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MBTOOOLOGIA PAliA EL-DESl\.RROLLO De SISTD'.AS DE INFOR.l•!ACIO:<I 

Del 1 al 30 de Junio de 1 9 a 4 • 

Horario 

ENFOQUE ESTRUCTURADO DE DESARROLLO DE SOFTWII.RE 17 a. 21 h 

ANALISIS ESTRUCTURADO 9 a 14 h 

DISE~O ESTRUCTURADO 17 a 21 h 

DISEr.o ESTRUCTURADO 

PROGRA!'.ACIO:! ESTRUCTURAlJA 17 a 21 h -
PF0Gf!A.".ACIO:; ESTRUCTURADA 9 a 14 h 

CASOS PRACTICO$ 17 a 21 h 

'CO~!lO~ DE CALIDAD 17 a 21 h 

9 a 14 h 

• 

• 
• 

Profesor 

ING. JORGE I. EUAN AVILA 

ING. JORGE I. EU,\N AVILA 

ING. ALEJ'!\NDRO ACOSTA HERRERA 

r::G. SAL\"AAOR PERE;; VIRA!":Ol<TES 

FIS. RAYMUNDO H. RANGEL GUTIERREZ 

FIS. RJWW..JmlO H. Rll.m;u. GUUERREZ 

ING.' SALVADOR PEREZ VIRAMONTES 

ING. DANIEL RlOS ZERTUCHE 

ING. DANIEL RIOS ZERTUCHE 
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El CWCEPTODE SISW·IA Y SUS CARIICTERISTICf<S 

- LAS ORGAI:!ZACIOi!ES COI·IERCIALES 

- SISTE~IAS DE JNFORl-IACiotl 

- COtiCEPTOS SOBRE INF0Rio\ACI011 Y DATOS 

- EL ESTUDIO DE LOS SISTEMAS 
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¡,,, N:tivio:'Nll's ou<: E"<' r!<'r<•rrcll,•n f''H<' el rrorcw c'c dttos (lrn como rc­
sultrdo infom,.dón. L~ infonni'ción "" ~lgo W» rPOu<'rir:10f- l.es p.'rSCn.os, 
Jos .>nÍI':I<'l<'s, l<s oro?nÍ7<'cionPs, f'tc. que sirvE' F"' ouiN p] cot:'lf'Or~-·­
miento. fl1 nuestro ,.;so, r.~.~<~r<lo v~mos m~nC>ji'OOo nut·str~ ,•utoll'ovil •·stc: 
f!10S pron·sMxlo d,•tos, per~ obtenrr if'lfomN:iÓn c:uo nos prrmit~ conrlucir 
,,¡ ;•utOI:lovil <'<' )i' mejor '"'"'"N•'· r.• fo!T.I<' slmilrr, un;; org~ni7P<::ion pro· 
C<~Si\ G<tos p<ou• obtener inforli'I<"'CÍÓn 0"' guic sus ~rtiviC,~<S hrci" e-) 
Joqro o:'<:> sus objetivos. 

f:n ]1'S ~cli\'id<f!CS ÜP] ptOC'{SO ci<' ,j;>to,; )< Vrt ÍCÍf•'cio'n <'!<' }i'S [l(lfi<OI1i'S 

o:-s <;'?(';. d Íi'! m<')<>f ¡ <?O los Ftl S<" e sU~:~<> qll(" CPI e< CE'l <;()o¡. <'e l" fuPt v rlu 
tr<"hiljo osti" orirnt..-dr !vcir. c¡:;tr, <c~ividnles. PM<~ t<·rwr uni" it1r¡o <'!c Jo 
qw· esl<' ¡;orcf'r¡t,1jc signific:~. en los fU solo Pl 71 <'e J¡o fuf'rzil de tr<­
n.~jn est,, dC'CicOO~ ¡> li' ,•gricultur<>. fsto, r<>flej,· ],, if"¡;ort.•nci<" c!f'1 
¡:roc<'S<mi~nto d" drt.os <:<no !Xl~'> i'lt"tivJC¡.d fun<!mE"ntd <'n J~s orgrniucio­
nes rctuillP~ y s~ ¡!rh(' fun<'~"'<"ntd!T'rnl<'" ' 

- J PS nucvr ~ t • rn len; d" ,,dm i ni st r ,,do'n ( ;-clrr. in i s ~ r ;,ci Ón 
<:i f'r.t if ic<") 

En ];, siquirnte figur<" fV"<<<' vnsC' J¡o rPnt i<'~ e!<· t·n~i<'nOrs ron J~s <'U<' 
un,, org,•niMdÓn t.l<"n<'•qup rf"l<><·lon?f~<· y por ronsiguientr <1f'm<n<1,, d<' 
i n f o rm'"' i dn . 

Ac.ct~II1'A.5 

~NOrt">IO· ~(~--·· 
NIS"MI.S 

/t\· 
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~or,o ejemplo roc'('(:lcS rN;,;Jrcr ,;Jquno~ <."f"'ctcs ,?... l~s fonr.<s d!' rc!.•ciÓn 
!'On~idPrPnr'o c'no. mNlio~ ;rcr,irntc¡¡ <~if•:nnl<•f':l<'! tierd,, ~e ],- esquío<' y 
un~ :-<:>r'r·n.~ .;, licnd~s d!' <utoS<'tvicio. [...; t ¡pro,• <'le ],, "sauinl', segur.., 
r:-c-ntc J,- t~];:ciÓn c-on rl gohi<'tno cs ,;imrl~- -p.-.go GP C~'Ot<s fijrf'-; 
r•nn i" ~"un • ., r,;dc'n~ dr tirndrs srqur<-mcntr· <'S cmr!rjo -r!Jculos c~iv<~t­
~o~ FH•' <•1 f"'~" C<· cuot,,s· r<>r <')estilo rorlri.-mos <'~l<'r<ln esto hac-i" 
otros scctorps. 

l"red<'rid· Tr.ylor, Ft•'nck y Lil!.'n Gilbrcth ~<'MrrollNon t<'rnfr,•s au<" 
¡~·r!"lll<'t~n op•ri>r ,.,.. formi' efir:icntt' i' );os ot<.JMdZ.'cionr,;, l'Stts com;-
1 ituycn J,, b,.,~,. de Jo ~e se ("Onon· ccr..o té-cnk<s d" ?C'r.inistru:iÓn 
r.imt tf ic,.,. 

l.' <::lisponibilidr<l <!e ll' tccnoloqf;o d<• lo'3 romp.lt~dou" ~" ckn•n<:J¡-, " 
~Í~rio r~~ri' Sil USO. JnfOtf!li'CÍc\n C:UC i'Ol<"S f'r,• cl!l"i'SÍ<"<'O <"OStOs<' O Íl"­
prict.irn ~" obtrncr e-s M'or<: ¡nsiblc i' m c-osto r~so&hlr. C"on l•sto 
i' r-rec-iclo ln d<'m<'·n<'~ d~ este tiro ¡:e inform~cio'n. 

L.- infomrciÓn, es fundnncnt;;l'pr<- ('} !'CI"h<', ],, f<rr.i]j,, loo; n<'<¡OC"Íos. 
:.-s <>sct·r'J,;s, los 'JObimnos. <·te. y cu.,Jcui•'ti' df.cllo,; ~s un r;iStm:; 
¡l<•ntro <'el t'lk'l], cxist<· 11n suhslr.tc""'' lln""~" slstN!l~ dr i:lfotl"i'CiÓn <;U<' 
los Frovr" <'e infonr~·dón pni' l'] lt>Jrn de sus obj~:ivos. 

rl bomht <' P oh:c<·rvi rlo f'\lC el "'nlio crobi •·nt ~- "" r-1 · qu•• v ivc r <:nui u e org¡-.­
nÍl···ción, int<'f<C'ci<Ín y or<'en fl'''' fLJndon,or nir'cui'cl;rocnl<•. F;:;to, no t'S 
una cxC<T.-iÓn ··n otr<'S ;tct.ivid,'fit•>< Condr se <lcl'!lrWtJClvr, fl dr:>r-..•rrollo <'e 
J~ r•"tidr <!oblr en li' con~.obiliC.--d es tm<'l fo:>tr:1<' sistc!",'t.k.- tk m.•ncj<'l 
tr<nsncdor.<·s "" un rl"'.JOCÍO. 

- . . ' -!:i.•f' n 1 el on. 

fl tÚI"'ino sist<-m<'. se rPfierc i' ,_.., gti.TO orgi'niz,.;~o c'C' cmrorwntcs ro:-)¡-­
<"ion.-ilos fuo,ion,-,Jr.><'ntc <ntrc ,-,¡,Un sisrn:1i' f'Xist~ clcbiCo <que es Gisc .. 
ñc·~o p.--.¡,• ]og¡,'r l!I1 ohjr:t ivo. 
fl ('()(•r¡o t>tr.t,•no e~ un ::i><lerr""'· C"<JI':'f'.ll)nn <k ~squf'l<'tO,.•"r··r~to rcspiri'­
torio, •'Fr<'tO cina>lNorio, sistCil'•' nrrvio~;n. rte. so);"'""'~ <;uenc1o rs-­
'"~ suh~iSt<'rr.- ~e Pncu<'ntr?n funclnnNio c:lc- rvnnit <'Ootclin.'d~. f<' for._<> 
sinil-'1 r<>rlrn>ns h<hl''' <~e''" sl.-;tnn,c prx!l•ctivo y d<' ,;¡¡ org<'ni7.~Ción. 
re<:ro l'l'l dst<"lr:• cwp.u:sto r.e ri<[•'tl"'"''nlos intcrt<·l<cloni'Ccs ll~ll'<<'ns 
sutosÜ,I<f'li'S, 1\• hN·ho,cUi'lauirr co$<'1 f'X'o:!<' .-:onsl~ru·r~"' cor.>o un sist<:mo" 
,.¡ l·mbt<•,l<·s nr<pri?~<'Íon"s,l•'~" f~hrkr-s,<'l f,oJ, snn <'j<~>rlo,; de sis· 
t ('J!I?S. 

Ninc¡unn Ce lo~ sub~i><INT'I<'~ cs indr ¡cndlcntc r;,. los Cm;os y c-mrrlo cstrn 
rrori.· . .,,·nt" e('ot<) i ncdos po<!...,os (l('("l r <~uc ·el slst<'f11<" funci<'n<' <'X i tos,, 
r-.cnt<' y CLinpl<• con su c-ometido. 

--- ---·--·" --~ --~ --·---
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' 
fY' lo ~nt('t ior, poe<'tnO!: rkd r. "'-'" un ,;c;t<'r"l•" r!' un 9rl'f'>:l mg<ni ,,,fio (le 
<'OIT'f"JnCnt es ll f'm<'rlOf' nub~i nt <'mP/1 con j unt ,m.-nt" l ig ~<'<:ls d"' <<"u!' re"! o ;. un 
pl<'n p<>ri' el logro el<• w. objetivo. 

- tiem.• un rrorosito 

·tirno <'~tr...-:tur<> 

-t irn(' 1.:11 ccrr.rurt<miento 

-tir>rl<' un cklo dP vir',c 

• 
-r:lrsific~ción <l<• los sislemi!s 

Tos sistrm.-s <>n r¡rnrr,-,J ~:en rl<"sific:?do~. fX'' f') tire y qt,•(lo rl<' complr­
j i<J,-,rl, l'n ¡;if>t<emi' pucd(! ser rleterminístico o t:roh.>bil fst.ico y f'n c.-.c .. 
r~so sir..pl<', ca-rlf'jo o excesivmmt•• cOClplejc. 

lln sist<m•' nl que puede pr<-'decirs<•l•· su,; s~lir!Ps, <khiclo il que no"'" <'5-
V'f•' <"Uf' su coo¡-ort<'r..into v,•r!" es un dstrr.,• do trr..inü;rico. Por < jcr..· 
plo unB sumac'or<". 
Lo/1 sistC'm,-, ¡:;rot,,hilisticns, snn dr•¡,c:ritos "" trrmino" rlr ¡:rob2bilid<-r!. 
F'n ],; mP<'id.; cur <'Sto" S<' h<>c<'n exccslwm<"nte cornpl~·jc:;: !i' S«licli: s.­
""'-'lvc mn:o:< pr<-d('('ibl<·. 

- h'Pt csent llcion 0<' 1 o~; si.st cm< s 

r·n r•l tr,'h<>i<> c~rl ,'n<lisr,' el<• sistrn.•s, <'1 l'n.<limr <·qx~l<' ¡n<IN Grfinir 
,•] sisrc•m<o. Fl u5o <'< '" m<Y1<'ln bree f;>ci] visl.lf>lÍ7•'t l~s rPli'Cionr~ 
r•nt H• JC>s ¡,],fl'rntns <1<·1 sistrol' y C.• nxpl01i'r form~s qu<' m<·jorcn el cn­
tc·n•'imi<'nto Gel sü;t<'f'\11. l'n r::orf(']o ('S uno t('ft('SCOt<-C"ion F•1t•' un sistc­
""' ,,.,,¡ n pJ,-rn.•Nio. FJ o!rjN.ivo d(') r~o;o ck un r:>od(']o es sei',rln los el"· 
mmtos si<Jnlficl'nt<'~ y ¡,.,s int<"trcl<cioncs r!<' LJn !<istcm~ • 

. ~~.~--~--·~ --·---· .. 
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Alguno>: tipos <l<' mcdP)os .!lon: 

-r«!rlos ('!'<.1\l""'/t. Í<O<' 

-nu:lelos J\1ji' si st l'n'f'f; éc flujo 

- w<Yklos P<'r? SÍSh'ffi~S c!;t,;t kos 

-~eles p"J,, sistcr..<s d ir.-':micos 

L<o tPrxkncii' rlf'l hor11-.r<' <'5 cretr orgi'ni:r.-dom•s. [,, r.~zon, es nu<.' ~rln; 

org<nÍ7iH:ionec. ]?!> r:r<'" f"''•' <•l<:~n?<>r nhjP~.ivo!i que dr for~.,, in<11vic't:,11 
no Jogr?tii1. l'rl< oTg<'nÍZ.'CÍÓn ccmerci<'ll ti~·m• cooo ohjttivc" li' cor.wrci.:­
Ji7;•cicn clP ¡rOCUC'tos o E<•rvicíos out· J; dN;ifici' Ccr.~o cor:>Nci;ol. 

t., info¡rnrción crue !'OC mrn<•ji' •·n un,, orq,·niVIción c-oroPrrii'l f'-l€'c!<· clN;ifi­
,.~rsP cerno <'Ot~·llil quP ~" <J<'rlf'ri' r!r J,,s i'ctivirJ.-dcs intf'tr··'S de le OI'J<t 
nÍ?i'!<:ion(ínfotrn<'ciÓn into•¡n,,) y li' rrovt•ni•·nte rl<'l mPdio ,•mbkntc(in­
forl:l<>Cion "~lnn."). 

F:s ut.ili?Fd" p.-.r¡, ,.,unknl•• ,, li' 9••ntc ouc ''" ellr f<~JtlCl[\~ 
]08-objct.lvos que se· r~rf,igur•n P inst<uirlos en l~spolÍtl<<S 
y proCffÍmÍCfltOS I~<JUerfdos r•H<~ ('} )ogro dP ]oS objf'tiVOS. 
fs usNl<> f>Hil det<'nninilr Jrs ¡x•rn·p::ioncs y f.«lurciones 11 sus 
rmpl<:'rclos; ¡,, formr de"~'"'',, suc, clientes, <<'SfXJ.-.:1f'r ,, rr~­
grnt"'s nuf' sur<J"fl rlur~nte ];-. orx·rrcion nonr~'l "'" ¡,, <"l'l'FIC~.a, ele, 

r.~ Gemnn<1i' ,~,. inform;--ciÓn <'n urw orgi,nÍ z<>dÓn s~ P.n<:u~nn t. clc.si fici<l,o 
por.,.¡ niv»l dnndu surge. J'xiSlpn tr<'S niv<'l<·s org?niz«cion~lcs, 

~nivd o¡.,..rrcion~J 

- ni v~-1 ' ' ,.,;1 r M<")l<;o 

donCC" fA" tlcsi'ttoll~n Jrs ~cti­
clii'lr j,-s 

dondt• f-<' !':U¡x'TVÍ7P y p]~fl(",1fl 

J,•s ilct i vid<<l<•>; <liilr ¡,,, 

<lnnrlC' r-<• <'fl<'<l<'tLir," ],~ 2dn,ini"­
tr;;ciÓil <'k ,,Jto nivel y )¡o rl"" 
nN>cion;: 1Ngo pli'70 

-·· -· -- --- -------- ----'"------ -- ~ --· -----~--
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[.os objetivos ~n unr' orq,,ni7m;icli sr rnr:u<>ntr~n c)~sific,-x!os de ~n>e>rc!o 
" los niv<'h:<" or<Jl'nizrcion~l<'rl qut' f'Xistcn. 

-ohjrt ivo~ rld nivd or"ri"cionill 

-chj(>tÍVOS rlr> 1 niH!l \i;ctico 

-objetivos ,,, nivel ' . cstrat<>g1co 

p,;rJ est,•bl<'ccr los objetivos ~n c<'ldi' nivel, se rrquir:u• rk unil gr~n 
rM1ti<ln'! 2<' inforrn~ció'n. Pnre c~n,h)f'cN los ohjNivc,; dr vrntN' 02n un 
r.('(_Jocio, se rcouirrr conorer qu<' f~clorcs ir.flLycn rn l<s v~nt?s y Cctno 
se ffip<:'tl' que estos ftctorcs v~den en nl f"'tÍOdo P"'" el OU(' fl!cron cs­
t<'blcciüos los objcUvo,;. 

·f'omronentes i!<· une org<niz~riÓn ccrnerc-fill 

Li>s orgNli7,lcion<'S o::cnrrd,•J<.'s estt•n >r>r.lf1Jf'St<" <!t• f<'t5oni'S que tr?b~j"n 
H\ div<>rSi'S ;.ctivid<><1cs Jl,'mi'<'l~s funcione-s cco-:H'tciillcs, cst,•r, fu,¡cionrs 
Fu <><len cons id<' r ,, r S<' como wb~ ist f'fl'<'S y <:on5t. i t uyen 1 os comF"'ocn t·cs pt in­
cipalcs d<' 1~ org;oni7nciÓn. p,~ti\ he-e<'! l'U !t~b~jo Pn foun.- cfickntc 
l•'S pe¡oo~s h.;cpn uso de ,,:¡fkios, o•c¡uiros, u e·. 

Loo· canront-ntf's princir<l<l ,,_, 1n·· mg;·nÍZ<'CÍÓn mn los sigui<'ntc.<;: 

- vnlt<'S 

-poducciÓn 

· c-onttol dl' invcntt.r io<: 

• ront ~h i l i<'l ,-.el 

- j!Jt ÍdiC.o 

. !«'gllf idx'. 

- -~·- - --- ---·- .. _ _.___ ---- --~ 
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orgNlÍ'Rr:iÓn pir.-.rnirlcl 

. ! • . ! -f:strtJ"!ur< rlr LT1~ oTgrnr:«1C on CO!r.rtcr.• 

Ir> cs~rur.rur< dC' un.• orgrni?I~r:iOÍI corwrci~l <"> 1~ fonn< <'n !; ctx:,J J.­
~uloridiXl y lfs tf'ff")nSi't-il it\;<!<'5 se <llfltt ibt"JCfl r·nt.rc 1of" ('!nple~do!'i y 
]o¡¡ g~·rC'nt<'S, 

f.l r:oro¡corvmicnto r!P tr>il org~niu·ción t•st< ,¡N<nmiMt!o FOI sns prcn<li· 
mhntcw, Jos CU<'ln; rsrc<'ifici'1'1 ];c S<-'<'r>enci," el<· i'Ctivldi'C<'S CU<· dd>('n 
t<'<'li7¿''"" <!e ,•cuer(!(l ,, J¿s ~~itic~s dr Ir orgi'nl7.11ción F'll' <')logro 
r,., Jos chjo>t.ivos. 

Los prm;(dimiPr.tos, son guiMS ¡~'r<' los or.plrcdos •'CC'!c< é.- como c:'ch<>n 
rcillin•r sus trrN•s y son rn!rcl'rdos p•r;, rr,~liur ••fici<'ntm,.nte esr,•s 
:;.r<.~s. fl rnt_t('l1<"'1'1i<'r.lo, ES un.-- fonni' <'r tr~nSf<'rÍr infotm.:<:iÓn y e!<' 
c=rnrtir los h<n<'fl<:los dP lrs e~r»riPnd~ con los nuevos rmrle,'<los. 

L.' g• nPr r 1 ir!;<:' clP pr ocC<l ir>knt ns se· di et ~n C"ntro r'p 1," <>rnrn'l:"<" ,-unqu., 
;.J'!mos ~on c!ir:trd<Y.O fuer<- de ];. orc¡<>ni7,,cicín. Corno cjf-f'lp}o elE' ~slo 
h"n<'r.;o~ ci<•rto tip:> ,..,., t!mrrili!S <'d 90bl<'!nO. 

-l":iclo <'e vid< 

J.~~ <>St.odistici"'s en los f"li mUClst ran '"!''C f'f't~ ],es org,•nit<ldones comcrci.cl.-P 
los tre" primeros nños e!<· vidl' ~on <lificllf's, ¡x-ro rl•·spues d<' <'Sto J;o OlC!f"­
nl7,lcién ml'rlur,o y <.]CNll<' sus otojetivos. 1"\>spuc.s d<' \Tint.icinco <·fios S<' 
otw-crvr qut' l,;s ('mJ'tr'AAS tienr'n f?ll;.s y qu(' sus ohjHivos ya rcsulton 
dcmesirc!o viejos. 

--~---· --~ ~-----~ .. ---.C 
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Fs fn•co.x·nt<' <'n<:"onti'lr alto~ costos c1t• i'Gmin~str¡-,ciÓn ror n:n¡:;omnte>" <;U(' 
(•st<·n fu('r,- d!' su vi<'~ tlLil tmo ou~ <'ontlmliln <xisli<'..Co. p,-.,, r.vit~1 
t•sto, h·'Y cun tcvis,,s cnnstrnt'f'mcntn cstof; cor.l~n<'nt<·s y Cl~'ndo Jo~ oh· 
i•·t.i~-os hrn sido i'tlC<'fl7iHlos dl't-Pri' ,.¡ comr"<m~nt.- ser ;bol ido o tomnln 
,;ohr<' ntwvos objct.ivos. 

7eio-b.•s<' bu:k¡etinJ !'S un ej(lr.plo d.: l.l'lñ 

ciclo ñc· vi<:k d,, ur~ com¡:;on<>nt<~. 

' . tecnlci'l US<<'!i> f>"tll controli'tt el 

Un sist<."m< d<· inform,oci6n eP un comf<'O<'nt<' r!<e lJ/1~ otgeni7;•ciÓr.. :·u pro­
pÓsito, es oht~ner infonn.•ciÓn <'!en\! o y fuerl' Ce ¡,, orgi>ni:zo,ción 
y hrccrli' c'1isponihl0 ~tofos los otros c~poncntcs en li' fotmi' c~o 
•·stos.J,• d['I'1NVI<'n y t;mbi<'n pr<•Ef'nti"r infom~ción" Jos que S<' cncuer.:r;n 
foorc. en J,-, fotr:t< como J;, ne<:<'slten. 

-{lhjctivos 

los sist['Jci'S Ce informrciÓn tienen cano objHivo rúpon<lcr ~ l<S m>ccsi­
d<dcs d<' infol'lllrción er, los tres nivelcs organil'.<"Cionnles, L:. informcciÓn 
<'che ~~ rresf'nt?rl~ el li' form,' ?c'Prtrrdr l'"'!il i'ouellos quP ]J r<'c;uicr<>n 
( t <'K tos ,g <Cl f i r ~s ,g r nb,,d enes, etc) . 

[.il informocio'n ri't!il CU<' S<'~ thiJ r1rbr rr~~<~nt~JSP r•n Ll tJUC]Xl i'r!Pc~rJo 
y estar disponible E> o.n rosto <<'lWni'hlí'. 

• 
-<"omroncnt<O'S <.!" ~,r~ sistm.<! de inforltll'ciÓn 

r.-ch.,s,ri'ntirl;vJrs,nomhrr:;, son rjrnrlos flt• Celos. tos cl<tns son ,•clquirldos 
)"01 rl síst"""' de su mr.:lio <.r..bicnt<' y estos Ci"tos son C(lllOCidos como 
rntrMJ<:s nl siHtf'1Tl~. Un ti¡XJ r>'rtkuJ,or n~ c,-to f'S ],• rNolimcntN'i6'n. 
r.,tos qu~ tf'Slllti!n rl•· L'.~ ""tivi<"i'<lt•s clc.l sistnn,, ú• lnformllciÓn y Cll<" , 
son !01'1<'..-los rcr.~o cntr,clMl o·l sistr!:'k" son ll;mx'os (!¡-.tos e,. re<>llrn,ntN:ion. 
!,,> rc"l imPnt,oción <'!< imrort.•nt<• ¡:vr;> n:c-Gir Pl /)(fto n~ 1~ org,•oiu>ciÓn. 

r'tro ~ira Cl· rmporwntc t'f' p] sistcmél !lc rrOCI'SN'li•·nto d" Crtos, con rl 
cuol f't' ni'niruJ.on los d,•tns. knt.ro dd sisl<.'rM rlf' informl'ciÓn poerlen 
cKi!;tir v~rios si,.,t('fn<'S f!<~ rrocesa.roirl'lto de Dttos. 

fn los sist<'~<'S dP proces.'nicnto d~ (lutos Gon J,,s gcn:t•s quienes proco'&'n 
Jos c',>tos, ;:.uxilianclo&· rn <>lg~,r~os c.'roE dr rn.!'c:uir.os COI:!O pxlri<" Sl'< un.> 
comrut«<:!o r"' . 

• 
---·-··-·--·~---~----·---- ----. 
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F:l terc"r corn¡xmrntr son los Ci'llill<·.s !"r ca:lunlc<>CiÓI'l entendido cano los 
mc<:"ilnlrn<'~ ""'' r"rr--.:t." ¡;,-,, ;,,rn,;;¡,•i,'n •'. ''" ''""'[>:'<'01•:, ' ' ,,, 1':""1')0 
<\· <'-~n:•lcs <k roMJnic,·rion ~on ,,¡ roisl'""" t•·lcfÓnico r!f' l~ etqrni7i>ciÓn, 
<•l correo o nnlS.,jcr{i't, mm1or.~ncilli'.S,5<"n>fn.•r ios. rte. 

!.-, fmr,.- '"<l"" •:lf-~nntf'~ slstc¡r.~s ele poc~s.~mknto <'•· r';to.s estn1 reli·cion<·dos 
unos con otros y <'on los USU<'rios constituy" ];-. rstro.x:tur<> df'l sista:"'" de 
inform,,ci6n. 

• 
f:) comrort~mlento cue se rs¡:eu <'e un sistrm.o Gc fnformtciÓn ('5 ()U(' l(V]t~ 
Jos objf'l:ivos <it• lll-nilceni'mi~·nto cl" inf<>n:t<'ciÓn y que provc,, e'!<• inforrnécl<'n 
il 1<" Of<F•nluclÓn ('11 li' font'l.o, U('J!!p:l y costo que resultr "Prori?<lo. Pi!ril 
lograr cst<' coro¡::vrt<-nlcnto S!' rrquler<' del c::;ubll'cimi"nto rl<• prC>cc.:!imiel'!to"· 

TC~tifici'l~ 1< fuE'r.tt> Ce Jos d,•tos. los cor:tronent<'s Cel Froccssdor d<' Catos 
flilr<'' [.cr utili7<'dooo y c~ciflcrr l<> forrr.~. ••l C'osto y ni ti<'ltlfO de li' 
info~ilciÓn constituyen los proci\dimicntos 01~ gobiernan el comport~iento 
del slstel:l.'l. Los e!:'ple;•dos de lvs org~niucfon('S SO/' usooJ.,cnte entreNdos 
f'n los proc«limientos requeridos por 11' orgroniZI'don r<~ra el manE' jo C'C' ), 
1 nfo111li'C i Ón. 

-Ciclo de vid<> 

COlllo unn orgilniz.1ciÓn est;~ Pn Ci'l'lbio ("Cmi'nPr.te, J,•s necQsli•d<•s dt> infonn;;cio'n 
tmnbif.n. f..il vi<ln de un sistcm? ele informc.dó.fcrs~ cuarrlo H' ckcid(' CUf' 
]~ n<:'C:esid<"<'l<' <'.e infonni'CiÓn Y" no Pxiste. 

- ' rcwnc!o un ¡•royecto :;e lnlC:ill n.-·c<' un slstmn de lnform;ocio~y cuardo <'Ste 
tnmfnil r.:ucre ('} sisl'-""" dp lnformec!Ón. En .~lgunos c:.,sns pucdf' 1:1odr rnrte 
<'d slStC'm,, o todo -"l'!t('S que el proyrcto trrmine. 

-f:jc'lllplos 

,.lglXlo5 <'jrmplos do> si!ltem<'ls de infom.1ció'n son: 

.. 
inforTr~acJon conUb!~ (C"Oiltilbili~i'd) 

-slst~T.~Z dP. control df' invcnt,;rios 

-sist"""•' d<' ct•mtO'!S pnr cobr?r 

--- --~-'-· ------'--- ----.. "----- ~-

' ' 
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-otros 

-f'hjctos <'e inform,•c!Ón 

f:rttlil,"dn:,- Unv F'fl<' <"!O'~nci~l r~'n' conducir l;s ;-ctivi<'t<'c>s ''''en,, <Hgf·­
ni7i'dÓn N: ohter>f'r inforn:«•inh ;or<•¡c.• d<' IN: cntic'.-<'n; ,- J,-g n~1]<'f> 
¡;Jrv< o ~<:In USN!;.s por]; crg?nÍ7J>Ció'n. :'<'ln <'jn"!rlo t'r <'n~iGt'C<>S c>n o.:na 
orgrniuci6n """'nci<l lo::o c1i<nlr!', !os dl"-'ños, :os proc'uc~o5, lo!: 
<'rr.plec.<lo,;, etc,, Fn otrils f-""l<bri"~ une> cntl<lu~ es una r~rsona, co~.," 
1 V¡ N . 

fV<'r.~os.- Ot<O ;-specto ~S<>nrid <'5 <'l c'c ohtrr.cr inforr;,.--cién JO-ohc :e-s 
¡·v<ntos ouc ocurren Cur."nte el cur!"o cir l<-1' op·r~cion~s en unu org~ni-
7;'lCiÓn. l!n Mlf'nto <'5 un~ Cof""" mm sucn:;,. en un t.i<'rr¡o rc•rticuln. f<:m 
"i"'"rlo <!<• cvrntos ..-ol":rM un~ fN't.tJri". p.-.gNlr •' oo mplrac!o, i·Sf'(!Uilr 

''" cruipo, moc1ifien el rr~cio •·niti~rio dr un i'rtfrulo, etc, 

fn l<>s orerN'ÍonPS c-om!'rc-ialf'S evento.; cu!' r<"~Ult<'n ror r.l intrrcrl"bio C:c 
vc-~or"s son llfll:'i'<'os tro'nS<c-cion~s. fl rpqi~tto ik t<rnSi'c-cion.es PS! ccrr.o 
f<" otros <"Vt'ntos o;on us.'<io~- P<'f" ~cru..·Jiznr !tgisttos r1<• rntiCC<l<•s t .. 'lf'~ 
rm'o c,or.tiC;v' rn ''" invc-ntMio, prP<io unit,'rio dr t·n rnx'ucto. ~tr.. 

L"s entict;xks y cw·nto!l. p<Jc.Ocn r-<'r HTOnociclc-s. n·co!drelos, y el!'scritos 
en t<.rmino~ el<"' sus ;:tributos. Los <"tributoP. son ~e<""t-os ac<'rc< Ce- l~s 
rn~iC<vks y evrntos. l<lguncs ti¡:os <k e tributos q!J(' c-xist<'n &m: 

-<'cr.cr i r·tores 

·lorrl l7.N!orcs 

-·--

h<>cl10~ us~<'cs p.-r~ clistin<;uir 
objetos el<' infotl'll'cion Cc- mo5 
"otros. 

h<'C"l-,m;; rclccinn.-dl'o. ron¡,, J'<"'rrr¡ 
don Cr los SNll iclos ;:crr<:l" <'<' les 
objN.os <1

(' inforroécion. (rolar, reso 
<'5t<.turr, •• ) 

),pr)'()~ OLJ<'> f"? mt f t (.'r, df't. N rtl j !LN d 
l LI]Jr <'<me'<· <'] <vrnto ocurr<' o 
rosirloo d<' l< entiG,..C.(c'irrrclon, 
ciJ,frt:lo.c.-,¡ 11.~ ·''r<"r tC<io ros~~l, .. ) 

ht'do" qup r<.>rrnltrn dct<·tnoln.>r d 
rom>•"l1to "" qu<' oc-urr<' uo <'V<'Iltr. 
(fcrh,-,ho!<· c!p] tlif', .. ) 

·~ -- ~--· ~--·-- -· ----
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l!r-rlns cruP. f'~rr:-.itf'n r!•'S<"tihir ln!< 
,.•1rdonrs CUi' rxist<'ll f'tltr<' cw·n­
tos o cnt idN'l('s. ( r--dr <' , h i jo ,<J (•rer.t e, 
sut:or<" i n<<lo, •• ) 

h<'d•o~ cue <h·tf'tmin~n 11' m.-nf'to' '~'' 
11' n~o1l rv<'lllns y <'nl id;~l<'S r5tNI 
T"licion<><!os ,on 1.- nt<J<'IlÍ7,--C"idn. 
( cJ i<-nl f' , r-mp) <•<do, r• OV<'L'<'!or , •• ) 

lwd·ns Q\lf' d~r.{'"rit.f'n d PSt<<"o de 
('Vrnlos o e<ntic!i'Cf'F.(r(>,-,<'!i<'ntP, 
"" proct>so,rntrr'qrdo .... ) 

Pstos ~tributos. son u~.-fns f'rl <:Cfl'binr<"idn r·•r< cl<'~<:<ihir cornplHrr;,.·rJI<' 
un ('Vcnt n o 0nt ir.;-'!. 

• 

· n,. r ini e i """" 

1\.•lo.- Lo~ <l~tL'S, ~nn )<'d•a~ qu,• r'<sccrlh~n cvrntor: y <•nti<:<d<s. los c1.-tm; 
! ' . son e<run r::xln~ po< VM ior: tlfN> d" nmto)os td<'S ('Wio ¡, t rn;, run<>to" 

rlihujos, •·te, ¡,, cornhiMciÓn o Nr<";!lo df' f'S'oS símtoJos pernltcn 1~ 
rcpPS~ntrcioh r'<' '--" l•<'d'<l. 

TnforT'l<'Cio'n.· Le. inform~rio'n, <S Lm< r·ol•·ccin'n d<' d"tos significrt ivos y 
tPlPwntc·s ouc Gescribrn <'V<nto<. y f'ntiCrd~:. Un di'L'O sislf1iflc;otivo f'S 
'"0Url ouc r:onsist<' df' símt:olos t<'C<>ncc:iblrs, <'S romp!<:to ~' <'Xp:t>S<> m,~ 
lcl~r no ~rr.bigll'l. L'n clnos rd<'\l<'flt<' PS •'"'~] cue ¡'\l<'d(' "''' o.1.•;.ndo pare. 
('!,,r rm>f<J('Stn e- L!na f.l"'JL!nt~. 

¡:('<)istro c'r ¡,. informl"cidn.·F.l l•rd-o "" rrqislrM d.-to!'; s"l•·nos pi'r<· 
r<'f<:'rfrlí"Í<"S futt:rM' <'S llcr.~"'o Co'pt.ur;; <l<• di'los. fs¡•...-¡,.¡ ; ¡,, cq.tur" 
r)" drto~ <'S,¡ r('qistro rkl ront<>xto, <'l .-url <'!<'hr H'< t•xr·J{cito y t•S <'1 
homhn' r:tlicn los pro¡'<lrcion~. rl Cl'nt,-.xto p;·r~ un <'N~-itr~ 1.-,,<:Jpr,r dr 
I'Mi'Ct<•n·s o r1<>to ~~Jn~riro) ("!; frccucnt!lnrn!P ifl(lic-N'o ror "" nC>Trt•rc 
F.j..,-,r~o: 

nomt--rt> <k un 
clrt,•·itcn• 
lmnt<'xto) 

"''lor CP un 
clrt ,'· J t cm 

I"•'SCUJ jr.o 

" m<' reno 

\iNto 1ip:>'f',. inforrvcjo'n t,'] cano nomhr••, dir("("riÓn. frd.,• son lle­
r-r-c~os cr¡rupN---ionc-5 .-!e cJ¡-t,'· itf'l"5 y<~ CU<> c-on!'iStPn d•• ,,--,e rgrvr<~ción 
el<· rlrt<--it<·m~ <'l<lr~ntrl.---~. 

l'j<-mrlo. 

---------· -------------------- ·---"---· 
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~no 

. . . . ' 
ll<'<Jl!'tr<>.· Unt colcccrnn e!<' <'l'lo'··Jt<'TI'~ qn<' cornr~"tt(•n LJ.I' C"ontPxto c-omun 
;-c...,rc~ el!> un0 ('ntic!i'd o cvcn~o f'S ll<m~d;. lll r<o>gist.ro. lns rF<JlSttoo:; 
ron <>1 objNo de f,,, iJit;,rJcs su i<kntific<'C:iÓn ~" lrs di' on nc>rt:rc. 

· Forl"atos 

L,• fc>nnc c:ortrl,lr•cirl.-, r•'l•' r'r·firdr un rf'<Jist-ro <'S Jlrmrr'<. formrto <'el 
rNJÍStro. ¡,,s c<r<'<:tN{st!c:~s r'r- l'l1 (!r.tc-itf'm (<'n <:!''"<:<so t<mbl,:n 
~ l i'T.ll\"lo U1T'p:>) <y<' drl'l'n i r<l kili S" f'n };o f'q'<!ci fi<f'C iÓn <'l'l forrr,'to 
,-;on: 

-ti¡x> 

-!rdoivcs 

·f<' 1< .,;sm/'1 fortv' Ccr.KJ Jos c:~u- itNos S<:>n Or<Fni7,,r'os "'' n<¡istros, <'Stas 
'"' org?nÍ7.iln "" <HC"l>ivo~. ru~IT:o todos lm: rC<]i5trcs r't·l nisno trro mr> 
•'<Jrllf'~do,; "'''"'''sol~ c·oll'cdó" <'<' informrrlón, L~ r:olcc-da'n <'>' l)r¡r"·r~.­
rrddvo. 

• 

·~-~- ---~---- --~-~·'- -- --~--
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f.l cnfoau~ ~r sistrm~s(R~) <S r.osiblrn••nte l<" tknic.- m~S util iz;ci,' ,.,rn 
<'l e>stc1(1)o <k los sistn:vs. f.l 1-1> es un ¡croccso <:k <ks.•rrollo or<!,-n;;do y 
~r:<" 1 f: i ro OI.IC! E<" ru<:><k ut i 1 izar c-or.t i no.J<.m<nt <: p r a NJ<;] i 1•'1 . ev.:--1 ...,, r y 
f'iu;¡mstirN 1< n~t.ur.;lr:?;, UC' un sistrm;,, ,,~¡<cm<> Jo¡; rcsult<"c!os de su 
<~c-semp:'ño p.,tr <'ñfll"r todo lo n<'CN'~rio a rSt:~s fimw y prOVH'r 1<- r:ont i· 
r:U<' ,,utocorrcC"dón f'f•l fu:>cicrlf'miPnto <"el siSIPm<' <":"on el po¡o'siro d<· 
,c:c<>n7nr los ohjctivos propK'Slo!>. 

-Pi'Sos f'Fl cnfocue f'r sistEmas 

F') rroc-<'~<> ,..,. l'nw•rrollo rucr'<• r<'sumitse f'n l<s siguientes <>l<r>'n o 
f-<'505. 

-;n~l isis 

-<'n<<nol lo 

n F$ <'S llt\ mn.o<'o C\.Je sitV<' rA''" <'!f'm:uhrir Jos prohlfP<S mdst< nt·ns en 
e-l sistu;-.;> f.~n- el•T;ir o discn.cr tnt•jorrs y T•<""rrnos rn:urros pn.• ~¡cn·lo 
fU:nc i on,'r ~e' f'<'Uildl<rnf'nte . 

F.:l rs es un rvnto <!<> vistn de ;ctu~r d..- m.'ncr,, loglc,',ordL•n•"'" y ci<>nlifíc,•. 
fs en f'Ste S<:'ntido oue el ES su o¡:onr r li' conjNUri'l, inlucion o al jo.r.io 
Fut":jcl ivo gue t,'n •1 n"<nt~o es U!'~do. 

F:l m s!' hN""" (""] los 5 piiSOs fund<'r:>f'fll~le" ,o,;tr~dos ;-r.t<•r !rr:.f'nt<'; l;os 
;-ctividc<:f's que se d<>&'rrol1Nl <'O e-K!? r~so ¡ocionos tCSIII'litl<s en fom.­
S"n<'r<ll <'<' ); sig<J!ocn!<• mrn<>ri': 

f·nhisis 

· h' dC"~;¡ ih<>n <:,·rvJo <'C'I ,·])<•s COOC"II"IOS y l~l i) <"S 
t.odi' J,, infnrrr.u:iÓn rc<'<r"l' !'i<'l sistcmi' 

•s.• <!n;cribcn los proceoos y sus <;n,'rtcrÍsticrs 

-lrs s;¡J idi's Sf' <l<"fincn.idrnrific<n y Cl.lo"otifJc,-n 

- .. -· -· ------- ·-·-·- -·----"---

' 
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-],, <'Stf'-"'tur;; llPl si!';tC/:1;> ~" c'1"~1,ibr f\1¡,- rc-l~r<r 
ll's n·lPcionrr <'nlr<''los r·<Xt'p:mf'ntc•s 

-<·1 ,-r.hil'nt<' n~ dl'finc• f't'ti" i"C!,-rN st· 
r·cm el dsto·r 

1 . ' ntEOIPcc:on 

' -t•l flujo r..- info!Tl!'don '*' r'!rfim• y <'r. <'Sf"'d•'l 
los mrcrnismos C.· re<lim€'nt<ción 

·lirJ<~lr.a·nt(' se nsttrlill lr r!'),,ciÓn 'ntrr l<s 5,,. 
J ic!~s d< J sistrmC' y los objct ivos y n>l"trs 

IX·sctDrimlc>nto d<' rtohl<'rnrs c!cntro rl<'l si~tl"r.1il 

el dcscut:rimi<'nto C.- N>Or.l<•l{l's r!mtro <'C'l sis:crr.· 
constituy<' 1"1 <Sturlio mimx:io= r'!r la 'mi"nl"t•' <'n cuc• 
('] sist•·M•' loc¡r~ sus ¡;rJic!rs, 1~ <-'ficN·J,., COI'C:U<' 
lo b<'c<· y C'l go·do ql.l<' rlcrn7,, su ¡cnciir.~irntc • 

• • 
' . . 

\on d ¡-,;Jisi!' SI" lo.•n rl<'f'<'<.hiNto f~>)Jcs en d s!stnn<. 
y (~J P'""' r.igllio nt<' "" rlis<'fiM nuevo" r.1ÚoCos f'-'''' "' 
sistpm;-, ~~un~·' 1,• n.;tural1"7~ "<-l rrohlrna d f.iseño 
PJNlC' CCf:'¡crC"rrln· í 

' ·un nucvo si~tcr.1<" 

·rMnbio . ' <1(• <'OI"'["<lfJ<';' t ( r; 

- c;mbio "" J;os ~ntt rc:l~l< Yl? Ml idrs 

· c~mhios r·n los procN·o~ . . 
f'i!ti' )Jcv;r ;.c,obo e,] <'Ísciío, E<C ¡rc•p11r. llll ¡•J,on c:i(t,"l,l<'<~O 
con lo<lrs ],•s e.qx·c::ifi<-;cfonrs ,,·ouEridrs p.~u r'or'ofic~r 
¡¡J si st""'"''· 

f<>Si•f!Ol)o 

r-ol>n· l<· h<"sc dt• los f.isoños se poc,...Jc <. li• construrcio'n, 
t'<lifjc,-.Cl<in, ex¡:Jic~{']Ón n Jo"''"~~,.. nt.•rn:;~rio r<•r~ f'l 
tle&'1rrollo df'l dstt'r.)l'. 

l!l t r tr.l< n t aci rÍn • 
l'nr w·~ c¡u" s.• h;o dc&·rrolJr<:'o el nti('"VO CMlp;>!l<'lltf', Pif"' 
11'<'01<>, poccr·o o ni,-;~f'rr.r dchr inr·or¡uri'HS<' r lo Y•' cxis· 
tont<'. 

' . ¡ .. , insr.n~.mt;>('";On 1n;uio•r•· rjcJ <·m~hlcr:imit.•lltu ('i(' pin 
ri<l<<lPS 1' Sf'CU<.'nci~ <!<' ¡;-.sos P.''" in<"orror,·r ('] nt~'V<:> 

• 

• 

- -----·-'----~ ----- ~--'---
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dPTI'<"r>:o, yi' GU(· si S<' frr.c,"&" l't\ lo' instr<.n<'rLti'<:iÓrL 
los <'mo/s cltr.cnto!' pue<"rn t!r!'stOu'Li'! 11] sistr!!'<' t<'ro¡-o­
nlrncnte al tr~tM (\<' cjnstnr.S<' J l<>s ¡rc:uclimi<mtos l'o:'l 
mK-vo. rt ra f,11J,, re-di' C'Uc' <•1 c·omron<'ntc en .si mismo fn· 
ll~r<'. 

• 
P;>rt. nsc·gur:or L.:ntl <'Xito"i'l instru1wnt.-ddn ·-~; n('{"<'~iHÍO 
ilnti<:ip~r los Ci'!!'.h!o.s que ,.,.-ijiLMl lor. Ccm;{s L<Xrp:mcr.H·s. 

IV<>] U~C j Ón 

Do;•splcS Ce hslln iHru·wntN'o c-1 m;e\'o ccr.-roncnt<' este 
drb<' r•v<tlt.nr!'c. ?p.J(lo el nuevo corr.¡onr•nLc t<'ro],·N los 
pr ohl rrn.-s )ll i'nt <·,-<'os~ , :'¡ ro,· oc-e nucv "" pr obl ,.....-,•s? • 
(..7 ev;,Ju,lr.iÓn rhl.Jp hi'e<''"" ~n tcnminor. Ce los onjNivoJ:< 
que S<• C'Strhl<ci,•¡on Nl lr:e r•t?pJs d,. i'nhl isis y <iis<'lio. 

Cor~i,.;f'nmos rl ·siguicnt<'. cjmplo plTi' ilustrn lc.s·¡o,sos clPl <'nfocuc dl' 
si~;tf'f;l?!>. 

• 

~f\1.1~1$ ). " 

/\ 
(\)\S E<ÑD 

. . ~-
. (,.,.........,] 

-. 

lJIIMUME'<T"\~ ' 
/ 

( liVI\I.d ... QO~ 
,, 

¡, 
' 

• 
-f:l cnfN)l-1<' do' .si~t<'l!lN; •']'licc<lo 1'1 C.<·sNrollo ¡;,. sisr<'r;¡..'S Ce- infonc~'ción 
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¡;, 
tri!r.'IOS cu~ lor, pilSOS d<"l !'S gobierMn d<: form.~ <Jt:nN<'l d'r~occ>so. Fste 
pl;on ti'lr.<bi<"n <'~ llmx'o "C'iclo d<:' vldi> del d('Si'lrrollo di' un ~istr'l:la". 

·C":iclo rle vid~ 

~~renr.irndo dr les div<"r~s corti<"ntPs qup <'XÍStPn ~lr~ el de~rrollo d(' 
sist(.'!!I<'S encontramos OUf' Jo¡¡ pi'OOS ,;ono 

Pnr,1 Elii's r< ~w;Jd lm; rnoos Cll<' sugl<•re .-oon. 

·<nfl isis ~Pl ~ist<.'lll<~ 

orgrni,.N:idn ,!,>los !l;tos 

t'<'fini<:iÓn fir.:l d<'l pot,]['f;lt 

··diseno 

<1 iscño <k ¡:rOC"< ~s 

('ftJ(•hi' g<·rwr¡¡J <'1' lo!: i'tchiv<>F 

Prr,, llt·nniston ~·.rord y i•'"'"" F.Hcln<·t los p;.oos e~"' SlJ9icrc>n son: 

.. ~n?l isis del sist<'mi' 

......_ __ --
~··----- -------~------.. --.- -··-- --
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1 
i\n[illsis c~tru<.:tunulo 

Cu~ndo Ed Yourdon habló <.le 3n~lisis cstructur;~do, la idea 

fue LJT¡:<lmcnte especulad:~. El no tenía resultados :u.:--

tuales sobre proyectos completos para reportarlo. Sus 

idea~ cst;,b:m bas,Jas Jo 1<1 simple obs<.:rv3ci6n de alguno$ 

pdncipios de p<lrtici'oncs de arrib<~ lwcia abJjo [top~do~<n] 

usadas por los diseiiadorcs y que se podían aplicar en la 

fase de anfllisis. Desde este tiempo ha habido una re­

volución en' la metoUologf;~ del anfilisis. 

' 

llcscripciún 
de las opcr:1cione~ 
actuales 

Cartn del 

Espccific:•cioncs 
funcionnlcs. 

Análisis es el proceso de transformar una cadena de infor­

mación ;~ccn·a de lao. npor:•cioncs corrientes o ;~ctu:ilPs y 

de los mwvos rcqucrimicntns n un" dc~cripción ordcn,lda v 

rigurosa de Ull sistc¡;¡;o p:Lra scr'constrllldo. 

<:ión cs t:imbién llam:ub cspc<:eificacion("S funcionales o es­

pe.:ificnciofi del sist~·rna. 

------ -·---· ·---
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Ln el contexto de el ciclo de \'id::. del proyecto para el de­

sarrollo de sistemas, el nn5Jisis se encuentra muy al prin­

..:ipio, sol:lmcntc precedido por el ('Studio de vi.1bilidad du-

rantc el cunl J;¡ carta dL'l proyecto es generada. La carta 

de proyecto contiene consideraciones que gobiernan el desa­

rrollo, COlmbios que deben ser considerados etc. La fase 

Ue análisis concierne principalementc con h generación 

de c~pccificaciones de el sistema p:1rn ser construí<lo. 

Espccificamcntc la t;:~r('¡¡ esta compucst!l de las siguientes 

ncti~·idades: 

int<erncciún con el usuCJrio 

estudio Jcl ml'<lio ambiente ;¡.,;tual 

negoci;•ci6n 

diseño externo del nuc\'O sistcm;~ 

diseño de formatos de E/S 

- -----' ---------- ---------- ----"--~·-----'-- --~---~·-
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•JStl.:cllo d~ costo beneficio 

escritura de las cspccificocioncs y 

es tima e i6n 

¿Que es el aniílisis estrunundo? 

' • 

El -.n;ílisis estructurado e:. un:~ disciplina modc-rn" para 

conducir la fnsc <lc.anfl) isis. En d contc~to de<.'! --

ciclo Jc ]lTOfl'C[O Sll filllCil dlfercnc•i;¡ ;¡p~rcntc . -· 
e~ un nuevo producto ll111nado" "cspccifi.:acioucs cstrllc--

turadas". Esta nuC'V<J clnsC' de cspeci ficadón tiene las 

- ~- -~- ---------- ·--- - ·- -- •'--
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siguientes características: 

es grr1fica, compuest~ m'1yormcntc Jo <ll<~gram:1s 

es particionada, no es 1ma sol;~ cspe..:ificncióa sino 

una red conectada de "mini cspecific;~cioncs". 

es Jc arriba-ub;•jo (top-down), presentada en modo 

jerarquice y pro.~:rcsivamcntc de los nin'lcs superio­

res m¡¡s abstractos hasta los nivclC'S inferiores r.-.as 

detallados. 

es m~ntcnihle, un¡¡ cspeci (i..:;¡ción puede ser actuali­

zada ¡wr¡¡ reflejar camhius en los requerimientos. 

es un modelo en papel del sistema, el usuario puede 

trabajar con d pnra perfcccion•n su visión de las 

opcrucionc~ tal y como· scran en el nuevo sislcma. 

. ' 
En la siguiente • figura se 

an{tl isis 'est.ructurnJo. 

representa en un solo proceso el 

Vean,os en det:tllc el proceso. 

' 

--·---~----- ~----·-------"------>- ___ ,____;_ -·-·- ···--



Note que la figura tiene las mism:~s cntr;~d¡¡~ y salidas que 

la burbuj;~ 2 ,_k la fi¡:ur~ <llltcrior. !'ero muestr~ lns --

tnmsfurmal·ioncs en consiJerable mas dct;J!le. lonsidc·· 

ran los autores que esta fi¡.:ura da m;~s infon:tación que - · 

ciento~ de palabras. B~stari"i una definición de los com-­

ponente~ y del flujo de información para wrmirl<lr de com-­

prender el proceso. 

Proceso 2.1. ,\lodclo del sister.w actual: Hay c:1si su•¡;¡ 

pre un sistcr.1a :1ctu~l. El ;m:ílisis estructurado nos- -

tendr:í que construir un modelo "físico" en papel del sis­

ter.ltl actu.1l v usarlo para perfeccionar el entendimiento 

del medio ambiente actual. La justifi.;a<.:ión paTa In 

n;¡turaleza física de este primer modelo es que su ¡nopó-­

~ito cs ser una representación verific~b\e de \as oper~--
' ciuncs iJCtuó!l<e~ y debcr:ín ~er fiíci \mente entcndibles por_ 

el grupo de desnrrollo. 

I >~ArroA :J.'. " · · l !C ¡· • •v~~Jv _ ~ .. envar un equ1v.1 en o¡:¡¡.;o.- f:l cquivn--

lente lógi<.:o del modelo físico es 111\0 que est~ divor\"i;ldo 

de los "cornos" ,:e J;¡~ ope"'ciones a<.:tu;~les y en su lug;lr_ 

se conccntr:1 Cll los "que". En lugar de un;~ descrip---

citín de la forma como se llc.va a cabo la polítJc,, se h:".:e 

un;:¡ descripción de \;¡política en sí misma. 

Proceso 2.3. riodclo del nuevo ~ísteuw.- Aquí es donde el 

t 1·abajo mas import;mte de la fase de an:ílisis se reali:a, 

L:~ ,:arta de proyecto_ 

c1ne ha rcco¡~iJo las di fcrcncl;¡s y las di rerenci;J~ potcn·­

ci:des 1\Utre <"1 t:~edio ambientl\ actunl y l'l nuevo y el 

111<>-lelo l(,gico dc•l si~ICIIL" e>.istcnt<' ~011 los ch'~""lto,; del 

an;'olisl" pilf:l cnnstn1ir el nue,·o modelo junto con la doc!_l 

mcntación del fullao 111edio :1mbient1'. [01 nuevo modelo -

presenta nl si5tema como un grupo pnrtidenado de proce-­

sos e1emcntales. El detalle de estos procesos son­

ahora <eS[!<OCifi<:;idOs utilizando una "ll"iniespecificJClÓn" 

por proceso. 

---



1'roc:e~o 2.4. Restricciones del modelo. El nuevo modelo 

es demasindo lógico para nuestros propósitos debido a que 

no se h:1 est¡¡hJec:ido cuanto de lo Jecbrado se hace dentro 

y cuanto fuera de la máquina. JOs en este pu-nto donde el 

~nalista establece los l1mites entre el hombre y la máquí­

n~ y se limita el :Jlcance de la autom:Jti:ación. 

Tipicnmcntc c~to~ ;.e h:H:e 1113s de unu ve¿ con el objeto de 

dar >'arias alternativ;~s p;ora lil selección de procesos. 

Proceso l.5 Medidas de co~to y beneficio.- 101 estudio de 

costo-beneficio es rc;~l izado para cada una de las opciones. 

Cada uno de les modelos tentativos junte c:on sus par:ímetros 

usociados de costo-beneficio son presentados en forma cuan 

t 1 ficada. 

Proceso 2.b. Selección de ln opción.- L;~s opciones cuanti 

!'icadas son nnnlizadas y llllJ de cllus es selcccim~<ida como 

la mejor. 

• 
l'ro<::<~so 2.7. Presentación de especificaciones.· Ahora to 

dos los elementos ele la especificación estructurad;! son a1· 

ma<los y prCsent;~do~. U result~<lo es: el nue1;o modelo 

físic:o seleccionada, el conjunto integrado de miniespeci-­

fiulciones y posiblemente ;Lgunas tabl:~s de contcnidu, ---­

resumencs, etc. 

• 
¡Qué es el modelo? 

El modclo ~1 que se h.1 referido JHLf:l In representación dcl 

sistema es un modelo escrito. 1:n 1.1 L-onv"nción de .\náli 

~;¡~ e~tna:tl!rado eslc mocl~lo ~" logr:o ,·on e•\ uso de un-­

"diag•·;,m;¡ de finJO de Jato~" r <.le un "diccionario deJa-­

tos". 

. .. 

--'.. -·- __. -- . --
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Diagr;¡m¡¡ de flujo <le datos.­

en forma de ro:;J d<.> un sist·cmn. 

Es un;¡ reprcsci:ttación 

ll.eprcscntn al siste 

ma en términos de los componentes de los pro"ccsos y 

declara tod;¡s las intl·rf¡¡scs entre Jos componentes. 

2.- Diccionario de datos.- Es un conjunto de definicio-­

JJCS de las Interfases dcc\;.rados en "el "diagrama de --

flujo de datos. Se define cada una de esas ínter--

[ases en términos de sus componentes. 

U modelo del sistema tiene diferentes usos en el aniilisis 

cstnKtur~do. 

1.- Es unn herr3mienta de comunicación.- Los analistas r_ 

los usuarios tienen fallas en la comunicación, el mod.!:. 

lo es esencial parn las discusiones y que estas puedan 

condu<:ir a un entendimiento común. Se le cons idern 

al modelo como lv mas importante ayuda p3r~ la cOmuni­

cación. 

2.- I;s el marco de rcfero.;ncia p:•r" l¡¡s cspecifi.::,ciones. 

El modelo decle1ra l<is piezas que componen el s1stema 

y las partes de esas p1ezas, hasta esas que ya no ¡me-

de ser subdivididas. Los niveles bftsicos, son ncomp!!_ 

ñados di.' una miniespeCificación pnrn completar su esp~ 

ci ficnC"ión. 

3.- Es el punto de inicio pnn el ·diseño. Debido a que 

el modelo es el mas elocuente elemento que dió pie a 

los requerimil.'ntos tendr~ un~ gr<Lil influenci<l en el 

trabajo que se haga en la fase de diseño . 

.0_l¡nmas f;Lllas del aniilisis cLísico sedm Yourdon. 

L;~s princip;~les f:Lilas del análisis cliisico los encontramos 

Algunos Je 

estos sor1: 



1.- Las especificaciones funcionales en el análisis cl.'i­

sico son gencr;llmcntc un.1 narrativn en un documento 

solanu.:nte luihle en formn serial del principio al -­

fin. 

2.- Las especificaciones funciOIHiles son Imposibles de -­

actual izar. 

3.- Debi<.lo a que las espc<.:ificncioncs funcionales no son 

entendibles por si mismas no podemos mostrarle nada 

ni usuario si110 hasta el final del anÍilisis, esto no 

permito la interacción que po<.lria servir para refi-­

nar y perfeccionar el producto. 

Como avuda el análisis estructurado scgün Yourdon. 

El a1uílisis estfucturado nyucla n resolver los problemas 

de la fase de anñlisis yn que: 

l.- At~<"n el problema del t;unalw por particlOil(~S 

~-- Ataca el problema de la comunicación en forma interac 

tiva y con una inversión de Jos puntos de \'ista. 

~-- Ataca el problema del m:tntenimicuto <le cspuclficacio­

nes por n:dundólnciól limitada. 

El concepto de part1cionnr o des~omponoer furn:lonulmcntc -

puede ser familiar para los diseñadores como el primer pól 

su parn crear un diseño estructurado. Su potcn<.:i:Il 

valor cn el análisis fue evidente desde el pnnctpto, SIS 

temas grandes no podían ser annlizados sin ;~Jguna forma · 

de p:rlti<.:ion'Jr connrrrentemcnte. La directa apli<·;,ción 

Uc J:~s h<.,rramÜ'IItas <.!el disc¡io como Jlll'(l causnron ma~ - -

prohlcmas en lugar de resolverlos. !lcspucs de algunos 

e.\pcriment<JS el :1ntLlis1g cstructur¡¡do fue apo}"Hdo con un;:¡ 

ñuevn herrnmicnta llamada diagrama de flUjo de datos.· 



Sus vent:~jas son l;~s si¡:uicntes; 

1.- La :1p~nencia Jcl llíagr:•m;1 de flujo ele datos no es pn­

r;¡ todos espantosa. Parece ser un;¡ simple fotografía 

del elem<"nto que esta en discusión. Xunca se tendrá 

que e.xplic.•r ¡¡n;¡ convensión .1rbitr;¡yj¡¡, nunc;1 se C'Xpl_i. 

e;¡ r{¡ ¡m a cos;1 ~ todos. Simplemente se usan diagra--

mas. 

Z.- Los modelos 

el di:Jp;rama 

tipo red como· los que se construyen para -
• 

¡Je flujo de datos puede resultar familiar_ 
• 

para 3l¡.:unos usuarios. Pueden los usuarios tener -­

nombrc~ difcrcil\cs pnra este tipo de herramientas pero 

el concepto es similar. 

~--El hecho d<e particion:1r c·on t•l diagr"''"' de fluJo de-­

dato~ llama la atención de l<IS 1nterf;1ses que resultan 

del proceso de p:nticionar. L:. ~omplc11dnd de los 

interfases es un inr.li<.:"dor lmport;mtc del esfuerzo -
• 

que se haga por parti<.:ionar. 

1:1 tórmino "comunicación Jt,crati11H" esta u~:~do par<1 descri­

bir el illteJcambio de información en una doble dirección -

es un;¡ de lns c;~racterístic;~s de las se~iones r.~as produc-­

tivos de trabajo. El periodo de dialogo entre el analis­

tn y los O~U3rios debe rcdÍ1cirsc y pro.curnr renlirncntacli:in. 

Un entendimiento temprano es siempre imperfecto. Tar.t--­

bi6n se me11<.:iona como parte del nn5lisis la "inversión de_ 

Jlllii\OS <le VIS[IJ 00 • 

ben que• h:~<.:e l:J <.:omput;J(loru, en q\Je ordc·u lo hac-e, '"'"ndo 

té¡·mino-; que son Jelc\'Cntas p;¡r;o 1;~ <.:omputadora y p:~ra l:.s 

Frecuentelllente se limita tam--

hi6n a J;¡ disc11sic;n de los pro~csos internos de lo m;iquina 

y la tr;~nsferencia de datos y casi nunca se especifica los 

c<Jsos que StKcden fuera de los límites entre el hombre y­

!IJ mii.quin:J. 

··- --~-- -··---~- -~-- ··-
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l1csdc el punto de vista de ¡., mtiquina es natural r útil" 

¡>~ra Cl grupo de do.:S;JTTOI\o ¡>é'fO parn Jos USU<lflOS y $U 

grupo le~ concii'¡nc lo que ~,,,·,·tic fucr:o ele ):J mtt<¡Ui11a. 

El an:ílisís cstru<.:tur;tdo adopt;J un punto de vist;~ <.lifc·­

rcntc, el diagrama de flujo de datos sigue las truyccto­

rias c..lc los d<~to~ por donJc ellos pnscn, yn sean procesos 

manuales o automáticos. 

El ugo de la "rcdunJancia limit;Jda". Uno de los nspc_s: 

tos mas importantes de esta profesión v qué' representa -

un cuello de tJotcll:t es el congel~mil'nto de las espccifi 

cae iones. 

porque est;~s no pueden ser actualizadas'o·accptarlas, pe 
' -

ro sin actuali~¡¡r 1:15 cspccifi(acioncs resulta un grave_ 

pcliJ,:ro p;1ra "J clc:<arrollo Jul sistl'm¡¡, 

El conceptó ll;1ve que el :Jnálisis estructurado propone -

p:~.nl cspeci ficnr los r<equcrimientos es tener poca o nada 

de redundancia para obtener'cspecific~cioncs considera-­

blemente mas consistentes. 

;0ué es una especificación estructurilda? 

Ll anfllisis estructuradó se iiLvolucra en ];¡ constnu.:ción 

de una nueva clase de especificación, una especificación 

cstructurndn hecho a base de di.-.gram<ls de flujo de d¡¡-­

tos, diccionario de Jutas y miniespecifJcaciones. 

1.- Diagrama de flujo de datos (D!'D} sin·c pnra pnrtici_Q_ 

11.1r l'l sistcmn. U sistema que• es t r;Ltado con un_ 

diagrama de flu.io Je datos puede incluí r partes ma-­

nuules y "utomatizaclas. El propósito del DF!l es -

declarar los 'componentes clc los procesos que integran 

el sistema y ln~ intcrfnses entre los componentes. 

~--- . --- - - . ----~ .. -
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2.- Diccionario de datos.- Define las interfases que-­

fueron de el ~raJos en el Dl'll. Esto se hace con una 

notación convencional que pcnuita representar los -­

flujos de datos y guardarlos en té111linos de sus com­

ponentes. 

3.- Las minicspc<.-.Ifi..:~cilmcs Jcfinen un proceso elcmcntal 

declarado en el llFD. Un proceso es considerado ele 

mental o primitivo cu;mdo no puede ya ser subididdi-

do en niveles mas bajos. Antes Jeque la cspecifi-

caci6n cst ructur;•da este completa deberán e~tar todos 

los procesos primitivos acompañados de una rninicspc-­

cificaci6n. El método us,1do para escribir miniespc-

cificacioncs utiliza: Ingles estructurado, t"bL•s 

de decisión, árboles Je decisión, etc . 

------- --------~-- -----~ -'----"-' .. - ....... 



R~sur.wn 

!.os funoJamcntos J~l análisis estructurado no son nuevos. 

Muchas· ele las ideas han sido ya usuelag por :•f\Os. ¿Que_ 

es Jo nuc,·o de esta disciplina ct.~crgcnte? Podemos de-

cir qu<: intcnt;¡ sintcmuti~nr <:1 proceso ele análisi~ parn 

cspec i fi ca r n•q ucr i mi e ntos . 

' 

-·· ---- -



13 
CO~STRUCCION DEL DIAG~~A DE FLUJO DE DATOS 

Definición 

Un diagra~a de flujo de datos {DFD} es una representac1ón en for 

~a de red de un siste~a. El DFD es una herramienta para mode--

lar un sistema que puede ser a.utomatizado, manual o mixto. El 

DFD presenta al sistema en ténr.inos de sus piezas componentes 

con todas las interfases entre los componentes indicados. 

Elementos del DFD 

Los diagramas de flujos d~ datos se construyen con cuatro elemen 

tos básicos: 

1.- Flujo de datos 

2.- Procesos 

3.- Archivos 

representados por vectores 

representados por c!rculos o rcc 
tángulos redondeados. 

representados por líneas rectas 
o rect&ngulos abiertos. 

• 

4.- Datos fuentes o destino representados por cajas o cuadro~. 

--- --------··-. ----~ -- ~-- - -----~ 



Ejemplo 

'( 

f 

El diagrama de flujo de datos se leeria: 

X llega de la fuente ~ y es transformada a r por el proceso P
1 

el cual requiere acceso al archivo F para hacer su trabajo. 

Y es posteriormente transformada a Z por el proceso P2 

1.- Flujo de datos 

El flujo de datos---+- representa a una 1nterfase entre los -­

componentes del diagrama de flujo de datos. Estos, se encuen 

tran entre procesos y van o vienen de archivos o de fuentes y_ 

destjnos. 

--- ------- _______ ____._ __ <---'-



'" El flujo de datos .,. es una l!nea a través de la cual, fluye 

un paquete de información conocida. El pago (flujo de datos 
• 

del ejemplo anterior) puede consistir del cheque y de la co-

pia de la factura y no por esto, se colocan 2 lineas entre la 

fuente y el proceso. 

En algunos casos si es posible encontrar qu<' de un -¡noceso a 

otro existan 2 Hneas, pero estas llevan información que jun-

tas, no constituirán un paquete. (El tiempo podría ser una 

causa) 

• 

p, 

Convenciones para asignar un nombre al flujo de datos: 

Los nombres estan liqados con guiones y se usan letras may~sculas 

NUMERO-DE-CUENTA 

No hay dos 'flujos de datos con el mismo nombre 

Los nombres no solamente deben representar los datos que se 
muevan en el flujo de datos, s.i sal.Jcmos más de ellos pueden 
aparecer en el nombre. 

La misma linea de flujo de datos puede llegar a 2 procesos o 
dos salidas pueden juntarse en una sola linea. 

Las lineas que salen o llegan a archivos no requieren nombre. 

En algunos casos, es necesario indicar que dos flujos de datos, 

deben presentarse al proce~~ o que uno o el otro pero no ambos. 

-- .... ------ - ---·---· 



2.- El Proceso 16 
• 

El proceso invariablemcn~e ~uestra alguna cantidad de trabajo -

realizado sobre los datos. 

• 

• 

Aqui se muestra un proceso cuya tarea es dividir el flujo d~ en­

trada de datos en 2 flujos de datos de salida (Palabras bien --

escritas Palabras mal escritas). 

Un proceso es una tranformación del flujo de datos de entrada a 

un flujo de datos de salida. 

bre. 

Cada proceso, debe tener un nom-

Convenciones para referenciar el proceso: 

J:l)E"rfílf"\C A C. ION 

"J>EI5CP..IPC.lOÑ Df 
LA ·HNCIO N 

Idontificación: es un núrr.ero cuya función es úhmtificar al -­
proceso 

I::Jesc~:ipción de 
la función: 

• 

es una o~:ación corta que describe al proceso. 

Quien lo realiza: Es el nombre de un dcpa~:tar::ento, persona, pr.9: 
grama, etc., que realiza la función . 

. ·- ~- ~--·---···---· ------· ~ ---· .. --·- --- -- -
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3.- El archivo 

para los prop6sitos del DFD el archivo es considerado co~o un 

dep6sito temporal de datos. 

Convenciones: 

f\JOM6f\E 

Identificador: Para facilitar su referencia y se utiliza la le 
tra D seguida da un número. 

Notr.bre: Un nombre lo nas descriptivo que se pueda. 

El flujo de l<~s flechas que salen o llegan de o hacio los proc~ 

sos es significante por ejecplo: 

Este proceso escribe en el archivo 

AUlAl ...... --. 

¿C6mo actualiza sin leer? 
Es cierto, pero debe en el 
dia9rama solo indicarse el 
prop6sito fundamental tlUC 
en este caso es hacia afuera. 

--·-
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este proceso aolo escribe el archivo. 

(Si es necesario leer y escribir la flecha puede ser -t ) 
4.- La fuente o el destino 

La fuente o el destino es una persona o una organización Situado 

fuera del contexto del sist.,ma, es el origen o el receptor de los 

datos del sistema. 

Convenciones: 

rdentificador: letras minúsculas asociadas a las ent1dades 
externas 

t>ombrc: nombre de la entidad 

DUplicador: indica que el s.ímbolo se repite en el diagrama. 

Diagramas de flujo de datos jerárqu1cos. 

Estu concepto se refiere a explotLtr un diou¡rar.,a en la modalidad 

de TOP-DOWN- ¡;¡;t¡¡blccí<.mdo unu r<~l¿¡cf(,ro padr,-hljo por cada-

proceso de explosión. Por ejcmplo: 

' Diagrama o Diagrilma ' 
1 

¡.1 

3 ./ 

- -· ··-------- ---·-------"-·· . . --- . 



Diagrama 1~ 3 

, .• 
• 

Diagramas de flujos de datos balanceados 

Es un concepto en el que al hacer alguna explasi6n la 

la salida en el nivél inferior se mantienen 

entrada y 
' 

El diagrama 2 es desbalanceada y los diagramas l y 3 son balan 
ccados. 

-- ~ '- - ·-- --- ------- - ~---



20 
Guía para la elaboraciGn del diagrama de flujo d~ datos. 

11 IdentifiCar las entidades externas involucr<1das. · Hay que re­

cordar que los flujos de datos, son creados cuando un evento 

se desarrolla fuera de los límites del sistema: 

Una persona decide comprar alguna cosa 

Un camión lleg¡¡ a ln terminal. 

2) Identificar las entradas y salidas. Si la persona decide -­

Una orden de compra -

' 

comprar alg? las entradas 

por teléfono, una carta o 

pueden 

pedido 

sonalmente a co~:~prar algo, etc. 

de las entradas y las salidas. 

ser: 

por correo, presentarse per­

Se sugiere hacer una lista 

3) Identificar las preguntas y los requerimientos de inforr:Jaci6n 

que puedan presentarse. Hay que especificar un flujo de da-

tos que define la información dada al sistema y otro para in­

dicar que es lo requerido. 

4) Hacer un diagrama colocando las entidades externas y el flujo 

de datos que se origina de caCa uno de ellos, los procesos y 

los almacenes necesarios. 

En este punto, no hay que poner mucho 6nfasis en las conside­

raciones de tiempo, excepto en la procedencia natural de los 

eventos. Hay que dibujar un diagrama que nunca inicia y nun 

ca termina. No hay que poner decisiones. 

5) El primer diagrama puede ser hecho a mano libre 

6) Es posible que se requiera al menos 3 variaciones del dibujo_ 

7) 

inicial. Ya que el primero a lo mejor no es claro. 

Cuando se tiene el primer diagrama, 

entradas y salidas se han incluido. 

verificar que todas las -

Excepto aquello que re-

sultan salidas de error o excepciones. 

8) Ahora producir un nuevo diagrama: 

'l'ratan<.lo d<O minimizar el nGmero de cruces de l'lncas do= flujo. 

Duplicar entidades externas si es necesario 

Duplicar archivo¡; si es ntJC<>sat"iO 

--·----- -~------· --· -- ------·-- .... _ .. _- ·- .. -
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9) Validar el diagrama con alguno de los usuarios, mostrarle el 

ciiagrama y pasu;;¡rlo por el y cxplic¡¡rle que es solo un¡¡ apr,S?. 

x1maci6n y si tiene alguna observación que la haga. 

