t tho.protramme<·hu 
the mean lo pln darltJ. about .!he In ter· 
ro.., conditic111.· ~r..ee11· thl:· ladivld<~~l ' 
butldln¡ blcds aut d:· whlch be COnlPOI"' • · 
hb PrO&rom (1) .. 

"' 
~- ·r 

' 
--, 
___ , .... 

,,.,_, 

-Atibe outsct, we no11ce thadwo,:· 
, : 'o:iibJcj ·-,.m and · •~' ·. !uft"~ce, ··ir "!he :· •. 

, tterils aie oltetnately shunlcd between · 
them. Wc •hall lnlfoduce a sin&le llfl) 

· voriobla. A wilh 2w tomPQnenu. sueh 
th1t rt111 

;, rcpresented by A[l] ... A[,) 
-•.Ond _.,'11 -ls rcptescnted by A[n+l[ • • • 
·AU..:. To.~dl nf illc•c 1...-o C<tnceptuo!ly 

. iodr:ptndcnt p.orts hu twn poónts of.. 
seQucntia! acccss, nr readf..-rite head.J. 
These ore to be dcnoted by pairs ot In· 
de. variables 1. j and k. 1 respcctlvely. 
\Ve mor now vlsualize thc sort procc11 

·as 1 repeated transfcr under mcr¡in1 oC 
tuples 11p1nd down the atray A. 

( 

( 

: UJ 

) 
l 

' ' 

The fint vonion of nur program ls evidcnUy a repetition of the mcr¡e 
sllutUe of p-tuples,"wherc each time 1round p Jo dcublcd on4 the dltection of 
tbe shutUe ls cllanaed. As a rnnsequcnce, we need two vatiabin, one to 
denote thc tu pie size, one to·denote Che direc:tlon. We w!ll collthcm p and up. 
Note tila\ each repetitltote ope:olion mU$1 ""nUln ,a dloo¡c or Ju Ccontroll varl
oble~ ..-ithin .,be ·loap, •an "irrlualiation .-;n··f•onC·-d· the -loop,· •nd '1 tennination 
oorilli\ion. We eas!ly convlnce ou"elvcs g( the torreclneJI ollhe folloorln¡ pro
¡ram: 



• 



• 
·"'' _,,, .. ,,..; 1:-
, ~p .. r 1: "lftlli•lir~ inolico• <J. t,an~ /""; 