10) Hacer una explosión de cada uno de los procesos incorporando 

errores y salidas de excepción. 

Es posible "que ·esto pueda hacer que se modifique el diagrama 

del nivel anterior. 

11} Si es posible, cons~;ruir el diagrama final en una hOjil de --

36 x 48 pulgadas. Que servirá como ayuda invaluable en la 

prcsentacién a los usuarios, diseií.adores, rüvisores y a todos 

los que tengan que ver con el sistema. 

• 

---·--~ ---- --

• 
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Ejemplo 

consideremos el caRO de automatizar el proceso de ensenanza-aprc~ 

dizaje tomando como punto de partida el modelo de Anderson y Fav~t. 

~ste modelo sug~ere la aplicación de las siguientes etapas: 

1) Especificación de obJetivos 

Los objetivos son entregados al profesor por el comitC de carre 

ra como la entrada principal al sistema. El profesor los re-­

visa y establece en definitiva cuales serán los objetivos que -

guiar!in su proceso de E. A. 

2.) Elaboración de instrumentos de l'.edici6n 

TOm<UldO a sus objetivos el profesor elabora los instrlllUCTit;OS ce 

medición (cuo:.stionarios, prácticas, el¡¡boració<> cie programas, -

exámenes, etc.) y establece las siguientes clases: 

Evaluación diagnóstica 

Evaluación formativa 

Ev.11uaciGu Sumaria 

La evaluación diagn6:::tica es la que le permite saber el estado in.f_ 

cial del alumno, la formativa es compler.,entaria a instrucción y la 

sumaria le permite establecer en que grado se lograron los cbjet~-

vos. 

3) Aplicación de la evaluación diagn6st1ca. 

Antes de iniciar la instJ:-uccién el :oaestro aplica la evaluación 

diagnóstica al alumno para conocer el estado inlcial, de este -

resultado el maestro puede optar por lo siguiente: 

No se le instruye porque ya conoce el material 

1~0 se le instruye porque no tiene los antecedentes 

Se le instruye 

4) Plancación de la instrucción 

El maestro de acuerdo a sus objetivos selecciona y/o elabora el 

m~todo de instrucción y las técnicas de enscr¡anza, la selección 

de las actividades de aprendi~aje y la selección y/o elaboración 

de los materiales y me<iios educat~vos. 
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5) Aplicación de la instrucción 

En este punto, el maestro realiza el acto de enseñar a sus -­

alumnos. 

6) Aplicaci6n de la evaluación sumaria 

Cuando se ha concluido con la instrucción el maestro aplica -

una evaluación sumaria, la cual le permitirá establecer el --

grado con el que se lograron los objetivos. Ahora bien si -

se lograron los objetivos podemos dar 

so. Si no se lograron los objetivos 

causas en las etapas del modelo. 

7) Admlnistraci6n del proceso de E. A. 

terminados el proc~ 

que investigar las 

La administración del proceso de E. A incluye una fase 6e ins­

cripción, de seguimiento y de emisión de una calificación pa-

ra el alur.mo. Otra, en la que se inscribe, se dan anteceden 

tes y consecuentes, temarios, guias de estudios de los cursos. 

Ff\0(€~0 DE (Of.JS1J',.~CtlO¡.,\ 1l€L DFD. 
1) Identificar las entidades extern<ls involucradas . 

COMITE DE CARRERA 

ALUMNO 

• 

2) Identificar entradas y salidas 

ENTRADAS: COMITE DE CARRERA 

OBJETIVOS LE APRENDIZAJE 

DATOS DEL CURSO 

ALUMNO 

DATOS DEL ALUMNO 

CONTESTACION DIAGNOSTICA 

CONTESTACION FORMATIVA 

CONTESTACION SU01ARIA 

SALIDAS: COMITE DE CARRER.A 

RESULTADOS SUMARIOS 

ALUMNO 

RESULTADOS SUMARJQS 

-- - -- - -- --- ---- -------~---- -··-·----· 



3) Preguntas al sister:c,a 

COMITE DE CARRERA: 

24 

¿QUE CURSOS ESTAS IMPAR':'IENJJO? 

¿QUE ALUMNOS TIENES INSCRITOS EN CADA CURSO? 

¿CUAL ES EL PROMEDIO DE CALIFICACIONES? 

¿CUANTOS ALUMNOS ABfu~DONARON EN CADA CURSO? 

¿QUE CAMBIOS SUFRIERON LOS OBJETIVOS? 

ALUMNO: 

¿CUAL ES MI PROMEDIO? 

¿CUAL ES MI CliLIFICACION FINAL? 

¿DONDE PUEDO 8NCONTRAR !1AS INFORMACION? 

¿QUIEN !'.E PUEDE ASESQR!,R? 

¿CUALES SON LOS OBJETIVOS DEL CURSO? 

¿CUALES SON LOS OBJETIVOS DE ESTA UNIDAD? 

¿CUALES SON LOS k.'ITECEDENTES DEL CURSO? 

• 

----- ·- --~--- '-· -
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C01-:S1'RUCCION DI:L DICCIONARIO DE Df,TOS. 27 
En los diagramas de fluJos de datos, les hemos <.lado nombre a los 

flujos de datos, a los almacenes de datos i' a los procesos. Pe­

ro que significan exactamente los nombres gue se les han asigna­

do, la ¡ocspuesta se encuentra en el diccionario de datos (DD). 

El diccionario cie datos os la herramienta con la cual, documen-­

taremos cada uno de los elementos del DFD. 

Para documentar los flujos de datos y los archivos es necesario 

establecer que son: un dato elemental y una estructura dS datos. 

Dato elemontal.-

Dato elemental, es sinónimo de data-itero, campo y elemento. 

cualquier dato elemental, Loma valores at6mico o que no es 

posible su descomposición. 

El patron de unos y ceros que lo representa debe ser conside 

rado como un todo. 

Estructura de datos.-

Es un agregado de estructuras ele~entos o de otro tipo de da 

tos (agregado de datos elementales, grupos de repetici6n, etc.) 

o de una mezcla de ar:'.Oos. 

Ejemplo: 

ENTIDAD: PER.'>ONA ATRIUU'I'OS: NOMBRE 

EDAD 

FECHA DE NACIMIENTO 

HISTORIA DE SALARIOS 

FECHA 

SALARIO 

• 

------- --- ·----~--- ---- .------~-----~--"'----'-- --- - --- -



Convenciones pdra especifica• las c~tructuras de datos: 

~ es equivalente a 

+ and 

( 1 or 

t ~ interación de los componentes 

( l opcional 

para Mostrar como serían utili~ados d~finiremos la estructura de 

dato,; PERSONAL 

PERSONAL : NOI·lBRE.¡. 

EDAD+ 

FECHA DE NACIMIENTO+ 

HISTORIA DE SALARlOS 

FECHA DE NACIMIENTO = DIA+ 

MEO< 

'-"ü 

HISTORIA DE SALARIOS = FECHA+ 

SALARIO 

NOMBRE " DATO-ELEMENTAL 

EDAD " DATo-EI.E/>IENTl\L 

O >A " DATO-ELEMENTAL 

~tES " DATO-E ¡,¡;:.tENT AL 

"o " DATO-E LEMJ-;NTAl, 

FIXHA " DATO-E LI::I\ENTAl, 

SALARIO= DATO-E l.EMENTAL 

---- --- --~--- -- --·--· ---~ 
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Para documentar cada uno de los elementos del DAD se sugiere 

elaborar forrnils para describirlas. Las siguientes son un eje!!! 

plo en las que se muestra los atributos que deben definirse en 

cada CilSO: 

La formu Fl es utilizada pura especificar las estructuras de -

datos elementales dando pura ella una descripción el tipo, sin6 

nimo, valores discretos ' o continuos etc., lu forma F2 es para-

especificar estructuras de datos considerando una descripcL6n, 

los componentes o atributos, los flujos y almacenes en Conde se 

utiliza y los volumenes de datos que involucra; FJ es para esp~ 

cificar los flujos de datos especificando de donde y hacia don­

de fluyen los datos, una descripción del contenido del flujo, 

las estructuras que fluyen y los volúmCnes de dutos; la F4 es 

para describir los almacenes de datos dando una descripciCn de 

los flujos que llegan y salen y el contenido del ;;J.lrnacen en t~r 

mino de las estructuras de datos y la forma F5 para especificar 

procesos dando en este caso una descripción, las entradas y sa-
• lidas y un resumen del proceso . 

• 

' ' 
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CO~STRUCCI~~ DE ~INIESPECIFICACTONES 

. . ' Mini~specificac~ones 

' ' 
Una miniespecificación es un documento en el que se da la des­

cripción de la pollt1ca que gob~erna la transformación de una 

o mas entradas a un proceso a sus correspondientes salidas. 

Las herramientas que presenta el anSlisis estructurado corno -­

una alternativa al texto clasico son las siguientes 

1. Español estructurado 

2. Tablas Uc dccis~ún ' . 
3. Arboles de decisiGn • 

Español estructurado 

La figura principal para describir los procesos es: 

Condición 1 

entonces Acción-A 

o bien (no se cumple condición -1) 

hacer Acción-E 

Ejer.1plo: sumar A con B siempre que A se" mayor que B si A es 

menor que B restar A de B. 

Si A es menor que B 

entonces restar A de B 

o bien (A no es menor que B) 

hacer suma de A con n 

' 

Existen una gran cantidad ele politicas en donde es necesario es 

pcc1ficar rangos. 

Ejemplo: hasta 20 artículos no existe descuento mas de 20 tienen 

<.!1 5% 

' 

- ---- ------ - --~-'---~-



Si el número ue artÍGUlOs es müyor que 20 

entonces dar el 5% de descuento 
' 

o bien (el número es menor o igual que 20) 

hacer no dar descuento ' 

En la especif1cación de rangos los 

son: 

comparadores. mas utilizados 

Mayor que 

Mayor o igual que 

Menor que 

}~nor O igual que 

. . ,• 

En algunos casos es necesario estublccer m¡¡s de ' una condición, 

los cu01les deben satisfacerse todos o algunos de ellos paru 

tomar una acción. 

Ejemplo: 

Clientes que nos han comprado mas de 1 000 000.00 en el 

año y tienen una buena historia de pagos tienen prioridad 

en el servicio y tamb1Gn clientes con mas de 20 años de -

antiguedad. 

("mas de 100 000" y "buena historiu <.le pago~) o "mas de 20 a:":os" 

"mas de lOO 000" y ("utJCn<~ historia do pagos" o "mas de 20 años") 

Arboles de decisión. 

En alguno~ casos, resul~a sor mas clara la especificaciún, s1 -

construimos un arbol de decisión. por ejemplo: 

---- ------'-'--'- ""'-··--- . ..:- -' -- ------·- --- ·--- ·-- . 
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En el ejemplo anterior cualquie" otra combinaci6n implica l.!TI -

tratamiento normal al cliente, todas estas posibilidades ql.!e-­

dan en un arbol de decisión de la siguiente manera: 

tO'ó~ 

Español estructurado 

Si que lOOOQOO 

entonces si buena historia 

entonces tiene prioridad 

o bien (mala hislona) 

hacer si mas de 20 años 

entonces tiene prioridad 

o bien (20 a menos) 

hacer tramionto normal 

o bien ( 1000000) 

hacer tratamiento normal 

Tablas de decisión 

Una tabla de decisión se forma, hacienUo una lista do las con-­

diciones y al final una listil de las acciones. 



Ejemplo: 

para·al eJemplo anterior tenemos 

c.' m oc ce 10uuooo si '; i :.;i >Jl "o 00 o o o o 

c. 2 buenos pagos ,, ,, 00 00 ,, 
" "' 00 

C.] ""' do 20 años ói 00 ,, 00 " o o ,, 00 

" • 1 )Jriorici<~o X ' ' o. 2 normal ' ' ' ' h 

En algunos casos, la acción está determinada por el valor de 

una o de dos condiclones sin importar cual es el valor de las 

otras. Esto hace posible reducir la tabl<~ de decisión. 

para reducir es necesario observar lo siguiente: 

1) Encontrar un p<~r de reglas para los cuales 

la acci6n es la misma 

los valores de las condiciones son los misrr.os excepto -­

una y solo una condición que es diferente. 

2) Reempla1.ar el por por una sola columna sustituyendo la con­

dición diferente por el sfmbolo (-) que significa- ~no importa" 

3) Repetir este criterio los veces ql_le se<~ necesario 

Resultado del ejemplo anterior 

>/2 ' 4 5/6/7/8 

e. l " ~~ ¡; I ;,ro 

c.~ " NO NO -
c.] - '' NO ------
u X ' . 
A. 2 ' ' - ·-----· --
Recomendaciones: 

1) Hay que usar un arbol de decisión cuando el número de acciones 

es reducido y no cualquier combinación de las condiciones es 

posible. 

L ______ :____~--·--··--- -----•-••-· ·--•--• _..______ --- -· --- ~-



40 

2) Hay que usar una tabla cuando el nCmero Ce acc1ones es gran­

de y muchas combinaciones de las condiciones es posible . 

• 

.. 
• 

-~ --- .-..~--•-------·----·-- --·---~--c ___ -- ---•-
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Software Engineering • 

J. lntrodu~llon 

The annu•l ('OSI e( lof¡warc in !he U.S. 11 1pp 
m•tcly 20 billion dotl•n. hs ••le of Jrowlh b cons 
obly trc>l~f lh•n lh•l O( lhe CCOnD'"'t in ¡enc .. l. ( 
l"ltd lo lhc cosl of compultr h.,d,..,c, lhc ce• 
so(lwore is ccnlinuin' le ••c.IJic 11001 lhc ¡,0 ., pocJ• 
in FiJ. 1 [ll." A rece ni SI! ARE 11udy [l] jn~«•«l 
1hcr lhll soflw1rc dem•nd o'•• lhc re•" \9JS·I9BS 
JrOw consi~er•bly fuler bb<>ul 21-ll pc"enl pe< ) 
rh•n !he JIO'"Ih fiiC in 10(1..-orc iuprly ll CUUCOI 
lim,led JIO,.Ih ulet or !he sofi*>IC l•bor force 101 
pro.Ju,ti•i<y per indi•idu•l. "'"''" prWuce 1 comb 
''""'" ulc of •boul 11.5.\7 pcrcent pcr )<01 ., ... · 
re m t9H-!98S. 

In !ddilion, u wc continuc lo outom.tc mony o( 
pr<X<»CI which <onlrol cur hfc·llrl• - cur m:, 
-~~uip<ncnt, oir craffic cor11rol, ddcn1c sy>rcm, pe.,. 
record¡, b•n~ «<"ounli - ,. .• conlinue lo cru\1 moro 
mi,rc in lh~ ¡eh~blc f~nCiionin¡ ol lhis prolifet>lin¡ n 
of IOftw;¡r~. Sojh.or~ ~nl""""'l. ;, lhc mcJnl by .,¡ 
wc aucmrt In rroJuce •11 uf t!•i> 1of1~.rc in a"')' lh< 
bolh C051·Cil<><i\'C ond rcliable cnou'h lo ac•cr>e 
"""· Cleorl~, il ls a di«iplinc whith is impomnl lo 
labli1h welland 1" petfulnl wrll. 

·~""'" '""' '" "''" '"'' •• 1 •• ' ........ , .,¡ ""'"'" '"'·'"" ..... "'" ............ ''"'· 
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11. Jod,o,u ... , 

" .. 

fla•« l. ~'""'" IUo '''''· 

Th< rem;inder of 1hi1 p.apcr will discu» thc stllc or thc •fl or ¡;oflw•r• 
cn¡in«rin¡ alon& <he linc• ol 1he ¡oflw.re !ole cycle depi<l<d in Fi&. l. S<eliu• 
111 conL.!in> a dil<u»iOn of ¡o[•w"c rcquircmenls <n11incorinl, wilh somc men 
¡ion of 1to.: pwblom o[ ~<lerminin¡ overail.ly>lem <cqwrcmen\1. Sec!inn 1\ 
di,,u,;c, 1oth p1dimillJ1Y dcoi~n >•H1 Je~.ulcd <.lc1i11n lt<hm>lo¡y ~rend•. S" 
tion Y '""'"'''" only a bri<f diiCUUÍO\\ of pru¡r•mmin&, ll lhÍ~ topic i1 oh 
co~<r<J '" • wmp•nion arlicle in n,;, '""" llJ. So<llon VI co•<ll bol: 
¡O(II»IC 1<111n¡ anJ lhe o'c<'lllilc cydc cúrtcun .,.¡¡h 1oh"'"'" reli•bilily. Se¡ 
1ion Y\1 dlitu>l'> the highly impon•m bul l¡rKcly ne¡ltclcd uca o( sort..-~r 
nuint<n.on-:e St((wn VIII '"l'")l •oftw•r• m•n•¡emcnt con<epu ond tcch 
ni~u<l. ond dl<<u»es 1hc lUI~I •nd ucnds of iOIClfOtcd !c<hnolo¡1 
nun>~<m<n! >ppro.rh<> !o •oft,.,,. dc•clopm~nl. Fin&lly. Sectlon IX con 
eludo\ ~rth on "'"""'""'o[ 1he curren! •t•l< of th< art of •ofh•at< cn¡incc< 
in; ~ith rcwo<< '" <h< definiliOn •bo••· 

fdch ,,cúon homolim<l dtcr ¡n \mro.Juttionl coot>ins • 1hon 1ummH 
ofcurrcnl pr.aclico in 1hc ''"'· follo.,cd b~ • •ur.o~ of cu~<<"' f>umier te<hnol 
Oj). •nd concludin& .. ;,h • >hon •umm•rr o[ li~<l~ uend> :n lte •'"'- Th 
>UI") iS oricniCJ plim.Uily \O~.¡rJ diiCUilin~ lhc doffioin Of ¡p~fi<•bihly t 

"'hni<IU<• (,.~¡,,. onJ ..-hcn lhcr '""'~) ulhcr ll••r1"hO\O che{ ..-ork in d<l•i 
An olcmi•e 10! of ¡eforencn Íl pro..-idcd fur r .. d<l> ,.;,llir>¡ ¡o pur.uc lh 

IJt1":- -· • 



1 11 i. Sofl ~U~ r<qulrtml u 1\ ti!~¡.,, t rl "1 

Sor¡,..,, tequircmtnl> <n~inecrin¡ il lht di><iphne fur deHIOr•nJ' tom. 
rlcoe. ron•i"'"'· unJmhi,uou• srr<iflrJiion - "hich <•n '~"• u 1 b"il for 
comnum >gr<cnocnl omon¡ a!l r•ni~> ,.,,n,erMd dr .. ril>in¡ ~loa¡ lh< 
~''""' """'"'' ~ill do lbul 11a1 loo~ i1 .. ,u do il; thil i> to be dono in 1hr 
d"irn >r<<ifoc•lionl. 

T~e "'''"':'" imporl•n<e of 1u<h o >r<<iflrotion i1 onl¡ 00,. be<nmint 
f<n<rall¡ rero¡n•ud lis miN>f'&n<e dc<i'e' [ron¡ '"o mJin rhJr•<lerillt<> fl 
i1 i$ •••1 lO ~ola} or o•oid tluin¡ lhornu¡:hl¡; and 2) def•denci<l <n il .,, Hn 
dilf.,ull and C\['<Mil< locorre<ll"tl.- · 

.Fig. J sho"' ~ >ummar)' of rurrenl ••rerien<e •t IB~I 1~1. GTE ISI. ond 
TRI\ on •h• tcl•l"' <o>l of <or10<1in¡ >ofl""" errors n 1 function of <he 
rh»• '" "toich the¡· ,,. e<>rr<<l<~. Cle>rly, ir p>rs off ro in>e11 effon in findinl 
t<quorem<n15 <rrotS e"ll' •nd <Otttrhn¡ lh<m In, uy, 1 m•n·hour nrher rh•n 
"'"""& 10 flnd 1he error oJu11n' oc<r>loons ond h»ing ro IP<nd 100 m•n·h<>ur1 
Corr<eling il. 

:1 

l 
" 

" 

1 ~-· .. 
o ' ... 

/:.' ... _~ .... ~. 
•• 

·-·····-··· ........ , ... 

( 

"'""l. s.r, .......... u ••. "" •"" or ''"""''""'""· 

Desides rhc ro¡,I·IO·h ¡vobkms, lhctc are orher oili<•l probler•u sr<m­
minE fwm • l.ck of•tond rcquiren>eniiiNCifrc>lion, Thele in<lude !6]: ll 
lo~ ~o~n u.-:rnin~ is ino¡oo••il•l<, for 1,,,1; uf 1 "<II·HI(cifJc~ "w¡r": 1) rntin¡; 
"onl!'<'»·ble, hocou•c lh<re r1 ""thint ''-' r~,, •r·•in.r; J) rhe u•er ¡, ftQI<n our. 
bcc""'' '''"";,no rlo.or "·"•"'"''"1 of ,.¡,, ;, )•cin¡; i"""'"'''J f,,, hiur: ,,.J 4) 

' m .. n.~~em<nl is nol in eonltol. u lhere is tlO ele" •l•l<menr of whor rhc projeer 
te.nr ;, prNucint 

Cu11onll¡. so(l-.uc re~uircmenu ¡pecifrcarions (,.hen thcr Ui11 al 111l 
ore gen<roll¡ e•pre"<~ in fr~e-form En,tish. They 1boun<i ,.;,h ombi¡uoul 
r~rm1 ("'•uiuble." •·sutrodenl," "rul·lim~.-- "'ne.ible") or preci••·•oundinl 
r<rm; ,.¡,h c;mp~<ified definuions ("optimum," "99.9 ¡><rccnt reli>ble") .. hieh 
are polenriol seeJ• of di,.emion or l>wsuirs once rhe 1oflware i1 produced. 
T~ey hJ\e numcrous erro"; ene Je<enl llu~y 111 in~<C>I<d lhll lhe fiosl in· 
dep<nMnr '~"•"· cf • fairly gno.l soft>Hre <equiremenls l!'<<ific"ion "'i\1 fin<i 
front one ro four ncnuivill ~rrors per r-¡e. 

The techoiquel uscd for dctcrmininssofr ... ~re requiremcnrs ore ¡cnerolly 
•n •d hoc monuJ\ bl<<1d or S)'ll<ml 1nal¡•is principies [B) 1nd common s<n•c. 
!Those are the !ood ene<: lhe pOOl ono1 ore bued on ad h¡,: m•nual blends of 
pnlili<i, pt<L"on«rtion<. •nd pure uleur\Jn;hip) Sorne formah>ed monual l«h· 
no~u<l h•'< beon u;ed 5u«es>fully fur oJclerminin¡ bustnt51 sysrem requi<e· 
menu. such ., arcural<ly dcfrned s¡·•lcnu (ADS), 1nd time ouromaled 1ri<l., 
lTAG). The book o~il<d by Cuu&er ~nd Kn•pP [9] h., an c>etllem summory 

· of <U<h techniques. 

,.., 
. 1) /SDOS: Th< pionur SySicm for machin<·lnalyuble 1oft"'lfC requlrc­

menl> ;, rhe ISOOS system de>elopeJ by Tcichrocw an~ ~is J<Oup 11 lh~ 

Uni>crsil) of ~lichis•n ]10). h '"01 primorily dtvetoped for businus 1~11em 
>rplrcJ"on•. hui mu<h or rhe sysrom tnoJ i11 con<epll are or~hcoble '" other 
•r"'· Ir is 1ho only 'f"'"' to h•>e P•SI<J 1 mJtl.cr onJ ""'"lion• 1<01; 
'""'' eomm«<i•l. lcro•rJCe, and JO>crnmenl or¡oniulion< hne P•i~ for i1 
>nd or~ •u•:ce,.fully u•iot it. The U.S. Air ro<« is'eunenrly u•in¡ and ,¡->On­
•~ring ~"<n<iom 10 ISDOS unde< <he Compulet AioJ•d Requironrcnn Anolyo:o 
lCARAI pr~~"m. 

-lSDOS bosi,·llll" con.i<11 or • problcm l!llemenl l•n¿u•J< (PSL) ond • 
probkm \lll<m<nl an•l¡zer lPSAl. PSL 11\0wl lh< lnll)>l !o spc6f~ hi1 <)1· 
l<m in l<tolll of formJiited enlll'«< (l.,.fUH.OUlPUTS. RT~l V. ORlO ['<TUlES), 
rl;,,, (Sl TI. G ROl PI). r<l•IÍ<>n>hip\ (USt S, UrUA TU.. G! '-lM ~ T U.l, <•lJ Olh<f 
informJtion on rinrins. dolO •olume. l¡nonynn. owib«l<o, ere. PSA o~er.,cs 
on rhe PSI.""'"'~"" ro proJutc • numbcr of uscful •umor.oric•, surh u; for­
nlJIIeJ rro~lem s:arm.rnr•; direrrorin ·and l<Y"'"'~ inJ":«; lúenrchi<>l olluc­
luro rrp,•rr•;· ~"phi<>l '""'"'"¡" of no,.¡ and «.lltk>r.,hip¡; ond .,.,;,,¡_,¡ 
sumuwir;. Sorne of rh"'< c.op•b,lllio• ore oCIUlllr more •uired 10 suppallin~ 

!)""" (.,·,itn ocli•drie,; thi> i< ~freo t11r n•o•lc In .. hi:!liSiHJ~" '"~-~ 



--------------------~~----------------0 1 <\5; 
M . .n¡ <of lho rurrcnl hrnÍI•IÍ"ul of I'>DOS >l~no ["'"' ¡,_ r<.nl") <>rÍchl•· b~ 1h.: n<.:J to dcltlnlin< ~h.>l .uf~>••rc lh< l)'ltnl lhouiJ 1'11><1"«, 1 e. lh< 

11on 1<·~,,~ hu.linc» >)>Iom> li i> '""'mi¡ u,rr,cult 1~ "~''''' •••l·tin1.: ¡,".. 1.,¡1"'"' «~uir<nl<nl< lhul, the m.:thO<h, 01 o< 1<>11 •h• fo•m•. of<>rtmÍ"l 
r,,m.n<e "quorcm•nh onJ m.m·rn•<hine in<cr,mion rc,uor.:n"nll. for nJm· 5,,r1 .. ,,, ,,~~ir<n1 .:nh .re of e<nor.l wnccrn in outonlJii' pro¡rJmn11n¡ 
pie Ot~." "P•hilo:icl ••e CUfl«nl¡ mi»ins. >uch .. sur('Ort ¡,,, «•nf>fur~i 1 ~n t<><JI.:h 
"'"""'· 1r•<<•h•ht¡ tu Ucli[n o~nJ '"le. dcl,ilcd con,i<t.:nq ch<rl.ir¡, •nJI>u· 
l<•m•h< ••mul .. ti<•n ~en,·r .. tiun Üill<r lumtJiinns r<n<tl tklo~:t.>Lt . ., 0.',~1< 
d<>i¡:n rhoi•c•: <he <oulpul ¡:r•rhi" •ro <r~Jo, bul lh') ""' pr.>Ju,<d 10 >Í•n· 
d"d S'h ~ ll in <ÍIC on •n¡ »•n•1•rd line rrir.ta, ~lu>h ~r the ,·uuonr ,.'orl 
on ISüOS/CARA i> Miented '~""d ,.m<J•ing such h>nllJtion<, •cJ Ht;nJin¡; 
th< IJ<l<m !U lullh<l •urr .. ll ,,¡,_"'« d<>i,:n _ 1 

1) 51111'. The "'"" '"'"'"' '"~ r~"<rful <)Slcm lo1 son"'" re~uiro· 
"''"" 1pe<if1:-,tion in nid.:nc. wJJ¡ is '~"' b'i"t' d"c:.-;-,J unJ<r lrhe 
Sufl•"< Rc~uu<mcn!> lo~in<erÍI•i Pl••tl•rr. (SRlf') b¡ TRI\' lor rhe US. 
Armr fl,lllll•< Mi>ri'c Ocftnlc Ad''""J TeohMI~¡· Ccnror W\lll~TCI 111 
ll, !JI p,,,i~n• of lllt1 oiT<>rt "" U<ri""'' ollSDÓS, 11 u S~< thc ISIHlS dJI; 
n>Jn>¡<nlorol >¡!Iom, ,nJ" rrirHJiil¡ "'P""'J inw a l.•ni"'¡'. rhc tc~J.,,. 
"""" "'1'"""' IJn¡•uolf( IRSLI, ,,~,1 JO ;w>lper,lh< roquucmlnl> O\JI 11J\;~ 0 
•n~ ,.liJ.oior. •r•_""' 11\1:\'SI. . . . _ 1 

SRJ;P '""'""' • r>un•b<r of•"•m•un• and onno'"'~n. "'lmh ilt ne<dtd 
fo1 r.~uir<m.:n11 cnrin,·oring in I<Ol-limc sof¡,.arc de.cl~~m<nl I'IU)U¡¡ [In 
o• J<r ro « 1 "" n 1 r ,. >1·1 '"' ,. 1'>' r f,,,,,m" "~" ",,,,. n". 1h< iuJ" iJual r un; 11r•n· 
•1 requ,.;mcnl> <.>n he joinO<I 1nto >~imulu•-re•~OM< ""~'"'' CJileJ R.SrO<. 
fn Old<l 10 f<~UI C.>tl)' "l<nlinn M IOfL~JfC to<lin~ •nd I<IÍ•b11"1. t~crei 010 
,,~,t-~''"' lo1 d<,i,:n•lin¡¡ ""-.h~.>rion roint<" ,.¡,hin <h< R-!'ct<. ror <>rl¡! lt· 
Quoromcn11 "'"l•lu>n, lh<rc >rt r•r>~ilili« for aul<>moli< ¡encr.lior. nr rUnc­
tinn>l •mwl<lMI f'<•m th< I<•IUÍr,·noe.~l> ""''."''"" ,-\nd, for "dJ,~IJiinO 10 
<h•nfin~ «q~ir.:men", rtocre .>r< <•r•bohoie• for <onfl~urlliOn <OOU<~. lr>«.ihl· 

"l oo J.:•'t"· ,,,¡ ""'''"i>< ''""" '''""''''"" •n<l '"'"''''""'~ ,¡,,·,>in¡ 1 
Cur1em ~HU' hnlllJioon; ·~··in m~;rl¡ r<n<er-delo~<rJI< ~e>i¡n deci•ion¡ 

«nltrtd OIQund illt ""'""'"''~u;, hi¡;hl¡ rt•l·time NOC<I>·ronuol p1o~len1 o/ 
b.>ll,.li< m_i''''·' d'f<n><. Cor•billl•<• loJ rorrc>ent 1"¡' ro¡, r••''<•<in 11 'an~ 
m->n·m•,~•n• IOI<I.>.tion; "' n•i'""ó run•l'<l••¡- i< o p<~bl,m: >lih<•urh ,,:,0,. 
P•lll run un'"''"'"''''"""· noll" pJ!h uf ohe >JI<< m run onl¡ <on • TI- \S( 
comrurer .,..;,h ~ >et¡· pO»erf<~l hui nr,•mi'~ mulr''olor inrer."i~t ~r.rhi'> 
l"min>l 110~!"01, lllt >)'1<11! hJI beon <k>i~aCJ ~irh ti.C U>< Of <!'m¡.,¡" 
!<""""'" •nJ <>l<n>il,.lio¡ fe,""'"' ~'"'h >ll<a•l>l alto" rhooc l"tllt.uiun, 1;, ~ .. 
""''d"J. 1 

l) A"'""'"''c "'"!.'"'"'"'"'!.' ,.,,.¡ "''"' "1'1'" "'"'' llo"h'l ¡t,e '1 '"' ''"'"'1' ,,¡ 
the n.r,,,, "~'""'''1 R'"'"" ""'!"" A~en<y (D.~I(I',\l, '"" ,1 "''''•h· 
"" ••.•-'"' nt pting o o Jc~elop ":•<~IOrl\11 ir pr ,,~, "'"" ~~~ •· 1¡ <1, "l> "' ,.1,¡" ¿ 1¡,, 
["""'''"'· •. ~ ''·'•·' '"'''>di¡ , .... 1 ... , ... ,1 ,, ,., .. ,, """"'" 11 """"'f"l ,,

1
,!11-1 

• ' ' '1 • " 
,. . .. 

'" .... ¡. 

T~o m>in .¡;,."tion; >te beino 1.>\.en in ttus oese<«h- One. u<n>p:i~r~ 
b1 1ho ""'" of O.l!cr ol USC·ISI 11-11, Í\ r~ "01~ "'ithin o j(ntl>l pwbl<m con· 
""· rd¡ins on onl¡· l<OCI•I rute. of in/orn,.tion P'"'"''ir.i (il<ml mu>l b< 
dcr.ncU o• rc.-ei>:d t><:fore lhe¡· .,. u>eJ. 111 .. ,r· •hould h»< Nlh o ''then' 
""~ Jn "el><." tld.lo re;o\vt >nob;&uioiC\, dcficiondn. 01 in.:un<i>toncic! it 
•~• probkm <~oo<m<M- l~i! •N•Io>ch cncnunl<t< formidJble probkm> in nll 
urJI l•n;~J~< pro.:<\<i~,; 1n~ m>¡' ro~uire furlh<l re<Uicriom 10 m;l.e il lf•"­
ohl< 

lhe oolicr d!l<.:lion. n<mplifl<d b~ lh< "'"k of M•nin 11 MIT ll>l. i¡u 
"'Ori< "'ihin J pmi:ul.tr problem IICJ, su'h., in-.ntory <:onlrul, .,¡,,,. th<r< i: 
'"''" ,;h of J gencr•l m<>Jel of 10f1 ~ ,re roqOJ i1C rll< na an J "" i•IJblc ter m inol•'il 
10 nu!,< lh~ probl,m> of rC\ol•in,; >mhi¡uiti<i, def«ienci«, onJ inronsillen<i" 
""'"'"hl¡· "''"blc. 

Thi< I<<OnJ •?PIOJ<h hJ<, of <~<> .. <, b<en UI~J in lhC p;" in \o'>liou: 
form; of "p!~~'-'mmin,;-by-QuC<t,OO<tJirc" anJ •rrtic>ti,on e<n<i.JIOI< (1, 21 
Pcrh.•P• tho mQ\1 wid<ly u~ed ore rhe p.ranl<tcri«d oppli"lion i<nenl~r: 
d<'<:~ 1.,J rm "" on th< !!l\1 S¡>i"nll. ¡~_\J ¡,.,somo mo1e ;mbiiiOUI enon: 
on lt~uircmen" spcci~<Jiion unJ<r.,Jy, noubty one <•ll<d ohc Appl;,.,¡~, 

'Sofi,.Jr< En,;;nccrinJ Tool {16lan~ oM c.lltd 111< lnfornu11un Auron••• 1111 
· but runlicr informJOion is needod ro'"'" rheir cu~rono """' ond dlfccriun•. 

Ano1her a•:<>c< in•ol-.• thc lounJti:Jiion on!l •rccif .. •li~n of tto<~irct 
phlp<rli<• in • ,,¡,,.,., •r<<ifw.rion hch•biloly, n>Jin~>i,,,Lil•lY, pO<Iol>olol~ 

(1< )_ ~oon< •u;:co" h» ban <•r<ri<n«~ h<l< fo¡ '"'":l-1.;-meJ.um >J>I<mó 
u,i~t • "Re~uo<cno<ni>·P!Opcrloe\ M•ui," 111 help •n•ly>l> infor •dJo\ionol re 
quil(m<nl; omplicd by <uch con1ide101i~n• [181. 

In lh< ""' of <t~uiiCm<nl< <1>1~mcn1 bnl'"'<s, ": witl l<t furrhe 
eiTu<<> <ith<r to """"J rbc ISDOS·PSL •nd SR[P-HSL <>r•Lillli<l lo h•ndl• 
furrh<l •'•.1< of •r¡•li<.<lion, •u•·h -" m>n·nl.td>iroe irncrwiun<, 01 lo develo¡ 
IJn,¡ÚJ!< •Mi>niS \¡>wlic: 10 such ,HCJI Ir i1 \!otl on ~pcn Q'IC>li~o •1 lo ho' 
gen<<JI >U<II' Ion~"'~< CJO be ;nd >1111 tCI>in j¡, Uld;L¡. ()ol,_¡ l'r<n qu(>lion· 
JIC lh,,.; oftiiJ: 01,111<1<, ··,.¡,i,l> ICI'l<•'l\!,<IÍ,>" ,,,,..,:,· i1 loe- :,r ,1:,.11bir'•:! IC 
quircn•cnt• in a cc!LJin '"·'~" ~~JIJ,\lC" >l···,,·_:,:n~ '·'"'"u: O "''' ir 
1< rrc ,en' in' gen< tJI dotJ r• ~<! "'"' ;y\ Lt m' r<q<J '' < "" nr; 'f"' U:o B \l [) ¡ rr: ~ 
lru<. '"'"I><J!o' 1'<,0Mil, \1.,1< II<J!,il;,.,, oJi.lf,IOIII>, ""J¡•I<•I"·'"''I,ul,, 111] 

' ; ' ... 



--~--------~---------------------------~ .'& 
/o. rr><>J dtJI morr t•" •nJ ~•11 b~ d~n• w t>lc'ncl oh~ •·•r•~•l"' ~r rc·­

quircmcn\1 SIJI<mcnl •n•lJIGI! S<><l>< <>l<n•it•n• ••• 1Ji11¡ '''''f~ir,,;,.,:d 
<<mli\ocnq· thocl.in!: olhc"· in•nhin& lh~ U>< ul rcl.tir·~JI '"1'"·*"' \o d,·Ju."< 
d:<i~<4 "4uirrmrn11 •nd •h• J01cwun ''"~ pcrh•N r<ncr.!li<>nl ni mi<,in¡ ,,. 
quirtmcnl! '" more dolf""''· 1onJin' w ... ,,J lhe oui<>I\\Jtit P"'f''"'"''·'~ 
'<Mk, 

Orh<r •d»n<os ,.¡¡¡ imoh< '~' "" ol In"'"' reQuireoil<nli "''<men11 1o 
imr•o•• <ub-.qucnl p.ro¡ o( Lhe •ol'"''' Me ()el<. [\lOII'l'l inrluJo 
"quioem<niHl<>irn-rNe <Pmi\leno rh«l.in¡: (onc in•tiol rllon ;, unJ""" 1. 
lh< '"·'""'"'' ronor,¡inn nl1c>1 '·"<! lwno re~uir<m.:nl< .,,,m,•nl! o~nJ, ol 
routl<, th< od"n<u •n oulom•úc rru,romnún' !~•oh in• tht ~cn:rJti"n or 
codo from rrquircmenll. • 

PrOt«ll ~ill nol n.--.urily be o•olutionar)", thcu¡:h. Th<rc is •I~J>I, 
!N•d thtnco or • brttlrhrou¡h. 1ornc ~o¡· cc•n«rl ~hich ~>ill simrlif¡ •nd.fot· 
molue IJ<~e rcriono of rho rroblem •r•••· E~<:n th<n. lh~u,h. 1horo ~ill ol· 
><>JI renuin doiT"ull rcri~no "'hO<h ~<ill rc~ui" hum•n in'si~hr ond son;iti•in 10 
<~n,. up ~uh an •<«rtobl< >el of 1ofi~<Jtc requi"nt<nl•. · 

,>,noth<r "'"~ '"'"''" lhc ;mplCI or ha .. n; formol. m•<hrnc·an:¡l¡lJ~lc 
«quircm<nll (ond ~<'i¡:n) srecof<>•l•nn! M our 010,.11 in10ntor¡· or IOftv.Jt< 
<<>d< llniJ" inl~ro,;nc l<>fl~<are r<lrl~ilil¡·. thi¡ ~oill m•le our sofl~<J« nur.:h 
morr r'•"•hl<: "''" ~;u no! be oiod 10 much 10 • pJrliculu m••hiec 
oronfr~ur.H•on. 11 ¡, inl<t<<ling lo <r.-.·ul>te on ~h•1 imrw thi• "ill hJ>< on 
hM~'"" 1onJu" in ¡hc ruture. 

IJ<JII)". ""< ><nuiJ li\o h• h••• • «•mplooe. con>illenl, ••liJ.,ooJ. un.mbl· 
tuoul. nuchin,•·inJer<nJont ll':<irt,·otion or sort .. ·•re requir<me~¡, bcfore 
p<O<«don¡ to •oft~•rc ~csi&n. 11o~<Hr. the rcq~iremcnts '" n~l «•11¡ 1,¡¡. 
d>otJ unlil it <1 drt<rmincd that the rc¡ul(rn~ I)'!<Onl con be butlt for a"·"""" 
oble '~"- l~d tn do so r<•tUitn Jc•·olopin¡ one or more 1oft""' ,¡..1.;torl t.~nd 

· on¡· o.soci•tcd h••~•.r< d-"irn> n.:eJcd). 

Thil dikonn•• i< "'oorli<.<IC<I b¡· t~e hure number or dtl""' of rrecJom 
,.,;l,oble oo solt~Jtdhortl>~Jtc 1)11<111 tlnit"<rs. In ll1e 19SO"s. •s indi<>ltJ b)' 
T •hlc 1, tho dui¡;ner h•d <•111¡· • re" <ltorn .. ti•·e~ to chM;e rron> in sclcctin~ 1 
"'·"•' pJO<<<>int unit ICPUJ, • <el <>f pcriph"•l•. • r"'f"mnoin¡ llnf"'~•· 
ond '" rn.cmhlo ~r surt'"'' '"r'"'·"•· In ohc 1970"•. ~ioh ,.piJir "~l.,n¡ 
mini· ond nticrocompul<.,, r.rm•ore. n>n<l<nl\. ,nwl tetmJntl\, d"" m•n .. t<· 
meno <Jilcms. '"·· th< J"'~""' lo;; on '""'"'"u' numb<t nr >llcrnui" desi¡:n 
conor~nenll to" sort out (rol•ibrlitie¡) •nd lo , .. iou<l¡ chO<l<< rrom (lo~ el> 
<hoi•<<l. Oy lh< 1980"<. lht nurnber or rn•>iN< tl.:¡i¡n "''"bin.Oiinn• "'11 be 
¡,,,,,,t.blt. 

T•M·· 1 
o .. ,,, Dt:"" ot r ... ~""' r ... :-;,. n ... r'"""t"' s,,.,..,, 

IR .. ,~ r,oln"n'l 

..... , 
o ..... ......... ~. '"""'" 

~ ....... '"10',1 m lO 11 4L010 ,, 

'" 
m •• 

o .. c ...... , ... ...... ~ . .. ~·~ 
""''''"" ... , '"" ... ' ' m •• 
'"'"'"'"'"' ...... ,. ' • >·IJ 

0;-<'"''' "'"" ·-· " ' 
"'" """''''"'"' '""'" • •• • 

Thc rono ... i~gare 1ome or 1he lmplicotio~s ror l~< de•i&~"· ll ll is •·~ier 
ror him 10 do •n out¡t>ndin& d"i&n job, ll h is •~••er ror hont10 do • te~r~ble 
deti~n job. ·J¡ Hc nad1 more po,.erful.•n•ly\ÍI lOOI_s '? help him IO!l out thc 
alt.rn><i•·e¡ 4l He has morc cppo<tun<li<S for delr&n•~¡·IO·t0\1. S) He h>l 
mare opporlunitin oc dnisn •nd de•<lop lun>ble systems. 6) !le n7ed1' mo<e 
n .. iblc requil<meno¡.tr>«i~J on~ hudnre pro.:ur<ment mcch1n11m lo sup· 
pnn lh< lbl>>C n<>tbililt (plllicui"IY in &ovcrnm<nl •Y•tenu~. 7l Any r~oion.d 
I\JnJJrdi>Ooion (e¡., in pro&r•mmin¡ l>n~uJ¡e•) '"11 be 1 b•J holp to h1m, •n 
thot it rcducosthc numbu or •ltcrn•li•e< he mull <O(I>idot. 

8. Cu11fnl pra,·flrt 

sor'""'" d<li¡n i< .,;n •lmosl conoplctely 1 monu•l pro.:eu. Tho" it rel•· 
tit:l¡· hnle dfon de,·otcd to design •>lid>tion ond til\; an.ly1i1 before c~mmit· 
ting 10 a pmiculll ;oft,.are dcsisn." Mo¡t •of1wut error¡ are m'.Je du11n~ lhe 
de\i~n phJ><. ,0, 1 .een in r;¡. 4, .. hieh ¡ummatile< snetal soh,.ore error'"'" 
1¡ 101 br JB\1 1~. l9l•nd TRW [10, 111. the 111io or desi¡n 10 n...Jin¡ etton 
~lnltJII¡' ncceJ¡6040. (Forthe TRW dm, on crror "'."' nll<~ • d:•i&n er:or 
if lnd onl¡• if th< '"u1tint ñ., r<quir<d a chonge m thc dcutleJ,Qc\l¡n 
spo>ift,'Jiion) 

Most •oft~ll< d<si~n i1 uill don< bouom·up. by de~elopin¡ soft,.•r• com· 
poneniS b<forc addrc,int int<rfoce and inleg..oion ;,.ues. :rhcrc ;,, ho•••"'· 
increo•ing sutcc,rul use of ,oop·down desi~n. Th~l< 11 ·hui' nr,;•no!<J 
kno~l<d!< or whJt • •ofr~or~ d"iJn<r <1<:,.1, ho'" h< d<o<l 11. or or ~oh>t mJ~<I 
, 11ooJ 10[1,.., 10 desitncr, ¡¡rhoush somc initi•l wo<k alona th<'< hnc. hu bccn 

done by frccnun 111). 

• 
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·"''' ..... fi''" ••.• 
......... "' ..... "' ••. -..... ~-,._ ... '1 "'' '"""' ... ~·" ,,., ............. ,., ' '" -...,~.,' .. , 
'"""S ~ '" '' 1' "' "' '" <"~ ,. .. • " ''1' • ; '" "q''"'"l , .. •><• · "'' •"'! '"" "" ''"'·' "'· 

I>!J\1>!-'~>p ~,~1 P!O'" OJ¡>:>o.IO¡>»p ~>"'! Hq !~W~lp\ ~011 

·•111>!>.'1>1 J<'> JOqt••nu v 'U)t:u!••u puo pumJ>pun 01 1'"~ '" ~~!4" su>!''P 
p¡¡n¡¡nJIIUn 'Pll<>!idWOJ IJnmuoJ 01 .llo> 001 1! l>~rtu >In¡ tU I~JOJ·~>Jj >P~I 
'Oij'y' '<OO!IJOIJIU) t~rp pUl I>JnilnU< jOIIUOl J<.l>4~Jrll!~ 'iu>i~"·'Jd:Í¡ U! .(j 

·J<¡nl!iJfd '!>•JU>!>~>p JO l>qWnU 1 >M4 {l41 'UO!IriU,_>!dlJ uf:•>p lOJ J'>"" 
,(¡¡u>Hnl r'<l41liU U>fW >41 uo.rw>J IU<4> "or,J :uMr>m~•••Jn otr•a 1r 

.,,-,, onduo ·u .. o 
11! 1¡UO puo 'U.,O Ul JO <iUlW>j> P!I"'U)JO UOJI~>f>l :,~1\jOIIUOl >,.>f<>t\1 4.-r]., 
'<)m\ ~ U>O!lV '>j4WOO JOJ "<lO<iu! lno>UOJJ> JOj h<¡!q!<UN<lJ FU<i'OI) 
·U<. "fi•P puo "IOf"JW U~),.l>q IUO<_ir¡>J ~!JU>•Ol IWO(>r "' JU 1>1 0 "' """! 
'~'"' >'!""' 01 r,dw>n• •·~ IHI Howro4l>Ul {SOHI >~•~•Jos "P•o ''4~'11 
,<qq "~"U '""'! ><'>41 luo¡y "IHJ '!ndUf lno>UOJÜ JO) .{I•:'~!<U06i>J .10 

6 U<>!¡nqlli'!P •1 O>n'l! 4>n< U>Jppl .>41 SI P>IO..'i!dWO> OlOW Su!WO>>q >q o•¡o 
bw ~>~¡ ~lno4111 '!>U'I>P!n1llu1PU!q·J<Hi>•OI >41 ur41 p"n .f¡:~:~ put pJr~ 

·•<>J141!'JI< >lo\u "' ""!I'P!nll ru• '~'"'" UO!'''!Jr¡npow .•rtJJcol '¡rJ>u;F u¡' 
"ll>11l '•m>IU!UJrll O ~jdW!I 1! \lljl JO 4'nUJ "'04 >U!IUlll>p 01 r:p>Ou >q 11'~ 

-, >'Ulfl~X> l>t¡IJnj ·¡J¡;t¡ JO J<j Ol "JdWOJ JO ¡non~!qUJI 001 1! r~y {¡dWII SJ> 

• ·ljJC} pur "ou>t¡l '"!l'JnWJOj JOj.IOU ¡nq IU~!I>P Su!~>fo>J lOJ ¡n¡:<n lf puy '" 
•t¡IO :~un¡<<>J>n< >¡onb 4"0J<Ido <!41 ><n 01 ~¡qo >JO IJ>U'I'>P >wcs "l>>~uom 

Olj\ <! 'UIPU!q <11 4-''4" 01 <uO!PUnJ "041 41!" p>Jnolll ó'Q pj.-J4< UOII>UnJ 
O lf4\ >~•\>Po.nt >t¡l <>p<_<OJd pUl (IOU0!1'UnJ pur "jOUO!l'WNl~! ·;cUO!IO!UmU 
-w~¡ "1 flr.po >oJd "1-'! '"P "1"'!~<>1 '¡•¡u>ppuoo~) 1>¡ n fl<li!J 01u< ~~--~'-'" n J ·;o ~"! 
·PU!q ¡O <><ll¡ J>~uum li>I!'I>OJn< ¡o J>qumu r l>~<!jqrlS> u1!<;p p>mi.•MIS 
"1U>W>U~>J ¡>U! UOfl!U~>p >¡npoW JO'tlJO ;¡4¡ Uf d¡>4 pur !Ul~~!41 NJ!rilp 
¡<ow >41 '~!'"'d IHI ""'"d ;o ""!I'P!nt UO)Jti!J'Inrmu >41 pu; I!IC] u>!<>P 
;l(lodUJOl JO) 10 ( 1 u!!<>~ )'i)Jn1JnJII JO ! >n~o_u4>~1 '41 :uu.Jr:"r, · ; •'/\ ( C 

"OifP 41!" UOfl'ti>!U! 11! puo >¡n)~nJl' jOJIU~J >41 jO UJl<J¡> >41 
l"u•l"><>'lfll JO 'lnl>ouop;¡ '"10W! l>4l0 >41 :<>¡npOw 01U! IUO)!O~nJ ~noJI oJ! 

ptro IJU>OU>uy;¡ ''!'lllln\ '"'"fo-'<1 C/ ·'•O<¡ JO) ll!I!I>P!n8 IU!4''1'-'1'J <lljO\UO 
:¡UQ "Hn«) U!l'IU 0~1 UO P>lltUJ) <"4 Ull!i<P UMOp·dOI JO ii~JOU .. _.'>l l41 

"lbti IP>(o!d ''ow uo .lJrl"-''" 11'-'n<<! """'P 
i">i·WOl!Oq 01 UO)JUJJ\0 (puJO >JI~Jp J\UOI l<t¡l H041 >-'U>!;;J\J. "4·'"•'41 

"ltJ>U>I u¡ "IH 'Lll <u~!"P >'l~tuu> JO ""!"-'~!"~ pur "o:,11 '!""'"'""'·' 
'lu•ru<i<J>pun po.oJ~IU! "! ''~'"'""'P' JO ~>q1unu o 'P!•~Id "1•:1 .. ·~~!~-'"" 
l<n!Jf~., JO .,UOfP•JI<ql JO '1~»1., 11 r>~>p!•UOl ~q {rW "'!4~-"\IU~lU)Ulj>l 

CG ~ . 

• 

•'.n<<JJ'n< >•IL I'·'U.'.-'•'11< S<. ur.•1H< li!IIIJ l'll t•.run IU>U•Jd<!il\1 i>-'>i·JhOj ><¡1 
·<_>-·-·n¡ '1"·' '"~" •I»!II"JOI• ~~ •r-'•''"J•I P<>" 1·'"!1MJ ,.I~~Jn•l •• u• puo "1\J> 

-~~~--1 ,."ln~ur •• uo lu¡II<>Jl>ll> lU!IIl•lJ .. ••!<"'·"'" lh>¡ doo 1 U'IJ<>j' om1. 
-~llll• JOilU•\l I"!~JJI'l>!4! JO UOI\Ill~lJ j>o>¡-<101 1 41!" <OoJ.•o¡ 1j "U/liJiUIJlP 
'!'"Jl>l"! pu" ""!'"'~"!"! JO "n!IJ l<l!I!IJ >~11 1<u uoo¡u_;.,. ~pro ;;,n>OJ 
4;'!'(" \0" r Ul IU"J.I.ltd 1 JO >Jn,nJII j0JJUO\ >Ojl JU!ol•lj>,-lp ¡>UO IUI/IUO,JO IOJ 
"¡nr>.IOJJ t >r! \OJJ 01 lj '4Jn041 "11 > ~ <>oJp 4li"UJ~JI U Mp·JOI >l(l ·¡;4_\\ 

1-""~!"'1'·'1 "~"P·<In, 4'"' lu¡<n "! 'II'J 
•lid I'!IU>1UJ P"''P!IUOJ lq <OirJ .(Urou U! 11nu1 IUI>!I•IUo<l><r l<>41) ·poq\l¡qr¡ 
·1.' u,;q Ol¡t 1'4 J)nllnJII ll!p l41 l<o¡¡ p¡o~n<'" O<jl 1! 1! 'U>IJQ "lJnJ>.ÍJI4> 
·J~ 0!1~1'"4 ru• UO!IO.'Y!»J< liUJIIili!II~JI pH\J "WI\J f :Oq 01 p>tun<<t (pr" 
·!~ 1! .. dol .. 141 '"4'..' '1>4-'rorJJo • .U"''P·<I•ll .. ¡n !m.l.>1ro llll OiU! II'J "'l''P 
lJr~IJr< lUJ ""b!u•¡J)¡ "''" ¡n;JJ>4 '4' ¡u ""1~ .-~.i·l-'1' """1'-J"l (l 

1 ·¡¡><1! U~J"P >ll¡JIIIOJ >41 <lo.~¡,>p 
01 "'" 11 !JC41 >lU!I '"'"4' l¡qtJlp!llllll O u¡ <¡\.(¡ro• "¡"·'1' 1UJ lU>il<< 
>41 JO tl•".l'ln<ll'< i<U~'.I:un; 4~""'~41 .!¡m¡ r Uo¡»~n 01 >i~'W>.l 01 '''"tU 4>"1" 
"[i_l 'ttl ISS.)]I IOl'¡nw15 Uo.lniS '·'lnJou,o_J >W"IIU~I':J >4l ,, 4_,,, "I;U>I 
''.•1 UO!IfiUIOJU< 'U(tr¡nW!< 10J \ln~!U4l>! r>•UJ~IU! <!• p>pi\UJ~ 11 dl>4 >W~S 
l~nb1U4»1 I~!J;>U(~U> W01<(l itJ>U>~ pu<>l>4 >jqr¡<r>< io 4>n..; IOU "i>"J 
O~Jrl~ 14ilt 1nq •¡n¡J¡o~ U»q '"4 [\11 SO~Q-1" lJ>n< \I!J<I¡rUJJOj >WO< "i> 
·~·~ OJ>!lU >41 1\' "W!4 01 O¡Qrll.t>r IUOpO"J JO <'-\J~)p Uio•>n J" J>qmnu o.l¡q 
'41 ~'"''" f¡.•owJouoiJt •>1 '"''!"'·'P rur •••l¡o·ur 11~-'r•ll '"""IJOI·>J<-.r••4 
11'"'0 >41 ''<w "·"·'!"P >41 J¡>4 o1 >¡q•"l'"'" 1~ >¡11•1 ~1"!~"1'11 

• 
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>JljnJUJO""'J>tW put <J>JnoiWOl!U!lU IU!I'I>JII~Jd {lp!dtl >41 JO) 

lpr¡nl!IJo.;J ru• >Ion'"'! ~lqw>«• "! U>IJO '4~0041 '"'"''"' ~"!'G 11!1<" >poJ 
_;o¡n¡,n¡j\un ~lq!JJ>I JO ¡np INII y "(>l!l >Jnr<>w Jur¡JW!I pu! ~oplttUIOJ lOJ 
llln! PUl -11~Nil0Q roo-~ liiiMO<J ·;¡V.) 'JSHNJJil.JI '1J"lll0J< {JirJ>U'i -
O>lnJlnJJI ¡nJJUO> JO 1>qwnu p>l!"-'!1 1 41!"' OpctJ pOlU>!JO·P>Iq '(l>!lj'J~1>!4) 
',H "JIU >['OJ P>l)'>>"lll 'U!In p1!.,01 fU!•OW llr IUO!IOIJUdJO ~ur¡~ 

O>fi)UJI Junm.) .,.. 

"j(j ,.<>hnfu'1 J>l""UJO;)., uo I>U1>M Jq >1>!"' UO!UrdWOJ ~41 
'! r>~~•o• ~ 11!" l•!'"'w >41 JO 4'"'" ><nrJ>q 'J'!'q oq 11!" 110!1·'" !!4l 

r-~UJIUUJidOJJ '.\ 

"I!Olln<¡!'IUOO ,_~1!~0<1 1 ~FW 11!1' 
H) >¡do>d rool·ll'! 0~1114fl>i qof ~\,[1 htlnJ>nm 11! plll ·~¡dood po<>! JO 1no 
l>q ~41 fU111>1 111 1>!111!11 u1ti>P >J••IlJOI rool 01 Jo, >~.l 'I'Jnpo.">OJd II~!<>P 
rtUlOJ lu"n OllnUl~[idOJ)J 1!>~1 11! pUl 'I)~~<"OJddl pu• <>j.ÍI< U1[<>P ll>\¡1 11! 
JOII"'JU ort" 1 p>I"!PUI )AT\,( IJOU~!IOp "'"'IJOI JO I.ÍHJnS '1<>-'0Jd u:;¡¡op 
,; .. ;JCI 0\,[\ >l11•1UI0j "" OUO \,(JnW "'0\¡ 'J)A>~O\,[ 'Jf>j> IOU 11111 <1 IJ 

·--··---·---....... 
'JIQ"~"J >JJnb u»q 1 1 

"'4 <J)>:oJJd UO UPI<AI 1CJJ ~Til h<<n U! <l¡n<>J 1>!\IUj "U>UJWOIIOJduou 
JO) .(<" I<>J l!>q1r "l(J~ >1!1"' pu• prOJ Ol <J>IUILIOJMJd J~J ~\" 1) <>yw 
UOO)"Ul<'ld>J >~tj·IU>J,Oid O~l "IOIIU~> UOI!SIO. ru• jOJIUO> ~30IOU!IUI>I JJOd 
•Jn¡ 01 S>mi!>J mJ·P>4<!~ >uro< $~"111!15 1! 4~noop¡• 'UOIJOWIOJV! Ul!<>P OLIJ 
JO ll!"WWn< p>ntUIIOJ lt1Jl!n JO JJqwnu f !OP!'OJJ C<¡> 1! 'l>!<ll 4Jnw ~U!J•P 
-Jn "l'w ""~" W>l<llltld >~l ('[(~] '11'1'1 .lq ,.U!Jp<d p>JnJJnJ¡<., ~'llU .11 
·JOU!1!J0 IH UO!)O)U>"JJ'I 5!4l) 'Op 11!"'-0('0) JO IU>W~>< >41 1•4"' !u•q~JJI>p 
1>>1 4"1~U3 >WOI >1)!,. UtJ J>U~!<>~ '41 '>pO> 1'"'" >~1 JO POlJ\UI 1nq ·sw•J1 
.Oid p>Jnllnll< l'l!4~J~I>!II JO IUIOJ >41 l\04 4>!4"' IJ:nt\\UOJ <id>lJ• Wl) 
•<.l! 5!4l "fltl Wlii¡(S (l(]d) >1•n~u•l u8!'>0 Wfi~Oid <,uopJOD puo '"G'"3 
'>Uir;) .ÍQ p;pi\OJd·l! UO!ItiU><>Jd>J UJ!<>P >lq'">l01d-OUI~,_W J>'!IOUV 

-¡u>wdo¡>"P J>pun >JI 
OJOW 1"""' '{9f] JYA(llld <,>r"un ru1 '(ltj W>J<~! VJ]O I,!'JI>OH "jlll 
<W>i<!< Js'hJa pu• JJ\'(JI.A\'dl '(0~1 wmü (J,IQL >:"""'N '4' >pnpu! 
~>uoJ>J Uo;;~ >~t4 1<41 OJnltU 1!41 JO SW>JI,;S 'jllj ~OIJ<>~•»d< U~!I>P >l"l 
O U! IW>jqCJJ Jei!UliOd JO IU>!Op 4liOJ UIJ 11"4> {>UO!<.,UO> p>I•WO\n• JO 
m ljd\Uo< < UH> 1041 U~04< <04 »U>!J>d•3 lu!,l>4> ~JU'<I!IUOJ lldW!< puo 
uu.wwn< u3.,>p >•lll>¡Js JO UOtJ•J>u>! l>lt!ll'l<J puo ("o".' >lrp•ln '""P" 
~Uf) IU!IrpJn I>YtldWil l!~l 'WJOj >jQI'pt>HU!~"W U! UO!I~WIOJU! U~t<lp 
>10114>!4~ p:dOI>,>P U).'q OA04 !W>I<~I:JO J>Q!UnU O "!n41 'SW>j~OJd >3Jti 
UO (IJ~!>;oo.I!O '>IOP-Ol·dn pur IU>IS!<UO> U~!!JP >41 iu!~"~ p All"''.li~P >•11 SI 1 
W)J<ll jOOUO<U 4001 ,{U! JU ~ljnJ!l/!P U!rlU >UO lnq '<J'J!M !uQII\JU">1J!P 411"' f 
4!" "jó( "8( 'l(j p>dUI~•·'~ U>'Q '"4 WO!IUHUO>J "1!'-"!< J>410 )OIH>S 

'"" l.">Oid lUll1n.'U0) 01f JtdO< OHJ! I<¡Of '11!1< ):<'Jd UOI!~W "<d•t,[IUOtltj 1· IOJU[ IU[">diUO)>p JO) ""!I>PJnlt<!l!ll! >tUOl ""'llt ¡,odn ¡>¡n0\,(1 °" '4lM\,[I ·>1 (OHUO> 0\,[1 )O J~n,[<¡lllt \,(OUilq(dOOjfO>U>nbOI 041 JO OWOI Jl.,j)f )\OW>J 
Utt'l OJO JI ·nplf\,[ \¡)OlU 01 I~U[\,[1 >VW 11nr 1\U))<¡OJd .Í~UOIM.'II0) pur 01 .I!U¡oqW(I rn\0 >WO> 'PI-IOJd 0111 Üt,[.l 'I<U>J<¡~Jd Ol¡t¡ UO .ípj>h.U~ <<>¡ 
u~r"JJ JO U>J,>p ¡tUO!I'PPt :<>U!4'CW >j~U!I UO lqOf ~Jt"I)OI 'U!UO\('lJCd JO) " ~"4" <JnJ¡nu pu~ SlnJu! !,>jnpow O JO ~"LUUJn< IJtJUJO> >JOIU Ó >poAOJd 
:1¡J!>U!Jd ><n JO >W>p 01 4,noU> ¡¡n>!U!P 1! 11 qo[ I,J>U!!"P >41 >lqo¡dWOJ 1~41 'lj!Mljl 'oS ~U!C!P U¡ ·s¡ndiOO Oljl 'll'" s¡nJuo ,41 ~U•I>OUUO> !O'I;>Oid , 
H >nU!IUO> 11'" <utnJwo><>J>!W put IJ>¡nJUJO>!U!W JO UO!ItJ>J!(Oid >4l >41 ÍU'IU><>JdOJ JO >!rJU"pr 041 >so¡ ~:.41 41n~L1J:• .,;~'IU'·'P<SI,p ><>•.¡1 'i 

.,,.,.
1
¡o. <,J><n 1 JO Jp¡oqcJJ('d pHO,JdW! >ljlfll<p"~" $UO!l•>!idW! ¡u•>~!U\l!l JO >Wo< lp>W>J [lf 'Ofl 

0
~!1>p pOinJ>Oil< "! P><n 111°'-l' >m1>n11< >4.t 

1l!" U!<~l-Of'OJ >41 pu• 'UO!I''~!';J' "'!"P >41 'UO"'-'~!>~d< !JU>IU>l!nb>l _ -·----·-····-"j9fl W>J<}S JY,,Qijd <,>fA!Ufl ·. 

141 u»"l~ l\1l<'lr>"ll pur UO!lti~>IU! >lOIU >q 11!"'-01>41 'AIITUO!UrrV ">J•P \t 4>n< <.QdJI[ JO UO!I•I~U>' pU• UOII<JU>,Id>J >'-11 >~'"'0\nt OJ >ptW U»~ 
n 11rdtul1"!""6 "'1 4<:" mq •Ju!<UWc;,old """"""'U!'""''""' IOIIUO> . '"~ IJJW>ll• >wos ·•n~!U~>>J >41 JO""'"" 1'""'"' '4' put 'sw>J<Js ,~,.1 
"''Q ,41 ¡o 'o¡ru• 01rp r >P!•o•d 01 '"~'o pur !ttl >~<OH ~q >pcw ""q •~·~ vo \J!4J"~ >41 JO II>U1Pl'!~un >41 '"'P ¡noqr uo.,><uiDJU! AJ<wwn< JO v•r 
:i~IU>Ill jt'IIU! >IUO$ ~U!Inllnll< tiT~ JO T>l> II"''.U'P >10\U >41 U! $<>J~~Id . >UI 'J:d!41U<J!I0j>l >II>IJ! U! U! 10 'd001 1 U! ')lU:n~J< Ul !Oinf'OW j>.OI J)"OI 
l>! Pln04< "' "<>Jn))niJ< jOJIUO> 1U!JU>•>Jd>J put iU!U!UIJ>I)p U! IIU>W)<Oid •'!l".'.'nl )Ir) Sd!41U0!1'1>1 IOJIUO> >41 JO .ÍI!n~•QWO >~! >J! l>lt1Ut.1pr<1p 
Ul! I>P!I>g •>Jt~IJOI IOJ 11u>11J1 U!!<>p·p~plt·J>IndWOJ plo,.OI UO!<OIO<> lfJ>•nJ lWO$ ">Jn!>nllf p>U!Id!>!lp pur 'S>!~~ .. i ~utUJOpUn·OI•¡(lr> '!UJ 
''4""l, ~11'""'~ put 'l>!l'l!qrdr.J r>rr• 4'"' >n ~~ onU!IUOJ 1'11'041 >.\\ ·.•1> ·UJ~>I JO"" '>m JO"''"'·''' ab'."4"1 OJIII >41 ¡o ••J''""PV 'llnJíno 
wr<¡oi""'P ,,.q "'~' ¡nJ·l<IIJ '"'"'""" 1«>> ,,.,!JO< '51>1rnq ""!' pur >JOJ ~·· <lndU! >41 <J)>UVOJ '!'"1" hJ!<>-">Id ~'11 JO IJowwcs • pu1 'llnd¡no su 
,..,;0;1 .O!:!! ~'!"' "~'" 0~ 01 SJ>In "WoJj ""'"Id ¡o ¡uno1u~ '!"J • 5! >1>41 ;•1nJu! <1! .lq r>~u~s;JJ>I '! 4>!4" JO~'" 'S>Inr.~•u ¡o .l~ll•n!4 1 VJ , • .,IJO; 
IUIUJ llqrpr~J·lUJ~""' U! 1] UO!l<IIIJOJU! u1!1>P JO Jl>p pool 1 >'UQ IU~¡J>J IHJ >nb!U4»1 10,1111) tnd¡no·\!l'l<)l<l•lnJu< 1"!4l1>1>!4 >41 

ro> -

' 

1 

' 
'' il 
1 

1 

1 

1 ' 

'! 

'1 

---. ~=··. =·'" -................ i"C•-.. t:=-·.o;·-·-:---~--~ 

• ' 



1 

1 

1 

1 

-----.· 

·' 
( 

( 

'
=""' .. ,."' •• ,-~-:::~·r,~-~ ........... ~--:..;. .. ~,., ..... ,., .. ~~·······'"''~'~···~·--·"····"·-~·--,-"'~-~~~~o~~~~~,······ .. ~~~~~~~~~----~-... 
.......... "! _ ( /<lto•¡¡J '""''''' r,-,r.,,,¡,,_~, -::-;:,. noo>Urh.rin~ IOoJI> ,nJ '"'' ""'~ rl•n~in, JiJ, llul nrMr l<r~n<.>lc~i~>. lu.h . 

r..::>' m••h<no•Ji<.J.! "'""' Jcchni~u~•. h••.: b•rd~ ~>.:•un 10 pcnclr"" Jhc "otiJ r 

\ 

l>n~uJ~<I "'' h~cun<'rn~ "'''~'• ~h,.·h >urpnn >IIU<IurcJ ,,,,k""" od· pt<>llue<ion >uf1.,Mc. 
diti<m>l nlu•ble fc~•uro1 ¡u eh ol ~"' 1) ring ond ll r• ched.ino le ~ . r."<•l 
!~5I J. E>i<Oiiunl ... d, •• C!J'lCUrl:.'l ~'•"•' l~ól hJIC bccn d.:•dop.:J '" >UP· 8. c""'"'j'""''rr ,,.,/,ulory 
potl lh< pr<r~<JJnnlin¡' of cor.curfiM pro<CI'<I- hl<n<inn¡ W d••• l.•rin,; in• 

1 
\<uhrn~ more c.pl•<" bindrn~ nf pr<,ceJur<< ond lhw dJLa h-"• bun cnr~I•Jo<d 
in recen! J>nru•tcl <urh '' ALPif.~RD [.¡1] ""~ CLU ¡.¡sL ~'''''"mpolcr ,nJ 
compilcr ""IJn~ u 11om to•hnol<on wn¡inu .. le impr(l\e. •hhnufh mu;h more 

· <lo,.J¡• in 1he cede c•nera1icn >~e• lh•n in lh< <¡niJ> •nal¡lÍI are• 

Aulom>~ed ¡;,¡, indu<!o <uP~~rl s¡llcml fer l<>p-do~n ""-'''urod pro• 
trammin~ such u 1ho Protr>m.Surrorl -Libr>ry [.¡91. l'roc.u'Cnnllrutlinn 
(jO). TOPO HOJ. and COLUMBUS (}JI, Anoth<r nOHI aid is tho CnM .\udi· 
1or pro¡ram /.10] lor oulüm>"J mnd.Hd< ;:omplion<< checl.'¡ng - ~hith 
~u•r.niC« ¡¡,.,, Lloo '""J .. rJ> ore m~ro th•n ju't "Otd•- Go<>J prutromminO 
pro<li<e• .re"""' beccmini cod;flcd imo ;t¡lc handboo~•. 1.< .• f.:erni¡h'n •n~ 

.: f'l>u!ct (H] on~ L<d!<rd [.IJ). 

-r C. Tmd• .. ..• 
11 ¡, dLfllcult '" cl"n ur old Pl<>¡;¡¡mming l>ngu"~'l or te intrll<lu'< new 

-'.1 unos in lo ~>ido•rrud pr,~cli«. PcrM•r• 1he wen¡csl h<>r< In lhi> d1r.:C1ion is 
·\1 1hc rurronl Drplrlmcnl of Ddcn« !DoDl OtrorJ 10 defino rcqui!<n><n" fo¡ '" 

f~oyrc Joi~her ~rdtr P<"';JJtnmin' hnl"'~"' [54), "hich m>y C><nluo\1¡' 1-.J 10 
lh< doveiOP"'""' '"~ ,.i~o>pro•d' u>e o/ 1 clc•ncr pro~nmming r.n,U>I<· 
Ano1hu 11cnd will ~. on in"c"in; copobili11 for Juleml!i;ally I<Mlllint cod< 
/rom d"i~n ;pcd~c.,ion•- · · 

' 'l VI. So,ll~"•l .. rlll~ oud trlloblllty 

'A. Cur,.,IIWamrt 
j 
·1 . Suip<i~intiY efseo. so!'"'"' lnlin¡ and reliobllilY onivilocs ••• ni11 no1 

comid"cd unHI 1h< rodc ho¡ bc<n run lhc ~W limc ond found no• lo "Ork. 
; In E<Oc!al. 1hc h1'h <011 of ""in¡ htill 40-50 pcrrenl of 1h< dc•tlopmcnl 

-~ dTolll Íl duc 10 lhe hi,h co•l of ""0/,in¡ the Codc ol lhi¡ ll•t< (!OC Fo~. JI, 
1nJ lo lh< 1\allrd dlorl r<>ullin~ fr<>m liiC lo<k of •n Jd""'"' ICII 111•n lO 1 

,, en\Ci<nlly EUI~C LO!Iillt •<LÍVÍIÍc< / 
• 

In <ddoliGn, m~" r<llin~ ¡, 11111 • i<d•Ou< rn•nuol prO.:<!l "hirh i< rrtur­
. p!CO< in il"lr. Thcrc .,. r .... cffcnioc oilerio U!C4 for '"'"erin, •he QU<!IÍM. 

,; ""l!o .. much IC\IÍn~ i> cnou~h~"" <•«PI lhc ~<u>l "'..-ll<n !he budgel _for 
-: .chedulol runs ou1." llow""· moro an~ more "'~'nil•tiun> '" no~· "''"' 

dil<:'opl'onod 1<!! plmn',ng anJ sorne olo)ecli•< cr;¡orio so.-h <1 ··"'"'''" '"'r in· 
. wutlio~" or "<'"rile "'"Y bronrh." of•cn ~ith 111< •id of •wLornJI<J :<1; 

O Sofl,a,. rtlo~~.loly """1.-11 u11.! pJ,,.,,,.,.,ol,¡¡y: !niliJ!I~. 111<1\ortl 1 
P«"'" !Off"•" reli.obiloty (\hc prCbJbo!ily o[ fu1Ute s.oti•f•<Lor~ ope¡,¡iu~ of 1h 
so[r".orcl "'tre m•~c by ·~pl¡int nwo.l<ls deri"d [rom h•rd .. arc leli•b•lil 
an.t¡•i• •nd ~<linl thcm lo cb,~r•ed ser'"'"' etror ••Les (551. Th<>< moJel 
>ootleJ '' lini<S, but ofrcn ,..,. un,bl< lo c•rl•in •••u•! e•p<<Í<n><•l erro 
ph~nOnl<n•. Tni• ""' prin,.rilt b,,·,u>< of funJ>n•ent•\ diiT<I<ll•<> b<l•o<• 
sefl,..or< ph<nomenelo~~- >nd the h•rd"-'"·arientcd '"un¡p¡;,,,, on "hi'h 1h· 
n1nJ<Il ~><'< b .. ,.J. For <>>mrl<. •of'""" <ornp<>n<nL> do nol de,.,de duc 1• 
"""'' or foli,ue: no imperfenion cr ,.,;,.;om >IC introJuceJ in "''~'"' oJJi 
llonll copie> of 1 p;cre cf IOII~JI< locrpl ¡.._,;,ibl¡ for • ,¡,., ol O->o¡•l<Hheci 
<:oNint erro,.): «p,¡ir of a sofl,.liO f•ull ¡enet.ollt J<lulli in o dolft<<n 
son"'"' ~onli¡uurion rh•n r<(•iou•lr. ~nH< mo>l h•rJ,..,c terl•¡emcn 
ICP'"I-

MO<tds JIC no .. 'b<JO~ dr,.lopoJ .. hkh pro>iJe e•plooolion¡ of ll•t prHI 
ou< error hi>Lori<l in Lerm< of orrro¡"i>LC •ofl"•l< l'h'""""'""~,ou. Thc 1 "'" 

b.,<d oo o >ie..- rl• soJL"'" piO'""' al • ""ppio¡ I!Onl • 'P"< of inpuu inh 
• >roce or eu1~uu 'll6). cf r•oar.n1 o¡>:,.lion ;s !loe pr0.:<11in~ ef • IC~~<n<c a 
po<nl< in lh< iopul sp•cc. ~i<uibul<d accor<lino 10 an opor .. ion•l ptcf•le (IJ/ 
1nd of I<>IÍI\l >!a l>mplin,¡ of p;:o;nll [rom lh< input lpJ<e [l6[ (se< Fo¡. SI 
Thi< appro..<h encounL<!I se• ore problems ef «->le en l.or11< pro'"""· but c>r 
be ~sed ren<er<u> lly •• • me•n• of opp¡cpt ia1< Ir cond•l ionint 1inL<· dri 1 en reli•· 
bility rnodeh 1.181. Srill. ""< or< • Ion¡¡ ""'~ oiT f•um ho.;n, 11uly rcli.¡biO 
rcli>billly-utinoJLion mCIIlOdi for •oft"'"'· 

"""·-····----~ 
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n1.,. '· '"'"' '''" ""''""' ''"""", h•'• '" '"'' .,,. "'"'"·· ... , ........ .. 
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2) So!"' a" t"O' Jo1o: Add•lional insi~h11 in1o reli•bili.l)" nl·¡@,,.n h;•e 
<ome f10m •n>l)"lint lh< intr<Jlin& dJII b"' of I<>III•JIC errurs. Fo1 r<Jmrt•. 
1hr {o¡¡ 1h11 lh< d•<~~ibuiJOns of «rious son~.,, urorslrr ~i~>imil., r,.,m the 
di•llibulioos o[ minor rrron IS91 m01n1 thal ..... need 10 define ··errot~"" ,.,, 
<H<full)" "h<n lllin& !Ciiobihl¡- prrdi<IÍon models. FuJih<r, oOOih<l 11uJ1 f¡,Q.) 
found lh>l lhe "'e! of r,,;n¡ s<1ious rrrors and of ~·i~s minor erron , .• ,, ~llh · 
mon.,emrnl d''"li<>n. (""Clase oul oll probleml quk\.1¡·'" ;~ner•llr 1<1< minar 
simple <rrors f"<d •er1· Quiel;lr. u eom~ored lo '"Gel lhe 1cri~us probl•ms· 
r,.ed fu11.") 

> Oih" in•i~hl< ofTurd<d bY sofl,.•re dolO coii<Ciion indud< beller '"U•· 

1 
inenl< of the rel•li>o-riToo.cy of.'"•rioul soft,.orc rcli,bilit¡ "'hnii¡u•s [4. 19, 
60]. idenl•f~<alion of lhc rrquirom<nltlnd de.ign ph>sc• •• kcr I"UIJ:< poin" 
for '"" ""ing• by cf,minOI•ng erro,. c>rli<l (F't•. 2 and J), •nd fUÍdcl'"'l for 

1 
·or!onitin; l<<l<fTorll (fot "''mrlc, onc recenl aoal¡•i• in~~<ll<d thai 01er hJif 
thc crroll '"''< u¡><rien«d ~<h<n 1~< sor•~••• ,..,. h•ndling"d•u sin5ul>titios 
•nd c•u<mc poin11 !60IJ. So fu. ho"c~u. 1hc prolifcution or d<ftnilions of 

, Yarious l<rm< (<rror, dcsign rl,.le, logic ertor, valid~lion tolll.<till m>~< lL ... 

1 Utmoly d•ffi<~lt lo <omr•ro '""' ~'" from d•flercnl •ourcc¡ Sorne dTons 10 
<1i0blo1h • uniftcd sofl,.>rc roliJMity dol• bJI< and >I><><Í>ted SlondJrd<. termo· 

1 
nolosy lnd d'" <ollcctian proc:cdu!C\ ore no"" undcr '"")" •1 USAF llomr A ir 
Oc><lorrncnl C<ntcr. 1nd .,¡¡hin lho ICEr, Tcchn~til Commillcc on Snfl""' 
f.ngin<<IÍnJ. 

1 

1 

JJ Amomo~rd o•d~: Le1 "us l~<l<h lhe moin s•<P• of IUtin1 bci"C<n 1he 
poin1 lh< codo hu b«n •otill~n ond thc point h i¡ pronounccd acccplable for 
u<e, and d<~cribc ror <och ll<p.lhr moln ¡~pes of outomllcd lid< lOhÍ<h h01c 
b-.n foond hclpful. More dcloilcd ~iseu¡¡·,on of lhc•c aid.-con be found in thc 
'"'"il by llcifer 161) ond lhm•moomh¡ 1nd l!o 1621 "hich in lutn hHc 
rclcrenc<llo indi•idu•l cantributions lo lhc ficld. ' ' 

o) Srorir rodf ~~~~~~·,.· Aulomatcd oidl herc indudc lhc U5ual <Om· 
pil" diognolli<<. plus t>tcnsoon1 in•oi>Jng more dcUilod d•tH¡rc 
chttking. CoJ< 1udi1or1 <hcc• for ll>ndords complianee, ·~d con 
1l<<> pcrfarm ••rious lyp<·<h«,in¡ funcllons. Conlrol no,.· ond 
1<o<hobili1y onol¡-si• i1 done by >lruclural •n•lysi< progroms Wo~· 
<h>rtUs h••e b<cn u<e<l for somc of lhe rlrmcnlllt chccks h<rc," 

·'"lltu<lurilers" con ll>o be hclpfull. Othcr useful .,.,;, 1n1l¡sis 
·,""¡, 1'< rform S<l·use an>lysi• of d111 elemcnll. singul11ity on1l1 sis. 
unil< .ron<illen<Y onaly>is. d•l> ba.c consillcncy chc¡l.ing, ond d•l•· 
V<HliHOdo conli.,ency ch«~in¡. 

; j 

! 
1 

b) T"l ~u u P"'""'"''"~: E •ten•ion< 10 m u el u rol on>IJ>rs rto~ro ms 
prnvide OSIÍ\linrc in <hO>Osint dOlo v•lues which ,.¡11 m•l.c 1hc pto-
1''"' <><rule alung 1 dcsireJ r•lh · Atlcmpls ho•e been m•dc lo 
IUIOOIOI< 11•• ¡<norotion of such d•t• nlues: 1hey con gcnerolly 
sunc<d for ¡imrle t1101, bul '"" lnlo diiTocully tn honollon' loor< 01 

. ' 

,1 

"· . 

. ""' brJn<hinll on mmrl<l e.!."<JI.liOd voluc; fe g. lhe '""'"al nun~· 
col in"~"linnl. furlh~r. lh:•c rro~'"'"" onl¡· hclp 1<"'-'"''" lhr ••·. 
P"": lh< IUI< 1 musl stil\ r.lculuc th< t •po.:.:led ou1ru11 hon>lclf. 

Another ''' 0 r 1ooll ,..¡n oulom.>tirolly in;cn !"'"~ment>l;on 
lo nrify lh•t • desircd p:tth h.ol inde<d bc<_n <•cr.:oscd ·~ ~he le.l. 
A !inlit<d "P•bilil~ uisll for >utomollo>ny dcternun•n' tho 
mínimum nun,bo!r of 1<<1 cne1 ecquircd to «<r<~« •11 lhc ro~e. 
But, •• yel, lh<re is no l~ol .. hi<h help_< lo delerm•n< lhc n>o<l •P· 
propri"e \equen.:c in ""hit!\ lO [!M & """' Of l<<l<. 

e) T~u nlonir~tin¡ t>nd owpu! chn·lon&." C•;-_•bilniet h"e b~cn 
de•·cloi'<J ond u1cd for voriou< \;inJs of dyMnuc d•l&·lYI'< <~«1.•~1 
and ,,..,,;00 chc.·kins. ond ror timinl ond porforn\Jn« '"'''"'· 
l<!l outrul P<>ll·pro«stin¡ oldl include our~ul <O"'P"".o<l and ex· 
ccpticn repon c>p>bililies, ond I<SI·oricniOd dlll redu<l•on ond re· 
pan ¡eMt>lion P''~''"'· 
di rau/r 11 oro..on. d<bJOUint: Bcsldct t~e lr>dilion•l 1o~t1- lhc corc 
duntp. 1he uorc, th< •nJ~<hol, ond lhc br<•kpoinl- se•cr.I_"P~f 
bilitiCI h••• btcn dCiclopcd for inl<t•<li•c rep!oy "' bodlr.ektnl 1 1hc proJ<Jm"! e.ccu1ion. Thi• is llilla difficull orco, ond only • •• • 
IIÍHiy f<,.. >dVaO<CÓ COn<eplS hHe PIOI"CJ KCO<r>lly useful. 

el R '"">ni (o,u <r P'•'"'"'d fi~ "ha• bun n•odrJ: Ten d:¡¡¡ .m•n•¡¡<• 
mcnl S)">l<ms (for ¡he codc. lh< inpu¡ dol>. •nd the romp>lllOn o:-•· 
pul d•tol h•ve bcen shown lo be mo11 valuabk hcr<. olon' wot!l 
<omplriLOJS 10 chec\; for !he dil'fercnccs in code. lnpun. onJ oulpu!l 
bct,.:cn lhe ori,inol ond 1he modiflcd pr~ron"l ond _te<! <>se. A 
promisin¡ e<pcrimenl>l tool rcrform• a co~p•_w"e "·'"''"'" 
>nllpil of the ori¡in>t >nd moJofted ende, ond •ndocal<~ "h"h IC<l 
"'" n<rd lO be tcrun. 

n fnr."¡rafion of,outintJ intO Jy,<mS." ~0 I<Ofr>l, lUIOnlOICJ OÍJ< (~~ 
lhl• ptO<<I< .,. juSI brgcr se>l< '"""'""'o~ t~c '"'.'dOlo."''"'' 
mcm 1¡51ems obo,·c. Some 1d<li1ion11 nrobol,lo<< • .,,, for tnl<rf~« 

00011 .,eney chod.in~. e¡. on ¡he lcn~lh and form ?r por•m<ler 11:11 
01 dJil b.o>C rclercn(c\. Top-down developmcnt ><d< ore'''" he P· 
f~l in thil re&>rd. 

sl S•orP••&: Somc rmi•l critetil for 1horou11h_ne¡s ~r 1e1ting CJn and 
h• bcen outomoliroll~ monitor< J. Touh <>151 ,..h,eM l.ccp 1 <Ur.lU• 

' '
' ' ''''' of 1¡.,. numbe< 0¡ p<t<enl of lh< inilru<lion~ or br.n<h<l .... • d" ,. 10 

whieh h••• bcen c><r<iscd d~dn~ lhe ltll P<~~~~m~ '" '"•""t: 
the lc<l<' whJI br•n<h rondi1ion> musl be sotr,r,ed tn arder lo c~m: 
rl<t<ly e•crei« ·•11 1he ceJe or bn_n:hcl. Of cou"'· lh«<. "! ¡, 
f•om rom¡•lete erilerio for deltfnun•n¡; when to s_lo~ l<!lon,. lh< 
eam¡o',otcn 011 qutslion illhe subjeu of lho nc•llc<toen 

' 

' 1 

'¡ 



( 
( 

\ 
1 

• _¡ -

' ·. 

' 
1 

In gen•••l, non<ri"'rol progrom1 '" Hry romplirJtcd •nd rimc-ron•umin' 
lo pro•c. In 19JJ, il ~''"'''m•l<~ th•L aboul ene m•n·month ofr•¡>erteiTMt 
wu requircol ro ohaC lOO lm« ur coJo 1611. The brgell pr~sr•m ro bt ptu\'ed' 
corre" ro d•te ront•incd abou¡lOOO •m•monl¡ IUI. A¡ain, automat'run c>n' 
holp out on lome of rhc rom~l,"rionl. ~~me ·~•onrliCd •crifi<•tiun ,)ueml 

:_ c•:ll, nor•bl1 lh>c of GoN t1 ,;/. [WI •nd •lln !Ion), e ond ludh4m 1101. In, 
ICMtol, •u<h 1¡->toml do not wo¡k on pro¡rorn• ¡., n,. ntore <omn>"n J,•r·f''·'Í·" 

• 

( 



' ' 

,::.:... <Cono ..,.__.,._.."J:{;! -~· .... •·-------·--------------------------e-
' ¡'erci~in& ''all d.r¡ elemento" in •o;,e approrri>te ~•)· S!n,'¡;;';irr ''(""""" (j]) 

r.r•~ihr~e• will prob•blr m•h rheir "1>' inro aurom•red oid• r~r U\1 ,,,0 ~•n- ror cir~or urJ.rt< or r<r>ir, rhrec mJin funr~i""' '" in•ohc~ in ,.,r,,..,, 
eurion. monitorin¡, ac.d perh•r• roresri"'· ""'"'"""ncc IN). 

Conrinuin& "'crk inro rhe rheorr of sofr.,orc 1e<1in¡ should pt<:l\iJr ·~m< 
"finid <oncepu of resr vahd•ry, rcli;bility, ond com~lclen"'· plus • btuer· · 
lh<ordinll•"< for •urrorring h¡triJ re></rroof merhoJr of •erif¡in; rr~~:.ms. 
Prosrom r<o>in¡ reehniquu ond.•id>."ill b.oon1e mor< I'O"<rful in rh< ,;,, 
•nd ,.ngc of prOG"m' lh<r h•ndle, ond hopdul!¡· ,.,;.,ro"" '"d h>rd<r ro 
"''"'':- !lur mon¡· of rh,ir b•1ie hmit>Lionr ,.¡¡¡ rtmoin, r•rli<ul.il¡ thcise in-
' oh in& t<JI ' ui•blt< , "-~-~_onf ormlliubk 1npua. 

-· " .. 
Unfoltun•10iy, mOII ol th"' h;irl~l·¡;~,biloties ,.;u be ,,.;¡,blo onl¡ to 

pccpl: ""''in& in loi¡:h<f ord01 l•n¡:u;¡c>. Much of th< pro~r<"'in trst t«l1· 
nnlogy will be unHI'olable lo the incro,.ing number of peopl• ~ho fond them­
••hn spcndin¡ mon ond mote timo l"'linr ><l•mbly l•n,uoge soft .. ar< ,.,;,. 
"" for minicompule" and microcomputel! ,.¡,h poor t<ll surpoll <>r•bilotiet 
ro,.crful <oOU·<Onlpil" <>robilitie• on lllge host mO<hines ond ''""opro­
r,.mm<d dio~nnsi:C emulaiion "P>bilities [11] !hnuld pro•ide th<l< rcupl< 
somo relid ,¡,.,' wl1ilo, but • ¡ro¡¡ de•l of sofl"-'"' 10stin¡ ,.;u r<¡;re" b"< to 
'"''"' t<ncrOiion "d"k •aes." 

' 
VIl. Sort~ou tnllnt•"""e• 

• 

Soft~.ire moinlen•m• is •n ntremely impotl•nt but highly ne&I<CIOd ••­
tiliLy. 11< imrortonce ;, ek" (rcm n¡. 1: ~~~ut 40 ~er«nt of the Ol<roll 
h>rd~ore·soft,..are dollor ;, g~ing inw 1oftware maint<nanre •C>d•¡·, •nd 1his 
"""'t>:r ¡, lil<cly lo ¡ro"' to ab<JUI 60 rerccnl by 1985. h wi!l eotninue t<> &<O., 
lo1 • ton, "m<, u .. , conoinuc to add to our in,·tnlol)' of roJe ,;, d<'<l~p· 
meno ti • ¡,.,,., r>l< lhon '" m•l;c roJo obsole,_, 

The fl&ures 'bo" ate only '''Y •r~roitmot<, b.rou•< our onl)' dJ" so l;r 
ore bJ<<J M hi~hly orrroxiirute defonitions. h ;, hJtd 10 romo ur ~ilh "" 1 
unexcortionol d<fonition or soft~.re nllintenance. 1!01<, "' dofone 11 ., "lh< 1 
prO«II of modtfyin¡; exillin~ orcrotional wltwo¡o ,.~¡,¡, le,_;,,g ill r•ima~y ¡ 
/unetion• in.,ct_" Jt is u<eful to di, id< sof1w.1re no•intcn•n<c into 1~0 ,,.,. 
torio•: ¡oft~orc u,oJJ/t, ,.¡,¡,¡, '""'"in • chons<d (un"ionot ¡poriflf••ion f~r ¡ 
the snlrwore, ond 10fl"''" '•'fa<r, "hirh le"'" lhe functionol >pwflr;uon in· 
loet. A tood diocu11ion of 10ft~ue rcPiit i> given in the P·'rer h¡- 5~•n•on i 
IJ~). wloo.divi<l<! it in lo lhe >ubc•t<gori<S of correctivc mairll<ll·""' ¡.,¡ pru· 
C<lsio,, pcrlormanr:t, or impl<mcniOlion f•ilurc¡), •d•Plivc m>in"n•nec ho 
d"""" in lhe pr<><c<•in¡ or <!•la cn'i"1nmen1), •nd pof,·nive m.•intcn .. oce 
flor <nl .. nciol J>CIIO!IIo;MC f>/ rn>inuin>hilityl. 

u~''"''~''J"'g rh~ uiU•~I •4••arr: Thi• intplie• tht nced for ~oo.l 
d~,·unl<nl>tion, ¡ood ll>l:CJbihty bcl,.«n rc~uitcmln" ond code, 
¡OJ "<II·!L<UCLUI<d and \O.OII-fOrtO.IILCd CoJe. 

,\/.,,/0~¡~ <lot '-'"'"'l sojr>oolt: This implic¡ thc n«d for so/tv.ore, 
h"'l""'· '"d dOLo"'"""'" .. ¡,i¡:h are e01¡· lo cormd •n~ "hir:h 
"""'"'''" SLde etr«n or ch>ogc\. plu• eosr·to-urd•t< do..:umcnt&· 
[¡00. 

R" al.,/~"".~ 1hr moJificd •·->fl• dfr: 1 his implies 1 he ne<d for softw11e 
1\fU<Iur<l "hieh f;cilill" se!ccli\·c "test, ond •id¡ for m;,iot re1<>1 
moro lhorou¡h •nd tnicienl. 

Follo~ing o shon di"u"ion of cutre ni pr>Cii<:c in soltw•ro moinr<n•n'<, 
ihcie ¡hrcc funcHon• v.ill be urcd bela"' •• a {nmewar~ for discuninl cut~cnl 
frontirr ttrhnology in soft,.ore m;in!<n•n<e. • 

• 
Al indi<Jied in fog. 6, probJbly about 70 pc<ccnl of the O"<ltll toll o( 

lofl~"( i1 l¡><nt in 1ofrwore m>intcn•n(<- A J<«nl r•P<' by EhhoiT 1101 inJi· 
,,,., ohJt tic: f•t~r< for Gene"l Motor! is about Jj pcr<ent, aoJ '~'' G~! ¡, 
f>ioly T)PICJI of lor~e buSif1<" softworc •crivilit•. D>ly 151 indicol<l thol •~out 
60 perccnt ~r GTE"• IO·J'<>r ti(• C)'<le eOlll lor reJI·lime ~~~''"""ore devo"J 
to m•int!nJnte. On two A ir For¡o C'omm•nd and control soft,.>f< s¡\lem!, the 
nu'onl,nJn« portionl of the 10-ycJr l'olt cyclc <o>ll "'" obout 61 ond 1l per· 
ecnt. Ofl<n, mJinlcnonce is nor dono ve• y c:l;dcntly. On oae llf<rdt cQmput• 
C!, •ofl"lfC dc•clopmenl co\ls "«< roC~¡loly SHiinii<UCLion, "hile mointc· 
nJn<c eoSI\ ron 1> hi'h., S4000/iMiruction {81) 
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Dc1pi1< it• ,;,,, \uf•~••• m"''''"'"" oS • hi¡hl) n~~ltne~ "'""' In The ino:r<J>'J ton<<ru .,¡¡¡, hfe >)•1< o'U>i<, porti.:ui.UI¡ "•lhin ohc liS 

1 
' 

.. 

l<<>erA loi<Qull.f•t~ ro,.unncl ••e '"'""<ello "''int,-n,n;e '''''· ll"·tt '"' DuO [~JI. "'ti r ... ·u, • 800~ J,.l more auentiao im ¡oft"'"''" m•inten•<>•<. 
fe,.. t<><><ll<<>ttol prinrirl•• and re .. ''"~''' of thc P'"''"· m<HI of them in<on- .\lnrc d.>IJ ,olt<>ti~n •nd on,t¡ 1;, on thc 1ro,.th d¡n1mic. uf ¡ 0fi,.Jtc 1¡;t<ml, 
cluJive. - 1w.:h ;, 1he lkiJd¡-lehm.>n ,,.,J,., of OSIJ6ol[~41. ,.,¡¡ b•·¡i" '"'"''"'out ll1t 

Fufl~er, d•" pr<><e.,in& pf&<li<« ••• u¡uJIIt c~tin1i1<d •rn~nd oohcr <ri· 
10ria thon mainttn•r c cffo1iency. Ortimi<in~ Mound 'dc•<lornl<nl 0011 •nd 
l<hedulc n"•li• !<n<r.Hy le•d• 10 wmr-wmi«l in do;umtntotion. ""in1- >nd 
wucrurint Oprimitin~ "ounJ hord~.,• dl'i<i<n<¡- .,;,.,;, ~<t·.:t•ll¡ I<Jd, oo 
u.c ~~ '"'mbly l•"tu"re onJ s~imp,ng on bJrd••orc, bNh ol ~¡,;,h <orrdJOe 
l"on~ly .. ioh inr~<•«d sol•,. ore"'''"""'"" <'1~1> 111. 

1) U,J,·r!la"d"lg tl.r ~.,¡¡,og 10/t">:Jtt.' AÍJ\ horc h>>e ¡.,~<11 boon ail· 
"""'d in prc•ious >«lions: slluct~r<rl rrc,;~Anlnl>nS. •urom•li> fnrm••"~l·•nd 
«..:e •uJums r .. , soand •rds eon\1''""" '""~i"g lo onh'"'" wJc ~<•JJb,l,¡¡-: 
m><hin<·«>~ .• ~lc roquiremcnrs >nd o!C>i¡n t.~~t"·•!<l "ilh ""''~'hr¡· sur~on 
1u •nd from lh< coJo. S<>er.l lp<c:m <>il' for •uoumOLÍ<lil)' urJ,oing do<u· 
monwion b¡- nceirrin¡ inlotn\aoion f10no ohc l<>i.eJ codo •nd comm:n• "'d<. 

2) .lf<~df,.,g rJt<· "'""'K <of.'"""" Snmc of Pornos: moduiJri"tion ruidc­
hne< IHI and oM d•" ah>lr.>Lioo• of 1~< CLU IHI "'d ALl'II.~RD 1471 
bn¡u;~e< rn.ol,c u -,.,¡<r lo nunimi¡c 1~< ,;Jc effoc" ofch.n~es- lh<r< m>¡' bc 
a n10intcnor.co pri<<, hu~<•cr- In lh< rHt, <Omc \)>1Cml v.iOh hi¡,hl¡' <ouplcd 
p•orr•m• •nJ • .,oci•l<d d•l• '"""""'h.-e h•d ditr.cul!ios "''h d••• b11< up­
d.!lint T~i1 m• y 1101 b< a pr~hbn "ilh lodo¡·'>~'" dirtion.ry <•r•bilrllel, bul 
1he '"'"'"''"'a h•'< noo ¡<1 becn in><lli~•l<~ Oohcr ••d• on moJift<>linn >r< 
<llu""'<J cuJe, ronf•guwoun m•r.Jgcmcnt t«hnique>, prorr.mrni~[ >urrort 
ILO,ori••: ooJ pro«>< ton"''"''on >¡SlCI\\1 

l) Rc.aMa''"~ rh' "k>.l/icJ tv,'~><D•~: Ai~, here "'" d•IC~"<d e.>rlier 
undcr lcllin~·: lh<Y inrludc 1\lln>Jril¡ IC!\ d"" r110na¡,emon1 '1\ICml, roÍl\PJ"· 
101 pt~!<•ml, •nd p1~¡,.m ""'""" •n.11,., ,.¡¡h •omc lin>iotd <•r•b!h'l for 
SCICCII'C f<IC\1 •n>I)''Í\, 

4) GcMtol ahf.: On·hne inOe"""" >)>l<m• h<ip 10 rcnto>e onc of 1he 
m•in b<Jillc 11 r:c~ 1 invohtd in \of'""' main<onance: thclong tUon.round time\ 
(or ttl<lling. In 1ddLiion. runy of thc>c 't'"'"' are pJOYidin,; hrlplul cor>~LII· 
lie¡ for IC>I edolin¡ ... ~ 1ofo""' modutr '·""',;<nL<nl. Thcy v.ill te di,.-u»<J 
in mure dot"l undor "Mon.~~cn\Cnt •nd inl~fi.IICd Appro•che>"-bc•lo"· ·In 
¡cncr.t. • &O<>J dc•l more "'o'<¡,., hcn .:onc on thc m•imJio.rbo\•tY '>P«'" ~r 
d>Oo h;>c> •nJ d;ll '""'turco """ for '"''~''"' llluclur": • ~uo..! '""'l or 
doU b.,o 1cchnoiou is ¡ivcn in • tc«nl •rc<io! '""" of ACM Cumr~'•nt S~·· 
•~;• ISl]. • 

( 

.. • 

hr,·h-1<•<•·•~' H<'l for in1p1o•onwu E.pli,it m<>h.>nioml fur ronfronti10¡ 
mJint.>in.obi:lly iS>u<l <Jrlr in thc de>dopmenl qde, '"'h ,, the ,.~uire· 
m<Om-propcnits mmi• [IR] •nd lile d<li¡n in>porlion 141 ,.¡¡¡be rd>n<J •nJ 
v'<d n1o1< •••<n1i><l1- In f.oc1, "'" m•r <•ohc' more t<n<IJI , 0n.:cp1 uf 
,.,¡,~,'< 4'-'''''' '""""''' (<Lmcmly f"""<•il.,gel¡ on 10li.ob,ht1 wn.c•n>l. 
m>ohon,¡ •u.:h o.:tO\ioi<• '' inJq-.:nJ<nt 1<'1<>•• o( •of•~••• re~uil<m<l\1' onJ 
do,i;n '"'"fh:.o•i<>.o> b¡ "P<Ih in •ofl,.'l< nuintain.obil.l). Su.Ch • .,;,¡,¡<' ,.,¡¡ 
b< <nh.on"d con,;JC~abl¡ wioh lhc ad•·en: of more po~ctful "I"Jbiiili<> fo1 
ar.JI¡ ¡in,; mJchiBo·t< >dlhlc ICqc ircmen11 • "J d<>i6n spccift.:J 1:on1. hn• llr, •J· 
""'''in oulo,,,,;c PW!rJmrmn.: 114, 151 •MOuld reJu<e or tlominJI< somc 
mJint<n.oncc "'''""'· >lie•sl in sonoe problcm donlliM. 

lh<t< "" mol< o~rottunili<l for imp1o>rn¡ sor'""" pro..!u<li>ioy an~ 
qu>I"Y in lh< "" ol rn•nJ¡;en;.•nt Oll•n on)"'h<•< '''"· The J•~<«n•< 1><1"'<«• 
>Oft"'o" proje<O •~''""' ond f•o!uJ<• h" mo" of<en b<cn lr.<ed lo lood cr 
poor pr.o.:tiee• in soro~.orc ~'""'t<menl. Th< b•s~<>l 1olrware m•n•¡<m<nl 
problems hne &<nct.lly ~<<n lh< followin11. 

l'vvr [';~'"''"5' Gcneull¡, oh,, r .. J, 10 IÚ¡e omcun" o~ ""''d 
etforr •n~ i~k oimc bccomc of "''' bcinl unnc'c"Jrily periQrmeJ. 
O•<rd<·ll<. ~Qnrl' •¡nchroniuJ, or ~Wrlt int«f•<eJ. 

l'~rl< Coorrv:.· F.-.~ • gooJ pt.n ;, Yl<l<>< "'h<n it Íl nor kc;a up-to­
dooc onJ us:J lo ntJnJgc lh< projo;:t, 

f'o~r R"o'"'' C!lm!JI;o~.- \\'01hou1 o firm ideo of how much time 
. anJ dfort o '"'' •houltt o.oh, lh< mon•~<f" in • poor POiition lO 

<><I<O>c COnirOI. 

Urr~rur.!blt ,\(iJnng,>n,,•n! Pmun"ll: A• 
10ft""" pc,.oolttel 1cnd to f<>¡>o~J 
dc.ign~" ,.,~., •h•n •• monJgCr>. 

1 ~CIY I<OCIOI li"<nocnl, 
ro problcm 1i1ulli~n< ll 

• 
l'oo< Auouo.•,;b,¡,;y So111r1wr: Pro}ccll '" grner dl¡· ~:¡<r.'.·•~ .onJ 
run .. ;,h ~<r¡ d•rf~,. ddincolion of r<>pon•ibOitl;«, lhu• ..... .,~ .. ,. 
in¡ oll or.c •bo>e prohkms. 
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! . lna~p!Optffll~ Surrr¡¡ C101<·rio: ~h~in1izing ~.:~el<•¡lmcnt , 0,~nd ! @ 
! ~<:he,~~~el W\!1 gene;~ll)" )'i<id 1 h"d·IO·mJÍOI"n ptOclurt. fn>p~l>ÍZ· ' Unrni\~OJtd¡. lh< ni.I(IJ~~OI~nl·IO<'h!1cln~) dcc<>uplini "01~1 lh< 1;1\h" 

¡ng P·"'"'.':":J:d tendsto t<l roor:e cuJin¡; ,,, 11 Jnd 10 M¡:ltcl ~'.'· Jl,n In 1h.: d~,i~n ''"'· fur t<.tnipl,·, mn,t "'''"''"" of tnl'·ún~n 

1 

5 ~<h k<¡·'""''''\ a¡ rcquiremcnl¡ ¡nd deli¡n .ahd•tico, 1.,1 rl•n· 10f1"J'" d«i¡n JI< pr<lcnLeJ JI lo~i··•l <•~r,·i¡;;¡ ind<J·~nJrnt of "'"' or 
nm¡, •nd dnfl .,,., docun1ent•tion. ttonon1ic con<id~r.uions. Mo>l >uiOOIJI<J •idl lO soh••t< dni¡n r•o•iJ: lollle 

P'.""Q"'""""~ on A"r)' Arri"''"' Thil i> <>r<doll¡ 
rconfor<ed by onopp1~pri>1e sucreu <"rileri• as •bu> c. 

surpcrt for •uch m•n•¡emcnt necds u ccnfi¡¡ur.uion nun•¡cmcnl, l••····~ilitr 
ro coJe or re;¡uiren.onu. ond rosout<e urím.11iM ""d conrrol. Cleorl¡•, th<rc 
n,<J< lo be a closer couplin, ber .. ~en l<ehnolo'¡ onJ mon.1¡¡oment th.1n rhil. 
Snm< ~urrcnt cffcrl> ro pro•·i~< inl<ff.llcd nr•n•,emenl·le<hMICIT oppro:».:hu 

J) /olrgrolrr/ opproorhrl.' Se•ctJI nl•jor inle¡r.led 1)\len" fcr IOfl~"" 
de•dorn1~nl •rt cur,.r.lly in op~r.1\ion or under dC>tlnpn•cnl. In ICMI•I, 
rheir n~jc<ti><< '" simi!Jr: ro oc~ic>e o si¡¡nif..-.1nt boo•l in •ofo.,.,e dc>clop· 
n.-nl eni<~enc¡ and qu>lir¡· rhroLJ~h the >)'n<r¡¡iln• of 1 uni~cd •rr>~o«h. r:.. 
omple> .,, rhc urilirr of hao•in& • con,pl<m<nl.r~ dc>elopmenr orpto:»ch (lop· 
do .. n. hi<f>f(hicoll and 101 of prot'""'n•in~ >IJndJJJI (hictU<hico(, llru<l"red 
et>..Jd; 1h< ,~,luy to p<rforn1 • •~fL"''" u¡>J.rc unJ" 1he u me 1ime p.rform • 
sco of ILnl<l,, cot~IÍSI<nl rr~jc(L '"'"' llf'•l.ue< (new """ion nun1b<1 of mtxlule, 
do.u" of sof1""'' problern rcpon. u¡>J,r.cl "''"' lo¡:s): or sin1ply lhc im·. 
pto><<li<nl in •ofl"lrc 5)11crn inrc¡r•rion "hie>cd "h•n oll pmicip>nll I!C us· 
in~ the >Jrn< de,ofopnl<nl cone<pt. ttound !Lile l. onJ 1uppot1 •ofl~>r<. 

f 

lhe n1011 f:¡noiliJr cf rhe inlc&rOrcd •pprooehcs ls lhc lU.\1 "rcp-dc"n 
.llfUC"Iuted N<>&:m1nlin¡ "'ith chief proor•n1mer tunn'" con«rt. A &ood shorr 

dc•criplio" of rhe con><rt'is givcn by B.1~<1 !~91: an e.rensi>< rrc:oln~<nl i1 
Hlil•blc iu a IS-•olume serie• cf rcpotLI done by IUM fcr rhe U S. Army •n~ 

. A ir Fotce [Q9). The lop·do"'n sltuctured •rPto.><b ,..,, discu•"d e>rliec. The 
· Chi<f Pto~umn10 r T<3m cenlcrs "'"""d an inJi•iduol hhe Chidl ,.h<l i1 

r<>f'Onl1bk for de<itning. eoding. and int<~"lillt th< top.le,ol eontrol!lruelure 
01 "''11 "' 11\e kcy componen11 of the •••m'• prtxluet: for m•n•1inJ and 
mo1i•>1ing rhe I<Jm porsonnel ond penon•lly rudin1 and ,.,¡,,.;n¡ •ll their 
er;:.Jc; •nJ •ho fe, performin' ltodllion>l mono gente ni and Cullonl<r i~lerf•« 
fu~>diom. Tho Chid·i< ><lill<d by 1 0J(kup pro~t>n>mcr ,.ha is prc~re~ 11 

·In¡ time ro"~~ rhe Chicrs pl>cc. 1 Libr•ri•n .. he h•ndles job ¡ubmi,.ion. · 
eon~gurotion conuol, ond ptojcCI 1111~1 .cco~nlin~. ond aJdotOon.l pro,¡tQfll• 
mo" and src,iJllm "nec<led. 
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tn grn<rJI. rhe 0'<<>11 cnscm~lc of 1cch~iqu" h» ban quit< """"ful. 
bul lh< Cloid PrC>;;IJtnm<r enn((pi h" IIJd mhcd "'"'" ~~~1. h Íl J1fforulr 10 
r1nd inJovi,lu.ll< w11!1 cnau¡h <o><tlf ond t>lcnl 10 pcrfo1111 oil Lh< ,,,.,, .• fuM­
Iior,. Jf you fino! or~c. tiLo projen ,.¡11 do quit< "<11: othcr..•"•· '""'""con· 
«ntrJieJ nocll or rhe proi<<l ri1k in • ,;,~re inJ01idu.r ... ;,,,j;ua ,,_,¡ "•Y or 
nnJin, ou; whethcr or nol he is in trouble. Thc Llbr•rÍJII ond P1o¡:,.mmins 
Sul'rnn l.1btJr~ con.ept h••• gcnc,.ll) been <¡uil< "."fui, >llilough lo d.llc ti1C, 
concerr h." bcen orien"J LowJt~ • bJtrh·procel\ing <l~•eloponenr en•itonmenr. 
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In 1~< '''' of m•n•semenl l«hni~uei, "''ore prob•bly tntuin11 «>n~<>l· 
id.11ion rcriod, p,niruiJ<Iy .,.,~e U.5. Doll pro.:ecd• to im~lcm<nl lhc up· 
i"d" in il< Si>nJJr~< onJ pr<>.""lur<\ <•lkd for in th~ reconl DoD D.,,,.,¡,., 
lOO~ N 1101), lh< r<lulling ~<>•ilnnlcnl-indu<l(y dfQilS lhOuiJ poo.Ju« 1 <<1 
of oofl""' n>OnJ~<menl &uid<linu "hirh ••• more con,i<lcnt ond up·Hl-d•l< 
"ith lodo}''! <erhr1olo,¡y ihJn 111< ones '""""ll' in use. h is likol¡ ¡h,L thq .,.;11 
>1<<: be m~re <omprelocuoible •"J le•> cn~un•bci<J .,.¡,h !lofl ju~on; thi1 w.oll 
mJI.< them more u«lullo •he >ofl,.orc f1<IJ in gene"L 

r:ll<Jrh lo develop inlcgr>~eJ, lcmiJUinmJI<J '''""" fnr >Oftworc 
de•elopnlcrll ..,.¡¡¡ c~.11inu< •• o hr.ollhy dip. The¡• ,.¡¡¡ run in•o • nun1b<1 uf 
<~•ll<n;<> "hich "ÍII prObJbly lile • few )(Jro lo ~or\ oul. Sorne orc l<<h~1-
c>l. "''h, 1ho l,c< of' good l«hnolo~ic.d bJ>c fot tl>~o """'~'¡"' aiJ•. •nd 
lhc fn!oHiJJblo problcm of iole~rori"g ctm1¡•lo• •nflworc 1uppor1 ""'''· Somc 
'" tounonoic •nd n1'nJ,¡ori•l. ¡u(h" lh< pro~l<ms cf pri(ÍnJ ltr•i"'· provid· 
ino lool·,.unntio!. and control!in, lhc ••olulioo of lhc l)ll<m. Dlhen ore cn­
vironmenoll. 1uch "' lhc ptohf<rolion of mirli<"O"'P""" and nlicr<><orllpul<!l, 
"'h"o.:h ,.¡¡¡ W<ÍO thc <>pJblli<y of '"Y <uppOrl <y>l<m 10 ke<P up·lo·JJOe. 

EHn ifthe ~•riou1 ini<S!iiCd <YII<ml dO nolochit>t tl! lheir ¡o. lo, lhe<c 
,.¡11 be > numb<r of mJjor bendu¡ from 1M crl"on. OM io of counc lhJI o 
1>1,¡« nLJLHbrr of >uppool lool> ,.¡¡¡ bcoome ovJil•blo lo 1 lat1.r numbcl or peo­
pk bMthtr n,.jor ch>M<I of looh ,.¡¡¡ still con1inuc 10 e•P•nJ. lhou~~: lhe 
ir.dei'CIIdenl <nft,.ote proJuct< mJrkclplo<e). Mor~ inlporl&nllr. lho,. IJ"<mo 
"hi,·h O(hi<H o d<tr« o( concc¡•lu•l inr.¡r.rion (.,ol juSI & frcc·forno tOOI bod 
,.¡¡¡ climin>~e 1 gr<ll de.l of tho ".nlntic conf.,.ion "~i<h c~rrenliJ 110"1 
do"n our group effOr1> 1hrou,:hou1 lhe <ofl"'" lifc qclc. Whc¡c '"" h .. e 
lcHncJ how lo r:dk 10 ••<h other oboul our 1011'"'"' problcnu. wc lcnd 10 do 
P!CLLY ~ell. 

IX. Conclu>lon• 

l<1 u• now >S5<55 lhc currcot <111< of lhc 111 of 1ooh •nd <cchniqu., 
-..·hi,·h Ir< bcin¡ ul<d 10 ool•c <Ofl,.orc dt•<lopnl<nt pro':>lenu. in 1"''" of our 
originJI dd>nilion of lof'""' en~inoe<in¡: 1ho P"cti·.•l •rrlic .. li<•n of ,.,,,,,¡;, 
Ano~h·ol¡,•.- ¡,, 1hc J<>i~n and conwuction of ¡oft»,c. Tabl< 11 1""•"'' a 1um· 
m.,y >11<Hmcn1 of lhc <•ltnl to .,.hi<h currcnl IOfi•·Jr< cnoiuccrin¡ luh." 
ni~ucs •re b•.od on •olid <ricnlifl< rrioripltl {•cuu!cmpiri<•l hr~rioti,,l. T~: 

lumn•ary O\>CI•m<n< '"'"' four Jimen1ion•: the ut<nl lo which nislin~ 
·icnlifoc p-inciplc• :op¡oly "'"" lhc en tire ¡ofl,.:orc lifc cy<l<, "" ,,. '''' r~tirc 
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1 . 
Th~ SADT ·~r1o-,¡ll uLiiÍ'<S a L:p-~.>wn, f"ri•LiDn<d, ~~ÍC 

modol or • s¡sl~m. The r.1nJd is pre;~nt~J in' '''~ÍCJL 01 •1-wo<L. 
f••hion lhllallow¡ for '''"'"·'' imrL•mon"'inn as • m•~~ll >)ltoon. 
1 computtr l)">lem, or • mi•lur< cr t-oLh. ThiL emrh"" on ¡rorhir 
mWol< ofa S)<'<nl is d'>tinnl¡ difforcnl f¡om th>l ~r ¡he T<"hroo~ 
•nd !lenhe¡· l''í'"'- h ;, ~iso;octl¡ sinoil•r lo lhe arrrM<h ~U(S<>'<~ 
by De MJtto in "S <rue~ureJ A nalpis • n~ S)'slem Sre¡iñ '"' ;.,_,." 1 he 
~n•l P'P" in Lhi> coll<tliu~ The rrimar¡ d,JT,·""'' t•w•con 
Del.lo"o JnJ Ros.ISrh~m.n i> th4t Oe.\l"co ""d hi> <<>ll< .. suos 01 
YOlri<.IIJ.\1 inc. ¡:ofcr '"''"· or "~u~Oio<." ~'''""' thc ~nfTcih 

--- ---
Ro" •nd S;;homo~ roir>L out Lh•t n,e;, ¡:r.phic "'""lelin~ >1'· 

pro;¡IL o.n b: ti•J in ~•lh •n "•uL~m•lrd documcn"'lion" o¡ip1o>eh 
of •he so" dc"ri~cd ~¡· Toichrot .. •mi l!e«h<)'. ln~ood, 1h'11 •r· 

[. plo>Oh gra~UJIJ¡ J< ~.¡;innong 10 ~. OélOp/OJ b¡· !Jrgc f:[)p OlfJnrl'· 
1i"ns: t•ut fo¡ lnSI>II>Hons '~" '""'' arr~,d thc O•<:k•:l of • <omru· 
tori><~. automa~<d SJ>Lenl\ -.~.:)si< pJ<Usc, Ro" .nd S1hM1J~ 
n<~laL <m< irnro!IJnl "Po:! of <)>loms no<odtlin~. ThJI i< lhe "dliO 

di,Bonary," in .. hich oll o[ lhc ~'" elcn,.~u r<llincn• "' 1hc "'" 
I)'><Cm .,, dcfincd '" rM Jame ¡,,¡:,caiiN•·dO"n fa¡/w; a> ¡J,.. "" of 
''" mo./el. lherc ol;o ;, • necd 1~ form.>lite mini-srecif~r>ti~~•. or 
"mir.hrcos" •• Dc\:H<O c•t:• ohorr:: lh•l is. lh< '"b~>ino" polic¡ .. 
"'"><ÍJICd",:ilh c"h bOILOm-1:;<1 f"""ionol prw;es; of lhc l)>LC~I 
"'"" b' de~cribcd in • m•nMr r., mo1e rigo,ou; t~on curr<nll)' 11 
l>:inl ~OM. 

A ""'r.<l> of thc llo,./S<homon r>per is its l>c!. of Jo1"l 
>b-oul p¡o~km soluoiom: .~f~rc lh~n half 1hc r•r:r is d<'OicJ 10 • 
dcscri~o;on of '~" prob:<m> of con•·cr.lional •n•l¡;is, bui thc SADT 
P•<b~o i> dem,t>ed in '""" s•olehy de~•il. Thcre .,, >dJ,Iio.o.l 
do:umenl! on SADT avoo~•bi: from SorTe<h. bu1 the roodcr stoll 
,.¡¡¡ Lo kf1 ,.¡¡¡, 1ho fe"ont d"ire th•t Me<<rs. lloos •nd SrhÚmJn 
•nd lhcir <olle•guo¡ ll Sl>ffcch evemu>lli ,.¡¡¡ ,;, down >nd pul 

¡ 1 
1heir id:as Fnto • fuii·S«I< book_ · ' 

,¡ 
. ,_. 

' ; 
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ROSS .t SCHO~IA" 22 
(!]! 

Structured Analysis for 
Requirements Definition 

l. TilO prublom 
N 
·-=:· ' 

The ob,·iou• ><IOIIIOn lh•l "a problent unsl>ted il • 
problcm unsohod" seom< lO h>'< "'"P_e<J m•n1 ~~ilder¡ 
o( l>rge compul<r •~pli<ation I)!I<U" All 100 oflen, 
d<"~n ,nd impkmtniJ<ion b<s•n befare 1ht re•l notd• 
•nd I¡SI<nl fun<_l;ons. orc fully k no"~· lhe re>u!os .'.'" 
skrrockoling com, m.ssed .ch.:<lule>, ""'"~·""d du,olr,.o­
lion. d·>~luntled """· •~d •n en~l<>s '""". ~r P"'rhc.~ 
and repJirs euphemillk•IIJ' nlled ">¡st:m m:unl<n•nrc. 
Comp01eJ 1<> olher pi'•"" of \ySioru do.olopmel\\, lho>e 
srnoptoons reno", by a IJr~c mJr~in. r.'lc 1><< o( 1.1 ado· 
GUJI< •rp<O.lch lo rc~uiremeol5 deflnioi<>~. 

Gi>cn 1he widc ranoc cf ron1p.J!<I h.ud~~lc no .. : 
"'"il•blc JnJ o he emcrscn« of s~f!~•re en,¡ineuin¡¡" 1 
di>CJrhne. mo>l problcms in Sf"""' de•d~rmcnl are 
becomin' le>s tr.<e•bk to ciohct 1!1c m>rh>r«r or 1he 
pro~IJmming [1) .. ~letho<l> for hJndl1nt .•he lwJ~_".• 
onJ >ufl""' tonopooenl< cf ')'""" arc hoghly su~III>II­
CJtoJ bul •JJ"" only pon of lhc job. for (<Jmplc, 
c•on 'lhc b<>l "'~"""~ pll>¡¡rammin~ C<.J< "'11 nol h<lp 
if ohe pl<•,;r•mm<l hn bccn lcld lO s~l.; tloC ~'"''J prOb· 
IC!n. 01, WOC>~ yc(, h" btcn g¡VO!l J CCI((01 oiC>.OIIpiiOn, 
buo h•> nol un~crSIOOd il. 1hc In u::, uf" :'"'cmenll 
dtflnioion mu>t bc bulh (omr•lc:c anJ unJcr>I•IIJo~lc. 
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E.aoh o[ :he sub;.c~> has • s~cc;r,, 'n~ l.mol:d wi< '" ¡u>H ¡;r,¡• '"" «· 

• · ! "h0ch il LObO do,.:ribc<.l, 111hc• f01n1 of lh< de,.ril't'"n. Jnol JI lho ~r·--no of quirorl 1ple:n Collo<li•clr. ih<l <J~Iuro on r-'é"· •• :no •;'•''"•'''·'" "'"'· "1 ,- ~, 
. JnJ'-'•¡, r<IO'•ot l.no•kd~< aboul ohe ll>l<n> rrobl:m on > <<•;llrl<to. •o~'"'· 

co,.,pr.t.ens;,, form. T;¡l.on ¡~e:her. ¡he>< ¡u~j:cts <.l.for.< oh: ~hok n<:~ 
SepOfo:dy, th:¡ .ar "hallh< o¡stem is lo be ron of, ,¡""'~' s•s«r., "to ~<. 
and of "''~'lhe '''''"' i< ro be conlpc>;<J IFis. 11. Tt.o P"'"' \,n~~n •1 
''•n•<uis .. mu,¡ ·~PIJ <o •'lllu<c. 

1 
o.,rriplion• r,f the,e oub;«L5 ju<t fr. me 1he probkm: oh<) •,¡., noo >oh' 

it. Do~>il< 010 pollf'<lntd, on~ JlO binJon~ ino~kmon!.ol10n J~r¡,;,,r., •'" )ti 

"''~'· E;en dooai:od budgt~ and sche~~l< <C>mmiuntn!> are ruo n:T. <>•<PI 
·r th<o\0 fGI o he netl ph¡l<; 'l"'m desi;n, he<lel<e thOy dep<nd On lh• ,.,~:,.o( . ' 
l lhll de1i¡;n. kcquo,.me~:s do~niLi<m on~)' (~ul romrlc:ol)') P'~"~" ~-"·''''J•.• 

com:,¡:ono [~¡ t),e lube~urnl Je~i,;n onJ impicmen<•tion m~<•- A )'IO~i<m 
1 "'<11->raocd Í< ,.di on i~< "•Y lo a so~nJ >oiution. 

The QU<Stion "'11 remo in.: "'!ly is r<q~iremonll defLnition MI a l"nd.or~ 
pan of <•<rr •ntem ~rcjctl, «¡>ttilll)' s<r.<: no: ~oing il ,..,:1 hJ< !u<h dis"· 

·¡ trou<ly hi¡;h "''" ll]?' \\'h);, proj«l I'>'L·up •omelh'ons on: mu~Jle• throu~h 
ond v.h) d'-'C! ¡, >«m Lh,t r<quir<ltlOI\" >r< no><r eOmplotd¡· ""<J! ,ll'h.!l -···-·· ~ Tho In>~::"""' 10 be 1hot ju11 >~OUI o•·tr¡thing goe> .. rong_ Sr.t<J re· 
qu·ll<l~onl' ore oloen O>«"Ove. in<omr:eLt, •nd inoon1i;,en1 CornmuroiroLion 
•nd docu'menution .,. ro;db:'od.s. ""-' D<<•use thor •r••' ~i1h J,n.,ent lO· 
<•bul•lie>, u1011 ond d.-elo~ot> ftnd ir dltrrouh lo compktd¡· unJ:r.,,nd <.o<h 
oth01. An-<lym '" nften dr.o><n fron1 oh< ~ovclnpmont orgJ11i1011;on .• nJ "" 
un.<hle 10 dro<ument user r<Quir<monl$ ><ithout >imuiiJneou,:r "':1ng a do11~n 
•P~•ouh. 

Good lCQuiremon" ore romrlotc. c<>m:«ont, 1<11-<b:e, tr•<o;bic, fc"•~le. 

ond n .. ;~le. U y JUII ILOlint "'"""Y "'"'"""Y <onJili<m>. lb<¡ ''-'' < '"''"' fo1 
lta~:orrs dutiq <~!l<m dni¡n. lhu<. o [oo.J sct of roqu"""'"l> d"~""""n" 
c--.n. in cr.«t. lef\'0 " • U>O<·ÚOOIOpor conl<o". To :III>Ín lh<<o -'""~utc•. 
1impl¡· p1orosing a labio of rontont. fo1 ICGUitem<rols docunl<nl.lliOn .s not 
enoogh. Todo 1he job. one musl ompho¡irc 1~< mratu of J<foni"~ requ•!O· 

l mcn!>, rolhor '~''" roes.;1i~c th wn10nt> or tll.t:umcttt•tiun (~hi,-1: '""'IJ, in 
•ny <o ce, be illlJ·<-":t.o:o lu ~o¡,, a ¡;ero01i' "')') 

; E"n in oopni,.tioo¡ ~)ti<h do \IÍpcl•le ¡ome documrnl or onulh:r .. lh< 
i p10<"' ~~ ~of1nir,l t<:~·oi1cmcnt> lcm.Ún> l,Loro<,u< •nd imundu>Í>c l "~in& • 
· con1plete dcf,niti~n or Lhe j<•L 10 Lo J~n<. lh< l'llccl or" contr'" i\1-><kint. •n~ 
,! lhe ~"''~'""'!1m·''" th nlh>in& ,,.uror.:iun< '"'1 ~«;,; .. , ... oc:.>~>< th:¡­
:. mus:. in orJor ro 2<1 lhe jnb done. ¡,,-,, "hen rhe '"'"" ,,[ '"''~'"""-"" 
'dda'ot'•o~ '· "'"tni,•l. il 1 .• ~ .. n'"" <Ir.!\,:.,,,,,·,,_,;,,, In h.oH '"',u, ... ;,, 

\l•nr r<mc~i•• 10 lh<s< probl<n" h.o<e been proro.tJ l:och p<njc:t 
mJn.o;<mcnr. an;l¡lis. or •rccjr,,·,linn s>h<""· "h<ih<r ··,uu<lur<J"' or not, 
hol "' O>~n •~hor<nl> ~IO>I d" in•k<d oiT<r 10n1c implO>CoHcnll, lo< an¡ P'"'· 
''"' <I<P• JI< betttr th.on nono. llu• > •i¡nir,.;_,n¡ imp•d h._ nol beon •ehie•cJ. 
b'""'" <.ot~ pmi.ol oolution onri" enou~t• o( lhe ""nt'~.ol in~r<.Joon" 10 be· 
vuln<r.bk 

Thc k<Y lo '"'«"fui requir<men" ddtni1ion lie¡ in «n~<mb«in¡ Jh,¡ 
P<orlc d<itne roquir<~•<nr<. lhus, any us<flll d,cu<>inn of rtqui<en•en¡, 
dcfinOtiun musr combme: !) 1 genori• un~<r;t.>n•l•ng of >J>'"'" "'hich ¡, 
S<i<nrift<"lil •ovnd. l) • noiJiion ar.d Slluctme or dc,;umenrict >r<<if•c '''""' 
kno~l<Jsc in a ri~orou<, '"l'·IO·told form: l) l P'""-"' r~r doin~ an•l¡•i> 
"hi.-h inrlude• dcf•niloon of penplo rolesand interpe<1on•l ptO<.'CJ~«•; ond 4) 1 
.. ,¡ lo l<'hni"ll¡ m.1n•s< thc ... orl., ,.hi<h en•blc¡ all""ation of t<Quiremcna 
Jnd l'O"PM<m<nl of d<>i~n. . 

A<l~<nli< oppro.~chOI "'on't do A pro~molic melho<Jolou mu11 itself be; 
11 tc,;hni.cJIIr fc.o>ib:c, >< .. con,0>1enl ~;¡~ ~~-• ~ntenu ro be dc,.lopcd: 2) 
op<wion.olly f<Hoble, i e .. r<oplo ,.;:r u>e it 10 do lh< job well: onJ J) cconomi· 
<JIIy f<.,ible, i o. M"'"'l>lr impro1e lhc >Y>L<m <i<>olopment q.:le 

Thi> r•r<< lk<t•M• such •n apprOJch, which h•s tocen ¡ucrcuful in brin¡·· 
ing 01der •nd dll<<tion to • "'ide oanee of >y«em conte.u. In <•tn lhe mo..1 
orytng of cr:um111nU>. 50mcthin¡¡ can be dorte lo odJ10" the nced for 1<· · 
qui:tnoena deflni:ion. 

Onc funJJmcnul WeJkneu in currcnl approHhn lo rcquit<m<n¡, 
dofinition ¡, •n in•boliiY lo "e ek"'ll whu thc prubl<m ii, much !115 meHUfc 
il, en>i,ion ;,Orlo.oble ~~luLio11s, or apply Jny •ofl of .,.,c.,menr. 

!t is c-ommon prMIÍCe 10 thin< of sys1em ar<hil«l~re in te<nl< or dovi<t>. 
IJnsu•~<>. trJnsmission linl.s, '"J record forr.oJIS. O""''" '"""' of compul·. 
<r I¡SLor1" LJPICIII¡ cont"i" tofe"'"" tu rou~<>IIH, ftlo, lermÍnJh, oroJ r<O.:o•· 
so"- Allh< >ppmrrr>IC rime in •¡s:em ~•••loprnru<. lh:\ i1 ~uit< ~r.,,cr. llut 
•• Jn iniliJ! b..,¡, fo< SY"<m lhinl.in¡. il Íl prtmJture •~~ ;, bl:-..' s fto;l¡ •i<w 
Pl<CÍ><Iy i11c ••r iJ<O llw Í> '"'Oii.1l lo 1u<<cnful re~~iren,enl> Jdonilio" -
the aigori<hmic !>Jturo of all s¡SI<ms. Tití• impu<!Jnt '""·"i'l c.on be u b< <o·j 
• i>i<>n<~ by ~¡'ir t lt • r.r"' n•r~ot, lhe /uo;/oMal c,cf .. .-,, '~''· a¡ di>1<n;:t fron: lhc : 
'>'.''lll .,,~;,.""'<-
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S¡"cm• <M>"L of lhin~• lhJI rorfr,¡m dclllii>O> IMI 1"''''" "''h <•lh,;r 1111<'·0• JrlJ h-11' 1•cnin~· -''~ '" ontonL.II<:¡ ld.oi.:J lh<lth.:¡ •·-on ool) ~,¡,, l~,·:<h-
thl n~<. e:.ch •~eh in'"' •<1 iton ¡·on,tioutint a h;r¡•ooiio~. ,\ r ~n«i"n•l ,,,¡,.,_.,. er. .-\ f un<liOnJI a •chi•~ .-tm.: ,1~ J¡ < h " ~ 'or¡ ""-'"g \I<U•' uro noJ~in; t' p:" it 
tule i1 a,:~~'""' bn•J: ~r tho ,,,¡,¡1¡01 ¡•::furmc~ b¡ , ,, 11 ,; 01 t1,- 111 p"'"'¡¡, th<•< roi.lli<>n,~i;:s run.;li·>n•l >rchii<.UH.: i>, l'<•h•r• ""1"¡'¡"~1¡. bOlh •b· 
<11\r<[.,dH>g "hoor "hJI do<l oh.:m! ond th.: lhin¡; 1 ">ih "h>ch ohn>r ,¡¡; 1 ¡ 1 ;,:~ ,,,,,, >nd P«•"i<e 
inoerJel. G"cr. this. • de<irn pr<><<<> "·,¡¡ "'·"• • s;;.om "'hi1~''"'" "hr,h 
implcmcn!s, in ¡Md or<lcr. 1hc funcoinns of 1hc fun:li,,n,] Jrch'l~>"lurc. ~~~·; 
~uircmcnls dctinilin~ is fou~<lod M >hu" in¡:""·" 1h¿fuN11on.ll ,n,h 1:,•rrur<" 
(G,¡ J), •ho ,ho,.ing why i!" "''"'" i1, ""U ronwoining ho~ 1h< """"' ••· 
rhittclurc ;, lo rulilC it in morc (On<"r<lC form. 
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Th~ roncorls of funetion>l •rchiO<<turc aro un;,·crull¡· •rrlico~l<. lo 
m•~u•l u ~ell" auLomalf<l >J>L<ms. •n~ "" perftcll¡· su•lcd 10 •he multirlo 
ncc~s of comnl •nol)sis, funcoional spccrf.c31icn, and ~csign conmoinll foond 
in f<Quircmcnlt ~.~~rrion. Surro ... for c••mrk. 1ho1 on orc,.•ion. rurr<nll• 

1 
borr·g rc~f,rm<J mlnuo~ll¡· ¡,lo be auoorna1od. Thc """"JI oro1a11un ¡,.,, ,~;. 
'<'" .,,·holenutc. compo1od of p<orl~. o•E•n•l.Ooons, lor"''· rro«~uros. >nd 10· 

: renliHI. <><n Jt.oug~ r.o eomrulcr ¡, in,d'<d h 1¡10 h.s • lunoionJI '"hi­
' ltCiur< ou~l-ning lho r•mro~<> lor 11hi'h 1110 l)'>lom C>i•:•. /In au10n1010ol 5)5· 
1 Ir m.,.¡¡¡ imp~rn1Cnl !he loHI\'IrOOJI Jr<hlt<riUf< ,.j¡¡, a doiTor<nl l)'ll<m "''""«· 
-
1
· lu<t. In r<quircruen" ~<loni1ion, ~• mu" b: a~ie io c>ltOCI lht lcn:ti,,n,¡ ••· 
ct•ii«"IUr< <rur.<liO,O>I ;pccrfieolion), 0111 lin~ il bo1h 10 !he boundJry ro•nJIIi~ns 
for tho m:.nual ororo110n (rooto.l .lno~lysi>) •nd lo lile bounU.rY conJ¡Iio~• lur 
1he iulomal~d sYSl<m (d<~icn <Omlr•intsl. · 

h_OCióona] ordoileoWre is foun~ed on • ~enoric univcr~c of ¡/¡u•;• •nd 
loorf"'"'"f'· 

"~J«I> 

d•" 
noun> 
lnfo<<n>IIOO 

'"~"·"·<! 
P•'"'' 

op<r.,ionl 

'"'""" >erM 

P'"'"''"l . . '"" 
a<li" 

Pr<.:i;i!'ln in fuO(IinnJI "chilc,lur< ¡, b.:\1 ochio-.d b~ cmph;,;,¡.,~ cnly 
ono primor¡ "'"''""1 odo~lion>hir "'"' ·.,.J o•·t<- th•t of P•"• •nJ "IH>Ios. 
P•ril ore r<I•I<Ú bo inl«l«<' 10 oonililuiC -..holo; which. in 1urn, ore P•"• or 
.,,1] l,¡rt<r "hcl<> 11 is •1"•1' ,,¡,~ lo e>pr<>• a funclion•l orchil<""" from 
lh< tono.-:< •i•~ th;t 5¡'51om> '" mlÚ< of eumponorlls (pon> anJ inl<rfo<.,) 
onJ yct ar< thono>~h<S cornrunenll 

So li;.< oll orh« "rhii<,IUr<5. lh< StrU<IUf< of fuMIIOnJI l"l>il<'lut< is 
bOLh moJuiJ! ¡nd hi«Jrchi' (<•en d<•fiW><O •nd ""l<hn .. kctl uso "top· 
~0"~-- ri><LtoC>J,l. Lik< Cth<l .,,-hit<<Oure•. il <•n be •«n from <!iiT<ttnl 
vic'~POÍnl< le• en thc conl!lucuon lr.J.- use ~is10n•t "ru.:lur•l. <i<<lri<-'1, h<•l· 
m;. onJ rlun•bin& blu<prin"l. Anú hkc ulhcr •~<hi!c<Outcl, it rmy nol n<,<S· 
s••i!)' be chm,J "' ph)lic.l ''"'"' ,.ouiJ be (:;en a cir•uil ~¡''""' dO<i nol 
~~-~~ !h< a::u!l IJ)OUI ~r componona, bu1 0\'cry ín1po:!.nt e:..:tric.\ ch.r•<· 
t<ri>1ic is roprcscnl<d). 

lh" uni,·crso\ "Jl' lo vi<"' ¡ny snl<"> ¡, lh< kcy 10 luccc,.ful INUÍit· 
me ni> Jofinu1on. From cur <>r><<i<ncc, pcopk do not tend IC ~o !hi¡ n>IUr,¡lly, 
anJ not on •n or!IJniud fAihron. (n f"<l, "" find lhO! t~C mO>l bni~ probO< m 
in requi"m<nts ~ofin11ion is the fart 1~01 mo<t pcoplo do nc! <:>en rcolilC thll 
suth uni><rsJiity cxi"s! Whcn il i• upllincd, lh< us~a\ r<J<Iicn is, "t~ot i1 
ju,, <ommon tense." llu1, as ~·• bcon renwhd for ogol. C<lmmon ••n•o it •n. 
un<oonmon romnoc-Jily. The ncod i$ to wu<lurc >U<h con"pi> "ilhin 1 di"i' 
plir.< '-h"h c.n b< l<.rncd. 

To •t1e 4u.11dY dcflnc'r<quiremenl!, ene mu" cen .. inl¡ rca\irc !hal fun•­
' 1ionol •rchite<tu" e>hll. <•n be m<•Surod. and con b<: c-.luotod. Bul 10 
1 d<'>"ibe il, on~ o~cds 1 mmmuni<""ion nJCJium rcrrc.¡-.:>ndin' to lh< bluc· 
! prinl< on~ •r~l'ifl<>llon> th•t allow monufJe~urin~ lo function tmr:>Jihly. In focl, 
' thc lorn1 of Joc~menllticn ;, !he key 10 ochi.-in~ corrununic.tion. "Form" 

indud!l pJ~in~. ¡nr.g:•phing, u<e cr grophi<>. d(>Cumont orooni,.:,~n. or.J 10 
forth 1!"''"" thc d"tinrl•on t"'""" lo<nl •nJ ron1cr:l ;; .o pwrly unJc<· 
11ooJ, nuny ad<~UJte ·~•~<m doscrip:iun• ore unre•dll'lc, •imp:y bocou1e lhe~ 
ore tn hJ:d 10 follow. Whtn ,\:,,.~ .. 11 ,\Jrluh•n t•i~. "lt.t r:toJium;, 1hc 
"'""t"·" he'->! •rr"<nlly ísno1<d by mo:1 S)->tem &n,iHI> . 
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' . j To ooh•e•e <ommunkatinn, lhe fOifll nf lile di.o¡•r,, 111 in "hich ~r.phio 
,•Jm~ol• •rr''' h •l•o im~~<!anl. Thet mu" ~< boun,kJ - ona <•n¡•k PJf< 01 
r•." of f•c•ng r•Ge~- lo lhat • .•<odcr <•n '""''once C\<r¡thin¡; "hich c.n be 
s><d obout som"h<ng. Eoch lor•< must be e<•ofull~ dc\in.:ucJ , 0 1 "'J" <JO 
~''':' the "hule rti<"at<. A '"~'' m~s: t.c •Lie Lo •ncn•all¡ "Ji< '""""h Lho 
>rchot«"'r.l >Uuclure "hi<h i< r~•U•ted, ju.l o. bluc~""'' <<>•1·~•, m.:,ur.c. 
ourcr 1, «" the P"h ''"'~ins '"'"~-"- i\r~d [., 1 .11~,. n 101 , 1!,¡ 11 ¡; """' ¡,, ¡, 

·. 

·n.· ""~¡,.,,, ,, . .,,, 

Wh<n th•nl.i;.,; abo"' "hY rcquir<m<n~< >re nci1hcr "<tl·slrutlur<<l nol 
~cli·~P..1Jm~n\cd. on< mu.rnn: fo<g<l lh>l any prcpoJ><d melhé>Jo>lojy mu" be 
p<or'<·crientcJ T<ehnic.cl nl>ll<r< rn•uor ••'Y much. bur ir;, 1he ,.¡,hn. .. ' .. . ' . '• ... 
id<"- n<<J,, con;""'• ~o.l üill> of f'(OPk lhJI delermino rlt< ouknnl<. 
le,·hni.-ol »;><<l• '"" onlt te odJ<c,,.d rhrou~h rhc inl<rorrion o( all pcoplc 
"h" hJ" on int<"'' in tt.: sptc.OL Onc of rhc currenr <loniculri" in rNuire· 
r.~<nrs dcflnition. remen>~"-;, thll 1111<01 dc"lopc" orr oftcn ch•r~cJ ~i•h 
do..·~n"ntir.,¡ rcqui«m<nh. Their dc;ijn b,dground lc•J• lhcon (ho~c>« 
~c:l-in<entioncJ oh<¡· mJ¡ ~el ro 1hi<ok of l)llcm '"hire(lurc '"h" lhin fun<- l\ 
tion.tl lr.h><<([Ur<. >nJ tu ~<fm< rcq~"'"''""'' in tern" of •oluliOn\. ,¡: 

Coo>ider • l)'?i<Jll<t of pcoplc ~<ho mu11 OCli><ly P•nicip,rc in r<Quirc· 
m<nl< dcfln,ion. The '""""'" i• •n <><,•ni<>tion wirh 1 nocd for 1 •HI<m. 
1h•l '"''~"'" ac•1hori1< 5 , rorwwwonrr ro ocquir~ 1 '"'""' ..,.hoch will be 
OP-'""j b¡· U'<:> Th< comm;S<ioncr. olthou•h r«~-·~• l«hni<olly oricnrcJ, 
prob•bl¡ ~n~'<~l I<H >~Ou\ sptcn> rc.:hnolo;y lh•n lhc Jf•.-lq,•J¡ ~ha ,.¡11 con· 
>I<Uo"\ oh.: >l'Wn1 Tho1o [our pmio< "''' or ""'' nal.bc ,.¡,hin one O<i>ni<'· 
llon, Fe< •"·"1> >¿::>ini"'"''' "'"""'"• lhcrc i¡ • mano¡e~""ol ¡rou~. Requi«· 
n•ent• defioi<iun t::'J" bO undcr\100<1 bt >11 lh<« p,¡Uics. oo>~cr ohc q~<IOi0\\1 
lh<i n .. ,. obout 'h' 1¡1oem. ond '''''" lh< bJ<il for a dc•elopmcm contr•"-

~.ch of '""' pJ!li.:. is ' p.HIII.In "hGI< wnn'"'"•· •nJ oftcn »Ju<, 
de~ire; musr ~< 10\JI).>O\JieJ rhrou~~- rcqui1<no<n11 <l<f1nilion ~hcrc i11 nc<J 
at t.~< e<n>tr (,, ¡¡¡incJ. pwftSiion,l 5"~'-"" "hu"'' •• • '""'"' 10 ¡el thc u· 
•oll<J inforn\J\'~n on P->¡-<1 anJ lo 111u<tu1< fwm it JJe~u>tc re~uircntcn\1 
docum'""'''on. Th:'mcnul f¡colll¡- 10 wmrr.:h<nJ >b>ll•>=i~n. lh< abilooy 10 
cumn>uninro 11 ,..,tlt p,r,onot "'"· olon, "ith lh< abili11 lo Jc>c~: •n:l deli•er 1 
~•liJ crLli'i""· .: ~ •11 h•llm,. \.' o( ' prur .. sion,l •n•l)", 

,..o,ly¡t>, "'""' of ~o Mm""' bo only p•tl•lim<. "~ n~1 <•p<ctcJ •o '"P' 
ply ''f·"''" in •0 o¡pe<ls of th< problom •re• Al profc.\iOn->1>. lhey orc ••· 
P-''"J IC ~tá o;t "~ui""""" f1um "P<!LI •n•M' lhe otiL<r p•ni<• <On• i 

ctrr.<J Tn I•«NJ, lh< lJ>~ of •n•l¡>i\mu" bc piOP<!l) O\JnJ>eJ •'hJ ""''Ji· 



:·;;-.,;.,-.·,·,·,·,,.·,·.·,c~li~-"·"',:,:,-,:,-,-.• -,-c,,:,:,,-.:,-,.-.-.-.' .. :,:.-.. -,-.-,-,-.:,-,· .. -,:,.'.-.. :,.-.:,-,:,:.-,.:,_-.1,< .. i.>.·,.-.. -.-.:,1' ; 
lll<>C 1 ic~ f'"inl > m.1¡ ti< '" 1 rl .• p¡' "'' ;, n d, ''" ·"'' H r.ol:.' . 1' '" ¡ r ,rdoc\,' -, . 

----·· 
. ' ¡¿? 

1¡ ;, r•··"'-''O rh< 1,;\, uf ~u;,¡_,,.,, "~''"' 11•·· r<o..··.n of """!¡,;, '!"1 
01 _,\,•, "'"""~"''"" Uduoioiu11 '"'" ,, ")r.,l11"'''' h•IJ)'- l'<·•l"l;_n<<J lu"<h•n\, 
ab~~~ ""'~- ,,_,:1 ,; 11 ; p• ... bl"'r" (··J¡,;u, auJ (u<l~ucc"J, '''~'" 1n <he 
l,n~"Je,l;c '~'' ro>lrorocJ ~o.-..ion> .. ;u <1o1~1Jil b.;.-.oul< lh< P1"'"''' thcr "" 
enfor•<• <Onsill<n<¡. AnJI¡>i> i1 '" Jrl ofwn,iJ.:<iu~ c>o:r¡ll1_'n¡ tci,,Jnt '' • 
¡i 1cn pr1in1, a 11 J null¡'rr•~ "'~''· AJ<>¡u.ol.; "q~'roern•.n.l> ~111 be tompl<l~, 
"rLIHOUI "><1·\jlC,of:.-.rriun, JnJ ~111 P•hi)IUO: O:Crl•HI _J'-'"''-'"1 .. 1~ '•!« ·(J~<II ~1\ 
thc l)>t<m üc>elop11"nt P'"''" ,.,lhoul ~rlrf~<e. l~o; "<lí·<>••llr '':"POriJtl .on 
1~< de><lnpmcnr of 1ho« comple. 1)11<ml ~h<r< "quiremcnl> '" •nlposeJ by 
hi~h<r k>cl 00111i~ocJiron1 (fog. 6). ["lo.;,ions mu11 be a/10(~1,-J Ü <., p<>>L· 
poMJ) bc.,usc 1\Xl m•nr L:oin~s inLOrr<l.tl< i~ ¡oo m~ny <~mpl.¡otcd -..>yl fot 
p<npk 10 und<r,IJnd, >11 01 on<<, .. h.ol is •nJ "not ~con~ >Jod. 