1· "no.:••~ p-I~Pk• ''"'" •· an~ 
~~~"""''" '"'" 1.-..lnd, • -. 

-.. 'Kcqo~n•..:"•7: ; _ • , 
·-' ;·~¡.:--,-,'::'-1•p:-,:-
' uru,:-~ .:·>:·.:" · 

. ' ! ... 

:-: 1 J 1 : 

, 
. ... 

Stll(menr-1 i• ea•ily e•pre.,cd in le:"" ·'' , "'l'lo '!";:r.n,cm; dcpci.d;i., 
On thc dirccrlon of the mer¡e. po .. : · 

_., .. .. . \i ,.J 

1: lhprhon', .;_',_ .; 
· ·• M•Ln 1:•1:/:• ~; 

k:-f_io+l;l:-1•• 

'" <h< 
br¡:l" t: ~ 1:"1:- w:· 

· _,,: ~-w+l;): ~ l•n· 
•·' ~nd ! · · 

. - {4) 

., 
'i"''"<'<'. 
mcnL·)· 

'Thc•c ddihcr•rion• <jukkly k:•d 10 the follo,.·int dcs.criprlon of ilalc; · 
', -·,._.,-~---, 

•J: ,h<"!'lnq:••p:r: . .,-,.: 

. 
,. . .,...,.:.,.~en rhc: ,,..,;¡,, irconi 
·u A[d-< fl/] rhcn 

bt-r.ln A[l]: - A Id:. 

'"' •'•• 

1·: •lih:o: • o+l;' 
,, - q-1 

beeln A/1·1 : - 'A\¡): 
l:-l.+h;j:-}-:1: 
"- r--1 

'"' un1U lo • (l) V fr • OJ;' 
\ ... S· "<bl'> I>H of o->C~uon~": 

6. "<OPI loil of j.S,Q"onoe" < 
· '•nd · · : • : ,• · ' . 
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l . . The m•~nii ln·.'Which lhe t•il coryin¡ opcrations ue s111ed dcmands 1ha1_' 
Stat~~enl· descr~be• !he repeated mer~.'"i <>f P-tuple•; we sh"ll control lhey be desi¡ned 10 hne nn effecl. if initially lheir rounlcr is uro. Use ot a 

thc. repc\rMn by c:ou~un¡ !he number m _or ~tems mcr~cd. Thc sourco:s are~:-.:-. repcliti\'e conS!ruel le•lin¡ for tcrmination Wart thc IIISI necution· o{ the a>n· 
de!l¡naled by !he ond1c-e_s 1 ~nd J:.lhc ~e,lln.1Uon _a!iun,oi~S-betwcen:md•ces k-:. '.irolled'~talemenl is ihCrefore mondolory. ;. - · : '· ·' :~: . · •. · 
llld C lnste&d of.lntrodUcliiJI.IICW.Yifllble Sl311dln&11tC11lalefy for l;and /, WC ·, .•- _._'.-. , ~· • .' ;' ' ·" - •:·,_.;: , •••• :((). 

:uoc-i.h'e.slmple·sotution of lnterchan¡ilij k "and laftcr'é&ch p4ur'le íi1ir¡é."and ~,--_ 5: ~hll< f +O do' 
lcltin¡ k denote lhe destinalion lndc• at olllimes.· Cle•rly, the inCrement of'k - -... btJI~ 1ft 1:- .-.¡!]; 
hu then ID allcrnue betwcen thc values + 1 ond -1; le> dcne>IC the incremcnt. . -. '. k_' ~ ~.+h_: _ 

1 1rC inlrodl.ltc thc auxiliory vari•blc h. We con ca•ilr ronvino;c e>urselves that 1· /+ ,q. q-

'"' , \he ·follawln¡ rcllnement i• corree!: 

¡,' ""'" .. : - ,__. h' ~ 1: 
rtpcol nr:- m-2·,.;· 

'"' 

· l: "m••s• ano _Muple rrom 
ach of llnd J 10 t. ln
aem<nl t ol••• ca.~ 
move by h"; h: - -h; 

4·. "e.chonselc ond 1~'
uUI "'--o... · 

_m 

Whcreos stalcment-4 11 euily uprc•scd •• • sequence of Jimplc oui¡n
ments. statemenl·l JnvDives morr: eareful plannin¡. 11 dc,..rib<:s !he ae1ual 

· mer¡c operation, h., the rcpeatcd rompari•on of th 1wo incunlin; ircm•, !he 
scleclian of !he lesser onc, and the steppin¡ up of \he Ctlllespondin¡ inde~. In 
e>tdu to kecp· lrDd; of the numbcr-of Jteml t.ok~n {rom- tl>t t"a-:roure<:l.-wc ln
trodv<:-e tho·two cuunter ntiahh:s•<t ond r: lt ·must be no1cd th•t the mcr¡e DI·· 
'"•Ys uhouStl only one of the h•o murces, and lea~es the other one nunemply. 

· Thercrore, tht k:flonr llll must •ubsequently be copied onto the o~tput se-

· -~=· ... hu.,-~o O do 
·-'-•ollo¡:ll> ~Jt J :·-A[;]. 

'"' 

A:- •+h; 
J:-J-\;r:-r-1 

· Thi• cnnclude¡ thc development ond prcsenlllion of lhl• pro¡rim, if • 
. computer is ovailoblc 111 oe<ept statemenls of lhis form, i.c., lf 1 ¡uitable cum
piler is ovaitablc. 

In r>anin¡, 1 1hould like ID meu lhol w~ should nol be lcd lo Jnfer lhot : 
-;actual pro¡um conccptloll pra«:eds In Juch a ... n organized, Jtr>i;htforW3rd, 

"top-down" manner. Later relinement sleps mor oflcn show lhol ear)¡er deci·. 
slonJ ue inoppropriatc and m u SI be reconsidered. llut thil nul, MJ/~4 factQri
JDtitl11 of a prosum Jervn admirobly wel! IG kcep thc individual buildin¡ block¡ 
Jntelleeluolly man•¡uble, le> c•pl>.in th pro¡um toan audientc·and fe nneself, 
lo·r.-ise 1he kvch>l' wnfi.drnao:in·thc l"ulfom,--and tC>'rondutl lnfurmal, and 

·1:wen fCifma! 'J>IOOfl of ametlness. Thc eme•¡ in¡ me>dularily !1 partlcullfiY wcl· 





.-

. \Com~ if pr..,r•ms ha ve u' t.: o~ju'l~d In (hon~~d-or cucnJ~,¡ ,,~,-¡r,..,.,;.,.,,_ 
'·'Thi• is a mO<t c•<enllol Jdvont,~e- ~inc"C: in nroctic-.: fe,. oro&"~'~ re'""¡,, <<>n

.- ll~nt 10< 3 long l•m~. fh~ n:;,J.:r 1S ur~~,¡ 1<> rcdbcu>cr lhl< Jd>:onl.l~C by ~cn-
erolilin¡lhis mer¡~-sor1 progrom by allo,.ing nlo be on)' inlo~cr ~reater !han l. . . . . . . 

... - -.. ,, 
Llsl ol1 inl•gcrs bci.,Ccn l and Nwh<J:~c •qu.orr• h.,.·c a dccim.ol rq>rc,cn· 

lation whi<'h is a palíndromo. (A palíndromo is a •equencc.of d\JrJctcr> thal-
:-" ruds lhe unie rrom ~lh end.J' · · · · 

,•''1 ''O•I,o;•, ,.,_- '-

·: :'·: The pioblem ronsists in findinll •equenc .. ol do¡its '""' sau•fr '"" condi
tionS:- they mus! be polindromcs, ond lhey muS! reprui:nt 'lqUarei: COnSe
quenlt¡. Lhere are two ways LO pr~ed enher 1•ncratC a!! p;iJindrnmeS (wull 

do." N dl&<tsl and. seh:ct thn•e wh;eh represen! 5quorc5, Dt ¡eneratc aJl Squorc• 
··an,J thcn select th<»c "'"""" reprcsentltion•.orc Pillindromes, We. sh;o!! punue 
• the second. methnd(. boeeause. squ.n:s'"'"''slmpler ro ¡cfter.>IC:{wiol!••.:on ~.,,;..,.~¡ · 
~r"l'.!!!'lmin~ (o.ci!iiies.l: 111,¡ bc<":lllSt roe• a ¡h.:.rr N.iJ'Ic•e· an: .re....,,-sq ... rcs th3n • 
p;obndrumell. The lilll s>rocram draft then C'Ofl.!ists of tssen<ia!ly a·sin~!c rcpcti·_ 
Uve 1\.ltcmcnt. - - · 

' ;.: 

~: - O; 
np .. t w : - w+ 1: ¡cncnllo squoro; 

-~ • 11 d«lmaf rcprncntl!ll>ll ar squorc 
· loa po\h><lromc 

th•~ .,,he ~ 
•nllt~- N· 

111 i'" ' 

ThC ncct stcp Js thc dcoom ro•ition or tho. cont~JiC~tcd. nrb<ll\y dc•mbcd •tatc
ments In lo- simpler -pa<ts.· Obvionly,, bc(<ire leotin¡¡ for thc polindromc ptoper· 
ty, thc·dccln,.t rc¡rrnenlalion oJ' the·sq,.arc mun:havc b.:crr aln\JJUtc<l. Asan 
inlcrra..,_ bctwecn ·lile .Individuo[ por\1 wc lntrnducc au•iliary variables .. Thcr 
n:s>rcJCnl th.c rcsuh or onc stcp and run"ion as thc arcumcnl ol' thc su=s•ive 
IICI'-

,ClJ. · · diLI on anay of decimal dl¡its 
. ~- L : thc numhcr oC dialls. "'"""''cd. . 
·. ' 1 Boolnn variable 

!1101~ tlut L ..: ,~lit•U i., M + U 

Tbe rellncd Ventó~ ot Ul b=comcs 
• 

~:-0:' . 
... ., .. ,.!:- •+J;,:- ..... .-

J' -·derino21 ..,-tntG.t.cf-J;· 
1: - llls • po.~nd,_ ... 
_lf,tlt•• _{ ... 
ootllo-N 

'" 

""" we con l'"~"<'c<l to •rcci(y thc throc wmprmonl slatcments In c..en ~rntct 
dotoil. The "'"'P"'"Iion of a olocimal rcrrcscnl•tion is naturolly formul;IICd 11 
the roÍ>o;,lcd ''"!nriJ l;ol iooi uf indi~idu•l di~its soonín¡ "ot the ri&hl." · 

i>.·ó.>"' . ' -~_{\(¡) 
"P<>IL:~L+I; ., 

..cp.!r>l~ 1hc rí~htn"'" 111 ~;~1 uf ~ 
,,¡¡ it <IIL) 

uniiJ • -:,O 

. ,. •. The 'serarotion of lhc lcnt si,nif11:.an1 .di&it ls . now casily . uprc.ned in 
torms of ciCmeritorl'!••ithmctio opcr•tion• as sho.,-n fn ti2J. llc~. t..,c nul 

. l.lsk is the decomr<>$llion nf lhc compulall!>n crtshc rahndromc I''IJI'C"1 p of 11. 
h ls pl•in 1ho1 it olso consists of thc rcpcotcd, scqucnliol comJ'llison of 
corrcspondon& di&ill. Wc stort bY pickin¡_lhe firs1 and the JaSI di¡itl, ond thcn 
proc:ecd inwnrds .. Lcl i 1nd J be the indkcs of lhc comparcd dí¡il!. 
·""::_ 1:.:_1;};-L_.'-;.· • fll) 

: ~~~"''"rote the d;pu; 
. t:-.-tl:j:-j-1-
uiiJ (;;;o J J Of dl~ll IIC ~~~·~UII . . .. ,. ' 

:· .:: ~] IISI tcfio'C'mcnl lcads'to 1 comPlclc sohition · cnlirely exprcncd In tCrm• 
: '6f·1· «>n'Vc:nhonal ProlrimfninJ lan&ua¡c .Oith oircquiiC itructutln¡ Cadlltlca. _ . 
··- •. !: .. _, :.. ' . . '' . 

.. :-O;_~ (12) 
roput,.:-•+1;,:- .. -.·L:-0; 

rrp .. tL:- L-tl; . 
. "- •dh lO;.,fLJ: ~ •-IO•r; . . .. ., -., 

ut>UI ' - 0; 
.:-I;J:-L: 

· .• ..,,..., , : - -.¡¡, 1 - J(J 1: 
.:·- •+I:J: -rl 

· untU(i;;ojlor~p: 
H p thrn ~-..,,. lnl 

untll ":-"N 

This cnds thc prcsentllion of Eumple 2. 

l .. Slmplldt) Or composlrlon s~h~mn 

-

.. ,., 
" 

In ordcr 10 achle~e lnlellcctuol mona¡eabi!ity, lhe clcmcntary 'omposition 
schcmeJ must b= simple. Wc llave encounrercd most of the truly Cundamcntal 
ones In thi• sccond cumple. Thcy encompns •rqwnrl/ll, cond•tlonl/ll. tnd up--
ttitioll of connitucnr statemen\1 .. 1 should likc ro elaboro le on whar 111 munt br 
•implkhy of composllion sdleme. To t11ls end, ter 111 se\.cd u cumple rhc rc-
pcthi~e .schco:ne .c1prcucd "" 

(IJ) 





it _Spei:i/ies ,¡,·~ ·_¡~J>éa!~d -~-<o:cution · of the con~lituCiíj ~i:olcm,"~\." S. whok - ol . r:~uwÍ•Ir): ·Sd~ ·,,,,. ,¡,:um 1 ,,,;M.,', 
_lhe outsct o( each rcp..:litifXl - co"ru.lition R" ~·u•r..,d.· Thc ."inphdt} cm,'"''' · 
in lh~ eag .,.¡¡h which we """ _infú prop.:ilí.:$ about 'th~ "~\i-: st•t<~.':~_tJ;)'•:'" :.- _ ·, :· ·: · c;;ú-~~~. ,-..,.,,.,:,.,e-nf 1 ntot n<·< ... ~ril) l/ilkrcnt 1. numbers , .. ''•· 11• _. •.• 
known pr<.>p~t Ll~l or ,lht o""<!Lht<M "~t.!lioc«t. In p.~r!l.-u.~r, ~'"'·"'·· ;""' W( ~ok<1 1 ho fu>l 11 d><tinot nu on~rr~ ;ond ''"irn thcm •cqucn>i•IIY to on arnf" nti· 
know lhat Slu~s 1 prcl""riY Pon lts •ariJbb un<hJn&-~d nr m"""'"'"'hCMY· ;,hlc 11 ""h "l'lomcm>. \l.ipping nny_nu_mbcT r, that h~l/ olr..,.,dy ottUIItd. (Tite 
·erBist<utinitiolly;thi~m•ybeuprú>cdfornlallyu •· ···- ·· ' r - · be:-~·- dfom·-·· doro <.1- ~-·,~ <:qucnce r moy. or onso~nce, o.,oomc r 1 po.eu · n om num r ICO• ·• 

_ ~.-;n¡,r: .. ·,;d-_. wi: ;:.,,;; rcs1 a<silred lllot'lllc sci¡Ucñ.;c ; con'loin"s oí 1c1.11 n dolfcrcnl 
.I'A815\.I' 

ao;cardin¡tc the nntalion intr<>.luccd by iln.11e [8]_ Then we m~y inf~r lhat lile 
•1111• stalcm~nt also [uves .1' invoriant. rcs•rd¡.,, of 1hc numbcr of lime• S 
"'"' repcotcd. Sincc the repctilion proccsS tuminates en ly afte{.condo ti M: 8 hos 
bec;ome fllse;'w~'moy lnfcr that In addilión"io P."atso ~B holds' d1er lhl: uecu

' !ion of tbc "hile slatcmcnl. Thls lnfcrcncc miy be uprcssc'd-form:..ltr u . · -

114bl 

· numbcri.f · . 

An obl'i~ous fnrmulallon Of 1 progrom pcrformi~l lhis IISk b !he foliOW• 

loro:•lcon~o 
. h<iln t.':~<l(t): · 
' lorj: --l'lo'¡.:.J do 

u~ül- ·•h•n,OroL: 
olol:-, 

. . ., . ' •· 
. :1 hi1' fonnu-la··.conl3i11•• lile. =•n~, of lhc -.cnlltt' "IIIIC"<:on•lruCL. 'h . ,11 ~•nnol be dcnicd:lhol lhis ""obvious'".solulion hu bccn sunes1cd by 

tco~hcs ""' ID loolt for 111 in•a,iknt PfOperty P, ond tC. considc[· tl'ic.rcsult of itic ;'111e Uodition of e•prcuinl • '"::OC:oled aclion by 1 for llolemcnl {or 1 DO loop).~
"rcpetllion 10 be thC lnlitol combinotion of Pand thc nc¡~tion of thé·cionunUa-· Thc'task of,comrÚiin¡ a v•lue for "is decomposcd inln ~ idcnlical stcpl of 

. -Uon conditlon B. A 1lmilar p•llern of lnfcrcncc 10\'C<nl tllc rcpul-~onstrucl ·<·:.i>mrulin¡'a ilntlc numbcr ali 1 for i- 1 • •. ,._ Anolher innucncc lcodin¡lo 
· IISC~ In thc prc.;cdin& uomplcs. Assumin¡ ttial wc can provc lhi• formul••ion is 1hc lodl ""umrlion 1ha1 lhc probabilily of lwn.r!cmcnll of 

1hc scquencc bcinB cquol is rca.onobly srTooU. Hcnce. the oa•e of a andidalC • 
bcing cqual in •omc oli 1 is 'con,idercd u the u.;cPtion; it leodl to 1 break in (15•) 

· lhc ordcily. cours"c· of operalinns on'd is uprcssed by 1 jump. Thc climlnailllll . 
• of lbis'brcak o"s thc subjcct of our furthcr ddbcrations. .• : ' 

. . 
Q lr•pnl Swntll Bl P/1.8 USb l 

hold.s for \he ••PHI-conm\ICL .. -

Tllcrc rcm•lns·the ti_uestion, whclher o11 prosroms can be c•prcs•ed in 
termJ of hlcrorchk~l oesllngs of thc fcw clemen1ary composilion schemes mcn
lloned. Althouab In principie lhis is po:ulblc, lhc quc!lion is r11hor, whcthcr 
lbey an be· c•prcucd·convenicnlly, ond whethcr 1hcy •htJ11IJ be c•pre .. col in 
such- 1 m~nncr.· Thc mowcr· m•J>t no<:eMarity_ be subjctlivc, ~ m~ner of ~~~te .. · 
butl tcnd lo answu oll"orm~tively. Allea.l ~~~ ottcmpt •hould 1>.: mJdc lo 11ick 

· ID clcmenury tchcmcs befare usinc more clat>orotc enes. Y el 11le templ:tticn • • • 10 rcscind this rulc·ls real, ond lhc choncc lo outtumb ls p•rticu\arly ¡rut In 
lln¡uaau olfuin1 1 focílity likc !he acto statcmcnl, whicll oltows thc inuon
laneous lnvcntlon of,ony form of.compo•lllon,.an.d whlcb 1s thc kcy to a¡q~ kind 
ni' llruqu¡allrrqlllaTilJ, .. · 
• 

Tbc Collowln¡ aUo-1 cumple Ulustcatu 1 tJpic:al rituatian; and 1hc inua ......... 

. OL<'!•ur>e.- IN: toloo!il.:ncma.~ m1y.be u.sily.- .olmMI ¡ncchankolly - ro
plaO:c-tl ;,-, ., """~crir~ian .proct:.."' ICllldinB ~1he.!DIIawi.n¡ ~!a--Jcss,~-

lool:-lrondo 
•.-cln 

11prol C<l{t); ot: - rn~; 
j:- t; . 

"MI• (./</)1\okdo 
~sln ok: • oiJ]"" r;j:- j+l 

••• 
unlll el;· 
olll:•r 

••• 

07) 

Thc lnnscription con•istS of thc r<placemenl cf lhc lar ¡tatemcol -..ltll 1 

lhcd lcrmlnolion condilion dcpcndinc on 1he runnin¡ lndcx J by 1 more ncii· 
. blc ,. bU~ slalcrncm allowin¡ for ffi(IIC rompllcllcd; ~m¡><'5itc ~~r<nitullioa · Wr 
. ~llhct- ennlia~lioo} condilion5, '· Rut- !bis-$0lolion 'lf'I'Url quilc unom•e~iv,e. 11 
is ldmiuedty len bansporcnt !han thc pro¡rlm u~in¡ 1 jump, in spite of thc 
fact lila\ lhe mo51 frcquently hclfd objectlon 10 !he use of_jumps b th&t lhcy 





obscurc rhc prDJ;ram. lhc orhcr objcrrion is rh~rlh~ ~d!o-k" '""'"" 
quire• n10rc comporhon. ond IC!il<, ond hence ;_,le~\ crr.<.ionL 

Thc crul of lh~ m;irrcr i"!rh.it 10CII·5!ru,·ruwJ proi;wn.¡ ~hrn;t,J'nor be ~b· 
· r.:riric~ mcrcl~ ~-llm>Uih !he 'fO<moli•lic' procc.'l5 ·o( elimin:Ítin' ;ata -sr.1l<."ttl~nrs 
from proaram• th.r were wnÚ:i•ed ,.;,h rhat f•cility·in·nrind,·bul lhor thc) 

\moJI emer¡c fronr • propcr de•i¡n procc.-. TwO olt~rn•ri•c •olution> or~ 
prcscntcd herc os illustntions. 

In the llrst euc. we ab•ndon thc nollon th•rthe prosr~m nlu>l ncc·enorily 
bc.bucd on thc •totemcnt 

-· rorl:-lra .. 4o ll!) 
o(/( : - ,J ... nutsuir•blc numbcr 

and eomidcr the buic Iterar ion ster to wnsist of th: ¡cneration of the nc~t ele-·' 
'mc_nf oi \~e sequence r. foll~,.ed bylhe teS\ fUf <ll uccpr.abitiry.•;: --

' ··¡;-!;•. 
•hilo/"" •U. 

{19) 

In rnntro<l to (lO), rhis \llturinn cnn•i•rs of lh•« nntcd rcpctltions in· 
stc;od of only rwo, anJ rb~rcforc Rcms inferior ol fust si¡;ht. In f•CI. ho,.·cvcr, 
~e>lution 121) lurns.out ro be evcn onorc C<"<'nrunkal .The rcosnn ls lhat In (20) 

· ~~~ -'"" fno- ro<J_tinÚ~ti'lll ,;.o;; n ~ o<:lrMily UI!~~~OU'l' "'hcnc""r , . .., ·¡:sin"' i 
>" j m rhis Cll'e-im¡•lies i < ¡, and bcc:ou<e ih.- nor bccn ollcrcd •incc rhc btst 
c•·.rlu.,uon of r ,.;; 11. Of coune, pr!JlSr•m tH) is ~omider•bly more cnidcnl 
!han thc oriKinal fO<m wuh o jump 06). 

This tcrminorcs our rnnsidoration of f.umplc 3. 

Thc q.icstion·-·rem3ins open, of course, ,o.hclhc! jumps can oi"GJ'l be 
••·nided ~·ithout.dis;odvaota~•- 1 •h•ll not.venlu"' to ans,.er lhis que•tion, par· 
ticu!orl¡· bc<:~use rhc rcrm "dlsad'"nta¡c': is •urr.cicntl¡· voguc to admil many 
lnrcrprcration<_ But lhcrc is e•idence of rhc c•lstcnce of sorne cha.,~rérisric 
and rouonably frequont •iluarions which are cxprcssed only with dilfieulty in 
lcrms · of lhC lan¡u•¡c cÍ>il•truC:t iiirr'ooucc:d l.bove. ·A porlitular c.ase ls lhc loop 

b .. ln len<"f•!C"m::H r;• 

""''"'iltoQirl: . 
<hcr:k 'O'hcthcr oll o[/] are dolfcront ftom o[r 1: 

,lf oo. pre«ed b7ln<rcmcnrin11 

",.-,¡h.U/1/d'irr ·lht middlt.: .La\dy.iLhu !Ód.'J.in,ul~ -dcsi&ners-\o.rntroduc.e 
. .~.i~o-ciri.._,.u'otO. mirrl)rini."~his C..ro ·.¡ 121. -- h -u.,ns--our;·,how-cvcr ,- that fl is 
.mi>Fr dilficult -,o tind ·.a -,Órisf ocr.orY and.lin¡ulsrio:lllly suncsti.-c. f:ormulallon, aild 
thi.r i<imetlmcs Solirtions are invenled thal sccm lo mcrcly repbtce the symbol 

•' lotÓ by another word, su~h IS ull or jump. For cumple, lhc conslnu;t 

ond · · 

. Thll roe-m mahs 11 ohlous lhat wc ve. In 1rouble, lf 1he Kquence , should be 
111ch lhlt 1 QII'<MOI be lntremented 1n1 lon¡er. Wrltten in \ums of our pro

i¡rammln¡lan¡ua¡e, {19) beromcs 

1: - 1: .. 
· ..-hllr 1 .o; ~do · 

Mch• ••t(ñ; 
•Id:- r.J: --1~ 
~hilo ~\¡.1..,. rd<>-J~·-¡+t;_ 
JI/ -) lhrrt 1: -· r+l• · . 

••• 

{101 

' ' _., ' 

. :Thc acrond appr011ch lo lhls problcm rct•lno the bask ron=~>~ of thc sol u
. Uon as shown In (18). From there, IIJ developmcntll ~haractcrlzcd by lhc fol· 
: ro.-Jn&, two scapshou.:· , ._ . :_ 

·•••1:-lt• .. ~· 
rop .. t '""""'" lhc ,..,, r:· 

che<k !tsa<e:eprablllt, 
•ntll aocep,.blc 

forl:-lto•""-. 
npoal ••ltrf; : 

olil; - T;) r-- t;·:· · 
.hllt•VI .. •••J: -.tH: 

ut111-1 

flll 

(ll) 

loop SI: ·f1JJ 
' •• u rr f': 

n . 

wilh lhe puamerric trolemenu SI, 
be odoprcd lo c•prcss !he proaflm 

.Ll:.b<1la SI: 
·tr f'tbu coro"Ll:. 
sz: •• ,.u 

. Ll: ond 

Sl, and thc lcrmlnotion condlllon 1' mlahl 

- IHI 

In 1 more toncisc tnd coto-free f~m . 

· ." E~prcssln¡ (2~) In tcrm• o{ !he bnic repctltlvc llatcmenl Corml docs," 
lndced, ol"len lead lo undc•irable ccmplieollons, sueh u unnccclllry reevslua
tlo.o tñ condirions, or duplieoll011..d parU ~.llu!.pro¡n111., as Jlahown by !he 
two proposab (25) and (26). 

rop .. l SI: 1251 
lf -f'thoa SJ 

an!U f' 

n· • (26) 
·Whllc -f'io 

.... ~1· Sl; $1 '"' ' 





-- . -·· 

Loop •tructur~• 

- ' . ' - i ' - -.. ·- . 
, • Tlli: lullo .. ·oni.- ~nd ¡,,, '"'"· t~•mpL<:s of problcnt> ~~~ o doled tn -,111l" 1h31 

·- 'ortcn Che nccd fDf·an r.r<~"' tlor ,,.;,}<1/t- rnn<1rur1 is b.,<e<J on o t>r«"C>n<·~i•·rol """ 
tion r~thcr th~n on a rcJI no,·o.,ity, ond tho! ~rnnctin1~' ~n cwn t>.:ucr •ulutiun 
iJ found wllcn •tkkin¡ tn thc fund3mcn•o1 comuucl<. 

'The task iJ ID rnnmuct a 
pietc Df P<Di!am which, eoch time 
lt 11 ar1ioaLcd, saon• an input se:· 

. - " 

-~ -.· . 
" 

. . 

·-. U71 

.. 

Thc •~nncntcnt of thc st•tcmcnl in quutcs is tuided b}' lhe fad that upon 
· its i~ili•tinn .\ is cilhcr a hlonk nr on' npcnin¡ br~deL. · 

. 
, Ir-" • ',(.II>On ..,._n.r...

"olip r~;,.,<nl'' 

,.¡,~re ihC 1:"1 Sl~'cmcnl is cxn<e"cd, ."""h oh11>U> rc••onin¡, n 

. bo¡:ln rrp<01 "'"' unlll -" • ')'; 
•• 

U91 

00) 

' O ni¡ •no~·lcd¡:e oboul 1 he c>¡>cctc~ ficqutn<~$ o/ <Ko:l'"eorr o[ individual 
chouc•c<> c•n be a rc•><>n te eh~ an<>lhcr furm cf thi$ procram on !he 

,¡rcunds or eflicicncy .. Fnr the sakc ol ar¡umcnt, le! u~ onumc thal •hDll. se· 
qucnrCs Or.' blonlts Are. p'anicularly freql>cnl ond that. on the ·other hond. irn
m-clli3Lcly· adja~nt"comments awuucmclr rare. Thls lcads us loan cqually 
'rnrrcci •hCrnotivr form of_ll9);namely · · 

-.. ,,·¡p wn'oec~;;~i biJn-~•- i/on)"': 
.. ,~¡~ comment, Ir •ny" 

'(JI) 

' quen•e of ch¿ratters, dcliw:rin¡ n 1 
ruult !he n~-•t charocter, bul sklp· 
plnc o•·~r bl•n~s ami ovcr ,.c.l!ed· 
cam~ni.S'.· A· aomnu:,.i· i~ d~fine.t-·~: 
n any •cquena.cf rhJJ'olm:r-.'•L>rl•'' 
in• wiLII 1 left bradct and endin¡ 
whh a ri&hl bracke\.. . . . 

.- .: ..... ·-¡.. • . • 1 

.. ,_ . 
. 'The r,,:,;-_Of.chC two Sllltmenrs is re1di1Y upressed.n 

_- 'This1a~nñer'.cou!d._trloi(Uur 
oxno r n pan of a rnmpller. -A rnm
mon tolulion h lndkotcd by the fol· 
lowin1 flowcharL (nrxr denotes IM 
opcraLion of n:odin1 !he nc•l ch.r· 
actcr and tni¡ning 11 Lo Lhe resull 
variable ;r), .• ' 

F -,. ~ . . ... , .. · ' . 
"'" 

' 

This Pl'"'t'am clcarly e•hibill lhc loop slructurc wiLh e•it in thc middlc, 
uti•fyln• lhe cnc-en!ry•Dnc-<'~11 prcrequislle. ln51cod cf· propu>in¡ ~ sunestive · 
rDfrn for lhil «<n>truct in 5equentiol1an¡¡ua¡c, howcver, lcl me lnckle lhc poscd 
Problem In 1 ditferent monner. Rccocnirin& !he main purposc o[ thc p""ram 

1 u beln11hc u•dioi¡ or !he ncu ch•racter, with lhe additlon•l reque" ror skip· 
l pi~ over blonk1 and commcnn, ''""~"""a ftm verslon as rollows: 

~</,' :; 
whll• .... ~ r ... •• 'ti•• 

"oklp_blan);o and comm<nU" 

1181 

The corrt<tneu Dl. thJ.. pro¡ram. i• utUy esublishbl,, u•un1ins •bot.lbe.- , 
. su~mcnt·tn.quolc.s pufomn whol llUf'l, and DO<hlnJ more. TI\C do6nitioo of.

thc- whll~ snncmcnl -¡u•rurle:':l th~l the rcsultlng' valuc 'o{ :o: is ncilhcr a bl3nlr · · 
C>Df 1 cummcnt; no mattcr In •hit WIY blanU and eummcnts are skipp!!d. 

'Ac5Um<:lhll >l'e •re lO 
Jc•i~n a·ptc>rlam 10 muhirl¡· 
'"'" non·nc¡ollvc inLe¡cn a 
1nd b wilh tbe use ·or oddi· 
lion, doublinl, and holvln1 

• ~nly. Lc1, thc tesul1 be 
ccrrcsontod by a vari•blc L 

A well·kno,..n 1nd dliclenr 
methnd is --shown b)' the 
flO'o'rChlll ., fllhl: 

" 
' • 

'(]2) 

. 1 
"" • -. 

',_ b 
.:-o -

' """''' 
' . 

-~ ·-· ,_ ... 
' ' ,-,tl!J 

r .1 O • ,_ r. 

1 .. 





... 
This pr!JIIram. on~c •r•in, ck•rlr cxhibil> lhc lnop suu.:tur~ ... ah..,,¡, in ·"'"'"!ha! the in•·llri.•nt c4uoti<>n ~umbincd wilh the nc;a1inn uf lht conJinu•· '· 

~he midd~c._;u~,J tl>crcfmc c.n.ru>\ bcc•rrc....,o.!. ~·- x•ir.~·lc ,.¡,;1~ "''~~·,n•. h .: 1;.,, n•n<lition yidds.t~- O) and l>'y+;- u"b), i.e., thc dcsircd ruuh:-
V• ~m~~ U)' oque.!ud intn •~.simple loop fOrm h di•PiowiÍ'~ !he k• ir ,,.,¡,,:n_.,;,n- ·: .,.b -. -..· .. _ ~-- ,. 
to;sr.-~itióninj;f,,·;n fronJ-Or;sJ~tcmcnt s1: Thc'r<•'l'i:oni'•hcn ,.hdintth,·· -. · -~- • . . . 

. wdl-known fnrm · ·- · · · · · .' ·· lf wc """' ""en onr >l>lcmcnl al H•c pl.orc or !he onv#r••nl whlch \uves 
· ·- ·· 1hc pr<•ducl ,~¡. unch:on;cd, !he rc<uh o[ thc ~""~••m wiJI cvidcruly rcmoin the 

. \" Jt' - "' 1; - ~:': - &, IHJ · ,,nnc. Surh 1 <tatcmcnt is, e.g., the pair oC nsi;nmcnt• 
•hii•1"'-G•• 

b<1ln 11 1><1./(¡\ lho• 
btll• ,, ~ y-'-1: :: ~ :+.< 

''ud:·. ·-
.- ,,~,dt.2:';;~1·J 

••• 
. Tllis clurlr doe• not cllon~c thc clfcct of the pr011rant, bccause if y - O "' 

entry 10 51. thcn S1 h.u no elfcct and, In J>'lrlicul•r,- lu~cs y unchan¡cd: and if 
Y ;o! 0/ lb en ·th'e- 'onlr· od~itlonol· clfcct im:urrC<I by: th!:: ÍllocMed· vcrsio<> ·is on .. 
\he.. &u ~licrry. vm<.hlca: ~ a ..U .v in thc cur. of v. - L ': B.JÍ this. adrlitio1ul dfci:t ;, 

.. !I!Jite undc,ir.:~ble" not.~ m o eh hc••u•e· nf, \he aadi1inn•l.· •u¡>erllLV>u·~~ :Índ u.•~
,1<~ computat\Q11, bu\- bc:e11usc this operotoon mar bc: · harinlul 'br · c-~usinJ 

: Ovcrllow of thc lrhhmcl\c unit. Should we lhercforc rc>Of\ tn thc e•it·in-the·. 
middlc ~ersinn! ·.' .. 1. ,. ' . .. • --·-. -' . 

A dilfc'nnt·Jolutlon ...:u-sbown tome br E.w: D~k;ua. H~ pr¿poscd.to 
tac\de the p_roblcm o\ liS root•, instud of tryin& lo rcmedr 1 precon"'ived pro

, pon\. The mosl obvious muhiplkatlon 1\sorithm under thc stalcd cons\roinll 
" ' 11 the followin¡: · 

J:- .,, ~ b;r: ~O; 
ohll• J ,._O do 

b<IIA.b-.> O ..,d • .,.y+: -·aob]. 
,:- r-t;.: ~·-.r• 

ed . : 

USI 

BcfOfe we llar\ oul tryin&to lmpruvc lhis vcrsion, wc observe tbat 01 ltl< 
oumt or e..:h rcpctilloo two condltlons ••• sati~no~. 

1.:.- y'> O follO'!"f from.thc fao:t lh11 yill non·nc&~tivc intc&cr and 
noc «luo! 10 l<ro.-

2. _...;y+t - G•b ls lnnrlont.undcr che two npeoted usi¡¡nmeniS. 
(To ~rlfr tllis claim. substllule y-1 for y ond z+ x for t: 1hi1 
ylc!ds .r(r-11 + h+ .d - 1' y+: - tt" b, Le., che origin~l equa
tlon.l A\.CliUY.Iht el\ltllloa is.oatl11itd..sinu,- O,.x- "·y 
•• 

) '- ¡·dl•2:•' -1·• U61 
·1 . ' _. . ,. 

uodcr thc co'ndition lh" y is evcn .. Bu! lf a.relaliÓn U invarianl ovu a'l\atc• 
--mcnCi(rcn-.aln~ ~o-loiatdless of-ho"' vftcn ibe smcmenl is uccalcd. ·This 
sune~a the fnllo,.·in¡, quite evidcnUy corri:ct. clfkicnt, ond clcpnl solutian. 
h conloins no nit-io-lhe-middlc loop. · 

·' . :' .-::;· ... ,:_-'b:z:..: O; 
·, ;i:,.bU! i !"O dil,é~· .. -

·b"'lln \Y> O and':ry-t-: ~ o·bi 
: _" bU• _,,;..,(y) 4• 
·-: be-al•,: - •• ,. l; ": ~ l·• 

•, • • ·,' ond· . ' .. •' . -
. -.y:•y-1:::••+• 
,. -••4.(-: .:· 

01) . 
:; ·. 

. . .. -: . 
~--· .:~ '; 

-"."SO much for cumples, whose purpOSC .,...;,\0 shtch and elucidolc \he 
bask ideu bc.hind .the :melhods ,of ,uuctured pro&rammlnl ond Slepwise 

., SkcpliC$ will, nf course, doubt tbo1 thcse mcthods represen\ •nr pro¡resl 
-nver lhc lcchniques ofthe o\d days- in fact. thatthcy·are m~fho</1 011\1. J~;an 
·merely say that in my O"'TI uperi<nce. the ncw opproach bai in,~,.,ved mJ oui
IUde• and ablli1ics \owards 1'"'1-rtmming vcry considcrobly, ond 1bc eopericntcl 
of olhcrs confum this imprc<>ion !lO. !1]. A syS\cmatic, ord~rl), and uans· 
p.rcnl arproach is mand~IOI~ in any siubl~ pmíecl nowad~ys, not only 10 make 
il work proper)y, bu\ olso 10 keep the p!O&tamminJ cost within reasonoble 
bnunds 11 i1 lhe vef)' fatl th•l compulalion has bc:rome ~cry thcop in conlrul 
wilh sa1arie5nf pro¡;ummers, \ha\ ,queczin&lhe maohine• 10 yicld lheir utmosl 
m speed hu bc:oome much less Importan\ than rcliabilily, corrcttness. and or· 
11niutional dari1y. 11 is not on!y more ur1ent. but olso much more cos1ly 10 
corrcct an efficient. bu\ crroneous proaram, Iban to •peed up • rdalively slow, 
bu\ concct pro¡;ram. In the put, 11" dcbua¡lng phuc has tlkcn a ridioulously 
larJC pcrttnlo¡e of the dcvelopmcnl ros! In rnO!I \arJC proíecU. Tbc aiin no"' 

·, ;, to cllmioole lhe nea:uitr o( debus&!nl by ncalln1 bu¡•frec p!oducll\ In lile 
ñrJI. place. D«sn 'J u.is brin¡ lo milld !he medicaJ.¡Iopn. C'.ptevClltloo ls bell=l 
\han hcalin¡"! 





• .. 
Tho cro~ki•in k~ ~;" coU.·¿J 1.~ •l L~c· nl..:l k'<! of suo.•:lur ;~ ,,,o:;r Jnu.oi~ · 

Íl in ts!.Cii<~ nothin~ mo<C <h1n rr"~fJ<r,nlÍn~ i>¡ l>.lirhl~l.iniiY ,,.,¡,¡¡.,~ lh~ u...; _.,, ' · ·. · - ,. · ; ' ; · .,_ -
. ' · 10 . "'"~'~"~ • """"""'1M im~lic~ "" an"•or ur lhe qu~•llon of "hcth·--·- · 

·or jumps lcMo S11Lemonn.l. Ono m">· ondc«l. c"<rme to thi• rnnd!l;inn b.•- ¡~.,~- -' · • or •lfll!·turou rr<'f'""'"""& in an un,lnrelui~•l '""~""~" (such •• FORTRIIN~ 1 •. 
in¡ otthc cnlirc ; .. ue in tho rc•c"c <lircc<in<>. lhH in IJI'I, 1h.: ,,,,,h,,! ,,r ,,,.,.... · ., ' · , .. , · 

"~'""'"c. 1 " •• ""-'· • '·'' ¡, l•"'il>lc, h<>i,..,•cr, ;, "'"'·1urcd rru,rammin• inn 
, wi>e dcco.nlJ..,..itinn and rcnncn•on< nf Lk "'"''•nunin~ '"~ '"'"'""'''"11¡· lca11< .. , , ' ' , a "f"" •·•·e · ""l'""l'" and •uh•c4ucn1 h•nd-uon.l.uiun intn thc.uo•u~c-. 
'10 lolo·fru prosrams; !he ab.cncc o( juml" " not th.: initio~l a in t. b~t th~ lin~l 1 ' · ., . """' .mgu•.~e... h~. , .... '\'tl~r~ i> ,that," h~rcn thi> ol'f'tn>ch m~v be or•ctic.ble•, 
outcomc of the e•ercis~. The <1aim"thot stf¡j¡·tur,;<l¡>r<'l"·"""nin~ "•"' invi.·ilt..-.1. k k ' • . . 1 . . . . ... - -~·u ... h•~:·• '""~ .. !.<U.f>Orloumo~ di•drtone·nr a cnmpilcr; il is hi~hty .iinsuilcd ro.-, 
by PIOvln!l that atl1pro¡roms can bo"fnrmulatcJ withnut IOI0"51'"""'""1' ¡, ' ' · , · ,,.,, '"'¡: P"'ll. 'rantm<n$ .. · c1nyni1in, thal lhorc ma> be valid etonnmic '''''"'' 
therefore bued on 1 fun•l•ntcntol m~Sun~OI<I.!ndul~ ·· ·f"r tc.~rnin~ ¡¡,¡,"'in."'~· FOR fRt.N. thc "'" n[ ~n un,uucturód lan&u•l• la~ 

The questinn of whclher jump; cntor thc pi.:ture or not ;, b.,.icall>· a '""'h ~~.''~'"'"'""""-.a< th~.1n of ')"Stom.,tio~lly clcvelo(>in& 1l¡orithms- ca11 , 
mouer nf !he leve! of dccomposition or refincment lo whkh tho p<o~rJmmin~ nu '"!'~"'be ~dcndcd in thc contc•t of rnmputer scicncc cducation. Thc locc .. 
process is urricd. ·Ultimotely- th>.t;. in machint "'de~ th~rc ~ar¡ b.:·no .or "~ ~~c~uatc mudcrn tool on lhe .. ••il•blc comrutlfig fo<ility is lhc"ontv• 
d<>ubt 1boui the pr(~nce of jump instructicÍls .. Thc mói-1t of ihe itóry is that rcmalnong c<cuo;e. • '· 
jumps muot not 11<: U<ed in the inltial rnnception of 1 ¡i:ncral al~orithmic· sti-1· ,. " · ne. st r_~mark conccrns on !\ptCt of '"strvclurcd pro¡;ramming" lhat hass 
Tc¡y, Jnd in foct should be dclaycd n lon1 as po-sible. With today's Statc of n?l llccn ollum<natcd by Thc forc¡oin¡ cnmples: llrUCIUrini con•irle,.¡ions otf 

·ltdonolc,¡y. thc inu<Xlu~ti"n ,_ jump·in>ll<n:tlml>·.,n·bll ldr 10 ,um(>ilcro of- ' • ' . rrol•~m an ""'"are o ten doscly rdated. llence. il is .only nllural lo subj-e::rt 
lln1u•a•• .lhat o!fer adcquotc. judiciou•ly Choscn. disciplincd <tluctuung fanli- al~o thc. ~r<~llü~!ton of ·da lo lo 1 ·l'fOC"eU of "epwise . rcftncmcnL Moreove.c.:. 
tic~:· . , . :. . '· . , . : , . .. . , ·_, thts rroce>S " natural!¡• c•rricd out >im~llanoow.ly "·ith lile rcftncmcnt ..,r thc~ 

'~·. Onc of rhc" eisÓntlol flcilltics"for"lhi> purpOSe; besidá."éoouuiOn•l ond re· rr.osr•m. A l•nsuagc must. thercfD<c. not on!y oiTcr pro¡;ram muoturina fo<ili~
'pet\tlvc sutements, ls the rtcu..,..., proudu~. tri milny "cosofii (mcr~ei as "tho t•cs. bu1 •n •dcquatc sct of systcm"ic dat1 st<ucturin; focililiis as wcll. An n•· 
n1tur•l formulatlon of o aolution. such "'· for instoncc. in"'"'' ..i•c<'of,tiock; amplc .of_lhis'.dircction of loni;uo&c dc~clopmcnt is thc proarommin¡lon¡uo¡u 

•. trockln& tlgorlthms. Har~ly onywhcro el•c con o natutol. e<m<·i,c. and oftcn "l't.SCt.l: lll."Dl. Thc impcnancc of thls aspcct of prugrommlna ls fllllicula<'
; sclf-uplanatory solulion be madc more obscurc 1nd n1ystifyin& than by repllc- ly c"idcnt. os wc rcco~nlze thc d•IJ u thc ullimate objc~t cf our lntcrnt: then 

in& lt.s rc.:Urslvc formulation bJ ene in tcrms of rcpetition and ~ woll ..:.·jumps. reprcsentthe orgumcn1s and rcsults of 111 COIT!putin¡ procencs. On!y structune 
t This proccss should de!lnitcly be ten toa compilcr:as il conccrns ,.hal is collcd enables thc Pror.umm" to rern¡nizc meonin¡ in thc oompuled infonnllion. 

: cadinr rother than progrommlns (codo - systcm of 1ymbols uscd in ciphen, 
Ke~et mcssa&e!, ele. !Wcbstcrll. Modero pro&rammin~ systcms. howevcr. 
o!fer cllicicnt lmp!emcn~1tiMs of rctu~ion,.and. t.hercb) moiY: "prn¡;rammint. 
Jround.•ccurs\on:' olar¡ely unnccessory nc~eise. 

WllcrcJs a teachcr should nol and must not pay tllention to "pcrccnt is
: sucs" 11 to cffioicn~y wht¡., urloininJind cun>plifyin~ nteth<Xls of composin1 

. ••ll·structurcd pflo¡;ums, 1 profcsslonal pro¡;rammcr may wcll be: forco::~ !<• do 
.lo. He mor sometimos nnd o do~n10 o( otic~ing ticlu•i~cly to 1 rc<trictcd sct 
ofprocrom·structuring ¡chem3s too ntuch of 1 stroi&ht·P<kct. and thc templo· 

: tian ta brcal: gut·too powcrfut.' Thio will· be: thc·a.e os long as campners are· 
· lnsullicicntly 1ophi•tico.tcd 10 l<lkc full odv1n1.1~e of · disdplin~d structurint. 
'Natur>lly, cherc willalwoys be situotions whcrc 1 rnmpiler is either denied the 
full in[ormation necded·for succc,.fut code optimiution, or whcre it would be 
unablc lo infcr thc nccesury conditions. 1t i1 thcrefo« cntircly pos•ible that In 

.thc futurc 1 more lntcrocti~c modc of Ope<l!lon betwccn .;ompilcr and pro
'cnmmu will emer¡c. at IC151 for the YCrr scphistica!ed profession~l. The pur
.P""' of 1his lntuaellon would not, howncr, be lhc deYCio¡:lmcnl or 10 ll•o
:ri!hm or thc,debuulnl of 1 pf<llllm, bulTI\hcf lb /mp<OWI'Wtlf ""tltr"lltoari<rMt" 

1 ~ toN"«<M.U. 

Ack no,.·ledcmcnl 

· · ·.The •outhor·-i> ·¡noiduJ." 10 • f' Jd)onnin¡ ·for-,klndlr JIOSiliJ "thc ··ptObtc;zzl 
ITta!ed in .Eumple 3. 
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Module <~<mneclion analysis-A tool Ior 
scheduling software dehugging activities 

b~ FREDF.RICI\ ~l. HA:'\EY 

X mn ('"'1"""1""' 
El B.gundu, Co.hlo"oia 

lNTHODUC'TUl~ 

The 1,.,-g,.¡t chullo-ug~ ( ~r-iHg ooftw11r~ o·n~h""'" tod~y i• 
lo find wa.ya !<> ddiwr 1...-ge ay>lteiTL'l "" ochl'<luh·. 1'11.\1\ 
expericoce obvi<>W<Iy indioateo that this is not ~ "ell
undetlitood prol..lern. 'fhc d.,vo•lopment COll18 and 
""hedult .. for oo:my br¡l<• •Y•kms hll.ve """"OOed lhc 
most cOR8Crvative, wnli!J~enry-ladrn '"'tima.tca that 
IIH)'llH<' durt•d In""'~''- Wh)' hns thi., !JJlp~cned? There 
mu.st be a plo·tluor~>. .,¡ '"'l']aJJutioll-• and o•xcusco, but 1 
tloin~ H. 1!. J. u,,,...¡, idtntilit'<l tlu· .,,mmun dl'
nomillul<:lr in hi" "rtioh•, "Why .~IAC, .\liS Rnd AB\1 
will never fly. "' (Oro>ch '• olo<trvatiull il1 .,.,pntiu.lly that 

• for smnc l,.,.ge sy~leiTL'l ¡¡,., prohlPm to he oolvr-d 11.nd tlw 
Rystern d!'..sign~J t<J ""1 V<' i 1 Me JTI ~u<•h conij(nnt Hu• that 
1t.abihty is ncvt•r ""hicwd. Even /or sorne oYa\cma that 
are ftyin¡¡: todar, it i• obvi<>U$ tht they carne pre
cariou.,Jy ,.], _ _,, to th" "'"¡,.blc, "nitical mil&" at...tc. 

lt i• rny b·hu¡¡ that <>ur rnost •ignificant problem h1111 
l>o= ¡¡ru"" U!<d<-W>limuti"'' of thc cflort rt_-quirocl 10 

chu"g' (citi~<"r l<>r 1"'"1""''' of <h·l>u¡¡ging or '"lding 
lun<·tw¡¡) 11 L"w·. """PI<·• •y•t~m. ,\lnst exlstin¡¡ 
S)'•l~ms •!"'"\ «·v~ral 1 P>ll'l< i11 11 tila\., uf ¡¡:r11<!uil, 
painf11ll.1· •l"w lrl<H.<Í\H•rl t<mard a rd<''"'"ble product. 
Thos tranaitiou "'"-' uuly plil'ti&!ly lilltidpat.OO BDd 
almost !'ntircl)- uo .. tru.·tured; it was a time for ¡mtting 
out fír,.,. with littlc ~x¡•••·tutiou 11bout wl~t•re the next 
un~ "ould oe<:ur. 

The difficulti.,. of •tul>iliz.ing larg~ •YB\cfllll are 
univerBal cnough thnt nur ex¡wricnce haa r'-"!ullocl iu 
..,vera\ improvf'<l n\<'li.u<.bo for t.,;timating pruj<'f'\s. 
ltuh--ol-thumL n,. "ll< Jin<" uf t<Jd<· pcr m~n d~<y" 
oou·¡• .•ounded likt· t·>.lr' <Jwl;• roJL.,·rv!i\Ív<• allow,.urr for 

thr romplexitH·• .,¡ ·'Y''''"' int<·l<l'ation lllld tt~tíug. 
J. D. Aroo' h..., dr.t~criLt•d ll rclativ .. ly ,.¡,.borKlr tt-ch
ni4ue lor cstirn~tting tot"l dfort for lw~<· prnjeet<¡_ 
Aron'• techniquu ;.. b .. -....J un thc '"timat<"<l amnuot of 
'O<le for a project aud Pln¡Jirimlly ub>ervNl di;tributions 

"' 

uf"""""" kind.< of cliort such '"' d<,jgn, coding, module 
u,;tiug, t·\c. ~\ore ro'Ccntly n .. -lady lllld 1.-,brnllll d,.. 
•nibc-d a matl"·m~ticil m<o<h•l !or tht· "mrta--dynamic• 
ol •y•tciTI<! in ¡:rowth"' Th""'· o.chemos provide u....-!ul 
iu,ighu. iniO tbe difficultieo o! d,.,igoúng ami impl.
""'"tiug largc •Y>lcm,¡. 

Ev<:n "~th thesc improved ""tim&!Íon ~hniqucs, 

bowevcr, we still fue the thre:~t of long pt•riOO. of 
unstructurcd post.--intcgration puttíug out of forcs. Wc 
rnay know bettc ho" long thi• "final" dobuggíng ,.;n 
t~<ke, but wc o.rc still tot t> loso 10 prc-dict what resourccs 
will Le requiretl or "hat •pecific ...:tivitíes will take 
plat<•. 11 "~ 1-'rc-dict &n IS tnonth p<'riod fnr "final 
,..,¡jllg,'' will n>~nn~t·rnent huy it? llnw L'ail "'e prcr 
mt<> this hn•y t'ontin¡¡ency poniou of u ,dtoclule Md 
¡m<li<l in ~r<·ato·r d~tail whcre hu¡;. ,.;u oet·ur, llho ,.;u 
ht· 11<-t·docl to fLx lht•m, P\np>«-<! time hetwo<"n jntcroo.l 
rr·lo·""""· etc.¡ ll<·lady ~~nd L .. hman 6UU<"'t thc need for 
a "miqo-model" fQr &}~tem ,.ctiviti""; i.e., a rnodel 
h11Socl on int-eroal, otructur"l "-"P<otto of a sy•tcm. Thi• 
;, '''!"''ntiilly the ohjectíve of thi.o paper, In thc /oJlowing 
"""!Íons, w~ ,.-·,u d!'v<·lop a vHy !limpl~. but usefut, 
t..<"huiqu~ for modt·ling the "•tabili•ntion" of a lo.rge 
•yst<•m as a fuurtion of illl intrro&! otructu,..,. 

The t<.>nc"'te result deacribcd In this p&per is a •imple 
matth formulo whido secves "" a mdul modd lur th« 
''rippling" eflc'Cl of chMges in a eyotem. The real 
empbuiB iB nn the""" of tbe formula"" a módcl; i.e., 
o.s BD Wd t.o undcmtlillding. Tbe formula can c~rtainly 
b<· "'"-d t.o obto.ito num~ric ll:!timates fot 6prcific •ysterm, 
but it.s great<•r valu~ i.o that it ¡,..¡1" to rz¡oúlin, in lerms 
.,¡ ")'-•!<·m •lnlrTLm• und cumplt•xitJ·, why ¡¡.,. pmccss uf 
do:"t~ill~ H O)'!it<·m i> ~cocrall;- more involvcd thBD our 
intuí! iou lead:o '-"' to b.,li~ve. 

Tht• l<·chnÍ<¡\J<' d<,.crihed hrrc. call<<i Modul.t Con
r«edion Anal~na, is b"""<l o.o the idea tlo&t evuy module 
p.o.ir (may be rrpiiLCed by •ubayot.em, camponcnt, or any 
utl.cr ct ... .,_,_ification) o/ aayst.em hu a fLuí te (possibly O) 
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pr .. bloility that o. donn~P ¡,."'"'module "ill nre!S<Ílnt<· 
11 ci"'"R~ in ..,y utlu•r m.-!ul<·. ny inwpreting ¡]¡,..,, 
l""l'"hiliti<"' !illd 1Lppl)"Íll~ <·l<•m<•ntMy m"trix algcbru, 
",. can derive formul11<· fnr ,.,!imating t.he totnl numbcr 
nf "changos" required to •Lnbili&e & sy81cm and thc 
>la¡¡Íil~ of intcrnul rt·le'"'"'· The total number of 
doungcs, loy module, is givo•11 by 

"lwre A is a ruw VP<:tor "'I"O'"<·nting the initial rhWlR"" 
]>17 module, P is a tn"trix ~urh that Pij is ti«· proba
hility that a chwo~P in "'"olul<· i n<'-'"""ital<c< a ¡•l1un~·· in 
"""lul<· j, 1111d 1 ia tl1<· "X" ¡,¡...,tit_v mutrix. Tlw numl«·r 
<JI do..ng"' r«¡uired f<>r ''"' h ''Ítolcn"J rde_." is giv.-n 
b)·Al'',K-0,1,. ,,,.¡,_,. 

AX(l-P)-•XUk, k=l,2, ... n, 
tlk•(O, ... ,l, ... O) 

1 
k th clcmcnt 

d<·]><'llding upon,tlw n·),.,.,.,. otrntr·~y. Th!' olo·rivatioH<8 
uf tlo<""'-' formulw• IJ.fC )"'""'"' ,,¡ Íll tl\1' followmg s<-o\luto. 

_\lodult• c<mn...-tÍotl :uo:tl)·,;, ¡, u"'•lul primlll'ily w< u 
¡,,,.] ¡.,,. nugnwntin~ " .¡,.,,~,,..,.·, quantil111iv" UlOdo•r
>l:.lJJing o! hi.s pr.,lolo·JJ'- 11 ¡orn<luee>l quuntitnlivo· 
,.,.¡jmat"" ol !lo~ effo"<l-' ,,{ ,,,.Jult• Ílll<•rcotn~<-<1Íoll,, ''" 
'"'"u in whirh intuJEi<·•· jud~m<·nt iB gt·tJ•·r"llJ· 111· 
uJ<"q\lat~. 

TIJEORY OF ~\OllULE Cüt;'tü:CJrJONS 

M a b"""' for our analysió, ... e postulat.e sevcrul 