'. 

Be<Ou>e m•nr in''""''"' in,~hcJ. ro.¡uireonenl> U,·linniun·nnh1 • .-"' 
mul1irlo r•uiP<>ICS E.,h >uh¡<<l - '""'''' ~nJI)>I>. fu,w .. n.ll ,,,_.,,,-,,J:,.>n. 
•nJ J,·,;~n "'""'""" - """' Oc <>JIJ1in,·~ (l(rn> .11 IoN llrroe P•·•n:. of ":": 
I<Chnicol, <•rd•llunJI, ,n¡J «>•nomic. Tcchni:JI .1>\,'<>nlOn! nt f,• ... i~ihl) >M· 
«rm .~., o~rct.ilaiuo< of • <¡110m. Ore•••ionol 'h<><n>cnl rM,.,n¡ ,¡,, rerlr-r­
m .. nrr ,,r • '"' ;¡ <ren1 in • ~ "' ~ m• en 1 iro:tm< ni r ro~r>mi• f '·' .. bi ,,._. .rnn, cr n > 
1hc ,.,,,,. .nd imp,.-rs uf·,¡,'"" implcm""'•lilln·Jnd-u;c, Th' ~'"'"' ,; >intrll 
th>l a~;~, ,,,;,,y of IOpi,:, mu>1 ~' r&nlidCieJ in fCQuir.mcnh d;:i""'·'" lfo;. 
S l. \\'Hhout • pl .. n fcr U>cn.tr,n, 11.0 r;,.,, in10 wh<!<nl r<~<~ot<n«n<>. n" 
en¡· lo< !l.e or.•lp;, !<Jm t<o tu>< lh<ir ><n.c of dir:OI•on Jnd "'<r>I<P ti" ir 
f< >r-on.i~ohl)'. 

''""" "'" "' 

·~'"'""'l "<f"IC•TOO" 

h<>.:.• 

''"'"'"" 

"'""'" '"''""'' 
''""'"o"' 
''"""''' 

..-~'""'' 
~, . .,,., .. , ·-·-----

1 ·--··-... , ........ • '"f] 
\ ___ ::'"" 

·-~----

fl'"' '· AooiJoh h up<tLrl" lo<'""'''' •••hooo11ol. 
ll eq u u' 1 rrenl' ~e fonil iGn. l¡l e 411 IYII<' 01 ~" 1 : lopmcm "·'t<l, >hnu :~ b' .on 

ordorly prn~<<,ion ~-•ih laü ;, o l"ór•l >'ll'<e'"" h> ~>h•l h.o> <tom~ l•d>•" 
•nd ;, <ornplele~ bd(lre P"'"'~"'~ IU "hJI ¡·uniC\ Jft<¡_ Tlllhu~htou!. •'"o 
OIU>I ~C >hl' 10 ""'"" lhe """' lloi<'C •IWIIioHol 1) 1\'IIJI are »e <injn~~ !1 
\'.'toy "'' ~, J"'"t u? l) llu~ <lo ~• P""'''>i ¡,.,,, hcte~ o\~''~"·'" "'·'""1'<· 
mcnt '""''' from "''"t ll1e1c 1¡uc>liurr,, ""·'''l'"ly. al e>Ory r~••n: iu 11« 
d<•clopn\Cnl r«-<<1•. And ol ITI•u•&trucnl " nol tu be • ch.mcl.;nn·l••c •"· 
lh '"'" b<>Jy cf pr<.>:cll~ral ~no,.i«lo;e >hunlol ~' o¡opJi,-,hl.; <1<r¡ liuot. 
ahh~'-"tl! ·~·~ "¡¡,¡,." .or ¡,,,,¡ ... ,11 .-,,r-:r .... , 

• 

Con~<Ollino • l)<ltrn d<><lopnwll rrojcfl "nc•rlr im~~>>rblo ,.¡,h~ul te· 
•k»l, ~"l;.·l)orQu~h>, onJ Wflhtlllolioo nl'l"t""'""!·, Suc'h _l<•"h"''"'' b<· 

, <o 0110 ~or,Jb), ~11 < 11 l),c '"'d ror >)IILI">il ¡, fl!lll;flrl<;l QUilO >illlj'IY, Hl· 
'•en1 .orcl1;,,.,.,,," JnJ JIIQ,•tod '"·1";"."""" "'"'' ~~- i•nt.r ... ~:,- m l•i-'" •. r ,,,,. 
•i~u 1 1 1 '""J «~uir.:<Jl<n". Oo< 111•1 do<>OI<, by r~•n o~ by Jcf .. .,: •. uol '" <~­
( orrc '"''' ''" c.1 bihly. !1 O"- "<1, > ;li<i.>I<On •n·r "'"r.~- '""" .,( "''' -: i •1 "11 1·~· ., · 
Cd >1-lt:••> ll!lloL llrol Uo f'J•·•Illll,,l I•J iii·>I<U,I>rf<J J11d ~rrf>rh"•"•l•l< l<•i•lll<· 

""'ll> 

• 
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Ob,inu>IY. <1:ci1i~n\ un r•r<' "e thc ,,nty ~"'" th.,¡ nnom. Knu·~~~ 111 ., 

•n allcrn•ti•~ ~<o¡¡ <Vn>idcre<I•O~ roit•ICU, and ~11¡', n>•r pf10n be"' imp~:o, 01 
u thc fonal requircmcm. Full dúc..,ucnt•liun b"'""'" d"u~l¡ ""''"•!) "'"'" 
!he m•ny P•rlÍ<~ in•ol•ed ore t<<•i:"Phitoll¡· l<pJrolcJ •ntl "hcn IIJff 1urno~er 
or .. ~,n1ion m•r occur bofure 1h: riojen i¡ cumpklcd. 

Thc futuiCS ju11 disc,·;¡e<l •1 len~lh- functiOOll 3((1\ÍLCCture. d"'Uffi<O· 
1 ation, anal¡ sis teomwor k, 1 nd 1 he ordc rl¡· pie>;~\! of onal¡ z in¡: • nd 'l n' n , 1¡ 11 ~ ¡ 
multi;>lc •·ie~points - 111 mull be ÍOIO&nl<d "hen prescribin~ • m"hoJol~,;• 
for requirtmenu def1n•tion. 

fGr le> <rol Y''"• the senior author and hit colle•rucs 11 SorT<eh "'" 
bc<n d:-.l&~in&, oppl¡in&. ond tmpto•·ing a general, bui p!actic~l >pplo:~;h lo 
h•ndh"t comploc >)>l<m rto~knll. Thc mctho~ i¡ c>llcd Siru"ured AMIJ"' 
on~ Oe•ig~ Te<hnique {SADT•) lll. h b> bton u•ed '"''"''fully on o ~~~. 
un;:< of ~w~tem> by bolh SorT<<"h •nd elienl>. Thh paper h:a pre<<nltd sorne 
of 1hc '""'"' wh¡· SADf,.orh >O ~•11, "~'" pruporly op~lied. 

SADT evol-.d notu,.lly f1om earlior ""'" on tho foundolion• of •o~'"'" 
cnsineuin1. h eon¡i51s of both lcchniquc> for pcrfo1min¡ ¡¡·>Iom •noi¡IÍI and 
de;,;n, •nd 1 ~'"'"' for oppl¡int t~<le techniqu~1 in rcquirentc'"' dtf1ni1ion 
1nd >y>tcm dovclopmtnl. Doth rc.,urcs •ignif•<>ntly in<rc••• thc produ<li>ll) 
ond dfccoi•cnu< of tnm¡ of r<oplc in··~lvcJ in o l)'llcm rrojcct. Spe<in"ll¡-, 
SAtH pro•·i~" methods for: l) lhin'inz in 1 wuctured way abour l•q;e ond 
comple< problcml; 1) worl.ing ,. ' te•rn ~ilh e/fecti>·e di>·isioo •nd courdin•· 
tioo or ciTen 1nd rol«: Jl comm~nie>tins inlcrvicw, •n•l)sir, and dcsioo 
resulos in clo>r, pre<il< nowion¡ 4) ~ucumentins currcnl res"l!> ond deci•iono 
in 1 .. ¿y ~hich proYi~el • comp'ete oudit of hi¡tory; S) conHollins '""'"'), 
com~l<lcncll and qualo•y throu~h frequent reYiew anJ appro•·•l pl(>tcJure: •nd 
6) pl>nnin&. m•no~inE, 1nd '""'lin; pro~rc¡¡ of lhe le"m ellon. T~o ospcm 

·• of s ... DT d:scr•c •r•ci•l mcmioo: the ~"rhic tcchniq~e• 1nd the ddoniti~n of 

The SAOT B"Phic l•nsuoge ptovide5 a linlited se\ of primitil·< <onslfum 
frnon "'hich >Miysts •nd desitntll r•n com¡>OIC orderlr slructur<l of •nr re· 
G<>ircd >il<. The not>tion is quite ¡impk - jusi boxes •nd orrows, BoHr 

· re;.r<.cm p•m cf 1 .. hole in • "'"''' manner. Arro"'' ""'"""' intetfl"l 
· b«~an PltiS. D;otram• repre><nl wholeo 1ntlore compo .. d of bo>e5,1trO"I, 

.l n•tur:~ll•nzu•te n•me•, and ccrl•in othor nototions. The nme srorhicl lf< •P· 
'~:i:.blc lO b~Ü\ >(\ÍYilits Jnd d-110 . 
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>• 1' ""V~I"~~ 1"'" 'J">I>IIIIJ~nJ '>lc~IJPI '>1'"'1'"'1 '111>1d1 J~ '"''1'"'·'1':""10 
\J<rpur\IJ <'u"d< povq.J>l"~'UOJ OJ•l<·J~IrJ JO JJ~Iddn< >UO l<r>J IV '(.(t., 

-:~:: "IU~lliP1"'' 1 JO ~""'""n ·,¡:¡ l.'-'1~) P"!l!"!l-'~ 11liOIU)IIn[o.>! 11' l">"!>tl>! 
JJ>~ <¡."O"'"(.: ''"11:,: 'to'•'I''·''I'IJ¡• JIIJIIIOJ I'·'~J>IUIHr" UJ '{I'I!•I!''"U '~o·JnOJ 
•UJ <U011'1"U on /.'UJn OJI'/" "<pJrrlltU ~"~ 0\t~ 01 J'U>I ''!'UOl< 1U>W. 
·Ul>•O'J ·pJ¡;¡•nll'lll<>•:r >q 1<111\J l>OII<I•Lir?on 1\JOUI<I~p.<.'~ >~1 pur ""UOIIIIW. 

. ' ' ' ' ·1110> >~1 "'"''' "ll JU <pJJLI >IJI .'·""' <¡•r> u¡ llt>!l"tUJLIIII,u,o ""·"""!nbJJ. 
JO \IUJ(U0) >'JI

0
10J <liU!IIIJUr~m IU>1>1J<p ~UOtU•,UJ>(Ird t>' OU <j JP'll 

·J¡tpq!"U P"'!ld!.''!l' q:<oo••l• <;oJJ> "'!"'!'"w 
11 1'41 ruo "'""" "''"'d w¡ ''"''"'" u .. ~PV''q ,m.,·'!"""''!< r '"''·'" 
'! 1'1/1 ·c"!'"'PJ•ru•l' pu• ~'!l!q'·"~ 1/i<>O.'I/1 l<'liU<>J '"''":~runu '""'l"!¡ 
11 1•111 "<.'!'IUJ r"JI)>f'·IJ>'I UQ UO!ILOOII< IJ<n."'<'J l(.'jlj'l >J.'!4J\ \UUJtr,>!UOlUIUOJ: 
'1) 1! 1r41 ¡,.,¡, IJJ<n '((9] :\l!liVl!l) '"!"!'JI ~lrt•J!W ~1 !/)1 )~V;)JV)O 

fuJm"'l""'"' "'~'J "''!"·'"P 'CJ'"'" t~Q!~" <J>In "'110 "(:l"!'"'·'"!i ' 
•lOO JJIUOI<"0 1''" IUOIU)~CUC\!1 I'J!OJJ) Slli>JqOJd rJIU,jiO·>joiOJ<J >1<~1)01 

·UOU J>Uf ¡<>4'1!~< ''4J•J~>I>l puo ·'!U~4J>i>l) ll\J>t<~\ Jlf"IJO<f>Jt~pi<~ 
111~q ¡o"'!"~' ru• \lsl¡rur '"J ~161 .~p<> '-'"!' H1YS rosn '"4 '-'J<I"'"' IOJ 
'"IOJ<I] lll >ni'!U4"1 >1<"1)0\ 1 ~¡>J>w )OU ruo 'I~OIOP04l>IU IIUm(l 101 
·01 1 'llrj U!"\! IJ "'U•UUtJd UO!Iti!UrJJO <11 .JCH J<!.'I>!U<UO) 01 I<IJIUOJ ">,"<lJd 
01 lt•O)IC)jUn!Ullt<l) >1U!I·JT>l IUOIJ <IU,¡Q~Jd »J~lUOJ JO >~UCJ >;;]""' < 01 p,'ll~ 

·d• ""q '"1 P'" .,,,~o•¡ ·1w.•41 • ""f 1ou '! r.•qll><>r ,,q '''1 4>!4~ A~o¡o 
· f'<llj\."U >~ l U<l!l' J)ll!\UOJ J.'potn <tU~t< 1• JO < PU\~ 041 pu< IF>U UO!" 11Ut~ 10 
<11 '"!Pml,'l Al" 11'~ p>IOI•ItUJ >1' J.'drd !!111 Uj p><<n.'I!P '"Pl >41 ~011 

·p>ult'>l lp<r>" ltJVS 
J<> '''"'"'1 1U!'ol>n1q ot¡t IOJ "<J>prOJ l'>l!P >WO.>>q 'CUI<I>WOI ~ll!l<l.'>'> 

WJU>< '"" '<r~4"'" 41<~0"1'·~1'"' ru• ~mUu<n< r•rr<•<t< "'0I!OJ .<¡¡•Mn tu>W 
·>!tHIU ;>JJn 01 <•JO!ItiUJI>Jd 4~00l{IJV I!<J>p JO 1>"1 IUT>,'I>I .IUO 01 1U1 
·nUIIIIOJ puo "'!"·"0 Ut 111!" 'll!lJUI,>q "I.•U<JrtiJ .,II•~P·dnl,. r Ut I"~J<>p"><ll 
JO) IIUJ\UJI!~~, >lit Apn¡< UtJ IU<IIIJ,ru•¡~ ''!~"!' 1¡~~!~ <.•tu<>.>>q r>~['"d 

>~1 JO •n~<ll .'41 "S>tJO" ¡opmu >41 <r po,,np~Jd '! UOJir¡U,,\Un.~'P U;'4.1\ 

>Jo'""!"·''"" pllt <l~llr<p <y 'PI"Jiln <>'ll <• P·'''!'l)l >~• ""1'"'·''1< pur 
'""!'"'1' J" '1'""·'' ''·''"1.11 '<tiii''''''P ''ll J" '·'"''"u? -'I"'"P :''"'!'" "! "'o!l 
·<.•.T.I,, "'~' 't''"' <J>Ito.>JUIIJ".) ·.~>~'" IOJ <I"<¡U<"u P>:01d 01 P>t~qu¡\op 
»• IJ>J'HU ~"!'!'"' Ul <lllfl~f!l' JO <U~IIJ" IJ"P .,,,Uhl 1 1010'1~nO"IL 

>i•l''" 11'" "' '''!''"'""~~" '1'4~ r>l<1>1!'4J oq "'' pu• '"'uo1 uo 
U>>• >q U".' '""!'!>•'1' 1"<11 U\ J>['"IIJ /(J\'S" ""jO >onil"lll >'JIII'UI~>J IIO}<IJ~ 
-~.[ '"·'!'·'' JOOIIII.' f'Ur ll'lll:i.•J li>J P'." "unjiOII.,UII>'O~ IUOJJIIl Pu• o1qcpu<tl 
""I'UI> lnJ "UO!I<>:unuuwl) "!1JJj¡J 1'11" WOI>UIJUOJ 10] UO!IIUU·'~ "ll>W>Jtnb" 

·>J JO •roeu >41 11nw "1·'"~1"! <O¡<>J ""'!1'1'!4" u• ""·"o'd ltwS ''ll · 

"I<I>S '"l "1'' 1"""""·1 ., ""'U 

r
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"01( llr.it4-'!l~ J<l lii<P>!lln ;~¡ 1• U>fOI,.j SQ(J~l >41 U! pn_u> .<>ool 1'"'"' 
"'"'! '"!'1'"·'1 \11.'111< O 'VS,IrJ~,j '! HIVS 01 4.'l'UI ll,L(I ¡o •'LÚlli"J rnol 11 

, \IUJLUl/)0~.'1 J~ U•1!1'0•lll' puo "li'l!q•JJi"J\ '¡(JU>i<ol\tOl »0\U) ~1 \O>p¡oq<JOl 

, >P!>Oid U'J 11001 h'ln~IIIOJ '1-'•J~ntj"UO!Itiiii~JII! JO PU!11~1)J "11 ""!0 

' 1 
"[6[ lll{¡ou• ¡wo """ 

, ;q '"~r ,,., •" """"~I!nb>J ~UilJ"~' puo fu!"'l'O ·uo''!"~'l' '~"·""~'·~~" 
; 1" «-''••Jd >41 LLLIOJI>J !> >J 11!" ¡noo J>Lnúoii~J no 1'"'!1 '! ruO'>< '4l -,::,n~<l'l 
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01 111">1>0 r,.-¡·:<t"U >Jr .'l'~<i<' lo-ll~ Jr,>p >!1tlll JUI~LI.,.>!-' -I"'OJ.,,<.'.1 1 
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-~'''~'~''o:; 01 '! "~oq <r¡nw "''' uo 4l!'l" ·oqo11t4 u oc~· 
<p:C\U p>~»U <) »Ol.,J OWO< (JJ.II 'OW" >111 U!riU>I 11'·" IU~I"Onb JO ~;;!'M~) 
>41 1r.q 'l>JJIP Á<LU <1J>!4"' ''ll'":"•l<•u~'l!1 IU>l.'~'P u¡ '(6 '''J) ·~O!l<On~ 
•a" ·~~~~ •;:¡,. "'!'~~~~~· 041 01 \o\u~~'" ¡o ""4> fu~dd•¡n,o U< ;o "''d 
ip:>lu >;r -UC!I!UY'P IIU><U00!0t<» JO om: "' 4-'~'1" '"oren! -""!"LWOJ 
U!~"~ rue •uunr.''l!''"' JOUO!I:un; ''"'•'"' 1<:1''"' '41 'POIU""""P puo 
·r:~··:.••:r 'P"'I•u• =~ ur' 4.'•u~ '"O!L<>c~ r><"l" '"Id'"!' o1u! """1' >41 
JO I,;J,, IM!ltl JO {J!"J•IWU) :•<! 1""'! 11'~ ''I''J< >D!LO•UL<i<l< "¡•q~¡J' u~ 
'IUC!L<>n~ 4~n1 JO J.>U>n\'01 V ·r>u,-..!J<('o) >~ "~W '1''~" "41 IUO>J P>l>l'"~'ll 

'~ ''""' ~.'!~" ¡r~1 4'"'·;"!1"1' 11''' ·.("'·"""'·''"' r>,'IJ~• -·'"'1 ··r'l" 'lv• 
-<u h,•n~ ~""~•·J>IJc >llj 'UU'I!"~'I' L~>Lil>l!~~>J JO !nJOJ J~l <! 11~¡ 

""~ 

"" 

r-'JI1t.'C.J11•11' ~ ''1 "' •W• lir<Jl<_ l-''iJO 

'"~"'1" •!·''~' ru'' ·.,¡~·-•·''" """' ru• 1''~"'' "'1 4''' ,, ·¡i·'!:·l•lo< l:,•u•!l 
-¡r. '" i•t¡: U-''1" ''""'"" ·''11 ""'·~·o¡,_,,.., ru• JO'<'l '"'""""" n¡,ow< 
J<' ·'•nl:nJ« u ··nr·J<•l 'Ü11J1 '"'''"''·~ l•q ~u,v¡oq ¡o"'"''" '4' Írq ru• 'u >do 

1· , " i Q~'·' ''"'1 <C'''I'-""-~ ~~~~ \U~tl'-"'!' ~-'!l:c•."JV 1UOFU'I<l0~Un 01 'IY''"" 

---~----------------··~---7""'"<'_,~---.,.,...-;-~-----"-·-----·-------- .' "' ' 
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l','''"i" ''"''~·- ,~ .. r.l •''"~' ,b,l!•."", fu.1.o: ..•• 1 "·'""'·'·""· .,¡,,¡~ 
mu:"nJ inl¡·k,u:~IJtio>u-~.:lin.-.1 ••r":' r.r th~ >)>I<·H Jt.loil:d~o.: lfl•,ri•;,. 
m:at olf J \JI\I.o¡,· r .. inl "<iiHn J oi,:"I""L\1 <•>•hlhll.:o J>l ,1\.,,,,.,,._,o\ ¡..,.,..,/,/ 

'""'·'U- J IU~o<l o( p~<P~>C "hi,;h lh<n j<>l<lno lh.: ~(.;O•HI"'""''" JnJ <•roJ· 

,ilion of > rmi,ul.>r '"~'"'' '"I"J"'' 1h< '''''"' 

H '"''" <-"' ''"' ,,_,.,,, ,,.,,~. 

RNuircnunto <l<~nill{!n. b"~innin¿ .,¡,h conlUI •n•IJ>il, <•n O.:<ul , 
"h'"''"' oh<« ¡, J ne<J 10 d.:fon.,, r.;J<flnc, or furlh<l ddon<"< ~~~~"''· 
Con,,•" J~ .lpio He.>l< lh< '"~·· lh>~UII•nl, h·•""'' le-.1 ~~e.riunl r ..... ""'"" 
lh< ,·qn,lolinn. ¡,,, fullh<r ~U,>IiL>nin¡! c . .rh rm in turn. E"h , .. b,.;~uenl ~UC>· 
ti.•n i, ,,,,J "'"hin th< b~unJ.:J ""ll<" of J r<iut r<IP•ln><. Soti,o d•1.:ipl"'' 
en,~r.:> thJl e..oh J>p<CI cf JO) qu,;,tion i< <O~«•J l>f "'"''' nno fuuh<r qvcl· 
Hcn Geroin;: >'•II.;J i< UitT"ult. but h.ooin' ~'•0< 10 >u<<<,ful!y, onc i> intro· 
~u«J '"; ··,n,,.do~n·· hierJ<<ht of \c;Jin' ~uc,tion •. P•UI"'''' lc~vcne<J, 

··o m P'«.:l¡· de•on>'""'". 'nd '"'~'"i•d¡ '"'" ero d. 

\\helh,;r e.pliótl¡· '""" or not. """l' ~"''"''· •ie,.poOnl>. ond purro"l 
i'ciJe rhe ;cti>itic, of ""-" •n•l¡li> r<•m "'lti.:n >rrro .. .:ho ; ••~ui<cn~etll> 
Jefoniti<>n '''~- w,n the glüb•l und<l>t>nJ,n,; cP.<Oed h~ Lhe •~ooc di,cu,.ion, 

'•n•l;;t, !houiJ '"''" th>< a pl>,·e C>n be found for c>eo~ ;ten> of infcrn"li"n 
i:JLI'I"<J Sl!u<l~<in¿lhi• mJ>; of inf~lnlJLion >1111 Olu>l L: J~nc, r.~ PJ¡><I, in 
> ~.., th.o cn;ur<; cnmpl<t<O<>i :md cnltC.:In<u, "ithout Ootr>,<''""''"'n onJ 
coMu,ion, ThJI i11h~ role of SAOT. 

T~t Juth~" "ould lil.e to lh•n~ J.W. BlJ<I.<II ~nd 111. GD<>Jenoutl'l of 
Sorf<eh, In< .. Wollh•m. l>ln, who mJdc ... .,,¡ hclpful '"i'<>l•CM in.:Or¡>o)fJI• 
eJ Ín10 th< Pl<i<ntJtion of lll<>< 1~<11. MJn1 pecplc ot $c.rfe<h hhe, of, 
(OUt ;c. <Onl!ibu tcJ (O lhe dcvclopm<nl •nd "" or S A o T. 

1 
'-' 1 
-

1 ,. 
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llW. Br><:hm, "Sor,,.,~ cn•J li; lno¡url: .\ Qu.r.;:,¡;.~ .\;'tl>m<nt.'' 
DJI~"'"''"''· V eL 1), ,•;o ~ 11:,,· 1~7ll, rr :S-S1. 

P. ¡¡,lch. "fiAO lli1¡ \\'""""'" H.r~: rf·:, Fun; __ ,¡ Pr"'i'';t; F.,aon; 
F•":· Do'~"'~''~"- l'oi.Jl, ~-~ 7 lll,r•h l. 191)1, r ~l. 

An ¡,,~h"'~" lo S~D/1 '1, ~<>11'<<h,lnc, R:~or¡ So 9011-i~ f\\'>11~•"'· 
Ma•l: fcbl~lfy l~lc). 

rJ.l, ltnss, 1 O. CooJcn.,,,•,_ or:; C.A. IO\inc. ··Sof•~.r< E~>;ino::ons: 
P""'<H. PHn.-ir-IÓI, ••U GoJI>," Co,,rior(.r, l'ol. 8. c-.·o 5 [~IJ) 19C:$1. rr 
)).)), 

Air fyt.:o ~l•lcti•'• hW:•:vr¡, -~'' Fo"" CNupui<''•./,J,·,f.\!;,o'rf~,,,.,,S 
Ú!CU!) A/'"'"!':,, \'c.i 11, A¡o;> A, JnJ \'ol. 111 .. ~FSC, 1\"ri-¡ht 
P•ncr;nn Air Lorct ¡¡,,_, R.:¡•ort No Anll-TR·l~-101 IO~io 1<11¡ 

'191;). ¡,,,¡¡,Lk fr"m IJIJC o o ,\D 911-C;II. >n~ 911-1111. 

)1/A/lJf.X S,·rt.fr anJ ¡,.,1.:.-,.,~"'~'''"' S"'"-'· SarTa~. lno, Fon•l Ror~n 
{1\',htwll, ~IJ!>: M,, 191~). ,._,._;:,1•1.:" :"-.'o [f).JH)-1~ lr~111 fRIC 
Prin1in~ llou.:, on talor"'";r,n l\(¡¡,,7,," (S¡,nford, CJiof.l. -

ll IV_ ll • ...:hm, "Sufl•>;c [),,;~n .0~ ~""""'"·" ftJrl•Coil Stou¡,,·.,·r /"' 
¡¡,.,,.,,.,,,!: l.~,ge S.¡h .. ,,. S,,,,.,,,_ <4 E lloro~,, (ReoLlonl. _\1•».: 
ALIJ:oon-ll'col•r. 1~/SJ, rr IIS-n 

R.V. ll'"d, "Auluno•IO<I S)>lcm An•l¡;j¡'" D~:o•nali"n. \'oL 11, J','o_ 16 
(A¡.g_ 15. 19JIJ. rr n~~-

J.T_ 1~'""· "ll"w tu l're¡,,rc r.,n.-li<•n•l Sp,;,r,>•licn~," D~r~mJo:~n. \'~1. 
1u. t'" ) ~-':'Y I~J~J. pp h-,o 

!l. h ;,¡, '''"' ""' 11. '>•¡ ,, ni, "ti Ulu11" 1 i<•n ol S: ll<m llniiJin~." l>aw.,a· 
''""- l'uJ 11, No 16 (Auc 15. 1~11). Fl' )!.JO. 

Ll, T'id1rncw •nú 1: A llcJ>I1oy, "I'SLIJ'S,\: A CnmpuO<r•AiJ<ú T<<h· 
ni~ u o f "' S"~' 1 "" ~ n"'"'""n''' i~o •nd An•l¡ ,;¡ of 1 nr "' ma1 ion Pr~""' · 
int S¡,em<," I[EE f,_,,,,,,,,o.,, cm So,_¡,·,.,,,,. E"<''~"""t. Vol. ~E-l. No 1 
(J.,nu .. ry 1911), p~. 41-~8. · 

F.!-1. !l;.n.¡, "\\'hao lo Tof.e> '"!.:,le MAC, MIS, •nJ An.\1 rly," /),,.,. 
'"""co. \'uJ. 10, Na. 6 (J"ne 1914J, pp •lo~-69_ 
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~uirtmonll ~of>n,.iun, ond on lhc Jdforuh) uf PH•Ju.•n; .• nd m.n.,- ! · 
ing man~all¡ ren"md dr-;u~o:nr.tion. TI:ICIIKOLW l. 1 l.RSllLY 

Tho probkm; 11<.11 Toiduoe~- •nG llor>l"¡ •<IJro<> "11•iniJ 
'" f•mih., on••. •lrt.o•uS~ m.r.y >)ll>m! '"'1.'>11 I'"'~•M• h••• 
come ru the "~ "'ndu1ion rhJIIhin¡; """·'' ""' m"nll~ bl h'< 
rhi1 lhc¡ Ob>:lle. for e<Ompl<. rh•l n>urh of lht dc.:un,nr~li~~ 
'IIC><i>~ed ~i1h '" U)l' '1"'"' ;, nOL furmlliJ r<."I•IJod utHilrhc ,.,a PSL/PSA: A Computer-Ai(]cd Tcchniquc: 
of rho pro¡w, b¡· "'hi.·h rimo, .s Dc~IHro point< our. the fin,l J'''"' for Si.fUClWf~d DocumefllJlÍOn and Ana!ysis 
menr ir '·ur hi<tori;;l <i~nif<,··n« onl¡" [Pop:r J-1]. T.~< d"'-~"'"'' 
urion ~<Mr.loJ ;, 00 ,.,1;,,.,,,. ornbi~uou•. ,,,b,1e. •nd 10JunJ .. nl. ol"lnrorm.ttion Proc<!ssin~ Systcms 
>ncl. loOr<l of 1li, it " "~o .. ally 1'/<"'<luced, mcJwal(¡ ••:.nún<d for 
f>O"ible <110« and inr~nli;J<n.:'"· anrl mam . .1l!• urdated '"" ,.. 

So, <he •r.•~er lo •U of thil, in Teirhro.:~· anJ Hcilho¡··, orino 
iun. ;, o rom¡ou"r rw;r••" ''"' a:low> lhe ¡¡11"'"' '"'1)>1 '" inrul 

l lh< U\01 rcquire.n'"" in • IJn~u<~e lhJI ,.,,..be rq.uJ,•J •• a ;ub,,t 
. of f.r~~l,.h: those r<quir<rl''"" ll1en '·'"be <h•n~ed, usitl~ r,,,¡,¡;e~ 
.¡ limtl•r IL lhOI< On JO) n1oJ"n IOXI·editin,; \)l!<m, thii'U~hll~ll)t< 

>n•llli• ph"e of tho pro)"' - a1oJ ¡/"""l'loo0/1 11"• r,,,;, J,\uo'"' !<./< 
<Jd'.' Perl,.r• mo>1 ""'''''"~'· lho requiremeniS dd>r,ilion ron ~< 
1u~r~~J lo •uton¡_,,~ •'"ll'"' lo d<1<1n>ine '"<h ll¡,i~~~" con•ro· 

-d<r~ory Jcr>oiliDrll'~f J;¡; <~<rL\0111<, mil>in~ Jofinn•on\, •no! J,, 

l. !nu~J.,.,;,,. 

\ 

tlon""" u,,, a1e t<n<r.ocd biii no\Cr u1cJ. " 

Th< <on<opl fm !'SL "'"' d0<:umcn1<d by TciChiOo"'· m~re !han 
•en )<>IS ·~o. bu¡ il i<·in lh" l~JJ r•pcr lh>l '" b<!,in 10 S<l somt 
idc. O( lile imr•<l on lht 1«1 ,Qc]J Automaocd '<lli)SÍI <lo"'lf ·,¡ 
L""'ning "' or<<on, .. ;n1 o numC>e1 ul l••¡o, P'""'"'""' or~,n;,.. 
tion• ~1in¡ I'SL/I'SA. 

On: wouiJ <>ron con1ic.ued ~'""''b: iwn"lllr. tlluugh. • r:· 
poned probl'm ;, ma.h,,. '"•tf;c•e~r;·1 PSLtrS,o. •rr11cntl¡ tun· 
l<~mel 1i~niftnn1 ''"'"""" of CPU limo lnJ olh" <<•rnpulcl 
lt<OUHC1, Jllho"~h foi,~roe~ '"d lltl>hcy mlinl•in lhlL '"'~ l;n· 
¡ihlc. •i<•blc co<11 prú~Jbly ore >n>•ll« lhJn 1hc '""'"~iblo:. hiJJcn 
<úll\ or ¡¡,.,, "'"''" ~uri~;: "m•nuol" anJI)SÍI. lt •PI'"" ""' 
PSLti'SA is mo¡¡ <v«<"f'-'111 U><•l in or&onit•LiOn1 l~JI olf<l~> 
hoH '-<1 t<>nlf·•''" >n\l;ll;~iuo\ >nd 10\0t,LI h .. nJ¡~J Ílll thou•.,ndl 
Ull' ·ptoplo, A ,;0,,¡r,,.no dro~~"' to wiJo'I"<>J •J,•pti~., 0 f 
I'Sl/PSA i1 lh< f"t lh.\1 il il .. ,;u,n in 1·01\T~L\1'~! AJnoiltcJly 
lhi< h" loclpoJ "'''" it p~ri-<L!c- btJI FOf\ 11\AN? 

·--· . 

' ' 
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& 
tHn•u•nr re•ulll in on ONfOtir•nol l)"(m, \h"t ,,r ¡¡,, .. ~·ri•ll~·· JI~ .!JI> ru•­
<t\\ing aCJi.,licl,'in ll1JI"Ih~y U\C d>iJ ond inf~tnl.otir•n 111 rr••·l"i~ r•th" J"IJ 
ond infurmOiion. Ea<h .otti•ÍI) r•n ~e tc¡;.or<letl •• r~•~i•in~ •r,.:i(,;->li.•n~ r.r ·~· 
quir¡menll rr~m rre,,·Jir.& ,,,;.,,,,, .md rrNu~ing d-''-' "hi;h "'~ •~¡><tlltl •• 
l?~:,{¡cationl or roQuiromonts b¡ one or more ¡u,·,aJin~ ,,,,;"li<l 

~~------~--------~. . ~ 
A cum¡•o •:r ii ;.l J •1 1 h 1 ._, ;, u•. .·• nt rinl.riol .1\1 111~ b•~•~ J •1 r 
~~"u' th.: l)>t:on: " 

-. 

Sinre m•ny indi•idu>ll may be in~ohed in the 1\SIOnt dc"'l~rment r<O• 
<<>1 ooer <On>idcr.oble rwod, ol rimo onJ ih<>e or ~lh« inJ;,¡,¡., .. !, hJ\0 10. 
m.•inllin the 1)\tem once il j¡ nr«•lin¡. it i1 "'""-''r 10 '"''IJ J,wriptio~l of 
1he H<lem., it evo\ vos. This i1 u\U>IIy rclur<d 10 u ''Ue>cun>,nl.uion."" 

., '' 

In pu«ire. thc rmpha1i1 in d<>eun1<n1•1ion i1 on dc.cribin¡ '''' 'l"'m in 
lhe fLnot Ioom ¡o ih>t il c>n tJe m>inL~incd. ldco\lr.'ho"<ICI. ,,,-h·,,¡¡,¡¡¡ 
lho~ld be dr.;umonled >o lh>i lhe r«uh> il rrodu«> b<rom( lhc ;pc,·ifir¡ti~n 
for >ucceed•no o<li\'iti<l. T~il do<! not hopr-:n in rr•<tir< ba•u>< lh< <~m· 
municil•on> ftom one >'ti vil¡· 10 ¡u"etdin¡ ae~i,iliu is occnmpli•hed tilhu b)" 
h1>ing 1he Um( Ntlon r.rrtin~ our the O<li<·i¡iu, b¡- or:Ll ron•oouniCJti~n 
omcnr in~iv;d u al• in • r'~jocl, or br nc1e• ~ hirb are di>e>rd'd .of« r th<ir inni•t 
""-

'. 

.!.' •• 
-~:. Thi• <<>ull~ in p!OJ«l> "bich procted "ilhou! •n) rul po»ibolit¡· for 

m•n•r<m<nl '''«"'" oml rontrot Tho s¡-uem, are MI oe•dr .. n.:n p1omi1<d • 
do not p<ffor,-, the fun<lion lhe "'"' uputtd, anJ eou more lhJn budrt~<d . 

. . 
""· 

. ' 
. ~lo>l nr¡.ni¡otion•. thtr<fore. n>¡ndott th" tht l)'ll<m d"et<lpmool pro· 

"'' b: di•iJed into Phne• and lhll <ert•in dc><umtnt¡lion be f'Jodu~rd ~l tht 
end or coeh pho1e 10 ÜIJI No&ress can be monitored Jnd <orrtction• m•dt 
.. ~.en n<ee;>'rr. 1M" ancmp\1, ho .. ever. lea.e mu<h 10 be d.:;ircd •nd ri10\l 
orr•niulion¡ "' a\lemplins 10 improvt the mc1hod1 by "'hi,-h lhoy mon>!< 
lhcir >)'>l<m doetopn,enL [10, 61. 

' 

This ~Jper i> <On<erned wilh one appro><h to impro,lng IJ>I<ms de•rlop· 
mcnt, 1M ap~rpoch ¡, ba><d on 1hree rrcmi1e1. The firll il th>t mote tfrOII 
lnd .,tenhC~ 1houtd b< tl<101eJ lo the front cnd of iho p!OC~<> ~>h«c • r<o· 
pG'>td l)lttm ;, b•ing d~•«ibcd lrom 1he ulcf'l f'OLnl of •i<wll. 14.3). The 
"'ond premi1: i¡ tb•t tilo com¡ruler shoutd be u1cd in lh< ~~'clopn~enl pro· 1 
ce" >ince ;)ll<m> de•ttopmom '"'oh~• l.rge ornount> or ;;,r~rm>tion rroce>1· 
lr•t. 111< lhird prem••• ;, th>t • compulcr-aided opprc>e!l te l¡<10ms de<elop· 

: m<nl mu>l "'" "'ilh "tlocunlcnl>lian" 

Thil P'r"<' d<><>rbH • <ompul<f·aidcd t.:<hnique (or dri.:umcn~>tion "hi<h 
1· Cún;i11r ol n,. loll~wing: 

• ¡ 
' . ' ! 

1 

The ruul\1 of eoch or the •cli>iLr'n In lh< 1)\lcm deoclnpm<nt 
Pll<.cl< '" recor~od In ronli•Uicr PJ(>,"Chrblc f~r.n -'' th<)" •re 
PltAu1cd. 

· • • · "' r-' , .... ,. du.:unJCnl.oli~n lJ 1 he cmnput<r 11 "'~" to pr~ •.•• ""u ~,. 
"'h<n <•'\IUirc<l. 

' ' 
111< rm 0[ lh< 1cr:hniquc ,.hi.:h i• no • opcl~li<>n•l Íl kno .. n u P~UI'SA.; 

s.:,·¡ion 11 i> d~•ol.:,l tn o bri:f d~''''P1iu1; :{ 1¡\l<lll d<•tlnpOlen: ~· • lr•niC· 
,. 0,~ in ,. hr,;h to '""'~"'' n11 nu•l onJ e un': ;lcr·•idotl dr.cu n•cnulron n~<lhoo.ll. 
Thc Problcm Sr.ot.:mcnl L•n•u•J~ (?SLl i; dcl<li~cd ~~ Sc<tioo 111. 1 he re· 
por\\ ,.hi.:h c.on b~ produccd by thc f'rot·:m Sutcnl<nt An•l¡rer \f'~Al_ IIC 

dcl<rib<tl in Sc,·tinn IV. Tllc >tJlUI or ~~-' ¡y>ttnr. nwhl o( eap<roen•< lo 
dllc, a~d ptJnn~J de>·clnpn><nl¡ "" outl"".l in Ser~ion V. 

Thc ~»i< stcp1 in lhc lile e¡clc or infcrm11io~ ¡y¡rems (in_iti>lior 
1n>lr>i1. d<~isn. consuuction, 1n1. io>l•ll••:~n. oper•lio~, •~d lcrm\n>uonl •r 
pc•r~d in rhc cJtliCII opplie>lionl ol <on•ruters lo or~Jnlullon•l problc~\1 (u 
for C.Jmpl~. [17, 1. 4, 7[). Tnc ncctl fur n1ore formJ\ onJ con1prd1<Mr>< P" 
ccdurc; for c•rr)i~g out the 11le c¡cle ,.,; recotniuJ: cor\~ eumplH ore th 
16\l SOP publi<.otion¡ [1[. lhc Philipl AKDl n~ethod [!l. •nd lh< SD~ nl<t~c 
[Hl. In th< lllllcw yelfl.=• ,,,, 'numl><< o{ bool.lanJ PJP<tl on thiiiUhJC· 
ha> e b"n publo>hcd 111. 191. 

¡::,_,min"ion ol '""' lñd m>ny 01h.:r publo""""' ;nd•c•t< lh•l thcrc_ 
no I<M!>I , 11 reemcm on .,h>l phJI<S the d.:•elopmcot pto.:cu •ho~ld be ~LV" 
ed intu: "h-'1 Jo<umen!.otion shoulJ be pro.><lu_eeJ ot c"h p!l~"·. "hJI 1t lh~u_ 
cont>in. or "'h•l lorm it >houl~ be r<<>enl.:J ¡n. Eo;n ort•n•l>tron Je.ctor•' 
"""" (l)<ihod, >nd ll>nJ.,tll. 

In 1hi< ,("ion • acner•lil<d •r>~om d<>Ciopn~cnt pr.,..eH ,.,JI be ductib. 
,. ¡1 mi¡hl b·~ w~Ju<tc<l on .,, urtrr,irJtlorl .. -tri' Ir hJ> • Sy"""' llcr•r~n" 
t<>ro 11 ,ibl< fur dc,<tur•"~· OP""'i<>¡;, "'~..,,.¡..,.,,.,.,,<"Input« ~otcJ onfc 

""""" r•""'"'"~ lfl'"""­unil 1n thc ot,;.rr•i••<illn •ucl 
1h< S,\\~ul Oct-•tlnr«•l b<loni< lO lOme hr¡t, 
¡,.,¡¡ 11'> """" \Y'"'"'''• c.o<h "'"' «rtoill fuo 
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>q o¡ 11 ¡IJJ<d "! ouop tu!>Q 1! 11 J! urd 111~ 11! lo) UllLI.11'>41 "'P >41 Oq !1!"' 
litp J>Sm (IUY >41 "lll'p 1>~"1 OJOUJ JO lUO >Pni>U! Jll~ >1nr>4>< '4t '1>1 
·pnq • ""!' pu• w>J<.1! IU>'JJO'ioU!W ~>>fo•d ~41 411.., ~'urp;n;" "! o¡cp•q>t 
r p>UJ!!It 1) lllfoJd >!r.J. "P>UllOJ >Q Ol¡r ~fLJ,I dnoJf iU!Jlll1 \' 'UllJ<{< ~41 
JO )Ul\11~01H>p >41 41!"' p>>:!Oid 01 ~111041no UOI!f pur 'p>U"if•!! llr \"qtu>UJ 1 
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. _In r•~""" oh~ r¡pc ~r "''"~'" '""''n•J ,oo-. rnJ¡ ""' 1" ,·¡,-., 11 ""' 
""~""~"d ond mar Oc''"""""' Ul P•l>ll=l 01 1¡,.,j,<Jr ,.¡,h Íll•"«.-iro; '""' 
o! ~•••ol :~n>u~houlil~e P"""'· /,o .. c • .:;" ;, ¡,oui,·J oul, '""'" '" '""'J· 
<•1 onLI LJ¡~'"'"""J. 

. 1_1 ;,_~·•Jd¡ "'C<I•I<J n,, J ... o•t~<U<•I•on ,., ,.,,,¡, hn;, in >¡>«m J:•d .. p­
"""1 '" ~'"'"' •nJ •n tu~'''' •n•om ,¡<>¡tn in pmirul•r. Th< "P'"'""'"ion 
"' Lhc <i"'""'"""'"o" llw "p,;oJ.;cJ •ILh prc"nl monu>l meoh"'l' j¡ l•m••'" 

'" 
, 1) ''" ¡,, • "''""llon~"'t': 

2) li>l>, l•biO>, "''ti.""" rd"'"•": 
J) &lophic.l r<Picocnl•t¡ull, ~,;ulc>. Ou-.d1MIS. 

"'"''Y';' ~r I•Q rqourl> '''~"'J ,¡" 
1• infurmilion. 
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foun R•r~,-_;:---¡;;;;;-u-----cc__:c_____c ______ _ 
'"' 90 
hm "'" loblu 101 
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'""' '" . -·----------

1) ombÍ~W<>U>' ">tur.f loii¡:U,~<> ,1re n<!l pro"" c'""L'Lh 'lu 

J"clib< >)';l<r111 '"" <Jdlcrc"i rc,0J 1-r, '"'' ¡101 _., 1""' , ><n· 
Lenco in ~dl"«enl '"'': 

2) in«m>i"<nt: •ince >nlcrll> •re ¡,, 00 lh< 1 1 11 '~'"""'¡ 1 ion ;. 
l.r~c •nU il 1• Hly Ji1focull \~ <II>Ul< ¡f., o lhc JNunr<lll•liuo., 
<~r>>i>tcnl', 

' . 

. -- ~· 

___________ _:____ 
-fii;-

¡,._.,., .. ,.¡:1,, .n.·r.: "u .... u1 ""'; ,,n¡ .. ,-,.¡ m ..... n, ,f ""'• l'o " u ... ,,,'" J• '"'"'-"'''i ... ,,.¡ ~;,,, ·' '"!- '"'"1'1" iJ>klll "¡, 
~rll .. LIIL IG J'O<lotlon.; >oh.d oni•JIILo.oiÍuu ¡, 11Liooin,¡. 

1 n,• J,fi,¡,•n(l<• of ot•nu•l dO..:UIII<OIL rli<J¡¡ •l< (ILffif'OUOif,J by lh< f,(l 
¡)l" , 1,,,:m, "" •••noinuoll) do.on.:in' ""J 11 " •«> rli!licllll "'>c.;p lh< d•...:»· 
m,•n IJtion u¡>·IIHI "' . 

R<.:<rllli lh.;¡c h.t>< b.;cn •IIWLPh tu ompr~.,., n .. nuol do..unl<nl.llion t., 
~'><lopino mo« r~rm•l onOIII~~"Io~i<> 116, 11. ll, 11, JS, Hl. Thc><

1 

lll<oi\L\Jo, <•<n th<ILJ~h IIL<y or< d"i.;n<J 10 b< u>Od monu•llr, i'L•>< • forn10l 
I""''"F or «r''""'''ion l<h'"'' <h•l ¡, dO>i~n.:d 1<> oll<uiotc lh< dilli.:uhoo 
hor.;,l ,¡b~''· 'lo "'"~' lh' ~Qo"unlcn!Jiiun "'"" u>dul fm hun,.n bciu¡>,, 
niJIIi of LB<>O m"h<>J> U\' • ~"rhi~JIIJIIOU'0'· 

!n-<<>mr~:•r·•iJ,J ~·o,:i-.1 >H:<m d<~ign th< otjc.:livo,., in th< m!nuJI' 
Pl"'-'"· io 10 p11xlu<c lh< S)>i<lll D<finitian R<¡><lll anJ 1hc p1<...:<11 follo~•J 1> 
<11<1\IÍ•Ily !ÍiliiiJr 10 lhJI <I<>ClÍb.:J Jbauc. Tilo '"1\lpul<l·•iJcJ <lc¡i~n l)il<nl 
hJ> lhc fQII<>,.in,: <J(>Jb>loli<i. 

1) r,¡p,¡biliL) U> d<llllb< ÍllfOinHIÍUil >J>ICILJI, \ohOih<r ¡t)Onu•l Uf 
<:<>~llP»l<lil;d, »h<lh<r o•i!tin,¡ <u P<Of\ú><J, l<i•!dl<>\ of op· 
pli.:Jiion ar<J: 

" 
" 
" 

•b¡¡¡,) 10 "'Old >uch d<>(IÍpli~n in • •~mpul<lit<J J•~> b"e; 

.lbilll¡ 1<> in"<rll<lllJII) •<IJ 10, rttUJof1. or dcl<lc f¡~"' th< 

<1<.-<irnon in 111< ""'" b"': 
,¡,jf,l¡ 10 prcdu« "h•l<l co¡>y'' oJ<K•Hli<<ll•ll<>ll fm "'' u,. lh< 
JI\Jip\ •11 Lh< Ofll<l U><l>· 

1 h< f,¡p,obilll) t~ <k,coib< >»l«lll in <U•lll'~l<l l'""'cnilll< f<lllll l<IUII> 

lrom 11" "'" of 111< """" ~"''ip1iun l>no'"~' c•ll•~ I'SL. Tn.: >~oli•r 10 
!<.:or~ ¡u<h dc.oriprion in • rl.11l b.at. in<f<lll<nt•IIY noo..hfr il, >nd on d•m•n~ 
l'"f~rn¡ JOJIY"' Olhi PIOJoii:O fCj>l\1" COO\CI f¡onl oito >O[I\oo>f< p,¡C·J~< C;Jiod 
lh< J'rubl.;m StJ"nt<nt'An•l,,a lb AL 1nc Anol,,<r i> conuoll<d'bt • Conl· 
n~.rnJ t.n,u•o• ""i'r' "d<><robc•l in d'llil in 191 (~,J. ll. • 

1hC !'lo.llll,no )lol<no,;nL LJo'O"''' ll OLitlin,;d i11 Sc<lion 111 onJ J<!«ibcd 

in d<ror! in [101. Thc "'' ~r I'SL/I'~A in cnmput<Hid<d looi,.l '''''"' d<>i¡:n 
i; d<>roiOcJ ir> <1<1,11 '" (1~1. .... -

w 
r.n 
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""!'-"S"! ""!1 "'~' "1~~ JOs"'""'"' ru• "''"1' '~'JO u~!'d!''"r ¡•~> 
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·!1o¡U>W>jdW! pu~ !I>U!!I>p lU>o<l< >41 ÁQ p>~¡N >q 
01 .,'li>IQO!d., t p>np!IUOJ >Q Url 1U>¡I{I p,_odo¡d r JO UO!Jd!UI>fl >41 >>ntJ>q 
>Jrn,uq 1U>IU>Ifl$ W>jQOid f ~>ll<l H"' 1! "U>JUI •• ~o•o<IO!d .. >Q•J><>p o¡ 
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•=•"'"'II!I•W>I<I< U"I~~Jd 1 'lSd' '111 

~ 1 :"') 'lll>!qo U» .. >'q <d!4<UOII 1 
•fj>J >41 Jr¡di!P DI IWIOJ j0J4d'1, 1~0!'!• Ul I'~!U")Id" ~q 
U13 '"Q JI'P >41 UlOJj UO!IrLUIOJU! >4_1 ''11'\11 PUl !Wrl~roa ([ 
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"O<fQ r.or¡l .'Ojl I!!DJj -'lleJil"U'JIOr f'>J"I'"'I~ jriiOI' 

. r!U JO IUMW'" .'~1'1 'O>f'1lJ.'U! 0041 !JOdO)! UO!I!U~>Q IW>I'IS >41. 'I'OnhH 
l.~~ P>Jr..llld UO!IriU¡!UnJUp >I'~POWIOIU! pur sw••'~~~ J>IO~Uoo> .1~ ~Ot(J•u• 
l~ UcJ "'r Oll~J. ""00Uid '~1 ~"""r II!OQ 1! .,,q •1rp V 'P>I>-'IIOl <1 

Ir<" J"nJouM )41 OIUI ~310\U> puo UIIOJ o¡qrproi•>U!4'0W UJ ~O()JOl>J >J• "!1 
!!'!"" ''11 JO><~ !1• IU!I"P P>~Ojl<>p JO P>ll>tiUl Oirp >41 "w>,.l< <•41 !u!<!l 
~IIU>1<ÍI SU!I"I'IU!OlU pu, ~U!dO¡O.Op 01' 1"11 SU0(1'11Ur~JO I'~W U', <>H>J)>l 
;01~ !U>JJnl Ull~ o¡qn•JlUOl ·'II"J >IOJ•'J>III 1' lj ·u~~¡riU,UJO:OC,o <Jo' f'J"I 
J11 IU·'IUO• por 1CIUIO) >41 UO <p~rrunl .lur JO •<>OOJJ IU>IUJ"¡;o>p lU:OI;< 
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Th~ Problcon Soltcmenl l:on¡:u,go Íl b"tJ fif>l on" "'Nil ~r, ''""'' 

IJ>I~~~. •nd "'onJir on Lht •rori,li~<Lion ol ¡he mr•JriLo ¡ r•ni,ul,r ''"' .,¡ 
s¡ "U" 1, n>m<l)' infotm•tinn 1¡ 1 ro m•. 

Thc mo.Jel of • ~'"'"' >J>I<m" ,.¡,.¡,,¡, 1iouplo. ': ni~!OIJ '"'"' ¡¡,,1 ' 
l)ltcm con¡in< of LhÍn'' ~hich ore CJIIcd ouacrs. Th1"oo ~bj'm nn) h"' 
fROr¡RIIf..lonJ C>th of Lhe" PROffRTr!:S m•y hiiC rROPUI\" 1'-Hlfl. The 
otojocl¡ m•r ~. ronn;:<lcd or inLcuc!JIO~ in 1o~rious , .. n Th<IC •••nno•riun• 
ot! <111:d kH,.,IiO'<iillrl. 

1110 ''"'"¡ nwJ<I ·., IP«i•lil<~ for •n informo~Lion l¡ll<m b¡ .1llo~inr 
- Lhe u<e ofonly • limiL<d nwrnber of Pt<dofoncd obj'"'· pror<nie•: onU roi;Lion· 

<hip>. 

Th< ,,~_;,,,¡,., o[ f'5L Íl lo bo •blc lO e>p!Cll in I)'OIICtie>]l)' •nli¡1,0io 
fe m., m~:h nf 1~ •• inforr<wion .,hich cor.Hnon't opp<>n in S¡,,m Ddrni1ron 
Ropom u P<'"iblc. 

Sy•l<m Oo¡criplions moy be divid.~d ln1a ci¡hl mtjar ur<eu: 

" 5y!lctn lnpu1/0u1pu1 Flo,.., 

" Syswn S~ruclut<, 

" 0Ju Srro"ure, ., 0J<J Dcri1·"ion, 

" 5¡1<:m s,,. ond \'olume, ., s,."m 0 1n.mic• . 

" S¡ltom Pr~P<IIie•, 

" l'r~jo.c1 ~''""S''"'"I. 

I'Sl <onroin¡ • numb<l of l¡r•• of ohjem •nd 1Cl41ion¡hr~¡ .¡,j,h p<rmil rh,l< 
ddfcr<nl 111><:<1< 10 be JC\cribccl. 

Dr< SJH•'m /npror/O,rplil F/o., "P"i or lho l¡ltorn de•ls v.llh ilro in­
lc<•C<Íon bw•c<n lhe '"''<ll¡>l<rn •nd '" cmirvnmont. 

SJ .,, . .,, Su .. cr"'~ i• ronccrncd whh 1 h < h ier ,, re toles _OOIH>ng objoCI> in a 
o¡-sl<m. S1rue1ur:s mJy ols~ b< inlrodu<ed lo fodh~<l< o r•rti<ulor 
desi~n oppro.ch •ueh •• "1op down." All infonnorion m.y iniri,t11 
be trourcd lo~erhcr •nd <•licd by'"" n•nl• o\ llrc hi~trosl•l"cl. 
•nd 1hon •u<<<lliHiy <ubdi•id<~. _Snum >liU<Iureo c.n rcrre><nl 
hi¡h·l<><l hicr.r•~••• ~hkh "''Y n~1 """lll "'"in rhc •1'""'·" 
'"<11 11 ihO>C lh•t du. 

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

T~< D~ro Suu;''"~ "~':'1 or si>'-''" dc\;ti,,lion inrlud<l olllh< r<l.~ 
lion>hip, ~hich c>ill '"'""" d•l• u1«1 •ndlo! m•niru1J1Cd b)' lh< 
S)ll<m •s >«11 b, lh< ··~><11" of lhc Sf>l<rn. 

Thc Dala [!,.,,.,o., "1''" cf 1h< l)ltcm d"cripriun orccif>" whl<h 
d•u abjccr. uc in•·ol><d in r•r•icul.r r~OCf.S~(\ in lh< sprcm. 11 '11 
con<.,ncd ~ilh ~h" info1nu1ion i1 u>Od, upJ11ed, andlo1 d<1io·cd, 
ho ... lhi• i¡ done, 1nd by ~hich ~racc .. c¡. 

D•tJ De'i"lion tolotion>hipl lfC inrcrnJI in 1he 1prorn, .._hile Syl• 
rcrn lnput/Oulpul flo~ rclllian>hips Je,;nbc lh< 1¡\L<m boun· 
dorio l. A• .,·uh orherPSL foc"rlili<l S¡>tcm Jnpur/Oulpul Flo"' need 
nal be usod. A ,ysl<m ••n be con1id<1eJ u hHin¡ na boundort. 

The S)mnl So;r ""d l'alurne 1\;>c<l i1 con«1ntd .._ilh lhc lito of lhc 
.>ysr<nl •nd rho1o f•crors whicl• innuencc lh< •olumc or ~''""'"'"' 

... hidr .,;11 be requircd. 

The S)Jirm Dynam'" "P"' or •nrcm d<>"ip1ion prucnt• rho 
m•~n« in "hich lh< U!j<l •yuem "bcho.-., .. ovcr time. 

All objccl< (of a p•rticul" typ<l Ut(d to de>Cribe lh< "''" l)ll<m 
ha.< ch•ncreri>li<l .. hi<h diuin!ui¡h 1hem [¡orn orhcr obje<ll of 1hc 
Um< t¡·pe. Thut(Qrc, lite PROHRTIU of pifiÍCUIH objcCII in lhC 
I)SI<nl m~.r bo duC!ibed. Th< PROHRHE.S lhcrnl<h<l ore DbjC>ll 
ond ,ivcn .uniquc nome>. 

The I'Mjur Af~n~t•norn~ upt<l ,.quirco lhll, in oddi1io~ la tho 
dnniplio~ af lhc llfi<l lfll<m bcin¡ d<li¡ncd, documcnlotion or 
lht projec1 dcsignin1 (or dacum<nlin¡) lh< '"'" >)>l<m be IÍ><n. 
Thi¡ in•ohes i~enlific.rion af pcoplo involvod ond 1heir rupon¡ibili· w 
ties, o<hc~ulto, el<. -2. 

!\', ll<po>l> 

Al infurmllion obour • p>llicuhr IJII<m i¡ Obllincd, h ¡, coraucd In 
: l'SL ond cnl<rcd in ro • d•u bHt u1in1 thc Pro\llcm Suromcnl Anll¡·«r. Al 

any rime ll>n<lHd ourpull or rcpom nur be pti>du«d on JtQ~tll. The Hlioul 
i I<POIIS con be ClouOfocd on rhe ~'"1 of lht PUIPDI<I "hid1 •lh<) ><r•e. 

• 
' i 
'· 

1) 

" 

Dar.> /Jou ,1/od~~r~lioo R•.P~rll-' Thelt <On>ihule , IUOid of 
Chilli<l lhot h••• \lt<n modo, IO~<Ih<f ,.¡¡h dr>¡nolli<l ond 
.._,lnin~>. Tho~ can,.irute • record of ;h•na•• for ,,,o, corte<· 
1ion •nd rccoHry. 

R</<ttnu Rrpo111: Th<>< PI<I<M.Ihc infarnwion in lh< dOlo 
b•" in ~¡.rio"' fmmoll. Fo1 '"mplo, Lh< tiHno li>1 1\cport 
P"""" Jll 1~'' objecu in Lh: dolO b•>< .,¡,h 1hci1 lfP< onJ 
d"c ~f 1•11 chohtC. 1ht f<rrmmed P10tkm Si.,cmcOII\<j>Ofl 
>hu .. , oll p¡upcrtics .n~ ~<l<lior,tnp• for o ponkullf obj<>l 

·-··-'--
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tFi~.ll. 1 . J);,¡¡,,n.ry ktpun ~ilc> <>nlr iJ•t: dil"li~>n;of}' t¡pe 
in(ormaliOn. 
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'""'"' ............. SumnuJI)' Rrpom: These prcscnl collc,liom of informatinn in 

summary from, or galhered rrom scvC:ral differe.nl reiJlion­
ships. For cumple, lhe Dara B~se Summary Repon providc~ 
projut managcmenl information by sh6wing lhc 101iils of l'ari­
ous ¡¡·pes of objecl~ and how much has becn sa'td aboul lhem. 
The Strunurc Rcporl sh0\1'$ ·com)llcle or partial hi~r•rchin. 
The E~ tended Picture Rcporl shows ¡he daiJ nows in a &r~phi· 
cal rorm. 

... ,, ... ' '"" ' ......... ' ...... '· ., . -'.,..... .. ........... . ------· ""'""'"..... -

..... ~ ...... .......... ' . ....... ~ ' ' ' ' . .............. 

various typcs or analysis ._.,r !11c A111>lpis Rrpom: These provi'-'e 
inrormation tn lhc dala base. example, lhc Coruenls 
Comp~ri~on Repon inal¡·¡e~ similo~~ity or loputs ~nd Output~. 
Thc Dala P10rcss lnlcraclion Repon (Fig. J) can be Uled 10 
dclocl ¡;a; 1 the in(orrnation now, or unu~e>l d~la objcct~. 

Thc Procc. .:hain Repon shows lhc l!~n~mic. bch~vior or thc 
system (Fig._4l. 

For 
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i . Afl~r Lh' "4Uit•nh:nll \¡,~: k,n Wllll'l<iíd, lh' 1'·":,1 J .. ;;~II.OI,IO<•O rO·¡· Qt, 
LiLJI"~ b¡ 1/1< 01(J01l•l10n L'~l.l be pr<LduL:J ".""'"''""·•11:•11¡ lO. 1'''"'¡1i,d (J,,,i;)'IUCOll "rllt·l, 1_., IUII; .¡f,l (o'>l IL•• ~;;ni'; .;,/"1~, ~h_i,·l\ U>Uo 1• 

1 
formJI,. '" Lh< f~rmot '<•)Uri<U fvr lh< h.n•~<on.•l lln;r.pLonn Mtod n .... n, .. ¡, ,,.. ""1 u ........ ,,,, .,,,,,jp;- ·', ...... in:,,,,,,¡;,\' h-"~ h.: col""""'""''\ Ir " 
~uitcm<OIO in liJ). · f.t'",J ,",,,, 1111 ,J 10•1 U"' '"'''>n fur th' hr,;lr ,,,,¡uf >)>• '"' _d''''"l""·lllr> lh, (,,, 

\.!'j) thJI urun ¡0,·on.i"'""" ond onli .. ion> in 'l''"f''""on> or~ fr<~uonrl~ not 

1 

. ' . . . 
Y, Cuuclo .. rlu¡ ""'"'' """""J unril '"<l 11 ,.~.:· of •k•dO~nr<nt: m .r,,,~n. pru,,.nullln,, •JII<fll> 

1<>1>, or <•<n oru .. tion. lh< "''uf PSI.IP~-' durin¡ lh~ \p~,¡f,~JI.iun '·'"''' 
lhc '""'"' ''"'"' of I'~L!I'SII ;, J,.,,.,~<J brion¡· in So;11on \·.,,, The rcJu.'<• lh< nun>b<r of '"~'' 11 ¡,i,·h ~ill h"" '" b< rmrc.·tcd '""'· M"'""'" 

bcl!clll\ IIOJI •hould ''''"' 10 "'"' of PSLIPS.~ or< d"~'"¡cJ in s,, .. ,>n \'.U. nJnco , 0, 1, "" ron 1iJ<r•bl¡ r.;Ju<<J b'""''''' lb< on<<l of • pro¡oc..:<l <h.•n.:o 
TI>< inforrn.lion 011 b.:nd.¡¡ "'"'il¡ u~l.incJ b¡ "~'" ;, ,;,.n in Sr."hl!n \".(". ."<n ,,,ilr be ;,0¡.¡1cd, th<r<b¡ rcdu<in¡ lhc prob>bililr lh.u onc corr«lion ,.¡¡¡ 
l'l>nMd nocnloon> •f< ouol.ncJ in Seooion \'.D. Son>o <nndu>ion• r<••h<~ H """ Olh<r ,,0,., 

• ruull of "" Jndopm<nll 10 J'" "' ~i•<n in Sonion \'.!;. 

.f. c~'u"' "~ru• 

The I'SLIPSA !illfm dc,cribcJ in ll1i1 plper il opcroli~nol on nH»t l.¡r~er 
.compulin~ ""ironmei111 'lhi'h lurpun intcr.ctilt uso. in•lu~mg IB.\1 J70 
><rie¡ WS/VS!TSO/C~IS), Unin: 1 lOO >ct«• IEXEC-~). CDC 600!!fl000 
>criu (SCOPE. TSS), lfone,~ell óW/6000 seri01 (MULTICS. GCOSI, "-'1· 
DA!IL HO/\'S (~lTS), •nd Pl.lP·IO (TOPS lO). Punob1lil¡' il ochi<>ed a1 o re· 
l•oi•dt hish lo~d; olmosl oll of lh< ·~•tcm ;, "'rioten in ANSI Fon,.n, 

PSL/l'SA is currenolr b<int u>o~ b1 • numbcr of orpni,.rions incl~Jin' 
11 T.!. T lou~ L1nc1, ChO\e ~lonhon,n ll•n~. Mobil OiL 11""''' R•ilo~•y•, 
l'elrolco¡ ~lc.ic;nol, TI( \V IJlc., ohe U.S. Air Forco •nd ooh<" for d<•<umono-

1 in1 ·~•l•m•. Ir ;, •ho bcins u•e~ b¡ uoJenü: in11\lu1ions for cQuc.,ion •nd · 
rc>cor<h 

/1. /J,-nc)O//, "' r ""-'·)·m uf, u"'I""'''""'J,-J Jurrmoc"'"''vn 

Tloc mojar bcnefll> d>ioued r"' '""'ruiOHrded do<unlCIII>IIun >te ""' 
lloc "~"•li¡y" uf lhc do<umcno.oir.on ;, imrr~1ed on<l 11"11 oh< wsr of <lc<i~n, 
1<11~1Crl"IH•riol1, •nd m;io\l<ll•o\<0 ~111 ~e rcduoc~. The "~u;li<t" of oloe dn'u· 

, oucnulion, mcowrcd in tcrms o( prc'i"""'· con•i•tcncr, •nd •ompl.:lcn"' ;, 
· incrc.,;d bocou\C lhe on.lyst• n11111 be n1orc l'r<ti>c, 1he >Ofl\\.,o P"f,4ms 
<hed.in~, .ond 1h~ ouop~¡ I<Porl¡ <:on bc rHiO>~od r~r rcmoinin~ ombi~uiti<>. in· 
conli.,cnorc•, and Olfllllion¡. Wttilc cunoplolcne" can n<Hr bc fullr 
~""'llllccd, ono ion¡>er¡onl fe01urc of rhc <<IOlpul<r·•ided morhod ;, <hJI 111 oho 
du<umenlolion lh•t ''c.lsll'' j¡ oh< dJIO b>o<, ond 1hcrdorc ¡he ~.or1 onJ umi•· 
•ior11 "'" mure O~•iou¡. Cun•or¡u<nlly, 1hc or~miulion ~""'" "hao <IJO• i1 
h•$, •nd doco no¡ h.-e lo <i<¡,..nrl un lndividullo ••hQ m•r nul be ._.,;¡,blo 
.. roen • lpc•il" ioem or d•t• •bou! • >r>~cn1 i• noeJcd. An~ •rl•l¡>il ¡o.;rl~""'" 
•nd I<J'UII> rouJ"«~ ore up-lo·<IJI<"' ol ''" 1i1ne 11 i¡ pcrfuoiiiCd. 1"110 , . ., .. ,Jj. 
"''ion ••nun~ •n•lnt•;, U«JIII' ,;,.,plifocd ,;'"" .,,¡, <.rl "o''·,., ]111 """ .,., 

•,;d >till '"" lloc >t"<m l¡•«ii<<Jiiun; ~< Wll>i>l.:nl, 

. ' . . 

1~• •~;¡ of u>ino o cum¡>uoor-.¡idcd no.:th<.o<.l <Jurin~ logitoll)>lcm de.i;n 
"'"''ro.: '""'P'''J >~irh lloc '"'' of ¡><rf•rrminj ¡)¡.: O¡•cr•tiO"I m.nulll¡·. ¡,. 
?IJ<Ii:< lh< ero;! of lhC 'Hiuus lOJI)'>! full>!i<llll Of 'lnlcrvi<~in~, I<>"OrJ'on¡, 
>n•l)'rin~. elo, •rc no• rc•ordcJ >=P•IJidy. IIO~>H<I, il c•n bo argu<~ lhll 
dir1.:1 C01\ of documentin~ opc.:ifi,;Oiion• far • propo><~ i¡';lcm U>in~ PSLII'SI\ 
\hauld be lPNO•iniJioly qu;! 10 lh< CO>l of producin¡ lhc dl.,:um<nl.¡liOn 
nunu.dly. lnc <O>I of ¡¡~in~ npnuJI ~o.:urncniJ~iVn j¡ roujlll¡ equ•l lo Lile 
CO>IIIf enlerin~ PSL •IJI<II><nl> in lO thc i:aoHp~•er. l he comr"'"' ca" or Ulin, 
P$A •houiJ not b< mo« oh•n rhe to>l of an•lyll <in>< in C.rt¡in¡ Oul <he •n•l· 
r•~• nunu•llr. (Compul<r ro"'· ho"""· .re n¡u<h more >i,.oblc lh.ln •n•lpt> 
co>li) E•on lhou¡h o he roo•l co;o of lo~i<•l 'l"<m d"i;n i1 noo rc~uc<J by u o­
in; ,·unopulor·•id<J mcthoJ\, lh< cl•plod tirn< >hould bc rc~u<eJ bH'"" oh< 
'ompuoer »n pcrform doricol ouki in • lhorler limo olun lnJIHI\ requll<. 

C. Btn<,~"!.om t>~lu~l!on '" j>l~rror< 

ld<•llf thc •Jopl\cn of ' 0<"' me<hoJolu¡y ,uch u •h•l «prc•<nocd b¡ 
~SIIt·~A ~l1u~rd Uc bJ>cJ on qu,,nlirlli•e <>,¡huriton of lhc b'ncl\11 .nd '"'" 
In P'"'i" 1h" ,, 1.-l~um po111blo; P~LII'SA" no cH<I•Iiun. 

V<r¡ hlll< qu•nlio••i>< infornOJiion •bouo oho ••~••ion;e in u1in¡ 
PSLII'S.\, "P'<i>llr con•••nin~ mJn~""" «•luirem<nli onJ •ntcm dcHIIip· 
n"n' oo•ll, i; ,.,¡¡,bk One '";un for lhi• ¡ .. ,.~ ofdiiJ i1 !h<l Lh< rroj,cr h" 
b"n con,·<rn<~ ~¡,¡, d<,dopin, ¡he rno\l¡odoloH •n~ h.1> nol f<lo io O<«I>MI" 
or ~orllo~loil< 10 iro<c.l r<IOur.:•• in <•rtrin~ oul conuolkJ o•rcrinl<nll ,.hkh 
would oncn 1rr IU quJnoifr 1110 bcn<fll•. Funhcrmor<, com.,orciJI onJ ¡ov<On· 
mcnl oo~Jnilo<ion, ~hi'h ¡,..,< ioll<clli~J!«I I'SL/I'SA hJ><. in •onoe '""· 
11>11«1 10 "'" il ~irl>uul; fo1mol coJiu.¡tiow, in ol)l<f '""'· thcr hH< >~•neU 
>"oh JO C>JIUJ!ÍUn po~j•"· IIO>~c><l, 00<< t!oc e••loJiiOOI pr~jc<l Í> <:Onlj•l<l<•l 
'"'' rt,, <k'"'"''" m>J< lu u¡< oh< I'SI.IP~,I. llocrc 1> 11111< 1i<11c "' nooli>.~liull 
lO JU>~"IO<IIIIIC r .. >Uil> ¡,. JC1Jil, 

Ortmiwiun• nrr¡inw ''"' •·•lu•llon> n~HII-'lly do noo hnc th< .:on.pJ,.. 
blc J,,_. f.,r p;c>cnt nocHooJ> ,,.,¡,tole lnJ '"[.o h~Fl< ¡,.,, (;IL 11 '""'"')' '" 
run '"'"'''lkol c.porirllcrll> 'lolh Uuolo mcihú<h ~eon¡ Y>eJ on ¡>Jr•llel. "'"' 

~ ,, 
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11··1,, lh, ''"'"''"'''''i••n ,.,,¡ ,¡.._,,,,,,,_,., .. , .. r •·-··~·:n-.<•<· ~~ i '"h'n Cl·al,.,li<•n• are• 0\óUC, lho IC<IIII> ¡,.;e ""' 1'"·'' UI.•JC J\JÍI.,hl,· 
PIO).:<i. ~•~•u.: lk or~Jni,;Uion> '"~"'~<he U .. ¡," )'"'rri.·l.<l) 
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i. 1: 1· 

· fuu.,; .. .,_,, •r•.:::¡;,_,,; •. .,, : .... 1•.: ;.,,,,,.,,,J h¡ '" •' '"·' "'" •·f ,~.e 
1M e<id~nre ihlllhO PSLII'SA i1 "nrlh.,holc i¡lh>l •lnw>l .,¡lh<•UI <>· 1,,.1,1,..,_., fu¡ 1 .:.-~"li11.; .... J ,,.,¡¡,in¡''",.,¡¡_,,.,¡ d-•l-1 ""' 

r~plion 1l~< or~•ni101ir•nl -.hi''' h•« .croou,l¡ <on¡iUci<U uoin~ Íl n•~e ,¡;,,,kd ;t.~ 1 ~ 01 ,· 1n, .ob~u11h.; rf"I'"'~J •P'"m. 

lO .J~pl i1 <olhot " ilh or <• U ~o u 1 '" < • .lluotiM. l'ullh"' "'''", rr .1rlic .1!1¡ ,11 Uf· Compuo.:r ,_,¡,¡,J Jpcuno-'"'''¡00 ¡, ih.:lf • >) >1< no ,,¡ '"hido lh< 
''JOÍUioono "hi<h >WI<d 10 "'' I'Slli'S.\ "'" m.uin""'~ lh,it "" lih< n••r· 

11 
,nft,.Jr< ¡, orll¡, p.ro lf lh•' \J•l<•n islu be u\cJ._,u,~u-•" 

touno h••• ih'<n '"""ú b)' fJ<IO" <>Lhcl lhan ~SL/1'~,\ j¡,dfl anJ in '''<JOII>· aiL~nliM "'"" b~ ~i><n lu '"" "hulo no~<h<oú .. lo>~l. ln(lud~t1j. l 
1"1001 w~""h h""' adoplo¡j Íl. ""~'has in<ro.,¡Cd. 11 . ( • <r 111 n • 

"'« Ju.:un""''"nn. In¡;,,;,, •nJ "'''" ·'"'''o "''· • 1 •· 1. 
n 1 ~ 1 huJnlo~i<.!l supf"JII, •nJ no.n.o¡cnl<nl <n,·lluf••~"'~nl. 

I'SL •• • "'"m dnrrip1i~n l•nou•¡c "'l inl<nd~d·lo bc ""tí<mplrl< '" 
llr•l 1110 loi"i.:•l •.:~ of • pro¡~''"" infornwiun IJil<m co~l<l ~• •k><li~cd. i c .. 
•11 lhc infor""""" ""'""'"Y for funrlion~l r.:Quirono.:nll on<J 'l'<•ili."Jii<•OI 
c<>uiJ bo ""<J. On iho 01h01 I>Jnd, ihe lo!l~U"~< lhoulú 001 b.: ¡o <OOI¡>Iio".oi<J 
lhlt il ~~JIJ bo dilf,oult for •n>lpl< 10 ""· ... llo, d.:hO>IJI<If omiu.:J ft.:om 
11•< lonrua~o '''' >n¡· "•biti<¡·.¡o rro•idc ~rorodural •·ro~c·• 10 <hJI '"''·'''' 
"'OuiJ be <n<our.,¡e:l 10 wncenll.ll< on lhe requi~<mcm• "'h" lh•n un 1~~<· 
'"'' now ohm•. 11 is rleor. ho"''"· 1ho1 I'SL mus¡ be e.10nJod 1~ inrludo 
mooc rrc«le """"'"il aboullo~k•! •~.l pro.cdunl infommiOl\. 

Pmb>bl¡ 1hc mo•l in•P0/1.11\1 irtlrro•<n><n'. in PS~ 1< 10 "'"'~' 11 r.li" 10 
use. lhil io<luU" rro.,J¡n~ '""'' dTcrii\C •nJ •inq•le J,,., cnu¡ onJ 

-nooJ,f<toliOn <un•n•anJI lOÚ pro•i<l·n~ moro ~elp 10 thC """· .\ ><<on~ m.,or 
<úOii~ciJiino ;, r<lfornlln,e. Al lh< <boJ b,¡\0 ;ro"' in •iH onJ 1M< numb" 
of u>trs im«•>«. rorfurm•n<c bccon"l mote "onlpur13nl. P«formoncc ;, >er¡· 
n,,.;¡!" influenroJ try r,ctorS in lhc curnpulint cmitonmcm ~<hkh '" ou.,ide 
n,c .uni!OI ol I'SA dcodopmonl. 1\"t>CIIhck". lhcrc 110 inlpr<>Hmtnll lh,¡ 
'"'be nrJ<!c. 

I'Slii'~A ;, ,,, .. ,¡!" ool¡· onc u~p in u>in~ "'"'pu<~r·Ji~"J mrlht...J• in 
dc•,·loprn~. "l"''''"•· on~ mJiniJinin~ infurm•liOII pi<IC"<»in~ l)>l<ml lile 
"•~h> •rhi<>cd 10 dJit IUPP"" lh< pl.:mi>< lh•l 1hc ''""~··no rol •rprn.<rh <.rn 
'"•'<llfullf he opplrcd 10 the ttll of 1hc 'Y"'"''''" t¡cle """ lho~llh< dolo b,, 
conr,•pi r•n b, u><d lo docunl'"' lh< r<~ulll uf lh< o<ll« ocli>ilÍ<I•n 1~< ,,,. 
"l<nl l<ft qclc. The I<IU!Iin& dlta b»<l c•n b: <he b<IÍ5 fo¡ d;~clopnlenl C( 

mclhoo.lolo~y, gcner JliJed 1~11enu , educ" ion . • nd r "''""· 

" 

" 

Th< b"ic wunure of PSL onJ PSA i1 'orrecl. _A ~~~¡:n¡ 
¡j,•,."¡iption IJntUl~< ii\OuiJ b< of lhc r<IJiion•l I~P,: In Wlll(ll a 

1 d".-rip1¡011 , 0n,i,l> of rdontif¡in~ onJ n.1111in¡ ob1<Cii and 1."1•· ,. 

¡"1on>hir• Jnoon~ lh(ro\. Thc ¡of<~.Hc 1¡>1~~~ >l.'oulú lo.: dJI•· 
bJ>C oriented. i.e .. thc ú•l• cnuy and moo.l>ILcliiOn p¡o.·cúurn 1 
ihuuld ¡,., sepJrJicll from 1hc oulpul rc¡ootl anú an•l¡¡is ,,_,)¡. 

' Tho Jppro•<~ follo"<J in <he ISOOS proj,;,¡ h•l •uccccJod in 
brin1in,¡ PS~JPSA in10 Ollo'rJIÍOn.<l ~\0. 111< <•me opp<<>:•ll 
'"'" bo appli<~ oo ~~~ r<>l of 1M >)ll<nl l1f" <rde. A ~""""" 
lorly imr"ll.<nl poli of ¡hii appro•'l' i¡ o o cun.cnlr•IC fu¡¡ on 
lh< Jo.:umonuliM an~ 1~cn un 111< me~hoJolo,:~. 

Tll· ú<<i><on lO UIC l COOlpU«r·oÍdcd dr><un(COlJliOn mc¡h,>J 
¡, ~nlr pJ<ll1 innucn'•~ by 1ho C•pJbilili« of lho i~uc.no. 
~lu,·h 01010 ;mpoiiJnl "" farlo" rciJiin• lo 111< or•'""'"on 
illclf Jnd •n«m dc,elopm<nl procedu"'· Tllcldo«. coto 
lhou'h compulcr·oidcd doc~mcn•••ion i• or<c.tio~•l !n 10m< 
or~ 1nic,,;om. 1ho1 Oo<> no1 mcJo 11\ol •U or~"'""'lwn¡ "." 
roo~d¡· lo imm<di>l<lt adopl it ,, port of lh<lf >r>l<n< ¡,¡, "''' 
m«hoJOIOtY· 
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Thc conrlulion• «•<~cd fmn¡ 1l1o J<~elormorll uf 1'51./I'SII 10 ""'' """ 
from 111< efforl in h<"in¡ j¡" U><d Opc<otionolly 11\J) b: ~'""P<ú in Lo floc nl•¡or 
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0<~1,<a's "Str~>~ut<<l AnJI¡-si• ond S¡otoon Sp<<i~••tinn" is 
lh< fin>l i>JP<f<hO<<n for j;,olu\100 in thi; """~ or <!"''; ,n;,¡,, on 

· 1hc IUuelur<d rnoluLion. lt is lo¡t of thr<o en Lhc su~j<:t of 
•n>lr•i<, •nd, lO~:o~.<r ~i•h Rc,IS:h~no•n rr•,¡o,•r ni >nJ 
T <i<hr~~ 111", h<' 1 Po pcr 1 J l. 'rto•id<; ' s<><>d id<• of thc d•r••tion 
th" wu<IUI<d >n.tlrsi• ~ill b< \o\,inl in'th< M\t f•~ ¡e.trs. 

Anr ccmp«<nt snt<m> onolt>t unJoubtedt¡· ooul<l proJue< ' 
~.o-pJ¡< '"''en "Wh>t's Wrong_.,.ith Con,<nt.on.tl An.tl¡·sis." 
De.\l.tr:o, b<in¡ >n C\·onol¡u, dt>o:l sO ... ith pith¡ r<nw\,<, d<>Ctib· 
in¡ eon•<nlion>l >n.tlt>il "!o~lo,.>: 

"1 n>l<>d of , · me•ninlful intor wion b<IM< n 
>nJI)ll onJ usor, th<<< l1· ofl<n 1 pcriO<l or 
fcn<in' follo~•d b' th< l'o\'0 p.triÍ<I' liudiOull~ 
ÍlOOIÍnt e"h Olhtr .•. Th~ eo;l·bencfil !IU~J" 
is pcilcrm~J bJcl.-.~rJ¡ by duivin¡ 1hc 
dt><lopmenl bU~¡!CI U i fun~licn of nP<<I<d 
"''"'!. {f>pe<icd u•inss "''e coh;ulol<d b¡ 
PIOI•i00j COII «du"ion illi<'> hJÍ.ded do"'n 
hon¡ On !li¡h.l'" 

·· .. 
In oddition 10 proviJ,ng rcfrc>hin¡ prosc, Dc~1.1f<"o'l :~pproJ•h·" 

din,,, •om<~hJI in "'m' of cntph.l!il flom lhJt of 
l01chr0<~/!1<11hcy and of Roo•IS.:hontJn. Unli!.~ t,i,.rnii.:J~u<•. 
Dc~IJ¡,o m<l><l lhc impon,n.:c of lhe··,.,~¡,,~, .. a~.l·o of ¡he 
¡pc:iftC310on. Tole. fo1 ins<jn"· the c.•• of onc I¡IICm ron¡i,¡in, 
of ,;, ""~•onlinu o( COBOL•nJ "'iuen o•cr • pe~ioJ of«n ¡cJn 
by cmrloyco¡ no lon¡or ~ilh lhc or~Jni.,lion. Tocl>¡·. nobo<IJ l..ans 
•h~• 1M'"""' don! t"OI only ho~•·c the pro¡r>m IÍSiin!< >nd •ou"c 

·¡ ceJe be<~ lo<l - ' relali.clr minof di<l;l<l 1h.1l "• •11 h.-e «<;. 
too ofocn- butlh< spc.:ili,Jiionl ''< (ompl<lcty ou1 or dll< .. \!o<<• 
o•<r. th< sntcm h;s lfO"'n so l;lf,c lh.<i ncilh~< the us<r! r.o< th< 
d•t• p<orcs;in¡ p<optc hnc lhc f•inl<;l iJ<J of ~h~t thC I)">IC<n it 
suppo><~ lo b< doin,. le\ alonc ~o• 1hc ni¡Sicrious job is b<io~ le· 

tompli,hod! Th< e>>mplc Íl fu froni hypOihcli<al. for lhÍ> is lhl 
'---·-······- .... 
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¡. Suuctured An.alysis 
; and System Speciflc<l!ion 
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11'1•<" LJ r~urJun fu,¡ co<ncJ rl>< •~rn1 Snu"~rc.l 
..,,,.r,,;.lll, th< id""" lor~<l) >1'"'"1.111'' 11< hoJ "o 
O(Lu . .t "'"''' uf ,o.,.rt<I<J r••*•"l> ro 1.:¡MI upun. ¡¡., , 
P.ll'" "" b•><ol un lh< oim;•k O~'"'"'iun lh•t sono.; Jf • 
tho p<in.:i¡dcl uf tnp·J~~n pHIItionin.; "'"" b¡ de,¡,.,,, 1 
<oulJ be n\JJ< •rt•h.:JLI< 1~ 11 .. : An-'IJ>Í> 1'~·''' 11.: r.:­
¡i0r¡cJ '""'''"''"'m nd¡•h•~ "'""ro ~ur~ u~r ;pleno 
d<IJils \osin~ the ~rJpl<id ''"'·••l<rilli<' uf >l<u,lu«J l.:<h· 
r.i~u••- • 

~in<< 111.11 '"''"· ""'" ¡..,~""a r.:>ulution in lhL 
nr«:ouJnt.~~, uf Jll.ol)>1> Murc lhJn 10110 '"'"''"''¡,; 
!<Jo< ><01 ""''1~!-'" 1<> SLHh'lu[<d o\n.llpi> L<•Íill"j '''"' 

in•'> JI YÜU<IIl'l o~l""'· lh<t< "'"'"""~"'"o''-"',; 
"''' •nJ i'•P<r> "" lh< ..,tj<,l 11, l, ·1, 51 In «•1'"'"' 
10 lh< \lJl¡llii¡,'.J l'ill f'ILHiliCii>ily ScHIC) 16. JI.'""" 
1h••• Ot" 4"''"' of 11>< l<op,;oJcno, '""'"'''1 lhJI lhq 
~"" ""'"'• >·'"'' ""'uf Soru,·ouroJ An.ol¡li\. T~e l'lll 
•·.n•·o lll ,¡,,.,, • '"'"'""""in lhJO orcnJ. 

In 1l1i1 1"1'"'· Í >IOJII m.o\.< • co~¡>>lll< ilf<o<niJOi~n uf 
lh< '"~·;"' ol SlluCHn<J An>l)lil ""J ils cii<CI on ih,; 
b~>in<» ~r ,.,;oin,: >p<<i)ic.:ion. of <O·~<·dn<lop.:~ op· 

"""· 1 ~'¡in""'' J <el uiLI,flnill11rl>: 

i'.~·J:.r.~·_:¡• 
C 1."'.f!.'-';t 

a.""'''""'"''"'""'''" 
Ano~l¡oi> ¡, Lh< pwr<l> of .... mfurmin~ • oii<Jm of inf"'""'ion ~~oul 

Coii<OL "P<IOIÍOnl JOJ n<" r<.¡UÍI<IMMI in10 >!>010 \Ofl Of ro¡nrnu> d<>WPII~O 
of • >¡>t<m •~ be ~~111. Tn•• ~.-.cril•liun ;, ofoen <•ll<d • F~n"i~nol Srcci(ot•· 
liUJI tlf 5)'>itoll Sp,•(lflc•IIOfl 

'''""""' <:.>·'""""" 
/\_·~_.~_j~~~·~--r <~~··";. ~~· 
""" ,.,.. ~ '""""~ \::: 
=-.r~c~o:¡ ..... 

, ' !'"''"' H:....r ';.o.<-:.-.'1 .. "'~ ~ .... , 
1--~ :. 

~ 

' ·,[";.,_,. }----
~ ',!) 0,.. . ., .... ,., 

'']' W:• " 
.• 

\>.'!~-< •• ;r;,,,. '""'· 

.. .. 

ow•~• -,;, 
:..;.,...1w -

! '" Á .... ,,¡, ,. ,, • ,, ¡., '""'' • ' •• ',,, , .... ¡." "'' "< ''· • 

111 oh< Lunlo.l rol1ho I""J'" l1k qdc ¡,., l¡>•tfll """"1"'""'· .n.d¡>i• 
"''"' pL.cc M" oh< ,,, 0¡, 11 ,ng. 11 i; l"'"dcJ nnl¡ 1>¡ • s~r.q "' r, . .,,i.,\•lt 
Sh<ol¡ ""'"'~ ,,¡,¡,n .. P'"i'•' ,.]1.11<• ¡,,.,,,,,.,,¡ ~r ch.n 1<> '" ~' "'""d'"" . ,. ' ,, . '.,,.·,p··il ,,.,.,,,,;,,, '·'""'''''i Jn<l"•'""""· .,,. "<''""'""'· >< """1" • • 
1.,;~"'''11¡ ,,.,.,,.,n<J ·.,alo ,.,,.,,,,;.,~ • ,,,,,,¡.,,,¡.,.,~/oh:·~"'"' 1~ t..; l•uil!. 

• ' . 
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• u><r inL<ro<Lion, 

1 1 
• ""~Y uf rh< <u"cnr <noi:onnocnr. 

• nc~oli•riun, 

' ¡¡ . • ur:rn.l dc¡i.¡o cr rhe M"' ,,,,,m, 
r • l/0 formol dori.¡n, 1, 

• co¡r-bcn<fi: >luJ1, 

' :¡ • >p<eiA,Jrion ~ririn~. ;nJ 

' • <><im>lin~ 
!: ' 

""''' ,,, n.,. "'¡,"'··· ... -. . 

r 

!;e.:R. r;F 
c.;"' .,.r 
',. -'~·"'" c-.1 

~ ......... ' 
!<:..'<':u. .. 

'· ~-ce ~'""-.::r,..,,,_, ·~-,,~, ..... ,· 
~ 

n, • ., o, S""""''' '"'''''' ¡, ""'''' ol '"' r•"i"' lllo '''''· 

( 

Srru"urod An•IJ>i> -,. • modero d'r>clp\ine for conducr of rhc "oal¡>i> 
Ph"'· In ll1< conl"' of Lh< rrojc" lofe e¡ do, LIS n»jor 'Pi"""' ~,rrercn" i1 
¡,. "'"' prinoir•l ~rud4<1, .. ucd , Su"Ciurcd Sr«if ... rion. Thi> "'" kind ol 
;pocifL<«ÍOO ha> lh<-o <h•"CI<ri1Li<l: 

• 
• 

Ir j¡ :•af'l"'· m>d< up mo"l' of di,~r•m> . 

Ir i> I""''';"'"·J. ""' • >in¡;lc ;pccif.c.,iun, bu! • n<L~ork of con· 
"" 10J .. nrini-;pooifl< • Li<>nl.'' 

o 11 ,, 1op-J"""· r1c>cnl<d in 1 ¡.¡.,,r<ho<al f<~hL~n .. irh 1 
'""'~"' p«•tiCI>ion Ioom lloc n.o>l •b"''" ~PI</ l:>cl Lo <toe 
rno>t dct;ikJ bouam leod. 

• IL is '''"'"'ni,oblr., opcóf"•Lian Lhot c.n be updiLcJ 1~ 101lc,:¡ 
chJn~c in lh< 1<qwit<mcnl. 

o 11 is Q ["J/'<'f wodd oj1M .IJ"IIrm·lo·br; Lhc LL>OI con· .. or• ,.,¡,h 
Lh< mo~ol <o pc1fect his vi>ion of buo<n<>> opci•Lionl u n,,, 
"'!1 be ">ih <hc ncw >pL<no in pi•<<. 

In Lhc pr<ccdiu,¡ fr¡~rc, 1 h•;c "ll«l<nlc~ 5LJu;rurcJ An•lpi>" 1 ""~le 
prMc<S lll•ll>formJIÍOn of lhc ¡>ruj«l <1,.11" '"~ ~e>cripli~n of <ur«n1 <'r<"' 
•i~nl in10 ~uLp!rl\ al b"''''"l, >dL<<Iulc, plt¡oi"l "''''iocno,•nts onJ lhc Sil oC· 
•ol<d <;p"Cif><Jii<>nl. Lct'> r,~A lwr);. •t tho ~o¡.,¡, of Uul '"'"""'"' 
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Nol< lhJI F•t~« 1 porl")' <""') 111< 1orn< lr•n,formJlion '> 8~~~~/,• 1 of 
Lh< provioui fi~Uie (!JOlO input>, IJnL( úUL~UiSl. nu¡ Íi !h~"' lhll lrJnllmrtL.O· 

1ion in con,idt,.bly mocc dc"il. lt d<~ll"' Lh< componcru P'"''''" LhJI 
mJkc cp Lh' >~h<>lo . .., "en" LILe informllion no"' on>on¡ ih<m. 

1 ~on"l imuh )~lif iru<llit~nce b_. ¡i•ir.,; ¡oU Lh< L~.ou1:nd 1\0LJ, Lh.ll Lh< 
pi''"l< in h~ur< 1 ¡, "orlh. kJih<l lhJn dL\CUU Íl d_ir<CIIy._t"ll_l<r 11 IP<_A f¡¡r 
Íl><lf. llll LILJL j; f<~<lir<J \O , 0 ,npl<nLCh\ Lh< [LjUr< 1\ 0 dCIHLL"On Of \h, <001· 

pvn<nl 1''"""'" Jn~ infu«>LJÜOtL r.u"> Lh.ol it ~«1>«>: • 

f'¡,>«"» .' / .. \J,.J.J ,¡,.. CLJ/ro""/ ,,.,.,.¡- 111<1<: L1 aln>OII oi\\J~I J 

cuucntn>L<tLI l>¡llrn1 - m"l'•l<J '" of m>nu>l '"~ p.:¡h;~, Ju­
''""·"'-1 1,1._,,-, 11 ,.,. u><,l ,._, "·,-¡-,m¡::llh 1om< busin<>l llml. 11 11 lh< 

""''"""""' LIL>I tr,r '''" >)ll<r.• •1!1 tl.: ~ropp<Li LLLIO Stru~LLJ"d 
,o, 11 _.¡ 11;, "Uuld ¡1.-, "' ~uiiJ, ¡;.1," m<>Jd uf_tll< ourrc~.' ')".:m. 
•nd "'' ol w pod""l '"" uod,•<>Ur,·¡in¡ of 11>< pL<I<nl rll\LLOnm<L"•.'· 
] t<<m LhÍ> u>o..-.!<1 ""rh,,.c_.:•· in llul Íl lllJ'<S "'"' of ttL< LJI« 1 

1crnt>. Ph•«Jurc•. wc.uiort>. r·«>•nr.cl nonLCI >nJ pmi<ul_.r "'l"> of 
,.,

11
;n,¡ 0 , 1 tlmin<» 1 ,_,¡¡,;~. "In< jull:ftc;lion fol 1~< ph~>l<>l n•turt 

of 1hi> fir>L moJd ;, thJL '" pu<;>o>< ;, 10 b<' >erofiJtll< «r·«•<ntJ· 

1;00 of '"'""' o~crJLiun>, '" 11 ""''1 be c»ily unJ<r>tO>.J br "''' 

U>ll. 

hu<"').}_ nm·,., lvd:cal ''"""''"" lhc l~tiCJ\ cqui••knl of th< 
ph¡>ic>l moJel is <>nc thll ;,·~"0"'J ft.>rn th< ··¡,o,.,,'" of ti" 
cu«<OL op.,Jiion. h con«niiJI" inll.:Jd on thc '_',.11>11." In piHc 

of 1 ~c>'ripLÍOf\ or , "'Y '" '"'Y oul ~uhcy. 11 '""•' Lo IJ< • 
d<>«iptoon of thc poli.:l it1df. 

.... 
-~--. -· -~--,-,,...~. .... " . 

.~--·-··· ------ -- ------·~ -·· .. 

í 
~---· -----""""' 

·~ f",.,.,.l> .' 1 .1/, •. 1,·111 .. · '''" '' "' ~·· ( hr\" ~h.¡.; oiLC Ln-•J>'r "'"'" of 
\11< '""'1~,¡, i'h ''"· thc ""ino.·t\LÍo•n"" ,,( 1hr n,.,, ·~·'·"'· 1 o\;:, rl;~e. 
T~< rr<io:r~ <hort.:L ••·~rJ> ohe Jtl!,:r.:n,._ ,,,~ !'•·l<nLiol oliiTo:t<n<cl 

t•<l""" tho '""'"' <n"ronmcr.\ .nd LIL< t.'~- L""ni L~.,. dLJJL<J 
•nJ Lh< lo,;,,¡ ""'·kl o[ tht ni,Liut ,~,¡,m, ¡h;: .~r.ol)ll ~u1IJ< ¡ 

·"'" 1110~ol. ""' lh•• ""'""'•'ni> '"•'"·'''""' "r LILC futul< en>ill•n· 
"''"' l"iLh Lh< :.;:., >.'>t.·m in rl·•·d.ju" ,, lho .ello: ni •L>I.J<I J•~· 
un>rnll lhc p!<>rnl. ln. no" mud;:l P'"''"" 1h.: >)>Ltm·IO·ht "'o 
p.r111ioned "' of clcm<n~>l pr<<:l><l. lhe do:t"h of lh<>< 
pro:e~\<1 '"na~ ll"'<ifL<d. one niini->rc< "'' !'"~""'· 

p,,, ·e u .'. { (",""''~"' 1l.c .,,~,r,.¡· T 110 0;: ~ lo¡¡,.,¡ ""<del i1 '"" ,.,, ;"¡ 
(0( OLf pUip<JIC<. >ÍOCI il Jo<> 001 <ICn <1lobl11h 1\0» n•u;h uf lhc 
tJ,•cl.>reJ »or~ i• done in.ide Jnd ho" mu•h ouL>idc th< m•Chlnt. 
!lhot ¡, ¡>h~,iol ~r.IOI<h>Lion. ond Lhu< nol r>n or • ¡.,~¡,,, n•ndcll 
Al thi> {'Oinl, Lh< >n>l¡ll <>l.>~li>hcl 1hc nt•n·m•;hln< bn~oJ.r¡-. 
•nJ h<l1>"0: Lhc I<O¡>< ~f ;JUI0Ln•LÍ1ln. llc/11>< L¡pi"ll)" dnc\ Lhi> "'"" 
ll»n once in oodcr lo'""''' ""'"'"~fui oll<<n•IÍ•<I for 1hc ><l<nlon 
ptoe<<i. lhe ph¡litol <on<idemion¡ '" >Jdcd 10 1hc mudcl 01 •n· 
Ml,liOr\1. 

/'r,><o:J! l. J .. 1/,·><r.rt '~'" ~.,J f.,·,,:fi,.: 11 coll-~;:ncfn lluJ¡ i> now 
P"for•ntU OLI <JCh of \he f<piÍOO< f.o~ch of ih< LCI\LJLÍ>tl¡- ph)»C.I• 

Í1<J m ... td<. \u,cth« ~>th Íh »><>.:io\0>1 Coll·bonofa P•''""'"'· o\ 
llol\<~ l<O in Lhc ~uil< O(' ""Qu•IILÍIL<J ÜpiÍon."" 

l'•~f~lJ .>.6_ S~lrc> Q{'l>~q: 1~< Qu•nufLc~ OpLOon\ ore no'" onol) ted 
'"'1 On< Í< ><i<<LCd 01 lh< be\1. liLe ~Y•I\11 "lf~Í•L<d ~ÍLh LIL< Op· 
,¡.,, "' f~r'"'''"J H t.uJt<l. "h,Julo. onJ Ph1•icol IC•!uOrtmrnll 

.nJ '" r•»cJ ¡,.,, oo """'!""'"'· 
/'r~<fJJ !.l. P~cl•r• ¡¡,_ >p.-r;!i,·ar•O•L." Now •11 oh< clcrmnL> of th< 
SuucluLCd Spcr,ft.;otion are h><m~l<d and p,c¡. 11 ,J LO[:CLio<>. lho 

"'"'' r~n1i>1• or the ><lc.:rcd ncw l>hr>icol """'el. LIL< in"•""<l ><1 
of rnioi·>P«> ond p<ol"r' '""'' <>><th<od lt.~lc ,r ronL<na. 111011 

'~"""'· "' )_ 

--~ 

•~'' 

Thc nwJd\ lh>l! h•~< h<<n r.:f.:orin~ 10 tln<•u~houl •« p,,><f JCpr .. en· 
I.>IÍOOI of >\>ltflll. A \¡ll<LLL f! o '<1 uf tLLort!>•l oHIJ ouH.IL1"1C>I Pl"'-<liU(C> 
u,.,¡ >o dl«t ''""' ~u>Íncll ,;ool. In lhe <OOHIILion of Slru"Uitd Anolpi>: o 
!ILO~<I" "''''' up uf f)oJ~ JI,>"" f},j,K'""'' ond • [lJJ~ /J.rr;,,,,Ji')". ~1 1 <l<f•oihnn¡ 

,r lhe>c '""' ""'" [fllluw: ,.,..,. 
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~" 
" f}J\1 f!,.., l>•f').''•"" ;, J "~'""'~ '"""''"'·'''"'' ,,¡ J 'l':'"' ll 
P'';'"·" tho >}l:«o in I<WI< nf "' <<>~'rnn.·nr 1"·~·,,__.,_ on<l <1<· 
<1>«; Jll <Ir~ intor[J<O> ;nwn~ Lhc rnÍlO¡>nrrcr~l;, ,\11 of 1hc f>¡U«> 

·u.:d sn fJr in rhi• r>rÚ h"' ~c<n 0>16 ~-'"" lli.o~'"""· 

A DJ••• /)"'""'"" ¡1 , "' of rldrnoLinn<,of inrcrfoc., ~,-,¡-"'~ on 
p,., no .. ll"t'~"" 1< d<f•n<> oJCh uf'~"''' in«r1.«« ru,,,n,.,,.,¡ 
on '"'"' of '" oomror.cnl> lf 1 hod surrir.:d '" ontirc ""'~d of lh~ 
proj.or lofo qrlt Un,oad of ju11 •n imomrl<to Q;¡, no;• !li'l''""' 
ponionl, )OU would t.nn ro lho DJIJ DiorOon>ry of rh>r mod<l lo 
•n•~" onj' QU<I'ion> th>l nri~hl ho>< ,.;,,n in )'OUI !Hidy of fo¡;uro 
o anJ Frruro 1 aho;;;: T!wiM'O<>«.-if ¡ou hod r~nlcd o•·cr "h>l 
lh< (1Jt• no" Diop•m r<feorod rn •• > QuJntif"d Option, )Ou 
,. 0 u!J '""" it ur in the Q.,, Ooc.,on.r~ lhcrc ~ou "ouiJ f.nd 11>01 
Qu 4nliñ<d Op1ion "''' mod: up of thc ph)!iroliled Dll• flo"- Di­
•tr.ono. Ool.o Dtnion>~Y, pu"h>.o: ro" of cquipmcnl, <<hcdult ond 
bud~" [ot duelopmcnl, m001hly op:roling <O>I, ri<~ fotiOrl, <1<: 

D"' Fin" n"l'"n" ,« ofL:n eon"ru<t<d in le-.lrd '""- T11is oll~"' a 
ll>p-Jo~n r-""lionin~: l~< s)ll'm i< di•ided onto '"~'l'<lems "ilh • l<•P·Ic•<l 
DJl• flo~ 'Di.>!r.~m: the subs¡mms ore di~ided inLO.iUb·<Ub5Hl<m> "ilh 
<«~n.H<•<I P,LLJ flo" Dr>¡rom<, ond so on. Th< Do" Flo" Dr.¡"m' 
g, .. ·¡i~in>' lh< poojuL lof< ;)de"'" pr<<ented as pan e/ 1 le•tled <<1. Fi!ul< 
o"" the p.rtnl./top or thi hicw<hr}. ond Fo¡ure 2, 1 child. !f 1he mod<l 
~•re , 0 mrl'''· ,¡,,,. "O'Jid_be othrr chold ~tu<« •• "()1, <i~lin,<.of flgu1e 1-
'''"" ~ mighl h.t>e sorne choldren o/ il5 o,.n (fi~ule l. l. d<S<Libin¡ th• pto­
"" of mo~elin! lht cu~rcm l)'ll<m in more dctail; Fl&~~< 1.2. d.,oibinz lhe 
dtfiuli<"n of IOEi"l rquiv•lcniS. rtd. 

The '''""' ml'de! pto¡¡ a numb<l of diffel<nl <o\01. in StruCtuiCd 
An>.l¡<i" 

• 

• 

------~-

¡1 ,, a '~"'~"'"''~';o., too/ Sine<~"'"' and anal¡" hHe • len¡· 
.,,n,lino hiltoly off"'"'" lo 'ommuni<.,<. il ;, ,,,cnliJl lhOl 
1hoi1 di:C.,ilinno be mnducl<d o>et ,Ome "CI~•bk n<tnli>lint 
inttrU<II<nl, !OOIOihin~ 10 poinl lO 11 lh<)' \ibOI 10 1<4<h > 
common unJ<I>i>ndin,.- Th<il d•><ulsion.con«<n< S)'ll<on<, 
bolh p.o" ond P''""'· >O • u<e/ul >)51<nl n1od<l is lh< mo>l 
impoll>nl o id \o communi03tion. · 

/1" o fiJ,,,-~-,~ jor •r-rr•ficol•on_ Th< mo<l<l d<d>J<I lh< com­
pon<nl p;,,_, of lh< \¡SI< m. ond thc piece; of tho« pi<'<l. >11 
th< ~>} do~n lo the bcllom. AllthJt Jem>in• i< Lo w«if¡ th< 
bollom-le><l pllt<<U<' hhos< lhll .,. nol fullh<l oubdi•id<dl. 
Thi• ;, o<cumpli<to<d by w1i1in~ vne rnini '"'' fe• <och 
bonem-lne! p1occu. 

---- ' .,, 

\ 

.. ___ _ 
--·-··------· ( 

"'' • 1<" o Uoii"L;: /'""" /'-" <fe.,¡;•'- To 1hc ntcnt 1h'1 lh< .,,,_,,, o\ 
lhe nlo<t cl"'lu<nl """"''"' of ,,·qu,emtnl, ,, ~H 1 lll<m; 
shopin~ innuonco on ''<or• o/ tl1< D<~ion l'hJI<. 1 ~ '~' '"'"' 

· 1h11 thc '''"'""1 d"ifn .. n:rll thr '~'r' o/ lh< m·-Jd." "•11 
•be wnrcrtu>ll¡ "'1 t~ unJ<Ii\ond r,,, nwnt¡int" ond "'" 

<"fr. 1~< nJiu"l IOI>Iioo•hip h<'""" lhe AMI."" Phi!< 
ml'del ond :ht dcsi¡n or thc l!~l<m (lll in1<1n•l "'""""' ;, 
al.iri lOlhe 1do¡ 1h01 "fo1m ''" follo~• funotion." 

Sor ... 111 r,, don• ;, def.nt 1t1ms, t<~m> "'''""l to lh< '"''-'"' rrn.-en 
and le StruClultd Anolni• in P•rtirui•L. ll'olh lhcsr ltlm< dr~ncd, "' <on luon 
'''" Oltrnlio_n 10 1~0 sreriJI qur<Hcns: ll'hOI hn bren .. a·nl ~~~h ou1 •r¡•<n><h 
\Q cnmrul<f 5)<1<ml onol¡l" in llt< P-"'~ •nd. llo" ~;11 Stru<lutcd An>l¡1i1 
hotr~. 

w.,hñul roin' inoo o lnnt ""4< •pinll fl>llir.l mOihl-<1\. <ht "'•ÍUI pot.b· 
ltm o/ on>l)li< h., b«n ,¡,¡., An•l!ll< ond uscos h.-< nOI mon',:'d IU eorn• 
muniCOI< »<11 enourh - lh< lHI<ml deli•utd 100 ofoen h••c no\ bton ll>< 
,),.<mi lh¡, "'"' "'""d. Since 1nolr<i• e<Ublosh<l do\etopmont ro•l•. 
foilure> of &n>\¡<h '" ¡>roj<<t> nlu>·i"i in '-'<unt dilt<loon>. Thc lun;·"•n1on¡ 
l<sron>« of man•¡<m<nl lo oll·d"dnpm<nl di!f.ruhirl !doti•LOOio.l o( lhc 
10-hou< "01~ ""~-.,c.) du no1 help. The1 onl) to•d o rrcj«t onto mn•in1 
mo10 quic~l¡·. stilt in ¡hr "IOnt di«niun. Ttoe muiC n"nro~" •~d a<J•<•""" 
od:led, lhe'/"llhu lh< p1oje<L .,.¡u mo-. hor from ;,. uu: ro•h 1'11'1"" 
modc is ju<l more "mi. lo be undone lo!< t. There il o' ~Prd ll1>1 •rtl¡ 
do!<'1ib"' >uch ~ ¡>Jojrcl, one Lhll il<cl off in lh< "'on¡: d<«nion ~l <•11¡ cuo< 
ond •C'ilnnol be. I<!<Ued l>r do~bl.nt ond tcdoubltn! el'fon. lhe ~u•d i¡ 
"'doomed." Mo<1 o/ tht G1e•1 Di<><l<l< o/ [l)p "<1< pFOj<CII d<•On>e~ b) 
tl!nll ond deci•ion< of the Ano!¡<il l'h'"· Alllh< rnu¡i<' on~ ulenu <'· 
l"'"d~<l lh<lcofltf '""' for n•u&hl. 

.The mojor ¡.,,,,., or <I>Sii"l 
' ¡pccifor:uion P''!"'"· ! rit< th<«' 

" 1 

on>l¡>i< ¡,,,,· boen 

1 
' ¡ 

' ,, 

TI•~ mMn/.r/.,r <~J>J>MD<h. Cln<i<al Fun<1iun•l Spccifl<lli~n~ re•d ¡,,, 
· \'oc1o1ion no•ell' ho•vr. dull and endlru Nu ri"' h" on¡ m<>n­
. in~ by 111<11. Tht dncumcnt <lO onl¡ ~< rrod "'i•ll¡, [""" {ron\ lo 

bock_ ~o one ncr rc•ds lh< "hol< thin1. !~o no "n< IOJd> !he 
en:!.\ 

Tlu-J"'u<rJ·i11·<'-'"""' rfkn F~ntoiN"l Spc<o(ICII•On> '" imp¡·.,iblo 
10 upd"<· Cl >ctuo\1¡ hod ont onll¡\1 toll me lhll <~r rhon¡;< '"' 
'"" ron>idninr ccutd be moiC ""ll' n>•d< lo Lh< ·~"''" Moil, 
"hcn it "" nn,U¡ ddl'tl<d. thon lo ll<e.•r::ifoo>tion.l 1in<c <he¡ 

<>0"1 be Ur<\ol~d_,_'_"_'_'_"_"-~1" J) < OUI ~~ d ...... ------
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J!,,•/.>.1 efk<·,/I~,J. -~~~~-~ P'"''' ,,¡ runc·LironJI Sl'<"li,:llor,n, or< 
unin,.u;;·ihl.· b¡ lh,nll;lio,_ ~o two nnLhinr 10 >h"'• oh,·"'-'',,,,;¡ 
lh.' coni ,_,¡ •nol¡¡i¡. O"' oulloJ<·ICJ~or r1rl; nl,l) be,, nlH.Il "'', 
1<><. n,.,, ;, no ponibol"r el nor•Liun 1111" i1, f¡e,)u<rnl¡ r<r••L<Ll 
lltornr•; LO 1<f1no "'J r-:drot ll>< prn~urll. for mo>l el 111< 
Anolpi< l'h.sr, lhcro l1 n~ ¡•rW~Jrl 10 110~<1<. lhe ( . .noou< ""'' 
•nll¡;l d1JIO¡ue ¡,no ~;.,¡~<'~• oo ol!, bulo ¡;~in of noonoi<>&Utl, 

•: T~o Cl»>ioJI fun<~lon•l Sr;dtrodo·• i• on unm•inloinJbl< monnlnh, Lhe 
r< >u 11 ol "'"""' ll ""''"' i~" .. "iilouul Lor;<i>l ul f «d bod. ~o "0r1 Jor ¡ 1 ¡ 1 ,.,.¡¡IH"r 
¡ .. n,-¡ioo~•l ""' rp..r ,¡ir.· . '·.--..• , ______ - -----------·- . . 

" r\ !. Ho" ~"" Suuolur<~ Analpll holp~ 

' 1! . l ""~IJ nor ~e wrl¡in¡; lhil if 1 diJ nol bclinc I<~Ontl)' in rhc »luc of 
f:: Sir~crurcd 'Anai)IÍI;-1 r•r• beco~"""" \Q .... l<>quo<ÍOUI on 111 m.in¡· vinucl. 
: ll<n in o fc" ><01~1, lllCI<.orc lhe moin •<Y> in,.¡,;¡¡, SUU<IU!t~ Anoi¡IÍI hclpl 

10 rool-. "nol¡1i• r~uó pro~l<m.: · ' 

• 
• IL ,,._,.-¡,, riLe m•ny pn~!c:n> of cunon.unkolion bOI~ecn "''' 

onJ o'n>I)U by:iuro/M '~"'"'""'""'"n on<l on rnr~nio11 of 

'""r~·"'. 
• h """~' rhc Pro~lcm of >ro<ificolion n>oinrononro by ¡,.,,,rcJ 

rf.l, on./.1 "C}'. 

' 
' ~"•·• oll ,,¡ ,¡"" ioiCJI '",.,¡,"no~ 11\ llrdr oppll•.olion lo onol¡•i•. 1 pl!l\Íolcj 

•·- . .: '""'"'''""! on "·''· 1 

! .!" 

"!he """'~'' nf 1'•"'''.-·"""~ ur r~n"inn,l U:•onor•n,ition" ·,,!' ¡,, (,,¡¡;,¡¡ l 
'" J<>Í¡nC'I o\ 11" ru11 il•p in <1<oLi111 i II<~<ILHCJ <lcli!l\. ¡, JU)1<1\IÍJI lolu~ 

''· on.olpi> "" CIÍ~<nl foonlll.o L<¡Ínnin¡- <lc.,.ly, IHíO l)!l<lm '"'""' b'l 
""'1"~ ~,-,,,,,ul '""'' form olc~"'"'""l pWiLionino·. llur rhe ~'"" "l'l<i"J· 
to,;n uf Dc>i;n l'h»o funCiiun>l <I<OCOI\I•O>Oii<>n tool' l>t1u""" <h><l> ond 1 
IIIPOI r>u,cJ mol< p1obkn>l lh•n 11 >oh eJ. llf1<r '""" c;rl¡ '"""''¡,,¡ ,.,. l 
P«•m<nll [9), ncpthc U\01 o<lhud<i IO•l<~ tl¡o U le cf hiciJtchi<> ba•mc op·· 
1"""'· •nd"thc orp10odo n¡ 1"¡<1¡ obor,.loOI<~. ~'""'""d An.tlpi• t<><h<> · 
'"' uf le•clcd tJJLJ Flo~· Oi•l'""" fot I··"ILLionirli, ¡,. pi•« of tloc bicl•<clor. 

•lhc oJ•OntJ¡'""' l<•<lol: 
! 1 

: 1 

1 
' ' 

' 

• liLe •PI'"""'' uf • llotJ flu~ (!, .. ,,..,, i> nm ol oll f¡i•l\1<>1· 
Í"> h le<nu lo Le oinq•lt o ¡•Í<Lo<e úf 111< Hthic" "'"1<1 Uc· 
ill¡ JL\,UII<J. Yuu "'"' hnc lo oopl•in >n ul>irto•t <on•<>l· 
'""'ro ¡t,, "'" - )~U <lun"r «J•I<Í" <nyoloi<>¡ ".'11 y,.,'""" 
¡•IJ" "" Lh< ''"!'"'"· 1 <liol ''"''"lt rh.r ,.¡,¡,)''"In 1hi1 r•· ·-..... __ _ .. '. 

•." : ' . ' .. ' " 

' 
' 
1 1, ,, 

• 

u>cd o,,, no .. o •. ,""'' u • 
ll .. d '"" d~foncd oh¡ rctm. 

.,. 
¡.,:,,.~¡\. ml.loh, ILI.t tht ''"'1 '"' bu1\~ .. irh o.,, Flo·· DI· 
•Oiiffil, IIC aforo~l" (,mihal lo jome UIU •. Ultll 11\1¡' ho\0 
d1/frt<nl nomo• for rht "''""' too\i u¡ed - reui Nti"OII.I 01 
P•r<• no~· Ch.,,. ar D<><un.rm Flo~ o· o¡1om1 - bul lh< 

.ron« pi\"' lim>IU. 

o lhe oCL o/ porurionin¡ "i•h o Ooti Flo" Di•¡rom et\11 ontn· 
rion lo lh< in1o1l«<> 1h01 1<\ulr fr<>m lh< r•11hionin1. 1 b<· 
hcv< rhi• 1• <mporL•oL, 1•«•"" lh< romrl .. ity or inl<tlo<<> h 
o ··•luoblc indo<JIOI of th< 4<>oht¡· o/ ti.< r•ni<ioninJ d!on: 
lh< IÍU>p!cr rh, lnl<ll""· rhc b<llct lh< 1"11"¡~,;,¡. 

1 "" th< lorm """ll•r '"'""'"'"'Q' o¡¡ te d<l(libc lhe 1opid r~o·•lf lnl<l· 
ch•ns< of info111101ion rhol ;, chor•n:riuic of lite "mo>r p1o.l~rthc ~"'~ .,,. 
•iono. T¡,, Ul<l·•n•I¡U di•lo¡uc ¡,., ¡or roL< o rliolo¡u<. lhe rctiL>d <>•U 
~hi<h •~mmunicalion i1 lutrred ••oun<l (rollcd ¡ho oulhot·r<H<~<I <¡<Id me di 
lo be l<du«d from onon1h1 10 1ninul<1. 1 ~ull< hL<roll¡· m<>n lhll fo(l<<n 
m<nutcs inlo lt.o '"" "'"""l b<l,.«n U><l onJ onolyll, rhore 1hould be'""'' 
frc~~•tl.. lf the 101~ 01 h•lld I<GUiiO> lh< ul<r lO dc1:1i~< l<i\ (UII<nl OJ>C!O· 
riun, Lh<n hfL<<n """"'" inlo rlul "»iOn 1¡ noiiOO eotlr fut lh< onoi¡U ro 111 
rdlin' lho U><l •hll he hoslcuned. ""OK, lel me"' tf.r,·c sct il ro¡ht. l'H 
d,.~, up lhil lilll< piot<uc uf,.¡,.¡ you'10 ju11 <>pl•ln<J ro rnr, on~ l'll<>rl•in 
it L.cl ru 1¡,u. Srup "" "hen! to <>ltln~." ''" 