L l<ar..,tcristics ol u ~ygtcm; 

• .-\ ')-ol<•m i:; hio•rotr.·hi<"al I!L _,rruoture 1 l m ay COJ,.iol 
.,¡ suh•~·stcm•, ,.¡,¡, ¡, o·.,.,¡ :oito ''""'l'""' ·nt•, whio lo 
<·onlllin mn.Jul••• ur it "'"-" lw <"<ompl<•tp]y KenPr:tl 
havillg n diffo'f<'tol ¡,.,., 1, .,¡ """JlOSi!.ÍO!l whcro• HtJ 
"hjret n\ nny h·vo·l j, c·wn¡~>l<"l of ühj<•ct>o nt IIH· 
ucxt lnv.·er lcv<·l. 

• At ""Y lewl ol lh<' hio·rarchy, there may be ooono· 
int<·l'llepell<i<'ll<'<' ¡,.., ~' ''" !I.!J}' two ¡mrts of llw 
"''Slo•m. 

• 11 ,.-,. view a ._,·•t•·m '"'a ,-.,l]o~·tinn oí mo•lul,, lur, 
wloulevrr "hjo·•-1 r<·•id,., "' 11"' lowo·st ¡,¡,.,,.ro-hio·.ol 
lr·v•·l), Hu·n ¡¡.,, vari••U• Ílll<'"lo·>"·"d' ,.,.¡,._, :or•· 
manifu;tcd Íll l<fHl• ,¡ olq•·lld<•ncie> l~·t~<t-.-n aH 
pa.ira o! mo<lu],.,_ 

ll,l' doJI"ndence h~ro·, ,.,. """"" that ~ chllllge in on<' 
mo<lule may nec.,..ital<' u <h:mgo in t.hc utho.r. The 

fulltlnm<·ntal a.xiom ol moM)Ult• """"'"'Umo .naly.;. i• 
thnt Íll!<-ruwdulc ronn<'<'IÍuto> aro• tlw ,.,_.,..nlial culprit in 
<•lungatr.J •doPduh. Tbat '' do:uo~o· "' om• mc><l\llo• 
croates th• ,,.,.,""'ity for do:mgo"' ito otln·r mo<lul"", and 
t],,., doangcs ero:D.t<• ot.herti, nnd"" o:>n. La1<•r, we will 
••·•• thnt )'crfectly )oo.r<nlc""'-luoking !losumptiom• lcud 
e.Wiy to oums like hundrrd.. o! chang'-"' '<'<luired u "' 
rcsult o! a single initial chang<>. /Tht• notions of hi•·r
'"cny, int<·rr<>nm..-tion, cU,., u,..J lwrt· "'" do·•crib<"<i al 
l<·tJ¡¡;th in 1\dtro·!lcc 4.) 

JI wc a. ... umo thnt a sy•tl'm C<lii>Í•I& of n "modules," 
tlo<-n tlo<'f<' nr<• "' p .. irwiw r•·latim"l.i]" ol tl01• form-

l'ij- l'rulmbilil_,. tlout ~ donn~o· in modult• i 
nt·«·"il«lo.," chnnw· in mo<lulcj. 

!u thc followiu¡¡;, the letler "/'" denotes the nXn 
m1<tri~ 11ith cl<-mo·ut.s pij. Furthormorc, witlo rado 
tJw<lule i, thcr<• i• 1\SSociat<-d a numbcr Ai oí cha"~''" 
that tnll5t be ma<le in module i u1xm inlegration with 
th<' •y•t<•m. {Ai i• npproximal<•ly !he numb<·r of bu~';" 
tlout •how Lll' iu nu~iulc 1 \\ll<'n it i• inl•·gmto-d with tloe 
~y•km.) lf ""],.¡A denoto• "row v...:tur 1\ilh rlement.a 
Ai, thcn ""havo· th<•lollolliug: 

A .. total rhan~<>l, by mtll!uh•, r<"quirl'd at integra
tiuro lin .. ·, or at Úo/au<ll ,,¡,,..,O. 

A 1' ü \lllal dmu~<·o "']UL"•<l, by modult', "' a "-"LUit 
<>1 <h!IIL~<'-'' made in rel~...,. O, or lutotl chang<"' 
[Qr ill/<rt!ol re/.rou )_ 

{110ternal rel•'"-"' 11+! Íll, rou~h.ly, 11 vcrsion of \he 
•Y•Wm conl.llining li>.es !or all firs1.-ordcr problema in 
interna] relcll..'l~ n.) 

:-<ow """ Ql:oserve that lhc i, ;th <•l<•ment of l" ;, 

• .. , 
,.]úcb rPprt·"''"'-' th1· •um of probabiliti"" thal a ~h<Ulgt• 
in m<.<lu],. i is prnp"gal<•d lo nw<lL<le k ami tll<:n [¡¡ 

m .. dulo j. llo•!lt""• lite i,jtl1 ..Jemt•U\ oll";, the "two
•lep" ptobability that a ch..,Lge in module i JlfOP»gateol 
lo mo<lul~ j. Ot, Al'' is tho numbcr of chon¡¡;o,; requircd 
in ú<lernaJ rd<a>c 2. 

The ¡¡;.nerahzutiou ;, now ob,io\lll. The number of 
dmn~ros n<¡uin<l in int<·rnal r .. h·:o.'" t is giv1·n br Al'' 
"",¡ tloc !"tal num],cr ol d!IUI~<·~. 1', is ¡rivcu by 

T~A(I+P+F+F+· · · ). 

Now W<' ar~ illh•r<"tcd U• know \\hcthcr or nol thc 
matrix J><l""' ,..,.;.,.in P ronverges; dearly, if it d1>1>1 
'"'! our •r•"'m "ill never Btabil.izc. To c.stablish con-



, . 
• t,, 



o·rgen"' of tlw ¡xmPr ><•rirs, w~ appeo.l \.0 matrix 
otlgt•bra (!«'<' Ho•fo•n·t"''' 5, fnr cx~mplu) "hich tclls u• 
th~t thc ul~ow ;."''"' trouwr¡,~"' wbcJl('Vcr the dgen
v~luo-s uf f' ar.• ¡,.,_, llmn 1 iu ll.!.o>oolutc vo.lue. If th¡, i• 
tlu• COLS<', ,tlwn ti"',,.,¡,., <"<L<t"Vcrgo" nnd 

W ,. uow l,:!\'<' :011 '., 11 ''"" ·l_\' ,¡ mph• "u_v ¡, <•><1 imat" tiL<• 
total numl• r ,,¡ ..¡,_,,.~,' l'-'1'""-.l \" ,t:LIJili .. · 11 'ystcm 
""alino·ar ¡,,,.,¡.,,. ,.¡" ,,.¡ of iu<lial rloa"~'"'· A. M•"~
ovrr, Uu• !llllllio<•r ,¡ '¡,,.,~•·• "t t•ndt ,...¡, . ..,e i• givcn by 
thc ~lcmrnt.< of A f, .11'. A 1", cte. 

ESTI.\lATI:\G TOTAL DEBIJGGI!\G EFFOitT 
FOH A i;YSTL\1 

Thc al~ovr tlu<>r~· ;u~~"'ls 11 •implc Jlft>Ccdurc for 
•••limatiu~ ¡¡,.. ,.,,,.¡ '"""lwr of doall~~" to•¡uirud !<o 
"' "biliz<• " 'l-" ,.,,, TJ,.- pnwt•dun• U. "" follow•: 

{ l ) Fo ,, , ·ar 1' 1 r1o" 1" ]o- 1 ,.,,ir, 1 ,j, o·><l Ílna( o 11 "' proha\Jilit y 
tllul a o-1.:,.,~, '" .,,..¡,,¡.. i ~>ill lmcP o. chango• in 
mo~lnlo· J TI..... • ·1 ¡,,_,,, ~ , . .,,,, Í1UI ,, doc proba

LLiit.' "'·'"" f· 
{2) Fron< ¡¡,.. ,.,., '"' A i<.V ,.,.¡imatin~ for e~>Ch 

modu],. i llu· ,.,.,,.¡,.., ,¡ "zo•n>-<Jrdcr" doangcs, or 

dmn~<·.• n·<JL<ir<-d "' inl•·¡:ratiun lime" 
(_3) C.ompuh• ¡],.. l<otal numb<•r of clulllg.,., by 

modul<·: 

(~) Sum tiH• o·h•mo·Ht• <>1 ¡_],. rnlutnn vector T 1<J 

u!JtFLÍII u,..'"'"] onuu],. r of o-han~.-;, N. 
''i) :-.IakP :. ;Í<Hplo • \ll:Li••bti"" to "total timo•" 

L,.,..-J "" 1"''' 'x¡.·rio·no·o• :mJ knowl,.l~<· ol tlot· 

r11vit""'"''"t. lo ¡r:o>l ''"]"'"'''"''' ""gg""ts u 
"hx" ralr• ,.¡ d ]"'' ""·k, t].,·ro ¡¡,. lut!il numbt•r 
of "'"-'h to<¡uir .. l ¡,S /d. 

llrnr~ if "'' haw o«om~ •·<tim~tc for the initial corred

"'""' (or "lou¡;¡¡i¡J<·~»I ,.¡ ""-'1''"' nnd fur thc inl<lr
,,.Jul<• •·untJ<·t•IÍ\'ÍI,\' llhr• ¡>rnb"biliti<·,), ll<ün wc rom 
.,,.,.¡¡)' obtiu• nn '"' i""'' .. ¡.,, ¡¡,,. I~W/ numl~·r of duuog<:o 
thot l'il! br• .,,,.,;,..,¡, • ,¡, lo!!o tlw >.\.•t<·m. Tl..- ¡,,mula 

;, n >Ím¡.]o• "'""'" '"·""'· ""'·•"""· l•lll ""' f:od that ,.,. 
111'<' rle~li10~ \\ llh Ho.:l ; " l•' • ,¡,"),]¡· •·x¡ol:.iu> tloe lo.ilur<· 

our intuUÍ<Jl! iu ,.,,.¡, o-I:J<ali••~ ddotJg~i"~ ]<roblo•m>. 
ln th<• ¡,.¡¡""'"g·" "''""'· 11<· 11ill ,¡..,\\' ),,,. tho uLow 

formula CUH ¡_,.u"') '":oíd nur uu<.lc,.,twu!ing of other 
""1><'<1-s of tlot• d,·loug~;,,~ l""'e""-

Module Cmwcction AnaJ;.,is !75 

STAGING INTERJ\AL RELEASES 

Thctc are vario~~.> strull'gi!'S for track.ing down hugs 
in a comple:c •y•tcm. Th~ moot ohviow are: (1) fix ell 
hug.. in one sd<>ttOO module anJ ch"'lc down oU •idc 
<·fT<"CII!, or, (2) fox aH "fir.t--ordcr" hugs in et>eh module, 
then fix all "s. ... ond-ord~r" bug•, and so on. Thc module 
••mncction mO<ld can u id in prcdic·ting rd<'""" intcrvJJ.I> 
for citlocr appru..clo. 

For otrntcgy ( l ) (onc module at o time), tloc numbcr 
,¡ changes rcquirOO !<> st,.bilu•· mo<l'ul•· i, givcn Ai 
initi,J ch>mgeo, ¡_, given by 

(p, ... , Ai, ... , o)(J -1'¡-• 

TJ,. produet is a row v._.,tor "ith dement.a OOrrespollding 
lu thc. numbcr of ch!lii¡;<'OI that mwt be made in """h 
'""dule M " f<'>Uit of t],. origioml dmll~t·.• Tht• tutil 
ntuoÜx•r of durn¡¡¡,¡ t<'ljuin-J tu •!!lbili•c thb one relciii!C 
;. ~¡.,,., Ly 

• 

"IJ<'rc the Xtk are •lcmen!il ol ( 1 -1')-•. Thi, strntc¡¡y, 
thcn r.,.ulto in " intem,U relcasrs wherc the time for 
t<•le...., i ÍJi 

A i (m a> X ik) X {time ro-quired per chunge) 

• 
wu! thr· wtal dohug ti m" Ritcr into·gration ia 

L (Ai ma.x X ik) X (time '"'¡uir<:d per changc) 
• 

\Vith thc oecond ddmg¡¡ing strategy ( rroakc all "first
••rder" ch""gcs, then all "••-cond-nrder" chang,., et<:.). 
tho• numbcr of doal1gcs in thc kth td<•...,. is givrn by 
:\1". Th¡<l is, Al"¡_, a mw Vo"<·tnr "ith <·h·Im•m., turro~ 
'i"•n<lm~ In tll<' ImmLPr of chang•,¡ in uw:h nw<lulu fm 
r.-1.-&>t' t- Thc timo· '"tuin-J fur tdCKbl• k is ~pproxi
m¡¡(o•ly 

nmx (Al") Xtim<' rcquin-d per chango. 

Tu d<•lcrmÍ!tc tiL<• !<>tul numbcr of rdui<SC!l for thk 
otrategy, we mwt ex,.minc A, AP, AP', uutil the 
numbcr ol ch11.11g.,. AP• in relea•" • is sm,UJ enougb that 
¡],. s.vst"m Íll rcl!•J,.ubl!·. TI«· tnt ~1 timr for thil; •trat<·!:.)·, 
tl«·n, j¡¡ 

L tnux A!" X 1 i11w ro•<¡otim.! ]"'' <"hngc. ·-
ll ¡, "orth notÍllR th:..t huth ol t!u- d,·bug st.rategies 
olo·~mlx•! abov<• <•vid<"nr·o• a "critictll path" dle<t. The 
lut.ol tinl<' in ,.,.e),"""" is 11. sum uf maximum limeo for 
o·ach rch•!181!. This cflc-ct c:urrespomls to thc "ell-known 
i .. ct thnt dcbugging ;. generally a highly ¡¡cque~~tial 

' 
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pt~'liS "itlo nnl}' mitwr J~•uibilitillll for making tnlllly 
fin11 in p~rull<·L Th¡, Íll<'t, ooup!OO with the "amplifica

tiun" nf •·loaoog<"' ""'"'.J by ripplin¡¡ cffeclll, ccrto.inly 
a.crounts for u largc pcortion of tnlllly ~~ehedule slips. 

HEFIJ\'11\(: THE INI'flAl, ESTIMATES 

Modu),. <'I>HHt-ctinu tuu>lylli.s is proposOO .. a too! fnr 

aicling u,.,¡~"""" and implo·m<·ntora. ~ 1 ore thM anythiug 
eloe, it is a rntionale for m<1king det.ai!OO qUAI\Iltative 
estímate> r,r' what i• g<·ner01lly call..:l "oontingcncy." 
No\1; w~ '"""t a.sk, "As n project pmgn>oms, how couo 
we take nd••o.ntage ni ~>etual Up<'ricnce to r•.fine the 
initial eslitna!<sT" The mndule connL-ction mOOel ia 
b,..e<l on 1wn ubjeclli: A, ti«: vector of initiu.l <"hangM; 
and P, ti"' m10.1rix of romwction proh~<biliti"" bctwoon 
thP modult,;. Both A nnd P can be revisOO oimply "" 
livc data bo·<·omc avaihü>lc. 

Aa ~~>eh module i ¡, intcgrated ioto the 8)'1ttcm, the 
oumbcr Ai ni initial ch!Ulgut bt-oomctt app!lrellt. 

Uaing updalc-d v.Ju<., for tbc V<•ctur A, we C!I.D f< 4 

compUt~ ti><· t•xpCcted tntul number of ch""gcs !Lfld thc 
rt'ViNld r< .¡, · ·""' • •t ra!Kg) ·. 

TI"· ,.],.,.,..,,., 1'<), of !IH• mattix 1' cau he rcvi,.,] 
]><'tiodically il •uftioi~nt data i• kept on chilllg<>~, thcir 
C&ll$CS, arul lloeir aft<"t-<'ff<..,ta. On~ •imple way to do 
this i• to l. o•<·¡> a r<·cor<i for J•J><•h module il'l folluow: 

dcscription of 
chang .. 

Module i 

C!O.USt<i by which 
modulct 

othcr modules 
aliected 

A!Lcr a rdalivdy larg•· •mnph· o! daLa is availo.hle, the 
al:>ovo fotm> t!I.D be u,.,.¡ tu r~vise P IUI follows: 

. . number uf dmn~"" in j CBU>IC<l by i 
l'IJ~ - . 

total do>U•gut made to t 

Thc revised matrix 1' can be used to 'CVÍsc etLrlicr 
estímate< for total cffurt nnd ,..,¡,..... ~trau_.gi!!S. 

AN EXA\II'LE OF ~JODUJ.F, CONNECT!Ol\" 
ANAL \'SIS 

Thc fulluwiug exampl<· "' blt.S<'<i un tloc Xcrux Uui
versal Tinw~l,aring Syol~m. Ei~hi<'Cn ac!ualsuboty5tema 

. 2 . 1 • • .. ' • ' • . ' ' . ' • • • . ' • • .., • .. ' . ' . ' • • • • • . 1 • 1 . ' .. ' • • . . ' • • • • • • • • • • • • • • • " .. " ' " . ' . ' . ' • • " • • " . ' " . ' " . ' • • • •• ' . ' . ' • • • • • " • .. ' • . ' • • • o .a .1 " . ·' • • • ·' • .. ' • . ' • • ' ' ' . 3 : ¡ . ' • • • ' " . ' . ' • . ' . ' o . 1 .2 .. ' •• . ·' • • " ' " " " . ' " • • • • • • . ·' • • • " " " • • • . ' • • • " . ' . ' . ' o .•. 2 .1 ·' . ' . ' . ' . ' . ' ' • " . ' • " • " o.~ .3.1 " " " " • • ·' " • • .. ' • • " o .~ .3 • . ·' . ' • • 

. ' . ' " • . . ' ' ' o . ~ . r . ·' • • " " " " • • " " " " " • " " • o ' • " " " " " • • • • o o o • " • • • ' " " " • " " • • • " " " • " • • • • ' • • " • • • • • " " • " • • " " • . ·' • 
" • • • ' o . ' • • ' o " • " " " • ·' 

t'J&"re 1-Pr<.oh<iliilll)' a;>n,.,...twn mo<n•, P 

are used ... "modules." r:.o;timal<::! lor connl'(:tion 
prubabliiti"" and initial ch~<nges are m&de in the .ame 
"'"Y that thcy would be madc for a ncw oystem, exccpt 
th<1t sorne ""perience and "feel" for the system •·ere 
W>t-d t.o ubto.in realistic numbera. (Th<U>k& li> G. E. 
Uryun, X"rox Corporatimo, for hdping ¡., construct 
thi.. exllffiplc.) 

Tloe !8Xi8 prob<1bility ~onnccti<•l> rnalrix for thío 
<'Xample is given iu Figur<• L Tlw matn• i• rel~t,ivd)' 
•p!U'IIC; moroovcr, rnost of thP non..:ru rlrmonts havp a 
value of .L ~lost the largcr olr·mcnt;< lie ou the diago!\J~ 

INITIAL ANO FINAL CHASGES 

Tut.al llpquo,.,.j 
Mw~ !nitiol Chanp Chao""' 

' 24\.Sit 

' • 100.116 

' ' 4.4~Hl 

' • !18.12S.l 

' ~ 248.f<.'ll; 

" " 230.~76 

' • 2"-8.951 

• ~ 2.17.467 

• • 4.4HH 

'" • 3l8- 7;.1 

" .. ~.~ 

" " 13l.3ll 

" " 128.318 

" " 157. 11)8 

" " 00.1!38 

'" '" 11>0. 10ol 

" '" 188.2115 

" .. 1:!9. too 
---

TOTALS ~ -·· 
''"' .. 2 



' 



t"Orr<S¡londing to tloe f~t t.hat tbe BUbsyst..!ll.> Ul"C 
rclativcly luge so that tlw probability ol ripple within n 
~ub•y.tcm ÍB rciMtivcly IW"gc. 

The total number of chtt.ng<:a required in each mudule 
are givcil in Fi!!Ure 2. lt is int.crC!!ting to now whido 
nwdulC!! require the rnoot chMgea IUld to obacrvt• that 
•i~ modul"" account for 50 perceot ol !.he ehang<S. 

Fi!!UtC 3 illustrates !].,, one-release-per-modulo· do·bug 
•tr~tcgy. Tb&t i•, ""' rc¡mir ono module and all •idc 
o·ffce!JI, thero anotlocr module, and so on. 

ThiB straWgy io ratlo"r crratíe •ince thc time bct"'''"" 
n•lc"-""8, whkh ilo do•ltrmin<"<l by thc maximum number ol 
foxes in onc module, rn~•g<>l Jrom4 to95 in~mlnat<·ly. 
JI we s.dupt thiB stratcgy, we may wo.nt to sdcct tl•e 

-Ol'iE REU;A.SE p¡.;R MODULE 

~,_ 

' ' ' • 
' • 
' • • .. 

u 

" u .. 
" " u 

" 
"Cl\ITJCAJ. PATIJ" TOTAL 

Moximum Ch&ng.o or. 
Ono Module 

4.417114 
ll.81ll~ 

l.iUU 
8.840'2!1 
67. 89114 
2.1. 718.\ 
ro.~ ··-l.tiUi 
3.';, 2976 
8.\,2\H 
:l2.MIOS 
39.7013 
IMI(ill) 

l~.OCOl 

··~ 35.0000 
OO.~ 

5112.138 

wol'>it module firot o~nd continuc u:¡Íng the worst modllle 
at caeh ~~~p. W e will .., .. , ho" evcr, that thia 51.nl.\egy U. 
J,.r lrom l>ptimal becHusc it doe. not tooko tniUÚmum 
ndvant.!lgc of oppurtuniti<"' \<o make fi~<S in pW"&llt•l. 

A mol'f' cffeetive rcl~nae •tra.\<'gy is illustral.ed in 
Figure 4. This stro\<'gy assum<S al! 6r.t.-order changr.¡¡ in 
rdcase 1, al! second ortler changtll! in re!""'"' 2, o•lc. 
Figure 4 •hows, for e»Ch rt•lc.....,, tJ¡e ma.rimum numkr 
ol rhang011 in onc mtodulo• ""d tiLo• l<lUI nutnlJ<"r .,¡ 
,.¡,,.,ge:,.. 'fhc readPr wlw hwo workt.J on ~ largc "}'>km 
"ill, no doubt, rt!COJ~Ili>c tht• painlully slow coovetgo•toe" 
pal tern. 1 n this Cll.ll<', ti oc oy•lcm ¡, !l.'iSUmc.J to be t<:adv 
l.or <'~leru~l rclc""'' wl"'" tho• "tn~U<Hnum chMgo~ l""r 
tno•lule" l>o.oromro. ¡,,.,. than """· 

1 f 11" o.o•ume tJ,.. "t"ritit·"l patio" clumg.., arr madt• :ot 

• 

i . 
' .í 
l . 
l 

• 

Module Conncction Ana.ly.U Jij 

~-·M~·--'"'"'"" _.,,.,_ .. ___ ,. 

"-·~···· .· ""'·--··· 

-- ~~-

--.. 
" 
" ¡ .. , .• 

an average rat.e of about l per day, thcn Fi!!Urc 4 is 
fairly rcpresentatlVe ol !!Xperience with thc first release 
of 1.rrs. Tb~ t.otal number of ~hang"" on tbe "critieal 
patio" lo 338, 110 that approximnt.cly 15 month• would 

·• 1 
' ' 

-- ! 

] 
----
// ---

-
.. 1 

" 
f'i¡ur< !>-Total <h&n&eo .. o fuooliotl <JI 

"•"orage oonn«tooo probabiloty" 





lw n·<¡uirt<llo ~t;~hilizt· lh~ •Y•I~m for the f,ret cxtcrnRI 

n•lo•:<"'· 
Tu o·uudud~ thj_, "'"mpl~. l~t llll tak~ a brirf \ook at 

thP ro·bliuno<hip l"'l"«"n "t<Jta\ chango"" and tlu• 
pr.,lo"loi\ity of inh·rrnodulo• romn<'<lion. Tln• prob~· 
hi\ili•·- ;, thr rutnu'<·li"n nmtrix >lhnvP hnvt• nn llVl"l'IIII:C 

Hlw• uf approoxoonuto•ly .04. What ÍH tlw ro><Ult if wc 

"'"'""''' tlw ""-'"" n•lutiv<o di•trihutinn of prnlul.hilitio'8 
Íl> tlo•• llmlri>, but r.~\Uct• th<• avrr~~~~:r by dividing r#h 
t•lo·uwnt b)-' llt'OJI!<lar¡t? 

Fi~un· 5 .¡,.,,.-s tlu· tott~l numbcr ol ehang"" ,._. a 
luno·liull ,¡ "avrra¡¡•• ¡orobability ol modul~ oonnection" 
uncl<-r tht· nbuvc "'"umption. Thi• curve showo that our 
rnUlplc is pn..::ll.I'ÍOn¡g]y d<lllll to "critieal m...," and 
that ''"Y Amall im¡>wvcmcnl in thc oonnection proba· 
bilitic·" ,,.,.ullll in "i¡¡nific:mt pnyoff. 

OTHEI\ Al'l'I.ICAT!Ol'i'S OJ> )\QDULE 
t:ONNECTIUX AI\"'AJ.YSIS 

Thl' vo.lue' "f Jnndulo• c·o!lJu•rtiou auu.l_t'ijÍ> i" iu 
aim¡olio·ny. 1'\u· ""'"J>utati""" cau lw' pcriormc.J e:tSily 
hy ~ •m..tl ¡¡,.., 1\mn SOiin<'>) pro~rarn written in Al'L, 
BASJ C, or wluU•·''' -r bn~uag•• i• nvuilable. U11<-<l on·linc, 
tln• to·dmiqu•· ;, u,,.ful ¡.,, expcrimcnting "~th varioUII 
d<-.i~" npproacho.,, implcm<·ntation strategies, cte. 
Thrc"' cxarnpl<., of thi• """ of thc modelare d-riho•rl 
hdow: 

!1 thr desi¡¡n<"h<, "' mana¡¡cre, o! a aystcm have kept 
dctnil••d r.corW. of th~ mu¡Jul<~m<><lule chan~c'" in th" 
S)-'l!l<·m (as dc,.crii•.J t~bow), tlwn lh~ matrh P i• a 
tPhal>lo· <·•Üin"l"r nl!h<• "rippl<· flWI<Jr" lor tlw •Y•lo•m. 
lt ,.,.,. 1"' 011<'1 t" pro;lio·t, niHI "IJ.4:<', tl""'ff"rt !<> •tabilil<• ' 
tlu• •.nlt•m aft..r ahy oct of changt,., \f W<• 1"-"'lulate a 
mujnr !tllproVl'm<"!l! r<•lc""'' of 1hc •Y•tcm, th<•n we can 

"-'-'"''"'• for cumplo·, that thc "''"' program code fo.\1• 
in tu t I'O categories: ( 1) indepcndcnt code partieulor t.o a 
""" !unctioo and, (2) cOOt• that nrc<:MÍI.ates ch!Lilge~ in 
"" •·xi;ting mudul.,_ By ... timating the number ol 
chaiiJ:'-"', W, to Pach nmdul" i, ,..e can esúmatc the total 
numher of chnttgo" to """tabili•c tlw •Y•Wm: 

Th<• ¡orwio<llll)' ,¡,.,.,.,;b,•d rmnputatinns can¡,, lL'c<l t<> 
estionute reJ~....., intervals and t<otal time fur the im. 
pr"nmcnt relense. 

T" hr more rt•uli,tio, it may be lL"'ful Íp thc abov" 
omnpnlatiuo 1<1 U>O.· bí+•i,.. the ... timated rhangcs in 

tlw module, wh<·r~ ti repn,..nts tho numlx-r ol chant,-~ 
r<•<¡nir<<l in mndult· i by pn•violll! ~ctivily. 

TI"• bcst timo• t" ¡¡unr:o.nt"'• •u<·r0"8S ol a oyotrm 
d••vo•]¡¡pmcnt dlort io in tltr ~arly do'"ign •tag<'5 wht•n 
arrhit.ccture o! th<· •Y•trm i, •till variabh·. Tlocre i:; 
tnuch to bl' ga.im•d by ,do•rting 111\ nppn>prial<• "d..'COm· 

l""ition" (se-e lt<:f .. rcnc<• 4). of'th<· systrm into IUb
•Y•t~ms. cumpottrnts, eu:. During th~; Rtago- o! a project, 
mudul<o comwc\ÍOII analy•Í-1 is a u"cfu\ too\ for evalua\Íng 
variou. dc<.-omp<Joitions, in\'-"1"-"in¡ techniques, ~'-"- lt 
Í• n •imp\c, quanlllaiÍ"" way el <"S!inmting the m<>dul.i:t!'IIJI 
uf a sy•tc·m, tlw <·V<·r·pn=nt .,),jo·•·tiv•· that no on•· 
knm<-s cxa<tly lww tu a<hit'V<'- By ftxing !lOme o! his 
..,.,.umptíon• about im•·rmOOu\c runnPCtiorut, a d...;¡ner 
rl<ll t'xprrimcnt with vario•u• "''"!<·m org~tÜZ>ttiOilA to 
o.lct<>=ine >~hioh are thr lc ... t lihly to "-"hicve "critica\. 
mlt.Bil." 

The ..,..¡cr "hu performs "''"''' •implr cxpcrimcnts 
..-ith tite formulu describe<! hen• ;. likel~· to be very 
•urpr¡,wd at th~ re.su\ts. Even ~n extrcm<·ly AflBrsc 
connection mauix "üb vcry Jow probahi\iú .. ean 
rn~ult [examine ( 1-P)·'] in very lru-ge "ripple latt.on. '' 
lt i• also intcl'f'!ting to •xl'<'rimcnt with sm•ll pcr· 
tlll'bbt.iono in t.he conncction matrix o.od obocr~e the 
profound elfect they eo.o h~v•· "n th~ "rípple lattor." 

" bccumos cunvinoed "''"" tbm ~ver bcllll'~ thll-l- it i\) 
"""'"""'Y to minimi~ run~~eeti<J,,. betwoen modn~ 
· . ..¡¡.,. ~~"'-lli""• and &im!Jii!¡: th~ !"'-"'!'!!! oi makli!9 

' Thc moot impr<lll!live gailUI romo from minimioi.ng !he 
prob .. biliti"' ol intermodule pmpagation of ~hangcs. 
A n'<.luoti"1' of th~ t~vcr<tgc pnoh~>hility by flll little as 
5 or lO pcrcent """ caone a o.ignificant rcduction in the 
"ripple fattor." Addit.ional improvement can r..Wt 
from improvemcnta in u·ehniquc"' f<>r muking chnugca. 
The total debug time is ,_,ti!o.lly hnCilt' with rcopcct 
to thc time requirt'd to makc a ehung<•, but the multiplicr 
(t .. tal num\,..r ol rhllllg<"') cun ¡,. "' \arRe that any 
""luction in tlw timl~P'"r--ehau~<· ""n\111 in enormow 
•=<VUI~·· 

~loduh• cm.,w<·tio~ Uochni4uoc. llr<' cxtrcmcly weful 
iu ""limo.ting the value of vorious implcment.ation 
t<•dmiques and •trntcgics. How are the module oonnoe. 
Ú<>n Prob .. biliti!:l1 clu•ngOO if we "-"' ~ high·lcvel imph~ 
mentation language? How mucb easier will it be !.0 
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11 onko• chtUo¡:c.,? llow n.urh will ""M VI', if o.ny, by doing 
,.bboruiO• PtlVÍrülllllf'll1 siunolutiutl nnd t"•ting of l'ü.do 

mo~!ulc helor~ it la into·"'at<'li with the syst.eml ~lodul~ 
''"""'""tiou Mllly•ia Í• a valuablt· augmentAtion of 
intuition in tbcso• arcas 1md co.n be Wj{'ful for gener~tíng 
m•l jll!IÜiicatiom for appw..ches that resull in oignifi
r¡tnl saving><. 

Tlo~ t>bjo'<IÍVP of thi< p¡tp<•r h .. l~eCD to describe a 
,¡,"!Jh• mc.dd lor tlw PITe-e\ o! "rippling changes" in"' 
lnr~o· •y•l<·m. Th<• n1<>dd can lw ""'d to cstiml>h' tlw 
11 umkr of rloo.u¡:!'JI and a rl'l"""" otraw¡r;y lor atatuli~ing 
:. •Y<tt•m ¡:iven o.ny se\ of initio.J chMgeo. The modd 
''"" ¡,. <"fiticizL..! lor bcing •impli•tic, yet it """""' t" 
,¡..,,cri\x> the •umu o! tloe problcm of stahilizing o. 
;¡<tem. h L. clco.r, tu tlu· author al leas\, that o·•¡wri
""'"tation with tl1" mnduh- <'<Jnn<'<"l iuiL modcl <""uld hH V<' 

Module Conne<:tion Analy.;is li9 

l''"vcnt<-d ¡,. significa.ot p<>rtion ol the odoL-dule d<·by 
thnt occurred lor mnny largo• •Y•'''""'· 
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-noop Ti'"'o ·~~ podo¡><:>p J>UlwOJjOJd 
j>]qJ ><!J. ·do¡>A>p01 l~lUQUl O>J~1100<ll 
10()] ptll "UO!n\U>Wn>Op uf]IOp .ÚIU 
·!"'JI>Jd >fodilH >ql JO <!S'tq OJ]\U> >~1 
'"" =wh¡p I'""Jq~"'•Jq •u 

·JW~1!JOijl >O ¡<lUlO"> JO 01111 
'"1' oq1 lll¡q].l=p "! ¡nprn >JO P"" '"OIJ 
111p pn 'o¡OilUO» "R>Uonbos .I"J)IU>p) 
iWrJ~Erp ·"o¡_,¡ "'UJ u!o]p o\\OIJ ><lljd>J \OU 

·U!:> 1w••h!P ¡oo¡q~JIJO)H "10l1UOJ {¡Jid 
"""'!' n IP" 11 "<>!11\]q¡suod.,, pu• "1'" 
JO " u owuf ¡1U 1 "'" bo"! "' { J!!d "'! s owoJI 
·•JP jo:>Jq>JOJ>]q P"I!"''P ·poo~ 

""P'!/!J>' A¡ 
·llr>I"J>d>p<l] >q p¡n()) q01q ... 11U>UodWO» 
>1q~ilou•w. u8]s;p puo "flU>UodWO> 
lr.l]qOJ•l>Jq U0>,.1>q UO¡lr.>JUOWWOO 
:n¡w¡o¡w pul >?Jpllpn" '{q~n,¡q 
oq¡ "!'fl!M ~l¡q to''"'" puo W)1•>!"""' 
·WO» q<]¡q•l<> 01010 .. <OJOI"'J u!¡<>p ,(>1 
•u "<W•JSo;dqns >q1 ¡o opm1ul•w puo 
{¡¡.o¡dw<» >q1 ÁJllU>p¡ 01 <pd>p '"'!"!/ 
·s•• poq ••q1 "JOq¡o• ~I•PUJodno¡ou "~" 
JWIJI1]p 0101\.1 "p:>I>JodJO>U] .'""' nuow 
->J¡nb:uno11q1 pu1 'p>AIO. >q p¡no:> W>l 
-<lOJd ''11 1"11 ""'q.o¡ (uo¡pun¡ qon ><>J 
lj>A>I ti 01 OtJ l!ll>P 1U>]O!.IJOI JO""" 
•w1JS•¡p ¡oo¡q>JOJ>¡q [1111U] >'lJ. 

·(=IJJOIOJ iu¡onp>J {q q111 h¡w 
-woJiold 8u¡lJHdUJ)I u¡ lOP<J ••~J uo¡1 
·t>¡unww~ WOJ1!oJd1JJU] JO U0]11l]W! 
-u¡w ~S>U)1Ml !:liJqo¡ pu• ''!1!1" uowwoo 
JO UO] 1 O!:l!J11 u>p] :uo¡\0.0\UO>UO> JO '"'' JO 
ti(O]ltl!J1100p] ~UO)\IW.lOJU] h!J>]Jq/U011 
·OU]J\OOpU] ¡ouuo<Jod "'" ~,¡11)1q]suod•>J 
JO UO)U>U)\>p J1>j> O ~t\U>WU1IJ• 
·11 (>U=>d JOj fllOJJO pU1 >l)1 Wll"oiOJd 
-<l01 JO UO]lll!/]IU>~! :U0)11\U>WO.)Op ull¡• 

¡ ·>p l!•l>p pu• ,¡,.U¡¡.Il]l"d JOj >U]jiOO U1 
:(OJU>JOj>Hill'l JOj 1.l><¡WOU ~d1Jhl<d 
IUOWOOOp \UOWOJ]ob>J pu1 uoo;I>J .(pnll 
P>U]IIUO:> wOJhop) P'P"I'"! >J>M ,uow 
·>J]OboJ n• 1•q¡ ""!'"!.!!'" n 11'" '" 
'JOUUIUI JU>WOU!j>J >1]Md010 "U.,Op-<101 1 

O) UOJI"OZ)U.tlO UlOJ!OJd p>p]AO.n:l IW1I! 
·•Jp =u ·w1>1 llu¡wwOJiOJd oq¡ !u¡ 
:qs¡¡qi!S>01 JO]Jd 'po¡Jod q¡uow·ouo 1 u¡ 
.oowwtJ:iOJd p¡q> >ql .lq p>l>¡dwoo "'" 
"">Ih)p j1)1]U) "1.1 "JOUUIW p>JnJ>OJ\' 
·11>" 'hpop1o "" "! P"IO' >q p¡no> wo¡ 
-<¡OJd >ql "'Oq p:>lP>]pU] pu• WJOJj!>)q> 
·Jl.l>¡q m ••~ u\l¡sop ll!l!U! ><u ·pou~¡»p 
>q UO> ""11"1"'" >HMIJOS >[Qfi"J • 
""J'q poolSJ'P"" '11•101 "'l 1•nw "'"'o' 
·>J puo wou.(• m <>dUJO> oq1 puo wo¡qo1d 
li"""' •u ·•l¡••a ¡,pu1w'I"J 

"U011 

·t¡uowo¡dUJ] P"""""' • »u '4"' 'n"'' 
"!l)U!]' p¡noo !Uoci>J put "!P"" >"ql 
01 ~>..,.<dd• ""op-do1 P''"l'""' y ·s¡s 
·h¡tuo A¡¡¡1q""l • qu" u1ioq .l¡¡u>nb>JJ 
'""JJ• ,U:iu.idoi'"P "'"'Jos """lJ':>od' 
Oi)l>p UO!!!IUOW>jdW]. pu• Wq1]10!(I 
1'>\!l»p Utl[l toq\01 IU0]\10!J!OO<h jiUO<\ 
->un¡ puo¡•oJ80[ >P!IIOJd 01 <Juow:u¡nb>J 
0~1 >l)J.._>J 01 popu>d_, >q O\ ptq IJOJJ> 

• 

1••o¡11pp• •nu>W>J!nb>J t•!1'"! p>p¡•oJd 
Uod>l ,(pnll >41 q!lnoq1 U>A3: ·dno;! IU¡ 
·J:r>ll!IU> W>J~O oq¡ ~q UOil]'" ""1UOW 
·n>Op nuow>I¡nboJ >JtiOIJOS >U 

""JlU!"l'"'un puo ""!"j¡qw• 
.. !1"'" <1 'fld»UO"> p<Jt "'!"P 8u¡u>u 
-¡luo >JE.Iod>S fiiOI>Wnu p>U(•u•o:> uocl 
·>.< r¡~l "flU>WOJ]nb>J u!¡up pu• •qotoJd 
-dr u8¡sop 1 'SlU>w>AoJdlllJ po1odoJd 
pu11UOJ1l1!W!l "'""' !up•¡xo p>~¡¡uop1 
11q1 IJodOJ {pn¡• 

11BVlOJ00 
summrn~Jll 

]l!'IMHOS 

•U! ¡>OIIU]W(nl UOJJO 
liU]1»U]l!UO I>)JltO 
JO 1q1uow OO)N 

"OO!jJ>lU1. J>W01<0> 
pu• "!U]lS>1 ,.,.._lJO. (IWJOJ "nuow>J¡nb 
~J '""''1""' "1' JOj >¡q¡<uod"' '"" dnoJ1 
rJU ·dno'f.J lu¡.->u¡luiJ umrls 

·wq¡¡Joil¡• q>oo ~J!I" 
puo "IOOV>q> 'JOI!UOW '-"OIIOJ 01 poui¡• 
... >q dnOJ1 I<O)IOili01U] >q1 JO J"\Ul>W 
ouo pom¡<no>u swq1¡Jo!¡1 UOf\lt!W!I 
-do pu • !01¡ n po~>S jO>]lOUl> q ""' >q 1 ¡o .( l 
·tn¡dw<» •u "dno;il Su!J"'"~"' "'"''' 
>q¡ pur dnoJ! lu¡wwrJ!OJd >q1 """1"1 
JO]Jnq "'J"lU! 1"1''" t P'P!'"'d dnOJll 
U0]\011!>\U] Oql "1i<OUIW S.J .. O pu• 
lOOJ[»q> WOJ80Jd >IO]p>WJ>IU! "IJoddns 
W~l¡J01tl 'UOJJ> \UOWdO[O.Op oq¡ JO U0)1 
·OU]pJOO> oq¡ JOJ >]q]<Uod<>J «.~ dnoJil 
'!l!.l. dnlu!J uo¡¡o•l.,u¡ ""'"'/os 

"1U>wdo 
·i>A>p ,,,.:j¡os !u¡,np POJ>Iunoou> sw>[ 
-<lmd (op-o¡.,(1p >41 O(pUo~ 01 >[q'l!-'" 
""''" u8o1d w>ISÁ' ¡uop¡s>J o "'~o¡ o¡q 
·ISJ•P• oc¡ PlllQ" 1! 'sw>1~• mru!wo:> t" 
-uowdo¡o~.>p o¡O>s·>lil!["''" u o ·~1uo '!' 
·•q Su¡•¡os·UJ>[QOJd • uo '""' JJoddn< oq1 
'W>1t,(s Yu1,.,>e1o pu• modW<» poq•!l 
-<l"<11"> O• UO ¡»do¡o.op SO,._ UOJJ> S]ql 
"'"!S ""11''"""' 1'"" <w>¡qmd wm<s 
J>lndwO"> JOj Olqt•uod<>J ""' J>WWÍJII 
...,.,.¡ rJl!.l. . .,..,wo,ao•,¡ w>¡r{S 

. "1"'" !lu¡oq .,,.pdn " 
-dmdw¡ 01 onp 11"0[ '""' OUJ]I ou '¡no~»q> 
JOJ •1q•¡1•'" stiMjl ""' h]ll!( pUl 
UO)SJO. WOJ!IoJd 1U='r \SOW OU . ...,, 

"" -<>Jd {p•>~• >piW 1U>WdOi"'P >ql ""'"" 
-: {o~ 1 pu• ,;¡¡¡¡q ]<Uod<>I ¡uwodur¡ u• '"" 

"U ·uo¡¡o 1UoWdoj>"~ >q11noo.¡llooJq1 
•~l!pdn WOJIOJd ÁJ'.'" pu• "<>¡IJ 
pu• <uO]OJ" urOJ8o•d JO ~OM do;, 01 "" 
uo'"""J '·"'!'"Q!I ''ll ·uot'"'q!1 

"SS>J~Oid 1U>W 
-dop"p 1C>w>¡ddns 01 S1Ulwu8!'"" 
ql)" U0]1JJU• [>UUOSJ>J pu• ,!,dd!(< 
o¡npoqoo o¡opowwoaoo 01 "!''' l! opcUJ 
r"{<"<lqnt >[q<:>~OUOI~ "IJOjJ> .<qlUOW >]< 
01 »Jql ~jOIOW!>OJdd< P>l]Ob>J )UOUod 
·WO> qooo 1•q1 os P'P!".P"."' JO ~un J '"" 
''"1qn< .10f•w :qn¡qn< o¡q .. hutW 
OIU! P''!'.'"" '1"1 JOf•w IIV 

"ÁJ>•!I•P 
Pn¡xud >Wl\·UO UJ>Mli 01 popuo¡ 
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·"""'>OI U>WWIJIOJd 1U>UdWOJ 

"IO]OU.d>J><jp >JOW ... q pu• 
'n•!>!JJ>dn< 1001»P op 01 p:opuo¡ 
lnWWiliOJd p>OU>]Jodn SR! O'lJ. , 

: .. 0\)0A.J»<¡O ih]I"J>IU\ lJ< 8U1 .... 0·. 

·[0) 0q1 "p<h1J>p >q p¡noq< UOJU"Z11"0U>! 
ou qhoqliV """"'J"'d ¡onpJ• 
·l¡>Ol puo 'pJ<»Ol ~>tJ\ '>Sou>d•o ">:KJ>U 
-Xlx"o J>ww•;SoJd 01 8u¡pJO.n "'" d!s 
.,. 01 opow ""' 01dwony "<¡uowu!"n 
¡ouuoc<Jod ""!'doJddo JOJ 'f'"q • op¡.0Jd 
dpq puo .(l]"¡dwo:> Yu¡pn1u>pun JO\ 
·l>q JO SUr>W • >p!.>OJd d]S>p p:>Jni>nJI< 
pu• w•jh\p ¡oo]q"""!q •u ·•w~1!' 
-<>!¡• uo¡1n1w¡1do puo '"!I"P»q:>< ¡o:o 
·]1<W>q\OW n¡diUO> Ol (>po> 1U<ljO<>J JO 
'l)l"!l UO]lli•d¡uow •1•p pl ... llOJlqi¡•JlS 
W<)lJ p>h1J ,(1¡<>¡dwoo ~'".1 

.,,.,~~¡>>di 

oq¡ JO .(¡!»idW<» >q1 q\]"'-p.IOO>J ~>tJ\ 
puo '~l1[]qod!> ""'"'!'"''~ <.J>wW•Jil 
-<>.Jd ¡.np<A1puo UO OlOI>JJOl 01 .(J<"""" 
~ 11 ·w•\iiuo\=¡o.ld U•"·~ 10 'Á\1.1':'1' 
OOJ\ '»U>]J><Ix> >¡qo:>!jddl S,l>WWYJ! 

-<>Jd • ""'"'"' ¡o u '"'P oouou>J" '"" 
·IJO< JO uro( JO 1><¡wnu >qj_ ">:KJO!l><l'> 
ptll ,(¡)l!ql U! .(¡>r.ujl p:>J>jj1p UOWWIJJ 
.(IJd I""P!'!P"I ·¡uowd¡nbo mndw<» o[q 
·r.l![dd• >q1 uo ""'!'"'" '""!•>Id '"'"' 
p•q 1>WWIJifOJd .{J>.o puo un~ 
61 0\ OUO WOJJ poluOJ >OU>]J>d" JOW 
·WIJ~OJd ·uo¡p ¡uowdo¡>Aop <!~1 ""Id 
·WOJ 01 P"! nb>J Olh IJOUJUJIJI!OJd \"] 0\ 

dn "100~»~> W1JfOJd puo 'Op<IJ JO IU>W 
-dOi>A>P "U0]111""""""P ull¡»p "ui¡<>P 
"""''J"' i»I!'!OP JOJ Ál!l]q]<Uod<oJ po~ 
U>WWOJ"iOJd >11.1 "W!~!UDJIO'J 

""P"~ 1'""' 01 p>J¡nb 
·>J "'" jlUU01J><i U001<I8>1U) >JtM\jOS 
pUl SJOWWOJioJd oq1 'liMO! • <v ·o1q 
·11\"'""" "'" ¡ouuouod Wu¡ww .. SoJd 
""'""llUOIS]<.O Ul >A•q ¡ou P!P J.JO)j> 
1U>w<lop"P s¡q1 •¡;p¡ounuo;un 

""WW,JiOJd J'!4~ 
>~1 ¡o ""1 >ql ""!•h oofoJd >ql "'"' 
·U] q~1q" '>ou>¡J>d>O pu• IIU)U]OJI >¡q•n 
·tOA .,,¡ os¡• IU.IS!'" •u ·h]Ww•J8oJd 
dddo1' o>1w1uow puo "l>uuouod "''" 
¡o¡;q puo "!"" •=•¡mu! pur ""!"'!"""' 
·WO"> ¡eum» ql)"' 1<!"" ·s.,,. wo¡qo¡d 
u¡ do ... o¡¡oj "<UO]<!»P 1"'!"~"' onb]l 
•!10 pue "''!'>' o¡ <uo¡p IU>wdo¡,.op 
"'""1JO< >I!Jij UO ~Jn<>OOU S! IU11<!SI' 
uy ·suo¡m>p u811>p ["'1·"""1 "IP"'~ 
pu• J>UJU'"J~OJd 1"4' >41 'P!" 1°'15)1¡? 
>11.1 ·üwwoJI<uJ f•!VJ ¡uomlw 

.... ,¡. 
·OJ UOll!IU>WO>Op pu• "UO!,.OU]J" pu• 
¡no~»qo W<J~OJd >1•1.p>WJ>lU( "SW~11.l 
-<lljt "idWOJ oql UO 0>uop1nS ¡oJ1uqo>1 
qi""J~\»U.l>1SSI {Jon:n>U >ql p:>p1•0Jd 
[OUUQSJod UO]IOJiiOIU] >l1 ... 1JOS "llOJJ' S]ql 
UQ · p>J¡nb>J "" """'!"" o¡qodO> owoo 
"10\0uop•oqns >JOW "' OJ>q> )( ·qs11 
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~IIJ>;, tu¡pJ<f>J p>p]•OJd oo¡r """ 
<>U!j>¡J!OI puo SUO]lU>oU~ IUIWW~J8 

'""'d -.,uowwoo pu• 'suO]ld]m>p ""!' 
-¡puoo JOJJO 'UO]ll>U!l••P! ¡nd¡no/<ndu¡ 

'uoo_!do_n<>P '"''""' iu1_p1of>1 P"l"."'"" 
>J>~ 'P"P"'" ~JOl•puoV'j ·¡uow!pnf 
pOOi JOj 0\0I]l<qns OU i] >J>~l :<pJtpUOJ< 
1U>wdo¡,..>p >JU.JJCS p>t!ll>p >~1 >10 
-n¡•.o 01 p>J¡nl»J {p10W!'I" '! ouowlpnf 
l'" .... 'd ·podopA>p '! '"'"!"' ~>!q"" 
JOJ =•.,nu=p pu1 '""!''"'" "!1•»<1 
mc>J>wnu >q\ 01 onp <¡ulpU11S lu¡nld 
-<IJO:ID>·IIO >•]JOp 01 l]OO!IJ!P 1] \¡. ·o¡q• 
·•!.,"!'"' P•• 'l•!•••nbo< ·o¡q•p.,J '"" 
10~1 u..-.1j01 do¡"'P 01 ,..., plrpum iu¡ 
--{100 >¡s>q >U ''P"'P"~IS lu¡po:; 

·sq¡uow 01 ¡noqo ,oo,ouqd 
, •• ,,q, pu• >pe> •u· . .,.,,.1¡os ~l!t•nb 

·oonpo>d 01 puo ¡UOWd<>pA>p »u•quo 01 
p:llfl!\0 .,,., 'P!• OJIMIJO< pu• '<>mpn 
-<>Jd lno,>>q> ''"''!"'J ''P'"P""S onqd 
1no,»q> put >po:>. oq1 !u¡Jnp so¡nq 
"!-"'" ..,q¡ p¡ou 01 oporn """' <idwonv 
"(><n 01 PJIM~"" JO •,(¡opow 01 II•>W<P 
'UO]IO»<> Mj< '·l·o) >\Oqfl\11 1"0" <1) 
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•u!¡<>p IJ~uow¡¡>Jd oq1 q¡¡~ <V 

·uo¡¡o. "'!'"""" puo '""!'!P""' 
10110 IIJIJ!o;dqn< pu• •n¡nr¡op WIJioJd 
--c¡n< 'WOJliOJdqno >~1 01 [1Ul>!<> 01•p 

uo ¡uopuodop " """""' Jo"" ""q" 
"''"' pu1 ,,._unq w••SoJdqns ''""!1'''" 
Jo:>flt:l pu1 '<ÜjJ>Ao<¡O< -~(ljZ>o\0 wuloJd 
--c¡ns '>hlOl> pu• <"JJnq UOJ1""'"""''""' 
WIJ~oJdqn<-10\U) 111 JO utl\lo:>~]IU>p¡ 

"'" "'"!!'P!"' •u!»ds ·uod"'! uo¡1t1 
.uown~p wnw<u¡w 1 Q1!" >p<r.> '""1"'" 
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·!'o---l>WWOJ~oJd • oq p1noq1 ulh<>p I!"'P 
oqo 10ql ,.,. ouo¡op¡n!' >¡<>q "Ll. -.. u!l 
•>p¡nl ul¡<>p l!ll>P pu• ou<¡1no UO]lJ\ 
.uownoop 11"'"" oql podo¡o.<>p JOWW!Jll 
-oJd J>!P •u -¡¡¡nq oq PI""" ,,,.,¡o• 
p>JO.!I}P >ql "'oq p>q]1><>p q>¡q" vi!"P 
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¡~oiou¡ >ql .,.,., "'"''u¡ ·uo¡10\Uown><lp 
t"ll"' o,»ww•;I<>Jd qno P""')ooJd pu• 
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•J>WWtJfoJd q;., JO p>\»<1» 
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Don'! expect immediate success and miracl_es because structured 
techniques are used. 

nam ... file u!iliution, >oriable utiliu· 
tion, >arioble name•. >arioble .,,;gn• 
menl>, and routinclength. The uandOTdS, 
con•entions, and guiddmcs &tl<mpte<l10 
ochieve maintainable codo "ithout re
stricting thc e>¡>erienccd pro¡rommor'o 
jud~ment or habio.s. 

Baskatly,these standords """ ad
hered to; total adhorcnco "ould require 
severo] pcoplc full time to monitor .ach 
lino of codo. The dfocti><n<" of the .. 
mndord> will b< realizcd in th< futuro, 
whcn prograrn mainten•nce and mod•fo· 
ca1ions are rcquirod. 

lmpltmtn:a!ion R..,;,.,,, Follow
ing >uccc«ful compl"ion of the Cu>!omor 
critical deoign roview, •mplcmcntation 
(codc and checkwt) be~an. E.>ch pro
grammd> implemenrotion approach ond 
ini tia! codin11 effom '"" re>iewed by Lhc 
chicf programmcr. Rcvic.,.. wcrc p<r· 
formcd on dctailed hicrarchy o~d flow di· 
agr&ms. and thcn on listingo. Those re· 
•iews werc bener.dak ne<essary. and 1 
key !acto: lo \he success of Lhis <Oftwore 
de>elopmcnl cffon. 

lt wu panicularly inlerOSLin¡ 
(and amazing) lo review and criLiquc Lhc 
iniLial implemcntation ph .. c. Re>i<w< in
dk"od difr.culty in implomonting the de
LJil• of the wftware d.,ign in a manncr 
,.hich ""' "''U struclured, indcp<ndent, 
ande>< y to check out. Tbat is, Lhc iniLiol 
sofl~·arc implcmontaLion <cnded to im• 
1""< additional complc•itics which cou]d 
be ovoided "-Íih a more maightforword 
approach. Sorne of thc more common 
fauiLs "ero: 

• L•ck of program structurt and or
ganiution-implcmenlotion did 
no\ h.-e clear, dcfmablc subscts 
"'hich could be lOt&lly •criflcd at in
tormcdiate poinu lmplomcntation 
inor.ascd program complcxity and 
r<~oir<d cx¡ra che<koul. 
Mi•use of comrulcr rc<our<«
on<-wnrd d"< r<Od< and writes. 

• Lao\;' ol implemtntation f!C<ibility 
-lragolc >oftwar< whioh ,..._. ••
treme!;· data-de¡o<nd<nt. 

• u .. and mi>usc of data <l>t<menu 
- .. me d01a $\atcmcnl uscd in nu· 
merou> routincs, or buffer •i= not 
spccifJed in datO ""'<m<nl5 lor ca> y 
idcntifocation and update. 
Redundant codc-r«¡uircd <>Ira 
checkout (" onc oubmutine)_ 

• Limaed undermnding and appreci· 
otion for Lhe amount of time it taka 
to proce" largo •olumo< ol data
data was proce,.ed one i1<m " • 
time. 

Thcse are mere!) porsonal obS<r· 
vation> made ducong Lh< impl<rnenoation 
revicws; it is not obvious ~hether thcse 
laults ori" lrom o lacl. of undorstondinl 
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ol Lh< eompum and iu ,.,.,..,ce •. bcBin
ning too close lo thc t>ok, or not under
nandinB the cntiro task. T<1m rcvie"' 
"""' not hcld throughoul tbe d .. elo¡>
ment efforL: the si•• ond complcxity of 
oach pro¡¡romrncr'¡ tuk wu such thot it 
~oould be difnct>IL 101' olher t .. m m<m· 
ben to undcmand 1nd offor conmucLive 

'deLOilcd critici>m>. 
'Team rcviows durins the desip 

and espcciolly durina tht initi>l impl<· 
mon,LLon ph.,e oould aUeviate obvious 
shoncomin&s and common laults, ond 
could bc educa1ional for subltqucnt dc
vclopmenl oflorts. !'m nol wnvinccd 
tcam revicws during thc entirc coding 
phu< are bener.cial and economical on al! 
lor¡c-sc.alc <Oftwan devc!o¡rment effotts. 
Ir codc reviows are hcld, they ohould be -
porformed by o codo revic" board (vo on· 
tire te.1m); Lile bo.ard appro.ach "PI""'" lo 
be n<c<> .. ry ¡f pror,romriiing rtquirc
men" impose m•ndotory coding """" 
dardo. 

TEAM 
CODE 
CRITIQUE 

Upon complction ol'lh< 
ooflwarc d .. <lopmenl d· 
fort, each programmer "'" 
givcn r<pmontaliV< li>ting• 

of code gonerated by al! oth<r program· 
me" en th< team. Thct.c li;oíng< wero rt
vic~ed and critiqucd in • tc•m revi<w 
moeting. Thc intont of lhi• rcvio~ was to 
<>1""< the dcvclopment pro&'rammcr< 10 
•Ofti'Ú< maintcrun<< and onhancc thoir 
JUdgmont ol coding tochniquc•. 

Tho codr:.s rocoi•cd • vancty of 
comment<_ S.:.mc "''' d""ribed as .. ,u 
structur<d, rnaintainablo, and '"'Y lO lol· 
low, with o fcw >injlcd out u •••ier lo 
, .. d and folkrw due lo thc lin .. tily ol lh< 
•••~- A ""mbcr received desoriptivc pro
cming flow comrnenu. PnogramrncrS 
point<d out restrictioiiS Ol trror condi
tions, ocasional lack ru mi•use of data 
statcmena ond o.ocrnal """8" r<· 
•ources. and indicated whcrc program
mini not<< should hove b<cn mo.-.: fre· 
qucnt and deocripllYO. 

Tho effecti>enc" ol Lhcse reviews 
,.¡u be realitcd in <be luJo«, "he" 1eam 
momber< devclo¡r "''" oof¡,.·are. 

Top-Down CodingjCh•ckour. 
Code and chedou\ progrc..ed ln a Lop
do,.n manner. lnitia!ly. tlle ptOJram ••· 
ccutivc wao ceded and tota!ly chcekcd 
out: '"stubs'" for all Ol'erlay> ""' incorpo
ralod. •nd uliliL;/Iibruy routincs com· 
plc1cd. Main OY<rlays and subo>erloY 
'"stub<"" wcre oodod and chcokcd out by 
th< rcspon•ible pro!lrlmm<r. Subscqucnl 
oodo aod chedout sequcno:s """ Ioft 10 
thc discrction of th< individuo! pr~ram
mcr: cmph.,is ,.., ploccd on completing 
lh< mor< compl., or>d inlcroverlo)'/ 
subol0!13) function• ~'"·: 

l! 

Sofr-rr Alds. A mcfulset of .oft. 
waro devtlopmcnt 11d• ond ollhty rou
tin<> wcrc facton in the overol] success of 
Lbc progllmt- The followin& 1ft notowor. 
thy: 

Disp!a~ proemios >imulation pro
&••m. This b11ch pro1rom '"ved 
•ign;r,cont checkout time by en
ahlins thc progrommer to "mulato 
exccutton or displaJ subprosrom, 
without acJually opeflling tl>t: di>
ploy. 
Daplay program central mernory, 
<Xl<rnal >loto&•. and interna! m. 
dump fcaturo<. The,. online lea
'"'" proVIdcd thc c•pabilit) to ,: 
dump p<rttncnt data if error> wcro ~ 
encount<rcd during display ohc<k- ,; 
out without sub,.quent diagno•tio 
\raC< updatcs. ; 

• Ubrlfy oontaining froquen~y uti· ; 
lizcd lunclions such as dot• bil ma- '· 
nipu lo \ion• and disk accc" roulinos_ t 
Genefll purl""< file pro¡ram u<cd ,. 
to cr<~tc cheáout m ... 
Central ~le book. This bock con- • 
tairied al! p<rtincnt rtle form•t> 1nd 
<pccificatiorts: modification to m.,' 
"'" coordinatcd through ooe ind~ •· 
vid u al. 

• lnt<fltlive 
Torminah 

" 
" 

tcrminall. ; 
imprn•<d , 

' ;, 
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SOfTWARE 