01 <uur\c, lhe '"Ir urHI<III<ndin~ 1¡ ol•or·• iou¡>orlccr. Uul o Cjt<ful ond 
PL<<i>< Jc<io~<Li~n of on inw<~focr unJcr\l.odint 1> o he~'~' tool f<•l odu><menr 
•nJ "'"'<l;on. 11•< "'"" iorr¡•~rlonl ,.,¡, proJJ<ICI DO thc ~•t '" <l<o<lo•pin¡ o 
~~~~ t•Woiu<L ;, on lmp<lfc<t ~croiun. ll•e hun1on u,inJ 11 on ÍI<I"Í>C P<<>·<>· 
\01. lo""'' du<l on¡rhin¡; for<<i><lr •i>hL 11« fu<r tilll<. WJ11t 11 do<> l<<n¡~nl• 
rn•r<l¡ ~cll il Lo""'' o II<J:Ill impllll<lll<nllo o flo~<d pruJu<l. Tloilil ton du 
opin ond or•in. Thc ideo o/ Jc\OII•pin& o fl,~od colf1 I"<IIÍttn on~ Uo<!! 
,.r,.,¡,t •aJ rclttlirl& 1~ ""~' Ir ti¡l" " o "'f ol<l '""· h ;, rolle~ r,..,.,.,c,.,¡.,l· 
1\'h" 1 •m piOpo>ir.¡ Íl on <n&inc<tiu~ •pproo<h 10 on•lpi> onJ te th< uu<· 
onoi¡IL inltolocc ' 

Tloc r><<lucl ,¡,., i< ilcul<d i• lh< <n<cr¡ln~ 1¡\l<m mr.l~l. '1\'hen thc 
~;cr nr!L "" 11, il Í¡ no ruorc lhon o rou&h Jro~in; rnoJe riol.l in foonl o(¡,,., 
rlu>int 11•< rJi><v"i«n. 111 lh< «•~. 11 i¡ on intq<JI ~·11 ~r '''' 'iltvrtu'<J 
Sr•"¡r,.,,;.,,, 11, ¡l,e ,,.,, 1« ~e.·< tloc f•u•l 'J'"¡¡,,,,;.,n, n<l. •"~ '"1) r•o' 
VI 11 III~Uid IIH< ~ocn lft(JI> hÍ! 11<>1. o holf Uut<ll lirll<i <•l onu,., 

1 riiOil\ÍC·II"I 11"1 ~>lu<ruooJ An•IO>ÍI nlh lol 011 ;,,,.,i,on Gf ,., "/'0;01 

·¡¡,¡, !·~'"' ""' "''" "~""" ~.,.,.,,. it io aol oL .11 ol>•iou¡ ~t.•l th< •i<~¡o¡,O,.¡ 
,,r ,._,;.,¡ .,,,,,;, ¡,., ¡,,.,, r,,.,; '"l '"•J•n¡ d r'""-'"~' ~~ cr,,¡;,¡ l"«n<· 
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rc•1 "'u o h"rl!"~ "'~"'u! "''1'"~ r>mllnns ·"r! >rllw111141 1! 1u"·~J<u! 
1\~·w IJ ¡•U.\1 'llt>!U»U'" ;1'""' "" :41 ru• "IU•unJou• ,,. i1>41 )u ''""S 
·<¡¡nr-nJ· (~ ru• IIU!•lJ'P·'4l 'l>llnl<.'jliU 'lliii!JnJ4 jU!IflU!I>l '<IOn¡ Un!l 
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::;_ 1. ' • ' " ~. " 5.1.:1 ,. 
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(' l~flS.i.fn¡ I;OOI'Illi r;flC.t.Ol1ol 1. 
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·r,f!TJ>'f:J 
iOp SOU'fW,\;;•1 l<'' ~ap<•IHS•J:JCIU SC•'tb•3 ,tt>tUC>>U¿>JdWT ;;¡, 5•.•'1-Ul• 

fi •Do¡ot;,,p LJT,I'>f"ISH 1'' '"''b Dt ,_\T)H:>;,o¡. "''' ¡,.¡n•lscop "''~Tt";¡,o :.1e.; 
-.rot Pt>P"Ft.~·~;,o [>llro s.;o Op<> .. lnt:Jro .. q.S3 OI,I••S>o] ¡o 'Ol•~u·, ,\Od 

· .. o.o>/\{05"'-' tqu.,qu; as ;;onb <M<>ItJD--'U 
[a <>!'<b S•~UO,::IDJ;:>,t.I'.>':¡.Ul ¿> s;¡,·tUOIL!Odl"O~ 'iQWSl'l" 

1HJI UO:I 'úW'31-ST!> [;oip D:J"fnb.l!;>.<af !.t<,JT:Jf"ltos DUI• a¡, 

(St.owat!o!S .,.¡, o¡..v¡a¡_JOW <>p St•tUdl-<U<U,L'!\j O).JUt\~.1'¡ 1'1-ll) 

UQf:J<•.«>qu¡ . .,> D( "" OpD..If"ltJn .. l•t••3 OI,L"STJl 

·u¡ncnJ"t:>Mls.¡.·u~!<l nw,qqo.ld ¡•,r, .l'!tqoscu 
\),lt•d (010\):J ¡a¡ OJ..l<O:JD>¡ ap O..l<IUDW D[ U"' ( ... rlb 

[CI) .\C<.:liHj •::>Ttl> "'l'o'T1-"S oSITib '>J (.!Tp'!'J<•i>) ..<DOO..lOJSUU,If 

''P osa:>o.:d !"' sa opo.m'¡.:Jf¡.I'~S:J <..oi.,L<>STol 

OpDJ"F_.f"fU6·p; 1<! ,;;;o 
~1 .;¡p Opú~~~"FU6!S l<! 

"O~o.Hq__•!o."J.S:J OIJ.<!!>'f¡j [V SOWOl..lOP lHOb 

(1;ln;;> .!t• .. tOT::IO O~.(OS .. :J;;oU S<! '1')-firl l OU~W.I',V; 

U;;o U9T::IOZ:1..1úpUt>""¡S'il ..10foúw loUro lo ;,,pLl<'!'""¡ 
·~H •!!M.IHI•t• •ij '·;;¡-¡o; '~(•¡>1.•.tn""¡:Jn.t""¡S;) Stoq<>ro.ld '<•f>C>.t!'q:>f't.<].S~ 

LH/1 ;:,t>""¡U<'l dw [ • •opt•Jr.•p ro.t""¡S] 0>,~-~S hl • DJtV.llo'¡ ::l!'t..!""¡ 53 s~s ~ I',lU l;l 

't•pú..i.Wpn.l'tS:J \H}fJ1JI•Jto,IDO..ld fiC•JI '0(Jpto,\!'t'prl.l""¡SJ, 01\'F'+1.•:l"f.)ITt•:l 
l'iiP• OS lo 't<:> O..l""¡S'-'lololap O[ 0010;> 't•¡-fiotOUJW..!'il""¡ <op ¡a S<! '-l~•.l'i'u,¡ofj 
u•;>rc;r·,H•o~ .mlltoto ;;or,ú ,;uw.-.lqo.J.d so¡ "P ou11 •ofi..1loqwoo U'FB 

'5U\;D:J SOl ap l•'f.!Oflt•W D[ U·J 50~'..l0"p!'•,j5"f'l-\:•<; 

,;opt•""¡tns.;~,, ur1:1 .;¡tuawa-¡u.;¡n:>,¡>.\~ opDZ:"Fl'F""I" LI0\1 :,s 
":J't<> •unop-•jo-¡ oy.:o-sl•l •.t(>[f•IJ'-'~ UQ"f:>NJ!>.ti;o.!J •opo.ln'j.:.lh..ljS3 
I.•<,JlJt•Wt.<.t!iu.l,~ • !lWO:J • SO:l'FU-17_l ·.~.JN1'tJOS '-'P OT[O.l.lC>S;;op 
ra <•.JC>O:: SDJ~U=>7+ ;;op odn.tlS ur, o ti r•)'JflSO['fJ to";onu our, <• 
u<,l'f:ltl'l''fO ·!'1-"""F;,.-;_>.J:I optqs'l',H1 '''-1 "'"' •so.,..o sm"~1-ll) SOl u;·J 

0\J:JS liJ 13 o . t 

• 
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Ldst.;,n 1.1n.:. soor·i.;, ti~;< p¡•,·,¡,].,·,rl•.IS 
?>'O!Je~los .-:~,. ol&<:.~l">'Ollr· <:Jo;. 

c:OI•i'lll<·"¡ •.! ,),"\ 

.,;oft.w.¡o·-., 

.. 
' 

,,-,.¡or·f" <J, .• 
JOS <¡<Jo!' o) 

CPntinuqcJó,, ""' "'''""'"""" !¡o:• 'J~.'kW •J-.l() 
•.lprOlJ.~CJ•!oJ.<:: wn·•l "'' d ... ~arrolln: 

dil t.t:•.~n.i.c:"'" 

1_,_, ¡n·inc.i.¡.·>L ~""'""'~""'"''~i'l •1~· e'>te v•·ut-lo;,l'l•.l ,;,5 'l'>•~ 
"''"ndo 5!> det.o:-ct•' '11• r,•tl'•HW -~ llol•l d•">Y.i••Ci'"' .,,., )1:1 

1-'''"~-'•lP'J'~>t.<JdOo ''S ()..,,..,1-,i<lc!D t<lrdE! J''ll''l <:o•·r~~.Ío'l<J Ad''"''"" 
I<H• snl•H i.n>><:~ < rnov.·;n<:in~><lh~s c~p1.iC•ll'd'!S '' · :.-·~"!J•" t.os d~· 
'-'~-l'ct'> ó.J•e,us no so•> apl.itc•Jhles •ll .. J'"S"l"l'rolln de Softuo~r.,•, ~'"'' 
•'·J•'"''l'l"' c.n~·•dt>" ''"'r.•trsos h:Jw:.'r.oo;; t.i"'"'' ,,,, .~f.,,:to ,,,,.;; .. ,. 
p•wrli• ]Jl'"''h'>dl' •.•101 l>J lo.'li •loe· lio'Ooks (1). 

~.dd i ng '"""P""~··· to 
oouk.:·~· .1t lo>t""''· 

Su-flw·~,...,. 

• 
• 

r.ul''l"''"'"Jo C"ll nt.I"O" ·o:li.•;o·j;•lj\\•1'> ,J.,, Ing""'""'''i<"lo el 
o\,,_L,nrrolJ•.;o de Sllftwoo•c• .es ]o<!CÜ f'\'<;h··;i<'ll•ll, rr.,.c•J~·nt••P,.·\1~(' 
lo;, "ist,.,,,,,., t"ndn..,rJos <lo?J-'111 po~"" <;o')f.:is-t'•H.<:io,1•)5 •l 
"S'I'-•''l'!G 'J l,!ir,•.,fln,Jn>'"'"''• y ""'.Chü•, Íl"ll'.d'.l•'d<ll'l•¡"'i <o•;to l'I•~V·l <l 

•l•H• <"'1 •JPS'll'l"Ollo de So-ftw•lf'"' ""'""' <~11 \]•'11<!1"•)1 1\\l•l "r:t.~,,_¡,¡,.!,; 

(.,; "''ll fo'i·~'-'"''t" "'''' Ul"'' ~···! 'l''" (,] 
•1 il•.,;•I"CJ', f",lJ\e Yll•l !J •:>tl"•-' 'veZ. l.o~'i -f<ll\•!5 poo;:,je•n 
1''''"''"""'' "h•.i•H' CJ ;J<:UI', -:;., p>wden p••O.-JI![:i\' 
.lnroo•re:~tros qo,., f"'l"'?ll 1>l•V1Vo~rtido<s 

~ .. isl,,.,,.,, ,-.. 
no t2nl~1· 

¡·.,'l•!l t•Hlos 

•.:'J"l1"" ''" f.'ll>Sl.o!.O>'"•'I ,.,, 
. ' 
~ .. ' ,,,._,,.,_. ,.,_,.it'-n 

•, i.r. 1,,··0·') 11""!)'1 

"''~'"""' <:"" "" 
,, -¡ ,.,,,,,, J"'" • ,, 

p<~<l.--4n. ,-,~•ll.i:•·•·· fq tUl" O)<; C:o)~>b.i<'fi 

' • . .,.,.J •. , .... .J .. , .• ,). •.. · ... <' 
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r.;.quJr,r•·:· . 

.f.:nt.•·:nrlo<r có•••O t.ral-'<:tJ•l el sisteo•n •lctwll 
Concet•:u· .-1 C•1Mb;_,, 
Clll<:•!l•or' ¡,,., ,.,,.,;-l'¡.,,,r:.•nnes d,..l <"•Joil•to 

L<~ i<le~ :l''''''·r'•1l i:c<td'l oh~ c•ril:j_en•;;i•\ ·~•'·'·/' .i.n.Pl'"""ci.'ldo 
!"''•'' l·t 1•:"''-" .-.,, '1''"" .;-1 ~o~t" <1,;,1 ;:wot.,S•ldor r.-nt.r•>l er<J O>OJ!J 

s••r-~•·~c"' n lns ot.·os ~osl.to<;, cJ,¡. oJq•J.I 'l""' :.•• Lon>;u].,,.,. 
,_,l'¡~i.~·l\lo:·~ '1 lo¡:. ¡q•:nn•nmn~ •]11~ <Jptiou·,:•)n •"1 'lSJ Q,"1 

f¡l c-o~•l'S'1<1::-r Ceoltr,l "" l•.!!J<lr dn olquellos '!'<•' hQn:·•-· u~n 
,=.f, .:.t•:•l\lo~· do? o'E'CUl'SüS <:!OC:USOS 

Con L'l to.L5iC1'1o F<;;b••n:t•J>'<1<Jo ,_·, .. ¡•ret..•nd•· ~··•to:l' s_·st.e"'"' 
'"'"!.!·'' r:c•• ''"t'·>'i':lti.:.:1r. .;,v.i.t.;-n lr>s .-.rohl<0-0"15 al't"s ,-,,.,,ci_onu<tG:; 
(o¡ ¡,f,o·os no •··~·nc.t.<lll·Jdos). 

n Obj.,ttVO 

Ut.llt•<> 
M•l n L,.,,_,_ ¡, J <·; 
r1ndi •'i.c'lbl.,.,-, 
r'le;.;lbh·o 
1~ 1· ·i e i. ''" L<"; 
t;.~n.,rulc;c 

Te"!"~' ,;:st.u<> ,·_·le•••e¡dos ;.on •:'w•pnnentc,r; ,¡,,, •m 'lb.)o?f,_;vo "-f' 
,:.; l '.j.,.¡ .. 

-------·---'-~·----------~'------



• 

---·------

· '1'1"'"''P'' o'"·'·"~ '•''l ·¡• '" • _f Tt><:<·• 
n•.,.:.f•JU": )C• i"·'•fil".lul'ni''•' ,-,-~'""•t:''l'.' 

_,,,,_,., ... ~., ..... ct ~-••• o¡,u;.,,_., <>r•<•:::T••T••r·" .,_,.,.,, 
'''"•'1!;fs ¡_,o,,,;:,~ ,-,;.•i.>'" ··'1' !J'+O>t:Ll 1~ ··•1Ui.ou¡L"~Ij 

<~ 1" a<~~t·~ o..< ro •J a!> ,.;.-, ; 'l r B ,-, ..t .w;. 
s ~· '-"" r. t>.-<1. '" 1 u"'""' o.¡ u<> L> r J r.s 

t<<¡T.'>o,'•,'IT [•le• t•¡ t• '>l•f'l"'OT~l\•(".t "-''+l•cii•I)'J<¡j 

;Ul'<>S '-'''""'+Sf!o ¡:;.p .:;,,.1,10d 'h•l <.'f-il\\•I,:J ''l'(":ltY'fU'!'-1 ~.l;¡q 

•."qU>!FI~~·u;:••t•''-'" -~p o-~~o~ t·-• '-'tll~•·qs "'"''-"'''-"\\1 "'OJ 

utd<llL!O...!d 
U'lOod',•H)-1 

:.··1 "'-' "' •. r• rd ,_,.1 ... , " .. 1 4 ''"" , _, ,, r "'" 
r. · ''-''"' ,, b"' .1 r. •1 ""'" .,. ·¡1.: ... ·p -~ , ''e 

.-•. ,, '+' '\' d 
'>')Wf.'I!'TS 

··<•I u.:ou.,ru 
... "., "''"" ,, l <1 '" < 

(')•1•..: !''' ,.,-, ,, 
o)]' 0'-i-I>C.) [] 

Uo)TJU'•Ll"'W•Ji'd•~l l 

' uro 

:Sü'' ),,,.t¡;lo 

¡¡ooon•lf, 

""'H' "''"' [ '-'l'"'·'ll 
u~,~ .. , n· un 

-( 501-~· '"<!) 
L"i-U''"''"'M"J~ •i''¡I.<·"'"~'"'!'''"}'!O:>;¡< ,-;D<o.;>1-\0'ro, J'f':COiojou .. o.J :UtCJ"i nun Ud 
upo:o.m·~:>n,Jt<;:~ '-'IJ;,STI] 1a¡.. !:;0"11-arqo ~,o¡ ,!l<•lfo'i·'•~< '•"'""'f'Od 

' ' 
' 

... 
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IPw 1 """n t•ll · i.ü ,·¡, r>.> n +. ,; n i "' l .-•n t '-' '' r1ool ; <'J. ,. " c.t ::." 
¡.,·:;•(•TI ~J<cn~·rol.PlE<llt•_• oo.in>P•_i.",!•lriOS ,.,,.,,-.o:Ju CoJ<l·~ ~"l"'tv 

dt<¡ !,;t<;¡t,~'"'Q C(O\-f't>SpOOld•l •l <?<•oL1,Q¡o¡._.Hl·• 'l'1<l )',,JI'Lo" 

hittn •Je:flliid•\ IJ p···qu.ci\U do;,l !'''•)~•1.0.'01•"•• \J C•vloo 
l"•el<:~c.LO•> ,.,]t,p,-~ p'1PlP'> ,¡.,¡ sist'""'" ¡;,,•r.;,;,¡oo"<i<l sol<.• 
,, ••telClr.;Ümes o:mlr,¡. p•ll'l"'> d..-1 pPO!>leo,,-,, 

[c•;tn ,;j:¡r.ific;o) .¡o¡,_. "'' I"Jo.•n d.isd\r• ''" Hll "'J~'»cidf"l 
~::; 11 >i¡;.l 0.-,lt-•· "" rliYi<liP '! or:;;•,>H.!•l>' los vnr+".e,~ ''"'un si.sl·~"'"· 

• 



• 

I•ISE~O 7 r·,,g. t. 

• 
;:'_0 LI\S HIEM:; Cf!Mi''Lr::CH':N 1 f'ir•'1 ,ii·l 

r•._,,.,, <Jlc.-,orz;n• Jw, ol•Jcel.L·o~ do"•l di'i•·t'IL> o><;tr-ucl.<Jl'Odn- ,;.e 

''"'<1\>\¡:·r·•· 

Un•l 
,,,, 1 

h.-,ri-.,, l~·nt.;, 
s.~st."'''''· 

ol,e. owdel•>dc pnro. ¡.o l•n"'"' r 

Al!j•JI1<l ""'""'''"' p<lP<I cont,-.olur 
d,_., .• ;; i s t,.,,.,,s no l>'-'"-'-•1lt-·~ 

• 

' " .. cmn;; le .1 ir!n.-! 

;": 1 [] Molfl<··i(). 

Ll\l Mmü,.Jc• .,~. ~Jn•;J1e•••:nle un c•Jeqw ;,r,lenud<, rl.-
hot1<'Jt,'>i" ~rt<l'r''l •1"' ''" <;J•,Ieom ':•>~•q.•l<•_,,; •'•!ii •.!il L~to¡, .. Lo j'I·:J•' 

"'ntew!e.-•· oly(m n<;!J~'ct.o de loJ. infJnit•l ·~·lri·.,rl•.".l ''"' ,·,1Jnc, '!'"' 
l''"'·'"''-nt··• .,¡ '"'l>VÜ>• :oi;J,~c•:iolnnnrlo::> 'l. portil' <t;, T><0 l'L"'pCJones 'J 
•k ,.,,,r,.•r_,,,.nr.''''' :,.,._,,,.:.,.;, •n• e•"~' po d·:· ubServncionO.s 
:¡m••~•···l"'s ''"lieo:;Pl•"•!; ·•l r•r¡,¡,].,roü ,.,, <''l•·•;Ljt"'· 

·l.n·o 
()''(111 ' .. •le>• 

,;, u rj ·~ l 0'5 !''''' 
•': •:"" o: i ,, ,, .• ;' 

¡., .• ,.,,~nlnn 
l'lOd>? J {> 

-1~- '/ol\'l_<o<_; 1,•~""'' •1'- ("1)0\(:) ... .,., .. . 
5 .i. f-o'J 1 • o<\1~ l' -'"!' ' 
.J i!;c'-r· e~"''"' ': "' 

.etc ¡_,,, 
_; rog•m L"'l'i •l 

•do?l>ls 
~ !';1[ 

<1 ,,~,:o>J.q, "'"4U"'-I.U"• 
son ; "lf·"'l"i ,,.,¡ ~s ···n J,,;; 
~,;,l .. r.r:in•• ri-";•,..\1•1"' tJ,.~¡ 

:,,,,,¡,¡_,.,,., .,,, o;,•e•st.'.lo.-,, 

' 
?o'Ol'il. ;,lCon:;:a;• ]no; nPJi,tivoo, >lo>) 1lir,r('o f:¡,t 1"" •:i IJ!'úd<" 

-(••:;•.o e'"'"'"'< dte u\\ '"">1"'10 e• no 1<l.'> ";_.,·••i·~n; .;-,; ·. . <::·1 l'<o <: 1 1:<' J ·~t,i Cu": 

• Grú1·<.cD 
lliv!«ible (~np-o:l("l"n) 

•.. _, >J'J·""""''· 
1~"!",.,., •he l''''"ht:.<l" ~·J !:"-'''''t.n•tno·i~nln d~·l ~i~'-"''4•1 
il•Je ""'' '''~" (01•~ . .-··.,cn~:~·.l ,.,t.,r,·;l do·'·l 
.;,¡t¡li'Oi<. ~-=~•-·Jt:i•J•""ln 

tJo¡'-' "•I)U •_;no) "''l),)'>ld•~ ,-,.,-¡_,ll'<ll pGl'•~ jr¡ 

h•~· 1 ''"'"-"ll' ",: ' .',.¡ E <o ll"<H:l ._,¡·., <1 '-'. 
Da<::""''~''t,-., ,:.,, ]'-'""·':'' .-;,_.¡ ,. 1 •. t,._.,.,1. 
l'ly•¡,;,. ~"ll'-J ro•mt .• -.,,..r ~¡/c. ·.;o•lifi~:•><' ,,1 ~i~''''"''' 

~--'-------. ---
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• • . 
" Cont.rc.l '• Col'lplot Jii1(J'l_ 

Th·~ b·~S-'->; pott.-rn of roy 'lPPl'OQch "-'-11 be to 
caMpos.;, th"' Pl'O!J·;..., .. c~.n '"'ll'Jte 5tew>• deciding c'•lCh 
t:ime os littl~ os posi!Jlee. (\s t.he !J''oblel'1 •H>o\ysi.s 
pl'OC.,ecis, so cio"s the f•IPt.h<l'l' Pli:'fineM,;,nt of 1'1!,1 
pr:o!]r•lM: E. W. liiJKSTRA 

' L" herro.mj_o;,nto mó.s ó.til \i•)l''<l <·1 ¡:ontrol !j,, cml\¡..l;,jJrl<o<L 
c•l> •1l diseflo de, sist'""'?" ec; l'l l':•lJO N"gro. 

U11<1 C'!.JU Neg~·" o;>s, un ooeet>ni<«ou fi<-l 'c,,¡ol •e co>·>r•te' 

S•Js ,,nt>'•lclos 
Sus Sollid•lS 
Lo qu~ ha<:e 
No ¡;,., 1'\.,Co'"»t•.o S•lb.,P CÓOlO lO holc .. 

• 
C•Jan<io l<J~ dis,¡,11os .,·., hoJc.:;,n con 'c~j<l'> n~g,·.~s P"'q'"~"''"' .­

.in<i~;:,·•wll,.nt"'" é!il•l!> ~.nn fltc.J.l<»i'.n~'' .;-,nt•<n<i.HI<\B• >-robnrJna. 
<:orr cegvJas, "'''nleni<),,., cr "'o<::li fi<:"ct"s. . . 

El use>. t:IE" lo COJCI'Ilegr•l poro. •:ontrtol(>l'' l•• 
•k·l s~steooo., ,.,-,d-'-t:•l ''" •H,•iriir .-,¡ siote"'" en 
CU\l~·Ct•ld•lS <:j,;, iJll fOrfiH? f]Uf/1:, 

cooo~l«J1dud 

C•lJUS lle!l'>"'lS 

C·~d·• CaJU Ne!Jru corre•,.¡.on<:l>l. •l ,,,, J1•1l'lce l•ic-n 
<lef"ini<l•l <led P•'0bl'"''""· 
C•><:l•l C•Jj>l ne-gr•J ,.,_.., f"!lxil <:le entan<i"'''· 
Los c-on.ec<eioo•t··s .,nt>'""!- C•lj•lS N"!J>'•l<; cC>l'r<'spondul\ 
'l ':•llh:·~ClU\1~·~ <iPl l'r"IÜ•"'l>l, 
L•lS conc?:•::~.On>.'s .eTltre C"J"" tlegr•JS -.eon lo Nós 
<,Üopl,¡._ pos.i.l>le, ""' tal 10oner·~ <f'Jti' los COJOS 
N<egr<1s se•·m in<j.,p;;r,dient•·_<¡; tml.¡·~· sJ 
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Pog. t:~ 

• 
[los H6d•-llos son tot•llmeo1t<" .in•J•~f>i>W1.ient.,s si coJ.d·1 •Jl1r1 

puedo¡. f'uncion'lr COfllpletOJ"'t?nte sin loJ. pPe'!'o<-nC>.•l del otPo. 
r¿" tn <ifd .i. n j e <.ón i 01 ¡o Lt ~ •l q•.h! no h ''l!' j nt "''' ~o n ,,., (.: <.: j one s d j_ ,, .:¡.etc~ r; 
o iml.irectils. f-><T•lic.itos o ifll¡.,l.icitUs. obv.i<:~s '' osC•J>'•lS, 
···ntn·, loe; Mód•Jlos. Esto morc•l "'l pomto c.:>ro en lo:~ esc"l" d~· 
"•.lep••ndo?no:.io" e1>tre Mó•julos, 

'" · 11',d•Jlos. 
~"'neroll, 
S i.H' (¡ o'\ PH~o S 

eut•·e Mó,; ln•.ei·con.;,~r:i<>n"" 
dep,.ndi.,nl<l"S «ntr.t si. 

El ()c;o~I•HI1••llto ··''!:' <l\"t>l Ol•"didc.o t;l,·, l;l .int~·•·ri;;¡:..::w:l,¡,ncio:t do.'' 
' ''" Módulo r.,.;pecto '' olro. Ei1tonces, toS Móduloe; ol+.•H1.;-nt;-, 

ae;:;plndos t-sV.n OJnido5 por int.i:-rconf'CC.iom"!> rigid'ls: Los 
·MI,•l•Jlos IHl\!Jol'ÍoJ.~oente ac-oplo1dn;; · , .. c;l',o,¡n U1ili.'!OG ~'"''" 
i.nl<·rcc>n,;.c:cion<i'S d~bil.,.s. Los Hód•:.los nc> 'lcopl<J<Jos ,;cm 
"•<'-h'·llos qo¡e no tu:-n,;,n intercono:•cci<:m.:~. 
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4. 2 Tipo<; rle "lt:opl'lJIIiento 

lo\(>clu)n<O., t•o,l .,,;; •:•'.'' <'\n ""'l.s 
IOE'JOP, 

!1o1ton 
Est.,.,r,o<l<> 
f:(>nt.r<'l 
Ar.,,. cooo(Jn 
CC1o>to:n.ir1o 

"'"'JOr' 

<lcoplalll.i."ot.o ,.,lltl'" 
ind"'r•.:-ndl.•""'·"'"'' U 

• 

r•• •> 1 .esq•J .i ,_., . .; ;:1 <>5-
,e\ dióó•·flo ·,,,,.,., .. ,\ 

Fi ~,-,, )';'''''5~·n1.<1 "'''5 c!o-, •m ti¡...o 
'•H'o<1•.l"•;, •'" ~1 p"'Or <>! <l'H'.' ••¡...Ji<::'l . 

•lCOp] '101 io-•toto 

".?.. • ~copl•Jnu_e,to de floJt,os. 

CIIOno:JO solo 1 os 

~·-•-·~ t,JfoO •lii.' •lC:o>).ol•lnj•:olt<:• .;-s ~1 "'''" 
l¡····:h•l• ,.,,,., 1 <l'J ,,., .. .¡;is~-~'''''' !'''''''•:· ,_.-,,.si.>'>.Ji>"l•'• 
.,1 r;o·,:ico:> o::.cC~plo•·I~•HILo t'e.:t de <luto,;. 

d"'s~·lbl«. !1 
rlt- t•11 <>I•'JI'\o'¡.)''Q 

fou•, '"',rjo¡L<¡o; !='•""S•·ol"I.An •1C0¡>l•>e>io;,'lt.l\ d•; t-•it•lmporlü ~~ 

>'E'•<>'•·-,;d.r••• J.,''"""'" t-st.r•Jt1,•n'•J >:lt? •i<~tos !no ¡Jlc>l:>'lll 

¿st.,. t.l!·e> dt- O• ''~"~'""~-·nto pl'.;·~ent.•J ·•l 
p·,•ol.•l,:.r.,l: U\\ <.il•lt>.l..O NI 1'1 "'St1'11<'t<ll''l rj., d·~Lc~ 
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¡;;,.O'flléo,J<.lj Tj.• U"''''¡j ·.•!> <I[O'Jfolo:l 

"''~'" .,-JI·'< •v o1"''""''-""1""'" T:l 
• 

• 

--··----

.. " 

r "' • "·" J I.Lo'·''l '-' q '' [ 
.,-,z:...-t'''" ,.,,t) 

'''+llC•ld 1 tolo'"' 

tóO[To¡,;J·> SU[ 

-,,_,.p~ou 

""''·''·' f 

.:.•¡.¡ 

l =· ·_ .. ~'"'·' T lJ'O..!•l 

l '?. -
U'?'+~•-~;; 

'1001-t•v ó>p T).qo{fi ua.<v '-'"'"-'"' '"'" >Hr~-<H•l"-'<;:.> <<> <-""-•'-' 
O'l"'"'"'''lrili:-<" ll1''j01'35~."! Of\•1•'-'~" '>V a·lro,<íi c•{l 

'O'¡l•p Ol\1<:;1"' i•' <•.11•<J '5\JPl·~lJ [Lif''o\, 

!>e"-• '·' "•<'P "''''•"'< "'" upu1•11.1 .;¡, ¡:,,,r¡; ''l''·"iT<i D'ILt<l<·•·T.>I':''~'\• 

¡ ... 

~·p 

'•OfJ!o1<]Pj O'j-lt'Ht•Ff•['ÜJJI.o• t>p~•l.:l\"(.)liMJo 1« '·' 
01"-"fto:O;Jo:t<• (·' u<:n OP<"J<•P"\".l D .. d·;1 [__,,; "11 

[U.q.•ou~ 

ro.q.urn ilp 
"1' <11U<.•J·o;¡o¡;;< Ufo <;;OU"''" l'' UpU'•~I> l!t·~J•.Jiot"U.) 

<.1'1-<-k•Jwf't•lo:>to '"'1'''"5"'·"1 soql•~'i''' ,;u,_¡ 

:.>~ (!'iel''l""'JdC':I•• ]t• 1•:t.t<3:><• <>S 
'-'iU;t']' <1¡J l•.<ro¡:l"-'1,..' (''·"•'1-'"' fi 

O"¡JI~T'•"'I'-i<JJt• .;q, 

""""'l' ""'' op<•T>sro 

·c;nito!, 
,, .. ¡ q ·~1 ..... 

'Of\,_t<•'JIO;' '''S 

01,13Sl<l 

' .. •• 
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• 
4_ Eo; <(ifc~-r:il S'll>>i!r qu~ n>O•l•Jlos usun qul· dfl1,\H>. 

5. En ul!Jtlnos IPng"''.J"-'S 
;ms<ir.ill" dé lns oi•>t.o•­
'lJ~m6s del proble~a de 
•; •:• t .i. <' n ,,, •H> J;l\'0 !1 ] •7•N•1 <J ~~ 

COMO FORTR?,N, don<l,;; ¡,, 
n CllMMIJN t·•; ir>¡·<'•'<.'lnt~."' 

o.copl'lMiento <le ,.,,....,,, cow·,,,, 
•lcopl•lPiiel-.tn oiP est.;nq"'~"-

' 
6. Un <Cil'ror ""' c•JoJ.lq•Ji~·r• NCHJI!lO tJS•lnrlo ,¡ (,,-.,.,, CDOJr'm 

pu.,<l•• aparecer . .:-o otr:u o>ó<I<Jlo (qu" tur•lo-'-~" us,-, el 
<'tnO<l t()PI(!Ii) \lol (Jilf." od 1\>·~·•l r:on>l101 1'0 ,.,·{ó, Í"'Ol.P.\J!.cl() 
1":''' ninqún noódulo. , 

. ., .. . , '. ' -· 

Un ••"''Í'I~O ,,Jter•l ¡nsf.;•ur:<:.i•oi'IPS ~n ,,¡,..,, m(.,juJ,o. 

Uro ,.(HiiJlD ~.,f,.~, . .,,,;,\•1 o '"'·"'•ia d•ltn~. <.Or•t•Ji)j<lo•, •·n 
ob·" P.0r1•11o. 

'. 

(! ¡•r<Jbl~•l•l ~¡·:inccipul .,.i, q•Je •J•l r•HlÍ'-''· 1"-"')·.'f.'\1·:> \i tic> 
'lfi')"•''C"I11"!n ;.,.,,:O"•¡"I"t..i.' •) 1!\lP <1o"• !'.l'l"o r,(¡•]l.iléo~ ~·'h.''l•· ¡fi,•:5.:['!.1<:C'JP' ~\ 

., ,.~, ,·.'•-:'•:le, '''" r:••·:.!q"-'•'l" \.,.,.;_., •Je 1 St"'"'''"-

----- ---·-----------------------
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IIT:.l[:t~CI f'•l-:¡. lll 

• 

5.0 COHESlotl 

i.:<>ho·:$ 1 énl 
'\Sn<:i<~l:i{on <:!"' 

i:'·' u,,., n1e<ii•i·1' \¡,, 
tos ~·Jo¡,meñtos <!··:nt.•'<J 

Un .:-lem•~nto "s: 

UtH1 ~n,;tru..,c1.bn 

' 
1•1 ~··l••.;i." :.c•"t.1D 

de •tn ~,r,;J·;~o-

u,, \Jl'l.lf'r:' d.-· '"~triJ~•:iron··,;, 
Uno¡ ll•lM<ldO \l ot;•o o,f.d•JJU 

' .. l ,., 

L~> <J-.·~"'·lt•l<O tene>' o16d•Jl o,; f'•Jt.el'te,., ,,¡t." Mento:- cohesj vo~. ., <Jer.ir. ¡o{>rl•Jlos r. tJ 4 (HO •)leooento<;, o:•\;tón' nli.•lT"~"¡T,•· 
,- '·' J •1 c.;.nno]<jo:;. 

C'l•l>'•'lm•·nt,,-.. ccA'"'"''ón lj ··•r.o¡o!•>Mi,¡.n>.o •:st••n 
r. ""'~wo· coh•:<;it•n d·:· lu'> Jllór!•.Jlos del S.1<,to·m•l• 

1\)o;->1<1'' •lCUfol .,,, o'>nl·.o. 

;,.lacj on•Hi,,s 
,-"· i 5 t .,.:, p l 

5.1 'r.lpns d<' O..:,¡lwSÜ'I\1. 

l." 
•J.i '•' i •Í lWJS 

rf'he!id !no rH.; 

._.¡ sisto~o"l. 

<JIN ~._,\J'ioHl•> Oh''fj 1 cJ,-. 
!0/_¡_o;t_ .. , ¡,,o; ~_igu.toent.o=o<o 

F·Jncuonnl 
S•?CU<'llC.)_'lt 

-· Cn""_¡nJ o;Cic;io\1 .1 
De: r,~o~""i"'i..-mt~ 
f, ·•·•pcn''' l 
I.<':JÍ~•I 
Cu; •·ci<h-nt..~ 

.-:;,_.,,,,¡,. 
cc-,_,..o:i« "l"t,o ~. 

,,,,' ,,,. l·• o'or,s.i(>,, l'unc:_¡_o¡'"'l 

d(• '1""' 
l.i.pos· 

' 

l'o1l1 J>~o~\1 

l-'~''-"' l " 

• 

--------- ----· ~~-~~--~-~--- .. ·--·~~.---------------------
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5_ l. 1 

lh• "(Hiool<• con cohr,sJ(•n •o•mcj,r>n•ol >eo. •••l'l<·i o•n ···1 '1'''' 
t¡¡o1o<; l"•Js el~J'h?ntns cont.rib.J!J•'" •1 •nN y :>oJo llll<l t·l~'"''' 
uopopl.:'l:.•l; c•>tl" ti'l·~•l..,n-t•• "" ¡,.-,,.t,_· inLegr'll y ,·,-, e:c-f'nC.1•o! ~"'''''' 
l·l "'J•~n¡~_jón d.,. ln f•>~rc.ion del WJd•ll•:l. 

:'j , '· 
lh1 Oo(o•IIJl.n .-:un coheSiím <;o·o:UEilJ::.io>l *S '''f'.lt--'l f"ll o>l <1""' 

s•Js ~·leoo..,ntc>s P5Uon ir>volu•:i•ldos ~·n tno·'"'" en ln•; q•Je d"~''" 
'f'"-' snJo··n <1·· •Jn "l"'''"'"to sirv<·n ~,. "'"'·'''1<1•1 •> otro el~""e"t<'. 

L '"' 
•o•;u'l.l.,ent.E­
o:r.nt.ien.-.n 
cr,nopl..,t•l. 

r·•l•d•J.lo.Jf. c<>n ~,,¡,,.o;jloll S•.'COJ!,n•:l•>l son fll~·l't~s. 

t~en<>•• huen oco~·l•lO)ient.o_ No son i.•·i··nlos pm·q•J~· 
V<IJ'<•l!i f•no<:ionPs <¡11•-· no forN•>n OJI''l 

1
sCJlol f<JI\<:i(,., 

,. 
·' 
U;-, od;r]o¡Jc CtJo> <:Oh.,s:ió•• r.onur.icac:innul ••!i 

n • ¡ "'' •·i' , r, 
h;¡;·.o., 

j)•ll.t"l••-

,,, 1 '''"' ., t.n•, ' 
<,,_. l'~t-"ú·•··· 

npt_,•i_illl~o·:•• ('1 •1lff•l'•:lllo·.'S t•l•'i•d"· pc·l'<' 
n lor, •LiSN"'• P•lr-'"'et;·n"; rl.¡- .e>otf'<l<l•l 

' _,-l, ,., u 1". d"' en 1 ,.-_. :·¡ ; Ion "H f'<H·••t,_• ~;.:; q"' ' o,•l •1,.1>''-'P''"'; 
•l" run<-J.nlh:r. <J,~nl..V'o o:! e un ,.,/,d•Jl<.:o ti.•"•lo·-•1 •11:.1""'• r'~)<}c__j(H• 

C<)<jo¡ 

y/.::· 

,-.,,¡,,., 
(PH 

' ' <•t<lo:O\<l "',, 
' 

IIC) •) )' '" <o iro p l ""'': n l•l c.O (< ,·, ,.¡,-, 
1 ·=· s.-,lllci<'·n. 

,~,1 <livi•ll.r üstos l'lfHlulros 
:.,_;,-.,~dJ+ 1 ~'' ·~l •.tcaploPli•1llt" '! S;; 

,_.¡¡ ,,¡,,.¡,¡1no, 

-' l•cr.;¡.1.,•¡1.'l l '' 
'S'"\'" ... , ,¡ (¡<;' 

o;ob~slÓ'>. 

!j. ) 4 

11,, •. ,1,1•_,:¡,, ero• ;::~•1..¡-,;j(:•l ,¡.,. l'o'~•ted-"o•ient.:o o;-s '"l''"'l 
..,,, .. <" ,o,·¡~;·c•! fl••\W ,¡,,. •m c:l~·P·o·.-.><_,, ll ~·:.'.o;·•.J••cllt,.. ¡',.,.,-,, 
,¡,,t._•\i ll<> foE"':o'~"''~uoo.;onl •• • fi<JY"" do• la Mi<;"'" f'\Hot:•r<l 

-- -- --- ---· --------- ----· 

'·n "' ~ 
¡,_¡,_· 

• 
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E"l l'l'l!JL>l' Í'roJ:>l;¡,~,a . con estos P\Ód•Jlos ._.., q•J<' Jl\<lni~•Jlo.n 
es>Jlt•)•Jo•:. )''"'':i'1h;;, . V<1\'tolhl~l~ illtel'll•;!;, b'lll<l~·l"'l!ó• 

sw~t~h,;,s, o:tc:. y q•J,;. tienen pru·tes de Y<H•iv.S f'unc1ones 

Lo<> "'ñd•.1l0'> ''"'' coh,;,•;.ilm f,,•Pif¡Or•:!l soi1 •><)•h;,lloo, UJ\10<' 
··leo>•!folos están ,·eb><:ionad<'"' "'" t)el'lp'l. 

r.,'llMente 

~·¡_¡_.', Coh.-siml L.ócJiC•1. 

l.os Cló<:ltJlus r:(•n coh.,s:ií"'l'l6g.ir.O::. «en •l'l'-'"1'-oo,'on C!'le o;u" 
"']""'''"'"" .;,p.;1• 1~nton .,cc\<ll' re,lo;rion•ldO~ •:1 1•ll'"-'•lS <le; 1<1 1'\ÍSI'I" 
C<otugcwi•.l !1"'1\ilf''ll (d<'bePiG ll'lPoGP'l!:>•:, (Oh<,;>j_ón il6g.\cu.), 

~;- 1. 7 ... 
'Jn o>óti•Jln con coh•_•,;il•" coinct.d<>nt•>l, tic•nfo ~l.,o>,.ro1 .• ~s 

".i" , .. ,,,¡.-,ci.(ln si(JnJric•>< .. i.V•\ di~,-,,. ,.llos. lJS'HlhH~lltf.• ·,_J""'~t•'ll'l 
t.·~··€'·lS d;if("p-;,nt.•s y r,in , •• -,}(l::it>n P''"" <lif<'lt'.;,nt,;-o; • J,..r., •. • 

... 

-~------·-

' 



" 

' 

,. 

' 

' 

nrsf.f\0 

" 

. , 
' 6.0 ANAL I ~·¡ 1 ,; "' 

·' 

. ' 

f l' 22 

,TRANSFOio:MAt;T(IN. 

•, 
' 

. ' ., 
Anóll'llS <!t• tran&f'Of'IIIQC:.Í.Ón .-,s Ull 

Pag. 21 

fH'!IlCip•oi<?S WH'<l dl$ei'l<lr <;;l,o;,l,,>'ln<ll 
T<tnobien se le cono c._. co~•O Ili s..,flo 

rte loo. estrat.,vj_us 
•ll t" "'" n 1," t>a l n n e ¡,r,rj o<¡; 
d"' la Tran,;;formucil'.n 

'=•-·r>tr•ll. 

~"•ll"•">· ~·1 Anlll:HI.1S ct~· 1.1'•1l10>fornw.clbn Sf< r<eq•at-re rh:d 
D.iG;:~ram•l •le flo.tos. El r.,sulto.1do es •Jn Dl·>!;l"?'"'' de Est>~uc:tul'•l' 
'''' ·~1 ci'H.' el Mf>dUlo 5'11-'"r.im· t.r•\t••lJO C•Jn rj.¡tos •1ltnOH>l1l<.r 
proc:es<ldon, o:!Q\,05 lógi e os. 

6 ' 1 L'l .. strntegia. 

' DibUJ<tr ._.¡ rl..Lagl''l""' de cto.tos df-1 ~robl&P1·'· 

2. ldent..ifi¡:•ll' l•l t,I''I.HSft;.l"lll•lC:ÍÓn ~"'nt.>'•ll. E¡,to pu.;tl,. 
r<:>,.,li~·>r"óe sig•Jiendo los ,.,,,.pls ufe>'"nt.,.s Y' 
,,f.,,.,,ni.i••r, <1··.•·1 diolgr'CII'l•"< 1'.•1.sl.o ,¡.nrnn•.l'•lr lns ll'!lÜos 
en quE' los tintos son indep•"''¡,"'"~-*S de ¡.,~, 
'!.is¡ 1 no•,c~-tivo!l. do·, enf.rq<J,,-s,l:ida. Lr>s proresos ,;,ntr,;, 
•:st.oo; puntos foroo;,¡n l<o t.r•lnsfm•o>c~c.ión c··~n·~;-,,¡ _ 

~- lli~·l•l,i.fic:ar, lno; r•ll•"l"' ¡,¡•:inr:i¡mlt'•!J <:1,¡, dot.os di:> 
"'nt>·n¡j,, !J ~olido. l'•·~'L(·rminuP loi P'lllt~'S d" "'''!J"''' 
,, t>•• t rn r: r ' ''" . 

(1~<;•·1\<> 'j'J ')~t-o'IICl•Jo'(] ." l"»'lir oj., l•l :il'lf'Ol'O)ClC.ll\\1 

fo:•e·.li" CDl• •Jrl oo(,;Julo ]"lr'<l C•ld'l r'<Jrl<l P'''.l'C::i f"•ll rie 
~·lltl''ld'l Ú '''' mndul<> P•l>'•l C•1'i•l I'•Hhl pl'i>'><:ip•ll ,¡.,. 
~·ol.t.«•l. fn ~l>en.-•rol se· ll<'gm·'ll •1 lo est.rnd.u•··• 
slguient,;,o 

... -- - --·---- ----

• 

•. 

.' 
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'SOJI~1-Tfo!"~.• '5'-'( <.>f> O¡ot•'-'\i•C'P <.1')-l•W.\('-) 

r:• /i •,,nt•l'-' SO{ .¡op {OHTll"f.<O <W.lDj '-'1 O ,l<•ti"{ j · O)S1Hj 

osod ""'""' ~:>+r<::;;o::¡ 'UJ-'<•<>SC>I• D1DOU.!Oj (" UO) topl•.;os.;o¡, 
Df•1tt•S "l U <OS,!O:I.l•JJ[o O.lt•d Ol.ltoS.,.~;,>u OS¿>~Q,ld 

.taW'f,U1 t·~ ,¡robTj'V¡Il•'P' '''l•fft•S •.1).1 SO).rJ[HIW O:•.lPd 
'UQT:>DWJUJSW.t•,q, t•lUVtlll O{ -~p s;~·¡uo O'tSror t!f'!, .. qUiJ 

t>t ;¡op [oW,\OJ to{ ;;ohto"fJ"ftUO¡.J'f '>;;>!l<:I .... I.J 'O[!lf':¡liU [~' 

toS.;,,dj,_.,( SO\ C'llb U<> DIU,10J !:o\ t<<l SO'¡.<•f> SQ{ ..<-;:.ropO .. l•J 

lUtod 01-''"'"''~<lll \.IQ>Jl<W.10j-SUO,q t•«J'l-'fl) toL .1t•:I!-J1-'')U ... ]J"f 
'<•PD'"'+""' ;;op sornP9'" sor .,p oun t>P'•:I "'"'t>d 

+--------'"'-.... --------.. -.¡ . ..:_· ____________ :_ ----+ 

t•¡>!'[t•S "'P 
SOt:Ot.o.qsqo ~01-DU 

• opqros_«p 
SO'¡.:lto..<'¡.sqO SOtOl} 

1 ~·1''-'·'-1-l'-"' ;ov 
i,,SO'¡.:It>J'¡.Sqto S01-0JJ ... 

¡ 
t•pn.L'~"'-' "'1-' 1 

SO'¡.~t>.l'¡.SqO S<llDI] t•¡>OU "''J.U¿Io.l[l>t!S(I 1 

+-------------------'-+-------------------+ • (t•pourp.<oqns l<l).l) (Opoonp.<oqm> [~') ¡-· 
r· "·"I~·s 1 · ''" uo.qu::¡ ,_ 
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ANAl~ r~:Ts nF. lf<ANSACCHlNE~ 

tr•1ll5·1~r:.:i.tm es Cu<Jlq•~ier &l€eeH•nf,o d.,_. dll~A)S• 
!0<'·''\'\n l' \?V-:ntn, o •lnobio ,¡,,, ,¡•mt.oJ.<:Iu '1'-'•" ~•l•Jc,•.l, 

u inici'l •>l.;¡•Jl\11 ilC!:.I-Ón o sec•J .... nci<:t <:1<! rJ•:r.:tO'leS. 
• 

fn otr.,c; p"lübr•.ISo U>l<l tl"•ll15<lrc;i(ni ,,,. '•1nn p•H'l,; ,¡,... 
d•lt-••s •lU•· pU>.'d'-' """' r:u<llq•Jio,¡"rt <1"' un ll''Jm•:ro rj¡;, U.¡ws, C•.ld•:t 
tip<:> •·eq•Jiere diferentE- proces-"miento 

ln e~ll"ut.•:••<ji•l •l., .¡nO:.I.isi" do• tr•.l,b•'lo:~.l•.'"'-''¡. r.u.oq:ol<:ono•nol.•• 
r~·conoc" q••e los cholgr•lNil~ de ·:htos •.le c·s·c·e tir•o "'i,;.•j···n 
""lP"'''rse o un<l estr•Jctura ... ortuloJ.o' ,,.,,,tic•Jloo"P_ E•. c~ntrc ,j.., 
>.r•ln'<occ;onec, do• un si¡c.teol•l• ¡;J,,¡,., ner C<liJ•rl <1<"•' 

1. Cl•tenet· (r.;.sponder al las t.r•>n~·-,rr.iones """ s•! "c>rM<> 
"'"s po•loütivu_ 

.. ... 

, " 
C.n .;•1 '"''""'" r><'.s fu<:t.Ol'iZ•'I'1•l. el c,-,nL•·c• ,-¡, '·•···m-;ucc.ICI·l'"''; 

;"J"d" ~<~\' "'"oi•Jl,.,o·iz•l•!o q,¡, l'l !'1.•j•ue'nt.~· faroou: 

' " .. ' ' 

• 

.. 
' .. ' 

• 
-------.-- .. 

.. 
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¡ ""·------------------- ¡ ~ ------------------+ 
! 

+·----------+ 

t-----------1 
.l ! 4 ' 

+-- ~­

' 

' +------------- ¡ 

;-----------+ 

+------- ---------+ 
+----+ 

+-------­
+----+ 

------+ 

·------- ----+ 1-- --------+ ¡ -----------+ ~------ ----+ +-----------+ +---- ------- + 
Oht.i.;on,¡. 
t.r'l•l~··c­

r.l6n 

Ano>li:<O 
tr•3fl"'<:~C·· 

e i .•m 
Tipn t Ti;>O 3 

• 

1------------l ¡. __________ -+ +-----~----· +-------------+ +-'---------+ +-------------~. 
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Examples of modules: 

In PL/1 

PROCEDURE 
' .. 

In COBOL . . 
PROG~A.M, SUBPROGRAM, SECTJON, 
PARAGRAPH . ' 

In FORTRAN 

. " 
SUBROUTINE, .FUNCTION 

• 

etc., etc. 

• lO.J. < ........... _..,, .. .. 

' ' '. ' '-··· - ~ ... :-- ' 
.. - .-.-.-

., ., 

Defiriition of a Module 

A module has.four basic attributes: 

IVhar: 

1. JNPOT (what it gets from its 
inVÜker(s)) 

' . 

. ' . . 

OUTPUT,(what,it gives back lo its 
invoker(s)) 

• 

' . 
r;: 
e 
e 
e 
e: 
e 
e 
e ' 2. FUNCTJON (whar it does to its inpu¡ 

to prod1.1ce its output) 

•' 

' How: w 

e 
C. 

J. 

4. 

•••• 

MECJIANICS (/JOw it does its runction) e 
INTERNÁ.L DATA (its own privatc 
workspace - tbat it alone refers to) e 

' • ' "' e ~ 

• JO_ •• <_, ........... .. e 
e 

- . 

• 

' • 
• 
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ICJ 
' 1 ' 

:D ' . 
' p 

" 
:lp ( 

I:J 
) 
' 

:J 
' 
D 
:J ' ! 

CJ 
.:J 
' :J • 
! 

:J 
' ::J 
:J 

' 

•· ..... 1'1 

• 

Jn.addition, il 

• , has á name, by which it can be 
r(defred ·toaS a ~hale 

... 

• can use orbe used by othcr modules, . ' 
* eg. by a CALL ' . . . . . . . . ' . . . . . , .. 

o • U\\Jo..\\':1 s.~~ \!"1 01'\lt. Q\c:..c.e. 
; ' .- J 

• '""o..:¡ \-..o.'Je o~~ \Je_....!or-s.~;Q.Cql¿. 

or lo.."'CJUO.<;le.. !.QQ...c.>.~,C, t \,o.ro..t.\e..n<> \• t.~ . ' 
' ' 

.... . ' .!O.L' 
• 

p 

... 
-

., ., 

Representation of module 
calls · 

• 

• 
' ' 

( .. 
A ... • ' ' ' ' 

D 

' 
This.means:• 

A caJ!s (invokcs) B 

D does itS thing ... 
' . . . . . -- ' 

, n rcturns control lo A 
' . ílfler i:alling point) , 

IIOSS 
_ (cal!er) 
~ ' ' . 

--
SUBORDINA TE 
(c&lled) 

. ' 

f • • ' 

(immediate!y 

... ' h 

In other won.Js, 1 shows a normal 
subroutinc cnll. 

' 

' 

.... 
• 
' 

' .. 
(Thc dircction of thc arrow shows who 
~a-lis W'hotil)' ~. 

(.i"¡ 

' .. ' • • 
' .... - ! Q 1 o. ' r., .. ,~'•""'~~ 

• 
' 

~ 
L-1 

e 
e 
e 
e 
l­

e 
' 1-

~ 

e 
e 
¡;:; 
e 
e 
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IJ 

b 
1 
• 

o 

o 

• · •" ' r·t 

' .' .. 

A may contain 

-1 'CALL B' statemcnt 

10 'CALL B' statements 

' . 23 'CALL B' statements 

atthough thcre is only one 1 shown. 

At run time, A may not actua!!y cal[ D 
at al\! 

- . 

.. 
-10.11-

., ... ., 

Module communication 

• 

.. ~~ 

.. 

ACCT f 

. 

. 
GET 
CUST 
DETA!LS 

¡. . 

FINO 
CUST 
NAME 

'" " 

• 

n 1 
ME Q 

. 

NO SUCil j 
ACCT 1 • 

... 
. ' . 

Now, no! only docs GET CUST DETAIL.S ca ti 
FINO CUST NAME, bu! ... 

- OETCUST DETAII..S scnds dataC.UST 
ACCT 1t lo FINO CUST NAME , 

- 'FINO CUST NAM~.relurns dQ/a CUST 
NAME lo GET CUST DETAILS 

' ' - FINO CUST NAME relurns ron/rol 
llrformation NO SUCfl ACCT 1t Lo OET CUST 
OHAH.S 

• 
• 

• . . -• 
-10.11- ._... ... ··~~ .... 

·-m 
e 
e 
e 
e 
e 
e 
e 
e 

"' e 
-e 
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e 
e 
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... . . 

-Q--is cal!cd ll DATA COUI'LE 

0~- is callcd a CONTROL COUPLE 

.. 
• • •• 

Thc arrow shows 

()------·-

SENDER- !. - RECEIV'2R 

of the inforrnation 

• 

• l .. 

. . ' • 

'~ .... ' 

.. 

• 

.10.1). ,..,.,.,·~--,~-

' 

• 

,,-.. 

.. . . ' 

11.1 Turning Networks 
into Hierarchies ' 

..... e-~~----------., 
- · The derivatift strate"gies are a 

set of techniques that enab!e us 
to generate a rensonably good 
design quickly. C7.l 

1 
Thc techniquCs are: · • 

• • • • 1 

. . ' . 
~ ..... ' ' 

' .... 

• _._ Transforrn Analysis . . 

• Transaction Analysis 

• •'TOp-Down Factoring 

• 
' ' 

•• 
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What Kind of Hierarchy 
Do We Want? 

b 
! ; \Ve want our systems to be lp ( 
l. 
i¡:J 
l. 
Ir-. 
' ..;.¡ 
1 • 

I:::J 
1 

I:::J 
1., ,,_, 
!-J 
: 1 , 

:::J 
fS 
~~ 
b 

• 1 ,,..., 
J:~ ,,'::'1 
• • 

• 
, •, ... easy to under.~tand 

1 

. . 
·' 

• easy to maintain 

. . 
Therefore, we want a hierarchy that¡ · . . . 

l. is· easy to understand 

2. minimizes the cffect of a givcn 
change _on all modules 

3. forccs each module to assumc its 
fair shúe of vulnerability to 
change. . • 

·A nd that preserves the simplicity _of the 
Data Flow Diagrain Modc! produccd. during 
ana!ysis. 

. ' 
·""" 

.. . ll.l- , . .......... '"~-
• 

.. 

., - '. .. 

11.2 The Balanced 
Hierarchy 

In a hierarchy, the top 
module supervises the ú,,nsrorm,lio'n J 
of Jogical input data into logical 
output t 

Todo this, a balanced executive module may -..J 

call u pon severa! kinds of subordinate 
hierarchies: 

• 
• 
• 

...... 

· afferent subhierarchies 

• 

central transform subhierarchies 

efferent subhierarchies 

• 
• 
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AITerent Subhierarchies 

.._ 
'" " 

' 
. . 

~·; 
o' \A>l(..<IL, 

INf'Uf 

' ' ' 
~i'&~y~ lt.IPU.I'" -

Mt.r.l.-1Tt.4' 

"'~ 
f'~y~•VIL. ~ 

' ¡¡< P\.IT .L:. • 
' . 

• ' ... 
' 

. ., 

~tiUL~/~ . 
" • ' "" . • • • . 

Thc job-of an.affcrenl sub: 
hicrarchy i! to refine phys1cal 
·input' data into loiiCal inpUÍ data 

. ·' -

The data primllrily_no:ws ·~uphill," and 
. becomes mo~e 'logica"! 'with each zipward step. 

1 • . ' . ' 

••• .1 u. , .• ,,., .. , . .,,.-
• • 1 • 

" 

.. ... 
., '¡ 

· Elferent Subhierarchies 

' 

' 

h""'"·~-m~l. - . ' 

Oo.tTPU.T, 

'. • 1 . .. .... 

• ·Eiferent subhiCrarchies package 
' 1o&iCa1 outpút data into ph_ysical_ 

output data. co 

'. 

t. He re, the data flows. "do"!nhill, ·: nnd . 
· becomcs more nnd more imp\cmcnlnlton-

' ' tlcpcndcnl as it goes. ' .~ . ·, 

• 

••••• ' • 1 1.6- . ..... ~- ..... ~ . 
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Central Transform 
Subhierarchies 

----O"' / '".. 

The centrill transform performs 
the functions after which the 
whole system is named: it 
tranforms logical input data into 
logical output data. 

,.,,. .tl.l. 

""' LY 
UT ~TP 

.. ' '. ., 

11.3 The Derivation 
Procedure 

ftftS"f·Ct.lT 
srRUl.1llR E. 
C.HART 

.. .,. .11.10. 

' 

• 

• 

' . . 

Thcse stcps mr 
be rcpcucd 
se~cr~t tlme1, 
untll wc ¡ct • 
"1i5fyln¡ 1\rll· 
dcJi&n-

Gi • 
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11.4 Transform Analysis 

Transform Analysis is a 
technique for establishing a 
wel!·balanccd hicrarchy based 
upon a physical Data Flow 
Dingram. 

The idea behind Trnnsform ~nalysis is to 
manipu!ate the Data Flow Diagram such 
that the !ogica! processes end up as ccntrnl 
transform modules, and the physicnl 
processcs become modules in the afrercnt 
aml effercnt subhiernrchies. 

.. .,. . tl.ll. ,..,,, ..... ,. ~ 

• . 

., 

The Physical Data Flow . 
Diagram 

Transform Analysis assumes that _the . 
physical Data Flow Diagram conSISlS of two 

parts: 

• 

• 

a logical "core" from th~ 
tailored new logical model. ~ 

a s"urrounding ."ring" ?f physicaP 
processe~ added to for~ 
interfaces with the outstde world 
Útd the data stores. 

• lt.ll • .......... ...- .. 

¡:;:¡ 
t: 
e 
e 
e 
t· .. ' 

' L. 

e 
e 
e 
r 
t 
[ 

1 
(:'] 1 
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An Example of Transform 
Analysis 

WAóé~·ANtl· 
WlliH'QLtll NC,. 

• 

• 

• II.IJ. c .... ..,•~••.,~-

.. ,. 

Identifying the Central 
Transform -

--

, ... ~ .11.14. <_ .......... ... 

.. 
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Deriving the Vice­
Presidential Modules 

•••• 
' 

"" PAyROU. 
,._,A !o fE~ 

(A~FtlléNT) 

• 

• 

' 

-11.\L 

' .. 
•' 

- .' 

• 

' 

• 

., . 

Deriving the Afferent 
M <;>d u 1 e~ss~...---,.--;;::::~-:;;"'"'-

--- R!UIIlb 

' 

' 

-• 
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,. .11.16. . - ....... ~ ... ,~~ .. ' 
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:::1 
:::J. 
:::1 

¡:::l 
' 

( ' foRJ.V,T 
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,, 

• 
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Deriving the Central 
Transform Modules 

l'.A~(...IrF 
úRo55 ) 
f'AY ., · 

• •••• ' 

• 

.II.U-

' 

' ' 

' e: 
' ,-., 

L. • ' 

: : .. 
!::' 

" ' r=; 
.... r:::· 
~ . \ . 

' ' e:: 
fu<W 
CCOUNTll'lti 
TI:A1JS~r1 

r:: 
' C· el 
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The Transform Analysis 
Procedure 

' 

l. 

3. 

4. 

5. 

Locatc the points whcre thc orTcrcnt nnd 
crTcrent dataOows nre mosrlogirol. 

Muk. the \ogical core, or ccntral\rRnsform. 

· M~rk e~ch afferentnnd efferent strcam of 
processcs in thc physical ring. 

Eleviitc the c~ntml tr.Rnsform nnd hirc a boss for 
i l. ' 

A 1\oca 1 e· V_Jcc-f'rcsillc nl in 1 111oll u les r or: 

• 
• 

cach nffcrenl sirca m 

the ccntrallrnnsform 

• cnch crTcrcnt stre~m 

6. Allocntc lowcr-lcvcl modules for: 

•••• 

o the bullblcs d:u-i~ling on ench nffcn:nt nnd 
effcrcnl stream.-

· • . the bubblcs within thc centraltmnsform. 

• ll.l9. ·-··~··"·"~~ • 

' 

.. ·.' 
.,. ' '. . . 

Notes on Transfcirm 
Analysis • 

• 

• 

' 

' 
Don't worry about not choosing exacrly the 
corree\ centraltro.nsform. The refincment 
techniques wil! takc ca re or any p:oblems.: 

Transrorm analysis really does no: hclp us · r,.,· 
tó derive the central transrorm modules. ~ 

Here, we rely on the.two remaining 
derivative strategies. 

• 

• 

• 

.ll.lO. · 

_ _;__, ___ ,_ -------·-
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\ · 11.5 Transaction Analysis 
' . 
' A4,NoWU-tút:uU' 

i AlléR. 
~ 

M•Z~"' 
' 

f 
1 

e.u-~N~I-. f¡lf 
(rt o.~>L.Ry·U!of>ON~E 

' 
.. 

i:J.< "::.'. (..V" 

1 ' v . '-
)t~ANI> Ro1,.1!C WeAL• ' • 
1 01-HW,¡tf/~P[~(;o fo~I·MT We.<~ ,_.~? 

1 

1 ' 

1 

1 

1 
l. 
i 
F 

' 

. 

c,tb6~L 
. ,. 't'~p DISf'Uiy "" ' ' ~t· '" ' "' "" R?R'-'AT 

wuc 

""'' "" "" " For our purposes, a transact_lon 1s any_ 
dataflow that: • 

• comes in different flavors 

• contains an ldentlfylng·data 
elemenl to tet! us what flavor it 

_ is -
• warits to ha ve dliTerent actlons 

taken dcpcnding on what navor 
i t is. 

. .. 

•• 

l 
1 
\ ..... • 11 '¡ 1 - ......... '''""~~ 

i 
,¡ 
' 1 ,, 
1' ·-------·----- ... 

• 

' 

' 

The Transaction Analysis. 
Procedure 
When you see this on El DFD: 

~ T. -.. ' . 
' r. ~ 

' • ' ' "' Y. ' ' . 
' r, ' 

'-....._ 
r. 

" 
. ' ' 

Do this on the.structure chart: 

¡r 
,. 

'------'. '------' 

' 

' • 

Note: Transaction centers can ·occur in the 
nfTcrcnt and cffcrent subhicrarchies 
as well as thc central transform. 

..... ' .1 LU. .............. ~~ 
' 

.,... 
"" 
r: 
r 

' 

e 
e 
r: 
e 
~ 

t 
[ 
• 
' 

1 
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' '11.6 ;.- . \ Top-Down Factoring 
1 

.. 
.... 

' • 
i 
' -
i 

[ 
' • 
~ 
~-
; 

a 
a 
b. 

••• 

Factoring simply mcans dividing 
a mOdule into a manager module 
and the subordinates ·it calls 
upor1 Lo do work. '' · • • 

! '""'' rM • ' 

kw6·o 
Wl~~~b, ~ ¡ {r~~~-

1<-'AE f'IIY ' 
' . 

' CA!WÍAri. · 
úR0'55 

,¡. .. ~ ' : 
. \vilo);; ~~\_aHo.¡~S 

H~~do" W'r· ar· r~y 
- "'f "''r ·= '-~ 

('.).LWI.Are: c,.¡¡.c.I/: .. ArE 
~-~R ~ O>'EATI.Nl 

p,o.v ... e'~'''---~ 
Factoring is·a vestige of Structufed Dcsign's 
rcvcred ancestors: ' . . 

' 
~ ... , . . .. '· ·. -.. - ' 

.. .,. 

•• 'Top-_Down Oesign · 

-...... síe·p-Wisc Rcfincment . . 

J 

' ' 
.ll.ll • 

:.,(.~. ·)IJ 

• 

.. i¡· . ', 

. 
····--·-- ---~--

' . . . . ' . . . ' 

' ., ' . '' . •l 

Factor Forever (Almost) 
•, 

Duringthe eariY stages of design; we shoutd_l 
factor the 'structure chart úntil every modutel;iL 
is either a manñger or a worker: 

• A manager makes decisions, 
calls subordinates, and hands 
data to its boss. 

~ • 1. A workcr performs calculatlons, ¿ 
· moves text, or does other .., 

" . " processmg. - ,. . ,_ • · ¡ 

~· ' "' Ci: • 
. , . -. 

This m u eh factoring wi!ltead to ridiCu\ousty 
small· modules. We'_ll j_ake care cif that \a ter f1 
For_ now, we waJlf that kind of detail; -
bccnuse it hclps us'to idcntify reusáb!e 

• 
modules. 

.... 

1 ' j \ • 

• • 1 - ' ,:_. ~ 

... •• 
• .,. r ' 

1 ' 

•• 

'1'1'--. ,- • 
J., 1 '.~' ,.ll.H-,,. ·• 

¡ ' 

..- ..-, ..... ~ ..... , ...... ~ 
·-.;.o 

' • 
• • 

• 

' 

" 
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• 
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11.7 Evaluation of Ovqall 
. ' 

~- -. ' 
•' ' 

Quality 
•• 

o, ... 
' ' . 

Tiansform and transaction annlysis gct the 
design off toa great start.' We ca'n·sc'e this 
is best by comparing the first cut design wc 
get frorñ using.derivative strategics to·­
designs started with other technlques. 

' ' o' .,. ' ' ' . -
· ~ Other techniques like: 

' " 
1 o o 

. ' 
·input prOcess output design 

• mainline design 

' 1 

.. 
b!ind intuition o 

'" 
1 

.. _, 

" .. 
" ' . 

' • ' . 
' o o "' 

•••• r r • .IUS • ~ , ...... ~·····~-
• 
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"•. ,, o 

. -·-'.,161 

. . -- -· 

., ' -~ 

o 

1201 Goals fór Evaluation 
and Refinement 

e ::: 
F"!ll'f-C.Uf - ·' • 
~TRutfiJ~E C..IIAII.T 

f, .00:1;) 0N A , 
~"LL A¡IO,Or 
fllr Ptl•<fH. 

1'r).J~¡.,, ' . •• 
o;.n\.11:.1tJRE' C.liiiAr 

o 

,\ 

1. EYALIIA 1'1" tr. 

~- /fi!X~ rr.) 

'- ? 

' .. 

Let's festatc Our overnl! gon!s: ' ' ' 

1 

..... 

l. ' To ñínke thc nucomuted portion·or 
the system ns untlcntandable as 
pt..;sib!e. 

2. - To miñimil¿ tlic munhcr or mol.lulu r' 
affectcd by o ¡¡iven change. U 
• • :.1 t'' 

J. ' To minimize !he orea of !he slructure PT' 
charl nffccted by n glven chonge. ¡¡, 

4. 
' . ' 

To est:~blish modules that tlssume 
lhcir falr shnrC of ~ulncroblllly lo 
change. .. ·- • 

. ' .tu . . ..... -....... . 

.. 
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1· 12.2 Module Complexity 

1 

1 ( 

: 
' ! • 

1 
¡ 

1 
' 
.1 
1 • 
;1 
j 

1 
r: 
1 
j 
1 

il 
• 

~--

We advocate faC:toring systems 
into very simple modules 
because we want each module to 

·be as understandable and 
reusable as PoSsible. 

• 

· There are._several eva!ÜatiÓn criteria that· 
he!p us to determine if we ha ve r3.ctored 
sufficient\y:~; 1. 

• Module·Size: 
~ '1 • • 't f 

••· Fañ~Out:; '· 
•• • • 

How many !ines 
or pseudocodc? 
,_ . - ... 
How many modules 
does it ca!J?;: '· • 

·._ ... ~.- .. . . . ' ..... 
e ' 

• 
• .. 

c«irrrr·~·¡:z_;H,;lol¡t r-a~y IJlOdules 

. 12). 
•• 1 • 

••• 

' 
'·~··· '" ..... ~ • • 

.. · .... 

., . ' '. .¡ 

• • 

Module Size 

' ~~ '" • 
·- .... •'"'"•··:· >'!. 

Like minispecs, modules , 
' . ·~ . ' ~ 

,¡yp1cal!y should not exceed one 
pnge of_pselldocode . 

.. . ,n· •: 
. ,. .., 

. . 
The -key cohcept 'he re is that We are'-riútch 
less nble•to·understand.n module if we ha ve 
to turn pages to see it al!. 

.. - ~ 
, .. ' ·- • 00 

_.Quite often, we choose lo divide a module 
·. ~ .·_into<pieces·much smaller ·thim a page ir we 
· can raCú)r out a éommo'nly-calléd runction:' 

• , .. , .. 
• 

,. 
.. 
-. 

-• .. 

• 1 • • .. ¡ 

' ' ', , ' . .-r ... . ......... ._ ... 

.E 
'[ 

t 
-1 
1 

1 

- 1 

¡. 
• 1 

l . 
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1 Module Size 

1 

· fT !S BETTER TO F ACTO!( TOO F M 
THAN NOT FAR ENOUGH 

1 
! 

1 

1 

1 
l 

.. 
• • .. . 

bec&use its easy lo b~ck off: 
¡ 

. . A . ··: 
• . . . . . 

• 

8 e 
' lirl•lol) 

• • • . 
. . 

A~ 
' .. ¡ 

/", 

8 e . 
, (11 now 1 . . 

r•nofAI 

..... .ll.Jb. 

•• 

. 

• "'-

' 

. 

_::o. 

. ,., ........... ~ .. . 

• •• 

Fan-Out 

Fan-Out is the number of direct 
subordinates toa module.· 

• • 
COMPI.ITE 

,. SQU~~~ 

•oo' 

fnn-Out shouldn't be more than 7 ± 2 

' 

Note: Transaction centers count as one 
' 

• ~ I~I<OllTOF~-1· 

""" .ll.k- ............... ~·-
' ' .. 

• 

• 

' • 
1:¡ 
e 
C:· 

' 

• 

c. 
e 
;:, • 
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¡ 
1 
1 
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1 

1 
' ' 
1 
j 

Fan-Out 
A module with high fan-oul is usunlly 'a 
pain to codc 

and worst 10 maintaiúl 

' ' . .. ' . - . ' . . 
Pancokcs ara illl)'mptom of mrssmg 
lntCrmcdlate levels_; 

' ' .. . • . . . -. 
-

.. ,.. ......... ,.,,,,.,,, 

' ' -, 
1 

• 

., 

o<.(>{•,,., . .. 
'l 

What is coup!ing?. 
Coupling is the mcrlSlJre of the 
iutcrúcJ)cndcncc amor)g the modules of a 
hicrnrchy. 

JUstas we parti'tioned our Data 
-FJoW Diagrams to ri1inimize 
interfa~es, we sha!l factor our -
slructure·charts to minimize 
coupling. 

- • " 
Why? Because having lots of coupling: 

-~·l., . makes it more difficult to 
understand one module without 
looking at others. 

• 

' . 
2. increases the·number of modules 

3. 

that will be affcctcd by a change 
toa well~traveled data item. 

··" incrcnses the probability that an 
individual, highly-coupled 
module will be aJfcctCd by a 
given change. 

'"" -12.1l <., .••.•••• ,.~. 
. ' 

·, ' . • 
' ' 1 • 

. ' :' 1 

1 

1 

1 

1 

1 

1 

, .. 

• 

1 

1 
1 
1 
1 
1 
1 
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¡Data Coupling 

¡-

I'ROOUCI! 
CAR BILL 

'" ll~hl 

nr[ tii~IOl 

·. ~ .j 
CALCULA TE 
RENTAL 

Data coupling is mcrely the neccssary dnta 
communication between modules. 

' ' 
Although it's unavoidable, keep it toa· 

·- miniryw_m - that ls, kccp your 
interfaces narrow; 

• 

..... ' 

• 

• 

' 1 
' -• 
' 

.... ,,._ 
,_,.,, . ... -~ ........ 

• 11.1'-

• 

' . • l. , 

• • • 
. . 
·-" 

• 

. ' ." 

., ; "' 

Data Coupling 

• 

A 

Also, beware of "tramp data," which 
shuffies aimlessly around the system 
un u sed and unwanted by most of the 
modules it passes thro~gh 

'· . . • 

D 

• 
' 

lt's likely thiit modules C, D and E do. not 
use x, since its n11me does not change as it 
pnsses through them . 

• 

.U.IS•- ,.., .. ~. ~··"~... ~ ..... •• 
, ' 

··- .. • 

' ' 
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1 r.. • ..... "'. 
j 
1
What is coupling? 

j Coupling is ·the measure of·the 
1 interdependence among the modules of a 
¡· hlcr~rchy, · .. · 

1 

1 

1 

1 ., 
1 

1 • • 

1 

' 

'"" 

.. 

L 

.. 

• '. . . 

• 
• 

' .. • • 

t}$. 

. . 
.IIIJ.,_ 

... J •• :- •¡,, 

' 

' • • ' 

' 

' .... ~ ... ···~ -

• 

12.4.1 Types of coupling 
' ' . . .• . ' 

1 DATA BEST 
'2 STAMP• -'" 

3 ·-:· ~.CONTRQL . ' .. 
1ST 4 " COMMON -

5 CONTENT -

• • · . ,. . ·. ' . . ., ...... " 
' . . -.~ 

Drcatltll of Coupling_ . .. . . 
. ' . _,...-

•• . "' <O 

.''. -:--
The lcss coupling there is between any two 
modules, the more independeri't those • 

• • 
modules-are and the better. the design is. . . •, . . ' ' ' . . ,. . ' . ,; , , • ., r 

• 
:- -' l~:· ~;:. ·r:. ·~t. ·J •t 1· ••• ·'• '· 

' ' • • • 

•••• . !l. H. '-•"'~·~··"-. ' . ~ ' • • ' 
• • 

.. 

.e 
r::: 
[$: 

lil 
·¡¡ 

rl 
m: 
li 
1:: 
e; 

• • 1 
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' • 

!; 
' 
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f Stamp Coupliug 

1 

1 
1 
' 
1 

-. ·-. 

Cl!UII"I 
OP•f" 
•ECUA!.> 

• 

• 

PRODUCD 
O.R Blll 

1 
O Por 

.f. ru .. 

!, - -
CAT.CULATE 
RENTAL 

" "' 

• 

·Two modules are stamp coup;lcd if thcy 
refer to the Same (nón-gloh:."J!) data 
structure. 

(A datn structure is a compositc uf Ú:lta 
clcments,.e.g.,nn array, a record, etc.)· 

• ""' "' 
' -- ,..w 
- ""'"' ... ~. 

' • ,_,., ·- • ..... 
.. ,. • 12.1 6 . ..... ,, "'"'"-

-• . ' 
' 

• ' ' " 

., . ' ., 

Stamp Coupling -- • 

o 

• 

, 

• ••• 
' --

An isolated change in the structure of 
CUSTOMER RECORD will affect all 
modules that are stamp coupled via 
CUSTOMER RECORD 

1 • • - • 

However, using a good, natura/data 
structure is the wey to overcome high 
data coupling,' e.g. 

·-

CIIUS 
oo.oo 

~ 
' -

• 
' 

• 

' ; • 

' ' •• " 

• 
' -

' 

" 

"PLAY 
CJIE.SS' 

u,o.r '" C>IUl 
- w.--

t 
ADD MO~lj 
TO IIOARD 

' -

.]1.11 . 
• 

--

1 

• 
[Z 

1 

t::i 
1: 

"" e 
w 

e 

_,. 
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r .... . •· .... , r·~ 

¡' 
c. 
1 

· Stamp Coupling 
' 

A warning about data structures: ·• 

. .. 

Danger arises when a module is 
pnssed a whole data structure but only 

' 

1 

1 

' 
' -' 
' 

' ... ~ 

· needs.a part·of il, e.g. 

. • .. . 
WHOll \ l '"o~• 
cuno ... u ~u .. uo 
•~cooo uuu 

• . • 
. 

VAUDATE ' 
PI ION E_ . , 
NUMDER 

' .. .... ... ~ . - ... 
_,.a --·· • ... 

.IJ.II. . . ' ' ' ' ., .. 
' 

' . 
' e 

T .w .. • 

·-····· ..... ~-

.. "·::~~ 1 1 .. .. :, : _., .' .• ' ' _, 

Stamp Coupling 
' 

• 

• 

• 

,., .. j 

' .. 

A change in CUSTOMER RECORD 
format may alfect YA.LIDATE PHONE 
NUMBER even if-the change has 
nothing todo with phone numbers 

' Also.YALIDATE Pl·lONE NUMBER 
ne'eds data it does nothing with, 
making it a not v~ry useful module 

' •' ~ 

So, starve your modules 

' NUMüEII. 

' ' . ' ¡ 'l' '"""' ·v..,tro· • . . . 
.. 

' .. 
. ' 

' ' 
~Le·: 
VAl ~UATE, 

,·,, PIIUNE 1 ' 
NUMIIER 1 

,•,-,.~ ... 
- j. ' • 

- !.ll.lh-

• 

' "' 

,.., .. ~ ..... ~ ... 
• 
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Stamp Coupling 
• 

Another danger rc!ated to stamp coup!ing is 
called· btmdling. 

Sometime1 pooplQ with messy module 
interfilcts.:, ' 

' ' . 
ABCD"BF 

·.1 r 1 rn 
' 

' 

DO A . 
llUNC!I OF 
STUFF . 

• 

Ul 
G 11 J 

.. 

... will bundle together unrelated data 
and/Or control into an·nrtiflcinl dnta 
structure, e.g., .. 

' ..... ·-···· ..... ~ .... 

' 

' 

'• .. ' .; ¡ 
-
S Stamp Coupling • 

STUFF 
e 

' ~ . -~ 
STliFF- A+B+C.fO+E+F 

• • 

. ' " 

-

1 DONE 
STUFF 

DO A 
BUNCH OF 
STUI'F 

' 
DONE • 
STUFF- G+H+!-

"" This designer thinks he has improved his~.n 
coupling . 

• 1 • ' • 

· _ lle may be fooling him~elf but he's nor 
i• fooling_the GODS OF SYSTEM DESIGN! 

""" 

~ ... ..... 
''"''"• '"""'~ 
""'""' 

• • 
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·' .ll.ltc. 
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Control couplin8 

UPDI'o."fE 
' B.\ NK I'II.E . 

' . • •• 
*'11110U'II•~ ~. "' .. ~.~"'' 11\.•NU 

. i - 1. ·r 
. ~:~KE WlTIIOR.O.WAI 

. 

• 

1 

Two modules are control couplcd if thcy 
_¡ communicatc using at least one control 
' . 1 couple. , 

• 

' 

! 
..... 

: This is undteiF~ble since onc or both 
- ñiOdUlot wlll not be a black box. ·•.· .. ,. . . ... ~. 

... ..... 
.... , <ir:Ia '. . ..,- . 

' ,..¡¡-. 

• • 

•' . . ' 
.ll.l9. 

' ' • 

-· 
'' .. 

<~ ..... ~. ''"' ·~ 

-.-' . ·- . 

.,,, 

I-lybrid Coupling . 
• 

llybrid coupling is lhe ''shoe­
horning" of two·or mor~ , , . 
meanings into the same ite'!' of 
data. 

-• 

• , . 

RECORD-

·, . ' ' -~ 

-
(MASTER me RECORD--:-! 

Lll.Ex 'FF' 'IF E~D·OF·F!.b!:.J 

.. 

--------~~------------N 
..... ~~""" ' '. 1 a> 

·~\'"'~' 
IINI>II~H 

ocruM~INCF. 

w·,r~1~q9 

IN II•INI; A 

INI.II;X -

' • • • .- l. 
fPOsiTIO/'IO~STRINO U--, 
~FSHINO n NOT ~·ou!:::!d 

.•·- r. ·-J .• t-ll.lO.'¡·''.~_o <..,., ... ,.,.,.,,_ 

~jfi!Z 
- 1 

' 

' 
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¡:common Coupling 
-¡ -_ i . 

1 

1 

" . ' .. 

Two (or.more) modules are 
cbmmon coupled if they share 
data that was not passed a long a 
normal module ca!! "(e.'g. d<ita 
he!d in a commOn area). • • •• ' 

¡.· -- -- -
Common!coupling ~an hapee~ at tv.:o.points 
during·system development: : 

• 
' .. , .. . . 

·~ ' ' 

.­• 

...... 
' . 
• 

• -

., 

Design-Tim-e: if ihe dcsigner 
deliberare/y decides to ollow 
modules to share data in 

· ~ common 

'Codlng-Trme:· if the ·11 

programming langu!lge mnkcs 
common data a· regrett!lble 
necessity. 

-

c ........... ,.~-

' 1 , • 

1 

' . ' ., 

Common Coupling at 
Cocling-Time 

• The causes: 

• CODOL· Data Divísion 

• FOilTRAN. Common nlocks 

• PLIJ ·-Global Data, E~ternaiStorage 

Tbe Con5equancn: 

• When a faull causes 1 shared dala he m to be.-­
clobbered, the "usual suspects" iilclude just ·' 
1bout ev•rY mDdule In the systcm. This taku \he 
)oy out of l A.M. phone ca!ls. - · .... 

• Maintcnance programmers may la~ e ad~anlagc of 
Íhe global IC(CISabilitY or dota to add undesigned, 
unllocumented, and sometimcl unprcdictable new 
featurcs 10- the ¡Ystcm. 

Thc Solulions: 

• Don'l coJe wilh common dala lf you don't havil 

"· ' 

• Al least, drJigu withoul il, cvcn if you musl todc 
• • .,. .. J • 

Wllh ll. 

• Teilch slr¿clured design 10 your nlaintcnunce 
slaff. • 

. ·: .. 

•·.· 

' 

: .. , ' 

d . 
' r.;:: 
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e; 
.e: 
I:J 
S 
e 

' t:! 
. ' o . ..... 

' 
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i Common Coupling al 
i Design-Time 
1 
1 ' ' > 

j The damag; ~~~e·¡~ .. o;~eri f~~al. .• ~. 
' Once the designer reil.liies that·"t~ll the dat<~ 
1 is right there·in the Data Division," he'!! be 

1

1 · tempted not 10 d_raw the.couple,s on tbe 
structure chart.•, : ;}, .'-iY · . · - . . 

. . . . . . ' ~ 
1 .. t• ,.,, 

¡. You ca·nnot evaluate and refine a 

1 

~design without knowing the 

1 
· communicati9n;Bn:í~~g mod~l~s; 

1 . . - .. -
1 .The Solution: Don't design unrestricted . . . ' . . .. -

access to global data into 
• ·- ........ -¡ 

your system .. Ever. 
' . ' 

1 
1 

• 

' ' ' -
" ' .• .. ' \1 ... , d ... , 

1 
1 

i 
-.\211. 

.. 
i ..... ' ¡ . , - .. 

' 
' 
1 

l. ' 
1 

-- -. 

1 • 

.. .: .... 
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Contenl Coupling 

n • SitA RED COOE 

-
1 

-•.,S!lARED DATA . ' . ., 
' . ' .. ·- ' 

\ ' ! ~ 

. . ,. 
PRINT 
lNVO!CE 

.-
' ·, ' . '. 

• • 

-
.. 

' .• ¡. 

•• 

' ' -
• 

• 

' 

PRINT .. • 
1S1111'PING 
OltDER 

'- ' . 1 .• 

' ' . . . ' . - ''.f 

.-
• 

.. 
' l 

~ . ' . 

"'"1 ... .ll.l4 • . ..... ~ .. ,.~. 
' J 
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' ' . ' ' • ' ' ' 
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• 
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Content Coupling 

This is CLOSE ENCOUPLlNG OP Tl\E 
WORST KIND! 

1t occurs when: 

l. 

2. 

3. 

4. 

~One module alters a·slatcmcnt in 
anothcr module. 

One module refers to (or changcs!) 
data contained insidc anothcr module. 

Ón~ mod~le branches into anothcr. 
. 

Two modules share thc sume litcr<~ls. 

1 2 and 3 are usually c"alled "vathological," 
b~cause thcy'rc very sick indccd. . 

• 
4 is more subtle but also dnngcrous. 

•••• , ........ "" .. ···~ -

• 

' 

. ' 

Types or Interna! Cohesion 

Thcre are six levels of interna\ cohesion, 
but thcy fn1J into three main types: 

• 

• 

• 

····-

Drua-Orienled Cohesion is typical 
or structure charts derived from 
Da tu F!ow Diagrams. 

Time-Oriented Cohesion is 
commonly found on structure 
chnrts derived from nowcharts, 
or dfawn by someone who 
conccntrntcs on thé sequcnce of 

. ' execution. -

Suire-Orienled Cohesion ci1n show 
up unywhere. It happens whcn 
the dcsigncr clusters severa! 
modules Logcther into a "suite of 
runclions." 

-11.l1- ,..,, .. ~. "'~ .... -

....... ->¿ 
¿ 
¿ 
¿ 

' e:: 
¿ 

• 
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Levels of In terna! 
Cohesion 

Dnln-Or!cnlcd Levels: 

• Sequential 
' • Cof!lmunicational 

Tlrne-Orlenled l.evcls: 

• Pr~edu~al 

' • Temporal ' 

Sulte-Orlenled !.neis: 

• Logica\ 

• CoincidentDI 

' ' ... ~ 

Vcry Go<:Xl 

' 
Melliocre 

• 

Truly Oa!l 

• 

Dcst 

Worsl 

<~·•" • •· •n~-

Sequential Cohesion 

úbjecl of this exercise: 

To pílilll our cara different color 

CLEAN 
CAR 
no o Y 

• 

SANO 
CAR 
IIODY 

" 
.. 

F\I.L.IN 0 
IIOLES IN 
CAR DODY 

1 

-.. 
.12.)9. 

• 

...., 
o 

,.., .......... ,..- .. 

~ 

~ 
' e: 

r:;t· 
' 
1 . : ' 

. e 
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Sec¡uential Cohesion . . . 

• • ,. 

A sequcntia!ly CQ¡;esive 11J.Odule is one 
whose e\ements are in volVed in tasks wllcre 
output dala frO'm'one task serves as input 

' ' - .. 
data to the ·nex.t. 

módule format-xed!t-tnns 

: uses raw-tuns ., '' ,_ . ' ' 
fOrmal -raw-lrans 
cross-cdit ''result'' 

. ' ' ' . . 
' . ,rd;rrns foini'aoed cross-edited lrans 

. ~ ' . .. . ·-

• 

endmodule 

• 

. 
• 

' •. , "t 

• • • 

... ...... 
FORMAT 
XEDT 
UMiS • 

.12~0-

><>•w•rr•• 
"01' "'"'" , .... 

... 
... 

/ . 
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Communicatiot1al 
Cohesion 

• 

• .• · ·,¡" ,·,, • 

... .. 
• 

.. 
FIND • · 
T!TLP. 
OP BOOK 

•' ·- . i 

FINO _,_ -; • 
PRICE 
OF DOOK 

' c"''---'------''~:·_"c· ____ cc __ __ 

• 
1 

' • 

FJND 
CODE # 
OF BOOK 1 1 .• ' '. 

"' . ' . ~ 

• '. • 
. . ,,, - .. " .. • 

' .. . . . '' • 

, . •• • 
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i Communicational 
' . 
1 Cohes10n 

' ' 

' 
.. 1, d~termine;customcr-detai!s .• 

mo" , ..• ,., • ,, -~ 1 • •• t• ' 
uses cust-acct-no 

" -,, 

" 

1 
1 

1 

' 
1 ..... 

dctérinine customer nnme 
determine customer loan status 
---~-.-,. 

rcturn name,.lon_n·slatus 

'· -~ r; ... " . . 
,. 

''. ~;'j i QIIO ¡· ··~· • ¿ "" " ' -• " • • • ' . . ' lli:Tf.RMII'<F. 
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Comm unica tional 
Cohesion 

• 

• 

• 

Communicationa! cohesion is fairly strong 
beca use the gro"uping of functions within 
one module has some relillionship to the 
problem rather than the implementation of 
the solution. • 

' . 
llut it ~ay, cal! se troubl_e, e.g . . ' we moy wanta customer's narne wilhout 
firaJing-his loan status, or 

becáuse of a tenlp'tiliion ioShare'cOde. 
• • -· ' . ·' '• 

•1 1 ! •,~¡:'"t 
Spli!!ing a'communicationalty cohesive 
module into separale modules simplifies 

' coup!ing and improves cohesion. 

' . ,. ·\ ' . .. . ' ' 
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DATA-ORIENTED 
COHESION 
Sequentia/ and Communicalionaf Cohesion 

• Both types of modules are strongly 
connected beca use their elcments nre 
grouped from a dilta rather than a 
proccssor point or view. 
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Data-Oriented Cohesion 
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Procedural Cohesion 

""' 

CLEAN 0 
. UTENSILS 
FROM 
PREVIO US 
'MEAL 

MAKE 
PHONE 
CALL. 

) 

CHOP 5 

VEOETABLES 

PREPARE 0 
TURKEY 
FOR­
ROASTING 

TAKE 
SHOWER 

' 
6 

• 

......... ,,, .... , ,, 

-·. /' •1 

' Jlrocedural Cohesion 

• 

• 

"''' 

A proccdurally cohesive module ís one 
in which control fiows from one 
elernent to the ncxt. 

However, data docs not necessarily 
fiow from one clement to the next -
that's sequential cohesion . 

..... <>Id '<«Nd 

.... old·<<<O<d 

••Ir .....,, ol '~' Aokl> In ·~• n<• mord 

¡:: 
~~~o•n Ill ;;;,.,,. ~ r:: 

t:: 
WRITE RHD 
A~n EDil 
SOMEWII"'T 
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, Temporal Cohesion 
1 ¡. . 

! 

1 
' MOON 

' 

OWL 

•• ': 
' 

.. 
i I'UT OUT , 

MILK 
1 BOrFLES 
1 

' 
MAKE . 

'" 1 

1 
• 

• • 

' . t 1 

1 
. 

1 ,, ' ¡ ..... 
1 
' 

.. 

STARS 

' . ' 
1 

- 1 • ·-

. ' 
PUl OUT 

'" 
• 
' 

',. ' . 

. .. ' . ' ' . ' ' . , 

,,· ' 

• 

·~ ...... ~ ''''"~-

, ., 

· Temporal Cohesion 

A temporal!y cohesive module is one whose 
elements are related in time. 

o Usually, however, these elements 
rea!ty "belong" to different functions. 

. . 
1 

, 

!HH 
INITIAL1ZE 
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TIME-ORIENTED 
COHESION 
Temporal and Procedura/ Collesion 

• Both.types or modules cHn be created 
bY t~ki~g a s_ciss~r~s to a nowcltnrl. 

. 
• SuCh modules contain elements which, 

though only looserY iclnted to one 
another, are often closely rel¡¡tcd to 
e\ements in othcr modules. 

• So coupling ·is poor at worst, variable 
at best. 

. ' ..... 

., 

Logical Cohesion 

• 
""' 

GO BY 
CAR 

GO BY 
BOAT 

,. . ., .,. 

_.,. ·- ., 

.. ' ' ' -. -: 1 

... GO BY 
TRAIN 

• 
' ' 

.-

• 
' 

' . 
.1141. 
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Logical Cohesion 

A Jogically cohesive module is one whose 
elements seem to be involved in tnsks or the 
same general category. 

ERROR. 1 I!RRoll, 3 

... ~ -12.48- ... , .. ,"" ..... ~.~ 

' 

., 

Logical Cohesion 

• A "c!ever" progrnmmer might set 
nags and switches which allow the 
module to mcander sneakily through 
lnrge intertwingled areas of shnred 
code. 

• 1t should really be ca!led /LLOGJCAL 
COl/ES ION 

,,,. . .1249-
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Coincidental Cohesion 

.. , .. 

PAINT 
HOUSE 

PLAY 
BALL 

• 

DRINK 
COFFEE. 

, 

. 1) 4~ •• - . ~···· "''"""" .. 

.,_ '. •1 

Coincidental Cohesion 

A coincidental\y cohesive module has 
elements with no meaningful relationshlp to 
one another. 

nt~du!e misduns 
u su funcllal, operator-messti!C 
updolrl matnum, acc 
lf fundlag - 1 
rhen ut matnum toO/' matnum is a matrix •t. 

sct acc tn 1 
ehelf funcll~g - 2 or funcR'I - l 
then rtlflnd tape-8 

lf funcflag - 2 
then ptlnt headinu · 
endlf 

el se dl•play operator-mosaJe 
endlf 

tndouodule nH 
MISCFUt'IS 

' .•. .111(). ·~-·~'""""' .. 
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SUITE-ORIENTED 1 
:J. 1 COI-IESION 
. 

;:¡ 
Coinciden tal and Logical Cohesion 

• • ¡¡:¡ . ' . ,. , 

·r;:¡ • 8oth types of modules ha vean 
ideryJity crisis . 

. :;¡ beca use 

:iJ the boss alw:~ys has to' semi down n " 

::J • completely artificial flag teHing the ... .. 
module what todo ior.Jay. • 

1 ~ 1 
' 

Such modules violate the idea of ' ' . ' 
:1. • "' independeñt bla.ck boxes nnd worser1 "' " 

:J coupling. 

:;¡ • 
\· 

J .. ,. .JUl. 
'~···· "''"~-
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l\loduJe·conncction analysis-A tool for 
schcduling software dchugging activitics 

by }"RIWI>RJC¡,; .\l. 1-L\l\EY 

.\..,. Cor¡.....,..., 
El f'<.gur~du. C•ldurn" 

1!\IHODUCTl<l~ 

Thc ]arg<st d"•ll~ng<· iacing •oftw""' ~JJ~Ín<'<'l'>< trolay ¡,. 
to find WR}" t<o oltlinr ln.r~o· >y•t<>m• "" "-],,],¡h· )>.._,¡ 

expt•riouoe ohYiou'l)· iudica1 . ., thnt thi• ¡_, ""' " w~U­
unde.-.wod pn.hlcm. Tht• do>velopmcllt """'-' a:ud 
11<h..Oul"" lor on:wy I:<Tg~ ~}'SlNns have cxcc~.Jí.'\] th" 
ono<\ t·un•cn••t ivc, c·routin~<-r•<'.l'-h~len t'l!timntffi th~t 

""''''"" daro•l "' mnk•·. Whr has thi.< happen!'d? Th~re 
moL<!¡,., a p!Nhm" oi ,.,phuoa(ÍOil-' and <'XOU'I.,;, Lut 1 

thinl. H. H. J. Cr<>-wlo idcntii"'l tj,. ''"Tll'n""• d•~ 
m><lullntor ¡, hi.• artich•, "Why ~IAC . .\liS and AB\1 
wiJI ncver fty "' nrr,..,h ·, ohsnvntion ;, .,._,rntially th:~l 
far SQmc lar¡;o• >ysh'ms !loe prololo•rn lú t~· soln•l aral dO<• 
•ysh•m de.si¡¡u~d lo "olw it "'e iu >uo·i• <:onst .. nt flux th:.t 
st.ability is MV<'f achi~wd. Eveu for sorne •ystPr'118 that 
""' tl}~ng tod,.r, it ;, obviou.• t.l.at th~y ~am~ pr,._ 
cari<nL<Iy dow to thi• un_,t.ahl<•, "~ritical m..,, .. stMc. 

lt ¡, m y¡,.,.¡¡.,~ that Mr mo>t •i¡¡;nificnnt problt•m ho.< 
¡,..,.,, ~r<~<o> ""'~''""titn;¡¡j.,¡¡ of Hu• ••ffort r<>¡ui«od t.o 

'-- rhOI<IJ< (citlwr ¡,., 1""1"'"'' ,.¡ ,¡,.¡-"'~<~<in~ or oul<iiu¡: 
lomoliou) " ¡,.,.~ ... ,.,,,.,¡,¡,., '-''''''"'· \1'"' ,.,¡,¡;,.~ 

'Y'"'"" "~'''"' '""''ral ."'""' iu " >lat<· .,; ~raohl'll, 
¡o~irofnlh· si<>" '"""''""" ''"''nrd "n•l••a.,,.lolt· ¡on.dm·L 
Thi< Hml!<i¡j"" ww. ;,,.]\' 1"'""'11." unlicipntPd "-'-<1 
,¡,..,,_,¡ Pulir<•!) "'"trw !urt·d; it wo~<" timo fnr pl!ltÍilg 
out fLr<., v.ith littlt' c•pt'CLIIti<m :.botlt who·ro• tlw nc~t 
011r "oulrl orcur. 

Tiw diflionllil'~ of 't~hilizin~ l~r~<· ')-•l<>m• are 
univerS~I enou~h th~t our experirno" h ... C<"lUlt..d it> 
"""'"'1 improw•d m<·ll«~l< lor ..stimatitJ¡: prujt<'ls. 
RuJ,._, .. o{-thuml. Jo"" ")(1 lm<,. of en<h• por m:.u JJ,\' .. 

un<"<' <uuuded ¡,¡ o- ''" r<·nwl;- t'<>l'-'<'fVat ivc allowanc~ for 
th~ t·umplexitio·.- ,.¡ ') •km inl<'¡;ration and t<::>tin¡<. 
J .. D. Aron1 ha.' d<•;cril>r-<1 a relativt•ly <•laboral<· !<'o·b· 
nique for t>;liH"'tin¡: l<>t!d •·ffurt for brg<· projo•ct.o 
Aiun'> l<"Chniqw: ¡_, lo""o-d <m th<• "'timat<'cl ammmt of 
cod~ fnr 8 projt"<'l snd rmpirirally observ<'<l d<>triLuuor"' 

173 

,,¡ '''"'"'" kind .. of ,•fforl >Udo "' dü>i¡m, coding, m<.dul~ 
U'!<Uh¡¡;, '~"- .\Ion· receutb· J-l.<·lady a:ud Lehman ,¡,._ 
... ,;¡,.~¡" on:otlwtll~tit•,) mo<i•·l iur tlw "ml'\a-dynamit·• 
o! ·'-"'l<·ln> in ~ro~1.b."1 Th<;;<· •ch<•mE'!< provide u•eful 
iu.<ight; into the diflwulti<'>' úf d,.igning :md impl,... 
n>o•nting l01¡:o sY•tems 

Ev"n wüh th,;;e improwd "stimation ted1niqnes, 
howPV<'r, W<' <till !IU'e the thrfflt oí long p<•riods ol 
Ynstructured ~-mte¡;ration puttin~ out of bres. W<· 
may kno" heltcr ho"· i<>ng tbis "fiwl.l" dt:hugging will 
l:lko-, hut ..-~ nr<• •till at ,..¡o.., to pro,din what resourcr.o 
uiU he rpquir"'l or wloat specific a<:tivitie< will ts.kt' 
pb""· JI Wt• proodi<·l au lt- ononth l"'ri<>d for "final 
H•,,till~." will noan:t~r>mcnt hll)' it? How •·~n we p<'('f 

Í!dO thi< haZ)' ,.,ntin¡:<nC)' pnninn of "- >chodnl~ and 
pr<-rli<t in gr<•at<·r rlet:lll whNe hup "ill <>I'<'UT, v.ho ";¡¡ 
¡,.. ,,..e¡J,.,J Tn fi, tl,.·m, ela¡"'"l IÍ\ut• ¡.,.¡"''eh int .. rnl\l 
n·le'"'''· el!''! Hebd)- aud lo~•hm"f' •u~~est Üoe n,_...,¡ for 
a "micr.-.-tnndd" IM systNn ~CÜ\"ÍIÍ!'5; i e .. 11 model 
ha.<l'd an inteml<.l, slructural lll<p<>!'\.S of n •yst<·m. Thi.• 
'" '"i"''Ot i:tll_\ t lw ,!,j, •otivr o{ t hi• p.tper. h, t.ho· f,lltowiu~ 
"'<'!Ír>n>, "'' ,¡)1 ,¡,.,.,.¡.,!' n \-er~· simplr·, bu¡ ""~fui. 

¡,;·hniq'"' ¡,,, m-.l..!m~ the "stahill!ation" of n 1"-fge 
".''·'''m'" a Í\\Ur·ti"" of (\.< Ílll<·rn,.] <lrUelllf<·. 

Tlw <"''"'"' ,. r• .,.,Jt do·~rril>r-<1 iri thi' p~¡>t·r i• a •i<npl<• 
mott-ix fürmula ,.-!.ido ,..--rv<,; ""a '""'fui modd lor tlw 
"rippling" t•ff<-<:t .,¡ rhlUl[l;<"< in a •y•l<'m TI,~ real 
Pmph .. •i•'" '"' t)¡¡· 1L"' nf th<' f<>nnWa.., a modo!; i c .. 
""' ll.l1 aid lo unde,.,landinR- The formula can r~rtainly 
1~· u."-'<1 to obtaiu numerir ""lionat<o;¡ 1m sp<"<'ib~ >)"-'1 ems, 
hui it.s ~"'"-l''' ""1"" i> tbat itlwlp• h• .. r¡,!ai>t, in torn •. < 

.,¡ """''" ,¡ '"''""" and r"mtú··~i•-", "h-'· 1 ''" P'"'-''-"'' .,¡ 
d.an~in~ a .--,¡,-rn ¡, ~<ncralh- moT!' in-''illvOO ti>&n our 
in:uihon l~ad_, "' t<> b<·lievp, 

The h·clmiq<O<' d•·,rrib<·d l•rn·, call•-d ,,\foduk Con­
"''lion A><aly""· ;, h,,;.,.,¡ <m tlw idm that r•·ery· module 
po.ir (may he n-pl:.<'<'cl by subl'y"tcm, oompoucnt, or ..ro y 
othcr d=iftcal ¡,,) uf a sys'-<'m hM 8 finite ( possibly O) 

' 
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pro.l,;,Lihty thn.l H d.,u,~•- w ow· «HKlule "ill n,,.,,..ital<• 
" ,.¡,,.,.~,- w ~":" utl..-r mo.olul.-. )\y Íl<(<·tprdin~ tlu.,..,• 
pro.l 1,¡,¡]o¡j,." und applyiu~ o•l•·uH·¡olar¡• 11mtrix :tl~ol"''· 

\\<' <·~n J•·rÍ\'<" fornmhw ¡,,, <'>IÍmatin~ tlu•l<>tal uurnlH•r 
nf ""rhatr~""" r<!(jnÍn•d tu •lal•ilit<· 1< _,_,._,trm l<nJ th.­
""'0:\n~ <>1 intl'mal rd<'"""'- Tlu: tot<<l numbrr o.f 
do"h¡:<o;, hy modul<", i• ¡;iwn Ly 

AXU-1'¡-•, 

\\L<T<' A i.< 11 "'"' ,-,·ctnr r<·pr•-<•·n!in¡: the itútial .-)¡au~''" 
p<·r m'ldUI~. P Í< 11 rnalrix ,,,..¡, thl l'lj t> ti«• pruh"­
hility th11t a <-b,.n¡:<" in mo.<h¡le i m·•·• ''M tal·~ " chan~<- i,. 
mo.duh•j, anrl J ¡,¡¡,.."X"¡,;, 11\IIY mntrix. TIH· nm,ll« r 
<>f <han~"" T<<¡uirod for ''""¡, "ir.u-rnn.l rrl<"aM>"" i, ~inn 
In AI'",J\-0, l,., _ ,orlw 

A X (J -/')"'X U k, k-1. 2, ... "· 
1!1:~(0, ... ,1, ... 0) 

1 
k u, ~lem<•nt 

oh·¡oenrlin¡¡ upon tl..- ro·le:•'-'' •tmt~\". Tlw deriv:o.oim<> 
',¡ tlll•"' r .. rmuJ. ... aro• l'"~··nt"l iu tlo~ r .. ll .. win~ ..... ,;.,,_ 

\],,,Julo• ''"'""'''ti•"' "":Lf_,.,i; i' u-r·fulprimarily "' 11 
,,,,,¡ "'' «ll¡:menlir<u ,, "' ''~'"''' <¡LJnniÍI"tivo• ,;¡,dro·­
'"'",j¡,,~ <>f hi• pro,¡,¡,.,, l1 1'""]¡,.,._, <t"""til:dl\'•· 
•~1Írr.ut<,_ of the ,.rr,.,,, ,,¡ ""'duh• into·nnmH·cti""'• "" 
:•r<·a Íll which intuitiH ¡u-l¡tmellt ;, ~<'lwmll)' "'" 
a,Jo-<¡uate. 

THEQHY OF ).!ODULE CU:\':'\EC,TJO:\S 

_;., a b._.,¡, f<>r <>ur ;uoo.l)'>ls, \\'~ pootulai<' oeveral 
··bnrH.<l<•ri-.li<"S of n •y•t<•m: 

• .\ ·'-',¡<·m ¡, lu• ·• "',.¡" ''"! iu ·'' rw·t \\fl·. 1 t """' •·nmH 
.,¡ -"'1"-"'l''""· \\],io h ,,,,,.;,. '''""1'"''' "'·'· .,¡.,,.¡, 
o-cmlaÍTJ mndul•·• "' il m,<\' lw "'"'l']<lo·]\• ~o·Jwr.,l 
)oaVlll~" doffo·r•·l<\ l•·v•·l> .,¡ ''"'"1'"''¡"" wi«·T<' "" 
<>hjo.·t al ruo)· 1<-nl i- ''"'"1"'''1, <of <•hi•·• ,_, " 1 h<· 
,,-xt 1""''' ¡,.,-,.¡_ 

• ,-\.1 :my lo·vo•l ul 11..- ¡,¡,.,.,-,.¡,_,., tlwr• """ lw· ~'""' 
irliPrdo•¡JL•rlJ<·«<" 1"'1"'"'" '""' 1\1'" ¡mh ,.¡ tia• ,,._,,,.,,_ 

• lf ~•- ,~,-~- "_,_,.,.,.,, '"" ,-,o)lo-,.ti,,, ,.¡ """lul•--. ••·r. 
11hawvor oloj.,-¡ n-,.ioi·~ -,¡ ¡¡.,, ]""'''\ ¡,¡,.,,.,.¡,¡,-:¡] 
lewl), th~!! ti«• ¡-,,.;,..,, int.,<lo·pou.h·ncÍ<" _.,~, 

manif<"'t<-d il< l<·rtn- ,,· olo·pmdenm~ ll<'lw""' ;o]] 

pair. of rnO<.luh". 

n,- do•po•ndo·!le" lo<-T{·, "'' '"''"" tloat" ,.¡,~"~" ;, '""' 
ll\odulo• mny n("('CS'-Ít:<\<' " d1a1<~~ in tiw o!IH·r. TI\,. 

fmHlom•·uo.-<1 """"' <of nu..-lul•· <·onH<'<'IÍou ~n:~ly,;; ;, 
thnl Ínt•·rmo.lool<· ,.,.,.,,.,.¡ iou< "'~ ¡],. ,..._..,.nti.-<1 eulprit in 
p)o"~"t"l _ _,.¡.,,,¡,¡,._,_ 'l'hal " < h~I<~'' in une rru.dul<• 
cr!':l( ,., ¡¡,, . .,,.,.,,~,¡ 1 ,. fr.r < ),¡¡,~,-· in o\ lu•r modul...,, and 
tlw«· chun~•·• ,.,,.,.¡,. oth<·r., nnd "" oo: Llotrr, "-<' will 
·''''' thnt p<•rf<•etl_,. h:crml<·.,.].,.,kin¡: "-'-'Ll!nptwne l<·nd 
,.,_,¡¡). to <um> lik~ lounclrNls of donn~"" n•quil'<'<l "-' a 
'""ult of a •in~le initial rh"n~~- !Th<· n<•lÍ<Jn< of hiPr­
at<·hy, intorrnuU"fli<>n. o·t<:., u-.rd hrro• art· dc--.rribe<i ~1 

l<·n~th in ¡¡,.¡,.,,.n«• ~-1 

lf '"' "~'um•· thal "'-"'l"'n ¡•du•Í>I> of n "modulC"," 
ti"'" thPr<• ar~ "' p,.¡.,,.,,, ro·l~ti""'l"l" I>Í t)¡<· lorm-

!u tho follo\\'in¡:, the l~uer "f'" dennt,.,. the "X" 
mstrJX Wltlo <-lo•mo•n\1< pij. f"ur!hennoT<>, ,.~¡h r-ll<'h 
nmduh• 1, tlwro: ;, !C'.<OCtat<-d R number Ai of rhnn~•-s 
th"t mml ¡,,. mHJ<• 11< module i u¡<>n Íl<le~r~tiun \\ilh 
tho• •y•l<'tn. (.-ti¡, "ppmximlU<•h tito• num],.•r of hu~-· 
that•l«•" u¡o ;,. m,;lul" i ,,.¡,,.,. it ;, inl<-~r><l<·d with tlw 
~;·•h•m.) lf ~" l<"t .1 drtwl<• H "'w n-<Wr 1'Íih clo•ments 
,\i, tlwn "" h:"''' oloe folhowin~: 

.1 ~ '"tal'''""~'--"-~; moolulo•. r•·<¡uir<'d at inl<'l'l'a· 
''"" tiu«·. '''al i«l•''""l rol··"'" (1_ 

:\!',. 1<>1:<1 ,.¡,,.,~,,, r•·•¡uiro·<i. h)' JOodulc•, "'" r<'>ult 
uf o·hatl~<., rnfld.- in rd<'"-"' U, or tn¡~] do~ng"s 
fur mt"·"ul rcltast l. 

(lnt-emal rclo'"-"'<' n+I \.o;, rou~t.ly, a """ion oi t\w 
•y;tr•m c<,ntainin~ fixes for ill fin;l-<rrder problo•m• m 
into·rnal re-lo""""·) 

"'"'' W<· observ<- tiLa\ th<· i, ;th <·lo•m•-nt "r !" ;, 

L hi; !'tJ. ·-· 
,¡,¡,.¡, T<'llr<•o•·"l' ¡¡,. '""' ••fl<r•oluhiliti<~ ll,"¡ ",.¡,,.,,~,­
in ono•luJ,. i j, 1"•'1''~~·'''"1 (P U«;h¡k !. '111<1 tho-o. 1« 
11\<;lnlo• J. llo·uo·o·. lb<- i,;th < leuu·lJ\ of 1~" ,¡,., "two­

_,tqo" l''"h:<l•ilt!;' llm! a • ha<<~•- in """lulo• i prop .. ~~'''"" 
tn ,.,,,,)LJ],. _1. 1 Ir, .-! 1" " \].,. numho•r al <"i<!Ul~•·• ro<¡uireJ 

;,. ;,,,,,.,,¡ "'"''' ~-
TI«• ~··n,~:olizali•"' Í> 1<1"1 ,,),vinn<. TI,. uumher of 

dmn~"' T<~¡uir<•l in into-ro.,l ,.¡,.,,_ .. ,.k;, gin-o h) .11" 
:Uld the tht~l numl•·r ,,¡ oh~"~'"• T, i• ¡:in~ h;· 

T~ .-\ (l + P+I"+in..¡. .. -). 

Kow "" ar<· i•11cro-,;tod to kno"· tchNhtr or not tht• 
matrtx poJ\\<•r _,.,;,,_, in 1-' o•onverK""; d<"'-rly, il it Joes 
n<•t "ur -'Y'"'"' "ill nPver >t-"Lll"'' T<> '"tablish con-

___ ....._, ____ _ 
--·-------~------ -----
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\'>f~C!W<' .,f til'' ]"""" ;<•f¡f•><, "" ILi'f'<•:<] l<l IH~trÍ• 
al~··~ra ¡,.,. ]¡,.¡, H '" ,. :,, ¡,., ••xampl••) '>lhieh tdl, u• 
thl<t 11><> ,.¡,.,.,. ,,.,¡,., <<om•<·r~'" wlwnrvrr thp ri¡;m­
valw.,; of P :.n· ;,~, 1 b:m 1 ÍIL n]...,]utc valuo·_ 1f ¡)¡¡_, ;, 
th1• Cll-'<', tlorrl !lw "·río-, o·niLWf¡!:ffi :tll(l 

TaA U-l'r '. \'. ¡,..,,.! ¡,,¡,.."X" id•·nlit,- matrix. 

W e nnw h~ ,-,. "" "" 1 • ,,..¡,. •Ím¡.ol<• "'".'" (u '"-IÍmnlo• r],. 

Uolal.numl~-r ,,¡ ,.¡"'""''-' ""l'lir•·d '" ,¡,.l,ih.w 1< >_1'.•1•'1" 
""a lim•nr ¡,,, ,;,, ,,¡" .,., .,¡ inili:d ,.¡,.,,~,.,,A. ,\],n·· 

nver, tlO<· """''""' ,.¡ • I""'C''' no """h rPim."' ¡, ¡¡ivon b_,­
thr rh•nwul• .,¡ _\/, ,¡¡•, ,i/"'. o•i<·. 

ESTniATI);(; T<•T.\L 11EilU(:(1]:\G EFFO/tT 
FOil A i- Y.-.T L\1 

Thr ah"'''' ti"'"·'· _,LJ¡¡;gN't• ~ s.i1npl•• l'""''"lurr ¡.,, 
<><timatin~ llo•· to>l:<l JILlml~·r ,¡ d•w•g•-,; n·c¡uiro'il l.n 
,¡~¡,;¡;.,.a'.'''' no. 'J'j., i'''"'"duro• ;, "" fuJJ,,,.,, 

{ 1)' Fo.r • -,. ¡, ,,.,¡,; .. 1'""· i. i. •·•IHnalo·llw pmh,.hility 
l!J:H _, <lo'ol•:" ,,,.,¡,¡,. ¡ •Hii f"T<'":. c·h:tu~•· Ítt 
,.,.,¡. ¡, ·¡·, ·· ... ,¡,, ,, .• , .,,.,,¡,,,,. 11..- )lruha­
hiiLt;. ,,.,,,, 1 

12) r'""· n ... '" ,,,, ,¡ ¡,, ·~tirn,(i"'-' for ('llrh 

m••I"J,. ' < ¡,. '"""' •·r ,,¡ ".,.,,,..,mkr" ,.¡,."~""· "' 
rR"I'~'"'I'I<¡u;.,,¡ '•' inlo·gr~liun lill1<'. 

(;il Counpult• tho· t"t:¡l U<llnho•f <tf •·i¡augo,., lt,l' 
mr.l<LI<·. 

' (-ll Rmt• <lot• o·lo•n:o·ot- ,.¡ 1\tlt l'l<hmm Y<<f!OT 7' Jo 
nht~tll tl,o· ho1:,1 IIUihl"'r uf d¡:HIP'", .\' 

1) \l,h•· " •onq.i• <'<ll'¡IJ.,Iali"'l tn "1"1•1 •iow" 
'----- ]o;¡<o"l ''" i"H '-'l"'no uro· au•l loll•<\\l<·ol~" nf ti.,, 

,.,_.;,,,,,I,(<'HI IL ¡o:1•t ''~1"''"'"<''' "'~~,,;lo " 

•·¡,," "'"' "' d j•·'l "' 1 h, thf't> ¡¡,, Hot;~l lllto>ll<'r 
uf 1" ' k' ro-• ,.,;,., 1 ¡, .\' ¡",/, 

ilo·IL<'" if IH·I,:m• hf>IHI' 1"-\Íin;LI" (IOF th" Í<tÍI j;,j I'IIW"I· 
IL!"'-' •1<>1 •·¡.,~~¡,.,.,.¡ .,¡ a •>•io·m •111<l f,.r ¡¡,. in~<·r· 

mmh1h• l'•li<II<1'1ÍI'ÍI,>- <lio<' l>l"l'rlloiluio-.), 1)(1'10 "'' q<IL 
,.,,.¡¡_\ ,,¡,¡ "¡" "" ,.,, iw '• ,. ¡.,, ' ¡,. · ¡,,¡,¡ 11011111,..,. nf ,.¡,,.,~, ., 
tluu \\ill),.. 1"!";,.,..¡. < ,¡,¡,,, 11"' ><<l1 "" 'l'h" il•fllllll:~ 
U. n >Íiu¡oh· "1"' ¡., lt< · ,,.,, ,. •''"• 1•111 1110· J;,,-¡ tha< "'' 
""' ,¡.,~hll~ \1ili1 111 ,1." "' 1''' 1 ¡,\,)) ,,,,,¡,,¡,, o].n fnibm· 
of 0111 in111iti"IL iiL 1¡,,¡. 1'''"11<1111~ ,¡,.¡,.,~~~"" pruhlo·ln•. 

In th<· rnlh·•>ill~ •·•·IÍ<OII>, "~ llill•hu\1 !t"" 1heh\Jll~¡· 
furmul~ r¡m ¡,.. 11•<1)1u uir) Q\lr llll<kr•l<<l!llinl1 U[ IJI/wr 
l\llpeiJI¡; ¡¡f 1 ¡,;. <kl•u~~ IP? proim,._ 

-•' 

C'T.-\CI:\G 1:\TEIC\',\L HELE.-\SF~'l 

Thore !11'0 ,-ariul~· ,,lr~t•·~i,., fm truokin~ dmn1 bu~' 
111 a romp!r",; -')'>Ir m. 'J'Iw rrH>•l nhvious uro•: (l) fix all 
bu~" in on<' .,.¡,•eto.J mooh1lo· l'nd ch:l.'le d<'"-n al/ oi<le 
o•ll••cl,, or, 12)1i~ llll "fir"l-<ltdi·r" bugs in ea,.,h moduh•, 
'¡.,.n lix nll """'""'1--<~tdor" hug•, and oo oto. The mC>dulr 
,., '""''''t.inn moJel ,.,.,. :1iJ in pr<..Jirlin~ r~lc~~~<e int~rvaj, 
ior eilh<'r ~1'1'"'-'0li. 

For >ltal<'g}' (1) (<me module al a timr·), th•• nuonb"r 
ol <"han~es n•¡uir<.J ¡, st~Lili•e m<><fulc i, ~iv<·n Ai 
iuiü,J chOlL!-\~·'• is ¡¡in•n hy 

(p, _. _. Ai, ... , O)(J~P¡-• 

ThP ¡¡wduet i• a row V('<'lúr wit h elo•mem• oorr.,.pmidmg 
'<• thc "umbrr of chan~,.,_ that mu.'t b<• madr• m rath 
m<.dul<• a.< u r<~Ull uf tlo<· ori¡:iu~l dw.u~<·.<, TI"· total 
loLHnl~·r nf dlfm~··• ""lllÍr<>J t<o •tabilit•· thi' moc rd~!V<e 
;. civm hy 

" l"•re the X ik are Pkn>cnt.. nf ( 1 - J•¡- '. Thi' 'tr,ote¡:,,-, 
1hero r<o;ult.• iu'n 11\l<"rll>ll t<•l<•u.•<"' who·ro• lhP tiln<' for 
, ,.]<-,....., i ¡, 

b (,-1• rn~• ,\•l 1 X (¡inw f"'l'!iroi! ¡w:r •·h:mg .. ) 

' 
W•ll• ü1" "'""'"¡ oh·l>i<ggii<Q o¡r~u·g;· (~l~ke ~11 "firot­

"'·<lr.r" rhan~'"'· 1],., all •·.,., • .,,~-unl~r" d1~j\g,.,, o\~_), 
¡¡,, n1Lmh~f pf rl1a!.g•"\ in !he ~1.11 f<k!\1>~ is gi•-en by 
-11''. Tl,,.t ;,, ,~/" i• :o 11'" Wl'lt<f, wj¡l¡ e!<·¡nPnh wrro~ 
''"'"')L¡¡g ¡., tl .. ·no;¡'llu·r ,¡ <hngo~ in'""'¡, modult• f~r 
ro·kno<' ~- 'l'lt" •i~l<' '"luircd Ío•r ro h·a_,,. i io ''1'1"'"¡. 
""!i<h' 

11"" 1 .\ /<') \ 1 ¡,~,. n•t•mo•l ¡wr •·haiJ~e 

'1'>< <kH·rmi<H• liw '"'"1 i"P!>I~·r uf'wi<'AA<'• ¡,., ¡;.¡, 
,¡¡¡¡!CR)', "" n¡¡¡.l 1'\an\IU<' ,\, .-t/'1 .H", Ulltil lla• 
J<ll!nl"'r uf rbn¡¡o" .-1 /'• iu n·h·a.;,. l io ••n:¡)l O"I\OH~h lll.Lt 
q.,. >_l-'51o·m i; l'd-"'"'" lo¡.._ 1'1H· 1 oot:¡lt i ""' fnr t ¡, ¡, •"~"P-, 
L ¡,.,, ¡, 

' 
~ "'"'.-\/"A tq¡u· fi'JIIÍF"l¡o<r r!.:.ngo, 
•• 

\1 1> l><•rlh ''"ting liO:o! h<~th uf llw ,¡,:¡,ug >lr~w¡¡io" 
,¡,,.r¡jll<'(j al~ll'l' , • .¡,¡,.;,,.a "crjtie>J'pa!h" effii<Jl. 'l'hr· 

lfol:o! lir¡w i11 '"''h ra>o• "'a •wn uf m~m¡¡on tim"" ínr 

1 ·:L< h '"'"'~"''· T hi> "ff""' "'""''P'>no)o '" thc ll'ell-kllo"" 
f.,..r tloM •h•P11~gin~ ¡, gonor4-ilY 11- hi~hly ~equ~~tial 

--
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Jjt) J".>ll.J.,Lnt C"urnpuh·r Cunftro·nt·t·. 1~17"! 

!""""'' "¡,·,, ouly mi"''' l""'ihilitio"' lor n>~~·l\~ "'"''-' 
¡¡~,... ¡,, ¡ ,,,,,,)\,.). Thio lan , cnuph.J \\;1h 1\.e "'~mplitk~· 

tiotl' o! t·h'"<w"' rau.•o<.l by ripplin~ di<"<"I>, ;rr1ainl) 
u.croun"' ¡,., ~ lar~~;• portion ,¡ many !l<"h..:!ul•· •lip•. 

HEFJ!"\1"-'': THI:: 1:-..TJ'!Al. ~!:>Tl.\JATE& 

~],dulo• '<•ruwctinn Hllaly;i, ;, PT"I"'«Xi"" '' '""¡ f¡,; 
aidin¡¡ d<~Íl!"'''" 8.Il d implo mo•ntors. ,\1 <oro· than an.nhinJ< 
~¡.,., it ¡, > ratiom:.le ¡.,, m~kin¡¡ detalle<! <¡U:Ill\Ít&tl\·o· 
<">IÍnls\"'" ¡.,, "hat i~ J«'I\<"TI'.Uy c~lled "'r<>ntin¡:;t•ncy."" 

So"~ wt· tmt"t &k, "'A~ ll ¡oroj<•et !""~'""'""'• ho\1 rau 
w~ \¡o.ke ,,.1\•ant"'::e .,¡ :~·tual expt·rÍ<'<L<·e UJ rp/i"e ti,;. 
initisl ,.,.,;,""''"'?" TILr• m<Lr]ult• t"<mrwrti<on mo<lr·l i,, 

b....,...J on ""' ol~""ts: A, tlo<· wrwr <>f inítíal el<""¡;<"; 
o.nd }', tk ffil>lt'lJ< ol <"U<Ln.,...tton prohabilitie>~ \whren 
thr nmdulo.,., ll<>tb A M<l 1' C8.Il he rrv""-<1 •imply ... 
liw ds la ho ·t·•>tnc svail,.blo•. 

A>. <·ad' ,,,,Jule 1 '" Í<Lir·~r~t<·~ j,¡,. U>t• •Y•Io•m. th<• 
numl,.r A i < ,¡ i niti"l ,.¡,,.,.~'" lwrorrH'.< «Pl""''llt. 

\:,¡,.~ u;"l,oted valu,., fm th•• "'~'\"' A, ,.,. o~n rt~ 
•· romput<· ¡¡.,. , xpe<"lt'<l \DI :o.l numhrr o! ~hang<:l! o.nd th<· 

'"',"'l n•l• . .-<· ,tr~l<·!\)'. 
Tt.,. ,.¡, . .,,. "'" J'ij. uf ti><• mnlrlx }'can b<• revil<ed 

~··rÍ<Jtltcall' ii ,.,ffi,·it·ul data i.< kept "" t·han¡¡''"• tlwir 
can«~. "'"; t),eir "lt~-r-t•ffcd~ OtH" .<impl<· way todo 
tlti• ;,, to ;.,,.,.,." ,.,,,,.,..¡¡,,, eMh modult· :o.• follo"". 

.\lndul,.; 

dt,.cripti•on of r;,.t1<.ed hy "hirh uther m.Kinl<e< 
c},m~<' mudulc• aff,...lt<l 

---

--- .. -·-· -- ·--- - -~ --'---'-'-- ------·------
Afu·r :o n·l:.l1>"<·1;• ltor~·· """1'¡,. ,.¡ dal:, ¡_, a>·i,ib],lr·, tl10• 

al"'''"'"""' """ b" lt><·d '" ,.,¡,.... !' :.• f«llow;: 

.. numlwr nf ,.¡.,,,~''-' ¡, i <"a""'" bv i hJ ~ • 
t<ota l d " " L ~"·' madt· 1 " i 

Thc r<">.¡,,.d rnntrix !' """ ¡,,, ll""l to r~vi•e <·Mb<"r 
t.,;tÍm_..tt.,_ ¡.,,. tnt.oJ l'ITnrt ""'¡ ro·l<·i<'l<' >Wci<·~Í<•.•. 

AK EXA.\Il'LE OF ~11 •lliJI.¡.; On':-;'ELTlOl\" 
A:-..'ALY.-515 

Th<· loll<>\1 in¡: cumplo• ¡, ¡,,....¡ "" tfw X<•mx Uni­
versal Tlt"'"l ,~rin~ f;pt o·m. Eo~hlt"'" a<·tw<l >llb>y•tpm, 
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Fo.,.,..·'t-P~obat .. lo<.> ''"""'~""" "'"''"· P 

' 

are '"'.¿ <L< "m<><hth,..'· T'.l<<tmat,., for ronn .. d.ioo 
prnh:ohiliti,•s and inni.cl ch.~•g•.,. ""' mJul<• in !he •3me 
WILy thnl llt<"y \\<Htld he mt<.<lt• fur 1l '"'"' •pt~m. ~x<<•pt 
that ''""" o·xperi~ne<· aod "fN•I" ior tb~ •.Vsto·m w~r·· 
u><C<I tn ohtain rcalis<i~ numll('n;, (Tito.r1L= to G. E. 
llry:m, x~ro~ C<>rpora.tion. for h~lpin~ lo r<>n.<trurt 
thi" ••xamplt•.) 

TllC IRXJR prOLBhilit,\· OOtlBP!'1l'"' tnsrci' for lhi.' 
examplo· ¡, ~iv<•n in Figm<• 1. Tlw m~lrix i, t<-iatÍ>"<·l,l 
>pa,.,.,.: tll<>T<'{lt'Cr, mo'l .,¡ tht• tlDOU·r<• ,.¡'enlt·nt• h;v,. u 

vo.lut· of .l. ~ 1 "'t th~ 13l'~er Ph·m"nb lie '"' tht· tUo~Ot,ol 
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eurl'<'>fM>nding t<• the bct that tloe •u¡,.,.,,,.,, "''' 
rdativPly lar~~ «> tht t!w' prohiiLility ol rip¡.>]c• "it hilo " 
suiJSv•tt•m il; rc·lnti v.,],•lu.r~<·. 

Tbe total numbcr nf dw.Ioge~ re<¡uir.,d in ~aclo ow .,h;)e 
nrP ¡¡iwn in Fi¡¡ure 2. lt ¡, intrrestin~ to llO!r "bid, 
modulo·~ rt'<¡Uir<> tlw m<>l't <·han~"" Md to ul>"·tv<· 11,,1( 
six rno<!ul<,. acrount for 50 prrrem of th<• do8hl""'-, 

F>~Urr• :1 illu'lrat"" ¡¡.,. on,....ro·lrliSf'-)X'r-mo>dulo• ,¡, i "'~ 

>trn\.!•1:_\'. That i.•. "'' rr["'ir <>n<· m<>dulr• ouod all ,¡,¡,. 
<·fft•rts, tlu·n o.mollo<•r mmllllt•, a.nol "" "" 

Thi< str,.to·~;- ;, mtlH•r o•rr~tic ;Ínre thl' titm1 he""'''" 
r<•ieo~<es, "hirh i.< <le1<..-minrd by the maximmn llUmll<'r <>f 
h,.,. in om• m<.-lulr, rang<'S from ~ to 95 indilocriminat<•Jy. 
1! we a.dopt t.his •tral<'ttr • ..,,. may ,. . ..,,, to ,.,.¡,.,.¡ tlo<· 

' ' ' ' ' ' ' • 
"' " . 
" " " '·' ,, 
"· "' 

• 

"t"JIJTICAL l'.Hil" 'IO'I'Al, 

) ·~"~' 3 
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""''1 rno~iule fir<t ¡¡,nd r<>nt inu<o .,,¡,.~ ti"• wo;,¡ rnud"l" 
a; Nlth >lo•p. Wo• will >«·r•, howe"'"'• thJc~ ¡,¡,., •lrcoh'F ;, 

f"r lrorn optintal ht•ea<l"' it Jueo not t .. ke rn,,;..,o;;n 
"'!vanta¡¡:" <>f opportuniti<"> to tnakc fixC!' in ¡oarn!lo·! 

A mol't' df('('tiv~ !"<•!en.'>e strai<'JQ' ;, illustrnt<-d '" 
Fi~e 4_ Tloi< Mrnt~l('" M<Um"" nll lir,;t--ordcr chllll~<".' "' 
rdf'l!SI' l, all """""d ord<·r chang<"' in rd<'!W' 2, ,.,,., 
}"11:111"<' 4 '!l<JW.<, lor o•aoh rel<•!e"'· tlu• ma<imllm '"""¡,,., 
o' ehan~•~ in "'"' Uu><hth· unol tiu· l<lt"l rmmiH·r ,.¡ 
''"'"~'"'· Th" r••;.d<-r 11hn 1..'1>< morko<l ""a br)!;<· ""'' tn 
11 '11, no doubt, ""'"'h'ltize th<· pairofully slow conwrc··•·•·•· 
patt~m. l n ¡¡,¡_, ""-"', the ":"'l~m is OS<Umt'll to 1~, '~"'1 ,. 
¡,,. <'>l<'rnal rd<'"-"" \\bt•!l !).,. ''mliXJmum doro.H~''" ("'" 

m<•lule" !"~'"""'' k~' 1 han "'""· 
Ji,. e""'""'-'' e;,.", titi,·al ]'"-,¡," o·k<!l~<-.< ut<· '"''-'¡,. ,,, 

1; 
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an '""""~" ra1<' ol.aloo<lt 1 J-"-"t tby. thcn Figure 4 i> 
• ft~irly n•pn'!K'nt.3tivc of r·•[l<'rieroce ,.-¡¡ h th~ fir.t relea..,.. 

of UTS. The totAl numhcr o! ch&n¡:<'-' on th~ "('ritiral 
patb" 1> 33S. oo thst &ppro>cimaU•ly !5 montl" would 
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• 

\w '"tllin-d 10 ,¡.,)¡i\it<· tbr• '.1'-<t<·ln f"r tltr· ~n<l l''h'fl1a1 

r•·l•·a·•·-
'1',. ,-,.11 duol<• thi· "'"'"l'h•, IN'" lako· a hrid 1<><>1< al 

tli<· t'< \:I[Í<>"'hip IH•l\\P<·U "lfo(,d <"hton¡¡:•'>' ami tiO<• 
pr.,l• ,\,11!\' rol ÍlliO·ml'><lulo• o·ntltH·<·ti•m Tlw pr .. lu<· 

loi\lti•·· iu ¡¡,..,.,.,,.,.,.,¡,,,"'"Tri' "'""'<·llltvr· "" av•·r;og" 
Y;<hH .,; "l'l''"'im.<l<·ly .(H. WhHt ¡, IÍH· n·>Lilt if "''' 
"-''"'"" <1 1" ""'"' ,,.¡,,¡,.,. di•tril.uti<on ,.¡ ¡moloahthtÍP• 
j¡¡ Llo• ouatri,, \out r"lu«• tlu· nv<'r,.~o-1>)' dl\·idin¡: mrh 

,.¡,.,,. '" ¡,_,. "''''"''""\': 
l"retur· ,) ,¡""'-' th<· total num],•r .,¡ ,.¡,~"g'"' "" a 

fu :o• 1 ;, ,, , ,f ",.vo·m¡¡.· pwlmhiht.•· <Ji """lulo· '''"""'''tÍ<uo" 
unoh·r o'"' "h"'"" a.'<•umrtio.n, Thi• rmw ,¡"'"" tltat ""' 
""""1'¡,. ¡, ]m.-arÍ<>ll•ly do><• t<> "rriti<.al mM-<" and 
do:•L "''-'" -•mull impmnrnenl in üw oonnP<:tion pm\o;¡­
Liloti•·, "''ult., in ·"~ILili.-aLJ\ ¡o;t¡·nJL 

• OTHJ-:J¡ Al'l'J.lCATUI:\" llF \JOIJUI.E 
(.'1>.'\SEGl"Hl:\ ,1.'\Al.\"Sl~ 

"]',, .. ,.,,]uo· ,¡ ,.,,,,]ulo• , . .,, .. ,,.,.,;.,,. '""'¡_,-,i, '·' ¡¡, 
"'"'''!Hit¡, TI,.- '''"l'l"""ti"'" ·-~" ].,. p••tll>rlHI'Li ,.,.,¡]\' 
lo:. :. -Ho:ill (h~- t lonll .>lllino~ ¡ ¡m ·~rarn 11 riltf•n in Al' l., 
B.\~ lt.". "' "1"'\L''-,., bn¡_"llll~P i- o\"ailal>i<-. ¡;,wd on·lino•, 
t],. ,, .-lotoio¡w· ¡,"''fui f<>r t•x¡~·rimcnting with nriml> 
,¡,,¡~, oppr .. ach<"><, Lm~lo•m•·nwtion 'lr.>IP~i···'· Plt. 
Tlm·r· ,.,~m¡oh .,¡ thi, uso· ni tlw n1"J.-I are J,._,,.,¡]J.,¡ 
]J,.¡,,,-: 

lf ¡j,. ¡j,._,j~~"'r.<, nf Lll~LLng<o<", .,fa ,_,·•l<•rn l"ll'l• hr•¡1\ 
,¡,.,,j¡,.,j '"'"!"<], of (\H• JnLOdn)!~ll .. ,],Jo• dL:tLICO'.' i11 1\w 

"'''' '" ""o], . .._.,¡¡,.,¡ ;,],.>v•·). tl..-L> ¡¡,., LlLatri• /' ¡_, a 
,, l• ,1,1 .. '"'lirnal"L ,.¡ ¡].,. "rÍI>plo·I:"L"r" f.,r ¡¡,,, ,,-,.,..,,., 
]1 , "'' r "' ,,..,¡ 1" 1 .,.,.,¡ ;, 1 . '"" 1 '1 :•~··. IIL<· •• ~ .. ,¡ 1" _.,¡ abih~·· 
¡),. ,.,,,_,., :tfl•·r '"" ,.., ,¡ •·l..u•g•·- li "'' l""llllnl<·" 
"'·')' ,, 1 1 "1 ,,,,,., ln< '1<1 ro·lo·;"'' uf 1 1" · -ni ('110, 11,, u "<' ''" 1' 
,.,..,,,,. ¡,., '''"'"Pi<·, lloat ti"• W''l pfl>gratu e .. le bll_, 
int•, 1 11" eal<•¡¡:om"><: ( 1) ind<·¡x•udem N><l•• parti('U)ar toa 

JIL'\1 HH<elioo nnd, (~) ,.,,.¡,, tl"ot '""''"'-<.it!ttffichAA¡tC> 11\ 

"" , ~i;tin¡; n•odulo-. Hy <".<tirn~ting tl.e t.umb<'f ,.¡ 
,.¡"'"l''"' &i, '" ,.,,-h rno<lul<• i, "" ,.,.,. ,.,litn~t~ the t~>t"l 
nunoher of ebu~<'> tn ""'tahilizo• 1 ho• ')''to·m: 

Tho ¡•wviou_-1¡· do.,.·rilx•l >">m¡ml~ti""' e~n 1"' .,_,.,1 '" 
,.,,;,.,,,(<• r<"l<':J."' Ü\te"·nl.< AAd tnUII timo· fur tln· in.­

P' • '' <·no•-nl ro•h•oo,.<•·. 
')',.'"'m""' r<·:.Ji"io·, it """ bo• U,,.fu] i11 th<· abu\'o• 

'"'"''"'"';,.,, '" .,,.. ¡,¡ t "' "' tlw o~timntr•rl '1'""1"'" 111 

• 

' ' ( 

1] ,.. n " .. lnl1•, "ILL·ro• ,.; '"1"''-<L'nh tlw [1\ll:\ber of dmn~·,; 
ro·quiro·ol in.,.,,,¡.,],. ihy pt<'\'Íoll' :« ti1tly. 

Tl10• ¡.,.,,, tirno· lo ~''"""""'" "'''''"' o! a ')'l••m 
oi<•Vo•)o,¡Jtl1•·111 ,,!f,,rt j, i11 tiL<• L•:u]¡- ,¡,.,ICtl >I.Lg<'' 'lh•IL 

areloito•o·tom• ,¡ LIL" h\'>1<'111 i.- ,¡¡]1 VLifiahl••. TI"'" i.• 
muth ¡., h<• ~,,;,.,.,( h1· "·h..-LiiLf 1>1> ~PI''"I'fÍOio· "dernm· 
l""ilinn" ¡.,.,. Ho•f"'"""" 4). n['¡),- >_\'i'l~m into .•u\.o­
·'."-" >'r>l', ~L>Lllj~HWtL!-', N<. JlLLTLLL¡! thi> <la~~ nf ~ f'CO!<'<'t, 
1u< ~1 LJ 1 <• ,., 11\1 ,..,. 1 in n nn ,.], .,¡_, i < a u,¡•f u 1 1 wl 1 f ~r <' 1 ·a 1 u~ 1 llJ~ 
,-~ri""' .!<·cnrnpn_,¡,¡,,"· iniPrh<·iu~ l••••hniqLl<'.,_ rte. It 
¡, a ,implo·, 'l"""¡,¡.,¡¡,.,. ",_,_ ,.¡ <'>liLna1 iug t h•· '"'"hdar~ty 
,¡ " ')">(i•m, tl1<• 0'\'<'t-j>tL'>L'i)\ "L>jo'(•(il'l' 1)1'11 "0 ILn<• 

k"''"' <'>a<·ll-'- )01>1\- lo a<hio•\'<•, ]\, ¡¡,¡,~...,,m,· nf hi> 

"'-""",pi ¡""' al,.,.,¡ irLio·rn""¡,,¡,. ""l""''tiun•, a doc<i¡:r.or 
,.,.,, '''l"'rimo·ul 'lirh \'ari••LL' ._._.,¡,.,, '"~ani,_L:ion• 1<> 
,¡, 1•·n11iuo· \\hie\1 ar<•l),.· ¡,."-'' liL,-h· L<• JL<"hino• ''critic"l 

TJ.,. ,,.,~IL"r ")"' p,.rfvrm' """'' ,;,,p]o· L'-'l"'"inL<·n~' 
woth t\1!' formul:~- rJ,'!'>Cril.,·d ¡,,.,., ¡, hh<•l,l '" ¡,. very 
•ur¡lfi<l'd at tl1e r<'i'Uit,. Ew•L< ~" o·\trrm·h- <p''"'' 
o·ollnro-tinu <natn~ with V<'f-'' lt>ll probabihti•" ra:t 
""ult [ "'~rniru· (] - 1'¡-1) in ver y lor~e "ripplr far<or,_" 
lt ;, ,],,, inh•r••SIÍilg l/J r•¡wrimom "'ti' >01all p~t­

turbation• in tloe !'i\LHLectinn matri' "'"¡ oi•-"-'"'" th" 
prufoomd ~{f,.,¡ tho•)' •-~~ ¡,~,-,, on the '·ri¡>pl<• il\r:nr" 
One bi-cornes <OlWÍ!Iel'<l more lh;Ut _,.,, hdnrt· that it is 
net''""'""·'' In 1ninnniz" rnnn<'!'tion• b<-twt'('[) modu],.,, 
h·"),.,. , ha"~'"'· w1d .<irnplify th<· prot'P"" of mak.ing 
<)mn~o·ó 

Tilo• """' ¡,,.,,.._,,¡_,. ~ain, ''"""' ln•m minit11iziL>~ tiw 
¡omhahiliti•~ o,f inlo Tll\O><lllle prnpapli'-'" ,.¡ th:mgo'.•­

.1 "'l"ctio•n .,¡ :lw H•·r:,~·· prnl>"i>ili:¡· h,- ~• h11l.- "'' 
[, "' 10 ¡wrt·o•nt 'a11 J'ath<' ,, si¡miiicau: reduniun in lb~ 
"ri¡.pl•• r,,.-t<Jr_" Aoldi¡j,,,,J im~r<,·enwnl can t""ult 

from irnprm·"'n<·lll> in u~·hLLÍ<¡w•, fnr tn,.hinK <·h~n~<">< 
T<w total d<•hn~ :imn ¡, ,.,,,_,.,.,i,Lii_\'lir,,.:LT \\-;~¡, Tt'<po·ct 

t<> 1],,. ti m•• ""JHirffi to ma~o· '' d '''"~''· hut 1 he mult ipiier 
ft.,tal """.¡"' nf rh~ng<,;l o-:m lot ,.-, br~e tiut any 
n-nLH·Ii<,n ¡,. tlll· ti!lll~l><'r-ei..LLo~<· ro·.-cdt> itt ,.,,,rmau• 

"'"i"~-
~l."lnh· ,.,,,,,.,.\¡.,¡, lh'l""'l""' ""' <'lr•·mo•l,- u_<efu! 

'" o~Timotin~ th<- ,,.¡,,, ni ""ricu< implenwntati•LL• 

1 ' •' h ni q "'"' ,.,.,¡ ,¡ r:tl< -~ ¡,., , H '-'" aro· 1 h e m"'l \J l~ """""'' -
,;,,. ¡moh~hihti·~ do=tn¡:ed ii '"'ll>t u bi~h·I~\TI implo~ 
ln<':olaLi<>JJ buL~WLg<''! lloJ\\' muelo ,.,,...;,., 'li!l it b<• W 

·-- - ___:____ 



"'"''' < ),,HI~<<' llm\ """·lo '' ill "''' ''"'' · if :101\'. In .¡,.¡, ~ 
,.hho•ral<· o•m·1nH<rw·nl ,;muhlio>r> ""d ,,.,,¡,.~ nf ,.,,.¡, 
<rMiulo• l><•f,r<• it i.< intO"~tato..:l with tlw •¡ 't<·m ~ .'!,.lulo· 
c<>nto""tiu" a11al."i' b a vnluabl~ ""~m~ouoti<ou nf 
i11111itio11 i11 tloeo<• B'<'>L' lllld 1-'11!11"' usclullur ~~·,omtiu~ 
ro-;t ¡u,tilicatiu"• for approa<"hco that r.•.'lllt ¡, ,¡~,¡¡,_ 
o·un .<a;,n~·-

To,. .,¡,¡,.,.,;vo• o! th1• r•~JK'f h,._, 1~..-.n ¡,, <lo,.;ml"" a 
•it<oplo· mod<·l for ¡¡.,. <•IT<<"t o! "rtpplin~ dtnnl-'<"'' m:¡ 
¡,.,~,. "J"•·m Tlw ,,..¡,¡ cau lw \L<o.lto oc<tim"t" tlw 
BLifnlwr of o·l""'~-""' >lml "ro·h•o,o• Rlrnl<""¡· for •t.nl.ilizin~ 
'· ,_,.,,,,m ¡;il o·n aJ\_1' ~•·1 ,¡ iniünl rho.,¡;;<'>.. Tho• mudo•l 
o·:.n ¡.,. o·ritiritr"ll for l~·m¡; ~implc<tic, )-'~t it .,.....,,.._, to 

....___. ,¡,..;,.rol.- tho• •Al.cnu <>f Uu• pmblem of •t<•l•ilitin~ " 
·,,,,.m_ lt i; rlmr, In th<· authi>T Hll<"''-''• th:o< ''"l"'ri­
u ,,.n tation "'i t h t 1 " • mod u¡, · t., o~u "' ,.¡ ¡, " 1 rn ud t •l mul d ¡,, n 

.. 

.\lo<lul<• ConoJO•t·tir"' ,\n"i;._,¡, 
• 

prvV<ll\<'il" ,¡~tlilio.oll! ¡~ortiou ,.¡ ¡],.. <cii<.Jul<• ._¡,.¡_,. 
t l.:ot ""'"""¡ ¡,,. many lar~;<• 'Y'IPm,_ 

¡:t:FEHE:>l:¡~<.; 

H H J <;Ho.<CJI 
IL'I¡y .11M', .111.~, ""'¡ A/1.1/ ""'"''Jiv 
IJoto'""'"" ¡¡- :o;ov 1 1'071 l'P 11-7:! 

ZJ lJ ~Ho:-; 

/.' •< in.al "'" " '" • "" .'"' 1" '"' P'"" """ "' ' " q ''• •1 • '"' 
~"''" "'' ¡;""""'"''"' T.,-¡,,,.4"" J :-; l<o"•m ~nd 
J< r"''"'•·IJ l••H ~pdt '"'o 

:~t._.. m:t .. .,<\ ~~ .lt l.l:tt.lt~!\ 

/'"''""""""' ""''''" ''"""'"'" a• oJo, ""<a-,/"""•'""' aj 
•o>~= on "'"'"''"'""'' ""d 9'"""" ]!,,. . .,-oh Ho·'"''' Ill.\1 Th"'""-' J W"''"" (<,.,..,on h ( "••n<•, 
Y'""""" J1,-,,h1> !\•~ Yo>rk .hol,- 1~01 

, e .• u:KA!\nt:n 
,\'"'" "" "" .,,,,,.,;, nfi"''" 
c.,,.¡,..,¡., ~¡,,.. llo.nnod 1Tn""""l" p,... .. ,,;,_., 

f• ~~ ~1.\llCII.< 

il<»ie 1.\ro" "" io ""~"' ih•ncy 

~"'"""' ""'''-'" ,¡ "'""""~" _,,.,,],.·.! 1bohem>t«• 
>'< '"' ~.\7 ¡; ,; r.m-, "'""'"' !>nn""" ()ft,., Jon"or;o· ¡%(] 
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' 

STRUCTURED PROGRM/,MING AT WORK 

The utility and applicabitity of structured techniques must be 
recotnízed belore they can be successfully implemented. 

' 

O~DIER AND DISCIPLINE: 

'' 

~ 

' '.¡ 
'. 

BENEfiTS OF STRUCTURED TECHNIQUES 
by David S. lwahashi 

In o he'"'' fe~!''"'· m•n; """'" ""'' 
D<en ru hl"h'd ,, r-<ond.ng lil< 'i r1 u<> of 
'"""""d pro~r.mmmt wn«p" •nd 
"''''"'q"'' Th,·" '"~"'4""' "fl<""dl) 
""' irr.pw<<4 "'r'~"' "•·'"'''"hilu¡. 
produC\1>11;, qu,hiJ, and m•Ínl•inabiiO· 
ry. llo• '"'. in <pil< of 11"" claims.lort< 
•fl~ar< do<<lioproenl dfom aro siLII 

'--"'"«! ,.¡,¡, 1he d"'•ic progammrnf 
problems· 

ln,occ·u""· o•erly opt1mi1tic p<r· 
"""ge-compi<to """'"'' Pro· 
~.-mm<r< Oa>< b«n chouct<ri><d 
" noruriou>l)' unrolioble in prm·•d· 
ing aceu¡a" co•nplotlon o-Lin,.tes. 
a< in rhe "95':; compl<te" <) odoume. 
Une>en pr<><lu<IÍ>Íiy tOroughoul the 
d"el<>pmcnl eff<>rt. Pi""'~· ovoo· 
time. and ~ai> •d '""d' rd, i ncroa-e 
"'tl>e dc•ol~;>ment •rr'""'h"" <h< 
duc daLe t 
r.""'''d} '""'Pio. ')" "'" <lo "~", 
The re<ull i; fratilc wf•~•« th>l ;, 
do fficult ta noaintain and moohf 1· 
ln.odc~uaoe oio<umcnt311on .ond a 
'"' of •rr·o~ri"< '""d.rd< and 
io.i~ht inla thc necd• af !he u-.cr. 
ln.ocouJal< '""'"'t'"" eounl ,.,,¡. 
""'" ll"i•ing co<l o<lim.ol<> en· 
tito!) frQm >Oft~ar< inslruc:i,,n 

count """'"" " not • r<h•ble 
~ techni~uo; "'" '"""""' "'·'·' frc­

qucnlh to<uh, 
rh<o.ri« and 1<\1\>..>0; m<1 ho-.:lol<>­

~_1 "'" <>fton Ít1Jd<4"'" or ""'""!""' 
Soro~ M< ·~ •l<m• or< dc'<l~;><d in "ni<¡"e 
cn•ironm<nt> ~nh di>cr<.< char><leiÍ>-
1 ics f urthmnor<_ 1 he hum>n elcm.·ot ¡,a 
majar ,.,;,,ble. ~11h a «Jmpk>l1) lhot" 
a«cnoc,¡cd ir. '"!'·'-<>le ,..,r,~ore ef­
fum To< art of erf«:ll>elar~c-><O;Oi< ,.,¡,. 
~M< úc• clop,nent "q ,¡,., in'i~hL ima~i­
,,.,;on. '"d ""'" Íl)-

-\, th< o·hid rl"f'"nmor M • 
large ,,,¡, <ffooL 1 '"""'P"'d tn m•in­
lain • p<l'p<CH>e 011 pro>bkm< , nd Np¡tro­
rri>l< ><>lution,_ ,\ l«hnico\1¡ «>>nd 'l'' 
tem ~.- pJroonnunl. i'und•n><nt•l 
"'fi•N« ,nd m>O.<EconOnt c'OOIH>l lccO­

noqu" ~el< <On,icle!<d '''"""·'"'""'!;in 
ordcr LO fwl'"" coonprchcn•Í•>rl be· 

'""" P"'~'·'""""'' '"d """P'"~r•m­
mcr' Thc ~ .. ;, O<chniqo<'> o nd nbjccti••• 
"''" '' ru<luoed cl"i~n to "mphf_1 ·~''<m 
cvrnple"1) .nd ""de"" ""'"g- ll.Hu> and 

l·O~OlH'AIJOfJ 

>OntoOI1<,],nÍ•IU<' '" pn<>idc P"'g"'" L ¡;. 
obolll) a><l ,.,,li,m. e f.c.'''"' ~t.ik<wn" :o 
imro" "'"d' 1''•'-'ucoi•il\'. >nC """­
dJtd• ,¡ n~ ~oo<idiJ>e' '" L'Oh.o ncc >'<>de ""d 
d<Komcnto>>on ~··"T")-

11<«. •< ~.11 d"'"" t.o• ,,,.,.¡ 
•lloCio~e·d P'"~'"'"""i"~ '"""'PI> •e« 
'"''"""'""d inll>' 1."1'-"''lc <<ienllf•c 
"'r'~•ro d<>d<>r•n<nl <ffort 11~ p11>· 
'gr""'"'"- lll()K Ion« a( <"o<k 200 man­
month•l- Th" "" "" fic >oro""" <k• <lop­
mont erro" con<i>tcd al'"" ><p>rolt bu1 
dtr<ndenl piGl<>•>t>-the dl>play pr,_ 
grom ••<1 thc bol<h P'"i""'-

Th< d!<pl.t• P'"i''""' "'"-'"" of 
•?~ra•ima~ely 1~ •crara<e d"rla¡• <ha< 
rrovidc Lhe 0'01 •olh tho C3¡Ubolot)' Lo 
gcncmle .1nd upo1"'' cun11o), ¡,,a,,,¡. 

""'' ') '''"'' 1~ •r<cof¡ d"a ''"· >cheduk 
ond optimi« data; and to geo.ra<e and 
ur,tol< <o ni rol r.1o and '"' file< Thi• pro· 
~'"" c>n t<ad 1) d>ff<""' t;rcs of con­
trol •r>d rdct<n<e !il« >nd ~ril< "'"'­
Thc oprro\Íollal< poo~I.Lm >iiC 1< Jl 
O>Ofl2)\ .Jnd 'Uh,.•trloy•. 7•iO <ll!orou­

lon«. I>OK 101al "'" H" "'"'"' in<lruc­
''""'· 1 1 K tooal m;odoine I.Ln~"'8' '""'« 
in>lru<lion•. oo<t 1 17K '""1 "'"d' 

He !oa1<h pr~~"'" "" 1)" •·•r>· 
billl) Lo f"""""· ep<l>l<, ar>d li<t mne 
'd""'" rlli< in • b.mh m<>dc. ,,,,.,, rcf· 
'""" fii<L "" "''d b) !he ohplo; p'o­
~ram Thc ar¡-ro•¡m>1e ,;,. of 1hc rw­
~ram L> lC o•cola~• and •ubo<crl•~>- Jó~ 

'"b•ou11n<>. 1!•K lotal '""'"" '"""" 
'"'"""'""'·"K w1al ma<h"" l•ngoe~c 
"'""e '"'""'''""'· .,,,¡ >:t.. 11-:~1 e.,rl; 
(Cuoc ,.,toicti"n t<~uoreiiJCOL f<>r b<llO 
''"Gram> pr<•lu«d ncrn"""' ""'¡·''' 
Jnd •ubo•crla<< l 

Thc pro~rnn• ~'" de•ei~p<d on 
<onlrol Dala 6000 '<riel '4"Íi'm<Ot. !ni­
toa! rc~uir<m<On1> hnd !:><en ""blo>hcd 
oluring • ninc-montñ «ud• cll~rt l'ro­
~"''" d<>clopm,nl L'-lUir<ol arpro• omJie­
T) <o<:>en monlh> f< r requirrmrOl, 1'""'"­
llon, preiLminar) de•ign, ond dcoail 
,¡.,¡~;: >lx>ul 11 or<>nlh< ~"' n<cdcd for 
c><lc, <hednul. ""~ ""in~. 

SJAH 
DIVIDID IN 
IHRH PARIS 

lOe,..¡¡~," d<><l<>p­

"""' •t•H ~-" '"f·'". 
'"~.ni O pro¡:r.1n1m1n~. 
,,.¡,~•re io~rp.lllon_ 

.onrl '~'""' enlinoui"~ ~tour- JO¡;,,_ 
f""'"''an•l "'"""'" hod "'"'in '"e f<>r 
arr"" tmot<l) .;¡;, ~··"· produoinG >im-

--~-----~ "--~~--

,,,,, •;>«•.tl-rurrc"e ''""Lifi< •O''"'"· 
n, '' ,.,¡, ~ ·"' rro~<ocl' ,, "" dr• ,-k~mr.11 
df<'f\' m<l r<~uiremcnt'. •«< dd11<to.l 
rcl.tl ; .. ¡,. on •<hod•lc (a fe,. mon: OS !o" 

:11 """') •• ond "~"""; ""'"''" ['!('. 

~""'"'"' O><rtirno ("'"ging 1 l'i ,,, 
"'""). <•['C<~Jii• durinl Lhe l•o.ti ri><'< 
of,h"'lnul. fl><dlon• '''""'''•'ion>lh 

'""'"" e"'l "''"'·"" <l'¡•h>i; ,, 10~- ,-, 
~Or<t), JOd "'CIÚdaiÍICil 0rM f<<:. 

Sc,e<JI •<ructu<eJ P"'F'"'-mic¡ 
tc<Onio¡u<> "''" llllpkmcnlc<i on Lk•< 
J>f<> iou< cffom. induJing •or-ó o~ o '""' 
d<>do~mcnt, ullh>atioo of in:cr,.<diaiO 
pro~" mrn1ng l.tngu,gc 1 iPL ). c•>d< idec.­
,.,ion, C.úTO-Ic" P"'""'"'· ano e<xle ,.. . ' 

Th"< «HII<r >'ructured cff,>m <>· 
p<tJcnced '""'' >oft"'" d, . .,l,.pm<cL 
probkm< T~e iodentcd codo •" d1ffl.u it 
lo o ¡.JaLe •nd m•int>in. ,.,¡,,.;tended lo 
be cur•Ot), ond <>tcO\IVI' ""o! 1,010 1<>> 
co<!e 1<>0\ Tongcr !O e''""" ,, od "·" J¡fro­
cult 10 fnllo•. th a rc<ult. tlo< m•ic;e­

"'""' l'"'S"""""'' "''"'f!l>io<d loudl¡· 
ol"u1 •tro.elul<d pro~'"""";"~· 

n' <lff>Oi»l1nn. "off'.o~. enJ :e· 
'P'-'"""ilot; un thi< >oót• .rt "" d~~meot 
cHon "'" "' r,.llo"'' 

e;,.-,¡ p,,.g"'"'"'"- fh, .~:.r r•a­
g•o•nmor ;><<fu, m> • >¡o<otnc '" of func­
'"'·"· ,.,o i< not' 1""''"" in "'mo onl¡. 
n. chicf r••'o''""'"" ""'~ "'" ¡, a 
'"f'<rpog<•"'"'"- On ,¡,;, dfon, n ~ .. 
;norc i"'P""•"' lh>L '"' ohi,[ p<o~tam· 
''"' he.: '"r'~ o" '),,,m dc<1gner. und.:r­
,:¡nC and ·~cre<i>te .._,¡,~are de•<lo;<­
mont p<oblcm>. and ha>c '""'' 
;,.,,,,; "' <Í~n . .nd io .. gh< fa< oófwi>< "'' 
''''"""'<"" and ~onttnl. Th< d•l-1<>-da> 
p"•g;an-.m<r in1crf>e< ""<! fOid~n« r~­
qu"eJ lur <of•~are do>iHn «•i<~• •nd 
l<ck,ic•l dcc¡,¡,,o, indic"< tha\ 1 Co eh i<f 
pro~<>mm« ;hoold carne [roen o be "lfl­
~31< ri" 

n,. el oíd~''"~'·"""'<' ! .od o•or.dl 
'"l""';bolll) for ll.c e no ir< ,¡,.,·k•crncnl 
A lh~'''"~t. •nd <omprcOrn.;•e \1...:<1-

''""'IJ"~ <>f •11 l<'•hol\··1 'r<4UÍ"'OOOO" 

~" '"·'"~·"''')- Thc •hotf r"'S'""""''' 
h>d nlcr.>Í•o. d<1a.lod <>;>c,ioo,t ¡lO 
;c.o <>) • uh Lhc ca•nr>~ le- ')''""'· <o•um­
er .. ond dC'<Ioprncn< I""'''Ó«<e> 

11 "m; or'"'"" th.11 ti-< ,¡¡cfrr.-.. 
~'""'mer con cffe«•ocl• dorc.:t. <unlrol. 
,, m\ o<r rr "' h-"i" 1 fu ie,;,_. ',, "" 1• ", '" 
<i~hl t<am "'"''""" Jl<or,,,.;,,~ "";""' 
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·OO<'P ll<l><O >~1 ~><IO¡>.op I>WWOJ~aJd 
J'~~' ~~1 do¡>"? 01 •41umo ,,~1 '""'~" 
1'"' P"' '00"'"'"'"""P '"'!"'!' ¡,.., 
'!'"'i"d .~...;-o;c ·~'¡o'"'~"!'"',~, 
>:e• """'"P 1'-'!'P'"'"!'i 01U 

'·<w~""'~l• \>¡Jcuo; ¡o <[101 
·>p >.¡ 1 lu!q!'"'P "' i"l''" ''." puo . ~"U 
"'P pu' ''l"""o' '"'"""'" ÍJ""'P' 
<W<J:l«~ ~O!J """ •~<!P ~<'ij >.'T¡oi>J lCU 
'""' """'J'i? ¡<>¡q•m>!ll ·¡e11U<>> (¡o¡d 
-L:l<> " 11' ~ '" '>><U¡¡q['"'"·h>' pu• '1'"' 
)'' quo<e.c!'"' '"'"~'"1"' i¡qdw!< '"''''" 
·«p t•·'!''"''!q P'l!'"~ i"'-'a 

'f'>'.l"" ,, 
·l'JOpc.-..!'~! >q ?1""' ~'!'! ~ "~'"'-""'"' 
>r;<>JOUOW ""!"P pup '"UlUC>ÓWOl 
[CO'q>J"'>14 UO>~l'q Uú!"-'oUOWUJO' 

oz¡:.uou¡w pu• "!P'"P""'' ·iq>JtJ>oq 
'~' uoq:[~ ql!~ :<>11~~ pe• """"'!"""' 
•WO> ~"lq'"' 0] -''" '"'" '"'J ~j!,_~ i> ~ 
>~.i ·<Ul<JiouJ4"' >ql )" >po:w~rw puo · 
Ü!"I~WM >~1 {ji\U>P! O\ ~ld>p >U-'D~ 
·JTii pO~ Ü~l "J>~,., 'I"'O<J'odOi \OU >JO~ 

""'''J'!P ,..,.U p.>o•x•lloouo '"~ ""'"' 
""!"b>' 110 10~1 pe• ·1>''1"' "1 PIOlO> W>l 
-~oJJ ''1' ¡•q• .. o~< U!("""'""!~'" IOJ 

'~'''1 n ~~ oll 1''"? '"""-'J"' ;o"'~ 
'"'"''!P !..,!~"'"!~ 1"'""' •u 

'(<>>tjl>l"! ~"!'"P'' iq '1'"' ""'"' 
·W"J;IOJJ 5J!iJII~W!I U! JO:") ,(>1) UO'l 
-">!unwwo.\ w••Oo•d••nu• ¡o ""!'"'"'' 
·U!W O'>U!\'-01 iJPJqll pu• {\!ill" UOUJWOO 
W00""lJ!I"'P' Ouoll"'~"""~' j<' ''"~¡o 
UO!)~J\j!\U>p! :uon•WK'JU! i"~'!lq/UO!! 
-vuu::,-•puo 1'""0"»! "'" :i1!11~'.'"0<l•.•< 
¡o ""li"'"'I'P '"'P • '"""""'>' "" j>UUQ>J:.J IOJ \lJ~jJ> pu O ''!' W<~~Old 
-<;ni JO UOf!OJ~!]U>pl :U0!1<!U>WO><>p Uil!' 
·>p (l'l>p pu• Íl<Uo;<;f(>IÓ lOJ >U!(\M "' 
:{>OU>l'J'H'DIO I'Jj ll>qWOC ~J,•¡¡I•·«~ 
JU>Wn>ep IUJWJJOnb>l pu" ,,,_¡,¡ ip01• 
pouo~:u~ "'"'~"PI p>pn¡ou• >J>~ <IV-'"' 
.,,,¡,, u• ""'"~!"''.!u",. u•~,. 
""""'"' '"""'"'-"' "''~d>h ·u ""P·d<>:" 
Ul UO!l•l!uo•S¡o WOl~'"d P'P"Old •u:CJ:Í 
-cop ><>Ü 'W"'l :luowamgO,d >~o iuo 
-~"iq<") 01 JO!ld "p<>OJ>J q1UOW•>UO O U! 
mllwoi~,•JJ p;:p >o¡i iq p>!>¡dwoo ,,,; 
'"'"S"~ I'!IIU! >qj "JJUUOW p'ln!)nl" 
·11>~ ·i¡~>¡>"' "' 01 P"l0~ "1 PI'"'·' W-'1 
-<;üld >ql ""' ¡»IOO<~U! puo· Wlo>j l'"q-• 
·'<">!q "! "~ "~!"P 1'!""' >q_t ·¡uu.l!"P 
>-; "" ""ll"lo' >lhlJO' >¡qo"''J • 
"~J><i !"-""' >pun ill'''"' oq '"'"' "'•'"'' 
·>1 puc oU>!> ¡, '"'"""m' ;~o ¡>u r ""l~oJJ 
uc:i"' >U ·ui¡.-u i,o••~u¡;uJ 

'UO!I 
•<\U>W>IJ<ol! ?))nlOn!" • >OU r~U> ii!U el 

·uoeil!> PI"'" >tlOÓJ pu>' "'1"11< '"~' 
01 :pemddo u~o?-<101 p>JO\Onl!< V '!' 
·'1'"' '"l'q""l • ~11• u¡O>q i(IU>nb>JJ 
'<;Jo¡;> IU>WdOI"'P '""'JOS <>~o>><i> 
U;!o<>p ""''"'"''"'1""" puo wqi!JOil• 
~il>l>p U;o¡l JO'i1" <UÓ!IOOUD>ÓI 10U0!1 
·>u o¡ puo IO>!ó!OI >P! >Old 01 \\U>W>J!nh>J 
>;: """" 01 ¡»pu>Ju ><¡ oo p•o¡ uo¡¡> 

I'"O!IIPP' "<IU>UI>'"""-'' 1'!""' i>'P!•oJd 
,,.,¡, ipn!< >~1 ~"""* "''] finooJ ioo 
-muo;jU> w,,,.¡, '~' iq J>I!U" '"~,.,.U 
•n.--.•¡j >1">W>J!Ob>J OH~!),;' >'lJ. 

"""!"""'"" puo <>!unf•qw• 

'"ll'~" """"""' P"' ""''~ ~"", 
-•~"' ""' "¡"' '"""'""'' P·'"'"'uo.>. ll<J 
., "~l ""'"""""'' u ,l•»i• P"" ·~·"''"J 
.Jo "'!"P • '""""'""'Jw• p>--<JOJJ 
pu• '""T'"'!"'!I "'"' ¡, ~"!"!" ;»~•IU>p¡ 
10~1 uod>J ipn" 

HHWnJOO 
wmmmbl~ 

3H~MHOS 

' "' P"'""" 10' o '"JJ' 
~""'""!""' "!1"' 
,. 