CONTROL 
TECHNIQI{S 

Sohworc control io a 
topic of much concc:rn. 
cspcciolty on tbc dcvel

. opment of large.ocole 
computir programo. Effecti•e softwlrc 
control roquircs a '"Y dctailed undu
llandinJ oftbe dTon, o dcsign whicb may 
bo poroitioncd into oeparatc indepcndent 
oubprogramo,and frequcnt pcri<>dic mon
ÍH)rÍng. Thcoretical cor.trol tochnt'qucs 
pro>ide baoic •oftwarc managcment 
auidelinco; tbo identirocation of applicable 
con!rol techniqucs r<q~ire:l o ruso of 
P_'O&romming ond implementation ••pe· 
nonce. 

Thil expericnce pro•idcs the in· 
oight requirod 10 dt>elop effecti"" oolt
ware control techniquc< which f,t thc 
nuds of tbe devolopment olfort. A oingle 
control techn;quc io not odoquate lo effec· 
tively moni\or and control o large.scalc 
software dcvelopmenl ef/ort. Ef/etlivc 
and reolinic sofiwa« de'Oiopm<nl ola· 
luoing and control roquirc a combination 
of '"eral independen1 t«hniqu._. and ob
jecti•e evoluationo. The followin& tecb· 
niquos wer< usod during tho code tnd 
decl.out phase of lhio <ffort. 

Compl.rion Dalt Eslimo•~•- The 
hierarehy diogra<JU ..-ere used lo identify 
tosko lo be esllrn>tod. The responoiblc 
proaramnoer lor each to•k wll roqucstod 
10 moh an enimate as 10 the number of 
inmuctionsand how long it would loh to 
rode and checl out the taok. E>!imatcs 
~re required for .. eh ..._.k, subtask, and 
•ubroutine. Wei&ht facw.-. were abo esti
mot<d lo providca subfunc:tion's relati•e 
magnicudo and compl<>ity. Tbo ioltrU of 
h"'m& 1be responoible pro¡rammer eoti· 
mot< th< effort wu 10 force a more de· 
uiled onalys;, of th< task ond, bopcfully. 
to instill o personal «>mmitmcnt to lbe 

''"'"""· With allowanc:e for the fac¡ thal 
p<Ogrornmen 1end lo bo optimi•tic, tbe 
e>limat" ""'" revie"od and a wor\; 
schedule generotcd (oee Fi¡. 2). Eath 
"eek. che r«poMible prognmmer esti· 
mlled che per<:<nt <:omplcle on each sub
'"''-· Thc chicf pro¡rarnmer evoluatcd the 

. n:ported pem:ntatcsand <S\Ímatcd OV<r· 
a\1 ""'"' of 1he us).; lhe number of """"' 
a h.od or l>ehind schedule ""' rocordod. 

O..rJ,o~l Mllm~>Ms. lnt<rmcdi· 
•lo chcckout milestones -....e cslab!ioltcd 
for eoch tuk. Tbese eonsiSled of 1010 IS 
•pecifoc itemo or function5 "hich could be 
v<riflcd ~<ilb printer OUlpoiJ.. dum!'l. or 
on the displayo (e.¡., subroutino ~A." com· 
pleto, •ubtao\; "]''lile generation com· 
piel<, '"'k ~,_-- vec-tor !<n«llion Sllb
fun<tion complete). Tbcsc milestone 

· dal" "''Ore relati>ely e>enly >paced 
tllroughout lhe codejcheckoul pho~-t,and 
"ere consi.otent with che completion date 
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<>llmat<S. The objoctivc of th.,c mil<• 
stones "'' to impos< omooth productivity 
throu¡h<>ut thc dcv<lopment pha><, and tO 
more clearly indicatc schedule prob]em 
• '""'· The" milestoncs were dcflncd su eh 
thll Lhe l~em ""' • oo or NOOO oituation; 
t his allt\' iuod s u bjcai •• cvaluot ion of th< 
ta>k u pc:rccntoge< complote. 

Tinu-Lin~ ChaNI. Timc-lin< 
charto lv<rc used to indiatc dotts when 
"stub:o," f uncticni. and subfun<:tions "'<'< 
to be incorporatcd. These charu wcr< 
simply bubble charu with usociated 
dat<> ond cstima!ed critica! pllho. The 
datos on thc time·linc chans wcre oonsi>· 
l<nt with the cemplction date estimates 
and chcc\;oul milestones. 

m•ekfJ' SIOIU5 R•poriS. Week)y 
Uotus «poru wore required from eacb 
programmcr; lht>c COlltlincd an estímate 
of thc codc and chcdout cemplot<d, 
Uatu> of<:hcckout milcstoneo, and """"" 
te u «prdin& P<O&fCS5 and problcnu en· 
countcr«< durin¡ thc woek. 

Thcse wc<kly rcpom h<l¡>ed to ,,O. 

•
'< problems and slippo&"' so corr<cti>< 
tion c:ould be t•l<n. Thecr<licolly, th< 

programmcr updates th~ "estimat~d com· 
plclion date> M osth< pro¡rammin1 cffon. 
progr.....s; thisdocsn't "'DI k tea "'<U "'ith 
an ,.,,.u fi•«< complction date. All 
schcdules ,.,,. devcloped "ith about a 
onc·month mar&in; L>sko ,.hich ,began 10 
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slip w<r; monitor<d more d<t<cly~' Minor 
slips (one to tWO w~üs) wcre tolerable, 
l>llt po<itive ,ucmpu "'"'" m~dc to ""is' 
the progromm<r through job prit>fitiu
Lion (kcypunch. Ud computcr lurn· 
ofOI!nd), daL> •nalysis assisL>nce (oofl. • 
ware integntion pc:roonncl), and in 1 >cry 
fcw cases, overlime was allowed (1<>• than 
O.OI'.t). 

The programmers ,..mod 10 re
spond lo this acti>~ cencern for their 
U!kS. Major >lips required l'>k panition
in& a!>d aosignmcnt of subluks Lo other 
programmc,., the dcsign allowcd thi> 
p.anitioning .. ith mínimum O>crall im· 
poa. Two maj!lf o!ii'I"I<S "'"'" 1>01ed 
early in the devclopmcntschcdule, ,.hcn 
!a>k rea,.ignmeots a¡u]d ea•ily be impl<· 
mental. 

A discrepancy log idcntifl«< prob
lemo encountorcd during ch<elcout by the 
cngincering and intcgration eroups. Thc 
intont of thio log ,.., to koep trad of di•· 
crer•ndes and "'"re thal th<y wcrc be· 
in¡ ool•«< ond not "forgOll<>t." This loa. 
C<ln!lin«< thc date ti>< di«rcponci., "'"" 
eneountcred, dcocription, and ,.,ponsiblc 
prOiflmmcr(sl. The woekly number of 
opcn discrepancia por pro¡rommor 
secmed to VIl}' signifleantly (from two to 
25); thc numb<r appcarcd tobo invcrscly 
rdat<d to the iodividual prognmmcr's 
upcnisc. 

•• 
" 

MAKING 
COUNT 

'ESTIMATES 

Hiuorically, accurate 
inmuction eount esti1111 • 
1ion hao been a doffkult 
tosk on largc-s.eale soft· 

""" dt\'clopmcnt efforU. Estimatcs and 
l<:tual li"'l instruction COIIntstend 10 dll'· 
fcr by ordcrs of m•&nitudo. This in>truC· 
tion count differenee io j>I'Obably th< arco 
of ¡reattst •arianee in large-~le soft· 
"'"'" dc,.lo¡n¡cntefforU, lh l\ lo, lh• aru 
m<t<t likcly to be wron¡ by th< lugcst 
magnitud c. The ~u re fot cstimating 
instru<:tion COIJnll must be more atxurato 
1/ julurt >ojt-..aro d<v<lopmenl </forts 
Q« ta 1w «oiiJt/ccl/y ro.rudfprl«d '* 
co•dint lo rheu utimott>. · 

Thc ostimation pr<><:edure is fu,. 
thcr cemplicat<d oinee • ¡i•en ta•< a. o bo 
ct<!cd by diff<J'tnt programmcrs ond may 
result in an ordcr-<>f·ma¡nitude diff.,._ 
cnce in lh< flnal instruction c:ount. For 
this soft""" cffon, an Minuruction~ ;, 
delin<d 10 an e>Or;utoblc or declarotive 
•ource >Ut<mcnt (cemmcnt or oontinua· 
tion carO.. are not Minsln!ctionsn), 

M onl h 1 y f"' /FUCIIO n 1' rod orrri vi ty. 
Source instruction count total• wcrc ob
toined for ea<:b prOJrammcr ond ta•< on a 
monthly bos.io. Thcse counts gav. 1o0mc 

jndical!on a> lo ho" the overall cff ort ""' 
prOIJrcssinl and thc producti>ity of tl>c in· 
di•idual pt"o¡rammCJ. 

During th< peak coding month'-
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uodividual progrunm<r producuvity 
'""!'d lrom 150 to 2,000 inmuctÍ<Ino 1 
mont~. ~ith a nominal rango of 400 lo 
'1,000. Thc 1\'crag< productivity for lh< 
codo ond chcCkout Jilia" ( 1 O month•) ~O$ 
apprO>ÍmOloly 490 in..,u<liono• monrh_ 

"Total cards" (inSLruction• and 
comm<n1>) ;, occasionally a ""fui pre» 
ducoivity r.gu"- Thc "total card" a>cragt 
producti;ity for th< codc and checkoul 
phuc ~>as appro>Ímitely 890 eards a 
moonh. Pro¡ramm<r produc1ivity vari<d 
lrom 680 10 1 ,)60 cords • mont h. 

lruuuf!jf111 Eílimorlo~ Ttchnique. 
Originally, ea>h tasl "''' >cpartled into 
oub11oh and functions (as derivod from 
thc hicrarchical diagrams). Theoe func• 
tiono wcre thcn <Valuated againS! campa• 
roblo functiono in <>ioting proJrOm• for 
"hich actual instru<lion count¡ ~>ere 
avail•blc. Es<imates wero made for pro
g/3,; OVerhead and for funot>ono which 
had no <omp.orisOn•. These counlo were 
summed to determine orígmal program 
inotruClion <OIÍmJ\ .. , bul the e<IÍmales 
"''" u mu;h a• 100% off. Thrcogboul 
lhe coding phaoo, the imlruction count es. 
limate wao upda1«!, b.,ed en aoiU•I 

1nthl) inotru<lion """"" aDd program
.r ""'mateo of pcrcenl <ode completed 

t><< Fig>.) and 4). 
The diopla) program code "'"' , .. 

¡><>rl<d IQO'J; complcl< during the eighlh 
monlh, ye1 tho ociUal instruction count 
ÍI>C«>><d abaul 10% over the ncu '"" 
mcnth1. 

Thc S\IUCIOted ooncepl<, control 
loohniqueo, and pcr5onnellcd dircctly 10 
lhe ou«cso of 1hio ..,ft.,are de>e\o¡lmenl 
offort. The top-do"n de•ign and hierar .. 
chy diosrams prov1ded the foundation 
from wbich tbe soft,.are was developod, 
monlfed, and conltolled. A mere mue· 
IUred LO¡>-do"n approaoh to fe .. ibility." 
•tud)' repon d""umentOiion and tcsting 
rould enhan<:< all a>p<CI.O of o oofl.,are 
developmcnt dfort. Tho chief program· 
mor and toa m conccpt "'"' successful b<· 
"'""' of .. eh individual\ a bibty and will· 
in!nCU lO mctl the dem•nds of th< task. 
Doo:;umentation guidélints and rcvicwo 
enhanced lhc qualit)' and uscfulness of 
thc soft.,are documonl>. Additional 
guídeline rer.nements •nd interm<lliate 
rovic"' •rpcar neo=ary 10 minimizo ••· 
l<n>Í>< documentali.on rework. 

ln-dcpth lcam re•icw> on latge 
'l"<m• do nol oppcar lo b< totolly cffec· 

·e duc lo.size·comprehcnoioo limitation; 
.nSirutlive delailed crilki>m appcar 

in>cacly rela1<ll lo program ,;, •. Tho 
"""' and control l<thniquts offored 
crcdcncc 10 lh< devclopmont pro¡r<» arKI 

· impooed >load¡ producli•ÍI)'. Th.,. tech· 
niquc> provid«! lh< visibilay and conr.· 
dcnce rcquircd 10 muage th< dnclol'" 

• 

• 
' '" 

mcnt cffon and 1<1 aehieve an on·ti""' 
produel ddivoty. 

Don't <>pccl immcdiote success 
and miroeleo bccou .. muctured t«b· 
niqueo and con<<pa are u=l on a <Oft• 

· "''" dcv<lopment effon. The voluc of 
stru<turcd 1echniques io 10 hnpo>< sumc 
arde: and di.ciplinc; ultimot<ly, il i> tl>e 
individua lo ,.)>o 8"""" 1hc final oulecme. 
Don'l implcmenl lhe cone<pl> and t«h· 
niqu« for thc ,.;.. of b<ing "mucoured'': 
onc m u" rccotnirc their ulilil) arwlappli• · 
cability b<fore lhcy can b< succ=fully 
implemcnt<d Soft,., re devclopmenl and 
conuolt«:hniqueo ore cvclving. The ton· 
<cpll and l<thniqu., in«>rpoto~ed in·1hil 
<ffon r,, "' spccirtc pcroonolili., and 
n«:dl. Q 

lS 
.. 
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Structured Systems Analysis: 
A Technique to 

0 Define Business Requirements 

Structwod Syollllll.l 
\nolyolo (SSA) b cnt 

·of an lnlegTOted •etof 
toclullquos lhatlu.s re· 
oult..:l &cm Exxnn"o re· 
oean:h In software 
tnethodJ. Thoo outhor 
d!ocusoeo SSA"o rolo In 
oystem deve(opmenl. 
doscrlbeo lts groph!cal 
languoge. aod "'ploino 
'low usen and com· 
,m ter onaly•to use !Ita 
model bwinfltl opero• 
tlons and determino 
"'qulre~neoU for com· 
puter opplicallons. Sho 
then describes dlverte 
bwineoo and teochnicol 
projeciJ thot lllustrote 
SSA"oefficacy. The•U· 
thor ouggos!s thal SSA 
- crl¡tn•lly develcp..:l 
for UIO in tho tnJ1ilol 
.tages of oystem devol· 
opment - b.oo become 
o gen .. ol·purposo 
model!ng te<;hnlquo. 
"'bkh has helped lo 
funher estahl!sh fonNil 
~nethods for •¡otetn do· 
velopmonL E . 

Kathleen S. Mendes 

Gro"th In lhe deva\opmenl and use of com· 
puter systems hu been rBpld over the pul 
twenly years. Hardware co•U. for a glvon 
leve\ of performance. heve decreased. Ccm· 
municatlons technology. en importan! factor 
In the advance of computers and informatlon 
processlng. has expended the capebilllles for 
sb&riog and coordlnalin¡ lnformation from 
man) sources. However, software technol· 
ogy - the methods and languages used te 
develop computer oystema- has no! 1hown 
~omparable lmprovcment. As a resu!t. the 
hardware revolution hes driven tbe demand 
for ccmputer systems upward by providing 
lncrea•lngly altroctive opporlunities. but 
software capabillty has constrained the abil· 
lly of syslem developera to maet this de
mand. 

Theso hardware and software lrends moti· 
vated Exxon'o computar scientisl$, In the 
mid-1970s, to try te lmprove software meih· 
ods. Their objectlve wu to devise systems 
anal¡ sis 8nd design techniqueJ tbat would 
unhance both the quality of computer app!l· 
calinos and the ability ni development stafls 
lo delivcr systems. 

Structured Systems Anelysl• (SSA] is a 
member of 8n integratod set of techniques 
that resultad from Exxon"o reseerch and de· 
velopment In software mathods. SSA ls a 
business modellng end communlcatlon 
technique uaed jolntly by users end com· 
puter systems analysts lo describe business 
rnvironments and te formulate tec¡uimmcnts 
for compuler applicati.,ns. 11 glves analysts. 
for the lirst time. both • definilion el !he 
products to ho gencrated ni each slage o! 8 
project. and 1 buls for project planning. 
Moroover. 115 appllcetion extends beyond 
the S)Slcm dovelovment environmcnt. 11 has 
becn used eflo:ctively in business imvrove· 
menl •ludies that do no\ involve comput· 

Exxon Corporatlon 

erizad aoluUons. 
Tbis artide describes Exxon's SSA, lllus· 

\nltes its usage. end discusse• lts hcnefits. 11 
als.o suggesiS that SSA, orlgin•lly develuped 
u an 8nalysis technique for use durlng the 
first stages of system building, bu evolved 
intu 8 general purpose modeling technlque 
for describing a business. 

Background and Developmenl 

In the past. due lo the abscnce of fnrmal 
analysia end deslgn technlques. analysll 
]earned through apprenllceship. System de
veloper5 worled witb more exparienced 
pcople until they developed their own ap· 
proaches. The fiut fD<m•lization of the ayi· 
lem building process introduccd the project 
management disciplines uf uther angineer· 
ing and technlcal ereas into computcr oppli
C8tion projecl.!. These disciplines regarded 
system development as teling place In four 
goneral stages: 11 nolysis, In which a business 
is descrlbed and the requlrements for • com
puter •ystem are fonnulated; Dcsign. In 
whlch the hardware and software opecilied 
In Analysis ere configun.od: Construo!ion, In 
which the softw&Ie modules are im· 
plemented and the hardware ls lnsta\]ed; 
and Mnintenonce. whlch encompassu • 
broad range of acllvitics reletcd lo leeping 
the systcm operational. llowevcr, they feiled 
te provide a methodology that could •ccom· 
plish thc objuctivcs of each of the stages uf 
system development. 

Ouring the IBie 1960s, •nflware engineer· 
lng pinneers. such as Edsgar Dijlo:..stra and 
Michacl Jackson. began fundameniSI re· 
sear~b un formal epproaches for syslem de· 
vclupment. M u eh of !he re•carch focused on 
progr~m dcsign and implcmcnlalion, ley ac· 
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Uvltlesln lhe Con.otructlon 5\age oJ app\ICII
tlon bulldlns. In the mid-1970o, E:uon 
began lo Bpply \he resulta of thls work lo 1!1 
own envlronment. llr. maln purpose was lo 
establish an lntegreted se! of systern devel· 
opmenl technlquel. The lniUal effort led lo 
!he introduc!lon of PST (Program Structure 
Tcchnology}to Ex.xoo'1 warldwlde commu· 
nlty of syotem developcn. PST, adepted 
from MkhBel Jad<.son's "'Program De•igo 
Tcchnique," could provlde a precise de· 
scrlptioo of e program and eHecUvely com· 
munkata the program's deslgn and behav· 
lor.' lts graphlcal nota \Ion was a ley factor In 
the widespread uuga of PST, and 1t became 
a well-established standard within two 
ycars. 

lo the mid-1970s, emplrícal evideoce 
bagan lo conñrm the importan\ role Analysla 
play• In !he building of high quality com· 
pular app!lcationo. The resu\1.1 of one study 
ludlcated that more erron are introduced 
in lo a system as a result of fallures in Aoaly· 
sis !han u a result gf fallurM In any othar 
system building phase.' The condusloo of 
another 5tudy wu that Analysls errors are 
more costly to corree! and bave a greetar 
lrnpac\ on the effoctlveness of !he system 
!han error1 lntroduced during elther Deslgn 
or Construction. Slgnificaotly, the effects of 
Analysls errorJ do not t88.Se with !he lm· 
plementallon ofthe oys\em, bu! carry over to 
Malnlenance.• 

Therefore, any methodo that lmprova !he 
quallty of Analy1l1 increose the effectl~eneu 
o! lhe syslem developmenl proceu. Such 
methodo, by contribuUng to more elllcielll 
use ol time end by reducing !he need lo 
gather edditlonallnformation u !he projecl 
progresses. a\so lncreua the productlvlty of 
sys\ems ana\ys\1 - usually the most highly 
pald members of !he data prot<lss!ng sta!f.ln 
!he \ate l970s. Ex.xon'1 cmnputer odentis\J 
focused their effor\1 on developlng en Anal· 
)'lis methodo!ogy. Tbe purpose of thls meth· 
odology wu lo provlde a dloclp!!nad ap
proacb for Anelyab. as PST had done for 
program deslgn and hnplemenlatlon. 

Concurrently, appllcalion ana\ysll, wbo 
were using PST, begllD to experimcnt with 
!he Hexibi\ity of !he notatlon. They bcgen lo 

u•e the PST dlogrammiDi otyle durlng !he 
Analysll 5\age of ¡yslem de~e\opmenl lo 
spedfy requ\rcment•. Based en the succeu 
of thls experimental worl:, Euon'• computar 
sciontbts dodded lo use this approacb lo 
fonna!lze ayslem requlrements RDalysts. 
Tbus, the PST notallon wu brought forw1rd 
from Constroctlon lo Analysis, and it wu 
general!z.ed lo provlda tha basi•lcr the prea-
eol SSA technlque. . 

Havlng established a ccmmona\ity of ap
proach end notation, SSA developmenl pro
ceeded in an evolutlonary manner. E:<istln¡ 
theory and concepts were drawn upnn u 
needed. They were then adapted and lnto
grated into the technlque. Al ma!or 
chedpoiniJ In 1\J deve\cpment, SSA wu 
\ested on pllot projects. Thls lesting contrlb
uted slgnlficantly lo !he quality and usabilhy 
of the presenl technlque. 

SSA end Othar Requll"emen\J Analysls 
Tech11lqun 
Tha deve\opment of e oumbar of requlro
ments ane\ysls end sped6catlo11 t..:hniqueo 
during !he past uveral yun indlcatea !he 
lrnportance of these t..:hnlqueo lo tbe daUI 
processlns lndustry. S.. m.· of-the- moro
-11-k.nowD-•¡>eeiRc.oti.oo. Appro&ch .. -IN 

S..ftech'1 ..SADT-F Sbuctured Ana!)'lit · ond 
Geoigll1"echniqua::¡; V<>urdnn"o.!~llucl.ureol 
Analysi5 .... Technique'~· Sanll!l·end Gonell 
""6tructured • .Systerno. Anelysie''7 und ·""!he 
UnivM11ity of Michitftn'• ISDOS tNinforma
tiom-6ystem DeYelopmenl and Opt\mizat\1111 
S)'!lem~-t-• 

"'The fund1ment1l difler!fltl bfltweeD SSA 
and these methods lo one of orientatlon. SSA 
approacheo Analyols from !he ~lewpolnt of 
the busioesa. The other lethniquu approat::h 
lt frum the perspectiva of date processlng. 
SSA can represen\ completely In • clea.r, 
concloe modelall ••p..c\J 11f the busl11ess op
eratlon. Other mcthods are incapob!e of pro
vidlng sucb complete Jc.u•lness mo-dela. 

A11othe:r s\gnifican.t di!fere11ca between 
SSA and other structured techniques la !he 
graphlcal notellon. The SSÁ guphlcal 1p· 
proach con.tsts of oeveul diagram typ101, 
whlle the techolqueJ of Soft..:b, Yourdon, 
and Sarson end Gane rely u pon a 1lngle otyle 





" 

of diagram. Anelyoto uslng SSA bave lndl· 
cahtd thc odvaotagas of tr. dlagrammaUc ep
proach. lt slvu mort~ lnalght loto lhe bual
neu by provldlng dlfforant vlews, nach of 
whlcb contrlbuhtl lo en lnteg._tcd buslneu 
model. Ea eh budnes5 entlty 1s da1cribed by a 
notntion that!s approprlate for thRI entlty'1 
levelnfdecomposltion and for lls role In the 
mod"l ana\ysis lo follow. 

SSA l.s an anolyslo technh¡ue used lo under
ltand tha buslneu operatinn1 ol plmnned 
computar applicatlons. Lla-purp<t!le!l U'll·-to 
..-l.el. document. &lid o::ommunlo;lda te uoeu 
th., l"""'llirclll&Dta O( ..CDIJI¡>U~<IppJir:t~! ioM, 
a..d 1<1 opeci fy the capabUitia& to be del!vered 
by th<lreccunmendod tystem. li..:onalota of a 

"8"'Phioollonguoga- a precise notation and 
se! of dlograms whlch collectively are u..,d 
to modal a bus!r>ou - end-e ¡>I'OC<Oft - a 
step-by-stup method for building and verlfy· 
los thc mndel. These camponenU provide a 
formal, self-documentlns approacb lo the 
Annlysis s\age of ayslcrn devclopmeol. The 
sraphical languase supports lnformatlon 
gath..,.ing and analysls. Tbe process nsls\s 
lo modeling Iba operatlon as 11 currcntly 
exlsts. The model b tben modified lo lnclude 
the r>ew functlono providod by the computer 
app]lcation, Tbe revised model ond tba aup
porliDg text replac" lbe tradltional spacHlca
tlon documenl. 

SSA has been used at Exxon for lwo years. 
Durina tbls time 11 has bcen cffeclive In a 
wldo rango of applications Lhat llave varicd 
In si~. complexlly. and orientalloo. 11 has 
been scaled lo sult the nomh of Individual 
projccts, end has Leen und effectlvely In a 
divcn;ity of environmenls- lndudlng both 
busl1>ess Informal Ion systams and tecbnical 
comp<~llng applicallono. 

SSA "s Gra¡rhical l.nnguage 

The SSA graph!callangungc pr<>Vldes a\•er· 
satile vocabulery for model bulldlng and 
anal~is. As shDwn In FIRUTe 1, tbe style uf 

fl¡uf'll 1 

s ... t..... toO..c:ribod 
OperoUoa lnTotiNd 

SSAGrapl>l<Otlan•....., 

B..Jn- $So\ 
E<oUiloo IH•••--

B"'I,.... Gtal>ol 
l'luotli<>A.I Buoti>OOI 

-~ 

IDI"onnallou Won~~~.ll-
fto... l'low 

Dlo¡¡ram 

Pu.ln..., Doll 
lofor.,..llon Stnu:tun 

DloanoDt 

Bwlnooo G\"""'7 ,_ 

tbe mude] cono!sts uf Jeveral d!asram typu: 
h!erarchles, matrices. and network finw1. 
Figure 1 also lllustrates lhe rclationsb!p be
tween !he SSA mGdel dl8grams and th, 
business entilles Lhey describe. 

A bu&lness rnodel can be rcpresented wHh 
tbe followlng dlagrams and definltlolll: 

-A Globaf Model tu describe thc uveraU 
/ogicol re/otionshlps amons the business 
functions In \be organlzatlon under iludy. 

-A Function MotriK lo define the respon· 
sibililles for eacb functioo idenlified ill 
!he Global Model. 

-An fnformotlon Flow Diosrom lo rep,.. 
sent tbe flow uf bu•lness lnformatlun. 

-A Detall Activily Modef lo describe how 
octivlties, whicb con-espond lo tha 
lowcst-level functlons lo !he Global 
Model. are carrled cut. 

-A !lntu Structure Oicgram lo describe tha 
logical structure of business information 
u viewed by the user. 
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-JI Glo .. ary of Businesa Term• ID define 
tcrminology commoa lo the business op
eratloo. 

The remalnder of this oectlon describM 
SSA's graphlcal language. Subsequent aec· 
lionl explalo how ID bu lid model diagrama· 
end how lo use lhem lo idanllfy and epecify 
wlutlon~~. Each diagram iJ dlscussed in \he 
recommended sequence of conslrUcllno. 

Oiopalch 

~·-

A.uemblo M :L. '"""" ~- ~- Sblpmant 

"role atateweot"" capturlng the nature of the 
productor .ervlce supplied by lhe huslne11, 
the c\Jeol or market JI supportt, eod H.o eco: 
oomlc commltmeol. "Rte-Gi<lbal Model~· 
.,.,pt wao -de'o'eloped et·Eltltoo byiotq¡ntfur¡¡ 
Sonetantine-and-Vourdoo's e"d • My~ 
fwAOtione~ltion-tcchniq..--ilh 
.....ceplo .durly_d from IBM't ''BuaiOIIU S71· 
.tama .Pien,.iDg Melhodol011"l"'' 

Global..Mndel The Global Model of 8 bus!· Fuudlon' Matrb. A Funcllon Matrix mapa 
neul• a functional decomposition (a break· the lcglc.al organi:r..otlo" of the Global Model 
down of business functions by purpose) d... lo !he physic.al orgenization chart. (Figure 3 
scrlbed in a hierarchy of three 10 6va\evelo. shows a sample Functlon Matrb< whh:h COl· 

(Figure 2 5hows a Global Model of 11 w....,. re5ponds lo the Warehouslng Global Model 
houslng business.) in SSA. a Lu•ineu is d&- in Figure 2.)All ofthe business funcllons ar~ 
fined as 8 logical ut of functionl whlch listed dowo the left o\de of the figun1. Acro11 
exlsll to prevlde 1 product or servlce [e.J., the top are !he responffi.ilitles, l.e .• the job 
Warehousing). Afunction \1 a group of logl· descripUOill, organlzational unill, or par
cally related activltles (declslonl or tasU) s.onnal accountable for the•pedormance of 
requlted lo managa the re•ources of \he busj.. !he functloo. An ··x•· el !he lnlersection ID· 
nen (e.g., Assemble Ordero). In addllion, 1 dicates wbich fu,.ctlons are performed by 
Global Model contalns 1 slngle·•enten~ each group. 
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l.a!onnationFiow DJ.aua..tn- A Flow Diagram 
is a network representation 5howing the fiow 
of business lnformallon. ~,-the--tntns
~RI'ofmatiorrnnnlrteri..H.et......en·bu'lli
...,o;e-functitmS. The sources or destlnatlons 
of these fiaws can exlst wlthln or autslde of 
the buslneu. A.l"' <Dillimum. ou Flow Oia
graon ia drawn fur the low ... t-level fum:tlo11s 
.J-.oacb Global Modelaublt.,.. Figure 4 11 en 

:eumple of an lnformatlon flow Diagram for 
the Dispalch Orden subtree of the Ware· 
houslng Clobal Model. lt describes whera ln
formalion lt used, what 1t ls used fru, and 
how the functlonl lnteract. flow Diagrams 
can be annolaled wlth sto!lstlcs on volumes. 
resource usage, and c:ritkal liming. Optlon
a!ly, Flow Dlagrams rnay be drawn lo de-

lCI'ibe tho relatlonshlpl among tho puelll 
functlonl of lhe aubtreea. Tbase relalfoD
Ihl¡u aro refened to u hlgh·lavol llowa. 

Thu notatloo used lo Flow Dlagraln.l rep
rascnb loforrnatlon or material Oows; hlUl· 
neso functlons; lnformatloo atoras (passive 
repnsitorles of l nforrnatlon or material which 
cm be elther autornated or manual); aourcu 
or destlnatlons of lnformatlon or material 
ouUide of the business operat!on; and 
J.Ources or destlnations nf lnformalloo or m.e
terial outslde of lhe oetwork hut lnslda of tha 
business operalion. 'Ihe..buic Wmatof Flow 
Dia11,.~ deriwa from ~ .. Data Flow Di• 
gram~ncept developood by 'l'l!l1Tdon·~mtl 
OeMamo.• However, tbeir usage and nnta
Uo!l are modil!ed lo SSA. 

Detati:Adlvit,- Moda. A Deta!\ Model spec
l!les the relationshipa between actlvltles and 
conditions under whlch activlties are per· 
fmmed. An ocUvlty la 1 we!l-de6ned unll of 
work- a task or • declslon (e.s .. notlfy stock 
clerk if part !s out of stock). A Dctail Model la 
drawn for each of the lowesl·level functlons 
on the Clobal Model. figure 5 11 an uample 
of a Detall Model for the fuoctlon, Asscrnble 
Orders. lt ls 1 hlerarchlcal breakdewo by 
function, which !1 annotated to describe re
latlonshipo among actlvltleo. Jt.s syrnbols 
represen\ such reletionships or coodlt!ons u 
hlerarchlc membershlp (with 111 irnpl!ed or 
unspeclfled s~quence): repetltlon; e~cluslva 
alternatives; Inclusive ahernallves; uplicil 
sequence; paro\lelacllv!tics; releue or criti
ca! tlming condlt!on; ond termlnalion actlv
!ty .. 00..-Qrisioal- CO!JJ;Itlll____ufJh---L'UlnQ{alo 
tod.-hierarchy: ..-as. derived.-úom• '';,l,W 
<jacl:soo.:&.I'Iollr...._ O..ign-T.,.;hniq,..... Ex· 
xon extended Jachon'a nota! ion to the De
tall Model's descriptlon of buslneu pro
cesses. 

Dala Stnodure lllaarant. A Dele Structure 
Dlagram la prepared for each unlt o! business 
tnformatlon th1t \s identified oo the Flow 
Dlagrams. Business lnformotion, as dellned 
In SSA. \ndudea organlzed datl 111gregate5 
auch u docurnents, files, products. end In
tangible forms of information (e.g., order 
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Roqulrom<lllo 
Spodlk.oll .. ..... 

poslng functlon1aod actlv!Uea. For axample, 
the followlng rula determine !he fuocUont 
on the ftrot lave! of the Global Model hierar
chy: 

- The ftrst functlon mu•t cover lhe requlro
menlt III.Speclt of the business; that !&. lt 
mus! sbow bow rcsourca plannlng and 
acquit!Uou are carrled out (e.g .• Deter
mine lnvenlory Requ!rements In Figunt ,,_ 

-Al leut one cupportlng funcUon mus! be 
ldentlfted lhat describa tbe buslnesa'1 
provblo01 for malntainlns lts oervlce or 
pcoduct [e.g., Acqulno Parll In Flglll"ll 2). 

- Tb.e laal fuoctlon muat be 1 dlspos!Uon 
funcUo1:1 wblch deacrlbea the bu1lneu'1 
lermlnatlor¡ of re•ponslb!llly fot 1 producl 
or servlce [e.g., D!Jpatch Orders In Flgw-a ,,_ 

Slmllar rules apply In \he breddown oi lha 
Detall Model. Wilhuat a;.-t..-.:b u. ~Ato 
~ve.~unctional ~ dea.mpotltio<l·· can-l. 
cliUk:ull raqulrln¡subjectin fudgm~ntl.uni 
uperienoe. 

Model VerlficaUo11. Bulldina .\he modal di1· 
grams b 111 iterativa proces1. M •uch. crlte
rla are applied lo lhe modal lo determine 1f 
and bow lhe modal c&n be hnproved. Onca 
tbe crilerla han been aatls6ed, lha model 11 
r ... dy for confirmation by 1!1 usen. el a 
ie e 1 b".b...! u laa all lo ola e 1 a haca 
+eEifi J !lo 

Crilerla to datennl<IB wbetber iba modal 
bu been decomposed lo lhe appropriata 
lava] are applled \o the model diagrama. For 
example, Flow Diagrama thal havo multipath 
connectlo01 [lwo funcllow; that pan lnfor
matlon back and !orth) ougg111t that furtbw 
de<::omposltlou of the Global Modal 11 re
qulred. Or, 1f 1 muiUpurpon functlon [or¡e 
wltb multlplo Dowt In or out and bavln¡ 
moro \han ou lnfonnatlon tr&nsformatlon) 
can be ldenllfl.ed, then thc mudal requlr1:1 1 
furtber breakdown. 

Crilerlaare abo applled In arder lo test far 
Iba corractneu of tbe ¡rapblcal representa
tion. An aualytt CID evaluate the model dlto· 
gram. for !nstanca, by uelng wbatbar or not 
... eh fuuctlon la labeled deaalptively. Th1 
functlon •hould nnt be defined l.n term• o! lb 
output Dow, u descrlbed. In tbe Flow Dil
gram, bu\ •hould hB named \o reDect lis pur
pose. The analyst also can uk: Havo law1 oi 
completeness and loglcal con•lstency been 
meU For example, doeJ evcry informatioD 
store have ID Input and outputf Are tbe 
•peclfied lopub of "':l~~octlon suflideDI ta 
produce the indkateiT outputf ls all Dow· 
rel1ted lnfonnatlon approprlately repro
sented on botb Flow Dla8;rama and Detall 
Modela? 

Adherente lo the SSA modal building and 
verl6cetlon proc1!5s yielda a lechnically cot'-
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rect, •elf.documentins descdptlon of the 
bu1lneu operatlon. Moreover, en anelysl'1 
u1e of SSA leadt lo modell that are the 
equivalen! of thoae produced by others wbo 
u•e thu technlque. 

Model Alla\}'1'1 ... After the SSA model of the 
buolneu bu beeo verlfied by usan, 1t be. 
comes the basl1 fm dlngnodng buJineJa 
problems, ldenllfying computerizotion op
porhmllleJ, and lpeclfylngthe requiremenls 
model. 

Diqou•J'ns BIIJID.III\OI I'IOlbl :;w 
The first &tep of th!s •nalysi$ •ddressesthose 
aopects of the buslneu that havo bee11 clted 
•• problems by usen. lo proceedlng. 11 11 
lmporlant lo ev1luate the organlzational and 
controlJinlcturl! of the businen. 'Rt!Jermly
N....:an·be-mede-by-('.OIIIpllflll8"iha .G\92;' • 
Modelend Punl:ti!7D-Malrio< witlrtheOf'gll.,.._ 

-zation;.chat'l. Th· mmpadion lhOwt·if lhe 
husinMI•· 1• •ooraani:r.ood. funetlonally ... if...,..... 
~ibi!Uy andcontrol...,.cleuly alloc:ated 
for.each functloo, and ll.the-gi!O!Iraphlcdi&
lll.bu.tlo.a ...... be-bttliDMhmlk.ooo -~J.n 
lerm•<>f fulldlonal. mtoracu...,. 

ll..ia a loo i.mpw:Wd Lo csHma!e wcd loads 
~..peak. load.. Ona an epply •lmple for. 
mulu. u¡lng the 'tatl1tks collected on the 
flow Dlagrams, In determine JI functions are 
under or overworked; lo uncover !he wurce 
ofbacklogs; orto trace the causa ofhigh error 
t1\es. The Detall Modela can be used lo find 
weys to reduce demando on people. 
Ellminallns unnoceuary tasks or transfer
rlng certaln tasb In tbe computer, fnr in
llanee, cou\d accompllsh thi' reductlon. The 
Flow Diagrams and Date Structure Dlogram• 
an Jndkate ways to !~crease the capaclty of 
ltaJr. such u lmprovlng documenl&, forms, 
aod human-cnmputer lnlerfeceJ. 

i'J.¡¡.a.IJ.y •. ¡¡_ it ·tmportaol.:lP -atab!Mtl;dm 
.o¡UitefD'Onb. The modal dlagrarns un be 
usad lo determine the content and structu,.., 
of the lnformatlon requlred for each business 
fuoction. By contrast!ng tho data actually 
used by a funct!on (u represonted In the 
Detail Model) wlth that passed lo 11 (u de
•cribed In Flow Dlagrams end Data Structure 
D!agrams), .......,.n-lden.Uty...sllli~t.JB-

.-ld•M¡ Jnoomp\ete, ..... imP"'fri'll' 

.u..ctured--data. 

ldentifyinJ!Computerlmtion Opportvntllef 
1t il! often neassary, In •olving buslnea• 
problemt, lo determine whue the U118 oi 
computen !1 feuible and eost-elfectlve. lD 
mU.ing tbll evaluatlon, SSh-eppllos-ilie
r:.m-o:ept:r--of-Kem-·md Scnti-MOJ!oa'11 
"f'np¡¡.......m:iorlnfonneti~n~ Syste,..." to the 
analy•b of the SSA Detall Modal dlasrams.• 
By applying thla h•mework lo the O..laU 
Modal, tho litructured activltle5 that ate can· 
d!date. for automaUon un be readlly !deo· 
Ufled. Moreovu, the DetaU Model un show 
where lt la po•oibla lo lmplement Deds!on 
Support Syolem1. Thus, !ha Detall Model\1 1 
convenlent medium for cornmunlcatlng to 
the uJer bow the computerlzed procedurea 
wUI JUpporl lhe bur;lness function. 

~fyingtJte.aequM"""'g.¡,je+\ 
Generally, !he analyst propases oev~ral a]. 
ternatlva business solutions lnd documenla 
th~m lo separete SSA mndols. Afiwtt>A ... _ 
\Y& chooea -,lh.e Requizeoiilflola Spoctlic. 
UoA Model mul\~red.W...detü. Tblt 
modal la the final product of Anelysi1 . ]t 
represenla how the busineu wl\1 openle 
wheo the new manu1l or cornputer proce
dures are lmplernenied. 

The Requlremenla Spodflcatloll Modei in· 
dudet orgao\utlooll requlremenla that 11"8 

deplctod In lhe Global Model and Functlo11 
Malrbc: tnformatlon requlremenl& that are 
descrlbed In !he Flnw Diagrams 1nd Data 
Structure Diagrama; aod procadural re
qulrements th1t an1 detailed In the Flow Dla· 
grams u1d Delail Modelo. Thu1, 11 prnvlde11 
comprehenslve sel of speclflcalimu for use 
dudng Deslsn. 

A Revlew nf SSA Usage 

SSA wu orlglnally developed u 1 form1l 
techolque for analyslt lo mode 1 both the bus ¡. 
ness envlronrnent and the roquirnments of 
planoed computer 1ystemo. However, u 
users galned e~perience with SSA, lit poten· 
Ua\ appllcatloos increesed. lt has been prov-
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en effectlve, for lnstanca, In busineu lm
provement projedll that do not necesSMily 
In vol ve compu\erlzed soluUon.1. S inca \1.1\n. 
troductlon two yean ago, SSA hu galned 
rapld acceptanca by u&erl and analysll 
throughoul!he wor\dwide ExxoD orgaDiza. 
t\Dn. \1.1 acceptance i1 altribulabla to lhree 
maln factnrs: butineu end ¡yale!IIll analysl.l 
have found \1.1 nolaUon and proceu usoble; 11 
can be applied to dlverse business envlroo-
11181115; and the tecbnlque can be edapled lo 
projecl.l of varylng slus end levels of com
plexily. Tha follow!ng studlel lllus!Ja\e !he 
drengthl and versatll!ly of SSA aa both a 
busineu and a syslems analysil lechn\que. 

C.:otral Purcha~lng Syotem. In this appllca
Uon, SSA wu used to spedfy tha requir&
menl.l for a Iarse-scale purchasing sy&lem of 
an intematlonally bued Exxnn afflllale. 
Analysts used the SSA lechnlqua to inler· 
vlew approxlmalely 120 usen from diversa 
business functlon~. The lechnlque helped lo 
oll'\lclura the proce" of gatherlng inlomuo
tloo and In \mprove communications be
lween analysts and usen. 111 value wu evi
denl In !he bigb qual\ty of tlla requ\nmenl.l 
lpecillcatlon produced. 

R.efinery Blendlng Syl1elll. ID tbit study, 
SSA wu applled In a technicel romputing 
anvironmenl. tt wu uoed lo deocriba • pro
ceu control ay51em wb!ch monllored 1 
refinery'1 blendlng operetloo. Thls case il
lus!Jaleo the power and adapleb!Uty of tlle 
SSA modeling nolallon In oc!entific and en. 
glneer!ng applicatiool. 

Plannln& Procen Study.ln th!o projed. SSA 
wu uoed ao a business analysls lechnlque.\1 
1erved as a documentatlon too! lo describa 
the plann!og operatioo of tlle enterprlse. 11.1 
analyticel capa bl\!Ueo enabled lt botb lo help 
ldentlfy way•' of lmproviog tbe p\anniog 
prncess and lo de1111mlne if tlle curren\ oper· 
atlons could be extended lo support s!Jal~lc 
pl&nDlng. 

Flnnoclal Modeling Syslelll. lo t},¡, cue, a 
multipurpose6nanc\al modellng system ili1t 
servad many dlfferent buslneu fuoctions 

wu evalua1ed. SSA wu uud ID desalbe tlle 
bus!nesa env!rorunent supported by the lya
\em 1nd to foster communlcelloo among liJo

era. 11 resultad In grealer underotandlng by 
eacb usar of other usera' needs, and \¡¡ 
agreemen\1 on delinltlnnl 1nd calcu\ation. 
lo bu used !n the systvm. 

Concluslon 

SSA has been used widely In diveroe bud. 
ne&l envlronmenll. Bued on thb: expert. 
eDce,\1 ls ev!denl tllal the tecbnlque \i nlu· 
eble In ¡;everal respectl. 

-lt hnproves tlle quality of analysll aDd of 
requlremen\1 definltloD. SSA'o systema\lc 
approacb lo ana\yslt; formall:uu; wbd wu a 
very uootructured actlvity. 1t enhance5 tlle 
~kil!a of experlenced analysts and fos\ers ili1 
lovo\vement of e ven the mo•l reluclent bual· 
naso usel'S during requlrements analy1b. 
Mnreover, 11 enable~ analysla lo prepare Re
quiremenls Specilicatloo Modeb that &ni 

superlw to !Jaditlonal nwntlve spocl6.ca. 
tlon.~. The resulting systema are o! blgber 
qua!lty \han befare; they are more capable of 
representiDg and ad1pling ID cbang!Dg bual~ 
ness noed1. 

- SSA fac!ILtatBI commun!catlon belweeD 
ana]ysts and usen. Their lnte.rview• are a 
cnopcrative effort lo construct an. SSA modal 
ofthe busin,..s. The analyst does no\ play !he 
role of interrogalor In these loterviewa; 
ratbe.r, \he partidpenll play equal ro lea. In 
additioo 10 hnprovln& communlcatlon dur
lng tlle lnformalion-galherlng slage, SSA 
help1 lo describa lo the usen lhe propw.ed 
syslem'l effect DD tl:!e wganlzation. 

- SSA lncrea.ses ilie productivlty of analysts 
and usen, enabling them lo use tl:!elr lime 
more effectlvely and effidfntly. Anal y si$ can 
leam more ebcml the b,blneSI in lcss time. 
Also, requirement.. caD ba documentad con· 
currently wlth data collectloil and 1nalyols.; 
SSA dneo no! !Jeal thls lask u a upatate 
eclivlty. Finally. there ls len need lo gatller 
eddltlooal informatlon as the pmject pro.. 
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gressaa, alncG SSA eatabllshea a comprehen· 
1lve lnformatlon bue during Atu~\ylla. 

- SSA provldea a basls for iduntlfylng op
portuDities for common syo\eiii$. 11.1 model
Lng capabil!tiea enable lito ahow the polen
UBI f<>t generlc (or mu\Uuu) systema. SSA 
modeh of uveral buainesa openotlons CIID bB 
l!aslly compared or contruted, and common 
functionJ CllD be readlly tdeotified.lt \a then 
posslblu to estlrnate the degree of tallorlng 
needed lo apply the common system \o dlf
ferent uses. SSA b a convenleol medium for 
gainlng user commltment to llle requlrot
menl.l of o.n applic"lon that may aarve nv· 
eral uoer groupo. 

- SSA ls an Importan\ too! In project mllll· 
agement. lll lystemallc process provlcleo 
natural checkpoinl.l for measurlng pro¡¡re11. 
lb no\atlon offera a Dll!an& of ensurlng con· 
tlnulty of effort and con~lstency In com· 
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munlcatlon even wben thure b s\.l.ff turD· 
over. E5tlmatas of the duratlon, co¡t, a.od 
1l.affing needs of tha project can bfl obtalnecl 
earller ln the ayatem building proce,. !h.a.n 
wou\cl be posslbla wlthnul SSA.. 

- SSA can adapl to tha way In whlch 1 
•Y•Iem b lmplemunted, evun though lll 
apeclficatlon.~ ue !nclependenl of 11. SSA b 
u effectlve In quldly establbhlog a out o( 

threshold requlremeoll for rm evoluUonary 
or prototyped oystsrn u 11 b In dcallng 
wlth more tradltional system building ap
proachl!l. 

The ohjeclive of Eu.on'o oDgolng research 
efforl$ hu been lo develop a competlhle set 
of formal methodologles for building IYI· 
\erns- &om Analyals lo Malntenance. SSA 
and PST. coDslatenl ln thelr approach and 
notatlon. have ustablbhed 1 foundatlon 
upon whlch further research will bulld. 
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HIPO and integrated program design 

by J. F. Slay 

~' 11>< mid-1970;.. rrogr.rnmi"!' appe.o" 1<> be ~hin~ • ""~ 
,i. refinemont •od '""·<lf«uvonc" <uch thal re~ul•r hu,inc" 
""'"·'~<m<nl and '"norol moohod< can be •rrlietl '" Íl Top
.,1.••• do•dopmcm. <truetured pro~r.ommm¡:.. ehid pr01;romm« 
t<~m>. >tnrCiured ,.-all. lhtoo~h•. Hicr••<h• plu• lnput-l'u>ec<'>
O"tput (HIPO). ~nd .rruoourcd dcsi~n ha« ta>cn uo •l,n¡ way 
•~•""' t~n•formin¡: "• pri•att an in lo • publo< pr.cueo:·• "''a 
t<<UIL a bod~ ef P"'l""mmin~ l.n"" l<d~e ond m<ll-..1> lhal a~ 
1._chablo ond practicable ha1 b<cn building_ Thi• papeo d"'""' 
., oh< ini<S~Iion of ><•er-al pm¡;r•mmíng m<llo<-.J• "' mcc•n> of 
'" oumpk. 

\loKI of ¡he ch.n¡;< m ')''l<m de«lupm<nl h." h·en .lorocoed 
.,,...ro oloc rm¡:r•monin~ olf,n_ -~ll"""~h r"'l''"'"'"'"~ cno.-. 
"' oho dir<cl """" of m.on\ """"l ''''"'· p<<h•r• ''"' 1~iod of 
11,. ''""'" ullimold~ can h· lf.ote~ O.od lo crr<'<< in >loe onoly•i• 
... 1 J.-ígn pha•<> .,.r ~ r••·.i••'-' ~in« m••••••~"'" """ •ccounl 
¡, "' mt><h •• !o<«nl~ rrc• ,.,, ,,¡ all pr~~r.ommifll' "''"- me~ 
,mrha•í• mu>l be rl,ceJ "" ohc qualll) of 01nai)S1> onJ ok>ígn. 
~'ru"urcd dui¡;n •o>d "'""oro u•<ful >«hniquo> for <•r~•niún; 
"'" •rPiicorion d<>i~n proc<"- Thi> •nicle d<•<ril«• ho"' rho<e 
••" mothodo can 1>< inl<¡;notod lo "'""" • h«r;orchic.l lunctoonal 
J,·"~"- Hi> inoo~roocd m<lh<>d allo<'> an arrlo<•oi,>n ·~·•oem to 
"' 'I'C<'Ífi«< from th< hi~h<" lun.:o;,"'ll 1<•<1 of a "'""'P"'"I 
do•i$n ro oh< lowt" Mo•ol<d k><l '" • .o..JoJ "'"""'· u<in~ • 
<in~le m<thod and f"'""''- lh•oh ohe ,.,,"""P'' ""~ ohc l<chmqu<> 
.,¡ hier.rebical funcli""-'1 Je·•~n """ 1« omrlo•ed dfow•·•l• 
•b••••¡;hout 0 dc><l••rmcno "'.;le in oh< r.~oo,. io~ r""'"' 

"'''""'"' --....... 
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• • Roqui.-<m~ot dcfinition_ 
Sy>l..., •naly1io. 30 

• Sy>l<m de•ign 
• l'rogram d<>ign_ 
• Dco~il<d module d«i~"-
• Sy11em and pro¡:r•m do.:um<noaoion_ 

Thi< papor prn<n" a ba•i• for lh< lh<>ughl P"-"'""'' in•ol>ed in 
d.,i¡ning • ,, . .,,m 1hrwgh ohc ""' ef lh<>< oe<hn1qu« .\1-
ohoosh ohi< poper do« noo "plain <he Je.<icn occhniqu<• m u,. 
laol, lh< rd<f<n«> pmvidc p~tic.J h<lp. ' 

Two lechniquos fe• a~hie•ins /unc11onal 
ittll: 

• 
Hicr•n:h)' plu, lnpoi·Pr,..:<>>-Outpul 
Sonrctur<>J Jc,¡:n 

',.,.,,, 

HIPO. a l<<'hni~O< for "'" on ohc oop-Jown J.-i~n of """"'" 
Wa> d<>elo¡ieJ on~in.•ll• "' • d<>.:um<n..,ion '"'"- ""'" ch•o:• 
contin.uc 10 '"'' < ,. lh< hn.tl prosr-•mmin, docum<ntauon. "'"'' 
con•i>ls of 1"0 i>•>ic componenos· a hier-.o.-.:hy <h•ol. wh¡,_\ 
Jl>ow• ho"' oadt function ;, dl'iJod into "'hfun<uon.: an<l io· 
put-piooo><-oulpul chan1. ohich <>P«" <;,eh fun,;Oiool! in ~~

h;.rarchy in tcrm> ol '" mrut anJ oulpl>L 1 h<•c '"" "p<· ·'' 
chan> ar< illu<lr.oed in Fo~ur< 1. 

Thc !11>0 d"isn P'"'-"" ¡, "" it•~•li•o-oop-Jo>"n """"' ,., 
which tt i< U!o<Oii.ol thol thc hi<r•rchy cltán ono.l thc 1nput-ro." 
eeu-ou1pu1 ch.'m be do .. lopnl con<un<m~-. "';l, 10 <r<'•'< > 

funcoiun•l br<oldo""- The cxampl< of 'coMnrrE "·"~"o 
AMOU~T i> f(\]]uwcJ lhmu~h ;, dO'elopm<nl pm._e,·, ,i, r.u: ,., 
an ..:coool< p.o.yal>k •t.,cm_ 

Th< ~rol >fcp ;, lo d"cnl« a~¡"'" fum:1iun ., a"""''' <«o• 
in l<rm> of lhcir inpul\ an~ oulpul<_ 1 h< inpui-P''-"'<"-''"""' 
ch~rt for lh< «>mrl< ot ,-O.,Pl!TL PH\~1 F "'o~~~ ;, ·h•""" 
in Fi&ur< ~-

Havin~ «'<'llpf<t<d oh< inru<-r""'"-'"""· io " P"'"hk ''' "''"' 
10 lh< ""' lnel ol th< hoa.,«;h,, lhc ''"'''L1t "'' '"'' 
AMOUI'<T hi<rar<hy no• -'PP""' •• '"""" on Fo~ur< J 11 i> ,.,..~ 
poo•ibl< lo dovel<>r •n ínput-p<O..:<'"""IP<H cl>.oro tot c•oh o( 1M 

bo•01 ot lhc lc•el '"""" '" Fo~or< J lfa~J''"'"·'' Jctin""'"' ·'" 
requited. th< r<commcn<I<.J •ppre•ch ;, l<> m•l< ••eh l•n< "" ot>< 
ittpur-pr'""""""'~"'' .:luo: "bo' "" oho """ 1«<1 of ti>< n~·r· 
an:hy. Thi• pr.occ" '""'''' th< Je<<i"l'" '" r'"'"' "" th< 1" ,-~ •' 
funcoion '"·''" bcin~ "'~oeJ 
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Th< ~;.,anhy rlu• inJ'UI·~t"«"-""'f"'' '"""'"~" ''"" r4<1 <>f 
111< hirror<hic;¡l funcl;,,..,) dc•i~n P""-"' ~) ~ l<ic·h ,, ro .. ~km 
J«> o •r""" ¡, m.ode_ 1 h< <>lhco ,·,nopunon¡ ;, ''"'""" •·d olc·i~n. 
Son••""~d do-i~n' io • "'' of '"'hniquu '"' c~n•cnon~ r,,, 0 

t""''"" de«rirtion lO olun-ction•l. rn<'dular p•~•••rn '""''"'"
\l¡m' "'" !h< term <omrooite d<•i~n in rdercnco.tn the 
"•<n><IU<< ""''~"'• of o pr~~••rn. on termo of mn.lule. d~to- ond 
..,,¡ olr\l<lure ond module interl><••-" Thi> ~<>« be)Ond the 
emcepl of m<'dular d<>i~n and oddreueo how.o plo~r;om nmdule 
".J«o¡;n<d. the pruper ><ore of function of a m<'dule. ond the 
"l'l'"'f'""" <<>mmunk:>IOon l>et,..etn mo>dul<>. 

hl' <PO«P" U[ >lrLI<IUtcd <i<>i~n "" 'l<o,/,/1• .>1'<'"!'!1< lr<la
l""'•hipo ~<ithin • m<,)ul<l •nd ,.,,¡,,¡,. ,w,¡,,~ lrelatOon,hip 
l><l•«n moduleo¡_ The "•r 1n •hich funetinn• ~•• •rour>cd 
•<lhon m,.,.,¡., d<lermineo l~e "'en~lh of th< m<>d"le' A mod
olo m. y «•n•iol of o f'""P of tolooed functinn>. •uch ,, oll edil
.., funcüono. function• ~roo¡oed ..c<ordinr lo the pr<><<dore of 
l!!o rmM<m. or oll fun<lion> t<lo!Od lo, dOlo ><l 

h,. ,;,,.,/ "'''"~'~ ;, 11\< r•oopin, ofol! Oler• 10 perlorm o >in. 
'"' lon-ctu•n_ Allhourh on¡ applicotion moy con1••n """'"'" thOI 
~"' •nmr <>r ~11 of lh<>< llr<n~th•. lhe ohjecl"< ;, to produ« 
"">d>lln lh.>O ha-. fun<liun.~l men¡:lh. Furoctinn.•l \lt<l>flh d""' 

'"• •1'1'1) ""'' lo lhe """"' ,.,.,,.,~,1nel. A """'"'' m•y ••11 
'"""' ,.,,,¡ul<> 1<> ¡oerl<>rm •uhntdin<>l< ftonCiinn•. ~UI if lh< "~'" 
r<<-le~el rm>dule r<rl"""' • oin~le fun<li"n ond r<rl"'"'' io 
·-rle«ly, <he module ~tohobly hao fon<uc,....l ll«nrlh_ Foo
"•m¡>le, lite module CD><rvn: """"•LE A.,OUNT mi~hl con
"" of lhe follo,.in' , .. l<m<nll {in r~odo-code); 

, ....... 
""'·' .. _., " 

". 

··- ,.·; .,;• ,. .. ,., "-··· .. ' .,.,.,., ~ ' 
,_ . ,.. . ...• ' .. ,,, . 

"" . ' ' -' ' ' " 
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00 " flll ! W>R! .rn '", <;F T •MH > -\1 ·" rl R. 
C•ll ,~LilHlHHII<RI<U•t-lll>IL 
C\li.Pli'I'>-PRI<> >01011'1-111" VRICf.>. 

CMI ,, . .,.,.,"""'''"""' IOIAI eMIII>. 

, " 1 <<>>11'~"- '"" """'"" ""1" ·••1n. 

""''"·"'''"'" ... ~·~··-
IM>I•> 

Th" m<>Jule p<rlorm• very re" fun<tK>n• hy it..:lf. lh>"'e•·er. 11 
tr.1,,¡,,. "'' on< in pul < "" 1 ,. 1 1 mio ooc output oPA Y AOI ~ 1 Ot>O>· 

pl~l<l~. •• thc "'"'" um< •1 dO<> no unr•l•t<d pro<<>'inK- Thct<· 
for<, lhi• module·,. ''"d lo ha>< funct'oootJ >lr<n~lh_ 

foiOf.ICiio>n• bet"<<n mo>d>ll<•. [<cmeJ ,.,,,¡,¡,. «mp/i<l~, m>! 
be •• voneJ a• iolet.Cti.~" .. uhin • module. The .. uem< <A 
mt,)ule ""'rlin~ .,;,,. ~hcn une mo,)ul< Jirectl~ """"'fi<>"" 
·,,,,.,,.;,,in""'"'"''"""'"'' 

. . • lb but """ Thi• p.oper J,,., ""' •~•1 •ltvCto~ de.,gn 1n <p o'" 
,..,.h •ullicie"l d<l•il to corn thc conc<rt' of functio""l ""'~ 
""" J"to couplin~ ;,,., earli« ""-1:" of th< cl<>i¡ln P""''~'· "'' ••""'« ""'Y ~,¡ ll<f<t<""" .' ~"" 4 to he uf .,, ... ,~1< ~""" 
in m .. dul< dni.Jn. 





,,,_.,_ .. ,h~ .ol '"~- '""' ,, -~- •• _,., ·"'''''"""'' '~~·-·' ,.,,,_' •• , • '"·'' 
¡, ·•I'PI"ol '" 11"· ·•· pi.. '''"" -'" '"'" ·""' ,1, .,,, 1 ,.¡, ,.,_,, 

11 " '·"' ""·'' lun. """"' ,¡,.,,,., -•o·r•l"'' ,,,.. ,¡,."~" """ , ,.,, ,., '""'
,,..,r •or<nrrh ~•d ,¡_,,_, ,,,.,,,hn~ ro oh< '"'"''"m.ol ,r,-.,,,.,1""'· ,. ' - ' ' . 
n ,,,d <'""""' '"""'4"''" ureu In P"'' •~o a ''"~'· ""'lho>.l· 

"" ' . d . ,oh•f' rh.ot ,nn"' dO •rrlo;atum <•>~n 1<• ol<••·h•r '".on ,.,_t,-¡h 

,;..., '"'m • r!<.or ""'""""' ,.¡ lh< '"'"""""""' '" ·'" onodl'l'i-~ . 
hl< ~ rll '""'u"cocd ''" .,¡ -•rrl"-'"''" r ""' """' \ ·• ,,,.,, • h.ol 
;. d<"fn<d thf<'u~h lh< U'< o•f hl<·r,,.o·h•.'.ol fLIIl>'L"•n.d oh'•<>n 1> 

mPI<"''""d in o <<>r·<h•~n m•nn<f. ~hlulc• •h.,.oW h."<., >in-
" . ' . r'• '"''l roino •~><~ ~ ""t < '"' ""'"'' '"•') -~'"''~t.. '"'·•11. ·'"~ 
~~·~ •ho•uld u•< lh< 'f(JI·I ~(E. lf ·1 111 '.' 1 'f ""'' 11<< "0<11 • 

,..nc<r" of <lr«<.,«d rro•~r.omm<ng l!<<r.uch"·•l h•"'"""~l 
J<""'" , .•• 1'< o•<d '" ,n rha•e• uf lb< d<•<k•pm<n< nde. "nd 
oh<l<~l rro>Hl< • v"al>l< 'Y"'"' lhai " •uio,.ble for • d<•Í~n 
~,1~ 1hrnu~h. The chief pro~'""'"'"' le., m cnn«rl i< "''" •ur· 
l",..,,d. oinc< funeliooal ~re;kdown ""Íih cl<•r1y dcfoned inl<r· 
1•«• allow> ''">dules lo 1'< delr~ol<d tn de><lnr<<> or 1<> """' 
''·''"'· ~ olh th< eommon ""d"""'"din, 1h"1 i; '<4<1Í><d f,., r<"· 

1r•m• tn in«pal< pnlpcrly. 

Hi<r•rchieat luoelional do.i~n emrlny• the r .. lln"i"< thr« ole· 
•irn eon«piS; 

• 

• 

• 

.~ lundl<>n•l d<•ign tn "hieh lh< comru«r wlution ;, .,;," . 
10 .-d in"'"'' ol o he u•er"• funclion. 
.\n uer.lli• r pr<><<" in v. hich .. eh lnel of d<>Ífn Í< 'olid.at· 
eJ npon<l thel<•<l obnve it. · 
(".,neep\ual le veis r>f" d<>irn. in \\ol"<ieh o.oeh le <el emph.,.;,., 

!ommpol<r <)<l<m <•n he •·ie~·ed a>~ •in~lc fton<ll"n lhal <an 
loe dh·ided (or d«omr<"<dl into 1 hier.o;ch¡ otf<<" nf '"'""'" 
oi•<l) lo,.<r-lnel fonclk>n• un1il 1he <l<m<nl•l luiiCI;.,.n, "" 
de><ril><d. Ion unde"1•nd1n~ of lh< me,.nin¡ nf thc te<m ··run<· 
tion"" ;, """""'Y for funher do<eu,.ion. t"owuinn <•n t>e <1<· 
lonod a• on a" ion u ¡>en on n~$<!. or. for ""' rurpn«l. the u.on<· 
f"'RL1lion of "'"'' inpul d•ta 1o "'"'" r<tu<n d01a' A <!al<m<nl 
,,¡ fton<lion deocril'<• whnl ;, donc ralh<r than how il ,. d<>n<. 

''"" • fon<tooo io olso ''"'"'"'· 11 lo defincd "'<th o •imple d«l•r· 
•"'< •latement tho1 con<im of only one •erh ond one «hJ<«. 
R<'lh lhe «lb ond th< o~j<<l m ay he condilionol. 

' In""'"'" •l>ookf ol>o ho-. thc ct..r>cl<n<l><• thot ore d<foM<! 
~- '"'"lurN d<>i1n. A funelion >h<'ukl 1'< cnmpl<l<ll drfon<d 
'" <•ne rl•«. ond relalion<hip< amen~ lur><tion• <~nnld 1>c pri
"'-'"ly d•t• relotion>hipo. Thu• thc conecpti of """'""d d<•i¡:n 
.,. •olid for dcoi1ni"' oyot<mo u .,.,n 01 Jn<klulco. Fun<ll<'nal 

'"""''"""' •••••• 

••• 

J< 
dc•i•"· ohcoo. ., • .,.,,,, "' "·'"''~ ,¡,_,, ¡,'"t..,¡ •• ,._. in'""'""' 
ol.oL• in.""''"'' \ hielo-lo• el luoo.l«"'·'' ''·'"" '""' '' ro:olu,.·olt" < 
'"' "' '"""" do·L·•i·:oll"" h·.cl ''·"'·"""" "' ·• "'''·""'"'' ¡..,. 
"'·''· \h< ....:1 "' \om<r·k•<l ''•'"""'"" """''~"'·'' tl>e fun"""' 
"' ohc hichco·'••d ''·''~"'""'·In thc ;«"••~'"" r••I;,Ne <•·•mrle 
<h.ol 1, u~cJ '" 1h" r•r«. thc hi~h-1<«1 '""'""" i• COMF'l-1f 

1• , , "" 1 "''" "1 . 1 hi, ¡.,.,, oO.on " ''·''"'' on l<<m• <lf "' onrn• 
J.,o < •nnr.~.,,c o<,copll ~nJ th '"''P"' ln<:l P•!•"'' ~"""'"" 1" 
'"" "'''"· th• ""'1"'' n>.<Y ""'1'1) \te P•""d '" .onolhct funCione 
1hc func!lun LU"Pt.:IE p~y~Hl~ AMOU"'T "thcn redoccd '" 
thc followin~ four fun<IÍ<>IIal \l>l<mcnt.: 

'"" '"'" "'n.1n "~·"' 
CO<IPt"l t lll <1 L"<1 t ~ f)t ll PKI< O 

SI. >t ,; """ ~.< > '"' f. A .. Ol ><1 
l<><ll"<ol t 1>1""<><.-:-.11!) PA\ \UI t A"llU:-.1 

h<h ,o( th<•< <l.olem<nl• con thcn 1>< <•r«"<-.1 in l<tm> of ;,. 
'"'"" ,onJ ""'1'"' J.ol.l. lloi• "' " "" <>¡>lo«t •l:olem<nl of lh< 
""l" ,.~,.¡,..,¡ lu r•·•f""" 11>< ''""""" ''"''""'' "'Y'"'f 

''""'''· 
1 hi> i> only une , .. mplc oflhc way in "':hich a funclion "'"Y. be 
•uWi•Kl«l Th< <tn•<:turins of •uhfunwon> «quor<• a'"'lytocol 
,~,IJ and irn..o~in.•"""· ond c..eh an~ly" m.o; define !h< '"he.,m· 
poncnl< of • functoon <l1ghlly Mfet<nll). 11" omponant. """" 
c•er. 1h.01 lh< Jc~nition uf • funcoi"n d<lorm<n< lhc funOIIHn; 
lhal >r< sulo..>rJinal< lO 1!. 1h< fun<lKM! C0>1"L"U ~AYUI 
._10u~ 1 '"'"IJ nnl Jc~olinuoely h••• > >ul:ooorJinal< funwon 
th.or. fo>r ""noplc. upd.ol« the in><nto>ry b•I•O<"< . 

Thc Jc,i~n .,( ;n arplic.oli"n <lnKold 1>< an prJcrl) ~'""'h P"'" 
"" fr,m onccrtiun '" implcoucn<otn>n. Du11n~ d.-d .. pmenl. 
frc~u<nl ,.,;.,., •ho<Jid 1'< tonJucleJ .., 1"-'1 • gi•<n de"~" 
al">)> mcel< '" obj«ti•e. De>isn l>a• uwolly ~cn d~n< •; 
\ca<l twi« bcfore o •y>tcm ;, conopletc ~nd 11.1nn1ng. F•"'· , 
functional deoi~n h•• bccn m•d< "' pro"d' on und<r<l"ndon .. 
b<h•«n tl>e ,,., and 1b< pto>fr•mmin~ dep;nnoent. Th<n o lO>""' 
dc•irn h.>< i><<n maJe. from which P"'~'·"~""n~ <o<1ld r""''·-.J 
Worh h<cr,,h;c.ol fundiom.ol d"i~n lit< luneli"n "lh< l<'~i<. >0 J 

rcduroJ •• nt <11"' 1 m.~ y ihu• 1>< ••<>l<l<d. 

H "'""• h'<·•l ¡.,,. """·'1 d<"<" ;, >n C>otl ,¡n~ l<tp·dO" n pro<<;; 
1 he lit" •l<r" • """..¡"''"" ,.¡ • ''"""'""' of necd '"'"a fv · 
lk>n.ol <l.>l«>«nl of >Y"'"' ,.bject<>e<. A< inlo~m•tion .•"""' ~ 
''~""'" "'''""' "¡.llhco.·ol. oh.ol mf"""·'"""" o..,,,n<7<d "';'J 
co>rohn~ ln 11>< tunCIÍ<'n.ol ''""'"" lh< fil'l •t>l<m<nl •h;:'.,. 

'""'·"" d"~'·" ''""" f•'""·'"· "'""" '·''"""· perh.or• ~ ,.., 
lc«l h«r>o.h• ,;h.orl. ,nJ , •<n~lc le••l o>l Hlt"O eh•'" ·1 ~-' n 
h•l •hc>uiJ "·''" ohruu~b <1><"'< <~·'"' .,,h lh< OO<l<lme< 10 •< 

"y,, .• . ... 





• 
• 

¡, 11 _,, Jho• k•d <>l ol¡·•i;•n "'"'"'"'' '"'h 1h1· 1,.,1,.,,. . .,, . .., \, 

''" r"~'" "' ''"""" '"""'' '" '""·" ,.,,¡, ·" hk ...... .. 
••·'"''"· ''"'""''"''""··'"'' n~·''-'"' ,,,n,,_ ''''"'""''" '" , ..... . 
,.-o•dl ¡,,~,-, lnch thc ¡,;,.,,.,,h, "'·" "'""' "l'l'•·• Jnd• "' 

:'""~'- ·¡¡.,, t• IJI'Í<.tl ,¡oh,!'"'~'-"" ok•d·~"'"'"' P"~''" ''"~ 
.. , .... "'-'""? r .... « ... hnuin~ di'<'"""'" ... h .... ""''""'"'· ThO< 
,. JI>< "<r•U•< f'r<>e<S>- lh< rcf<m"l' of lh< ho~h<t le• do "' ~1-. •ir" oHh< mor< deloil<d lnd• ~•• d<>clnr<d. -~' lh< ,.,,,11 ;,.0 
,.r ~•'"'' """''"''« d""'"" "hJ. lh< •mp...-1 "" tlo< h>r-1« <1 ,..,_ 
"~'" ,,_,Id ""';•"''< minion..L' lk1·;1u-.. of lh< ""' ""¡'< uer•-
1,.,.,, nf .,,.,..,,~ lht Uf'"'"d inor"'' <>f ol<·i~n .!e>i"''"'· lh< 
~<"'"'' i• • •I~N<. in!<llo~i~l< . .<nd "'-''"'~i..,hle d<·i~n 

·• 

" 

·'' ~· "f'rl>eot>c.n ;, di~ódrd intn fun<'li<>n> ond ""<'h funct~>n '" 
'"'" i• <ul'>di>ód«<. lht h><r•rch~ r<<><<edo l<n•·ard ~r<al<r d«oil. 
.\n Jrv<l> of ll>r IYII<m ""' d<«ril>ed u funcl.iono, •nd <an be 
,.~,rnr into 1b,..e o:ale~~·· rrnc:e<din~ fmm 11>< h'""'••t t<> 
,~, fo•<" lnol <>f detall. •• followo: 

• 
• 

S!"<m 

P"'''""" 
~!.'<lotl< 

1~<'< '~"'' lovelo ""' cnn.:eptuol .• nd .,.. nnl • pb¡ <ical ritl nf 
''"''''"f." Each <<>n«plunllrvol rnat ropr<><nl multiplr !<velo 
,,. th< horrurchy <han, ond on~ ,;ven bo> "" a ellun tna) be 
""h 11>< t>ollom of one «•n«pluo! lev<l •nd lh< 1op of lh< nell 
¡,,. ,, 

TI>< <) """' 1<~1 nf lh< hirmrchy mnlain• 11>< m;oj.or """'P""'"' 
"""' of the ·'rplie,,.iM. ""d i> lhr , K:>< tho< " dcp.1ftm<nl , 1,,0• 
"1"' m•ghl ho>< of lh< •rrli<O!i<>n. A o¡·«rm mi~hl ~""''''" mul· 
, .... <) <1<m l<>el" A<eot~n1> r•Ja~le io • «""J'Jn<nl uf • ,.,.. 
tul '""'"" oyst<m. ;ond m turn. lh< •uh')'"'"'' .,¡ ,o<eouniO 
~'l·'~'' ;,...,¡¡ wnuld b< wnl;oinr<J ~ ithm lh< '"''''" lrvel Thio 
lt• <1 .,r h•tr.orchy ;, "'"''d h¡ •lruo:wnnr 11>< ,;,;,,.,,, ''·"~""'"' 
.~ r..,uirrno.<nl fnr "" "Prlio:.ot '""· The .on;olni• rh:"" ,,¡" P'"J"''' 
"'·') tr•ull '"" •J•I<m·l"<l hi<r•«h•· •u<h '" th•t '" th< u~m· 
rk '" F•~u« • Each ~><>• in r i~un: ~ '~" t.. 11-•t<d ; 0 r • .,.1.......,1 
"""'· •nd ~""t.. terrc,.ntcd hy • tlll'() cb.<n Alth""~h 11>< 
"''"' of ~he u•rr may dtlf<t ot>m<whol !mm '"'"" ~• 1hc ch•M. 
111< funw.,.,.r UO!<m<nl •h~uld t.. u.od l><rauu 11 i• mote U· 

rl~,, thon 11>< "''""- lerm. For <>omrlc. tt.. oerm ,., t ou,.rs 
"' ••u "'•Y t.. oimply • oub<et of lh< ~··~••1 1<-<!prr. or ,, 
""'' he • complote 'f"<m f<>r mo~in~ the l">)mcnt nf •<n..IO< 
.,«.,nll. Tbc funrtiorlal lfrtll ""'"AGE H><OOR ~("<'Ol'hTl 

. ..,1,, thc lltt.i«<i•r of litio applicolion mot'l: clc~r. 

~-: ...... 
MO.., OMO '~"''"'"" ...... , .. OMoo.o 

····-• •• 

,.. 
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••• 

-· .. ... 
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" 
""'"'' ..... , .. ,.. 
"""''"'' 

-·~- .. ,,._ 
. ...... 

" 

" 

""" ... , .... 
""""" " 

" 

'. 

lho >)>!<m lo•d "'"m .• n, """' ""' in,h•Jc thc "'!"''""'·'''"" 
,.r ""Y ne<utahl< cumroll<t '"'""""'"' hut r.othet lt pro•¡M, • 
Cll...:e¡•llt,,l vio" ,.¡ lh< •rPI"'"'""'· 1 npul ;¡n¡l '"''""' •« ~e~ned 
¡n """" ,.¡ form•. hl<• .onJ '"1""" wluch '"" ,, "'"''' ""'" Q[ 

th< d.ot.o. (f '' "PP"·'" lh.tt tho ""' "'"""f'''' ,.,.,..uf lhe '""". 
lu« .,¡ "" appl..:•tion d"'" not rro•i<l< <h< "'"i' f<>< """'"'" 
d"i~n. ot ohQuld t.. mcnl~•n<J lhol une uf llo< primory ob.oo:cti•" 
of funo;<iun•l dr"~" " lo h>V< a ""tle "'"' of th< applt<>tiun 
lhirl n:pre>en" b.nh U...,,.,., r<~uiremenl •nd the pro~r·m d<· 
oirn. Aldwu~h funcüon• d<~M<I ol !he 1"1' le•<l m•) 1>< ~roup«l 
dtlfer<nlly lor pro¡<>m d"i~n. lh<Y •huuiJ ,,n <1111 c•i•l ~ llh tf>< 
••me ~a•i< rrlat ton•h•r• in the <<>mrootcr in•~''"'""'"''"". Thi• " 
tb< k~y '" b<tiiJin¡: '1""'" tllul ·~· b< "'""'1) "'"'""'in<~ ..... 
rnh.m,rcl. 

lh< P"'l''•"' l<vel uf lh< h¡<r"rch) •ho~' th< h¡fh<'l \<><1 ol 
••~m<nl<ng uf lh< '"mr~l<t •Y<I<m 1 h<" P"'l'r.om l<vel m•r •'"' 
b< <h,oc;,.,.ri;oJ "thr enJ.u•cr 1«<1. ancl r<pt«en" lh< le•<l 
of to•~, iniliol«< by • trrrni""l "1'<'""'' in on im<<atli•• •rrli< .. 
!ion. or bot<h pru~••m• in a batch oppl;cotioft. 

(n 11>< occO<tn" poyo~l< applkaliun. """'"''' 11>< bo«• O<l~• 
..... ,._..,. VE,.OON ~C<OUt<1• o< l••~<.;, P""-'tam•. An ,,..,... 
pi< pro¡¡ram lrvrl f<>n< <ti th< bu•« on lh< •«"""" P•t'.w 
;orrl><•t¡unt i• •h""'" '" l'i~ur< l. 1 h< P'">'""' or '"'' lr•<l ';: 
r<•.,lt of 1h<" !<n<r..! d~•I!O ph.."' ,;t • Jc•<l<>pment P"DJ<CI. 
pul and <>ulpul for th" 1<><1 or< u•o.ollt d<fonrcl o• r<C<~d• ~ 
1'""1'' <tf rtonr~•. "'"''"~"· ond r<pull hne>. Sin« th" 1<' .. 
nurm.rlly repre..cn" ne.:utab!e tornputer in<l<l>•:tion•. >1 " ,.. 

omm<nd<d th•l progr .. m an.J mu<lul< ,..mn be • .,;,n<d ID~~ 

""'"' 
o. ... aed """''""' J.-i~n u.:cor. al UK mOOulr l<•rl. S•"'' ~ 
"~" i• an i«r•U•< """''"· dctail<d '"''''"'" d<><l" mo~r «1" 

" ., ..~ .. ··· 



•. ' 
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' 
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"~·"" ... 

11.•~, ~· .-<qot~<d ""'"'"'"""~ of !he mn<< f<nrml M<i~n 11 j< 
"''"""' ohat Oh< ~rrer·l<~<l '" l'll ch.on, ~< ,,, j"•d ""~ 11., ,11. 

• d.,<d t-<f= <~ni'""'"~ ""h lh< d"i~n P""'"' n,·,i~n ""~hll
o:>IM>n m•} t-e r<qon<d <~·h<n • lom-lo\el ch.m~< """'' lh< 
h•fh<t-1<><1 d«i~n <o d~ •nmeohil>f d•lkocnl lr"m tloal "h" h 11>< 
uoer«quirc>. 

10< m<><lu_l< le•d r<p««_nto •n .. rrul•hl< ''f"''"' .,r P"'¡"m 
o<-1< lhot """'"tly .<on>p<I<J '"" ""''· Th" """ ,r, .,.¡ 0 " o y ¡. 
, ... 1) '"~~<d "." '"oh¡ocl m<'dule"" 10 di<tin~uhh it r,.m " ""ln~d 
..,.,Me. "hKh may be ereal<d hr !in''"~ •<><r~l fu<KIK•n.al 
~>11~1<1 lo~~lher. Al lh< module 1«<1 nflh< hinorchy. ohe ole
'''"" ouflk<enlly d<l,tled oh"' pro~ram codo can h< <~rillen Jo· 
•«-IIJ (mm 1he d<"~"- ln oh e""'"""" poyahle applie2tion. '"" 
!<•el• of mt>dul., ""' 1hnwn in Fifllr< ~ holo.,_n>""ll1f "·"
'"' [ ~""li"T. whoch «In be r<l.llrd lo lhe pm~r•m k•d in 

1 "'"" ~-
lb< n«.Jule l<>el is 1he P""''"' of ohe •r•·,·ofl.·.oll••n rh'"" ,r 
''""l"rm<nL l«r"' and <>Lit¡•ol al ohi< le><l '"" fool•f• ,.r d,,,,, '" 
....-•m<«" from or >o ~U>er '""!"'"' The ,.,.,Jule 1"<1 ,¡,Mold 
"1'1~•<n1 • fmKt•<>nol .""'"'"'"' lh•l """ ¡.. ""npl<ld¡ ~· ·"f'<"~ 
~ 11h1n o normol Hll<nl "'" •ran Wh<n tr,ono1.10<·<I "''" < WLe<II,Lhl< 
,._¡,_ • module ohould u•uall} «>ntdin f<M<f lh•n hfl\ Ion<' of 
•HY<lured hi,h-le><llonJu•s• '"'lem<ms. The HII'O <h•" •' oh< 
'"'-lulo le .. l moY eonloin otru<!ored En~li•h (f'«Oido-e.-.Jel 
"•l<mena lo uploin comrl" lo>Jic:. In oddition. ,..h<re n<«<· 
'-") .. 1h~ nlet><led deocripoion se<lion of 11>< HII'O '""" moY 
i'<"'"'"'' <mptemenl>lion nol<• •• d"<o<><d '" l!.ef<r<n« ~-

l>.: I'U'l'<l>e of oh.,< <one<plual lt>els " lo refte<l ohe o~ic-e· 
"''' of "''"' of lh< documenl>. The 'Y"<m l.-el mu•l he •>~1<d 
"' '"'"'. 1ho1 ore relevonl 1<> "'"' monog<rnenl. The 1,.,¡ 11 1< 1<> el 
"•~·'niZ-•' o o> ' ·.- ..., n u 0 "'"f n1o o lo"' lhe l'"'l'r.lmm<t 1n Mt<l< .. ,. ""'' ON0 1'10<''"'" ....... M""''"' '" 

••••• • 

-·· ....... 
'""""' 

'" 

""'""" ow.ot 

_, 
"'"""'"'" -· "" 

... """ ..... _, 
""' ., 
~""'"'" _ .. ,. 

·-· ........ 

...... " 
~~'-" ,.,.. ,, .. . " " 

"''"' "" _, 
"'"""" •OO• "'"""' " " . 

....... , .... ...... 
""""" """"' "" > 

"" 

o.-1~ Th< r<u~ram 1<><1 prc•id<' th< •ch•d< or «""m"""'''""" 
1><1"«" lhc ''''""' lcwl -<n~ lh< ~~~·Jol< l.-el lly 8"'"~ J<1a1l 

'" lh< "''' ''"" ·' hi~h<• -1<•<1 .. ;, .... 10 111< "'"~'·'"'"'"'· 

Th< "'"'""ion ohu• f•• ha< eon•iJ«<d lh< "'"""'' ·cr &n oppl~ 
ca1i11n •• "" uid in lh< ~'"'" nf an in<tlli~il>le. m~inooin•ill< 
•r>~cn<. A '""'"' mojor con«m in 1y<1em de>i~n i• ohul "f 
p<u•iJing e!'rn:«nt p<<furmon« of inl~<><live •rrlicao;on, '" • 
•ir111ol sy•oem cnvirunm<nL Pe<fo1man« !Un in~ In • VlriU•I •) •

l<nl i• a ennwln «:i<n« lhal inv<>l'<• r<l.ooi .. n,hip• '"'""~ . - .. ,, . 
harJ"""· 'Y'""' "'f'"""· ~nJ -•rrh<•l~·• d<"~" P'""'" 1 
lh< perform.l<K< uf 1~< >rrh<•l~•n P"'"'•"'' •l<>"< "'"'' "'~ ~ 
•ulo ;, "" eth"'"' '"''"' ,., """'"'"" cff"" of '""'"~ ,11 oh< 
c<>n<runcn~< oha> aliw perf"""·'""' i• ro4uor<d \><<••" pn> 
8r•mm<r•. lo< «amrle. oflcn ~ucmpl le w1i1< <lfn:ic:nt-"'...
"""' comrl"-cod< ""h""' rcroord [,or lh< w•Y in ,.h;.;h 11>< 
m,..Jul., rn•t ull•m•lcl) •ff«< pcrf<ormon«. 

When v«win~ lh< •llu<Onrcd de'i"n of on •rrlic~lK>n. on< ,-_.. . ·- • flc·••~ 
•« rc:.d•ly lhool fun<loun,,l ''""""'r""''"" ""'" ""' " ' 
p<rt",•m•n<< ,.qui«nl<nl< uf o """'·'""''" drivcn apr""·'""" 
lt~nl<<.' fu< exampl~. ma~ .. <IU< lh< i""' uf th< ogmfMM'~ 
effe.l uf,,.,,.;,. P·•~'"~- He Jofon" lh< ,.,wling "'' •• 

1 
¡. 

'"""Y p<rcrnl uf lhc ,.,,¡, [h,ll ~"'" co~hly pere<nl uf 1~< ~"',¿ 
a.-.J a<J,-;,., olul 1~< ··Mutl.in; "'' •h<>niJ "'""""~oh< f"""',.,~ 
orplieau"" wning." 1 h< d.-i¡n r<"'-"'· if co"ccdy ••«"

1 
J< 

i:an produ<< '""""'"< . .eh ,.r ,..hi<;h «qoiro• 1<>• lh•• • "":,. 
•K ~)1< p.¡~< of >IU<.o~< On lh•' b.o>i>, oh< la>k of appli<·••: 
tunin~ be<""'<• an en"" of i<lcnoifyina \he"""' .ctiv< ,.,,¡:;:; 
,.., ,.,;n¡¡ 1h"" mox.lul<• for el!>oi<ncy ! if n««'"fl')· eoo•~' ., 
moo.Jol.- inlo lo¡:ically <el~l<d p•~"· ond ~'i"l •ctiv< r-•~<' 
m•in >lor•l<- .. ~ ·"' 
"" 

" .. 



... 



--···-· 

' ''"'<" "'·"· in ,.,,., ""', '" """'·'"' ,., ,,.,,.,,,. ""' 1 ""'·''" e " 
•••••• "'"''"··""'" "' " '"'' •""···· ........ , ,., ''" h ""' ,,,,.,,. ,, ... 
·.,.""" ........ k'"''""'"~~ ( "' "'·'"'''' "' , .. ,. ... ~. '" ·' 

"'''"''''' '"'"' ,,,,,;, ... "' '"'" ''" """''·"'"" ""'" " ·' ,,., .. ,.¡ ""''"!<' lt '"'"' "-''"·"h ""''''''"" "'·" ,..,¡, ·• ........ . 
• 1<~ OM>oiiiiC< 01~( ...... ~ .. ~~ "lfl'l:11h< ~~!\,......, ... < "' , ..... 

•«',., nm•. if •• "rrl"'•<inn ;, '""'"""'· lh< ""'""·'" '""' .. ,, ' 
.... 1>< d«n< <nn~<;..."'Y ~uh rn•r« "''"'"' 1\olh '"" " ' . "...rt<''"•· "'"" ""''""" ••~"'~ ,., hn·~•·•· n,,, 1>< """'~·J k" 

" , J<~ mod<>l<" lhot mm< 1>< offi,·iont '" ·"";~ r<•f••om,on<e . ~ ... 
.IO'r.od•<ion 

lh< ""r""""""' ,r <h< 'l•<<•• ol<><l•pn«n< r«~··~· "'''""'' 
'""''"''""' '" '"" ""''"' <he de•<~••"'"'"' "'a ''""rlu..- '''"' 
, • ..,•·•• • "'' ,,f ''""'"'"' <« hm•l'"''· .olld ~• '"""'""·'""'"~ ,.r 
M 1h<~<i« on ,.h;ch <iui<I'Í'-<irl<n< ;, h:,.<d. 

,~f><anl r•"'' .... ""' l>ccn 0'\..Kl< in d«<lo•rin~ • do'oCirhn< 
'""'· in ume. oMuld m.1~~ pr<>¡:mm d.-ifn ~nd imrk.mcn<:otM~n 
n <n~inocrin~ lk<ll .. ~lru«ur<·~ P'"~~''"''"'"~ rn•11•l•• "'"" 

' e • ..,¡,¡;n¡: N<o< h fn< <o.!< do• ok...,.rnl. "'"<" •• <loclr"""' """"" 
J<v<IPf'm<nl con be bo-.ed on a ><1 of rredeoi~nod. ba•;c el«· 
'"'"k componen lO. HIPO alld otn~c<ured dooi¡n ore finl <l<r> in 
,.,..p., 11\&11)'1>< of diocipli,.. 10 11>< duiHn """• of q>pl«a<>on 

·''"'"""'""'-
11 lla• l>«n <be in«nlion aftbls uti<l< la a<ld<e" •h• fnll<>,.inc 
,.,nl:al J"OC<<><O: 

• ].knlili<>tionnffun«ion. 

1 """'"'""' d<"Cnmr<'•ilion. 
• '""'';,. •l<·i~n. 
• . ~l • .Jule <<l.llinn•bip. 

De la) od r<< formonc e nr 1i mi •••ion. 

~' "''riYÍn~ 1h< <<>n<<pll of hier.uchical fun«i"""l duifn 1<> ~~~ 
J,.,·ipion., af HII'O ond oiTUC<ur<d dniJn lhr<>h~l>ou! 1h< ~r>:ol)· 
.,, .nd d«i¡n pt<xen ... •ernl of <h< fnllo,..ing rn•"hle bon<~l• 
"' <Jriully reoli .. d: 

• U><r Unden<ondi.., ond "!'r<<m<nl M fun<<io""l c~n<en< ore 
m.<de •••i<r. ''"'ÍIIf .,.. incon>lot<nl infonn>.<ion io idcnlifiod <:di). 

• 1 un<:<;..n• .,.. dt..:,.le and "" lhe<ofou m<><< N•il, do><ü· 
Ol(lll<d ond. lf I><COI>l&<)'. modifi<:d. 

• T'lo><<>mm<o<loa lo K<nmrl¡,hod ,..;,h o •Ín~l• <lfnn ..,,be, 
oh:on mul<ipl< <ll'on• •• dill'tf<'n< ""f., or d•••"-•rm<nl. 

: . ,.,. 
MO'<' "" '""'""lh ••• 0 •01 ~ '"'"'' 

. , 

'"' 

\1.,,¡.,1,· ,,,,.,r."'' ·"' ,.,,,,¡,. ,,.,¡ <l~c·,, · .. ,,. "''''' ,. '"' 1•'• 

""'' "' ~., ... , ... .,,. 
• 1 ,,. , ... ,,._,,, ,,,.,,., "'r•··"• ,,.,. ""''~ ... ,. ·'""'" ,,.,,.., .. 

11,,.,,., . .,.,,,, ,,.,¡ Cl•l'""''""''" :llc "'''"''·""''"'·'"'"O.. 
e,,.,_. thc ·~"''"' '·'" 1>< co"ll ""J'·"h•.J "' .oll lc>cl<. 

~.n.:c <he•< "''"'"<':<'e"·"'' uf <hinlin~ ""'""<he J~"~" ""' 
'""'· ,, """"" Jilh•uft. '" "'"·"u•c ohjc..:tivcl~ thc df,'l.t of "" 
in~ 1hi, ~""" 1.-.J'", Fl' orrhing tho-e pnnc;,.,le• to a 11<'<~'!'· 
m<n< P~<•¡<• t. hu,.over. <>n< bcco>m<' ~~~ at< uf <h<l< valu< . 

• 
nnn u.HRF,..rn 
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A summary of progress toward proving 
program correctness 

by T. A. LINDEN 

N-'io...J.~rA-
Fl. O.Or10 G. Idead., Ma.ryl&nd 

JNTRODUCTIOK 

lnr.erMt in prOving th• correotni'A of pro¡¡rams hu 
f:I'0"1> erploaively l'ithin the laat two or threo yean. 
Tbere Uf! now over a hWldred people pur~uÍllg reseueh 
on thi. a:eneral topie; m0;11t of them are relative new· 
comen to the fieÍd. At leaat three rea.oon. CAD be cited 
for tiU. n.pid growtb: 

(1) Tb~ inability to de.ign and implement toftware 
&yoU!Ill wbieh can be 1\l&rfLIIU.ed correct io 
aeverely rcstrieting computer •ppli!:atiODl! in 
m•n" itnponant 11.-.u. 

(2) o~buggin~ o.nd mt.intaining lar~e comput.er 
prugrafll.ll ;, now wcll reeo¡¡nized a.s on~ ol the 
most ..,rious o.nd costly proble1011 ¡,.dng the 
comput.er iodustry. 

(3} A large number of nu•themo.tici.&n~~, eapecio.lly 
Jo,;icianl, ""' in~ iD a.pplieatio"' ••here 
thelr tal.,ta can be used. 

Thi& paper ~mm•rius recem progreso in developing 
""ornuo t.rchniqu"" lor províng that program.l •atiafy 
formally defined 0peciliu\.ÍoDS. Until recenUy proo!e uf 
<Nf~C\.IIe!!'S were !im.ited to toy pragrams. Tbey ue 
'>loll\imited to amall programs, but it ~ now coDCeivable 
10 at~empt t.o prove the correctness o! •mal! critica! 
module~ of a luge program. This paper is desil!l'ed to 
¡:ive • sul!icient inuoduction «>curren\ ree.earch eo that 
• ooft11 ue en¡rin,_.,. can .-·aluate wh•ther a proof uf 
tcrr..-ctno;.J m.i~ht bto opplictol.lo '""""'"o! bis prublefTIIi 
oameume '" th~ future. 

THE !\ATl'RE OF CORRECT:\ESS PROOFS 

Giveu lc.rmal specifications for a program IUld giv~n 
1 h~ ltxl of a prn~am in "'"''" funn,.lly do·fin..d lan~~ge, 
ll ts tbeu • well-defmed m¡¡tbematical qu.,.tion to ,._,¡¡ 

wh~thcr the progra.m tert ~ correct with r ... pect to 
those sp«if•catioWI. Tbe mat.hematic:s """""""'Y for thil 
""$ originally workod out primarily by Floyd' aud ·· 
M&nna.' 

lt must be made dea: that a proa! o! torre<:\.1><211 Íl 
ro.dically differeut from the usual procesa of testin¡ & 

progr&lll. TeJting cau aDd o! ten doet provr a proz:ram Íl 
Wcorn:ct, but no reuonable t.mount of t .. ting can ever 
prove t.bat a noutrivial proz:ram will be c~m·ct over al\ 
f:~lowable inpu\4. 

Ezamp!t 

"" 

Th• 10ppro"h to provin¡ progr~ conect whkb 
"'"" developcd and populo.rized by Floyd is .till th~ 
basis lar moot curreut proofa of rom•c:ness.· lt is· 
gcnerally kno""D u the method o! indurtiw .~~.SSert.ions. 
Let U! begin "~th & oimple aample of the buk idea. 
C:Ó1111ider the ftowcha.rt. in Figure l for aponi'!>W.t.ioa 
t<o a poaitive intt,gnl power by repeo.ted muh.ipli~ation. 
For.~mp\ici~y. assume all valueo ..,... int~~ers. 1 hav• 
pul a8$Hl.ioua or apecificationo !or conectnes olÍ tbt 
ir>put ILlld output of the progr~. We Wr.Ilt to prove 
tb&t if X and 1' are input.o "~th 1' :>O, t.hen tbe nutput Z 
,..¡¡¡ ... tWy z-x•. Th~ ...Sertion &t the output ~ tbe 
~~p«ificatioa for eorrectneso of the prO&'"&m- Tbe assv
tion &t t.he input definl!li t.he input conditiona (if auy) 
for "hicb t.he program i¡ to produce output ~tisfyin¡ 
the output user\Í<>ll- Not.t thal \he proof will u.e 
~ymboli< teehniques t.o .,.¡ablish that the provun Íl 
eurr""t for al! allo,.·abl• inpuu.. 
Th~ proof ¡,.éhni~ue "'orks ... follo~-s: Somewhere 

11"Íthin ew:h loop ,..-e mua\ o.dd &U IIIIKftioa that o.d.
quuely char"t.erir.CI,., invariaut proputy o! the loop. 
This hu hecn done for the single loop Bo,.·eha.rt. o! 
Figure l. 1t i¡ uow poosible to break thia Bo"~hart into 
tree--lih o¡,e\.ÍO!lll such lhat ew:h M'Ciino b..!(Í!lll•od endt 
""ilh asaert.iona and no oection conb.im a loop. Thill i8 





, •:.lo in f•>'-"'' ~ if ·OR<· olim·gouh the d:<l'ht><l·hne 
••. _,,.,_ W• "'"'' \<• ,¡,,,.. th:ll if excrution <Jf ~"""\ion 
'"1-~'" in"-''"''' ";q, lht• """ertion nt it" ¡,.,J.<! truc, 
tloc11 "!.ton tbt· c••~·utiun lcavra tho.t eccüon, tht· o.s:otr-

1 "''' nt thc <·xit wu.,t oJ><• Lt· true. !\_,. t~kin~ ""''""'"'!ion 
.,, th" ,.,.J of •·•eh ,¡ !\,,.,. ••·<liono and ll<ing !he 
-• n,.w,ir~ uf tlw l'"W·"" ,a\o·mtn\ ~buvt· it, One C-'l.ll 
, l>tüh· ~u !1."<-l!\LU" "loi••h ,hou]~ huvc hcld bdore 
,. •t st~\Cml•nt if th~ '"'""''Ü'""' !Útcr it ..,-~ U• ¡.,. ¡¡uar

·•t••Pd \J'\lC 1\'"t'-i"~ Uf' the 11H,_ OllP \]wn gE·h~T~le! 
1.' L)o~ a<HT1in1~• iu d,,,].,;,J-Iin<" \ooxos in Fi)\l)TO 2. Euch 
··•unu ~;u¡¡,,.,. 1''' .,-rvo·\ruth fn"n it.o fint tn iv.lo>t 

., ''"'"''" if th<' l.r~t ,.....,,.rlio,n ÍTl1J>li,.. t),,. '""''''ti<>IJ 
!•l>l '"''' gen<-rult-d it> !he d""l"·d-liue bo~ ~l lh<' Wp 

• ·•<- thu> go•t., th<• b¡;irol th.,rcm• or vcrifu-3tion comfi. 
"'"h' W•·t•n ¡,,.],,w ''"''h ~··,·tinll, With o lit!lto thoughl it 
'oll n~W be >l<'ll \].~\ Í{ th""" th<'<'fCmf O:tn ~u be pr<»en 
,,J if tht )lfLO~f "'" h!<h;, ti., n h "'ill holt "~tb t].e 
odrect OtJ!)ll!l v:Ju,~;- !11 tbi.> cn.sc tht• l].,'()rcm; c;ro· 
,.¡,,~..u:Jy <rm·. ib.lling c:.n bo· pr~v~!l by vtloer 
:n·Lnoq"""-

' 
START 

' il'IPUT X, y 

y> o 

~r~l 

1 
ze X 

~ 

;: -z = x 1 

Y=~ 
-ves 

no 1 OUTPUTJ 

{_p-¡:}l l--z 

¡- i 2';, x xJ HALT 

'- _/ -Te 

"\a 

.t--~ '~ ::~:: ~;:~ ~--~~-~ ;:x-: ;-¡,),~ 
/ ------- ~------" 

<, •1j:'----=- '~ ----,i_~_:_;v~ ----··, "-...- - -
i;c~x_•! 1 ">-·-·o" '"· ~l 
1 ,, 
•z.,x•A ·-----

-' -- -1:·1·11 ------_._ .. 
z • ;. ·'~-"-¡':"- ' 

• 
_. 

' ' 

: .. • '" ~- ·-...o ·•uno-d t,·,~th&n 

The t:oro·f ul !(-,,.:. r ' ::• "'·' ,.¡ h~t tho : .. ¡ "'\ :..<sumptiun 
l"> !1 ;, 1101 •··:oL'.' ''' .. ¡, ·' ·, ,, ti .. ·; '"''' ,¡ ,.¡, h< r ,.¡ th"-"<' 
lh'"•nll'l.' Thi< ;, )., ... ,_, .. ::• .. : :.>-.¡m;.ti on ¡, rt·all;- only 

::, e• •11• \· r:nii,.JIC>. 

'f¡,i. prvoo~- f ,,, ¡ '"' ::: .. :_:,,. hn" : no·IJ. ~~ ¡,rugr.lJIU' 
is suh¡' rt '" ,,-,,,_,- .- ,-:- . :·- t. .. ¡¡, ,,, ¡,,,Hlh· ~ro¡;-ram
mill~ tt:ll'\fU"<· ,.¡,: ·1· ''" ,, ·l '"'llf m ;\¡i; CHIIlple a¡¡o.l 
tu ory '" "' ·•• ¡\, P""¡ '-' •·~n,-..tr.~,. ""'re cffiei•nl. 
Full tr-·o:t"''•t' •• •:i, • ·''·' , '"'· ¡•1<•> ore ,.,-~ilable in~ 
,,, . n: <.: 1 ' \ 1 , : ;,\_: ·"'~ ;, .\lonlla'$ Í<>rth-

' •' ''•b ,, .: .. • ~~< .. .- '~rlilof ?·.lo·.r~l """""''"\1 
~\, .ut 11•~ ,._.,,,., . .,¡ :i,~ \•f,-b;, JI• <.¡]] be maJe hcre . 
. \u~k,,.,, ""''"' n•.• ,,_,;\,] b;- m·•olo• ,U.:,ut n>05l oltht 
~thc-r ,l'l''"'";,,,, lo pr ,.;,; , ... ,, , "" "'· 

rrogr.ll<o< ,.~,. <•111)' ], • .,;,¡', L~ ,-,.rro-et"~th r~pee\ 
t~ f~rm.ol f['<·oifi<o:i<•J,, -, io:¡~::-«~lpU\ ,..._~r\iQns. 

i 
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Thcr~i< no formol way to guarJtn\I.'C \ha~ lhCSCOJ><'<'ihca· 
.tjons o.dn¡uatcly exprcs.s what somoonn rcally wantll the 

prcgram to do. 
Given a prvgram "~th •po:cificationt on the input and 

outpUt, there is probably no o.utomat:.c ,.·ay to ¡oocrate 
aD the &dditionol """"rtio111 \\"hich murt be added to 
make tb~ proof "ork. For a human to L>dd theoe ....,er. 
tioll!l require> a thorough Utod~r-standin¡: o! thr program. 
'fhe programmer should be able t.o •upply thr.&e MSer· 

tions iJ' he i¡ able to lonnolize hia intuitivo under
't:rndlng of the progr&m. 

Give:n a prograrn with assertione in ~acb loop ll.lld 
given o.n adequate defiiiÍti<>II o! tbe semantica of tbe 
programminr; Janguage, it ia fair\y routine to g~ner.o.t.e 
the tbeorems or verifico.tioo coodition.s. Severa! ex4ting 
«>mputer programs that do thia ""' deseribed beJo .... 

Tbe re&! prublem in proving correctncss líe$ in the 
·t that even for oimple progra~, the tbeorema tho.t 

-e generated become quite long. This Je,gtb makeo 
pro•~o¡ the tlu·orem. very <lifficult lar a human ar for 
rurrent automatic thoorem prove:a. 

F ormalUin¡¡lht pror¡ra.mmer'• inluiliun oj c.orrecl'ltll 

lt may not be app~reot, but tbe process of proving 
, rorrectness Íl! just o. formali.ation into rigorous logical 
i,"=ma of tbe informal .o.nd aometimcs oloppy reasoning 

tho.t a programmer ta"" in const.rueting and ch.,.,k.ing 
his pro¡Ta.m. The programmer ha.s sorne idu of what he 
e.;¡>ecta to be trne at each stage of his program (the 
assertions). be knowa ho"· tbe programrning language 
oemanti•• will translorm a •t.oge (generating tbe o.eser
tions in dHs)a-d-lin~ bm .. .,.. of Figure 2), and he cou
\"Ínoes himse!l that the tran~~formation.s ,.·m ,;ive the 
dc;i,....¡ •~•ult (the prool ol the thl-orem). In thi.s aense 
rwvirog ptt•¡;r~m corrcctnesa i.s just 11 way lo put into 
1- -,al ho.n~'ll•g~ everythil•s on~ sloould uoder:stand in 
'· ~il•g ~r.d infonnally cherkiu¡; a prvgram fm correct
U<•ss.lo /~el, tloere i.s no cleu divisioo betw~n 1he idea 
uf ""'dio¡; code to check it lor corre<:tni'SI fl!ld 1he idea 
ol pruyin~ it corroe! by mure rigorous rncll.tl.ll; Uoe 
<!ifierence i.s ooe of degTee of formality. 

O o e quest.ion that •hould be ad.d.r-..:1 in lhi$ con ten 
rP¡:....W, the l~><t th11l both the correc1ness and the 
¡,.,hing problemg/or arbitr&ry pr<o¡¡:rati\IJ ue kllown to be 
o.I!Ldeoidable in the mnthemalical ><·ase. Hol<e\"et, thí.r; 
'l"'""lion o/ mathemo.tical und~<Í<l;,.bilih· ..hould not 
~,¡._., lor llll)" pwgram for whid> tlu•re K te ~alid intuitive 
., . ....,..,. lor th~ J.>fOgrom LO b<· currec1. 

1 loo~ 1 hav~ m~de the ¡~·Ínt that logical proof o/ 
'Yll".,<lra-s• l<"<·hni4u"" !U"e r•dically diffcrent /rom 

t.esting tecltniques which ~tt· based on e.>:ccuting thc 
progroun 011 ~ected input doa in a spccific cnviroo· 
rnl':ll. HoweYer, 1 do 1101 want to implr tha1 in a prac-
1ical •ituation a proo/ or o.nything el•c con lelld to 
abAOlute eutltud~ o! eorreellless. In lae1 a proof by 
itself doe. 1101 nee.,arily lead. t.o a highu leve! of 
e~;~nfideoce than migh1 be aehic~od by ext.ens.ive test.ing 
ol a program. From a practica! •·ic-..·point 1he"' are a 
num\.oer of 1hings tlo11t oould still be "Tonga! ter a proof 
if one i111101 careful: ,.·ha1 Íl! proveu may 1101 be wh&t 
one thought "·as pro~en, the proof rna)" be iueorrect, or 
IWIUrnptiO!UI &bout dthcr the ~.l<trution environmenl or 
1he problem dornain rn1r 1101 be valid. However, 1 

proof doeo give a quit.e differenl and independeo1 view 
ol program corrt>Cllless, and if it ir; done well, itllhnuld 
be able t.o provide a vcry high ]eyel ol confidcnce in 
corrccmess. ln puticulu, t.o 1he extent th11l a prooi ia 
valid, there should no longer be any doub1 about what 
rnight hnppen afu,r allo"·able but uncxpect.ed input 
vnlues. 

h!AKUAL PROOFS 

Th~ basic ideus in tht last sertioo hav~ been knmm 
for sorne time. Thi$ oectiou do:scribes lhe P""'t.ico.l 
progresa "hicb has beeD. made with manual ptoofa iD 
tbe 11<51. fe"· years. 

The We of prugrlllll8 1\"hicb can b.. proveu by baDd 
depends oo thc leve! of forrnality th&t ÍJl us..d. lo 1967 
McCarthy and Paiot.e,.. maoually provod 1be corree!· 
n- o/ a cornpiler for ,.~. elernrntu;· arithmetic 
c~pn·<Sioru. h wns a f<•rmal proof b ... ed on formal 
d"fonit,om of 1h~ srntu W1d S<"manticos o! lho limpie 
Janguhge.o inYolv!'d. 

A more informalapproach to proof1 Í111o"· popular. 
This ~ppro""h i.s rigorou.o, bu1 uses a leve! o/ formalit)" 
like 1hat in a 1ypical rnalhem.o.t.ies t.ut. Argurncnt.s are 
b.....d 011 an intuit.ive definltio.o of 1be ecmltllties of tbe 
programming language without a complete axiom&tin· 
tino. Usiog 1hest teo::hnlques • va.riuy of rt.alistic, 
efficient progn.ms LO do wrting. noergin11, and ...,arehiog 
havP Leen proveo rorrPCt. TbP proof of a twn~ty line 
oort profTam might rrquir~ ~bout three pages. It "·ould 
nuw Le h tt•uson~l>lt <·~"'"""' for &dvJWced gr&duate 
SI udeot.s. 

Proofs ol •ignifitantly more cornplex ptogr"""' have 
also bePn pub]¡,¡.,.¿_ Lundoo'·' has do11e prools ola pair 
of LlSP rompil~rs. The luger rompiltr is about 160 
!.mes o/ loighly tt<.un¡ive cude. lt compli"" almC>Ii! the 
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full LJSP lan¡:ua¡;t--<•nou~h so it can comp~e it.oelf. 
1\ i• a geucrally unu.ed compiltl, lt "'U writteD for 
~hin¡ purposeo:, but it io not juat a. t.oy prognt.m. 
Another compll!lt progr~m hu been proven eorrect by 
Jnnell.' The program ia a. PL-1 eodin¡ of • •lightly 
&implified versiOD of Ear\ey'o rerogniJ;er a.lgotithm. lt 
is about 200 line& uf code. Probably the la:g .. t program 
that has b..,.n provl'.ll oorll:Ct io ln the ,.-orlr. on comput.:r 
int.uval &rithmetk by Good &nd London.' There they 
prov..J. the correctne:.s of uvcr 400 lines of AlgOl ende. 
The Ja:g12;t individua.) proc..dure was in lhe IS0-200 
Jine eaUgory. A h•t'ong of many other aignifico.nt 
progra.tns "-hioh have been proveo oorreet CLtl be foWid 
in Loodon's recent po.per.'" 

11 a compll!lt 200 Jine progra.tn can oow be'Proveo 
correct by one man in a coople of months, ooe ean bt-gic 
to think about breakin¡; largor prograrm into modules 
and geüing • proof of correcln.,;s withio a. ¡..,.- man 
ye&n! of dl:ort. Clear\y there o.re progra.m6 lor which a 
gu...-antce of lhe corro-<tn""" of the mnrúng pro¡:ram 
would be worth not man Y~'"'' but mo.ny man deca.deo 
of eflon. We ha.d t,.,uer tnke a "looer lvok al the 
f<•..,ibility oí sudo an undertliking a.nd wh&t the proof 
ol corr.-ct.oess would rcally u.ewmplish. 

Environmtnl problrn..o 

In most e:o:istin¡ proofs'of program con-oetness, what 
hM been proveo oorrect Í6 either the algorithm ru: a high 
leve! l~.t~guage rcpr.,..,nt.ation of the a.lgorithm. Wu.h 
t.oday·s eomput~ro wh&t happenl! when thc program 
actually "-'"' on a phyaical computer would sti!l be 
IUlybod.¡-'~ ¡:uess. lt would be a significant a.dditional 
chore to wrif)· thnt the eovimnment for tht rutlnÍug 
pro¡:rom ""'i.Jie• .. n th~ "-'<umptiollll that ""'" "••dt 
·hout it ¡, ti1t proof. Prol,lcms woth rouod <off urors, 
~veril<"'·'"',¡ H• forth can lo, h~Iodk-d in prwfs. GJ.>od 
:~nd Lomion,1 llow-e, 11 ""d others have described tech· 
niques for proving proprtti"" of pro~arm in the eonten 
oí ~om>"-'"' a.rithmet.ic, but this """ m&ke the prooi 
m u eh mor~ romples.. Furthermore, to ...,ure correclneas 
of the run¡,;,.g pt<>grarn one would ha veto be Bure th,_t 
alJ aasumptio1111 about the oeml.tlti"'' o! the progra.m
rning lan¡¡uage were actually valid in the implementa· 
tioo. The compiler and other •ystem wftwa.re would 
ha veto be e.,rtified. Fmally, th;. rould all be for nau~ht 
considerio~ the ¡.oss.ibihty of 1111r<!ware f.Wurt· u it 
el<i¡tj¡ in Wday'• machío.,.. 

Tbw, pro~'ing tbe eorrectness of a 110uroo langu~~e 
_>ro¡:nm Í$ only ooe aspt•ct of tht "hole prvLltm of 
~l.lantedn¡: the oorro:o:tn.-... of a runniog program. 
~cvtrtheless, elimioating all crroro frum the wurct 

language program ""ould certRinl)' !:"a Ion~ way ':"ward 
improvin¡ the probability that 0..- program will run 
aceor-ding to specifie•tiona. 

Err.,-1 in tlo• prOO¡ 

An informal proof of corll:Cti>C!I-' typiea.ll)' is mucb 
lon¡¡cr than the pru¡:ram tcxt il<lelf--<>ltMJ five to ten 
timu u long. Thus the prool iwlf i• rub¡oet to error 
jwt like any other utrcmely dctail<;<l «_n_d rompll!lt t~Jr. 
done by hLlmBIUi. Thcre l.a the po._,,¡,lot.' that an lD· 

'forma.l prool is juat as" rong u thc l'""l:'~m- However, 
a proof d!lell not have any loop& and tho me:.Hing of a 
s!Jt.((oment i.8 fiJ<ed and not depend~nt on the current 
interna! su.te o( the computer. To rcad and check a 
proof is a •traightforward and pounlially aut.om!l.t&ble 
ol"'ratioo. The same can ha.rdly be •:.id for pro¡:r,.,... 
De6pit. it.o poten ti al fallibility, an inf,rmal prool woul_d 
dramatically improve the probo.bility th•t & prograrn 11 
corroe\. Thue is eviden~ from Londnn'l work' that a 
prool of correclncso will flod progwm bugs that ha ve 
been overluoked i11 the code. 

A pcrsoo proving a program r.,rrect by manua.l 
techniqueo mU!it fint achiev~ 1 ver>· thorough nodcr
standing of all deiAile of th• program. This cle..-1¡- limiu 
m1.t1ual proof teohniqul'$ to prugr&m• _,jmple enough to 

be iotally comprebendod by tbe P'"'"am provus. lt 
also n>taru< that olarlty and simplidty j, ver;- importan! 
in the pro¡:ram design if the progr-am is to be proven 
correct. Tbere is LtiOther r;chool of though! whicb 
plat~~ prima:y emphBBis on techníq""" for obt<Lining 
darÍ!\'Ltld ol.ructurt in th• pro¡:ram U• -i~'ll Dijl.sua"·'' 
"-> lv,:g bt•tll the pri1n...-,- advucat<• ,,r ,,,;, "rwuacb ll)' 

appr¿pria.tely otruotuti~g tbe prop:.m and by usin& 
"hat i$ apparently a much less lonual appro&eb to 

proofs, Dijlultra daims to have prov"'' tbe correcto""' 
of his THE operating s}1<\.em." Milis" advoet.t.es ,_ 
rJmila.r ~pproa.::h wítb the program J,eing •nflidentl)' 
structured en "" informal prool can t.-· "" ohort. u the 
program lo~. itself. 

lt ia probably true that more pra<:ti• ..• l re...,lt.o can be 
obUiin..J. l'ith JCSB ri~orow appr .. ~·ioes to proofs, 
esl""'iaU}' in th~ uea.r future. lt i- <·l'tll d~batab\e 
w!Jetloer the n>ore ri~~rúll.'; ptuof• ¡¡i v~ r: ·'"" o.ssuro.nce of 
corr<...,J.Oess, but tb~ lonnalit} dOI""- mok.e i~ more 
fe...,iblr to outomat~ th~ proof procc.-.-. Wbetb..- or not 
une fcels th&t tht rigor<ius hand pw•,!b of correctm:sa 
will have mu~h practica.) value, tlw:: a.re pro~iding 
e•perience "~th diliercot proof tt:cJu,i•¡;,~eo; that sbould 
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:, ~o·ry ''"!""],]<· io. ;,1\l-mpOI<og '" ;dl\'Jtna1c tl1<· proo[ 
¡-rr~e-•· 

. ü"T(!~IATI~G l'HúOFS (JF CO!IIl.ECT:\E.~S 

¡,. :·•~•·ir:e ¡m·!;I~m •·urru·tll~-" tl><· !o~ical ;t,temo-nt 

1hot .,_ "' L<· 1''"""" ,.,~nl' io n·r)· l<•ng; !."'"''"'''• 
1l<e ¡.r .. t•f ;. -"·l.!totn rnutlH-Irr.,IÍt•ll)' d<-<'f• :ol>d noudo of 
it ~· 1, .d;- 1<• 1"· <¡oo\t· •irn¡¡le. In the e>am~l" ~h·~n 
1'"'''' '·•)' olre tlr<-ur<·<"-' 1<• be ]orUV<n \\Cff olmuH 
mn ... 1< ""uld •o·crn that oom~ sort of ~utom~tit 
¡],."<or• ">O ¡•ruvin& should be aL!~ to'be applird in proving 
prtlgr.•m <'urrr·ctnt,.. Titi< hn..• bt·Cn tri..O. So lar the 
rti'Uh· h~,·e nat b.-en nry t·~citing lrom a rr:.ttical 
,;e,¡•·m1. 

r ,, 
CQIO<)J . .,·,·r "flfn< ralcd ]Jroof• 

1 rull:; •Uiorna\ic lheorcm prov~n L·<.<t·d <<n the 
:r.vlutloll :·:ill<·iplr griLer:.lly C)ll prov<· eorr<rtm.,, for 
\'o·r)· , :.:.11 ''"'1'"""'-nat 1nuch l.lr¡:c: t1am tla· t·~
''''""' .. r<i•-r, l''"f-'·•m ~Lo\"t'. Ho",.,.,.., !"l.o~],. und 
: ,· ''1· ·• 1 • ; • ·.:: t ] ... : :Ir -~· ),~ ,.,. ,.J,t.úwJ f lllly "'"'""~tie 

;·•·· .i- . ~ •'·' ,, ri;;t '· ¡ '" • .. ,,,¡¡,;.,,., f-,r lh·~n·'• >~r••is-

.. 
; · .. · 

¡ ... ; !''"~'· "· 11:\J)" ,.,,,;,¡, r"·d, tlr<· ,,t~-

: ::.·:.o t•f .• :. '''"·:•- h. l!lt'!r J\:r.;•'" :•n•n¡•!t lo d 
,,, · cik: J]r:,\ ._,_,,,_,,,_:it.ol:.' t ·,, :;,t,.,] tite· 

·. ·.-;!,,· .¡,,,.o- ndi:•··"' ~··d tlJ(·Il u".J :• 'i•"''O:.: tho-.. r.-no 
,.,.,,.,., !· .... ,; •·n" ,,,tut~l d<-durüou pri~<·-i~1<· :u ... rt<~ 
· .:.t ;,-_,; .:: ] •1 "' , t lu m Titi' '~ .<lem •uo·r, ... iu !i)· )'C<t\'o·d 
J'f''"·•'''-' '"do o. •ÍIIoplt• c.ehoo¡e sor\,\(< tt·i\ \\ht•Oii(-C 

., : "'· ;_, !•riu«·. '''"! >imilnr in< o g•·f no:u:i;•d.tti«n 
•;r .• · THo· J:tt~ tn~·' 'Hrr linoitt-d 1<• ir.!,·~<·r 

·;;:!-.- ·,,,,; · ""'" cluon-:.•:•.:•~1 ~'"'"- Ú1 1 or, lran . . 
.,. ··'''·'·' ,.¡¡¡, ,.:Jr~r .lo<:, t)-l"·' u"~ l'''"r ¡••·
,, . ., .... 11 '''' 1i::ro o¡( tlri .• \\titÍIJ~ 1 lodi•-w ¡],:.1 ¡],.ro· 

!· :.•• ""''""'"'Íc :Lo-.:<1~ ¡•ruHr \\],j,-], :.:1• )''"'"· 
.... ~ •. , • ¡: .. ;r .• m ,iruifit-:orrtl.• : .. •,,r t!.:.ro 

.. , : ..... ;,.-,J. 
l.<.:· 11' "'·"'''"' J>r••\"<''> ~tillt:ollhOI !.,,,]] .. th< 
·:], ·.; ·- ¡·1• \11.' ,,¡ ti:•: tla·ar<·tr.; :lr:• n·••tit ilvtH 

• 
" .. 
. ~ ' ; 

... 

.1. "··· ·,,,.,,¡,.., p:.;],]~m ];,., ¡,,;.~!:o.<\ tk\ 
·; ti.•· 1''' ~r:nnt~:,~ !~--:.~ .• ~·· ,,,d. 

· .: ,¡,.. ,,:¡, .oli .. n ·,;,.;, < 1 :: < ptL~ 

:•;·: .; : :: . .,¡ ''' <h<· :].r•.rt-rr. p:r.H-r w; 

."r• ·to·h• ;,,,,.,.,, l...v<· oi:ffiruhy i11 
_],< • o ·a·";_,., thr·y :o:o- .~\'··11 :.l.;t~<· 

¡; · ... ,. ;-, o t,.. "· i:<~r ',_, .. , ,., "'"' t ], c.\ i en 
"' ·.•l.•: 1 i!t-:·11 .odr· '"'uf,.,;,.,,, 
:,· ~' .. , .. .,¡_ 

Thcrt· ~ro· n<•W ;cver~: dfnrle doti"Cicd tuward pro
,.¡,Jrn~ comrut•r usi>t:tnee for provin¡: earreclneu . 
Tlri.• tol<:> tlo• form of •y•tr= lo ~tneu\e verific&tion 
,,.,,¡;¡;,,n; ""d 1<• do'proo! rk~-khrs. formula simpllfi· 
··~tiotr ,,,e •<litin¡:. Bnd ...:mi~u!(lm~tio ar lnll7o.<tiv~ 
\)"""""' ptu\' ir1g. Cnfortunotdy al !hU. rirnc almast any 
""l<rnHt!Í<•" al llre pr<.af ptort"" !ort'C!' one Uo\o more 
o!.-tailtod ;,_,r;n:,l;,m• ~ud rt-dur"" thc ~ue af the pro¡:ram 
lhnt "''" 1x- !'"'""": Tlris is bocawc thr lt.¡;ical ru~ af 
ti"· ¡or<:.of ~tt)* t!Jat can be 1./ll.:w iu a partillly &ut.<:>
m:.ted proof ~yncm i! 6till quite &mal l. Presum•bly this 
is 11 tcmporary plu•nomenon. lt teell!E rc•s<mable t.o 
exp<>et that "'~ will wan sce compulcr-.Ud...d Yerificaüoo 
'-""''"" wlrit·h mak" u.s., af rome ~utnm~tic thffirtm 
pro•-ing nnd <~" b<: u<ed 1.<> prove <Otl"<'<ln<s.s al pro
gc:uns >t·mt·\\],:.1 lar~u than thosc tho.l ho.ve been 
{ofown L:cl":od. 

l¡;~ra<hi. l.'<n<lor., 'and luckh&m" at~ drv~loping a 
·~-u<·m for ,,.,,-;,,~ pw¡:t~fi"U wriurn in PASCAL. Th~ 
\"rmleati<'r. rEmJ!tt<'n ~eoet~1<>t hondle• :timos\ ~11 the 
con.<lruot< o~ tlr~l l:on~~\''' c\t·t·pl (,., m:.ny al 11.~ doto 
>ltuC1tlf<"> y¡,,.¡, =>]1J'f0"<-h ¡_, b:l-<c<d <:on tlr~ Wt•rk o! 
ll~~n·."·' 

El•!'·"'· G '' \'lo. L_r,·it 1, asrd l\" aldÍJ¡~~r'· :Ut drl-<·lu;>irr~ 
n ]Jr<>~f ,,¡,-,,,,,.,"''"""',_, . .,,.m b:>"...d on 1h~ J>lllol<·ln
,,:,-,,,1' l:.:.r":.g<· Q.\4." lt will u•r the pal-orio·nted, 
);o·,co-:it :q; ;,o:.do 1<• tJ.,~.r.·m pru•·iug "hioh i. rhM

';,• ,, ,.,¡,. ,.' ;;,,, ~.o,.,,_.g~ 
Cv-o<.! ;, ••o! l: :.~i:,nJ" ;,,,.,. d••i¡:ne<i 3 <implt bn¡;u~ge 

:\l"Clf:L" wiol. tire;,¡,.~ tha\'"' HrifioBÚon •y•u·m 
;.rrtJ ~ ''"". ;>ilo•r 1 <•r t lw 1:.:.~"'"'" could b• proven correo\. 
L<ot lJ t ltr nr:;;,. ·'' Í(<n >)'""'n and th~ compiler would br 
••rÍtkD in ;\(.;('LEt:S ""d the ptoof• cof t"Orr<·CIIIt"f> 

«uu1d Lr b"'<·d "" • fo,.m31 dclinition ol ¡¡, .. lt~npo:· :~
TI"· i~lo•!ll i< !].a¡ thr btt~'U3~r "auld thtr. t..- :oble lt• 

l"· u.•vd ou c•l,<:Lh. o<lorr rr·n!ft..d '·""''" '-'>Í\><an-. 
'[].,._,,. t l.,,.,. · .' • h-:n.• ¡:;,.,_ :. ~rnrtal idr~ Ll t ],,. eurr~11t 

1<nrk , .. ;,.~ "" _\ 1'''"';..,-¡,~].Jn~ ~)fh·m «~ll L• d<·· 
'' ,:¡,.,¡ ir. lJolo r .. ,, .. ·cti""· .!'-r••rrol <rt],rr imrr•·•:itJ~ 

'·'''' ::.• ; • .-, )., • '' !r.o;.!< ttr• ntNl :,ncl k_•!r itoi~W\:toiLn 
10!>1•\lt ti,rm fl:,.iJ])' ~,·,ib\Jb i11 J.<md<•D"> t.OO-~\ 

i·-"1''"·" 

Pro.•!; t•:" '' ¡,, .. ,. ~•~ rutrt·nt1y ¡,.,. Lebind t<:.<ting 
¡,.,.¡,,;,1t:•-, ¡,, :• "'·' n! t!,o >Í>e ~nd rompl•xity of ¡),~ 

p:'-p.on•• :\ .. r: "''' l~· i.undlt<l ~d,.,¡u)v-1¡·. !t i> nry 
mu<L "" , 1,., qu<•": ;, <~)«\),,,, ~ut•m•at<·d )•t<•l!f t•·ch· 
o.i·;·~•~ .. ;¡: ""« !.~ ; .. , ..• Jbl<· ._." <-~r.<nM.i)" u, ..O •la:-
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na1iv~ 10 testing a prog:rarn. Many argumenll pro and 
~on are t.oo l'llbjectivr for adl'<)ua.te considention bere; 
ho,.·evcr, a few commen!l 111~ in otder before one u.es 
the u.t.e of progress in the put_ ... a baiu fer exb'ap
olating int.o the futurc. 

Proofa are bued oo eop\mticaw.i oymbolic mr.ni
pulation•, 111d "'"&re ~ti!l &1 au carly 11tage o! pthcring 
inforrnntioo about way& to auWmate them. Emtiug 
proof sy•U.ms h&ve bew airned mostly at testing the 
fca..<ibility of techniquea. Fe"· if any have involved 
mor~ than & couple rnan YCMI! of cfl"ort-m&ny bo.ve 
bef-o rouccived on a r;cale appropriat.e for 1. Ph.D. 
dissertatino, lf and whcn a c~t-cffective aystcm for 
)Jr<>ving correcto= becomes feasible, it will cert.ainly 
require a much luger implementatien diort. 

Proofs 1nay be practica! only in ca.sea where a very 
high leve! of confidence ia desired in epecified a.specl.ll o! 
program behavior. With comput..r-aided proofs one 
could hoptl to eliminat.. most ol the oources ol error that 
might remain alter a m111ual j,roo1. Aa eiemplified by 
the work of Good and RRglo.nd," the vcrification 
system itself ag well u compilers and other system 
ooftware sheuld be able to be certifird. H the basic 
hRrdware/aoft..W"e is implenwnt<"<l witb a &yst.em •uch 

• 
..., LOGOS" for computer-aided d""igo ol oompu~r 
·."!tems. then tbere •bould b-e a rcuouable guarantee 
that tbe implruneoted computer eyst..m meetli desigo 
specifí4tions. ~íth s-uflident ...-ror..::hecking &nd re
dundancy, it ahould tbus be possible to virtually 
eliminate the d&nger of either desisn o:r hardware 
malfunction en-en. By the end of 1his decade tb""" 
~chniquell may make it possible tn obt.ain virtual 
certitude about a program's b-ehnviur in a running 
environml'.llt. There are mnoy applications in areu !IIICh 
.., real-time control. financia! tnmsactions, o.nd com
putu pri;·&cy for "hid, oue 'IH>Wd like t.o be ahle t.o 

\.._ arhieve sucb a len! of t·onfidence. 

SOME THEORETICAL FROKTJERS 

Proolo ol program conecto""'! in vol ve ooe in a seem
ingly exorbitaot amount ot fonnalU.m and detail. Sorne 
of thia is inberent in the na.ture of the problem llld will 
have to be handled by automatioo; bo"·evcr, tbe 
formalisms thenuelves olten ••-em awk~>·ard. Tbe long 
f<.ormulas and excessive detail ma)· r~Wt pnniall.<· 
because we have uot yd found tlo<• bes\ l<·chniqu"" and 
.,otation. Active tht'Oretical research is developin¡ 

uwy """" 1echni.ques that could b-e ooed in proving 
corrcctnt· ... Rescarch in this arca, usua.lly called tbe 
ma\hrmatical theory of computation, hu been active 
siuce llkCarthy'5"·" early papcrs oo the subjcd. l feel 

,, 

that practica.! applications lor procls o! correrlo""" will 
dcvelep slowl)" unlcs. nev.- te<hniques for proving 
correctn~ can e.i¡mificantly reduce tbe awkwardnea el 
the formalismo requind. 'This occtiOit will describe 
10m e of the curreot ide..., bein¡ invcstig&ted. The t.opiCI 
thosen ~ thox ..-hich oet"m..d more directly relat.ed to 
t.echniques for f&cilitating prools of eorrectness. 

Proviog COtrl'"C!ness o! programa would be com
paratively simple if prog:ram• had no looJ)!I or r~rul"l!ioo. 
Ho10ever, ecme formol it.eration or recursiou;, cmtral 
t.o prognunming, and techniques lor dealing with it 
effectively in proofe have bcen a m~biect of intene.ive 
atudy. AU the t<:ebniques ~ &nme lorm ol indoction 
either explicitJy or implicitlr. The metbod of induetive 
assertlo1111 deocribed pr~viowsly handlee loope in flow· 
ch&rt.o by tbe addition el enongb ertn. UW"tiooa to 
break every l~op and then &ppea.b to inductíon oo the 
ournber of commands. execow.i. For theoretieel par
poses it is often easicr and more general to work w:ith 
recursively ddined luuctions rather than fiowcharts_ 
Alma«t ten years ago McCartby propoo.ed "·hat he 
called Recursiotl Jnduction" for thia Bituation. Mano& 
ct al. h&ve e><tended the inductíve assertiou method to 
cover rec~ve," parallel," and ooo--det.erministie" 
programa. Severa] othcr induction principies have 
been proposed by Burstali,• Puk,ll Morris," Nld 
Scott." A development and com~n of the various 
induction principies has bl'"Cn done recmtJy by Manna, 
l\ esa, and Ypilleman." 

• The pracess of co!lBtructing the veriflc&tion conditiollB 
or logicallormWation of correc\lless il dtp<>ndent en tbe 
mea.ning er 8emantice o! the programmiog la.nguage. 
On• can also take the opposit.e approach-proving 
correctnesa is a formal v.-ay of knowing whetber a 
higher leve! meaning is true ol the prog:ram. Thm the 
meaning or &emanti011 of any prog:ram in a Janguage Íl 
implicitJy defm.ed. by a formal •tandard for deciding 
whetber the prog:r&m sa\ii¡fiea a apecification. There ia 
• very doS!: interrelation betweeo techniques for 
fnrmali¡ing the llt'mantics ol a prog:ro.mming lan!>llage 
an<l prools of prog:ram currectness. Floyd's early work 
01< assigning meaoinp to prograrns' ha.s been developed· 
espedaUy by Manna' and Ashcroft." Burstall" giveo &n 
altemative wa.v to fonnulat.e program oemanti011 in 
fi,.t-order logic. Ashcroft" hu recentJy summ....Ued. 
Ibis ,.-ork and described its relevi!Ilce. 
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Hoar~."·• lgar&Shi," dP BaU~r.• o.nd ot.hen bave 
·•·orhd to develop axi .. mntic eho.r~cttriutiont of the 
•cmumio:s al particular pru~ramming languo.g.,.. o.nd 
l'Oli&U·ucta. Tl.e \'itnna Ddiniüoo L.wguage" Wl"" an 
~b.tr~c1 marhioe approach to drfioing •emantico, and 
Allt·!l" ,¡,.,.cribes a n-ay of obt.ainirlg ao uiomaúc 
<l•fL!IÍ1Í"n frorn "" abo1.r~rt machín~ d!'finition. The 
:uic.m31i<- defmitioo is gcncro.Jiy more U&l:ful in proofs. 
Scott and Suuhey ho.ve d•velo¡¡ed another o.ppro""b 
10 d<·fining M·tnll!ltios" which is d<$cribed below. 

W<>rl.: on defining the ocmanúcs ol progJ"ammiog 
languuges Íll v"'Y ""ti ve "~tlr many difiercot o.pprol><'hes 
being tried. TÍ111.se describcd above ""' only the ooea 
more closely related to proola. 11 any of !.hose ideu ean 
gr,..tly lllmplify tbe expressioo or mo.nipulatioo o! 
propcrties of program.s, thcy should hove a similar 
Aimplilying impact oo proofa of cun""tn ..... 

Formol carr<>et.n,.... only has meaning w-it.b resped 
1.0 ao it~de¡>mdent, formal opecificatioo ol what the 
pro~r~om iio ;uppo¡¡ed t.o do. For some pro¡;tllm!l BUch 
··eeiho:o!tulll' <:m be given f¡Jrly cll.!!ilJ. For ""ample, 

~sid" o rrouftne SORT wloiclo takes a vector X of 
..-bi1t~Tl' Jtu~tb n "" IW I<TI:IHnent and produc"" o. 
nct.o1 l' a.s ita r~t. Witb appropriat.e oonv.,..tioru¡, 
tioe d1-10ired ordtriog on Y i~ 8pecifit•d by: 

(Vi,j)[I :Si<jS: ,_y¡¡) :S Y(j)) 

(~ne al•o 10ceds a apecification about the relatioo betwe~o 
X and 1'. Witlo t.he ptap<rty PERM (.:) mPMing ··~ is a 
pumut~1ioo" and using • for fu10ctional compositiun, 
1 ;,. fullo"~"g wiU do: 

1 :.fPJ[PERM (P)d.:l' • X•P] 

:;ote tt,¡¡¡ "'" •p.,ciiication o.llows for any one of many 
J.......;blt- nl~oritlorm \.o be donst·n-pre:sumo.bly on tbe 
¡,,.;,; ~~ d1icit·Joc·,·. Yct fro"' "" e~tcrn&l point of vi e"· 
tloe Spo'<'ÍfloHtion is complete. Jf SORT is t.o be U5ed Ll 
¡o;o.n ol n larger progr&m, the >pecifioatione conhin aU 
""~ mn.' \\tul! \.o lrnaw about it. 

We can usually define correcto,.. in tbUr way lor 
t~urneri<:, rnathernaticaJ, lUid otber aimple 'progrnms 
1 ypically lound in pru¡;ram hbruioo;_ lo fact the oausality 
t- l~r~ely the other wa~· around: it ia "·ortlt putlin~ a 
l''~b.,.""' in a hbrru-y w the e~l<·nt tt.Kt there ¡,a ~'"od 

<>f pr,ci•elr defining lhe ~IJee\8 of the progrom 
.out ~;•ttinF ioto aU th~ dN3i]o of ils Wgorithmic 

inoplomo•n tntio!J, 
1t """ulU b. u..,fuJ to loa ve M good way of \\TÍting 

it.rnoaJ •;.o«ifieatimJS for a muth wider range of com· 

putationoJ procl!!lle:s. Punas has h•en working on such 
t.oohnique5 for formnlly •pocif}~ng ..,¡¡,.·ue mudule:s." 
HiA appro""h d- h~ndle er-ror mt""'~'""• tmd oJI •ide 
cfit>Ct8 t..ve to b~ ('!lrclully r~rmali .. .:l. 

Frorn o proof ol corr•tt"'"-' ¡.ooint of view the lor· 
m,,]ism muat ba\'t• "'''".,.,.-,.,1 d<-durtivt· t&hniqu"fi .. 
"t·ll a.; cxpressive puw ct. Fll<l·<order w<'dicate talculWI 
lo ... th~ bt~t deductive t<'<luiÍ<rueto, but wirhout ert.en
sivr d~finitions and axi""'"· ÍL• c>pre;sive power ia vcry 
poor. For the SO!tT pro¡;ram nba-:e ,. .• ~LSSumed a 
dcfinition of perrnutation, and still tbe •J><'cifications &re 
mure oL;oure t.lran one might dM.ire. For mnny pro
grams the atumpl t.o drfioe th.U utemaJ eiJccte \\ith 
the forrnoJiAm o! a f&irly standard predico.te calculWI ctm 
lcad to exl-tfmely long and oomplu cxores.<ions. lo 
p&rticulu, proof !tochniques associated \\it.h ituation 
and recur'!iion bave often bt<ln awkwud "hen eJopret!Sed 
in formol logic. One rea.oon i.e that recunion and itera
lion lead \.o partía! fuoctioos. that i•, luoctiolll tbat 
may no~ be defioed at all points Thcre h"" bc~n a need 
for the logío tbat handles undefi10ed vo.lueo~ o.nd ean be 
easily used t.o prove proper!Íes of paninl functioos. 
D~$pite Ollill)' ciJort< ther<' has¡_,,."" no re:.Jiy Bucrc!ISful, 
~greed-upon Jogico.l cakulua that dealt "i1h ur;drfined 
val u M in a deao o.nd natural waJ. Sorne n•r(·n 1 wurk by 
Scott ofienr " po.i.Sible ""lulioo t.o thís ~md otber 
problema. 

lo 1964 Strache) ... outlintd an ~>¡¡proad, ta defining 
liJe eemllll!Íca of a pro¡;tamming l~t~o¡¡uage h~- mapping 
l•t<ogranu into a mathcrnatica.l structure built up lrom 
• rathu' unaU oumhcr of preeiM.Iy •P<·Óiied basio 
touccp~- The approach elimiHated an¡· nted for an 
abBtratt eva.luating rnedrani1;rn_ Cnlortullatcly the 
idea required ""me math~ma1icaJ objeeUI (sudr as 
~elf-refereotiaJ functions) lor "hich thcrt• was no fino 
mathcmatioal fouodutioo. 

In 1%9 Scon stant-d to "'"'!.: oo tbe underlying 
ml>thematica.lprobl~ms. n~ ¡naio bre.o.l.:tbrough led to 
tbe firat motrnheo.tical model of the ~-c.ulculua ... ·" Tbe 
work invalved tbe brcaking ol n~w gJ"Ound in botb 
Juttioe tbeOr)' and tupolog)'. Fu10e1ioo spacM are can
Fidtred a.. lhtrice:s b,· usíng tb• •·., consis¡,ot witb twd 
¡,,, dt·fil~t·d than" ;tlatioo on phrtial lunct'tons lor tbe 
btti"t ¡wtial ordering. h ;_, tb•n possible t.o define a 
]Qgic ,.;¡ b a l&irly naturo.l inductioo .e heme "hirb oeems 
10 h~ve great gcoerality and e~~Se af expressioo for prov
ing propertie:s ol '""uraively defined fooctiolll. 

Scott's tecboiqu,., allo"· for the roru;tructioo ol • 
uoivenm of oomputable nuthematical lunclions ,.·biob 
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iJ ouffiri~ntly gcn~ral "" that it >\U>uld loe P<••.sil>lr W 
ddin~ the mcaning of any prugrn.m by aii8COCÍ&tin¡: witlo 
it a apecific function in thia wüver•c . .,,., The ocmantl,. 
ol a program are thus defio<'d mathcmatically in 1<.-nna 
of a limit.ed oumbcr of basic mllthrm~~.tical concepts 
and·not in temuo of the rcsult ni a calculatioo oo a 
mathin~. The &emantical fun<tiun tbo.t mnkt$ the ,.. 
sociatioo is dcfino.J rccur•iv~ly on the •ynl.all of the 
pro:ram. n.~ mallo~matico.l univo·roe ia .ufficicotly 
~cneral oo tho.t the eNnantkW luuctiun itse!f ~1<15\8 
\\Í\hio tht UIIÍYI:f>OC." 

The practicality of this appro..rh n .... yct w be dcter
mined, but it ~o:t·m.s to hold out the ho~ ol a much 
lea cumbersome .... Y. 1.0 formalize oemont.ice. Thia 
mo.themo.tieal o.ppro..eh to ocmanties m!'f enable one 
to alm.ra.ct from the arbit.rary choices a greo.t amount 
of ...:uaneou.. deta.il that is typical of pro¡¡ram impl,_ 
ment.a.tione. The t.rick, uf couro.e, i.s to nbstra.ct lrom the 
ri&M det.a.il "~thout losing impomwt properties or the 
progra.m. 

!llilo.,... ho.s implem~nted M mcrhalliral ptool dwrker 
fot a logio of oomp~lahle f unrtium l11o."·d on •omc· ,,¡ t n~ 
w~rk of &ott. The implem•nl~tion ÍtJdudcs e•H·n>iw 
~im¡>liforatíun m<'tloarú•ms IL!)d mn interH.Ctive goal ~e1-
tin~ structure. !llilncr o.nd V.'eyhrauoh have l.lllcd the 
1ogic t.o furmo.li•e bem&ntiCB,"'" 1.0 prove idmple pro
gram com.·ct.o...s,"' and l<r give a m~chanicW proof of 
culllpilet conectm'S'I b.....ed on formo.lly defined ..:mflD

ti01.11 Tbo proof chccker ;_, 01ill limited to pro,·ing 
properti.,. of rather small programs; however, exprcss

. ing formal properties of prugrams doe> """m w be 
si.mplitied. Thc e>ptes~ion ~implifotallou mechnnil!lllll 
have alAO been Wi('ful. 

The nature of this and other active theoretical ,,_ 
sear<'h indicMes that there may soon be techniqueo 
which wil.l sipoifimntly simplify the problem of prov
Jng pr~gram curr<Hneso¡ 

l!\TEGRATING PROOFS WITH PROGRAM 
DESJGJ\ 

Proving program conPCtoel!ll ha.! usually heeu done 
aftcr a program io written. An &lternate approaoh is t.o 
int":rate the proof with tbe ptogro.m d"'!ign. Thia ap
pruarh pro vides •ome hupe that proof• might eveotuallv 
help t(J ur~ani•e and sirn¡olifr the program pr<odoctif>~ 
pr<otr.o. A proof ol rorro."<'IIH' .. wil! greatly illrr=• the 
hm(JUII! ol ( utmali.<m ¡¡, at mus! be dcalt with, Ho·•ocver, 
·¡a 1•rool <a.n bt- illlcgrated ioW the d.,.,;g:o ~tnd "riting 
st~~t"!', it •huuld l"limiuhte mo•t uf th~ no•ed ¡,, d<"bug
giog llll.d ma\· all<·>"'Í~t~ the proble<n:! of d<><om~nta
t.ion and mainteoatoce. rloyd" lo"-' cnvisi"ccd a.ri auw-

ma!L-d nrificatioo >)">tt·m •ufh that a pru¡1'unmer can 
inuract ""ith 1t in reo] tim<·"" hr;. \\;Ítiug his pro~ram. 

HoMe'o proof of clorn·nm·ss for ¡,¡, pru¡¡ram FIND" 
was don~ in a t.op do,.·o ""Y with th~ pr<•b.,.""' and the 
proof evolving simultan""uol)·. Joru:s iu hia pruof of 
Eo.rley'o rl'<:o¡:ni•er algorithm' •~•·mplified • process he 
cMll• thr formal devclopmcn\ ol correct 11lgurithrno. lt 
ia tht·loui<<'-'1\ publi..h,.d eumple of ho10 ~ proof might 
dÍI<rip\ÍnP pWi'f!.ffi d01ign. 
Thmu~h"ut the do·vrlupmrnt of the olgorithm lunes 

uoes a opecial furmol D(Jt.:I\Íon rclated 1.0 the Yieon" 
D<·finition Lauguage, h~ d<o<'!l not Í!! tr<oducr an ordino.r}' 
pto¡;rlll!lming la11guagr until the vuy end. With this 
ootatinn he ,..., able t.o give a formal, n<m-proc..dural 
opcoification lor a recog:oinr in al:oout hall a page. He 
then dcvelops the algorithm by ·~es while at eacb 
atoge cxtending a proof that the po.rt.ially doveloped 
algorithm "~ll meet tht aptdfications. At e.,h atage the 
proof drptndo on formally expreru,ed assumptiona about 
the undevelopt"d part of the olgorithm. 

At thr pr.,..ent time tln· amouot of formali.srn re
quir~d for thr proof t~ndo to <•v~r"hrlm the progro.m 
do.;..ign rfl"ort. :'\everthless. thio appto.,h appears to 

mRke pro"l' ol curr1'<:1ntsS onmc\\hat more praotical in 
an actual programm.it¡g enVllonment. 

Ratlocr thll.l) writing both speeiforatiohl' o.nd a P<~ 
vam. une mi~ht want to let th~ c~mput<:r crca.te the 
pr<•~rom ond thus ¡_,,. resp~tu;ible fur it.o correctoeas. 
(me tt"<'hniqu~ for automati~ program aynthesi.s i.s 
tloscly ro·lated to tecbniquo:s for pruriog ~orrectn=. 
(J11 e proves that there is an output o:ltisf:yi.Dg the lpeci
hoo.tionaand theo extractsa program from thisproof.""" 
lly us.ing induction in the prool, it is ¡>OMible t.o eon
oll~t pwgTaiiiS v.~th loopo. lol:moa and Wald.i.o~..
hnve giv<n severa! cumple:¡ of lhis." 

\\'hile auWrnatir progro.m oyntloo:siJ "·ould be more 
uo~ful thon pro,-ing rorre<toess, ~utomatic oynthesis 
ro·quin,s a much more difficult proof. Si.oce techoiqu ... 
for gencrating the r..:¡uired proofo o.re tbe major un

""lved problem io thi.s whule ""'"· thi.s lorrn o/ o.uto
n>:ltic prugra.m a~"lltbesia is a more loog-range goal than 
prools al corre<toess. 

CO:'\CLJ.;"SION 

W" ork on ~ro;~ug pro~rti"" of pro¡¡rams has progr=ed 
t(l ti•~ puint "l~t·r~ une co.n argue whetloer tLere will oooo 
be uselul re~ulu. lt iJ mO>tly a matter of "·bat ooe 
mekns by '"w,elul". 
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Th~ wfhli.Je eogincer ,.-bo is "orricd o.bout lar~• 
prugr!UI1ming projects will find ourrrnt prool t.cchnique¡, 
hopelo:ssly inadL'QU&I.e for e.ll the lnrgc scale problclnl' 
thM ue the ccnt.er of bis concern. Eveu for &mall 
modules he l\"ill prob•Lly find ihat ICI!l methO<b .t.J"e 
more cost·dl"cetive thau ri¡orous proofs. One ahuuld be 
ablc to olotain vcry grco.t ronficlcnce in the <'OrTe<:in""" 

ol o !l\OMlo·rut•· "Ít•·<l l""~runt il tlwl<·vcl ol tal<nt o.nd n~ 

"""'~""" tl,ot wuuld ¡,, l"""'"''"'.l' lor 1 rigorous prool 
wcrc d~'wh·d to rc~>ding and t.csting the program. 
C'onsid~ri11~ !he time it n<.ormally bit.~ lor reae:u-cb ,,... 
sullll to '"''k tl11•ir way into vr..ciicol npplkations, 1 
.. -ould cx~~t"'l that it will be al lu.11t three or four yean< 
befare thia situation chtulges significalltly. 

Within the nnt three or lour ye&111, le!lll rigorow 
techníqu .. for atructuring, underst&.l>ding, .t.11d check· 
ing a program may become widcly u.ed. More rigorow 

-oof t.echniquCB e<tuld Le useful oo om&ll critio&l mod· 
ules .,-here adequate conñdenre cannot be achieved by 
other meMa. l n t his case lt m• ,. be worth the Kddltional 
COl! of r. prool lo <.obtain an lnd~pendent evaluation of 
oorreolrtC!I!I. 

V.1lil• mo•t "''''k on vroving c~rr~rtness b ... been lor 
pror<lUTU "ritlt•n lo higher lev..J bn¡;~~ages, the mO$\ 
J~ef ul ciU'ly "ppli< utions m ay occur eithcr for algorithms 
at the hud\\ll.l"e or mioroood~ level or for the callin¡ 
suucture at the higbest leve) in the d ... ign of a la.rg~ 

program. In buth '"-'"" thcre la a bigh priority on cur
rectness, and un• ,.-ould like t<'l be a..<SUTed of corr..Ct• 
ness long bPfore t""ting becomes possible. 

If current r~IU'ch on simplif)·iug and automaLing 
the prool process can signiñcMtly rffiu~ the di!!iculty 
of provine correctt•ess, then in a ¡,.,... yelll"!! proofs may 
be commonly u,...d on omall critica\ modulea. Gradually 
the prool wl'imi•1uts could then be ""t..odcd to 1...-¡¡er 
nrugrams ~" 1HUI they can be m'Jrt U•eful iu imp],.. 

,nUn¡; n-r-'--rd<~Llc •:--StHn>. h ;, unh\.:ely th&l proof 
techniqu ... •nll he cuM•dl""uvt• lor tuuüne program• 
within this d~cadt, hut the ¡><ttclltiil ia there fur even• 
tuall)' revolmioniúng the ooft11are markctpl..ce. -
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development 
thmugh project 
~gement, 

:;~·· 

by Robert B. Fhew01ker 
and Leonard J. Bogner, 
J,, 

Tl,erc is a n•~d for hnprovmr~ent 
in •t.at~cf·t-he-art proj~ct mnnace
mcnt and pror,r~mmin~ techniqiLe; 
11h1ch aim lo impro'e ooftware de
nlnnmenl 

.;;tom~rily, pro¡:r~mming pro
jerts b~gín "'ith the u'er'> prn~lem 
•t.atcn" nt and n~edo "naly;i '- Thic 
in \\m1, ia ddivered to th" >uftw.u" 
de•elopment group. Pranús .. are 
mad~; Timcly ddi,•ery (cummit· 
mente, d~\e>), "ccm·acy, Sl.!ited cost. 
sy 'le m reliability and < nhanced •ys
t~m functions. At thi> l"'im, user/ 
!JI' commomicut i~n berome >e«mrl· 
ory. 

'l'he typical pn>dUct dclivo•n•<l: 

• Funelion.~are lh<·y "''"·!• lh~ 
""-'! und are 1 he y actunllyu,du!7 

• Late instaiiAlion-·project •lip
page, poor estima!~• au<Vnr 
o·han~~ <"ontrol. 

• Resnurces-treah•r <'<>>! !han 
Hnll~ipLt"d. 

• Qu"'tioMblo (interw~t...tivd re· 
habllity. 

A •)·•tem containing thr>c ''fea· 
tureo"' rnust be futilwr cw.h>mizcd 
lo mee\ th• u,d, actual ne~d;.. Y "'• 
on cffoctivc •Y•tem mny hRve been 
<lo·v~lope<l wit h littlc help !l"Om nrig
inal e> tima te.; lrut huw eftidcnt and 
produaive was th" development 
pmcc,s? 

The~e items are oymptumatic of 
<oftwere dcvdopm~nt prOhlemo. 

Tho problcms are poor planning 
(e.tim~tir,¡¡. ;chedulin¡;. controO and 
poor cmnmuniration. 

"\Vr <1ft n'll in rlt• ~n{onomat~ 
comrlilion rhul >'U{Iuun• ,J,.,.e/op
nu·l!l is TI<>/ a sciem·e, iiiS 11 cro.ft; 
mul ~ur knom !<"t./¡¡,t 'i.. o{¡/¡~ m<'<l!:< ·1' 

ami un,ali;{<J<"Iory kiml ... _JI.!. J. 
Btm,tem" HH<dwK•e ;, Ea•y lt'• 
So/tw"rc 1'hat'• !hmi," /JATA· 
~li\TION. 

.'lnt w dis..ent thc nt•atit e, an1,¡jc 
atrnO>JI he re of >)'> 1 t·•n< dc>Íg<~ .•tan· 
rlurdiz•linn lliUS! ~•i•t in torm' .,[ 
plannin¡:. documont"tion an1l rnicw 
-in nr<!cr to rcliot·e ~tnhi~uity. 
Emph"'·i' mm! nul o>nly ~e p],¡ced 
en "ha\ th~ U>N thili~S he or she 
ne.·d•, bu!" delt•nninutiuit •hould 
he "'"de el l'l'C'e"t n•·••d• u• woll "' 
n<e<h for thc future. 

The elemcnls uf <ucce.sfu! prv
jct't m"I111J:em<mt-¡,IHillling, e>ti
mating ~no.l•cheo.luling. U'8ckin~ Rnd 
•·ontrol uf rh~nge-"·ill he th• cru• 
herc. Jl.lo~o!ern pn>~t:mtming tcch· 
nologie•, liS dfective and e!fident 
det·do¡nnent too!>, wi!l be handled 
nflt•r thal 

Sofhoau: developmut cycle 
1'he st ... nd~rd which <:>oh·ed as 

tlw sU'ucture for develupm~nt pro
j~cts is the ;~rojcct lif" eyclc (or 
software dewlopmcHt cyd<). Baoed 
ou the premi;e tb"t ;~ftw~re <ietd· 
npment hu bir1h (incoption), ono· 
turity (deoelopment) Rll<l der,th 
( compl~tinn), the 1 if • cydc ••n·e< QS 
a framewurk for communication and 
coopera\ ion. lt is utilit~·d tn motJtor 
•ctit·ittc.'!, highU~ht c•itical t.asb 
and to record pros•·e_.: 

··n,e ¡•m~mmmi"N <lo•vdopmml 
")ele t> >im¡•ly U '<'ri,·• ,¡ ""h•r/.Y. 
Í<ll<m•f¡¡l<d urrit·ir;,.,, /,•Qdi"~ i<> 
1/t,• wrns.1{u/ < OIJJ¡;/I'Iim• ~<{ <1 -.•/ 

.,¡ pro¡;ram.~ "-l'hillip W. j,iN•· 
¡:er, Mnotah'i"Jl " /'ror.rwn"i"g 
/'• rj,•t'l, PretLU<·e· f!.,ll. 

StanJrJ"diz~\ion ¡, <·t·id<•nt throAJ~h 
dnrLtn,,lll~IL"n of ptujc<.t ¡ol,o·••.<, 
mlle•ton~< "·"d esti,,~¡~._ ~ t;:,.,;<>n,·• 





Rre definad ''end-product¡' which invaluable to tha •ucce .. of a pro-
ruult from each phue. E$timat... jecL Me~ger recomm•nd3 33 per-
are jud¡¡I~:~enta .baMd en put ,~ .. , ·cent time .Uocation for p!anning 
ptritnce ·aadJc:i{·~N!ch. · !d;apj,"•.: prwe.s, 'Whlle Dr. Raymond Win-
etUmatea "ah'ould ]Je'i-oillnad Phaoa ten (IBM) reoommands45 percant 
by piune. T~f 1hould not be ap... givan up frnnL Coordination and 
cific pinp!lintl. o! time Jnd/or coa4 utillzatlcn of all partiea concerned 
but' pr.~uri~ an ictopteble rnnge. during thia proceu will atimulate 

By using the 1y1 tem life cyele ase. commitment and lossen ambiguity. 
trecking device, where e•tlrnates ere Long term planning ia the reopo~~o 
compared to reality, project reviewa sibility nf uppor mana·~ement ( lJOtb 
1hould be conducttd periodically. uur nnd development) ""d il cbar-
The numher of review• depends on acttri•ed by a few people inYo\v&d 
the siu and corople•ity of th• pro- and broad topic discu•sion. The 
ject, uperience of •taff and evento plaMing proce-" la continuou• 
"hich occur.lt is agood idu to plan thtoughout th1 Uf a cycla. Ao davo¡. 
1 major milestone review lfter the opment proife"'"""' more people 
completion of the conceptual d•sil(ll. provide planning inPut •• the spo-
This review shou!d include all part.íes cifics of the oy•tem are discuaoed 
Uwolved with emph~ois given to Prnj~ct man.oRement must beaware 
u•er fe&dback umceming design of and monitor ohort lenn plansand 
directíon. their r11lationohip lo long t<=rm goal& 

\\'he re ara we now, and where are 
we going? A• the ¡Jroject grow• it 
becomes people inlen•iv• (.Seo 
Chart A). lt the de.ign i• off.couru 
al the outnt, it will re>ult in timo
frome slippoge and inneued coot• 
further down the road. 

Whue the life cyde approoch 
mo•·es away from convent.ion is in ilo 
fle.tible nature to """ompli>h its o(>. 
jectives. 

Difference" in us~r app~cation 
&re seen in phue tilles, clefinitíon, 
number and subdivisions. Thi• flu· 
ibility alluw• the op rion of 8 broHclly 
rl~ftned life cycle or a nnrrow, 
thorough breakdown. Chart B do
picls variou• u ser inle'1'retation• of 
lhe hfe cycl•. Althuu~happroache• 
to thi> teohnique differ, tho objec
ti,es ""' the sam-Io document 
lhe projocl plan by ta;k and timo
frome. 

The life cycle can be bmken into 
five funda~n~ntalst.uges (Soe Chart 
A): 

Planning 
Design 
Development 
Te.•ling 
lmplem•ntation 

Planoing 

Uur inl<lroction will determine 
the •cope of the proj~ct Throu~h 
the u•e of problem analyoio, roqulfo
ment.ll otudy and feaoihility t~cl>
nique!l, projact management wi!l 
fonn 8 baselina. The m!Ul.ll.ger muot 
inveotigote the project environ
ment Put, pruent and future. 

Pa.I-"Y•Inms and applicotions. 
Pr .. ent-resomceo (people and 
money), política. 
Future--corporatl! otrategy, cx
panoion plans. 

Followin¡ thi• interaction, objec
tivu IU"e yet, reopon•ibilitieo e,.. 
signed, schedules {rcsourceo and 
time) are developed. 

Change control muu be' addre•sed 
-a• u~er'o need• cban~e he or she 
mult be aware of it.s dfect on lhe 
seo pe of lhe pmject lf chllnge i• im
periiiÍve, the pl~n may have to be 
tevioed and both the u•er and devel
opmont management must oign off 

Chart A 

w 
" • o 
w • 

on the r••i•ion. Additimu•l or •hUM¡¡ 
re•p<msibili<Íel will be d~dded at 
thio tims. 

Measmement technlque• also 
will be dnigtUited. The most uuful 
taehnique willlel"\'e multip\e func
IÍOII3! Plannlng, 1chedulin¡, controJ. 
Iing. communicating nnd •imulatin¡c. 

"Whol has ~rntr¡¡ed a~"t'r lhr )"''" 
i:l a Uclvtiqut J/¡o¡ empluys lht 
common p/onr~il•¡; and ¡d!•dulin¡¡ 
proc~dW"t'• a{ PERT <md CE' .U .. _ 
C. W. Burrill~~nd L. W. Ellowort!l; 
Madern Projecl Mllllag<m<n! (un
ed!ted numuscrip~ u•od with 
permissioo of tha publi1her, Bur
riU-E\l.,worth Auoc., lnc.). 
Networb (PERT/CPMJ list th1 

activiliel and tbair sequence withio 
thelife cycle. They pmvide a iimpl• 
proce<lure for eotabli•hing a tima 

Top management's goals 
ore ouerseeing long 

term planning. 

ochedul~ nnd monitor the criticu.l 
acti>·itLu invol .. d. Throufb. coD
otant compari•an of utimale5 la 
~ctua~ project control io uerci.~J. 
A doeumented network provide• • 
communicativo project plan. N•t· 
works nl•u may be used fur óimul•· 
tion aa usus•menl• of ch•nga ond 
iu impact may be obsel"\'ed afíect• 
ing time and cost factor~. 

Pruject managem•nt mud nl•o 
a<lmowled¡e: 

• Temptation to deaign isolated 
from planning. 

• [ni¡[a[ emphaois on prioriti~
not dates. 

• Donota.sumea"pertectworld" 
Provide fur contingenciu such u 
illnen, vacation ;1nd tu.mov~r. 

z 
o 

~ 
E>pectationo are •et during the 

initinl stage of software d•velop
mont 1--------t:: DEVELOPMENT 

DESlGN TESTING 

z 
w , 
w 

" , Productivity wi!! b .. judg~d on 
how the appropriat• expectations 
are mel lhtom.ive time, up front, 
given lo a we!l thouKht·out plan io 

?R DATA MANAGEMENT 
D:ECEMflt:A teeO 

PLANNING 

TIME 
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Dul¡;n 
Once ohjerliw• "'" •tl and re· 

~ourre-; .llucHted. !he no•t •tag~ i• 
10 speciíy h_ow:. tb~ ,p~grf! ay~_!.e!;! •, 
ÍS\Qy!Otk.',;•,," 1 ,·'••''\"¡";· ',·,• 

~ ""'"... ·" ' . '· 
The ;·:~ronceptual dnlgn' doeu

ment'~ ~-th• majo( oiitcome of the 
d~~ign phue." It ier.·~S u a bJu.,. 
print for the deaign specifications 
{5olutionoto the prohl.m)lllld serves 
~·e •t.arting point for the prognom· 
mor. 

1ñe conceptual de•ign document 
provides narrativa portraying th" 
o•·erall concept Hi~h-level u plan& 
tions ano ¡:iven to tl.e,e oreas: 

• Pro¡:r~mming ot.anderJ,._cover
íng flowchBrtmg. da u. neming. in
Uorfacing. Prohi~ition. al•<> .hould 
be ,¡,.r.,d 

• "ro:;ram de~ign---tloe .. ctunl struc
re ofthe •yot'I!!O, '" en ovet\ i~w 

of the lúer .. rchy Hlld !lut n break· 
dow" of unit "l"'•·oia·s. 

• File design---al"'"mpanieo tloe 
pro¡:ram olcsig¡¡, <h·fiJlJll~ •Y•'-"m 
files lo be ui.I)i'"rl bllJ occeoseJ 
by pr'ogrmn moduks. 

• Data flaw---a narruti,·o des~rip
tion of how the •>•t~m will per
form it-'1 t.asks. 'l'hi' will be pr.,. 
••nled to non-techniral menage-

1f possiblc. the conceptual ,]~sign 
should ddlne optio""l apprMthes 
an<'ltradeoff" Hswci"t'·<l .,.,.;¡h ~ach 
approaeh Mana~~m~nt wiU ob;;erv~ 
thc longt<orm ""d •hon ~<orm ben~fit-'1 
of earh and determi,,e" cotlr•e oí 
ect Í<>n. 

.tajor ruile~lone r~view io to be 
Clmducted with th~ ohje ctivc of con· 

Chart B. 

firming the <lo•ign dirHtion in tenns 
of Lhe user'• expe<·tations. Thi• re
view.,;]! determine il m<><lificationa 
are to be mado and to approve tha 

.'· C!ÍIItinu.rttion of tbe project. 

Duclopme!lt 
Thi• i• the most people inl.l!nsive 

phue ofthe Ji( e cyclo.lt ia !he heart 
of the project becau6e development 
i1 where the uur's e~pectations will 
be met through products developed 

Deuelopment /s people 
lntensiue: The final 

product must meet the 
user's expectations. 

Because oflho tt.chnioal complnity 
of nla)oc pro¡¡ramming projects, 
..,gr~gating the devoloprnent func
tion& mto four group5 is ad~i.ed. 

!'our IY]lical group• and their 
(unctions are es íollows: 

Pm¡¡nommlng group 
Sinre !he progr•mruers Me the 

focMI point of the project, thil ~ec
tion cont.eu on their functio¡¡, 

From the conc~ptu•l de&ign dncu
ment, the progremmero will d~velap 
a d•t.s1led J•oign. The most curren! 
approoch utilized is to¡>-dnwn de
sign(discus..dleter). The program
Oler'& job i• to design modUle, in 
det.ail, concurring to the conventians 
of tht! conceptual duign. 

Nnt, pro¡:ram cod• muA! be de
wloped Thc det.ail.,d de•ign may 
have Lo he chenged büt these 
rhang•• should remain within the 
domain of the progrommer u• long 

Mebger 
Montgomel"i 

Ward 
Manufeelurara 

Heno••• 

Detinition 
Design 
P<ogramming 
System Tus! 
Acceptance r.,~¡ 
lnstall~tfon 

& Qperation 

Pl~nnlng 
lnitiallnvestigatlon 
Preliminary Study 
Systams Planning Study 

Dt!velopment 
Systems Rec¡uirements 
Syslt!ms Specitications 
T~chrdcal Requiremcnl$ 

lmpltmentation Planning 
Programming 
U&m Training 

Syslems Test 
lmplementauon 

Convers,on 
PooHmplementatlon Review 

Feasibil<ty 
Functlonal Anafysis 
Design 
lmplementatlon 

as they do not ~ffect the conceptual 
design. 

Each m<><lule must be thoroughly 
tested prior to intt.gration wilhi.n the 
duign hiemrchy. 'I'~&t driven (pro
~ writt..n to simulat.e environ
menl.l!l conditions} are a useful tut
ing aid "It ia management' o reopon
.;bUity to provide a good test envi
ronment.--predictable comput.er 
time lltld smooth interfacing with 
the compul.l!r f~cility," uy& Metz¡er. 

As module• are COnltrucll!d 811d 
tested they must be document.ed 
Programmero are •~'ponsible for 
this documentation. Changea to the 
original dellliled deoign should be 
inoerted within the document. 

Once m<><luleo ,.n, teott.d lltld doc
umenud, ti1ey must ba integrat.od 
within !he duign hiemrchy. Ob
servation of !he new moduln' effec"..s 
on others and !he cystem as a whole 
is the responsibility of progranuning 
m.onagement. 

Anelyolo ud dul~n group 
Thu analys\8 and de•ignors r.,. 

m.oin active during the progr:amtning 
phMe and oerv~ !he íoUo-...~ng (unc
tiono: 

• Change control--inveatigata, ftc--
ommend, document. · 

• Data control--integrity of the 
•Y•t.em fileL 

• Beview datailed design--com· 
pare tú user upectationo. 

• User document.ation--insta.Ua· 
tion, operation, and mainuorumce. 

Test group 
This group prepareo íor and per

forms tt.•ts (•e~ following informa· 
tion on testlnl:) which ""' not con
cerned with progromming but .,;th 
overall oystem& t.eots. The separo· 
tion of the.e functions ~llowa pro
giatnmero to conoentntt. only on 

"'"· SlafT 511PPort 
Areas t.alf.en for granted are pro

vided hythiouni~ Concerru.include 
controlling computer time, supply
ing keypWlch aervice,., coordin~ting 
tt.mlina1s and handling •P eü•l fire
fighting a-.ignments. 

Tutlne 
The main objective of !he tutir.g 

pha•e is to condition the pro~rUJ~· 
mer•' produ<"lll to an all·indu,i•·• 
sol of t""ts n.ither dniguod ~or 
exccuted by the prograrnmers ~nJ 
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Ch art C. 
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Spacohcatlons 
wal~t~roug~ 

Codifl\1 
walklhroug~ 

Function 
test 

System 
l<JSI 

n. 1 in ao n~arly ~ !ive atmo•ph~re u 
pu.sible. Th• secundary ohjactiva is 
to provid~ iniliHl trainlng lo tha 
uur. 

Hooponoibi!ity fur m~ating tho•e 
objectivu b~longs tothe te•\ group. 

Upon r~ceipt uf tho dovelupod 
rroduct and wurkin~ with the aid of 
>taff oupport. the \esler must be 
prepared woth 'Pe<iúc and docu
weuted I••L proc.,dureo, ocheduled 
cumputer time, lobrary facilities 
(oJtnuloted ¡¡nd ha <la !<o) ¡¡nd peoplo 
cudy to tur th~ >y>tem apart. The 
developed syotem shuuld experionce 
a thurough heatin~. fur if it caunot 
handle almo•t llll)' situation imagin& 
ble the sysu.m D18y not be accepted. 

Observer• are welcome, from 
both the u .. r ond programming o ido. 
to ofier feedback nnd reoommenda· 
tions. H muot b~ underlltood that 
thi> is a "te•t"' and no\ a "demon· 
strotion" of the fin11lizod sy•tera. 

lf it is detomlin~d thal a progrnm 
<hMnge mu>l be mnde, a rcgre50Íon 
le>\ >h<JulU ~. performed. This i~ to 
<liscover the ~f!Ht of the chang• on 
pottions te•t~d ¡~reviou•ly. 

Docunoentation rnu•t contain li•t· 
ing• of final teot runo. programo ond 
corrr>pondiog (narrntive) docu· 
rnentation 

U.er traitling lliU>I involve lhn•e 
who maintum "",¡ upemte the •Y·•· 
tem. u,..,, are W he provided with 
opernting m~nu~t, 11nd form~l oper· 
ntinnnl tmiooing. lf" firm d""" not 
pmvid~ a l~¡:ul .• r <·ducution ¡m> 
~rnm. th~ 11'·'' ¡:1 '" 'l' •houl1l¡~repore 
f«rrnnl clo•·""'"" '"''V'" """ th.,- jol1 
trainin¡:. 
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Accompanying trainlng methodo, 
u sera who also will maintnin tba sys
tam mu•t b~ provided with the d.,. 
tniled d~oign document and the d ... 
tailed ende. TroubJ ... ohootin¡ man
ualo, listing peeuliariti~• of the S}' s
I~ m. are also advised. 

lmpl01neatl1tlon 
Succeosful implem~ntatiun io the 

re•ult of eme fu] plannin)( during the 
prcYiou• pha~U- Vcry few ohje<h 
rea<b this •1.8~& without being im· 
plemanted. This h tbc timo that 
uoer upectatiuns are lo bo met, 
chBnge is formaUy created witbin 
the organizntion ~nd inform"tion 
proce'IIOing begin.._ The user hu the 
ultima!~ respo"-"ibility lo verify tbe 
ays!em'a functional u<eoptability. 

Crit~ria for oyatam aeceptanee 
indude: 

• lnte¡:rity of th~ systam' s bu>ineos 
functions, uoer manuals and pro
cedo ro•. 

• llemon->ttationoftheu•~•OpH,.. 
tions ¡:roup'o ability to run tho 
•y•tcm in a live cnvironment 

• A full •<alelive environment test 
using ull '""""'ces avnilable, e•e
cuting all procedure• and options 
-with a ded•ion on the wotthi· 
neo• of the prngram•-

Stato-of·tho-art 
progrnmming to~hniqwc• 

'l'raditionally progrnmming ha• 
h~en charaeteri¡od by its flair for 
running into the ""'M problem!l. To 
""me u few lnubility tu easily int ... 
~note modulu. redundanciu in 
!unclian>, supe1fluouo cude "nd in· 
ohility lo deted a1·rors up fronl 
Mutl~m pro¡:ramming t~chniquea 

relie•e the uverlty of theso occur-
rences. 

In thi• 1ection, oome of the$e 
techniq~es w:e dio<uos~d elun.g with 
oboervarions from three progrom 
devdopment projecto which utllired 
them. Then projoets are: Hortford 
Inouranc• Croup; Commcrcial Auto 
Ratemaker Syotem; ManWncturon 
H.nover Trust Co. (MHl); Whole
sale Demnnd Deposit Aceounting 
Systcm; and Standard Oil ofCalúol' 
nia. Chevron Program Dev~lopmont 
Sy11e1n. 

Structurcd •nvlronment 
Dcri¡n and prn¡nommliiJ 

Stmctured de•i¡¡n is a coltection 
of practictl• !l.nd procedur .. , cho•~" 
to eomplemenl one another, along 
with rulos for applyin8 them. "At 
MHT, e de~i~n methodolo~y alao 
indudes mans,;ement ttchniqul&, 
documentation prao;edurn, tool• to 

Chief programmer is in 
charge of the program 

design and for reuiewing 
code, integra/ion 

and testing. 

aid tbo d•;ogner, stundard• tor •JI~C· 
ification th.at s~rve as the input to 
the design proceos (ie., functionnl 
spedficntion.), and the impl•men· 
tation pr<Kuo (te .• duign 5pe-cifi(;Do 
tion•). "-A. Block nnd K. Hamilton, 
"l'ro¡:rammar Productivity in a 
St:uttured Environ.ment," INFO
SYSTEMS. 

Adv!lfltalleo of this methodology, 
as oeen thrcu¡¡-h Ml!T, indud"' 

• Con•ist<oncy-vuriance io detectad 
with hi8her ccrtamty anJ al "" 
eorber ti1ne. 

• Modularity-ono module for on~ 
{unction, en~~ of chango conlrul 
and mainte!U!nc~. 

• Document:lotion-more time and 
thougbt gi•en tu deoign than the 
tra<litionol appro~~ch, re.wlting in 
great~r d~•i:;n inte~rity. 

'" .Strucrur..d pro~rummin¡ is ba""d 
on 1 mathematirally proven struc• 
iured th~orem which stot•• that any 
prcgram co~n Le "ritt~n u•ing only 
the thro~ control lo~ic st:ucture!l." 
- •• ln•tall11l ion 1>1 onogementflm·. 
prnved Prn~romming Technulo
gies." lH~t 





• 
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Tho <·hicf pro~ramn••r i• r<'OJ'un· 
sible for !he ove~t~ll ¡}~ de,~;lin; .. 
writlng llUllnUiiB "fOUijne, eritit.a) 
code, OS lnterfllcet; dota definl· 
üons: definhig modulé• and au!gn
in¡ to oubordinates; and íor •P.dfy
!ng interfacas betw.cn mndulee. He 
or she ahm io rnvon•ible for roview
ing ~ode, over~•eing el! inte¡rntion 
and teoting, and reporting pmjcct 
•tatue lo man~~•m"nt. 

Adv~ntageo (Standard Oil) omr. 

• Technkal e1perti•o ~~ manage
ment leve~ ...,,¡e,.ing and opti· 
mizing ende. 

• Expert handling aiticul oot!e and 
del~gating •i.npl.r routine• to 
looR •~pericn<o ¡¡,.,el of co.mpe· 
tence). 

Hll'O dia~r~m• 
•.. ~rarl'hy plll> J¡,put ¡•,.,. '''>· 

Out pul {H 11 '( J) 11ia~1 '""' ~"' o doc. 
um~ntation t<·thni<t'"' oiili'"d du,.. 
ing thc de·i~n otag<" prior lo the 
ectuol codin~. "Hll'll reUu<'"" the 
amount .ar:d amhi~ui• y .,¡ th~ prooe 
required lO documPILllunctiun and 

Mojor milestonc reuiew 
sizes up progre~s on the 

project: /s thi.~ whot 
tlw u~cr wunt~? 

provirl•·• a 'Y'ItiiiiiiÍ<" '""""" nf 
idenllf)m;: all th" ¡,,,..,,,,, 1<> he 
perlorrn~d ~n<l th~ lll'rilule, lo IIC"' 
form lhem.''-·"lllo\allutlon Mun-
ag 111," 1\\M. 

Hll'O re:>de'" a tu¡> du'"' M•crip
!ion o/ progra111 f<m<'l inll "· F ir>l i' an 
overview, followeU hy \he dct.uil• uf 
the particular func\inll and ''" """' 
es•ary input" Blld re•ull ~ni olllj><l\ <. 

Typically, a JI!J•() J•••·J.o~c con
Mino: 

• 1\ hierarchy doan thal i<lo•mtlie• 
all m·o•rvi<•W ,,,.¡ ,¡, o,,il di~~mm• 

within thc l«p ""'"' "'"'r(lue. 

• Overvicw und do·l.oil,-d ~l'll]lluc 
de>eri¡Jtioru ... lu¡url• lile'- r.c
onl•, f1dd.<, <'orlll<Jl hlucb; pruc
.,._ inl~r<Oc tion'; 1111( 1 out- file•. 
records, control blmh_ 

SuuoiUI"Cd wallahrouglro 
Thio ¡, un ub¡et'\1\'" c·he"k un a 

program'~ uv~rull ln~oc ami cmn· 
pld~ne•• by ~nm~on~ wh., b;o• ""t 
been inw>t•r"'d in ih ,¡¡ t;u],, '"!'he 

otructured w11lkthrough ia de•igned 
:;.:>dtteetand n!move erro.-. ueuly 
;&i'pouible (Ste Chart C) during tho 
cyclt ln a problem aolving and non
f•u\~ findln1 atmcn.phere where 
evacyonti lnvo!ved-nPec!BllY the 
devolor.er-i• e~gtr to. find any 
e'l't'O:fl·ln th. work prOdu:t bein¡ 
r.vlt'-i.-ed." -''lnot.lllation Manage
ment," lllM. 

Thue structuru Kre: 

• S~quence of IW<I or more opera· 
tiono (MOVE, ADD, ... }. 

• Conditional branthing to one of 
two aporationa and retum (JF 
TitEN ELSE). 

• H~p~tition of an O]Jeration while 
11 conditioll i•tJ-.H! (Ll0 WHll,E). 

This method is ch~racterizod by 
the ab<encu uf GO TOa and have 
""'Y oow ~ntry and """ e~it. Sine• 
arhitruo-y buonchmg ia not utilized, 
module.• of •·ode ~·• """Y to read 
Flcxibilit y ;, ulluwaol through extcr:· 
•oon• to logic as long as the code 
retain• 1ts one-cntry/one-e~it p:o
perty. 

Arlvanl.llgel of otruc\ured pro
gr•mminb, noted by the Hanlord 
Jn,urance Gruup, am: 

• Compacl, ~ccuratc, ea•i!Y fol
lo"'ed corlc. 

• L'on•i•tently fewer linea o(code. 

o !J"" ,,¡ commen\~ h•camo almo•t 
unner;e.<>:ory. 

o l'rogrdmm•r. found it eaoier to 
I<X"ate boga in their co<W durí.ng 
tc•l• (Seo Chart C). 

Top-duwn duign 
.,d pro¡¡n~m d•vol<>pmont 

Tup-Jown •lrBtegy i• a hiorarchi· 
cal opproach to ¡Írogro m deoign and 
deHiopment Similor to the o\·eral! 
oyotr•m< plüJ\ the initinl d~;;gn is to 
rrn;t rl~"gn and code hi¡h·level 
mod<ll<• fnllowed by detcrmining 
the low-levcl lJJlit• which \OJII be 
n""d"U. "Tcs!ing of high·level 
module< is throv~h the u•e of test 
"'hroutine• omd ¡>JoN·dure ~nlls." 
-'·lmpro'·"d Productivity in lmple
oneming !nfurmalion S;,AI<'m<;," 
l~F() 79 ;pecch hy B•oold Fcinlieb 
of NHtinnal CSS, ho~ .. and Ke>in 
Tw•cdy,l:ltandard Oil of CoHfomia. 

A<lvontag~• w thi• methud, as 
up~riennd hy tJtandard Oil, ar..: 

o Eliminalc9 unnece••ary code. 

• Eu>e !JI int<•¡:l'dtioJl. 

• Effective mana¡ement control 
through vi.o.ible hi~h ]e,elproduru. 

Cblef progrommer tums 
1-lere a lmaU ¡roup of pro¡;ram• 

merl (3-5) are undtr the dire~tion o( 
a oenior leve! or thiof progrommer. 
The t.am repre•enloan opportunity 
to (mprove both the managubility 
and productivity of th• group thrnugh 
or~anüational 1echniquu. Thue · 
teehniqueo indudc: Speci.aiittd pro
gr•mming jobo, upert technical 
leadanhip, •treu on trainin¡ and 
CBAer de•elopment, der.ned "'t.
tionohips ~.mong 5pe<iali5t1 and ef· 
fective work effort with a develop
in¡, end alw•ys vio.ible, project. 

The •truc!nred wolkthrough is a 
review ••nlon during wlúch the de
veloper invit.o p•crs \o oboerve his 
or her Jogic, .tep-by-itep, and to 
offer eon•trutlive "itidsm. This 
techniqve hdl evolved no\ only asan 
error <let.ection de•i~e bu! abo •• a 
eommunications tuol, through dio
cuo•ion of pN•onal dpprooch•s to 
program logic. 

Advantages as viewed by \he 
1-lartlord Group ar~ iUu•trai.<:d in 
Chart C. li 

About thc 1utburo 
} 'in:u'IJrhr is pro{es.or o{ qu antita· 

tive ano/y..io in !).., gradll.ilie ,chool o{ 
~w.·in•so. St John's Uniwrsily. 
Jamoico, NY. 1/e ul•a dincU the 
uniwr•ily's rvmpur.•r in{urmotian. 
sy,,km.< ocudemic prvcrmn. IVIIh on 
ongnin¡; consulunc proclice. Fire. 
W<Jrk~r /ul., don~ w~rk {nr ,1M Co., 
Leuer BroUwrs Ca, JHM, (.'(ITI$Ob·
da!ed Edison, Puroi<Jior on.d or.her 
/arct{lm'..S. Ji• holdoa l'kD in oper
a~·"'"' researr!J and m1 MS in ,·um
puler•ciencefrom .--.,·,w York Uni<·e,_ 
sil)! Hogn<r U a &y>l<m> <m<J/.)<>1 tcitl¡ 
Manu{ucti.IIV'rs Hanvucr Tr11.1! Ca 
and is in chorge o{ ill{ormatUJTJ ond 
odminis!ratiw .. ,_.;u.<. He tomed 
his MRA o/ S~ John's Unh·,·r· 
sity.-f:d. 

llooko 
/Jum/l {' IV, o,.JE/4""''"- / W· ~\oO.rn 
Prn¡o<l Mana¡•m•nc (u,...t>J<'Ii "'"""""PI 
-.1 uilil potm<sli"" <ofJh<¡><.bli.J..,., llcrn!I
EII.wvrlh ,-\,.-,,'-, /n,) ohuu>«d al 1/1.\1 S)•· 

"'""S""'"'/"'""'" 
Mou17'• 1' W Monaorn~ • Pnv"'""""i 
l'.-o¡<-<1. funtu"H"I( Eng/rn-.1 C!./f• SJ, 
1~73 

T•<~nl<•l Publlcoo"'~' 
/B.\( lnU•IIalioo Mon•;omonl S.nn ",\!on 
oci"' Sw=• lk•o·l<>pm<"nl- M""""'"' ry 
1\'o"l," _.,,,,.,..,,;, r. rn·o, "/m;.·"" ,·d Pr.-
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c.,..u.-. ... _., ,4 uc:Juoi4""~ ..;.~ pmp<u<tl 11.at uJs.c' oh~ 
o•"""""" <lfP"'v-u 6J< di~i4<~r .~ ... Wof~<~~<rÍ<J#J4l ,.,.,¡.,¡n. 

Tlús auo .....U il pt>JJibú "' crc•tt compJu syottwu/ro<~~ s""f'/t, 
WJq•t~d<nl, u><><fblt ¡n<Jod,Jn. Dcb"t~inr <Uid m,dif¡•ont pro-
1"""'· uc"'lfit<dilor 110 dtvicu, lUid '""""llilrt Wtt f"'I'
.w., poj~u e"" oll bt 1u.,dy oimp/ifid- A.ul. tu ••• ,oJ.uJ; 
/ibn>r1 '"'"''• in<r<tuinrly w¡>ioit.ricot<d JlrOI"""' con bt ¡..,. 
pUm<rtJ<J uiAr J. u lUid hSJ nt"' codt. 

Structurcd design 
tryW. P.s~e .. na,G. J_ M re••· an<1~ L Conolantlne 

SttU<:Wi'ed dnirn ;, a ''' of propo1N renenl pro¡ram deoicn 
con.ioderaliotl> and techn~""' far makin~ """'"'' dcbuUÍftl:. 
and 1%1odilica<ion cuocr, futer. ond k" upenll~c by reducU., 
comple>ily.' The rruojO< id= &n \he ..,,u)t o! nurly 1<11 ycan • 
ol reourch b)r Mr. C....Stantinc.' Hos "''ulu ote ¡>KStnled hete, 
bollll>t autho" da 1>01 inten6 to preun\lhc oheal'}' and dorivation 
al ll!c ruullo in \ha P'P"'· Thue idus hove bccn ¡;allcd rompo•· 
¡,, tüoi¡¡n by Mr. My~" The outllon bdicvc !h«c·~ 
J<>ít• tccllniqu .. ore compaliblc wtth, ond cnllo.ncc, tll< dou· 
m~nriEIW.. uohniqu<> of HIPQ' and lb~ cod<nf rcchmqucs of . ~~· 
Tbtse eo<l-,..vin¡ll:dlniqu<> alw:J.YO M<d ID be baW.ced .. irh 
otlu:r c.oasuainto on U.. oyolcm. 8ul lhc obolrty lo pro<!= o.óm· 
pk, dlan¡u.blc prucnms will bcc.omo increu"'':IY im¡>OI'Ullt u 

lb< .ooSI ollhc ~·· Urnc c.onllnU<>ID n>C. 

$implio:ny isrbe: pri<rwy musur<m~r ~ommc...:!ed lor cvohr· 
ati:n¡ altomotivc d"''P'' ftbtrvc ro red~~~:ed ddl\l~rng o.nd rnod· 
illcrrtion rime. Simplicity can t>t cntran<:ed by d!'od,n¡ Lh< sySicm 
ÍDID ocpanl.< pi«<o in ouch a "'Y Ltr.r pieccs "'" bo cunsódeKd. 
;,plcm<n....,. h«l. &nll ctran¡ed wnh minrrtW e<><~sódenrion or 
oll..,;t oarhe olhor pie< u of tho oyS!em. Oboc"'obilrLy llh< abili-
1}' 10 a..oily pcn:ci•c how ond why '"'"¡""" ~·) is anolher use· 

a-t ··"" 

• 

··-· ---

·. 

"' "' 

fui ""'"ider.tion rlr;.r '"" h<lp in rlui¡;:ninc pros:ro... ·"''can bo 'i''l 
~h:rn¡:=rlc~•ily ¡·,.n,ó.lcr"'i<rn _. rhc dl"ect rl rca"'""hle <~t 
11 ohu v~luahlc f<ll cvalu•trn~ ~ltom•li•c d<>i~nl. 

Mr. e_:...,,,.,,.,.. lu• ·~-,...,~ tlur "'"'"~m• ll••• wcR in. a,; . 
<<1 ro imrl<m<nl •nd <1»11>-"< ""''" lt.o.c comro .... ol simple. 
rndcrend<nl .,.,.Juks. Th< '""'""" /ur this ;, ll"llOI problcm oulv. 
in; Í> l••lcr •"" u<N:r whto"1hc pmblcm • ...., be oubdividcd in10 
picc., .. nido"'"' be C<>fl<i.lered ocpoQ1cly. l'n>blcm s<llvin¡ ¡0 
ho<>Jw ... hcn •" ••r<<11 el the prnblem must be <<>noid<ted 
oimu11o"'ou•l1. 

Tbercrm m<>d~l• !1 used to "''"' 10 o..,, of onc or more conti¡
UOIII PIOC"'"' o~1cmcnlllr..o.•in¡o nomo by "'~ich oll><r pon• or 
11>< trst<m coa in•okc Ir ond pn;f<QbiJ hariq iu awn dhti..a 
ocr olnriol>k n•mcs. Eum~les ol modulnote nn proc:cdun:o. 
':f'RTlM< m:.mlrn•• ond IUhJ>Wl:fl<ms;....:l. io l<nt~41. •ubt.,.. • 
lmcs of olltypes. Considor;orions ote ah .... yo .,..;u. rcl.oriort 10 U.. 
pn>[Tllm otal<m<nl< at 1 t>Jd. >in<:c il is U.. PIOinomrm:r"o obiJ¡.. 

·.ty ro undent•"" ond cl•m1• lbc: 1n•r-u prn¡ram 1hoJ io und<r 
"""'ider:orion. · .. · .• 

.· 
Wh•l• concoptuall) ir i• uo<lul to discuo; dlvHJI,. "'bol< pm. 
&romo tnllllm;lll<t riccco.the teehrLiquu.Prioenled befe .... r .... 
cltsir;ni,. o.ómplc. ind<:pendcnl ......t.ob oricial~Y. hlllnll 0111 10 
t>r: dillic~Jt ID ~i•idc on ni•tó,. pn>¡nm ln1D ICJ!&rale p;c.e.. 
wrthour '~"' .. ""1 !he complcxlty bc<::orncollbc amouñ1 of o•cr· 
bpped codo ond otllc:r Enterrelatioashlpo l!lol """'"' niol 

· Oraphieal norari<m io o u,.fuJ 1001 fo,.trucl~ dcsirn. Fil\lrc 
1 iiJuOiral<$ o IIOIOIÓOD ulled O 'lrltCI- C .. f"f .. ln "'hich: 

l. Thc,. nrclwo rrwdnl ... A ond B . 
2. MD<lule A iaow!~l module B. 8 b ,,¡botJUt<tf~ 10 A. 
J. B re«i•<> an lnpur ¡>anmclcr X (iu ilamcito mD<Iule A) ond 

telusns a paramerer Y fill IJOIIIC bs aoodlllc A). (11 b ""dlll 
ro diolitll<"ish ,..hi<;h c.ollin¡ ~otcn repreotnl dota puacd 
lO lile oo!Jcd proaram &nd ..wdl .... f« ..... 1<1 be r<l~ 
totllcullu.) 

To evolu&le alrcr111olivcs for di•ilfuq; p.......,. inlo modula, 11 
bccomco U1cfll110 cumi&M W cvoluau typu or~""'""«liorts~ 
bcl"'ccn modult1. A conncctioa b a ref<niiQO 10 oomc labcl or 
oddtu1 defined (or aloodcll:oed) cl~o~:,..bcre.. 

Tbc kwer ond oimplct U.. """'or;tlono be"""" mD<Iui.s. lbc 
casicr itls ID undcrOionrl caeh m<•Mc ....nhoul rifo'""""' 10 othu 

....-............. -- ............. 
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m<><lul"' Mlmml•int conne<:ti<>no btt,.een """'"''' olso mift. 
imouo 1ho palho oi<NIJ which ellO•••• and <m>n con rropo¡:alo 

1noo other pano of Lhe oymm, thuo ehmonaoin¡ do.,.muus "rir>
pl<" elfotlt, wherc ehan¡¡<l in ene pon cau>e ~':"'"' ~" onother, 
n«<euit.a¡;,¡ &dd!lio<W cl>onl<> clo<where, SW"'l n .. ta ,..,.. 
rrrm'>, eL<. The widdy uud techniqu< of uoinl common dolO 
arcos (o: 1lobal ~atúobleo or m<>dulu wothoutlheir ""'" ~isoincl 
oc\ of nriablc n>.m<~l c:uo reoult ¡, 0n enorrno<n numb<r of con· 
ne<tion> btlwecn 1hc m<>llulei of o pro¡¡r.>m The cnmple>ily 
of a oy<lcm io a.lfected not only by ohe numl><r of eon.recriono 
bu\ by Ll>c de&ree to which cach connec~on cou¡>l .. l•n.<><~al<o) 
owo mDC!ulu, rnaktl\l illem intenle,..ndtnl nolher tllan ~~ 
den\. CouplÍ'III io !he meuurt of thc Uren,th of aos<>e:O>Hdo , .. 
!>bli•hed b1 o ccnne-'ion from ene module 1<> onother. Slr<lfll 
o:ou~lin1 com¡tlieol .. • 1111<m IÍh<'< o module io ll&rd<t lo un· 
d<t>IAnd, cll&nJ<, or co,.ccl b1 noelf of 11 11 hi~hl1 in«ncl>le<i 
wolh <>lh<t modules. Compl<>ll~ con he mhoce<l hy dui~non¡ 
oy>l<''" -..ilh (he ,. .. k<ll po»ible courh~ hcl,..un ""olulu. 

The <legr<:e cf courlin' eSlabliohcd bY o f"'Micular conll«lllln io 
o funclion of <Cw<ral foctoro. ond lhuo il io doffic:ull t<> <>1~151> • 
timplc inde• of cwpli~ Cou~lin~ <I<P<'nd> 111 on hnw CPmpl~ 
coted !he eonnccliun i•. (2) <>n whctll« tbc ''"'"""""" tef<t< '" 
thc mot.lul< iuclfor oomclhin» in<ide it. 11nd ilJ <>n ..,¡,.¡ ¡, !><in• 

1 l<nt"' r«ci>e<i. 1 

Couj,lin' 'ono:r<:a"'' wilh incr<:01in¡ complc .. I!Y or OOo~urity or' 
11>< in«ñ•cc. Couplin& io lowor wh<n thc connectoon ,. lo lbc 
norno~l module in!erloc< Iban whcn tb< conn«IÍ<In i> lo •n ml<r· 
nal componcnl. Coupling io lower wilh dolo conn«tiono than 
wilh control conn«liono, whieh or< in tum lowcr lh~n hybrid 
=nne<tiOftl (modif.:alion of """ module'o c<><Je by o.nothu 
modulol. TI>< e""lribu<ion of all l.hue f•<l<>" io •~'"""''"e<l 1ft 
Tohl< l. 

Wh<n ,.,00, mor< modulu inlerfac< .,¡,~ 111< o;ome arr~ of Olor· 
a¡r:, ~•1• ,.,1;,.,, "' .roviot, t~<~ oh"r<: • con1mnn <nvirunm<nl. 
E'"mplu uf cmnm"" cn>~runmenu are: 

• 

i" l "" 
...... ~ ........ ~ 

.... , ... 
compt.,IOW 

... .. . 

• 

• 
• 
• 

' copócd iRio I'L/I ta<>duln vio an iNCl.UDE llbtlmlo<lll ...tU.. 
isf""""l"tcdiuodoala.....,.¡,.,.af 'da .. ~ 4¡ 
O..t.. clcmcnll dcfine.d ;, COM.,ON -~- Ut FoaTaiiN 
modulu. •· 
A conlrally klcoted Hc.ontrt>l block M..-.-o(~ bloch . 
A cotnm<>tl oweflay r<J""' of "'"""'l'· . , ~ -: 
Gloto.>-1 voriab!c ,..mu defin<d ovcr an catitc.....,.nm 01 leC· 
IÍOJI. .·.",! ·• .. .·• 

Th< mnll imJ><)rtant oti'UCI~nl cba,..ctcriaie'*;...;.mmon •n•~ 
ronmenl " INI 11 coupl<> uel')' mndulo·lharioot'-is 10 CWCI')' olhci 
oud modulo Wllllou1 "'"'d lo lbe¡,. r"""lloal~ship 01 iu 
ob>cnoc. fa< cumple, nnly 111< '""' modllla.xv.~oa IJit! 
vaoc mi~hL aclu•Ur m;o~< U>C uf ol.lll ele- x.¡..., Hinclu4-
<d" """'"""" cn•l'unmcat c.ol PUt, 1•1 ch.mPBI;·*.l<n!'lh ot ..t 
tm~" "''1 module -~in~ any ""'· of 1M -:->" <n•iton-
ment.. and lhut nec:e.,ttoln roeompotauoa. , ~: ..... -
Ew<r}' clcm""' io 111< common eavitcnmeat, ..tocOter u>Cd br 

, poniculo.r module> or ""'· conolii~ICs. a l<:pl'."'!: palb alon,c 
wl\ich cmor• and cN"''u can rropiLPI<. Eac:h de-al ia lhe 
commaa uvin>nmcm aoldo to tbc C<>n~P.Ieailr of lbc '<>U! IYJI<IO 

• \D be comprchcD<lU by an un<>unl h:p~lealilll; ~1 pw.oible 
paorS of moduln obarin¡lll&t <:n>iron..,.nl. Chortac• \D,Illd """' 
1110, or. lll< com.mon oreo WIJ'ntiaUy ;,p.¿, all aoodulcs iR .,,.. 
prodi<:toble ,..,¡,,, D•lo rdercncn ,..y bccoonc unplonnod, ~~· 
e<>ntrolle<l, ond e• en un~nown. 

A modLtic ioterl;oein¡; wnb o """"""" ~n•itunment for oomo of 
it< input'" outrul Jot" io, on !he owen¡:e, mo.e difl'.:ull lo u te in 
nl')'inl ccnluto ur frum a •~riely of plott~l 01 ilt dilferonl pro-
1"~""' tban ¡, 0 onc>dule wil.l> c_,¡,1;, rcslric!Cd la pon.• 
e«ro ;0 <;.:ollins ><qu<D<Co. h io .....,cwhat dumoicr IO<IIoblioh • 
ncw 11no.J uniqu" ~"'" ••~"""' un"""' ~.JI uf a o>L.Jole "'hcn ti.Lia 
""'"""" ¡,. w<. • .,...,..,., en"'""""''"· W"'""'' ...,;,lyoio al ¡)lc 

• cntiK oct "' ~o~ .. rin~ '"'"""'""' c~r<M "'•Íu~""" roaturuoío>n of 
•alueo. a ,.,. ul< h li~~ly lo inle<fcn: .,..;,~ Ol.bct uoeo af llo< 
comm~><~ cn•i'""""'"' ~""' r"'¡...""'" UTDnL in1a o¡l><r moduJCI. 
A o lo fiLIUr< pn•l~ of 1 ... en lylt<ln. <>a<c< ti>< CO<Rillittnent Jo 
m•d• 10 cummunÍ<~I;.,., w¡, " comm<>JI cnvin.,mcnl, o.ny """' 
onnclul< woll huc ~· t.. pluj:¡,.ed iato tloc tomm"" cnvironmcnt, 
com-n.don¡ ""' i..w """'pkoity non ""'"'· Oo t~io point, 
lld.>dy an.d l.chm:on,' ,,¡, .. rrt ttut "• "'<ll·llnt<lut<d oyotem, 

DM in "hio:h """"""";,;"'~'" " ,¡, ''"'"'~ !"'"'"'"'"" ll\tuu~~ 
dcflne<l inlcrl'a~o. "lo~cly 1<1 be.,..... ~towoblc ond toc¡uiro k11 
cJI';,.., lo> ""'ino.ito tb>n "'"' ~~~~~ons Ul<nNwc u .. uf ~IDNI or 
•h•red woti.oblo,," 

Tbc imi"'CI o( ,....,...,. onoironmcob on •r.,cm compluo1 
m:. y be qu:onufocJ. Arllll<IK M n~}<'CI• lh<<e ore Af (U- 1 J or· 

.............................. , ""'"'(¡ 
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1 
dc"d poi" of nl,.<cO>. (Ordcr<d P"" •« ni'"'""' bi:c•u'" A '(O 
N H olunnco common <n•irunmcnt '""'rh<"'' hoth, A ~>cm, 
,,..pl<d 10 8 aod H boin' cruplcd lo A.' Thu> o «>mnl<>n cn.;
ronmcnl of N dcmcnU lho"d by M modul" muln in N/.1 
(M- 1) ~'" nrd<r Ion< l.-el) T<l<1mn>hipo '" polh> nlon~ which 
'"""'" ood cnoro <.>n propo,al<. Thi• .., .. ., UO >t><h p.otho ;, 
1 FOOTlJIN pro,-.m <>f only th>« modul<> oMrl"g !he t OM .. ON 
"'" wllhju>lll voriohlu in il 

H h r<>~>ihl< ro mlnimir< llw:>< di....S•onu,., of a.mhoOn cn•i· 
""'m<nll by limiting >«<11 to <he om•ll<ll r<>»il>l< oubo<l of 
mO<lul<l. H <he l<>lol ><1 of pnr<n<i•lly oha'<d ciernen" lo OlltxiÍ· 
•idcd lnro t•nup>, •JI uf whKh '" "'q"i"4 hy , 0.,, "t.." o1 
....,.!ul ... lb<n bolh lhc oír< of <>th com....., <nviron.,..nt ood 
<h< &<op< of m<><! u!.. """"1 ~hich Íl i• >hOood io n:d..,od. U>in¡ 
''n>m<d" »lh<r rhon "bl>nk" '""'""N in fO>.ntAN lo onc 
..,..,, of Oc:eompliohin¡ lhio <o.! 

Th< eomp!.,it; ol •• in1<rf•« io • mott<r ar hnW mueh lnformo
rion io nmlod In >tal< or lo uodmr.nd lho <unne<tlon. Thuo, 
obvi<>oo rcl>li<m>hipo r<>ult in'""'" <ouriO.! '"'" """'"" or 
;,r,,....d ....,,_ Th< mo" ,,;,,.or;, uniu (>~h '' l"'"'"'<lm) in 
tiro U>I<01<nt bl o <ono«toon, lht hi~há lh< enupling. Thuo, 
'""'""'"' tltmenu in<l<vonr la lh< pi-o¡nommor'o ond rho 
moo!ulu' immodiot< r.ot lo><t<•" <ovplin1 unn<«.,.>rily. 

C"onn<Oiiooo thot oddr<u or "'"<o • mOdulo., a whol< by ;u 
nomo (kovin¡ '" <un<<nU un~"""'n and irrolovont) yield '""'<' 
<o>ur(inllhn oonnoch""l r<lmin¡ ro lh< óntornol tltm<nl> <Jf 
ooorhtt owdulo. In lh< lotror ""•" fe< "'"'PI< rbe "'' <Jf • 
voriobl< by dir<<l r<f<t<n« ltom wrtbin oomo olhct modult,lb< 

<ntlt< coorl<nl of ""' ~lo m•r ""' ro ¡, ''''" ónro o<<ounl 
lo <on'«<&n <not,.. "''''o <h>"$<10ihat il dO< o no< m.Xo on 
lmpoelón ><>•re unoopemd "''1· Mo<!ulir that<>n bo u><d •••i· 
Jy withoul knowin1 •nyrhln¡ o~our t~<ir inoi<l<l ,...¡,, f<>< ,;,.. 
pi ... ~ ....... 

Con•ldo:r tOo e.,, dop;,,,¿ In Fi>""' l. or.;rn.o>< h • mOdule 
~ bor< fuocr;.n h Í<toing lh< ""' <Ommond lrom o r<noinol. In 

r<tfor~ rbi• '""""'"· oncm"" <>11• ""' """'"'' ar ... m, "ho"' lonction lt lo rood o lino lrom lh< tonnin•l. ·~APT ,.. 
quin:• ''' addr<» "' t~< t<tmiool 11 '"' thi• vla '" .,l<mally 
d<tiOt<d 4>!0 <iomont m Gl:l'COW .. , .. 11«1 tU .. APDO. OUDT 

"''"'' ~ fme bo<lo 1<> onco""" •• "'"-'"""' eallod UNE. 
Noto rile '"'"' <ot<nllon• rrnm lndof< oncm-o" io lnúoh 
""""'· -'-" '""" or <hio typ< ¡,tire norot;.n for ttf"'"'""' 
ln~Qnai .. r. d<"""''' o( o.ooth<t module. 

"•·~. """"'"·-·-

No,., - ... ..-Job lO odd O fnOdulo <of!.,j (!.,.DATA. wl>ono 
lunc:tiao la lo 1<1 oh< ,..., dora lln<r U.o., ,., 0 com..,.ndl ¡10111 0 
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" fr••,il>lrl ¿,~.,,,. r<rminol. Ir W<OUid b< cko.ir.obk "'- ...,._ 
ul< Ot.ADI •> o .. brout;,. <Jf r,ODATA. 80Jl if <IUMTA"""" 
fot> HOMA 111>0 ;, <II~COW .. b<for< o..non1 OEADT, ~ ... 11 Uu>t 
G['lt<>Ot"' lo foil ,;,., it ..,11 "f<!" l•om lb< .........._ l<.,.;nol. 
E .. n if Gf"li>HA ......... TF .. IADOO afl« ""• tho ..,.,. U0 
>li~ <><<U! ;( (,.,.OAT A anlf (;l:l'C<lWW an <Y<r be io..,¡.<d •,¡_ 
m .. ll,ntoo•lr" in o mulliprn.,.mm"'JJ on.;,onmenr. llE.IIDl 

"""'Id¡,.., b<t11....,.. ...abi< if TUOUOOO lood b<<D- a 
mp101 01!'11111<01 10 O~AOf ón>1ud o( a.~ '"'""'"' ck<loml -
~"" n •bown in FipJ" l. lhi1 oimple ''"mpl< .......... _ ref. 
"'""' ro int<mol <l<m<nl> of olhu '""!ulu <>n llovo u od.-
• ., .. <ll«t on _.,..., _,,..,;.,, bolh "' ,.....,,-or co<t M( 

""""'"'! bvj;1. 

Moo.lub '""" ot ko.ltl .... dolo ,.. tf><y .......,. Joner;...,;gy b< o 
pOli <Jfo •ioP• ,,.....,_ n-,_,,_ lllal f'O'' 4Wo ...._.,..,... 
"'"'l' mini"'""'· (Nor 10 rbt """'""'nK.oliooo ol""'trol. lo ,...._ 
dpl<, th< "'"""'' .,. oh""'' of r<qv;,;,, inpu1 <biO;.. sulf><Í<III 
ro 4<ftn< rbt <;,<llm>to"'" uod<t wbi<h o -.r. llloold lo< ... 
~·or..r. "'" l>. ree<i>< «•ntrnl. n...o lb< uf'ljril P"'""' <Jf ,__ 

llol ~1 on< "'""~'' ro onathn ""'"""'" •• o.sdobot..r. th<-li
eall1 in<>><oti>l fonn of <CIUl'lio,. In 1""''"'"· ''"'"'' lhor""' 
,_,r,...,,.~...,r-1<4 ·~ op«W ~ar>pare • _,...,. •P: .. .. ·~ "'' """' ....... ,_, ,,,_,,...._ -""' ........ 
whie~ io rMy "" b< r~ndomen10llr oimpl<t ""'" ""'"""'"""' 
''"'"' wirh ""''mi <""pliog''l 

a...,..d n.o "'"'it.ol, i•nocuou• • .,;.,;.,.,. ,.,,.....r........., ol 
""'""l oubtoutine colh ;, lJio pr•<l¡,< ol I'"""'J on "<k<n<ot <Jf 
«Jo!ml" ou<b ., a ,..,...,.,_ ftn. u oion>l "'""- -... to 
.-b< •. Soo<h • <o>nor>«tioo -"«1• lb< ,...,..., ol ·-ha
-~1< ,.., - m<t<ly ti>< dolo iO porl'"""' iU ,.,~ ._ br;... 
•nl>iot ""' "''"'"'' in th< ;,.,.,_.¡ 1""'"""- <1f oom< """" 
"""'"k. Coot"" '""'""'"" ort '" o.sditioouol · <ion oo ... .,,..,;.¡ dooo u"'""'"" ,..,.;~ lo< ¡><ff.,._ ol _,. .. ..._ 
onll an ;..,..,..,;., """'"'' obor olimit>OI<O tb< ,_.r.,..,;,., ..... ,. .,;.., .. 
c..,¡,¡.,""' fiK'IIul<• ;. F..., .. • ,..., .,, ,..........._.., br""' 
"'tl<h rA&>L """"th whi<lo P:1Ct<ror< .. in.rno<h G:E'fCOIOOI 
wb<ti><rlo "'"m a ~><d orunp>l1<d ,.....,..,., ~<,..u.ti .. Uo< 
,..., di<tiotr ¡"""';,.,' ..t on.:ow"' .-.:•ulo• ioo • """",... """ io 
oino¡ol<t"' obo""';.. F;p.< l. 

Th< ,...., r.x<C..COMOI ;.. "'"""'' eomp!O:or<d; wh<t< -· ~ ... 
• '"''"" .,. eolk-tl'. now ~ luo••- oh<raa'< Dilo. llto< - ol 
Gl:l'P'COMW onlf GETut.-W Í> (lun<IO:onolfy) k" t.,! 

lh.>n GETCOW"' -· {by the """"'"' of 111< owil<h I<IIÍOgl. -'-"" 
lh• •- smo11 _....,, ... b•<~r ro b< """' "' ........ -S....-- ,u.,;.,<dl)'.lloc- ......... .............. _, __ ,_ --· 





"'·')' "PI'<•" .;,.,~•n•J. buo l~e~ ri.c w01h' l•m• ond ohe 0.,mber 'f 2. 
, '.lll<rn~oi-.• in lht owioch and the numhtr of le>clo ooer ""'io::h 
,; io ,.. .. «!. Conlml <ourhn~. where 1 ••lled m•o.lule "'lelil" 
"' <"ll<r wlo•t lo <1~. io o more •••m: oorm of eourhn;. 

~lndo6cotóon el one _mcdulc'o code lryo anothtr mndule m.or be 
'"'"'~"' of •• o hy~rol of d~t• uro.) <un!rnl clcmcnh •inee 11>< 
'""" "dnll wioh oo dota l>y U>e mod•f~'"l module . .,.¡,¡,;, oo:h 
"' <""'mi lo lhe modofond module 1 h< ,_.,..,, mndolle n v<l)' 
Oer><nd<nl in '" i>ehavoor on li>e mo<lof¡ on¡ module, oi">IJ !he 101· 
"' " ont•m•1<1) in>ol>ed in !he other"o ino<rnol fun<llonm1 

Cohnlveneu . 

C<><~phnr ;, r<dlo'Co<i when lhe reloUo<uhipo """"'' tl<mOIII> ~.., 
'" lhe ••me module or< minimozed. Then ore owo wan of 

• ""' .. '"8 thio- minimi~ns lhc re!Oii<><nhopo amon1 module o ond 
..,,.,.,mi<in¡ "'l•oiomJoipo "'"""l eltmcn" on lite ..,.,e module. 
In rr-ocrice. both "'"Y•-on uoeol. ..._ ... __ 

• 

TM •eeond method 11 li>e oubject of lhio "''"""' "Eicmenl";. 
<hoo ><no< m .. no any form of a "p~ce" of lh< module, oucha1 o 
u~temenl, • oe¡ment. ot o "•ubfunctoon". Bindina io li>o JIICII• 

'"'" of lhe oohooi•cooll of 1 modUle. lloc objeclivo huo ia 10 
todueo <D<Ipli.,¡ by otti>iat fO!" hiJh bindiol(. Tbe oca1e fll....._ 
""""'"· frum low<>IIO IU¡~ot. follows: 

l. Co•n«Mntal. 
:. Lo~ical. 
l. Temp<>nol. 
4. Communicoli<m&l. 
'· Scquenlial. 
6. FunctiOftol. 

The ><ole io n<>l linar. Funelioftol bindin1 io much OII'Ofl¡:er tbaao 
all1.~e rut, ol>d lh< linltwo.,.. mucb ,....aht oha:o on tbe ~ot. 
Aloo, ~irhco-level bindina cl&>sifiealiuno ohon includc oll lht 
choractorilli<o of onc or more cluoifocaliono l>cJow iL pl111 o.ddl
,;.,noJ ,..lalionohipo. Tbe bindiq bcl"'-n lwo olemcnlO ;. !he 
hi~h~" cl~uifi<ation lhal appl~•· We win define each Jypc ot 
hondm¡. ¡ovo an cumple, ond Uy 10 indioolo why il io f<ko!MI o1 
ill porticula< positK>n 011 lite ICI.ic. 

When lher< io no mean;,.¡ful ndoLÍDinhip amon¡ oho clemcnLo lo 
• _module, "'" hoV<: eoincklental bindi,... CcHncidental bio>dinl 
mo~hl reoull r....., clllou Df lho fol-~ "'"'"tion"' ( 1) A o u
"~"' pro,,.,., lo ~lll<>llllloriz.od" by >pliLIÍIII: 11 opall iollo mod· 
uln. 12) Moduloo an crca!al 1o oonoolt41u "dupl;c..Lc co<li..,~ 
in oli>u modula. · 

''""""'''" -

1= 
' 

- ¡-, ,_ 

·--
"' 

' --

'" 

1J 
A• on <:U>IIf'l< el the difie.olty tllll""" niOIII fn.a ...,.;,.,;• 111 

bor•:h"" SUI'f'OJC the followin¡ -• of inll~o atJ 
pcued .., .. .,.1 unoes;, o -ulc ot ia ..,.en.~ modul<>""" ..a. 
put onoo • "'~_...._X: 

A•l+(: 

GH C~OU 
I'UT Olll PU'T 

lfl•• HI[Nt-G 

Modulo X would ~y be .,QI>Cidentall~ bound oiJ>ce Uw:oe 
'""' in>ttuehoo» """" - ~"' ,..,¡.,;.,.,>lo'f'• ,,_,, onc •· 
otb<:r Suppo<.e in the fulor< we 11o .. o Md on onc of tbe 111<>11· 
ul .. on~;,wly o<Onuoinintlhe« in"JV<Iltono 10 .. , Gel T"Pl."-"· 

CORO onllad ot GET CA.D. We - hove O probl<m. [f.,.. 
-ofy 11>< "'''""'tian ;, _,.. X. il D ....,,..hlo "' &11 d lile 
-· eollor> of J(. IL .,..y......., kd!lliculllo..., &llolthe olhtt 
calle ro ol X ., order lo make onj otbe.- c.ompo!lblc ehanEC. 

11 n Dnl, r.,"" .~""' 1hal, iodq>aO:Iont ola ..s.Jo'o cobc"
...... lh<n: .,.. ÓMWI<tl ...,.,._.,.- ean k lll<>lliflod' ia 
OUCb o t .. hion 10 IIIÜc iL UNoubi< 11> 1111 ilo callen. H..-Yu, 
u.. ,....,,.,_Y ot t~ots ~·n ftiJ lllab ir lile IIIOd.ol. ;. 
eoincide"I&Uy-NI. ',:o - ' 

'.; 

~~ bindil>a. nut on ohe ~ ÍOOip6<1 - ... óul r<lalio»

<loi¡o bclwteh llM: demaoto "'" -· Eumpko- • .......suk 
U.Ot p<rlonno oP inpot ond OUiput "l"'r:o...,o fot the proanm o.r 
a module ohat .,¡¡,. odldallo. -

'111< ln[:ically houNI,EUfT At.1. DATA JM>dule i>ollerobnplotMM
ed •• f"'low,. '"""""' 11>< doto 'd<JMniO to k ediled an malkr 
lile =on:l•. updot<>. ddetÓII<I._ - oM;,;..,, p.,.._..,., paowod 
10 tbe II><'Oidle - -- the-....,. opocl;ol...,_.., !adj. 
eolifll: tt.. tyrc CJf dooa. Tho fint l~"nodioa ill lite lll<>llulo k 
prcbobly o r....,.woy t.orodl, cOi'll lo f11111 -'""'" ol codc-o4it 
IIIUIU recun:f, o4il "f'date rccot11, edil addi .... -.!, ,...¡ odil 
<leletioa rocord. 

Oftoa. u.eoe r""' r~IIClÍDI>Jo·""' - ;...,.., ...... ;, .....,. ••r 111 

lile modoo1e. Jt '"" doleliooo """""' ~·-~ira • ~ 
lo lile nd~ dclctiooo naml func:ticm. we Mil han o r>n>bl•"' 1f 
tbio fun<lir>rl lo inlorl•incd wil.h lite .,,_. ¡J,nc. lf U.. «<iu .,.. 
lnl!y ind<p<...,.nl, dono lhc ,,..., - be .. ; F'>od 117 pultÍIII 
-b cdit Íll o ~,...h: ....... le oNI eüoainal ... U.. -od 10 dO· 
oide "'l»ch edil todo fw ..,..¡, e>ccu...,.. In .._.,loalal biad
iq ......U y"'"""";, tricky ot- a>ok. ... io dilliadl • 
aw>dli'y.uodioothe--.oi-.:'""JJ'pu 1 ... 

--· ' 





• 

T ,or-•1 ~indonc ;, th< "<m< '" ln"oc"l hindin~. <>«rt thc ele· 
,.;..,·, .rc ol"' rd~tcd tn timc. Thu i<. thc tcmr<>ra!l~ b.>ol'lt! el<'· 
,f',·nt• •<< c•c.~t<<l tn thc '"me lome,.,,.,.¡ 

lh< 1><·•1 <•·•m~l<' nf mr><l.,lc• on ti"' <1.1" are thc trod•tiona! 
.. '"" c<l ""' ..,.. " , .. t cnmn• t '"" ". .. hn<t -. • cc pi n~... ond "<leo n .;, r" 
moolul<• l'l<mcn" m "" omti"l"~'"'" mro<M< ar< ln~icall~ 

to,ound h<"''"" '""'"'"·'""" '"P"'""'' • '"'"'''ti·"' of lu~c· 
"00' In •d<llto<>n, 1h<« <lcmcn11 ort r.l•oo~ rn '"'" lo e, ot •n•· 
.,.h .. to<>n HmC 1 

M ,>dul<> "''" ><mr-or..l ~•<>dtnc lcnJ In e>hih•t th< d ,,,¡, '"""~"' 
0 ¡ lo~.colly bounJ rnn<lulc, Ho"'"''· «rnrxor.~ll) bound mod· 
~1., ore h•~hetcn th< "'"'' """ lh<) l<nd to 1'>< "mrlcr lor th< 
,, .. , 0n th•• pi/ nf 1hc clcMcn" ote e•c<utahlc 01 onc tome he , 
no r>O••m<r<" .. nd lu"« In <lctcrm•nr "h«h ele meno to """'''· 

• ,.. module woth <cmmunicooK>n.l bind••8 !"tos elemenu lhol on 
r<lolcd by o ulcn:ncc 10 thc ume •er of 1nput ond{or outpu! 
d•'• Fo• •••m~l<. "phnl ond pun<~ lh< output hte" " commu· 
"""'i"ntolly bouooJ Comonun«olono•l l>ond1n~" h•gher on the 
«•1< thon lem!'<"..J bind¡n~ """ th< <l<m<nll on • m<><l~lc ""h 
<ommuo•c~t>onol bmdmK ~••• the otron~<r "bond" of tclcmn11 
~~ Lh< somo dato. 

1\'hcn lb< ou!put d•L• lrcm.., olem<n< ;, thc in~uL for lbe nut 
clcmcnt, Lhe module io .. qucntO.lfy buund. Sequcnlial bindina 
con r<oull from nowch.anin¡ lh< problrm"' be wl><d and lh<n 
dcfinina mo<lulco lo rorn:•••• onc cr "'"" blocks in tbe now. 
ch•M. For "•mrl<. "=d ncxl lr•M•<!!<>n ond up<!•t• muLor 
fil<" lo ac~ucniU.lfy l>t>und. 

Sequcnliol bindon,, •lthough hi~h nn Lhc sc•le bce•u>< of o clo':" 
r<l•lion•h•r Lo tbc problcm uructure, ;, .,;u lar from lhc moxt· 

. mum-funcuonal bil><lin~. TI>< n:.-.on i• lh~l lhc rroccdunol pro-
' .. ,.., In a ptnj!rum oro "'""lly di.,inct lrom tho fu~<rimu In o 
f"'U¡.'l'tm. Honcc, o •<quenliolly hnund mndule con contoin oc•er· 
al lunctlono ot ju" ron o! o lunotinn. Thio u•u,.fly reoullo U! 
hi~hcr C<X•phn¡ ond modul<o !hoL ar< lcu li~c!y 10 be u5ablo from 

other """' ol !he ·~"'"'· 

Funclionol bondin~ i; lhe Ol<<>nt«l IYr< of bindtn¡. In ' func· 
tionoUyl>out>d module. oll of lhe cfcmrn!O.,.. rololed to the pel'· 

lormance el o oincle fun<tion. 

,.. q~cotioo thot oft•n o meo ot Lhi• roinl lo w~ol h • lun<llonT In 
m•lhemouoo, r- F[Jf) ;, r<•d "Y io a func:liM F of X." Tho 
funo:lkto F definco • lntnoro,.,.oüon ot moppina of U..: in<lepen· 
<lcot (or ;,pul) woriablo X into !he <lcpend<nl (ot rotum) •ari
oblc Y. Honcc, o funclio<l dc~ribeo a llafttfarm~~tion from..,.,.. 

'NQ. l . ,., • 

• 

.......... -

-- • -
---

•• 
'" 

•• inpul d"'" to """'' Klum .!>.!Jo. In lcnn• el ~"''r-•mm1n¡, "' 
~roadcn thi• del>nolinn lo >llow funel 1001 woth nc input d•to "'g 
funclion• wtth no letum d•••· . 

In pr..cttc<. thc oh<o..c dolonotion d<>eo nol clcorty do..:ribo o 
functoOin .. llt h<>und mudule Onc h1n1 " th>l if lhe efcmenu ol 

11'>< nh-.lule •11 '""'"""'' '" "'"""'PIO>hon~ a ><n;;i< ~~.:.-toen tt 
" ~ml>..bly lunoct"'""ilt huund b•mpfes of funo:ticNff~ bouncl 
"'"""1" •« "( ••ni'Utc ~""" Noot" (~npul aJ-.1 rrtum 
P•~•m<ter>l "11~"'" Rand,om Numbe1" loo ••r~t p•r.mctol), 
and "WrM ""'""In Ouooul F<lr" ("o'""'" poromelcr). 

A U'Ciul tochnoquc Jn detc,.,.onin~ "'h<lhcr o module 10 fut>C
'"'""11~ l><>ur><l " "'riHn¡ o """"« ~<><nbo"J thc funchon 
(¡>ur¡>o><l el Lhc mt>dule. ••d tloen .. omonin¡ 1hc oent<n<;e. The 
fofJowinc LCSI>Cion be m~dc: . 
l. lf lhe ocnlenc;e hns lo be a compaut>d ICIII<ne<:, conlain a 

commo, 01 COfllaln more lhon onc vc1b, thc modulc b proba • 
~ly rerformin1 "'"'• lhon onc funct-: tbcroforo, lo probably 
hao ot<¡nenLi>J or communicationall>il'lt!i"'.- • 

2. lf lhe scnlcnce <onlainl ,..ordo rolo~nl lo lime, oucb 01 

"finl", "n<>l", "lhea", "oflcrw, ''whe~w, "oW'Iw, ot.c.., lh<11 
lhe module probo.bly hu •ooquentiol ot l<lZiporal b;t>dOtJ. 

l. 11 lh< predkalt of !he ocntence do .. n't ~onLain o ""lll< lpC· 
cir.c cbject ron-in¡; th• •crb, lhe module i> probobl~ loaicoJ. 
l7 bouod. Fw <I>Jftpk, Edil "'U Dala hao lof;óoal bindi,.: 
Edil Soum: Stotomenl moy ho~·furn:úonal bindin1. 

~- Wonlo ouc~ •• "iniLialiu~, "cl""!"up", ~1<. !mpl7 te.,.poral 
b;...r,,., 

Functionoffy IK>und lnt>du!eo u~ alwoy> be dcooribod by woy uf 
their <lemcnl> u>int • C<>mpoond oenlcrn:e. Dut if the •bo•e la<t-
1""~ i• UIIOv<»dobl< '*hile >Lill c""'pletel7 <kscribin¡ lhe mod· 
ule'o fut><llon, lhen tM II>Odulc i> prob.ably not functionoJiy 
bound. 

Q,.. unrnol•cd problom ¡, dccK!ing '-" W 10 di•i<k func
Uo""IIY bound wbfun<:t;.,.,,, Tho diwi>ion hao ptob.ably &<>OC fo.r 
on<><t¡h 11 <o<:h modulo conl>ino "" ouboet of tl<m<nlo lhot could 
be uoelul olone, O.nd 11 eoch module ¡, oonoll onO<t¡h lhot iu en· 
tire implcmcnLoLio<t cm be,,.,,... oJI ol """"· l.c., ocldocn iOfll· 
•• !/Loo> ...,. "' ••o -· ol-r<e <Odc. 

Obocnoelhol a module can includo onor< lha:l OM type gfbincl· 
in¡. lñc bindin1 bet......, •- demeDio lo tbc bi¡batlhal ...,. be 

..... ,..,, 
" 



• 



applied. lb< bir>din¡ <>fa module i1 lowet«< by e~ery ci=>E~~I 
1''' 111&1 d~• n01 eahibi1 funCI"'"~I bind•••· 

" pt<<hc,.,ble, or wcll-bo<h•••~. module io 0110 lhal, ,..h<n 8i•cn 
lh< i<lenucal 1npuu. op<r>l<l i.Jen>>e.JI' <...:h time it 01 oall<d. 
"loo, a ,..,IJ.b<ha•od module op<nol<l ondependenUy of ill en~•
ronmenl. 

To •~o,. <h•< d<J><nd4bl< 11<« h<>m enut>l modul<o can IUII be: 

unr«d•<"'bl<, con>oó<r on omll•lor mto<Julc "'"' r<lum• un> 
•nd on< alo<rn•l<ly and depend•hl, .. non "" callod_ 11 mo~hl be: 
u><d lo f"olowl< douhlc hunmno ~nuuld ol h•v<rnulhple u<en, 
'"'" """"Jd be,.~""'" '" e.ll u"" c•en numbet of lime o bdon 
r<lm~ui>hon¡¡ eun1rol. ShuuiJ ""Y of lh< """ ~"" an Otro< 111&1 
pto'<nt<d an '"'" numbcr of eoll1, all oth<t '"'"' wi!l foil. Th< 

• op<r,..lion of lh< modulo ¡O>en th< .. m< 1npu10 " nol con'"'"'· 
ruullon¡¡ in lh< mOOul< not b<on~ N<d>C'-bl< <•<n <hou~h <n-ot

lre< Modul" lh•t Aeep ""'" <>f 1hm own '""' "" u>ually noo 
r«do<Uble.<•en ""~'" <tt~•·l"< 

n"' eha,.~«notic of p><d><•~b•l"l "'"' o&n be d<>o¡nod U!IO 
module• ;, ,.hao we mi~hl Jomol> <•11 '"bl•<~-b<»nen." Thal io, 
lh< Ul<f can und<r>land ,.h>l lh< nooduie dU<I and U,. il with· 
oul <ao.,.U,¡ "'""' i• in.,de >l. Moo.lule ""bt.<io-bo•nen" <:•n evon. 
be enhanced b~ mertl) oJdont crommeno• 1/lol ma~< 1M mod· 
ule'o funeoicn ond "" tl<"-'. "l•o. • ~' >crirlov< n~m• ond o well
defonod ond "'"ble ,nterbce enh-.n«> • mudole'o u .. bihoy ond 
o hu o ma~<> il more of o bloc). bo•. 

• The O>erl><a<l in•nlved in wrilin~ mony limpie ..-uln i> ¡, lh< · 
••ecuoÍOII lime and m<mof)' ora« """'by • ,..niculor l~n~u•yo 
10 elrocl lh< eall. Th< de.i~ner •hould "'•li•• (he odve~>< <II<<I 
on maint<n•nc< ond debu¡:¡;in~ lh~l m:oy ruult ¡,.,, >lri•ins ju01 
fot minomum <><<ution lime ond/or memory. He ohould ols.o 
r<member Uu.l progr:ammer ~o", io, or i• ~piclly b<comion¡, lh<: 
m~ior ~o" o/ o pro~r•mmin~ oyol<m ond ohoo muc:h of Uoe 
m .. on«n•ncc w·oll be in Uoe futuro '"""" lhe lr<nd ,..¡n be .... 
mcte I"Do>uncnl. )lowcYet, de(><h<lin~ on !he """'"( n~<r- of 
<he l·n~u-.:e b<on~ u'-<'<1, !1 "><ty i">'>i~l< lh•l • ""'"''""~ ~<· 
"~" c•n reoult in 1"' eucuhon •n~/<>r ""mnry nverloe"d ,..,h. 
cr do•n m<>t< due 11> !lo< luliPwinf '"'""'"'"'"""-
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l. Structur~ d.e•i¡:n reduao• oluplielole c...t<. lUid ll>c <hd"'lo\ ....,. 
C>»t)' fot ;mp~c,..nU..; tunu-ol .,,,.¡l<bes.. obus talucin.l tbf. 
""""'"' cll""''"'mm<r·gCO>Ct"oted eodo, 

). OY<rlay Slruclutinaa~ be b.o>ed"" aclu.a[ ope"''"'a ehorac, 
uriOiico obl.t.ined t>y """'iDa; ou>d obletviq lile pn:os:¡am. ~ 

4. Huin¡ tnanY .;np..romc~;..... -~1<• al-. _.. lluibk, 
ou>d prc<i•<, ¡;nx¡J>Úo&_ pooubly n,.uloina; ia ¡,.., m<"""l' 
need<d 01 11ny '''" 1ime urxkr uverl~y <>r •inu•l >luroge con

llr••""· 

l. Snmc modulc1 ""'1-.IY <>CO:UI< a tc .. lifn<"-
2. llf"ouo>..l (c<TUt) fu""lk>ao ,..., """''he- nlled, ,.,.,.,..,Y 111 

uro uwcrtoeo<L 
F "' '"'"'"'Y ., • .,h,.,<l ) . (_o ole lur ~unth~ ''"'"),.:' Í• t<duocd <>1 eliu>irwl.:ol, redum>~o 

l. Opuonal lcnor t module• m") "''" 1>< coll<-ol on1o memory _ 

..,_ 1 • ,,. 

• 
'" "' 

thc """'""""'"'al <ool< "' be: ueeuU<~. 

"'''"'· ~n-. '"" ,...,.,,.,,., ........ Q, 





4 Hc;o<ól) "'"' iln~•l'• can be recompi!ed and ca!!s rep!aced by 
~ram·l"'' f. "lndu•h" .. •'' "rcrlorms" can be used in place of ca!!s. 
lH<>"'''"' 11,.· .. unple~ity oftbc •ystcm ,.¡u incrcasc by a¡ 
lc;o>t oto. '"'"·' """''UerMion ncccssary to Pr••~nl duphcatins 
da~• "·'""'' ·""' 11} 1he difficulty of creatin~ thc e'luivalcnt of 
call¡>.•'·'""·'~" lnr a wc!!-dcfined interface.) 

6. One """') '" ~"' ld>l cxecution isto detcnninc which paru of 
thc "''""' "'111><: most used so all optimizing time c;m be 
spcnt "" lh."c pam. lmplcmcnting aro initially structured 
dcsi¡;n ,,u., ... ' lhc tcsting of a wor~ing program for tho&c criti. 
¡;¡¡l mn<)lll<'' •.ond yiclds a wor~ÍnJ! program prior to any time 
spcno "i'llllll/tll~l. Those modules can lhcn l>c optimized 
•crar.oo,·l• ,,,u rcintc¡,¡ra¡ed wi1huu1 imroducin¡¡ mu!titudc• 
,r en'" ' """ 1 be o t>l of thc program. 

• Strucluted design lechnlqun 

]1" 1'"'"¡,¡,· '" Jo~idc the dt"l!" pm\:t» intn gcncnol prognom 
de"~" ,ond •"''·" lc·J dc>i~n a' fulluw>, ( ;. neral pro~ram de<ign is 
docidmf "'''" lun~oiuns are ncoded for !he prorr .. m (or pro. 
~"'"'"""" ''''"'"' Oclailcd de'i~n i' hu~· tu implcmcnt thc 
lun~"""' ll~e· "''""Jerat111n• "h..>>e und lechni'lue> that fDII<>w 
rc•ull "' ''" Hl,.,,¡,,·a1iun 111 lh< lun.:llon'. calling r~mmcler>, 
anJ lhc ,.,ti ''"'·'"""'hip' for ~ \lru.:ture of funclionally bound, 
•lmpl) '''"'". '' J modoclc' ·r he ,,J,ormation thu> ¡;cr.eratcd 
m.ü.c' 11 ···'"''' 1,,. "''"h mn<lulc '" lho:n ~e >cparately lies•~ncd, 
1111pk1H<nlc<l ,oud lc>ICd. 

lile·,¡.,,.,,,,,.,,¡ ~cncrdl r•u~oam dc."ll" Í> lu delennine what 
hu"'''"'" ,.,IItH~ rar .. metcr.. and .:all rdauon,hip• ~trc nceded. 
'>imc ft"""' .. '" depicl .,.~¡, . ., "" "h .. t ordcr and undcr what 
u oudll '' ''" • 1 •h ,, \ ' Hit ex c.:" ocd. lluwc han> unneceS>arily com. 

• pilcaoc Lilt· ,cndal proB!'"dm Je"gn rh .. .e. A more u'"ful no\.il. 
') ,;,.,,''!In '""''"'" chan. a, deocnhcd eadicr ""da~ shown in 
1 h~""' •. 

1 
1 

' 

,, •llucture chan and a fluwchan, considcr tbc fol. 
!""'''" ''" ll" ,,,IIIC lhrte module• In Figure 7-A whichcall• H 
"tm·h <.di• l '"")'"~ha' ~c~n addod lO th~ >lruclure e han 10 
~ .... ~k,¡,.. l''"l·•'' ll"""h"" 1<> t>t' dtt<rmincd: 11"1 ende will b<c 
nn'Lil<·,l ¡.,,, llwro C"•. lhcll A", l. ']u Jc,i~n A\ interfaces 
r•upt•ol\. 11 ""~'''"~'Y h• ~"""' lil.ol A¡, re•pnn>ible fur invo~
"'~ h. '"'' !111• '' il.111! 1<> de1cumnc ltom !he llo'Wchan, In addi. 
llon. lile''""'"'" .h~n can 'h"" lhe module connectior.s and 
•~llu1~ r.11 ,, 111~1 ,., ' 1hat are c.· no' ~1 "' lile con,iJer~tion and te eh· 

"''-~""'t...'"~ r•c•cnted hcre 

•• 
,., . ' 

""" !'101[} OLCo<.~ 

. ..... ' ......... '""" -· .............. " 
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!ion ond ono!yoio durin¡ J<nttol pro¡ram deoi'n io tilo oboefiCe in 
Olm<:tuto <h0l'1o of the decloion blnd. Conditk>n~l c~llo con be 
1<> no1N, bul "dcdsion deoi1nin1" ••n be defcrrc<J uniOI deto.ile<l 
moduk deoi~. Thio io &D eumpk of .,.,.,,.. lhe J'"~~ P""'"" 
lo nud< oimrler by h.!vin1 lo «"'oidor only f'•t1 nf lho: ~••i~n 
~rublo m. Srnoclur< <h•rU ore oliO '"""11 enuuyh '" ¡, wur~ed on 
on al o .. r by lll< dcoit"""· b<!p"'J 10 preven! oubop!lmitinc 
po.t1o or lh< "'"'"''" or rile copent.< of rho .,,;,.. ¡><nbkm 

A ohorteul for atrivin1 ll oimplo ouvctur<> io ro ~'"'"' 1M ¡en· 
cm fonn of 11M rqull. Mr. C:O.ow.tiM otnn-vcd lllot _,...... 
oftM acnenl IINCtur. la fl.au"' lrcoulrcd In th< ..,.,,,..,.,.¡ ---.. ·--·-

• 

.-:.: .. 
=)0¡0¡'":fr {~)p¡ ·' 

~· ·-~ .. ,_, _... .. .. . ·- ·~- .. ~ -· ... .. 
omplemmiOik\nl h "npl<m<nU th< onrui·J>"''"" ""'"'" l~pc ol 
~""''""'· "hl<h •pph" to mou pto¡¡r.mo, ••u ,¡U>< ··..,por'" or 
'"ootpur'" io '" oecoo.J•ry uor48< or to m<mo.-y _ 

In ''"''"''· lh< ""' 1<¡ " <)/t<n '"""'' lhon lh< ""'"'' onc 
Abo. soo"< mo•M<> "'"Y pn><htc:e OU!pul (e:¡ .• ermr 
.,., ... ,,¡ •nd """ modulo• m• y r<q""'' input (e 1, eucuoiun· 
um< f<>rm•• «Hnm.ondo ) 

Anolh<r ""'''""' u><ful for omrl<m<nllnl pon• of o d'"'" ,. 
lh< l<••••<lion '"""'"' dopocl<d In ~'""" 9 A '"ll'lln>oclion"" 

~ ... " ""' '""'· f«o>rd. "' ........ '" h>r .. hich .. '""'' '"'"'"' 
o~hl «•ull 1 "' «omplo. o '""'"'"'"d """'""' ""' '"" ""''" 
'""- Tho ""'"""' may occur olon< or n ono or "'""' of lhe 
""''"' (or ntn ""') mll<lulc> uf on inpol·proccu.outpo.ol otruC· 
"'"· A,.lyoio of Lb<: uanuclloft moduleo fono,., \llal of o lrllftl· 
fonn module. ,..hich lo uploined laoor. 

.. _, ...... 

Tht fol!o,.inl procedurc COll b< ""d to omvo lllhtlnpul-p<.,. 
ctoo-output 1<nenl ol....,lur< ahu"n prulously. 

~0 .... --
S«p OM. Tht nnt 01ep lo lo okotch (or ""'ntally considcr) a 
fun<:lioNII pklu ... of lb< prt>bkm Ao on <u.mplo. con>idtr o 
simulatiun oysl<m- Th< ltl<>lh otrucluro ol thio pn>blem io st>own 
in figuro 10 

S<~l' T•"- ldtnufy lht utemol cunccpt,..l SI ramo of dolO. A• 
~""~GI slru.m of data io 0110 thot i• e>tcnW lo th< oySiem. A 

co~"l'""'' '"'"'" of dala lo a ""'"' of .-.IOI<d dato tluol lo lndc· 
renJ<nl of ony phyoicol 1~> d<•l<<. f<>f lnolOfiC<. "" moy ho•< 
'""'"1 «"'<•rlu~ Olreoms t<>mín1 ''""' 011< Ho dcvice or DfiC 
""'"" <uminK lrum oevcm! 1/n dovk;<>. In our olm~ol.ol"'" •J•· 
'""· 111< ""<'n"l Cu"'-tPIU•I '""""" ooo 11•< inl"ll ""'"""""'· 
.,,.¡ lh< lunr ... tt<d "mulot><ln lh< "'"'''· 

_\Ir·¡• liuc.·. IJonllfy [loe m~~r Ul<m•l Oonccrlu•l >l,..am of 
d•t• (bulh inpul alld output) In lh< prolllcm. Then, uoinc lile 
d"'nom of the probl= ottuc~;tr<. determino. for lhi• .,,_,, lile 
poinlt uf ""hicbe•laboll"IICtioft"" ••In FÍJI>,.. 11. -...... -- •• 

)-;( 

-·-· 
-· ·-· 
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Thc ''pmnt el hi~h<>! nb>tr;o, uom'"- lur "" '""'-'' >!r<.om "' J.O!.o " 
lh< ruin! in !he pmbl<m >tru<!Lore ~ ho"' '""' da!" " ¡,,, """ '•· 
mond frnm ih rh~>i<•l '"""' lurm ~ti con lloll be •iewe.J ~• 
o:omin¡ in. Ht"'-•· in 111< oimui•IO>n l~>ltm, the ""'" ob>l~..Cl 
lorm ol the inpUI t~•n••<liun !lrt•m mi~ht be tht bou\1 matno 
Simo!urly, iol<ntily lhe f"llnl ""'" the dato"""'"' com r,,., be 
Yit"O<l •• ~oinJ OOJ!-on thr <..,rnplr, pos>ih!y 11><- "'"'" m.otri>. 

Admitlrdly, lhi> i> a >ubjccti•t >I<P- lluwt•er. "'~"'';."'" h • ., 
ohuwn 111«1 dt>l~ntr> tnoincd in lht l«hni4ot0 ><IJ"'" dolkr by 
more <lllon ene cr '"'u bloxlo ¡, lhclt .,, ... ~ lu lht ul>••<, 

Sup f'""'· Deol~n lh< oiN<Iure in l'i¡ure 1~ lrum lh< rr••'""' 
informalinn ,.¡¡h • ouurce mo>dul< f<ot <"'-h <«n<ertual inrut 
ll«~m "'hi<h ulo!O •• "'" p.Mnt or ""'" .b.tra<l inpul da~o; do 
linl ""'•holeo oimihuly. Oncn only >in~l< '"""'" "nd >inl 
br•n~;hn aro "'""""'Y· Tht par"m<l<r. 1'·"'"" '"" d</'<ndtnl 
on lhc prubl<m, b.ll the 1cnuul paucm ¡, >b.•wn <n 1 "'""' ll. 

Dc><nbt tbt funchon ol eoch module wilh o'"""· corw:iot, ond 
opc-c!ftc pbruc. D<Ottibc '"hat lnon•lormotOono occur "'ben lhal """'"'"lo coll<-d, 1>0l """' lht mudu,., i> imrl<mtnted. 1:>•1""1< 
tlot phr-'>< uloli•< to lun<tional bindin1 

Wh<n <>><>dul< A i> c:<llcd. lho pNftant <>t oy>leno U<O«I<I. 
li<"'-~, 111< fu.-.coion of """'ule A lo eqni•olcnt tu !loe pmbl<m 
bci,. IOioed. 11 ttlt pc-oblcm io k...,;te o F<IOntiN <r>mroler.~ 
tl>etlttlt lu~~<ticrt of module A lo ··c.....,pil< "ou •~N rn•~r...,:· 

• • 

• 

1 
1 
' 
1 

'"""'"" "' '""''""' '·'"""'' ............ ~ --- .......... """'" .. . ,¡,,,,, 11« "'·""l'lc ul n "IYI'><•ol un~lul< 1\" 1> --~el n<>l v,¡lkl 

"·"""' ''·"'""'"' <n l'ul"' '·..-m" 

Al'"'"''' e·, r"'"''"'" '" """'""'" lht '"djur input ,, •• m into 
"" "''''"' ,~urut >tr<arn 11> fun<lu>n >hmM bo: • nO(lpto><;tdutol 
dc-..:ur!-0(0 ur lhi• lr .. nofnunahom. hampl•• on: "ton•<r1 Poll1h 
furm >l;otern<nl 1n m•<hm< l•n~u·~• >t•temenl" or "u•in1 ~<)· 

""' d 1~>1. ,.,.,eh "~"'" 1 ~1< In o m.or<hm~ •""""'"_-• 

"''"'""' n·, 1''""''"' " d"""""~ ul '"" .....,.,, uutru• '""""' 
h-•norlt> '"" · produ.c «r<•n" tw "'~"rl•~ '"'"'".,_¡.,mulo, 

""" 
}1<1' 1 '" 1 "'<>eh ""''"' "">dul<, olentofy the "''' lr•n>lu<ma, 
""" n«<>'"'Y lo r">.l"" lh< hotno b<on~ retume.J t>y th•l nu>d
ulc. Then idtntll) the lorn> ol th< mrut jml r>~>< lo lhc lool 
''""''"'"'"''"n h" .Onl m<~l.,i<•. >d<ntll) thc: fw,o r""'"" M<· 
"'"'' t« ~'<t <!'"" •~ ott.- de.irod •MP<Jl on~ lhc: '~'"ltin~ ""'' 
ru• ''""' lh" "''"''' '" '"" r"""'n> ~r•h• •lnx:""" ,h.,-..n '" 
~.., ..... 11 

~<r<:<l ~'<P 1 ove"" lh< """ '"'"~• •no! •'"~ m<olult> """1 !he 
oro~'"'''"'""'" 10nd fon•l ""' moodule> orc rcochcd.lhc rno>dulc> 
m•r ho •n.oly10<J On any ordtr, b<ol OdCh m<>dulc '"'"''~ bo: d'"'" 
comr!et<ly hc:fu~ doin; an) <>1 il> oubonli""'"'- Tkrc ..--.:,..,... 
fortonal<b. 1>0 dt<a1ted IOidolon<S a•oil&blc lor dividinw 1M 
"""'form mo>duloo U>< bindin¡ ond ~ot•rhng ~onoidenoliono, 
oi« 1•...,1 onc PI08< of-'rt<J,and o..:fUI""" lote lhc:rc ..,b
lunctO>no tb;ot cuuld be u..:fol th•=>•h<"" """' cr i<o 1hc f<>!~"' 1 •• 
~uiddone> on IKtw lor todi•idc. 

Duti"' lhi• plwoc. ero Ot> 11>• oldc ..r di•idi"l loo ft~~tly. 11 lo 
otwoy• eaoy lo =l>lr>t b.ltr In tbc doslp, bul duplit:atc fur>t· 

·-·" ·--

CS o 
"' 

.. 
:1 :1 

• 
J • • 

• 

g 





_ ..... __ 
............ -·· _ .. _ 

1 • 1 

• 1 

1 

-· ---
'" 

u"ono m~~ not be idonu~cd lf lh< dividi"ll ¡,too co<ucnol"" "' 
thio po1n1. 

Thc follo,..ins can«rh are mello! f<>r ochic•on~ ••mrl< d< ,,. 
ond for ompl~' in~ lh< · lor>l·P""" >lnocturcs 

On< of th< mo>l uodol !«"""'"''fu< "'ducin; lb<.~-.>,,¡ 
ch.on~" on lh< r•n~nom io h> ma~< lh< >lruct"rc .,¡ thc ~~ "'"" 
ma"h thc ll"'clurc of ti>< rmbl<m. 1N11 io, fonn ohoukl '"""'" 
fun<li<m. F"' uampl<. cooo.idc:r o moduk th&l dblo • O<kpl"'"' 
ond o module thot reetiV<oo data. U reccivin¡ immcdiatelt r,~. 
lowo d"'lin~. onc mi¡hl orri>< ol duiwn A os ¡hown on ¡:,,.,,. 
1~- Conoidcr, """"'"'· wl><lher recci•int ¡, p.ort or dial•nJ. 
Síncc it ;, nut (JJouolly ), hnc ol.n ·, .,..n .. m.o~• nu" > u 

In d"iHn B. 

1(, In thio uamplc. d<1ip A we.-. uo.cl, cOMidcr tho cft'ect ,.¡a 
MW rcqui..,menllo llano mil imtn<diolcl~ oner <linllnt "TlH: 1" \L 
module r<colvco fit>l nnd c.nnot be uo.cl. oro owilth "''"' 1>e 
poucd. onnother DIAL n>e>dule hao lo be odo.Jcd. 

To 1he <otcnl thatlhe duipJ llnK:IU"' <k>eo '"'""'' ll>e pn>l•l<'"' 
''''""'""'· chan~eo 10 oin11c pof\1 of 1he r"'hlcm ,..,,a ia 
chan~" lo o.ln¡:!e moduln. 

Th< -" "'~' ,.¡ , . .,,.,,,.¡ of o m<>lulc io lh;~t mo~lul< plm all ,...~luleo 
..... .., ultim•lcly '""'"~; .. ,,.lo that m<>Juk_ ·~ ,~ ..... mrl< or 
Fifu,. 1 1. th< "'"f'< of conln>l of B ;, 11. n. """ E 1 h< ",~,.. 
,.¡di~< 1 of o dtd>ion lo 11>< ><1 uf oll m<>Jul<• thal conu"n oum~ 

c:We wl>tnc '""""'k'n lo boocd upon tl>c '~''"'""" Df 11>< okct· 
oiun. Thc oyotom 1> o.impler wlloea >lloe "'""" t>f oiJtct d • .le
el.._ io ill 11>e 1<opt o( COtLtrol of tlloe ODD>Jule «onlainin; the 
dtci•iO<>. Tb< (ollowilll cum¡>k nluwatn """'· 

... -. ....... --·-- ......... -

l . 

•• 

'11 •• ., '" 1\ "' ""' d«""-"-' "''" h ... ,. '"lo: '' !"'·''"'' >n A Tite r.~nocr 
"'''""'""'""'"'m ,.,t.t,,l ''"'"'" "' ""'"'"""' "'" "·'"· ""J ti>< 
1_,,,., " , ,., "'""' ,,¡ n·, """- ,,._,.. ""'' """' x 1 '" ,..._¡,k ·"
ll<irto<••·• ul dn"""' X '""'" "' JJio.-ultO<t e<><Md>IW ..... 
chon¡><' ID l"><>lh copie> \>-he.., •<> JL< '""" X "'"'' be cN>n,<d 

"TlH: ""!'< of .-ft'tcl can h< t>ro....,hl -..11biot lhc "'"""o( coatn>l 
corh<r by "''"'"~ 11>< <lec""'" <l<:~nol "upM., ti>< muctur<, or 
~l '·'''"~ lho•c mowhol« !h,ot •« tn th< "'"!'< ol cl'rtcl bul 001 in 
th< "'"~'< ,¡ ""'""' •"" ""., "'• u~-m .., oh•• 11><1 r.u woth"' 1.11< 
..:ore ni""''"" 

S"' ••n be o><J •• • oi~n•l h> loo~ lur ¡••>o-nlwl r•ublemo 1-o<tk 
<•«l~lly al ,..._¡ulto "ilh ''" '""'" f••• "' "'""' tt...n 11111 .... .,,. 
a~lc """"" >l•l<rn<nU Mo,¡uk> "'"h o .....,11 ""ml>er of """" 
"""" "'"~ n<>l rcrfurm •n cnt>r< fwo•lnon, l>en«, m.oy nol luoV<o 
¡,.,.,¡,,.._,¡ ¡,;ncHng V~ry >ttwll m<>Jul<> """ 1>< climin..l«< bJ 
pj.<••• 11><ir •'~'""''"'' ;. ti>< can~~~~: """"""''· l-"'11' -
mu¡ mdu~< mor< •h•n """ funclion_ A >.e<.....t probl<m ,.;u, 
lor~c """'"~' " un.Je•>'an<l~bolol~ an<l rea.l•hiUI~. Then il c.-1-. 
den<< ro 11>< l.oct tl\al • poup <A .t>c>ut ~ olillc-.ots b lile IIJ'" 
pc r lomll uf "hat c~n be ..,..,<red oro tbe l'lnl rqdlnf: al' a moolule 
lnlin~" 

Ofien. ra.-1 <11 • ODD>Julc"> funcl-;. 10 -ay "' ..U.:r .. ~oe~o il 
'""""' perform iu funclion. Thi• b ac:ct>rnpliohed w~h 1 returo 
<rror raramc<<t r pr<f<r•bly hi,.ry oaly 1. A mo.!ul< lha1 handleo 

""'""'' d doto mctl1 be oblc 10 >1pai end-of-6k IUI>I. prcfcnbl)r 
oloo wilh o binary -<Iet. Tbc .. pan.,...,,. •hould ""'·-· 
e ver, toiJ th< collor whtlo do~btml thc cnm or uw. Nncrlhe· 
''"· the oyolcm """ t.. madc oiPI{>Icr lf n>e>dulr;o an be d~ 
wilhoullh< ....-.! fao- <m>l flap. 

Simil••ly, muny mot.hol<• <cq.,ir< '"me iniiÍlllilahon to 1>e """'· 
An initi;ol!le tnO<Iule ...-ill wllco h11m tu-.. biad"'' trm _,..,., 
io lbe oim¡>lc., ., .... ,;,,.. h m;ry, h<,..e•cr, be p<>111ihlc 1<> clifni. 
nale thc nc..J f<>r initi,.li>in~ "'""""' compromioinf ""bbM:k-bclo· 
ncu" (11M: ,....,. in[>U11 "1~-,,. pnxlocc lhc ,._..,. OUII"'hl Far 
uomrk. o r-cad """'"k tb.o <lelc!;1o o .-. ... m cr~ur of r.lc--· 
op<n..J f""" ""';,e-ce., .,., ....... ...t r=<>ftn by <>r<ninc !he lile 
••J '""~,¡,.,, chminul<> IIH: nccd r,,. inotioli>olion withoull moi,.. 

Y'""'~"" intcma! olate . 

ll<nu""" duplo;at< fur><.l~"'' but ,,._~ duplio:al< ,,.¡,. ""'"'" 0 
fllf>l"~"' ,luons<>, 11 io O ~ .. ¡ 01han...,._ ID Dttfy ... , .. '" <h•n .. 

n '" "'" pl.oc<. llul if 1 """'""'"• D<cd r...- ilo -a ...,. o1 • .-. 
- ........ ,ion o( t;ad< claa;n !.lo¡¡htlJ. ~ will - be """""<l' 
w chan~< oevenl "'!ter n>e>duln •• ... ,n_ 
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lf o fiK>dult •«m• olmo•<. bul ,;.,. 'l"llt, uo<ful from • ><cor.d 
plocc m u,. 'Y"<m, uy •~ i<Jenrify ond ii.Oiore rl>< u ... r .. r ""t>
funcriun. The romoiJ>der tl(tl., m<.Jule mo;hr h< in<<>fi''""W '" 
il• '"'~'""' cullcr. 

Ch<c~ module• lhar h.a.., many callero cr lhot e•ll mMY ortter 
modul .. Wllile 11<>1 •lwor• o pr<>blcm, it may or><loeare "'"""R 
le><l< <>t mo><Juln. 

hol~" all d<r<noltncM" <lfl 1 f"'thml&r d41o·IY('<. rewnl ~')""''· 
inde>·Unn·rute. etc. in<><><'"~ minimum of mud<ll«. 1 h" m in
imite o rhe t>:«>tlrn~ necu•ary <h<Mold lh•t ""'"'"!'" <r«ofoca
lion ehan~c 

l.o<•k f<lf ""Y' lo reo.luoo rh< numlw::r uf f'l.rBh><l<r< 1'•"«1 1><· 
lv.een m<><lhl<> C<Minl <><r)' item po<<ed "'o •epnfniC ""'""'' 
1<1 ¡.,, rhi1 "h1wi>< On<Jcpendenr uf how ir .,.¡11 1>c i•nr>k· 
men<O<ll. !lo nor """ wl><~t t«<•nh frum mo>.hol< 10 n~ol~l<. 
but ""'' ""'Y 111< r .. ld .,.. r,.kh n<«, .. ry for ••<h m•~lul< oo 
accompl"h '" fuO<Iion Olh<rwo ... , oll mt>dulo• ~•11 halO lu 
chan~o if <>nc fiold copand•. nolher lhan o ni~ lho•• whi<·h di<«l· 
ly u•<d lh>l lidd. """'"~~ <>nly thc dal• l><ón~ "'""''""' ~) H1e 
1'">1"~"' \) •l<m ,.¡¡h n<<"''"Y <m>r an<l •m r-•r.on><l<" " II<C' 
uloim•l< nh''""' ('l><d honaoy '"""""' fn< ot.Joc.ol""" ,.¡ 
""'f"' .,r dlccl /-... <'1'<-"f-«<nlo ,¡ '"'""¡""' 

11••• 11>< ~"''""'"' """'~ l<>r<llocr an<J .,¡¡h lhc <onnplcl< '""<· 
luce ch.on. lf h••ncl><• ,r ''"' chot1 "'" """'~«1 "" '"~"'"''d\. 
«nnm"n "'"''"''''"'Y 1'<' "''""'' .on<J Í<Mnno¡"l<l>olol"'' ''"'"" 
f""" ~"'"" ""'""'" mook "luk ""'r , , """'''""" '"~' h""" lo 

" 

r 

. ~ 
f 

! 

..... ~" ................. .._. 
-

'., .. , " ................... . 

.l.n •umpl• 

1 he lull,,.on~ eumpl< illuotroleo ll>e uoe ol Olructured deo!¡;n: 

A poui<nl .m...,irorinl p..,.,.,. lo nc¡uitcd for • bm¡>il.ol. Eacll 
l"li<nl ¡, mnnito~ by an """lo¡ de•i<:e •hicllmeaoun" fac:t"" 
'"<h '"pul«. <emper.tW"'. bi!>Dd pruwre . ..,d okin "'sisl&nce. 
·¡¡,.. r• """'m tcnd• lhc-. '"'"'"' on o peri.udic bn<lo lop<oifoed 
rm co.h l"''i<nl) ond !llano the .. r ... tort iA • d••• t-oo ... Fot 
<>e~""""'·'"!< r-•n~ ¡.,, eacb facoor &r<" !jo<cilicd. ~··•·· P"· 
l><nl X"< >ahd l<nl¡>emlur< r-~n,_<C Í< 95 lo 99.S d<g .. eo 
l·;oh«·nlooil l. lf a (;o<h•l lall< nuh>Je <>fU pUient"l lOo[< n&n~<, Ot 

;¡ ~• """'"' ~n"'c lail<, 11>< nur><"o ''"'""' i• D<rlifird. 

In " "'"¡.¡;ro oaoc. lb< l''"hlom >lll<m<nl would enn<oin muoh 
nm« ,~e,,;¡ Un"'"""· lhi• """ ¡,uf oumeienl de111il1o ollm1• u o 
lo de<Í¡:n Uoe Slruelure or <h< l"''llnm. 

lhe fo,.¡ •t<r ¡,'"'""lino 1~ olrucou"' oflh< problem u Ol«>l .. n 
in fi¡;ur<: 16. In lh< .. cond Ole~. we idonüfy !be eolemal C<>ll· 

«1"<••1 •11~·""' ,¡ J.olx. In lhio ca«. ¡.,n Olreomo or< l'f<lletll, 
f.k''"' ¡,..., 11>< ""'''"' devOoe on<l ,....,.,.._. l<>lh< nur>.<. lhnt 

.,¡,., «t•«•''"' lhc """"' '"~"'' """ '"'lf'lll •tren m<. 

Fo~nt< 11 in<lio;or., th< po~nl uf ho¡clw:•l nl>olnoc<ic>n uf 11>< inru4 
""'""'· .,¡,,.h is <l>e !"'in< •1 wl>ich • l"'l~nú f.oct"" ,,. In ti>< 
fnrnl '" '''"" ln <1><· ''·"·' """ ·¡ h<• po>inl ,,¡ I1Í~ho•1 oh\lro<Ltinn ni 

'"'' """"'' '" """' " " '"' uf ""'·•'• looctut< uf un~ 1. W< , . .,., ""'" 
l··~·n '" ,¡,.,;"" 11><- !~'"''·"" ' ,,.,,..,,,.. '" m 1 ;"'"" 1 ~-

• 

. ' 
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• 



,,. 

___ , ...... 

~-~~,.... .. .. _, ·-· ... ·~ ... ~. -~-~ .. - -~· 

' ___ j 

In onalyL<n~ lh< module ""OHI ~11< ~ f~TIEI<TS F~crou.·: "'' 
can úcúw« hum lh< prol>lem Olal<m<n< <h&l tlti• func:<Oon hal 
<l>r<-< r-n• 111 D<<<rmine wb><h poti<nt 1<> ....,.,¡ter nclllbo...-.1 
on th<ir •p<«fittl r<riOOK: "in<cr>al• l. ( 2 1 Reod tht •••lo& de
~ice. 1 J J Record lh< foclon in lhe data IM•<· Hencc. we oniv< 
al lh< "ruclure in l"i~ure 19. (N<ll Y~~ i• •<1 if • ·~liú ••• <>f f•<· 
toro ""'' m~ hailo¡.je.l 

Furlh<t """'Y"',¡ ""M~~D \"~1-lU Wl m tA<""tfOK>'", ""l ""' 
U!<SAl t l ~< I<JR•"" OI><J '"1<01!1 V ~fAlUJI< {)! UN~~Ik 1 A<"· 

roa•"" yi<kh lh< rooullO •t.own "' 11>< compl<<< >lni<IU« <l111rl 
in Fi1un 20 

Nol< lhol lhc mod,l< ''KCMl t"ACT<>~S FRfO" TFR'""~I"" <OM· 

laino • d..:i•i<>n ~·k•n11 ""dH! we oue<e,.runy "'"d fl·um lh< lenni· 
n•l1"" Ir IIJ< n:.cl "'"' n.o\ Mo<<<nful, "'' b.,.e <~ ,.,,¡y ob< 
nune"• <IOiion and lh<n ftnd lh< ncol pO!Í<nl In r•<><<O< •• de
ricot<J in h~,.,.._ 2'-

Moxl.,le• on lhe \CC'f"' of <Re<l .~ lhi• Ú<<Í<~>ft ~,-e m..o '•d "olh 
•n X N••• llu.l tlo< «Op< ol <11«1 i• "''' o'"""'' .,¡ th< -.;or< 

-. .. ,,., ...................... . "'""'' .. 

·' .• 

of .,.,,..,._ To> _. tl>lo pn>blc011,- bwo lo 1alto t- ""1"· 
fáRt, we wiJI ........ lllo dtcisinco U~ lo> MllEAD YAUD SFT Of 
fACTQ.S"" Wc de 11\ÍO by rnef"JÚ!I "lEAD FACr(llS Fll»oo TD· 
I<I><Al"" inln ilO co.llift(l module_ Wc ..,* make "FII<D I<E>CT r~· 
l1ENT TO WONITOl~ 1 -ÍDIII<! o/ ~llEAD VAUO SET 0F 
1 M"l OKS." 1 l<r><t .... """' 11 .. otN<Wf"t in Fip~ 22. Thu1, bJ 
ol;¡dou1 •llerin¡¡ lh< "'"'''u'" and tbc f•noc:li<>n ot 1 lew mudule•. 
- ho~e ct>n>plelcly th..,;,.~ <1>< rmbl•"'-

Thc "' l'fl Hi<r~n:hy ct.n io beintl yKd oo an old duriq: ltnenl 
<J>ICDJ' <~e.;,n "floc: c.lfllidehlioa.l Uld letluriqyn ..-•seAtod 
hon "" uocful f<>r OYoluoli~l ollenwi.-c• for lhoooc pcniono O( 
lh< Oy<lt<'"l ih;ol Wdl ht p<OJnJIIIm<Ú <>n otnm¡oul<t. Th< CbnriÍftl 
"thni<¡~ uKd herc dopic:to mnn: dtlaih about thc •n<oofo<ct f: 
lhool ohc ,., .. , lli<,..rchy '""'"- lln bcililacu W<~•ódo.-..tinoo 
dorrin1 ,.,.,.¡ ,....,..., d .. ;,., nr <o<h in.Ji~id.ooal W<~De<l""' """ •. , "" .......... ~ .~ .... 

' 



• 



"' 

ohould ol>ow tll<m in !M .. ...., t>lo<L How~""'· !he HIPO 1/ot•·\ 1 
or<h~ ~h•r1 ... oukl 11ill '""'" oll th< funcbono in .. p.orate \ 1 
bjoc~•-1 ·r he outpuc of th< ~enu•l -~ram do<i~n " lhe onpul 1 
fD< 11>< dct~o!cd module de•i~n. TlH. .otl'<> tnp.n-rtoc«< '~"~"'' 
cO•n ""'d"l lm '''"''ihon" ,,n<J ik•i~non~ uch ....,..u le 

~''"'""''',t.'"'"'""'"'''''''''"' <uuh) he <t•<d '" "'"'~ r•" 
p ""' oh·"""' '" ,, "'"'' "" '"" h • """"''"""' " 1 he•< ,-,.,,,rt• 
"" "''" "'""' '"' ""'"·'""''""'m"""""' lu '"'"rl) "''" 
lh< '"~""'"""' uf "'""'"'d rro~mmm1n¡ fur M<·r•~< ,..~. 

"""'' 
1 1 
' 

Stnl<t"rcd <le""" red"'" thc eJf<otl n«drd In~. and m<Ohfy 
rro•r-•m• H .oll P"'"'""'' "'"' """'" in o form wh<<< thcrc 
""'un< m.-lule, ft..- eo;omple. \ohio.h mro<><d • , ... .,,J ""'" th< 

"'"""'~te~'"'" the key, thcn ch;,n~in~ ortrnlm¡¡ •t""''"· fllc 
O<C<" t<ehn14U<', folc blodu••· ur "" do•ke• wouid "-< ~rc,oll~ 
"mrhh<<i Anol if ull rro,.-.o~" "' 11>< '"""llatoon ,..,, .. ,,¡ !"'m 

O ~·••n folr "'"" th< '''"" n .. .Ju(<, tOon '-"" p«>r><<l) """"""" 
mOOul< v.o .. ld h>"< ,// th< '"""llat">n'< pr"~"'"'' '""'~'"" "'"" 
the "'"' con.,mmt< ¡,., tO.tt folo 

•• 

Howovor. th<« &« otO« """""'•&••· Uti~in•l <non aro «· 
duo<d when th< problem al han<l i< •impl<r. Eooh mo.Jule" «lf· 
contoined and lo <cm< <>ten< "'"Y 1>< pro,,.,~ md<r<ndrnt· 
Jy•o( th< other> in l<><aticn. pn~mmer, ~ ..... ond lonr""~"· 
Mo<lo~l« can be ''""] !><]ufO Kll p!U~Iammtn~ i< d""' hy 
oupplyinv "mple ··.,uh'" '"'"'"''' '""' n>«Oly return r•ofoionuU· 
lod ''"''" r.tth<f tiiM eakcul•tiñ" thc:m. MudUI<:< <ritó..>l '" 
mommy or ''"'"'"-'" O>Oihend e•n 1>c <>rtimiz<"d ''I"'"'"IJ ,..,.¡ 
l<intorr•!ed with IJtlle or "" unraet. An enlr~ ot rowrn tt•e<· 
moduh: l><cum<• ><ry l<~'ihle. )t<klon¡: o ~Cf)' u .. ful dch,o~~·n~ 
lO<~. 

Jtl<lorondont <>1 oll !he •d><ml.,~« P''"'"'"l) m<nti<meJ. '""''· 
\ur<d ........... ...,Id 'o/1 be .. ~ • .No lo ... ,.., \he fullowio¡o rn>~>

lom olnne. Pto""'"''"in¡¡ can 1>< «'"<"-'er«l •• on 011 wlt<r< eadt 
pro~r•mmor u<ually "•r1• wilh u biJonk '""'~' - l<<hnique<, )<<, 
but oto!l a Mani. oanva<. l'r<v~M>< <ool!n~ o< nfl<n n<>t u«ol ¡,. 
'"""' r«•oM" mudule• uu.•liY «>1!\oon, ¡,,. <>•mf'l<. '" ¡,,., 
t .t t on•l t r>ll . 1 r tho 1 lltl i< nN \he nn< no«l..J, lh< , ,,., .,¡1( 

l>o • < 1>• 1>< > «< >tlod "'"' , 

P•"'"•mmin~ o.•n l>c hm<>¡¡ht du\<t \o • ..:jeoc< ,.h<l< cuotont 
wor~ i< buoll "" tho """'" t>f earloer work. Once • m>wJt>l< i• 

"'""'" tn ~"'' " ''""'" hum ti>< '"'"'" !ole l'"" o k<¡. it ""'" 1>c 
u"'d 1>) oll U«r< ut the ~lo •nd ..-ed nnl loe rewrillon inlu encb 

'"''"' ~''" ...... ~ ....... , .... "" ... 

' " 

• •• 

....,...,,.~, '''"'"'lt<tued oysterm. 

~tro><tur«J d• • e<lftC<rlo ore not -· 111• wholo uoembly· 
liro< ioko i• onc o! tool.ott"' otmplo f,.....¡loo.o in a -y U..l ull 
"'"""'"' • oom¡>le«. cnmrl•• ruuiL Cin:uiloare ote.ipod bJ 
tnnn«l•n~ ¡,,¡,.,•hlo. lun<tounal •<o~ealo~ethor. nntl>y d .. i~n· 
i>'l' ""<¡,, utt<rr<LMJ ''""'' !'·•~< numl><nn~ i• lt<m~ <ncre•.,_ 
,,..,, ""' '""'"¡,¡~J t < ~ • • - 1 tt 1 1 to mtntmll< tbe .. ,.,..... , • ..,. .. 

"''~"" "''""" '"""'"'· ·~ th" e•pandong <>n< ><~tion ~""' 
no\"~""'!'"""'''«'"' Nh<r "'\"'"' Aul~m<>bile ,.,.,.,¡._,.,,. 
en. "'~'<> ~~·• lb< ""'" h• "'"" ltom oll;>red 'Y""" <l<m<nl>, 
~Mil) ob:."'l""<d ~·•n >~< c<>oof'l•ng ol ohe w¡ndobield ""'"'"' tG 

th< <n~ine '·"""m Juo '" eJfo.to .,r th< en~•nel<md on th< p<<· 

fottMne< .,¡ th< '"''"'"~ functK>n. Mo" nll>c< ""''"'""' ¡,...,., 
•tlll"' .. hantn~< uf '"~ating fun<licno. 

11 i• b<c~<nin~ incre.,in~y impol1ont to ti>< dola-pmc .. o;,. 
indu<try to t.. ol>k lo pmduc:e ......, ~ I)'W:mo onl 
l'f"'oott<e '""" ,..,)h fewer enon., o1 • t ... t ... noio, on1 in • ,..Y 
!hot "•oJifocotion< cun 1>< noeompliohed tooily •nrl qulc:ll~. 
Stnrclut<"d de<i~n tM<kltratiollo""" btlp aehie•ethlo JOOI. 

tttr!> 0\ llKI ~<"1-\ ~ .. n UMltNOll'.$ 

t. '""·~'""' .... - .................... , ....... , ... ''"·"""··~ ·-
.~ooo~or ....................... , ... - ... - -toa.,!<-- . 1. l. l_ r ... ,,.,... _tlao,.,. ,. 

" 
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• 

' 
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"" 
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