'""!'""' """'1'"' 
P"' -~"!''" "'"~1JO' I''""'J """'""''"h •>l Ol!" ~!JO' >q> JO¡ >¡q!<U>!Ó50J >h d0011 
•!ql_ <f""'!J ~""•·•w:l"'l l•mr(S: 

·wqo!1~31• :p<> i¡u" 
puc "1""1-'''1' 'lo,.uow '"OIIOJ "' p>ul¡, 
.,.. >q dnu1:i ""!'"'""! >ql ¡o J>qW>w 
>UO ;>-'"li>IJ>>U <Wql!l"~1' tiO!lPI!W'I 
-<!o P"' iuo¡npoq>' 1'-"'"'"~'""' >q!JO \1 
·!»1dli!OJ >~j_ '~OOJ~ 0U!J>'ti!Jti> W>ll Í< 

oo¡1 puo dno•~ $uowwOJ~Old >ql u»~l>q 
"JJOq '"l"'"' ¡'np;n • p>pOAoJd JnoJ~ 
uo""'""! >u ·•1••uow '-'"" P"' 
1001>''1' WOJ:io1d ""P'"'"'"' ·uO<ldn' 
w~¡uvS1• "llOJJ> lUJW~o>¡>.»p >o¡i JO UO! 1 

"""'!'"'"'" '"' '''! 'lq""',.¡,_, "" """'·' 
"U ·Joo·~J UoJ!I"'l.,u¡ hv~¡fos ' 

.,,,.,.¡. 
•j>.o>p '"" 1)0' ~0110p p>!>!UOO>U> 'W'I 
-<1md '"?-oo-icr >~l '1<'"'""1 o¡ >lq•l!'·" 

"""""'''"" """ ;, '"'1'!'•" • '''q 01 >1q 
·"'>pe -"-1 PI""" " ">W>!o i1 moJ..,o; 1"' 
·U>w~Ol' •>p '1"''"'"'"1 ~>u uo ·t¡uo '!' 
·tq iuo•:O•·W>Iqord • uo "" 110<ltln, >~1 
'W>ll'' ~"'"""" P'" mnJwo> p>q"l 
·q<N u• uo p><io¡>"P '"' llOJJ' "~l 
O>UJ!) "<J!\tWOU< pu• •w>¡qo¡d W)l'{; 
J>;ndwoo JDJ "1~"uod<>J ,.~ J>WW<Ji 
·OlJ "q[ ""'"'~'~m,¡ I<I>!<IS 

·p»n ~uo.•q ""¡xl"" .Jmdwo 01 >np l<D! so.~ >W!1 ou '10DV>~> 
lOJ >lq'l'"'" Úh!• "'~ ~"ll"l P"' 
UO!UJ,, W"~OJ<! 1U>»J ,.OW >~_l "U>Jf 

""" 'P'"' 'P""' ouowJ"i>"P >ql """" 
<>1 ' pu r ÍHI•q """""' o u o•u•><lu11 "' "~ 
"U "110Jj> lL,>wdopA>p >~1 JOOo¡~nOl~1 
<>O<p.)n U!PJ,jo¡d ÍJ!l>o puo ""1'J 
pur >CO!"'' w•JOo'tl ¡o 1" n Joo1 "' '"~ 
U!'! """J '.UI'!H'lqq ·~ ( !IOUOI-!I / 

.,.,¡¡,,J ]ti'W 

.JO)>'->p lUJciJ>[d•:n, 01 <!U>WU~«It>J 

~~~· Ufi!l!l!IO I'"""''>J pu< <>!I<.Jdo¡• 

'1"P'~'"' '"?"'"'"""" "' "!'"' "
1
P"" '1"1~"' 'I~V>:I•·uq> 'II"JJ' ,>~IUO•U '!' 

O! '"~' Í('l<Umo¡J,I• p>¡oob>J ou>uO<l 
•Wo:> q><> ··~· "' ¡»po '!f'<IO' l>~IIOJ >J»> 
<1«1'\0i lDI>W ·qHoqn• >j~<>i<'JOW 

"'"! pom ,j,,. '~"' •of•w IIV 
'''""I'P 

""P'"! >W!I·UO uJ»o1 o¡ p>pu, 
<l>Wt~<J~¡J J\l/Onpo¡J '"1 Jqj_ 

'{11»1dWO> 
JO '"IP"'" 'l"' p>t>¡d•"'"' ii(Oj 
·«>olOi ">WoJIOj.j(,¡J lU>l"'-IWO.) 

""'¡ouefi>l"'!P >JOW > •t~ pu < 
Áll'"~'>d~< 1nopo•p O? o o p>pu>~ 
<J>uow•1io1d pnuou><lu '"1 •U 

<UO!Ir"''G" fU!I»I>!U! "' ;!uo~OI 
-¡o¡ "1' ·P"!"I' "<! PI;"~' u ni ''"1 "Ó"'-' 
ou ~~noqqv """'"J>'J 1'"?!' 
·!P"! pu• ·p•.:o>J \"" ·,;¡u><l" """'!' 
·xll > J>WWOJi.>Jd 01 iu!pl=•' 1"' uf!l 

·10 01 >p•w "'• "d""><V ""'"'""'"" 
l'""''''>d """""'dJ' "'! <!••·q ''P!;o¡J 
<!1>~ pu• Í1~>>¡Jwoo iluopull<J>?"' m 
·1><¡ ¡u '"""' • 'P""'~ "fo<>p 1"'"""'" 
pu• w•,.hop l•>,"q""'!~ >'U ·•wql!' 
-<1.l1o UOHE"l!U!!!dU put ~"!1np;q,_ 1"' 
"ll'""~"'" •>¡dwoo 01 (>p<>> '""1"'" J" 
MLl uon•1nd¡"ow ""P P'""''"J"'i'~'" 
WO!J p>.lU<l .{1fX>(dWO> '"1. 
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SOFTWARE 
COriTROL 
lfCHNIQUES 

Sofl~<<t cor.trol ;, a 
topo< of rnuoh '"""'"· 
<>¡'<<iall) on th< de>d· 
npm<nl nf IM~<·'c.le 

wn1poter pro~r.m1 Elfocllvo "'l'""r< 
<nn\rol roquire> o ><r) deuil<d undcr­
'' ,, "d'"! nf thc dlo>n, , dc,i~n "hich may 
b< f"lhLiuned into "'P""" inCc¡><nOenl 
'"~f'ogr.m<. ,,¿ frcquon1 p<riod•< mon­
ilun"f· Heor<\">1 control t<Chn14U0> 
e•o•ide o,,;, wfL"dr< managoment 
f uideli nn; 1 Oe iden 1 ' íoc •• ion of a ppl1 ca bl< 
cuntrol tr<f.niqu" r<qtllm a ''"f' of 
r_rogramming ;nrl1n:plemcnta1ion "f'<' 
nono:. 

n." "f'<rien<e rro,id<> the in· 
•i1ht "~"i"d '" ol"dop cfrw"c soft· 
"M< <onlrOI tcohooque> ~hi<h rLl the 
n«d> of <he dO>dvpment effort. A 1L.1gle 
<nn<rol "' t.niqoo " no1 "'kquato lo cffec· 
1ioel) monitor ood control a l•r~e-«ale 
>Oft""' d.-dopmeno <ffort. Eff«IÍ>< 
'"d roJI;,,;, >oft~arc ~<<<lopnront 5<4· 
tu<;n¡ ond oonuol "qu;re a comb;na<;on 
uf •O<<ral ;nOcpcndcnt <ochn;qu<> and ob­
jcoU>O ""'""'on< Thc follo~ing <ooh· 
niqu« """' o><d durin~ tOe e<>dc •nd 
dcdoul rha« of thJS cffon. 

C~mpl"i~" Do" E.<rim.un The 
hi"ar<h) d.agr"m ~•re u<cd w idcn"fy 
ta<O> to 1>< '"ima:od. Thc rc<p<o.;rl>lc 
pro¡;rom"'" for each to>l. ~" r<qu<<t«< 
to mal.<'" ''""'ate'> ro rOe numb<r nf 
in>tru<tion• and ho" long" "ould !Oh to 
e<.Je ond che<;\. out the ta><. f."im>~<> 
~"' tequi rod for <o eh r.nl.. '" bla>k. and 
>ubroutino. \\"cifkt fa<tors ~ere oho <<ti· 
marod 10 P"''·idc • >obfuncüon"o rd•H•< 
,;., gnitude '"d 'omplc.it)". The int<nt of 
hi,ng ih< rc•r·on .. blc rrograrnmcr «li· 
m>t< th< effort ~•• to for« a mor< Oe· 
t • .ilcd onal)">i' of thc ,.,, ond. hopcfull). 
lo in<till • pcr><>nal <ommitm<nt to thc 
'"imatc. 

"'"" all<>"""" for thc fact th" 
r'ograrnmcr< tmd LO b< o~tinListi<. Lh< 

'""'"'"" ~<t< rc-i<~<d and • "'"'~ 
•<O<dule f<n<rat<d h<< fLg ll. f.ach 
,.,d. tho "'f'>n<Lblc pro~r;.mmer «U· 
mato<! oke p<r<cnt .:omplciO on .. ,n >ub­
'"' n. c~d ptogrammcf<'•luated thc 
"f'l rL<d ¡><r<<nO.f" and c<timatcd m·cr­
' 11 ""'"' of oh o ta>k thc numbcr of "'"k' 
oh<>d or bch;nd <.Oho<lul< '""record«!. 

<hed.uu/ HLif<lonr>. lntcrmcdi· 
at< cl•cckout m1bton., "'"' "'" bli>hcd 
fo.r <>eh to>l.. 1 hcoo '"'"i"ed of 1 O \O 1~ 
•rcoir.c itcms or function> ,. hich could b< 
""liod ,..,h prin"r outputs. ~ump'. ur 
<m Lhe dl>pl:l.)> (< ~ . >ubrouun< •• A"" com· 
rf<IC. ,ubta5\. ""¡"" file !<O<f>liOn COfll• 

pl<1c. '"'" ""/\"" '""'"' 1•""·"ioo '"b­
function oompl<te). YO"' mibton< 
d,,,, "'"' rcloti><l.• <'<ni) ·~•c<d 
t ""'"~"""' t he <•-te¡, hcü<>ut ph"'· and 
"'"' ,·oo"'""' v. ith th< com~lction dote 
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<>ti"'""'- Th< objwwc of th<« •nile­
>ton<> ~as Lo impm< >mooth produ<ti>it) 
throu¡houl thc d.-clo¡>m<nt phaso. and to 
mor< <learl) indica!< ><.hc~uk pr<>bl<m 
'rcas. Thcsc milc.ton<> ,.,,. dcfmcd •uch 

·~·· tbc "'"' ""'. (i(}Qf '0<<0 '''"""'": 
thi< alln·1at<d '" bj«t"< <'>luat1on of the 
tasi. •• pcrccnLogcs complete. 

Tómr-linr Cham. Timc-line 
<hart< *«< u.cd to ind1catc d31« "hco 
">tub.." fun<tions. and •ubfun<tion• *«< 
10 be iocorporoted. Th<>< charts "'" 
'lrnpl) bubblc chom ,.¡t], """"'·"'d 
d>t<> and c>tima1cd mtH:.I poth>. The 
d01<> un the tim<·l•n< char" *<« conSÍ>· 
<en< ""h lhc ,·ompl<tion dote"'""'""' 
and ch<el.out mil"'"'""-

w;-..1/J- Srar•• R'f'""'· Vl'<cl.l)' 
<tal u< f<l'lft> "'" rcqu1ted from cach 
progrommor: th<>< tonuincd on "'lirrntt< 
of ¡he eodc an<l chcdout complooed, 
""' "' .,¡ chocl.ou1 milt~"'""· and "rio <en 
1«1 r<¡¡~rdin~ pro~r«• and prubkm> ••· 
count<rcd dunnr thc ""'· 

fhcs.e" e<ll) "~'"" hdped to i"'" 
'••• problerm and <liPI""~<>"' correcto >e 

oion wuld be oal<en Thenr«•oall¡, 1hc 
, ·"R<>mm<r u¡.l>l"' 1h< "e><ima•«< <om­
pl<~ion d .... ~ •• thc pro~rammin~ erron 
1''"!''"""'' ohi> doc-;n"t "mi. 100 ~<<11 ,.;¡h 
an O'Croll ~.«1 wmpleoion d01c. All 
>ehedul<1. "'" d<>cloped .. ith ahoo1 a 
onc-monlh mar~in: ta<k> "hich. b<gan to 

<&0:~~,__ ... ~,10'.1 

<l1r "'" m .. nilorod more dmcl¡. \t,nor 
,¡,1" (onc '" t•o •«l') ""' 1olcr.blc. 
but 1'"""" ¡tt<mpt> •ere m•~< to ,.,;., 
lhc pr<>~rAmn"r throu~h j,,¡, primillza­
tion ('<jpunch. anJ comput<r turn­
arcHmd). da10 >nal)si> ,,;,.once (>of•· 
•ar< inlc~raLion pe"onnol), .1nd in a vcry 
¡,,. '""·""""me ""' allo"ed (1m th~n 
OOI'll. 

Thc P'"i'"'"""" >cerned ro rc­
•pond to LhiS >eti>< concun for their 
ta>h \!ajor '''i" 104uircd "'' partition· 
ing and a»i!'nmcnt üf <ubt,"b \(l orhcr 
pro~ra<n:ncr>, thc de>J~n allo"ed üm 
p.r111io>nin~ •llh minimum oH:roll im­
pocL T•o mJjOr >lii'P'!" ~•rc n~red 
urh in rhc dc'<lopm<nl -..:hedulc, •hcn 
,.,,· "''"'~"'"'"'' cO>uld ""1) b< imple­
mcntcd 

A di..:rcponc¡ loF iolcnHf•<d probo 
km< <f,co"ntclcd dur~ng < ho•o·l.ou] by lhc 
cn~in,.rin~ >nd '·'"~ration ~rour> lhc 
>n«nl of 1h,. lo¡ ••• 10 l«p trae\. of di•­
'"1'' no in ·•OO "'"re 1 hat 1 h<)' ""' b<­
in~ <d><d •nd ""' "fo<~oucn." Thi< lo~ 
...,,,,,;,.,-.¡ the d>l< th< d•>Crcp.>ncie< ~<re 
<O<uunLercd. ~"mptoon, anJ "'f'"l'iLlc 
progr>mmcr(>). Thc "''<1.1• number of 
O¡><n di-crcpancie> pcr pro8<>mmcr 
•ocmed to •ar) >igmfi<antly lfrom '"oto 
15): thc number ap¡><•rcd lo be in•er«l) 
rclated 10 the in~1>idual prngrammer'> 
«pcrti>o. 

MAKING 
COUNT 
ESTIMA TES 

----

lli>IOiic>lly, "''""" 
i"'lfu«ioo r:<><Jr.t t!lima· 
uon h" becn a d<fr.<uh 
'"~ on l;r¡¡e·<e•le «Jfo­

"'" d<''<lopmcnt effom E>1im01t> and 
actual fonol inwucoion <ou "" l<nd to drf· 
fcr by ordet> of m•&n<~udc. This in•lrU<­
tion toUO.l difieren« ;, pro'oabl• th< ""' 
of greal<>l voriao« in largc-<eal< ;oft. 
'"re d<~elopm<nt cfforts. lhat is. th< ara 
mou lilcl} to be ~•on~ b)' thc !ar~e>l 
m•sntrudc. Th< proadurc fur «lim>~iOf 
or.>tructmo '""""m u" be mor<'""''" 
if f•'~" >ofr·~" Jr"/opmrnr ~Jf"'" 
~" '" br cealw,.alh co_urdfp,.ud ac­
"''J'"~ lu thf>r "'"""US. 

Ti>c euirr,.tiun pnO<cdurc i> fur­
rhcr '•>rr.pli<OI<d >ince a ~i··•n '"'' "'" be 
<odcd by d. ITeren< pr ... gr•mtn<rl •nd ma! 
r<-<ult in an <>tdcr--of·tna~ni1"d' diffor­
<nc< in 10< r.nal in.tru<H<•• <<>uno. F<>t 
1hi, •<>fl~•r• cffon. on ""•n•truction'" " 
der.oc~ a; an <«cutabl< or deol.,aH-e 
'o""'' ""'""'"' (<·omm<nt or c<ont.nua· 
"o" <Jrd, ore not ""in•lru<tion> "l. 

\{,,~¡/:/, /nll'"' Ú<»r f,o;I"''""''J"­
Souf<< in<truÓrion '"""' '"'"1' •ere ob­
taincd for each ~roJrommer •nd u.i on a 
mnnthl¡ b'"' Th<>< counr> ga" "'m' 
ind1W100 a. to ho~ t h< O\ctOII cffort "as 
rrogr.·><•r.¡ and the pmducti• ¡,, of tbc in­
di'ldu>l ?ro¡-ramm<r 

Dorin¡ Lh< red\. c-udin~ month<. 
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' 
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;,d,idual proFr•mmc: produc1ivi1; 
'''"~'d fwm L<O '" ~.000 in<lru<'rion• a 
m~nrh. ~irh .1 ncm>inJI '""~'uf 4110 1<> 
1.000 Th< a• <ro~< p"'duc!Ovit; for rhc 
C<<ic ,, nd che<'""' plr.>« 11 O rownlh>) ".ts 
apero•in>aLd) 490 in•rru<Liuns a m"nth_ 

"Tooal card>" (in•uuc1iono and 

'"'"'"''"'') ¡, '"'"ion"lh" u<dul pro­
duCii><l) flguro. fhc ··rot;l , . .,d .. "'""~' 
produ<""'l for rhc ende .nd <h«iOul 
ph.r" ~.- "PP"""'""'l ~90 c.1rds a 
monrh Pco;>rom"'<r P".:lucuvot; >'Orlod 
f<om MIO to UMl c"d' a month. 

/nJ/"'""0" fllwwlion r,,¡,.,¡~"' 
Ori¡inall;. coch '"'~ ~" <<paratcd mto 
'"""''' and funcllon< (a> d<ri"~ from 
lhc hrcr.rchoc:.l dra~taOls) fhN func-
1 ion• ~ere rhcn e• alu.,cd against com¡>a­
r.rblc funct;on< in o.ilting progrdm• for 
>o.lrich """'' in"'uctwn coonl> ,.,« 
.l•arl.rblo. E"itn>t<> ,.,f< modo fO< pro­

~ram "''<rhc,,d and lor r""'"""' ""''" 
h,d no coml"ri•on• n,·" rounL< "«< 
•ummcd lo <l«wninc mi~inal r•~1ram 

'"'""'"on ''"''"'"''· bu1 tllC ''"''"·"'' ""'a> mu<h., 100'¡ off. Throu~hou1 
lhc coding pha". thc in>1 'UCI ion couno <S· 

''"'"''" ~" upda~<·d. l<<><d "" •"ual 
monohl; in<tru"ion '"""'' and progr.,n· 
mcr <'ti rr . .,,, of pcr<en1 <•>de CM1plcoed 
l-o<" l"ip .' .!ml4), 

Thc di•;>h) pwrram codc ,.., r<· 
P"'"" liJO'> ,·ornpkl< dunn~ th< ci~hoh 
monoh. '"' 1he wuol in"ructlon coun1 
oo<•<>«d ,¡.,., lO'l '"'' ohc neu '"o 

''"''"''' Th< '""''""d con<opl<. mntrol 
t«Oniqu"'. and ¡><r<onocl kd d~rcctl; 10 
lhc '"""' of lh" ..,,¡,"M< de< d<lpmcnl 
dlon. Thc llrp·do"n dc·i~n anó hicm· 
eh; diagram. pro•id«< lhc r~undooion 
r"''" ~ hich 'he ,,¡,,.'" ""'' drwlupcd. 
man·~«l .• nd conlrolkd. A m<><< <tru<· 
tur«< lop ''""" •rrro.•<h In lca,bihi)· 
<1ud~ "~""' '''"'""""'"'"" .lnd 1<'""~ 
wuld enh>n<-.: all "1""" uf • '"fl""" 
dc·;dr¡omeOI df<lfl, TOe docf P"'f'"'"" 
m« ,,nd 1 '·"" <"<>n<' p1 ""' >U< • c"fnl h<· 
'"""' uf <•eh ind".d""r' .bilu< •nd ,.,u. 
"·~"'" to ""'' ohc dcm.•nd> of th< 13<1.. 
D·>.Um<n101iuo ¡•uidchn<> and ,,,;cw> 
cnh.nc«< lhc GU>hl) •nd u><folfl«o< of 
1hc ;Qfl~.<r< dn.;umcnl<. Adduion•l 
~u,ddioc rcf,oemcn<> •nd iotcrmcd,.t< 

"'''"'"PI""""""'"') <u minimil<<>· 
I<O<i" rl<'•.Urnoototiun ""ork 

ln-depoh tcorn "";'"' on lar~< 

""""'' do oot , p¡><3r to 1:>< <o<all) eff<e· 
"''do e 10 ''"·cump<dt<nlioo 1Hnl1•< '""' 
«on>l<ucoi•c deuikd m!1cism appc.ar 
io>'""''l rel.,ed lo ~·og"m >ite. The 
"""' and «•wol 1<chniques off"od 
«<d<n« lo th< d<• dopmcnl prof"" and 
imr<"'d ;I03d) P"•luo<i;il)' Th"c o<eh· 
"'~"" pr~•idcd tho ""bil1!\ Jnd confi· 
den« r<~uired lo mana~< Íhc dc•·dop-

ls 
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"""' <ffwo ond •~ "cloie;c '" ~" """ 
rr,,lu« dcT.,cr¡, 

Üúo"l «rcct immcd~a1< '""."' 
.od mirad<> b<cou<e >1ro<lurcd l«b· 
"'q"" Jod wn«pt• "'' u>ed on a •oh· 
""" d.-clopm<ol off""· Th< "'"' of 
>lru<lur«< l«hoiquc; ¡, 10 j¡npOK ><rm< 

or<lcr and d~>ciplmc. uhimao<l;, io i• thc 
indl' •du•l• ~ 00 ~O<'<rO !110 ron>J 0U1C0n><. 
Dvn"t implcmcn1 oh< con«pl' •od <<eh• 
o1q u es lor o he '''' ~f he in~ '"mueou"rl"" 
une mu>l <«W"''' ohcir uoilily and >ppli· 
Cobilit) l>cf"r< lhc; can be >ue<:<..;full) 
1 rnplcmcnl<d, ~,,¡,~ "' d"elopot<n< JOd 
'"""'" o..:hniquc; '" <>ol;·ing. Thc con· 
"T" ond l<chni~u<" iO<or;-"'"'«1 '" th" 
df<>n fio '""'f'Ccilic T'<"''""'lill« and 
n«<<>. o 

•• 

[)'!,VID S. 1\'IAHASHI 
: Me, lwaloa >lu IS a 

s~all er>g<;>eet on 
soltwor~ ne.,gn 
and Oe•~lcpment 
at Loc;,heed 
M1SS1IeS rJrn:f 
Space Co • lnc • 
'" Sun.'l)l'·alc, 
Ca¡,¡ s,nce 

~ <'.'.SC on 1966. !>O p¡O¡eCIS 
ha·;~ ondu<lec systoms vr.alys1S 
and de;,~n. dc·.-eto¡;oin~ ~nd 
""'"':alflong oroc:r~rnrr•ng. and 
•oftw,re staMorc!S and 
• equoremen\s 
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StnJctured S yo temo­
r- \riBiyoil (55Al isooe 

,___. -of an lntegrated se! of 
ti!Cholqueo U..t h"' ..,. 
•uhod fr001 Exxoo"o ,-. 
...an:h in ooftw""' 
methods. The outhor 
dlscusse1 SSA"• rolo in 
oystem dovelopmonl. 
describes lts graphical 
\&nguoge. aod npl•lOI 
~ow u•ero ond com· 
•u\"' onolyots uoe ll lo 

model buoine .. op<nt· 
tloos and deterrniDO 
requiremonts for oorn­
pulf" applic.atloru. She 
then d.-scribos divoTSe 
business ond t«:hnical 
projects tha1 illu.lrole 
SSA"oeflicocy. Theou­
lhor •uggesls thatSSA 
- original!y de•·elopod 

F for use in the lnitiol 
.t.oge• or o¡•stem dovel­
opmon!- ha• bocorne 

-a genoral-purpD.'le 
modellng lechniquo. 
whkh hal helped to 
further "'t.oblish formal 
melhnds for system de­
nlopmenl. Ed. 

• 

Structured Systems Analysis: "' 
A Technique to 
Define Business Requirements 

Katñleen S. Mendes 

Growth In thc develcpment and use of com­
puler syslems hu been ropid nver the pul 
twenty years. Hirdware cosb. for a given 
leve] of performance. havo de.:r ... sed. Com­
municot!ons technology, an impol1anl factor 
in the odvance of computen and informalion 
processing. has expanded the capobillties fur 
sharing •nd coordlnatlng lnformotion from 
mlinr •ources. However. •oftware lechnol· 
ogy- thn rnelhods and·languages used lo 
develop cornpuler syslemo "_has nol shown 
comparable improvemcnl. As o result. the 
hardware revolulion has driven the demand 
for compuler sy•t.,ms upward by provlding 
increa.•ingly •ttraLiivn opportuniHcs. bu! 
soft"are capabllity ha, con5luined !he abi!· 
ity of system developcro ·to mee! this de­
mand. 

Thcse hardware and ¡oftware ltends moti· 
v11ted EXJ<nn"s computer sdentists. in the 
mid-1970s. to try to imprcve software meth· 
ods. Their obje<:tive was to deYise systems 
an•lrsls and design techniques that would 
en han ce both tbe quality of compu!er appli­
ca!ions and thc ability of developmenl staffs 
hJ deliver •yst,ms. 

Struotured Systems Analysis (SSA) is a 
momber of un inh,srated set of techniques 
thot i-esulted from F.xxon"s research and de· 

· velopment in software rnethods: SSA \s a 
business modeling and communi~alion 
techr.ique used jointly by use" and com· 
putcr systems anal}·sts to describe business· 
cnvimnmcnts ond tu lormul• le rcqu ircment; 
for computer applirations. 11 giv~• analy<ts. 
for the first time. hoth a d~finltion of the 
pi-oduus ro be gencrated al ea<:h st,1gc nf • 
proje-ct. and a hasis for project planning. 
More<Wcr, its application cxtcnds b!'yond 
thC s¡ sic m dc•·elo¡unenl envlronment. 11 has 
been used cffc<:tively in bu•iness irnprove­
ment <lutlins that do no:· it•vnl_vc cmnpul· 

Exxon Corporation 

• 

erized solutions. 
Tb~ article describes Exxon"s SSA. illus­

lrntes \t.J usage. and discuS<es lts benefits. lt 
. also suggcsb that SSA. urigina!ly deve\ope(! 
as nn analysis technir¡uc for use during thc 
first stages of system building. has e•·olved 
inlo a-general purposc modellng technique 
for describing a business. 

Background and Developmenl 

In the past. due lo !he abscnce cf formal 
analysis and design te<:hniques. analysts 
learned"through apprenticeship. Syslem de­
velopers workcd with more. experienced 
peoplc until thcy de•·cloped,thcir own ap• 

"praaches. Thc firsl forrnnliz~lion of !he sys• 
lem buildi"g pruccss introduct>d the project 
managem~nt disciplines of other cngineer· 
ing and lechni<.al ""'"" intu curnpulm nppli­
catiun projL-cls. ThPse disciplines reg;;rded 
syslcm developmenl as taking place in four 
gcnpralstagcs:Analy>is. 1n which a husmess 
is descdbed and the requiremenl> for a corn­
pulcr ,yst"m ore forruulaled: IJcsign. in 
which thc hardware and software specified 
in AMiysis are <:onfigured; Con•lruction. in 
which !he software modulos are >m· 
plementcd and the hardware is instaiJe¿; 
and Moiritenance. which encompos.es a 
broad range of acliviti<"' relotcd lo ~ceping 
the sysiPm op<•ration&l. Jlowc.-er. tbey failed 
In pruvidc 3 nwthodology that could Gccurn· 
plish th" obj.,ctiv<"s of ()acb of lh~ sl,lge.< of 
sysl~m d"velopmenl.' 

During the late J~(iOs, software enginccr­
ing ¡>iom•ers. such os Edssar Oijhtra and 
Mirh¡¡el )ad.son. b"gan fundamental re­
SNtLh on formal 3pproaches for systcm de­
velopmen!. Mnch of !he research focused on 
pmgram dcsi:;n "nd 1 n>pl ~m.,r.talion. l.ey a e--- --
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tivllles in the Conslruclion slage o! appllca­
tion building. In the mid-19705, F.>O<on 
began lo apply the results o! this wotl: lo lts 
own cnvironment lts main purpose wos lo 
establish an integrated set of syslem dcvel­
opmenl le<:hnlques. The initlal effnrt led 1<> 
the introduclion ol PST (Pro¡;ram Struclure 
Technology) lo Exxon'• world"·ide commu­
nily o! system developen. PST. adaptad 
from Michael Jachon's "Program Design 
Technique," could provide a proci•e de­
scriplian of o program and cffectlvely cam­
municate the program's design and behav­
iar.' lls graphical nolalion was o key factor in 
the widespread usage af PST. and it became 
a w~H-established standard within two 
yoars. 

use th~ PST diagramming style durlng U.a 
AnalysU stage o! syslem .Wvclupment to 
spedty rcqu\remenls. Based on the succcst 
ofthis experimental work, Exxon"'s computer 
scientist• decidcd to usa lhis dppro•ch to 
f0 rmallze oystem requlremenl5 analysis. 
Thus. the PST nota!lon was broughl lorward 
lrom Construclion to Analy•is, and it was 
generalir.ed to pro vide the hasis for the pres­
ent SSA technique. 

Havins establlshod a commonalily O¡ ap­
proOch and notation, SSA developmenl pro­
ce~dcd In an evolulionllfY manner. E;dst!ng 
theory o.nd concept• ware draw11 upon a.tt 
needed. They were theo.adapted and In!.,_ 
grated inlo the technique. Al •major 
ched.poinl• in it> devcloptnent. SSA wu 
lested on pllol proi"'-1S. This tcsling contrlb­
uted significootly lo lhe quality and usabi!i 
of tha presenl lechnique. 

ln the mid-t970s, empirir.al evidence 
began to confirm thc importan! rol~ Analy•is 
play& in the building of hish qualit}· com­
puter applicalions. The rcsuh.s of onc study 
indicated that more errors are intmduced ssA and Other Requiremenl5 Analyois 
into a syst~m os a result of fallures in Analy- Te<:hniques 
sis !han as a result of fa!lure• in any other The developmcnl o! a numbcr o! rcquire­
systcm building phasn' The ~onclusion o! monts analysis and specifi.c.alion lechniquoo 
onother study was thot Analysis crrors are during the pasl severa] Y""'" lndicates the 
more cost]y lo corrcct and havo a sreoler importancu of thesc lochniques ta the data 
impoct on the effectivenass of the syslem proccsslns industry. So,.- of e !he-- mo..,. 
than crrors introduced during either Deslgn well-lu>own~,<:pedfk.alioo• approochM~...., 
or Construclion. Significnntly, lho effcds of Softach'a .SAI"lT··FStmdured An•lf'IÍ!I·aM 
Analysls ~rrors do not cease with the lm- !Hoign Toc.hnique':¡; Yourdoo'•-''StructunMI 
plcmenlalion of the S}'Slcm, bu~ carry o•·er lo Anftly•l• Tochnique'-'; Sarsun and Ga...,~,o 
Mainlcnance.• "8trortur~d . .Sysl""'" , AnaiY"is'';- and • the 

Thurefore, any methods thal improve the llniveroity of Michigan'5 ISDOS14nforma­
quall~y of Analysl• in crease the cffecliveness tinn·Syst.•m Dttvelopmcnt and Optimiz>rti<1n 
ol the systcm devdopmcol process. Su eh Sf'ltem~'l-• 
methods, by contributing lo more effidenl lhe fundamental diftercnce bclween SSA 
use o! lime and by redudng the n~ed lo and thcsc mcthods is one of aricnlatlon. SSA 
g,¡ther a~ditional infurmation as the projed approach"s Anal}'sis from the viewpoint of 
progrc5Ses, al so incro•ase the product io·ily of • lhc busin~••- The othcr techniques approacb 
systern• anolysl!;- usually the mos~ highly .it from thc pmspective of data processing. 
paid memberr; of the d~ta pr<>e<:ssing staff. In SSA can repre>ent complete] y in a c]eq,r. 
the bte l970s. E:o<un'o compulur stientlsl!; cnndse modal al! aspects nf the business op­
focu•lld lheir cfforl!; no developing an Anal· eral ion. Other methods are incapo.ble ol """'' 
ysis methodology. The purpnse of this metb- viding sucb complete l¿_usiness models. _;; 
odology wu lo provide a disciplined ap- Another significan! J¡ffercnce betwee11 
proach for Analysis, as PST had done for SSA ond otbcr structurcd techniques ls the 
program design and implemcotation. graphical nollltioll." The SSÁ graphical ap-

·--·- --

Concurrcntly. applir.alion analy5ts. who proach cQn•i&ts of severa] dlasram typeo. 
wer~ using PST. began lo e•p~riment with while tbe techniques of Softc>ch, Yourdon. 

__ th~ f1_sibi:i!"' ,; th~ "o''''~')_:]"~~·--'E·_'{!._.:!,..1 ""''->'"!ll''l r._,·~-!<'1-'~'~~ ,;n~l~ '-tri_,_ 
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of di¡q¡ram. Analysts using SSA llave indi­
cated tbe advantages of !ts d!agrammotic ap­
proach. lt glveo mDre lnsight ln!D the busl· 
ness by pmviding different views. each Df 
whid:> coniJibutes ID on integrated business 
mDdel. Eacb business entily is descrlbed by a 
notation that ls ~ppmpriate for thal entity"s 
leve) of decDmposiliDn and for Jts rule in the 
model analysis lo foliDw. 

SSA: A Descriplioo 

' SSA U an anal}·sls technique used lo under-
stand the business DperaliDns of planned 
computer applicaliDm. U..·purp<>!!"""""' W 
,..,.del., docum....t. and commu nkutn lO usw;o 
tha n.qui.remaot& of..am~.puW--opplk•tions. 
ao.d ¡., specify the c.opabilitlu-to btoduli~ered 
by·tt- ....x>mmanded sysleoo. lk:onai51& of a 
-srophioollongU<tgs -a prr.cise notatiDn and 
set oL diagrams whlch collectlve\y ate used 
to model a business- .... d·e·p...,.,.,.. -a 
step-by-step motbod for building and verify. 
ing tbe mo~~l. Thcsc componcnts provide 8 · 

formal. selr-documcnling approach to the 
Analysis stage of system developmcnl. The 
graphical language suppDrls infDrmation 
gathering and analysis. The process assists 
in ITODdeling the Dpetatinn as it ..:urrcntly 
exists. The modc] is then modi~ed lo include 
tbo new functions provided by th" wmputcr 
app)ic.;¡tion. Th" revised model and lh mp­
Porling lcxt ruplace lhe lra~Hional speci~ca­
tion dor.ument. 

SSA has been uscd al Ex.xDn for twD years. 
OuriOB"this time U has been effcctive In a 
wide unge Df applicatlDns that ha~e varied 
lo size, CDmploxlty, and orientation. lt has 
been scaled ID suit tho nccds Df lndivi~ua! 
projc-cts, and ha• hccn u sed cffectively In 8 

dive.-sity of cnvlronments ·- lnduding both 
business lnformatinn systems and tecbnical 

· computing applicatlons. 

SSA's Graphkall.anguage 

The SSA ¡¡raph!(:al l:mguagc provid"o a ver· 
sotlle vDcabulary for mDcicl•bulldlng and 
analysis. As shown in Figure 1. ttu• style of 
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the model cDnsists of se.eral dlagram IYJM!S'· 
hiernrchies, matrices, and nctwork flo­
Fi¡¡ure 1 alw illustrates thc rclationship be­
t-.-.·een thc SSA model dla¡¡rams and th• 
busines. cntities !bey describe. 

A busin,ss model cao be represented witb 
the folluwing diagrams and dufinition1l: 

-A GIDbal Model lo describe the averall 
IDgical relationships amang the business: 
functions in the organiution under study. 

-A Function Motrix la de~nc the '<"<pon­
sibilitics for each fuocliDn identified in 
the Global Modcl. 

-An lnfDrmolion Flow Diogrom lo repre­
sen! th~ flow Df business infmmation. ' 

-A Dntoil ACti•·ity Modd lo describe how 
activWcs. ..-hich 'corrcspond la the 
low,.t-lcvel functions in the Global 
Model. are carried out. 

-A Dnto Slruclure D1<1gmm lo describe tha 
login•! sltuctme of busino·ss informolion 
ao vicwc<i by the user. 

-.,----------- --· 
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-JI. GJosso¡y of Business Terms lo define 
lerminoJogy common lo !he business opo 
eral!oD. 

The remalnder of thia socllon describes 
SSA'5 graphical language. Subsequent sec· 
tions uplain how lo build model diagrams· 
and how lo use them lo idcntify and specify 
solutiono. Each diagram is discussed in tha 
recommnnded sequence of C<>nstruction. 

~·-
' ' 

A;semble 
~· ' Shlp ·~ ,¡ ... _ 
~·- ~·- Shlpmont 

• 

• 
"role slalemeol" capluring the natur-e nf the 
productor service supplied by the business. 
the clienl or markcl lt supports, and \ts eco­
nomk commltmenl. ~k>bal Model~: 
oept wa& <leve\oped at-E><xon by integntmg 
Gon•tantine.....ond~our<lon's and ·MyetA 
io!ootional--dt>compositóon-techn;qu-¡.¡b 
~~ from IBM'a·~Busi..- Sys· 
:ams f'lanning Methodologr.''' 

Glnbal'.Mod6L The Global Model of a busi· JIUDdiou'Matrb, A Funclion Matrbr. maps 
ness i• B functional decomposilion [a Lrcak· the logica.! organizatlon of the Global ModeJ 
down of busint>Ss /unction¡ hy purposcl d"" to lhe physical organization chart. [figllrt! 3 
scribed in a hierarchy of three to five levelo. aho.,.,·s a sample Funclion Matrlx which cor­
{figure 2 sbows a Global Model of a wara· rcsponds lo the Warehousing Global Model 
housing business.)ln SSA, a business is de- in Figure 2.) All ol the busineu functluns are 
fined al a logical sct of functions whlcb listed down tho lc!t slde ni the figure. Ac:ros. 
exi•ts lo provide a product or oervice (e.g., tbo top are lhe responffi.ilities. l.e .. the job 
Warehouslng). Afundion ls a group oflogi· descripliD05, organizatlooal units, or per· 
cally related aclivlties (decisions or tash) 5<>nnel accountable for the•performanca of 
requlred to manage the resourr.es ofth~ bus\- the lunction. A o "X" al the lnleroectioll in­
ness {e.g., A.s~mbl~ Ord~rs). In addition, 1 dicotes whicll functions are performed by 

--....:::lr_.l ·.' ...!.J.lli ,_L =·~O:o.i.lJ.!.,..o:.--S~'·' ,:!'.\ ~.':.::._ P_8_~·!:,_:,:2!]S •• 

• 

' ' ' • ' •• 
' 

' ' 
• 

• • 

1 
i 
' ' 

·-------



' 

( 

\ 

--'--------'''-"_":_"_'_"_'':'_'"-"-"-'-'_"_'_••------·------'':':'m:mc'c'_':':':' _____________ ~::: 'U> 

" 

..... _ 
¡.,..howoi .. -O<tennlnolnvenlory 

Roqul<ornnto ..... """""' 
Monitor Stod L<>'eh 
Vo<rófy lnventory 

Acqulnt Porto - · 

Acocep~ Sb!p"'""' 
t><omlno O>nlonU 
St<m~ 1'0:1> 
Rooord Po:U Arrlv&l 

Dl<polcll Ord.,. 

.u-bio Orden 
P>dOrdors 
Sblp Ordoro 
Ra<urd Shlpmant 

f\>Dctioo Motrb 
Wo,..ho~olol 

t 
IJj,¡ 

lll/1 
' 

' 
' ' ' 

' 
. ' 

' 
' 

' ' ' 

' 

,.,.-;be the rclation5blp1 among !ha paren! 
functio115 of thu subtnua. These rulation­
ohlps ere refcrred to u h!sh.!evel Rowo. 

The nota!lon used In Flow Olagrarns rep­
resents ioformatlon '"material Uows; bu.l­
ness funcllons; lnfonnRiion stnres (passive 
reposilorles of lnformo.tion or maten! al which 
can he either automated or manual); soun:es 
Ol destinatlons of ioformat!on or material 
outside of the business operaUon: and 
snurces or destinatioll5 of !nformation or m&­

terlal outslde of the network but inslde of tbe 
business operation. 'RwJ;.uM:fonnt.t ofFinw 
Diagru11111 derives from ~ .. OBtlr'Fiow Dllr­
pm";.g,ncept developed ·by 'lmm:lcm ·=d. 
DeMem<>.• However, tbeir usage and nota--
lion are modified in SSA. ' 

~ 

m:a11:&-o::llvfiJ_ltfoc!B. A Oetail Modelspec· 
lfi...,. the reiltionships between actlvitles aod 
condilions under whlch activities are per· 

- formed. An octivity ls a well-defined uoit of 
work- a tas\.m a dedslon (e.g .. notlfy stock 
clerk if part ls out of stock). A Detail Model is 
drawn for e•ch of the lowest-level functions 
on the Global ModeL Figure 5 is an eumple 
of a Dcta!l Model for tha functíon, Auemble 
Order<. lt ls a bierarchlcal breakdown by 
function; wblch is annotated to dellcnbo re­
lationships among activities. lts. symbols 
represen\ sucb relatíonshlps or conditions as 
hicrarcbic membersbip (with an implied or 
unspecified scquence); repetition; exclusive 
altematives; !!lclusi..a altematives; explicit 
sequence; parallel act!vltie!i; re!ease or rr¡¡;. 
cal timing ~ondition; and torminatlon activ· 
ity. 1iba~r~inah;p11Q®t- ofc the·-e!ll!-otido­
A<khlerarchl'-, wahdulved from ..,....,_. 
+rlsoo!a ' Progr ..-Du5ig n-l' .don Ir;¡ uai" Ex. 
xon e)..tend~d jackson's notalion lo the Q-e.. 
tai! Modcl's descrip!lon of busin~ss pro-

~onYIDwD~ /1. Flow Diagram 
is a. networl represemation >howing !he flow 
efbuslness information. A-Jkow+rlhe l:iaus­
~ .. to.m~Hou w :mabial b<,¡-·bnsi­
--functions. The aources or da.<tioations 
uf these nows can .,..¡,¡ within or oulside of 
the business. A.l. .a mluimuw. ona Flow.DU.­
IIr<Om l..,!mwn for thG lowesl-le~el functio11.s 
lll e· M-Global Modshubtceoo. Figure 4 is an 
el<ample of en lnlormotlon Flow Diegram for 
the Diopatch Orders oubtree of the Ware­
housing Global Mode!.lt desoibcs where in. 
formation is used, whet it is used for, and. 
how thc functions lntcract. Flow Diagrams 
can bo annolaled with statislics on vo!umes, 
res<>urcc Usage, and critica\ timln¡. Option. 
al!y. flow Diagram.< m10y he dr.1wn lo de-

----

" 

b..tll StrucTUre Dia.gr• A Data SU\Iclure 
D!agram is prepared for each unll ofbusiness 
lnformation that is idcntiAed on the Fiow 
Diagr~ms. Business informolion, a. dellned 
in SSA, inclndes mganized data ag¡regatcs 
such u documents, files. products, and in· 
tangible forms of ioforn>ation (e.g .. order 

-------- --------- ·----- ~- ---
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Mendoo 

forms, credlt ~;r!terla). Figure 6 shows an cx­
omple of a Data Structure Olagram of an 
arder form u viewed by the derl< who tol:.a1 
orders. lt [J used lo galo a deeper undet­
standing of the informaHon rnqulred lo sup­
port the tnd's and decisions lrwolved In 
operating the busineu. A Dala S!rudurc Dl­
agram i5 a hierarchi<:al data decomposition, 
whlch may be annotated with statislics on 
data volumes and froquenci,.. 1t describe• 
the "parenl-child'' relationship of !he data 
by indicating hieran:h!c membcrship, r<!· 

pealed occurrence. muma!ly e~duslve alter· 
nat!vcs, and indusivo alternaUves. 11 also In­
eludes a symbol for a dimanslon operator 
which is tued in spoc:lal malrlxl!ke cases. 
~noept-end ·notation origlnated•from 
t.lichaef· Jachotñ Ptogn!~ign·Tech• 
r>iqüe.11o Aa used in SSA, it ho.a been genar­
allzed and cxpanded. 

G~ry.of.Bil5!D....-i"en!$ A G!ossary !1 
compil~d throughout the rnodel building 
process. 1t is usOO lo elirn!nate multiple 
de6nilions and amblgulties. and lt serva as 
a bRSis for discusslon and c!ear communica­
llon betwm•n usen and analystJ. 

The Process ofSSA 

views of the buslneso. Once verified. the 
model becom!!l the basb for idenlifyln¡ 
problcmo and formulatin¡ solutions. 

SSA movcs business and systems analyda 
from an intuitiva to a teachable, structured, 
and concrete approach. Thls ad~ance la the 
result of a well-defined process that assl&la 
the ana\yst in building. ~erifying. and 
onelyzing a business modal. 

Modcl Building. Building an SSA hus!n!lSS 
model is a coopcrati~e effort between analyst 
and u ser. Tbe diograms &rl! constructed dur­
ing fec;t.gathering lnterviews, and sarve to 
describe the curren\ business in the proj..ct 
reportA. The analyst uses SSA guidel!nas lo 
elicit the relevan\ informalion, record ley 
features. and elimlnate irrcle~ant detall. The 
intervlewing structure fosters consistency in 
c<>mmunicatio!U betw~en analysU and u&­
ers. The diagrrun building approach estab­
lishes the set of lnformetloo to be gathered 
and thurcby provides a framework for eacb 
intervlew. Preestablished questlons concern­
ing business ob]ecti~es. problems, futlll'"l! 
plans. and bu•lneu environmunt forecuta 
can be rlrawo upon as need&d. 

SSA pro vides proceduws lo determine the 
scqucnce for building diagrams. Model dla· 
grams generally are construc;ted in the order . 
indkalad in Figure 7. Howe~er, flexibility, 

The SSA process lo a step·hy-stup apprnach exists a! the lowcr lcvels. For example. in e 
thal guides lhe analyst and u ser through •Y•· data-driveo buslnuss. the Data Model ls built 
lems analysis. 11 hu both the flcxihility heforc the Detall Model. Ne~crtheleu, the 
necded lo dcvdop a s!ruclura nf husinen rPlaliunships betwecn diogramo always m­
operations and the forrnaliom needed to main !ntact. Dcpcnding upon the •izu and 
bulld a model. lt a !so provides criteria for ohje<:li~c• of the ¡aoject. SSA can he und to 
evaluating the m ode ]"o correctneu. produce a ~ale<l description of Iba business. 

Figure 7 lo a schematic representation of This de.cription lncludeo, at minimnm. the 
lhe SSA proceso. lt shows thn ""quence of Global Modnl and lnformation Flow Dia­
building the model d!agramo. Th.l$ sequen~e gra!115. 
uses a top·down approach lhat •tarts wlth Tha rules and synlax for using the SSA 
the mo¡t general [the Global Businllltl notatlon are the grammatical foundation of 
Mode\) and proceed& lo the mnst d"ta!led the SSA graphical language. For ins\ance, 
[the Data Model). The figure al so show• !he these rules pro~ide that s;wcial symbols may 
r..cycling loops n""ded to refine the dla- no\ appear on the Clo'b!l Model; 1 rola 
gramrnatic repre5entations. Durlng inform~- statcmcnt mus\ bs a •imple sentence; func­
tion garherlng, the busine&s model is the tioru and activitiss mus\ he' described in 
medlum nf communlca!ion between thc urllf verb-objec;t form; and error cond!t!ons 
and analyst. Tbe model i• completed when !t should be eJ<cluded from F\ow Diagrama. 
!s co~f. •rf!e'! !_h.'!!_ H _!i_!!; __!..~u~<:<' kr!r•l_ JS~ • :.•:..P!':'Vi'!~o m,¡ ~•.li_<i<.:!l f;r_ <1..-<":n: 
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posing functlcns and activilie¡. l'or uample, 
the following rules determine the functiono 
on the first leve] of the Global Model hierar· 
eh y: 

- The first function mus\ cover !he rcquire­
ments aspects of the business; that is, lt 
muo\ show how resour<Oe plannlng and 
acquisitlon "'" carri..d out (e.g .• Deter­
mine loventory Rc>quircmenls in figlll'8 

''· - Atleast one oupporting function mus\ be 
idenllfied that de.crlbes the business'¡ 

- The last functlon mus! be 1 disposltlon 
fundlon whlch describes the bu1inen's 
termlnaUon ofresponsibility for e product 
or octvice (e.s .• Dlspetch Ordersln figure ,, 

Similar rules apply In the br~akdowo of tbt 
Dctail Model. Witn....t-c;:rit&d• auch u the 
oloovo,.lunclinnei· dt'eompotltion . CIID 1» 
Wfiicult, requlrlng subjectiw )lldgmentll aMI 
experienoe. ' 
M o del Verificatlon. Building the model di•· 
gratru1 \s en iterativa process. As such, crit.,.. 
rle are applied to the lilodel lo determine lf 
and how the model co.n be hÍ.proved. Once 
the crlteria hnve been salisfied, the modal U 
ready for confirmatlon by all usen. 81wwc 
loo u· bli,b i · hR aU h oh d ebs:q 
•aihd ilo 

Criterie lo determine whether the mixlel 
has been decompmed lo the appropriate 
levd are applied lo lhe modo! diagr•m•. For 
example. Flow Diagrams that ha ve mullipath 
conn<>etioru; (two functloru; that pass infor­
mat!on bacl< and forth] &uggest thal further 
decomposilion of the Global Model U ,.._ 
quired. Or. lf a multlpurpose funct!on (one 
wlth mulliple Oowa In or out and having 
more tho.n one informatioD lransforma11on) 
can be identified. then th11 model requires 1 
further breal<down. 

Cr!teria are abo applied In order lo test for 
the correctne•s of thc graphlcal represen\8-
Uon. lln analyst can evaluate the modi!l d!a­
gram. for instance. by seelng whethu or not 
€ach fn!'clion is labeled descrlptlvely. The 
functlon should no\ be defined In t~rms oflt. 
outpnt flow. as described In the Flow Dia­
gram. but shnuld he named lo rdlect its pur· 
pos~. The analystalso can ask: llave lawA of 
completeneu and log!cal consistency bcen 
me\7 tor ~xample, does cvery i11formation 
store ha•·e an input and oulput! Are the 
spedfied inputs of "íJ~Jnctlon sufficient tr 
produce thc indicntelf 0 utput7 h ail fin" 
related information appropriately re..,.... 
sented on both Flow Dlairam.s and Detall 
Modela? 

prov!sion.& for maintaining its sen ice or Adherencc to the SSA model building and 
.-or.::6• •• ! ~ .~ r!l.!.•i:-----"-:_"!.Li;._l'.;_,);0_;_•_:___2l_,_:::ri[c- •; •.•• "'-c.=.! O' -~:;, • .l--L' 1::-J, .J!·, ~1"!. 
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rect, self-documc~tins de&criptlon uf thu _. ·-:::•:"'::•:"':-:;:•:-~••>ll<••ta,,_,,,.,._,, •• ...,.., ...... ,r 
buslneu uperatlon. Moreover, an analyst's ..,...,to....d chota. 
use of SSA leadi tu modell that are the 
equivalen\ of those produced by olhers wbo 
'u"!' the techolqua. 

Model Aoalysl•- After the SSA rnodel of the 
buslnes• hu been vcri~ed by useu, lt bu· 
comM the baal• ror diagno•ing busineil 
problemo, fden!Jfying computerizotion op; _ 
portun/Ues, and sp.-.::ifying the requirement. 
model. . • 

ld~ifying Computerlzotlon OpportuñltJa 
11 is often necessary, In solvlng businl!lls 
problems, to determine whera the uH of 
computers ls feaslble aod cost-effective. In 
making this evaluallon, SSA-•pplieo-U.. 
W11cepts-- af-K=n- and-Scott -Mmtun'e 
"~-for lnfommi<m System." to tha 
analysis of the SSA Detall MOOel diagra~~~a.• 
By mpplying this .frarnework lo the Detall 
Model. the structured act!vities that are o::an-

~ingBuJi""",P"'~I :w dldales for au\omation un be readi\y iden­
The firsl stcp of this analysis addre•scs thusa ti6ed. Moreovar, the Detall Mode! can show 
aspects of the bus!ne .. that have been cited where lt is ponible tu implcment Dedsion 
as proble<n5 by uoers. !n proceeding. !t is Support Systems. Thus, \he Detall Model io a 
Importan\ lo ~va!uote the orianizationitl and · convenienl medí u m for r.ommunicating to 
conuol structure of the bu•inen. Thiaenaly· the u ser how the cornputerized proccdure5 
.......,....OO.made---by--com.pM<ag--tft. Glo~ · wi!l support the business function. 
Model-and·f>tmct:h:m Matrtt wlth tht't O!"g..,._ ~ 

--nttonochat!. 11" oomjlllll.ian •huw•-óf ili<l Sp "fying'riMP-llequi;e::owll Aledd 
boaain-·-io•or¡¡aniu:od.·funcllonoll,.-if,- Gencrally, tbe analyst proposes severa! o.J. 
t-ponoib!lity and .:on!Jolare dearly allocated ternative business solutions and documents 
b-ch function, and ii !he 8""8'"-pb.l.:-d.lo- them in separate SSA mode!s. After-tM­
tribution of !loe busi""""•"'"'kea, &ell.&olb- .l.n h.u eh osen """' l.be Raquitementa Spocil'lo.,. 
'"""" of fui>álonal lntonction. tion Mod8l mullt ~l'*I.W .deboiiil. This 

lt.it al•o importantto estin,o.¡te.wad lnad.s model is the Anal prnducl of Analysts. lt 
and peU loado. One r.an opply simple for- rept<,.ents how tho business wlll operate 
mulas. u•ing the statistics col!.-.::ted nn the when the new manual or computcr proce­
l'low Oiagrams. to determine !f funclions are dures are implemented. 
undcr or ovcrw<Jrkcd, to uncovcr the source The Requirements SpeclficatJon Model !n­
ofbaddogs;ortolrar.ethecauseofhigherror thldes organizalional requirements that are 
rates. The Dctei! Mod~ls can be used lo find depicted in the Global Modeland l'unction 
ways to reduce demands un people. Matri~; lnformallon requirements tbat are 
Eliminating unnoc,ssary tnsks or tr.•nsfer- dc•cribcd in \he Flow Oiagrams end Data 
ring ccrtain tasks to the computer, for in- Structure Diagrams; and proccdura]. re-­
stance, could accomplish this rcduction. The qu!rements that are detailed in tbe flow Dia­
flow Diagramo and Data Structure Diograms gr•ms and Dctail Modelo. Tbus, it provide$ a 
can indica le ways to increasc thc capadty of comprehcnsive se! of specifications for use 
staff, such as improving dcocuments, forms, during Design. 
and buman--computcr Interfaces. 

iül&Uy. il is lmporto¡or:to -t~atel:>lltoh:'"dam 
""'JUÍreou!nt.. Tbe model diagrams can be 
uscd lo determine the conteo! and s!Jucture 
of tho information requi red for ea eh buslnns 
function. By conlrasting 'the dat• ar.luolly 
used by 8 function (as re¡uesented In the 
Detnil Modcl) with that passcd lo lt (as de­
scribcd in F1ow Diagr•m• aml Data Structurc 

' A Rcl'i!!W ofSSA Usage 

/ ~ l Oiagrams). _.....n.ideD.lif~.~clluo~anl..,j,o: 
"";;' ~ .... ~w,:;,•~--·r-''•1- ..._,..,... ...¡:j<'•{:.•'·•.-..1·•"''·">~- ... ,_, .• w . - . l, 

SSA was origin~lly d~,·eloped a• a formal 
\e.:hro i<¡U<' fnr a na ly•t> to mndel both the bus;. 
ness r!n-i!OIImcut ·and the requitl,ments of 
planncd cumputer systerns. Hm,-e,·er, as 
'-''"'" "ai toed ex¡><lri cnce w Hh SSA. lts poten- < 
tial applic,ltion• incr"ascd. lt has bcen prov- . . . 

' 
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Spo<;l&l """"ll~luo~ "'"'' 
bo al••~ t.> C. M. B. Az>. 
derwo [lmporl&l OU, To­
n>alo, C.<10do), 0110 oflhe 
pm,..ry d~lopo,.. ol. 
SSA. Hboothuolum, 
llocbr.lcal exportl ... o.od 

' ooruulUoa ••portloo woro 
· cri!lcal 1<> obo oucoouful 
dluo"'I"'Uoo or SSA 
wlthlo Ex..on- 1 would 
&loo liko t.> oáoowlod .. 
U..contributiono ol 
C. Colplll [Ex>o:oo (Mp .. 
FID<h..., r.,l, Now ¡.,. 
ooy]. Throush hb SSA 
IMchlo¡oodeonoultm,. 
""pofieoco, bo modo olf· 
..JBcont roat.o""'"" ond 
<oo>tructlvoe>t•noiooo to 
lho to<holquo. 

• 

gros"""· since SSA estab!ishes 8 comprehen­
sive information ba1e during AnalysU. 

Summo< 1980 .. 

muDication eve11 when there 11 staff tum­
over. E.s!imale5 of \he duratlon. co1l, and 
ataffing nced• of !he project can ba obtalned 
earFer In !he system building proceso than 
would be possible wlthout SSA.. 

- SSA can adapt lo !he way In whlch a 
system lo lmplemcntod, eveo lhough ltJ 
spociflcation& are lndependent of !t. SSA 11 
as effective In quickly estahllsh!ng l set of 
threshold requ!rements for an evolulionary 
or prototypad systcm as it ls !n dealing 
with more tradllional syslem bnllding •p­
proache!l. 

- SSA'provldes a basis for identifying op­
portunlties for common sys!erru;. lis model­
ing capahlllties enahle 1t lo show !he polon­
tial for gnnoric (or multiuse] syslemt. SSA 
models of severa! business operalions can be 
eully comp.ared or contras!ed, ond commo11 
functioDs can be read(\y ld<lnlified, 11 11 lhen 
possible lo eslimate thc degrne of talloring 
needed lo apply the rommon system lo dlf­
fercnt uses. SSA ls a convenient mcdlum for 
gaining user commltment to !he requlm­
-monts of an applicalion that may serve sev­
erll user groupa . The ohjective of Exxon's ongoins research 

efforl'l has been to develop 8 compatible oal 
- SSA is an importan! loo[ in project'man- of formal methodolagles for building sys· 
agement. lts systematlc proco" provides tems- from A11alysis lo Malntenance. SSA 
nutural cbed:polnts for measuring progress., a11d PST, coDsistenl in their approact-
ltJ nolalion offers • means of ensuring con· ootatlon, have establlshed 8 found 
linu!ty of efforl and con.•lstency in com- , u pon wh!ch fW'ther research will build . 
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en effectlve, for lnstaoce, In buslneu im­
provement proj.octo thet do not neceuarily 
in vol ve romputerlzed solutlons. Slncal\5 ln­
troductlon lwo years ago, SSA h"' ga!ned 
rapid acceptance by uoers and analys\5 
throughoul the worldwlde Ex::.on organi:t~~­
tlon. 111 acceptance ls attributable lo thnt11 
rnain factn111: business and ¡yslem¡ analysta 
havefound 111 notatlon and process u .. ble; Lt 
can be applied to dlver'" business environ­
rnenll; and the technlqua can be adapted In 
proj...:ll of varylng sizes and ]~vell nf rom­
plexlty. The follnwlng studlel lllullrale th.. 
slnmglh1 and versatility of SSA u bolh a 
buslnen and a •Y'I~ms analyda technlque. 

Central Purchulng System. Tnlhls appli"-'1-
llon, SSA wu use<! lo sp...:lfy the requlnt-" 
menll for alarge·scale purchaslns 1ystem of 
o.n lnternationBIIy based Exxon affiliate. 
Analy1t1 used lhe SSA technique lo inler­
vieW epproximately 120 usors frnm dlverae 
business functlnnl. The technlque helped lo 
structure the prncess of gathering lnfnrrna­
tion and lo lrnprove co~rnunicallolu be­
tween analysta and usen. ltl va.lue '"'"' llvi­
dent In the hlgh qua.lity of lb e requiremen\5 
speclflcatlon produced. 

Refinery 81elldins Sys\em. In thll study, 
SSA wu applled In a lochnkal compuling 
environment. 1t wao uood te describe a pro­
cesa cuntrol oyotem wb!ch rnnn!tored a 
refinery"• blendlng nperatlnn. Th\5 cue U­
lustrales the power snd adaptabll!ty of the 
SSA mode\ing notatlon le adentllic and en· 
gineerlng appllu.tlnn.o. 

Plannlns Proceso Study. In thls projact, SSA 
was u sed as a business analysls technlque.It 
oi!I"Ved u a docurnentation too\ lo describe 
lhe planning operation of the enlerprhe. ltl 
analytical cap~bllities enabled 11 bolh lo help 
ldentlfy wayo of lmproving lhe p\enning 
proces1 and te determine lfthe curren! nper­
ations could be el<lended lo support strateglc 
plannlng. 

was evaluated. SSA wu ~Ued lo describe the 
buslni!SI envlronmenl support..d by the ap­
tem and to fnsler communlcatlon among us­
en. 11 '"¡u\ted in greater undcrstsndlns by 
uch user of other usen' nee<h, and ID 
agreemenb nn definllloill and calcu\atlono 
to be used In the system. 

Conclusion 

SSA ha1 bMn usad wldely In diversa bud­
nesa ~nv\ronment.. Based oo thll experl­
ence.lt !1 evldent thal the technlque 11 valu­
able lo saveral respocll. 

- lt improv111 lhe quality of analysis and of 
requirem~nll dellnltlon. SSA'a systematle 
approach lo analy1!1 formallzeo what wu a 
very unstructured actlvlty. TI enhances the 
sk!lls of exper!enced analyots aod fos\en tha 
lnvolvament of e ven !he most re!uctant busi­
ness usen; during requirements analyal5. 
Mmeover, 11 enahles analy•ts lo prepare Re­
quiremenll Spedllcalion Modelo lhat are 
ouperlor to trad!Uonal narratlve spedflca-
t!on.o. Tha resulting ayslem.! are of hlgher 
quallty than before; they are mora capable of 
represantlng and adapting lo changins busi~ 
neos needJ. 

- SSA f~dlltates commuolcation betwooo 
analysts and usen. Their lnterviews ""' a 
cooperativo effort to cnnstmct an SSA modal 
ofthe business. The anal ya! doea rlOI play lhe 
role of intarrogator In thesn intervlews; 
nther, the parLicipantJ play equa.l ro\1!1. 1D 
additiDn ID hnprDvlng rommunlcation dur-
lng lhe lnformaliDn·gathering stage, SSA 
hclps to deJcribe ID the USflrs !he proposed 
•ystem's effect on the organlz.ation.. 

. ' 

' i 
' ' 

' .¡ 
- SSA intreases the productlvlty Df analysl:ll 
and Usen. enah\lng lhem lo use thelr llme 
more effectlvely and effiQ~ntly. AnalystaCPl 
leam more about the bÜsinen in len tima. + 
Aho. r"''ulrements can be documentad con- j 
currently wlth data cn!lectioil and analyoU; 

¡ ,, financlal Modellns System. In thlo cue, 1 SSA does no! !real tlW tu k u a se¡arate ·l 
, ¡ , l multipurpoSfl financia.! modellng system that aclivity. Flna.lly, there \s \ess oeed lo geth• · 
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• R~quírernent definition c. 31 
• Syst~rn ~nalysis. 30 
• Syst~m desi~n. 

• Progr.tm design . 

• [)elailed m.xlule de~ign 
• System ~n.i progr"m Jo>curnenlat•nn . 

Thi' paper present\ a ba•i• for the thoughl pro<e"es in,-olved in 
de;igmng a S)'>lcm throu~h tho use of rhe;e ·technique5. Al­
though th" papcr do<" nol explain the desi~n techniques in de­
tail. the references prnvide practi.:al help. 

Twu techntque; for achievrng functiÚnal delign are the follo"· 
ing: 

' 
' 

Hieruchy plu; lnrul Pro>Le,.-Output ofiiPO> 
Strunur<·<l de_sigrl 

MI PO. a •echnique for u1e in the top-down d~sign of syuem>. 
"·" de>elureJ origin:1ll}" as a documentation ¡ool. HIPO chans 
conunuc to '""e as the fin"l progr~mming documenta!ion. HIPO 
consists of two bo.sic componcnt.: a hierarchy chart. which 
shows how each function ¡, di,ided into subfunctions: and in· 
pul·pioce"·mttput charts. "'·hich e•pre" each functi,,n in th< 
hierarchy in terms of it. input anJ outpul. ·¡ he'e ¡,.,, typc' nt" 
chans are illu>trated in figure \. 

The HIPO dcsign pr<>Ce" " an itcr~tive top-do"n acti,·it¡ in 
"hich it is o<~ential th.•t the hier"rch; chart and th~ input·P'''" 
cns-output crum, l:>c dcvelopcd concun~ntl'f. >O asto crc~t< .1 

functlonal brca\.do"n. The e•ampk of COMPL'lE P.'ü~Btl 
AMOUNT i' follo"eJ thmu~h its dcvelopmcm proce" a' pJr! ,,¡ 
an accounts p.t~·~blc system. 

The first stcp is ta de•cribe a gh·cn function "'a serie, <>f <ter-· 
in term' of thc1r input> and outp<H•. Thc input·P'"""'·••uw•·' 
eh~ rt for th~ e \a m pie of Cü~ll'UTf. p ~\',o. Bl.f ,o.MOL':O. 1 ¡, 'h• "• :• 

in figuro :. 

Ha•·in~ '''mrletod the inrut·pro..:~"·ChJrt. il ¡, po.-ible to m•"' 
to the ne>t le>el of thc hi~r~rchy. The CO\tPUTf. P.~' ,se! 
AMOIJNT hier~rcby now app~a" ~s 'ho-.n in fi¡;ure 3. 1! is no~ 
¡oo>'ible 10 de•·elop an inpul·P•<:><:e"·OUlput chart for uch of t~< 
bo~e> attho leve] 'h""'" in Figllre 3. lf~dditiondl definition• ~'' 
n:quired. thc rocmnmcnMd approach ¡, to ma~e ~ach line "" th< 
inrut·P'~"~"·"Utp"t ch.or; ~ bo' ''" thc ncq lc•d of th< h,..,. 
arch¡. Th" r••>..:<" '·"''•"· :ho de>d<•ro.·t h' f,>Cul ,m the 1~,-~! ,.; 
function th.·' ¡, l>em< .!:~<,,, .. l 
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SITU~IIITed de~ign 
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' ·~··" "'" ''"-'""'' 

·. 

' 

• 

Tt>c hicrard•r plu$ inpul·process.output chanin~ " lhat p~n of 
¡he h;cr~rchical functi"oal M>ign process by which a prut>lem 
,¡.-• .- 1ipti<'n ¡, m•dc. Thc (lthcr c~mponcnl Í> struclured desig.n. 
"""''urcd Je•i¡:n' is M •et of ttcbniques for COn<enin¡; from·a' 
,,..~lem de••ri¡nion lo a funclional, modular progr .. m >lrlJcture . 
~hcrs' u>C> the lerm- compmile dcsign in reference lo the 
... ¡ru(lure aurihute of a program. in tcrms of module. da u. and 
,.,¡, "!"'..C!ure and nÍodule inlerfaces:·. This &o:>es.bcyónd thc 
"'"""P' of modular design and addrc .. es how a program module 
,, Msi~ned, the _propcr scove of function of a module. and thc 
;pprnprialc communication between modules. ' 

• 

1 

' l. 
' 

T"" conccpt• of •tructured de;i~n are-modul' .<lr~n¡:rh lrela­
ti"n'hir> within a module! dnd n1<1<iule '""1'/in,., trelati<>n,hip 
het,.ccn mudules). The way in "'hich functions o.re GfOuped··-· -, 
,.¡¡hin modules determinn the men~lh of the module•. A mod-

• 
' 

ulo ma)' cnn•ist of a ¡:roup of related function•. such ~· all edil-
in' functions. function, ~rouPed accordin~ 10 the proxedure of 
tite problem. or all functiun• relat<dto a datd '<1. . .. 
1 unrr;;;,nl Jlr~n¡:lh ¡, the ¡:rouping of all Sl<p> to perfonn a """ 

Í ,¡, functton. Althou~h any appliclltion ma} contain modules that 
j ''·"' "'m• ur ~11 of thc>< Mren~ths. !he objective is 10 produce 
! -.,.,¡.,(e, th:.t h:.•e functional strcn¡:th. Full<'tional >trcn~th does 
i ·" ~rrt} unly to the l<>wnt m<>dular leve(. A module may call 
! 'Ion m<>Jule' 10 perform •ubordinat.< functic>ns, hm if the up-
1' ¡.·r-lcHI mo>dtlle perfurm• a •in~le function and l'"rfonn• it 
¡ · ••npletely. the. module prob.;.b)f· ha> functional mcn~!h. Fot 

.! "'·•mple. thc module <'OM~liTE '"''-~bLE AMOllr<T mi¡th! ~on· 
'"' nf thc follm•·in~ \latcmenu fin r-cudo-c<>de 1: • ¡ ..... , .. ' "f ,-.. ...:·.~ ., 

, ' ... -~··•'· . . . 

.. .. 

• 

•• ' 
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• 
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COMPliTE·PII Y-ll'fT IRECEIPT, PAY ABLE_ RF.TURN.CODE•: 
DO WHil E l.lORF.·IT~'I~: \.ET PRJCF.-MIISTER: 

(.~U VIILIDATI0·11U1 IRECE!PT-ITUII. 
(ALI. E'l!END-P~ICI-' IRECEIPT-ITE.I.l PRICF.J. 

CAI.I. S\.''1-~MOUNT •PRICE. TOTAL·PRICEI. 

C All CO\IPlJTE·OI~COUi'<"TEO iTOTAl·PRlt'E. 
OlSCOUl'<T-RATE. PAYII~LEI: 

E~ O DO: 

• 

. 

Thi' module performs ""'Y fe.., funotion' by ;._,elf. Ho"·eve:. it 
tran>forms one input IRECEt PT 1 intu one output 1 P 11 \"AHL El cum­
pletely: al the same lime il doc' no unrela!ed P""'"'·'ing_ Ther~­
fore-. this module is said 10 h:o"c functionul s~r~n¡¡th. 

lntcructions bet"een m.>Juk,, ltrmcd .,,,¡,¡,. Cll"pli11g, mu~ 

be "' varied a< interaction' "ithin " muduk. The extreme of 
,-mr>Julc coLJrlin'~ "''"' "hen one module directly mod•fies "" 
in,lrlie"lÍ<m in a"n<Jth~r muJulo. 

' 
i 

The prefcncd t<l.<tion>hip be¡,.,~en modules ís d111n cuupling. 1~ 
data ~ouplin¡:. ea.:h mndulc <imply pa<>e> applí.:ation da<a. uw­
ally as paramctcr. to thc nt<! lo,.·rr-lcvd module. u,e of artlri­
ctal '"'itche• ~nd indicator. i• avoidcd. When a callin~ m<.>Jul• 
P"""' s"itche•. indicatof', or other contr<>l inft>rm,,,;,,n to ·'" 
other m.xlule. tho'c ítem' mu,¡ onl;- oommuni.:.!lc thc otal<r' •'"• 
o he callón~ rrogram _ The ''" 11; n~ prugr "m ,nouiJ not ·"'"m< o t. '' 
it kn""' v.b.Jt thc called ~''"~''"" will dó. ba,ed un ohi' .:onlf•'­
inf<>rm~tion ..... seriou' pr.•~lcn< in propam m.<Ínl<n.•n<'C r<'ul<· 
"bcn ~ •imple dt.•n~< h> ·' nroJule ch.m~e> 1h~ mc.onin¡: of ~" 
i1em oí conorol th•t h,, an ""'"'fi<CoeJ_ dfcc1 on th< lo~i;:: fl•••' 
of one or more othcr moo.lul,•,_ 

Thi' p.!pcr Joe' nut trcat <tnJ"urcd de.ign in d<plh ~ul unll 
"'nh >ufflc<cnl M1.ul In carn' the cnnccpt' of funcoiun.ol '"~n,:tt. 
and Jata couplin~ in tu earlí~r ''"~'' ,,f thc Jc'i>n r• "'"'· T~·· 

.1 re.,J<r m") find R<f<tencc' _l and J '"~e,,¡ ·.alu.1 ~k _,,;,u~·· 
in n~<..!uk Jc,i~n. -

___ .. __ 



¡¡,er~rchrcal funclional de~ign 

' 
.,,,,hical fun<lt<>n,,l J,,;¡.•n oc,1drr''"' onontal !''''•''"'" that 1 ,, . 

,, re ;,pplied "' the oc;•rht'.,¡j,>n ;.n.tl"i' and d,•,i¡¡n '·"'-· 
~;;~r.or< h••~l funni<>nal de ,¡~n ~rrlic' t he dr·i~n _cnm rpt' <>flun~­
. ""1 <tren~til and d~•~ ¡-<>uphns ro 1he functoonal dccompost-
1~0 ~nd ~r .. phic tcclmique' of HI~O tn prn,·ide a sin~k m<ihod­
':1,0)' that allow' an ~rrlication design 10 devdop in an orderly 
' ~ner from a clear statemcnt of thc roqt:irement w :on inlelligi­
~~- ""11 cconstructed <et of ~pplication lunctions. A ')<tem that 
,, M•i~ned throu~h the u'c of hierarc·hicol functir•ndl d"r~n " 
intpkmented in a wp-down manner. ~h•dule' >hould havo" son­
flc ,·nl~ roint anda •in~le ••it ¡>{IÍnt: thc1 'hould be small: ~nd 
lh<' ;.hould USe lhe SEQUE-"CE. I~·TH~' EI..SL and llO-WHilE 
••• ~:•¡>" of 511\Jcou.-.od rrngr.•mming. Hierarchical function>J 
,lc·i~n can he u'ed in all phase• oflhc de\'elopment C)cle, and 
thcoeh)- provide a vi~"l:ole •ystem lhat os suitahle for a design 
~.,11. through. The chief progr4mmcr team:concepl is also sup­
r-->ned. since functional hrcakdown w11h clearly defined inler­
r~cel allnws modules to 1>o dcle~aled 10 de•·clopcr. or lo other 

1e.om•- v.ith thc common undenaanding that j; required for pro­
~rdmS to inte¡¡r..1te pr<f¡>erly. 

¡¡10 rarchical functional de<iEn emrloy; the fnllowing three de­
,¡~0 C<)Octpts: 

• .~ function:.l de;ign in which the comput.r solution ;, struc-
1med in 1cnn; ofthe u,efs function . 
. ~n ilerative process in v.hK:h each le•·el of design ¡, •·~lidat· 
eJ ~¡;ainu the lcvel abovc it. 
Conceptual kvels of dc•ign. in v.hich cach lcvel emph:.,iles 
" panicular a;pect of the prol:olem •olul ion. 

• 
A wmputer sy;tem Cdn he vicwed a' • 'ingle functiun that •~n 
he di•·ided (or decompo-edl onto a hicr"rch; of•et• of <oocc·es­
,;,ely lov.er-)e\'el function; unul the elemental funclion• .. re 
de•crihed. An undust~nding of the me.ming of the term "funC· 
""" .. is nece>"'f)' for further do>.eu"i~n. F"""'"" can he de­
f<ned al an action ur-on '"' ohjccl, or. fur our purpo,e>. thc w.ns­
fnrmaliun of •omc input daU! lo sorne retum data.' A stat<m<nt 
,,¡ function describes o.·hat is done r~ther.than how it is done. 
''"'' .. function is 3lsO singular. il is dtfm.;,¡ with • •imp)e decl~r· 
_,¡,~ 'tatcment thal con>ists of only Cinc \'erb and one object. 
h,:h the \erb and the ol<ject m ay be <onditiCinal. 

'1· """"" 'h<>uld aho h." e the char.«Tori<tie< !h;tl "'' dofined 
''"·'"'"'''red JC>i~o. A funcli"n 'h<HiiJ he cnm¡>lotelr drfined 
"' ""' rl~n. and relat"m'h'P' dmon~ ftmction' 'h'"'ld l<c rri· 
'" tril' d:!la relatíun,hip,_ Thu• the conccpt > of '""'tu red de ,¡~n 
••e •alid for doi~nin~ ')"tm' as "'ell ~' m'><luleo. f-uncli<'r.al 

' 
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35 3< 
d~,icn. th~n. <:on'i'h o~ >latín~ "hJt is to be ~one in term~ ot 
dat~ in and out_.-\ hi~h-le,el [unctioM\ <ta~emem is reduced 10 ~ 
sel of more <kt;,jkd loW-Iovel ''~'""'cnt<. in~ verb-ohjc-:t for­

' inat. The se\ of lov.er-le,·el ''"'""'""''mus¡ equal ¡he funcLion 
of !he higher-le'cl •t31ement. In the account• payable e~amplt 
thdt is Used in 1hi' paper. the high-lcvel func1ion is COMPLTl. 
p~\ .~B~E .-..\10L'>JT. This funclion i• s¡ateJ in terms of its inrut 
da!" (pu":ha•e receipt) and i1s Output (nel p~~:1ble amounl). In 
this case, lhe output may simply b<: pa,.ed to .mother functi"n 
The function CQ\IPUTE PAYABLE AMOUNT is then reduced t.> 
the followin¡: f<>ur functional statements: 

VALIDA TE RECEIPT lTEMS 
(0'1PL'TE ITHt EXTE~DFO PRIC!': 
SU~\ GROSS P.~YASl E AMOU~T 

' 

CO~Jr UTE 01 ~( Ol' ~l El> P A\ CBLE AM0l))'.'T 

.. 

E~<:h ~f lh«e <tal~men~< can then be e~prc•"ed 1n tenn• of its 
1nput anJ output d:1t"- Thi' "'1 ;, an explkit si"tcmcnt of the 
step' required 10 pelform the fun<:tion CO"'PUlE P.AYAHtE 
A~IOUt-.1. 

This is only onc example of the way in which a funotilln m ay be 
>ubJivided. The >tructurin~ of subfunclions rtquire' analylic~l 
sk11l and imaginati<~n, and each analys¡ may defi~e the suhc<'m­
pencnts of a function slightly d•tfetontly h is imponant. h"" · 
ever. that the definilion of a function 'determine ¡he fun<'li•>n• 
th.u are sul>ordina\e to i1. Th'e function COMPUTE p," ,\811 
.... MOU:O.l <:<>uiJ no\ legitint~tely havc a 'ubordinJIC func'ti•"' 
th:11. for n~mple. ur•:bte> 1he in> en1ory \>"1.tnce. 

The Jc,ign of ~n arplicati.m ;h"uld be an mderly ~rowth pro­
ce» from in.:cption to impkmen~11ion. D~ring de•·~lopmcnl. 

fre<juent revi~"'' •hould l>e conduc1ed so ¡h~! a gi~cn dc<i~n 
alway• meet>" its objective. De>ign ha< u>ually t>een-dOrie at 
lcast t"' ice bcforc a systcm i~ complete and runninj!. Fir~t. ~ 
functional dc<i~n ha< bcen m.ode '" p<o>iJe an understandin~ 
bet~oeen th~ '"~' ¡¡n.l lhe pr.ogrammin~ Mp.~rtm<nl. Then'a lu>i.­
d•-i~n n~, l>cen m.oJe. from "hich prup.•mn1ing could r<•"-'• :J 
With hicrao.-hi~:ol fun.:ti<ln.ol dc,ign. 1hc fun.;¡i<>n ;, 1h" lllgk. ~nJ 
rt<itut<bOI ctf"rt m.o~ lllu' he aH>ideJ. 

• 

Hico~r.:hi.-=<llunninn.tl de•i¡:n ;, an e> oh in~. tor·do.,.n pro.:<"· 
1 he¡.,,¡ ,I<P ''a tr:on,lolilln of a "·'lcment ofn<ed into a func­
li<>n.,l ,l,l[cli\<ttl uf ')'t<u{ <>hjcolive•. As informati<>n aN>ul l 
rc'-luired •l ,tcln ;, ~·thorc·J. that inf<>rm.<tion is organi1e<l ~·­

. CL><Jing !n the fun.:ti .. n.tl '""~turo. Thc fi<>t staternent sh•'"''' 
mnl.,in di·;•l_,, ""''en(, • .,.,_,,.., «r••n 1.<;-"ul'- perh.•P•" 1"'' 
le'~: h•«.,,,'-,; ch.lfl- ~nJ , -onglc lc•cl.>l 1-<11'0 <h •• n•, 1 c..··"'' 
h•l •h<>uld ... ,1\.llu<>u.;h :t .... ; .:h.lfl• ..,,,:, th" CU\\<><l•< h• ,,.,-

. ' .. ,.., ... 
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• ,1 1h" le• el uf de"~n <Pnfnrrn< with !he r~quiremem. A> 
{• 1" 
,1,.. P''"e" of M"~" mo•e' t<J ~'""' '"'h as fik aoce•~ 

rh••d• tcn>rd bynul. ~nd m.-,;,~e tr•lf10. definitiOn, in suc· 
~~:, 11 ely ''"'"' lc"cl; the hier¡¡rc·h• m<~ Y e~u•e upper levell In 
'·h ,nce. This " l)'pical of lhe pro~rdm de<elopmem process ~nd 
', ;h~ r•~•on for cominuin~ discu,sion with the customer. This 
~ ¡he j¡erative prncess-the refinin¡: of !he hi~her levels of de­
" 0 as the more de~.ailed levels ~re developed. As rhe i1er.11ion 
··~ . . ,,f do<ail progres•u do:'~ward, the om¡>OCI on the lop-leve_l de-
. 0 should become m1mmal. Becau.e of 1he succe's•ve llera· 
·~~n.-of as•es~ing the up"ard imp<~ct of desi~n decision>. the 
~<ull is a stable. imelli¡:ible. ~nd m•intainable <.ltsi¡:n . 

tevels ol \he deslgn hierarc:hy 

\• an applicMion ¡, divided into functions and ""eh functi<>n in 
;,.,., ¡, wbdi~ided, thc: hicrMchy proceeds to,.·ard ~reater detail. 
~IIJeveh of the >ystom are dc.1cribed as functions. and c~n'be 
~r.wped into three ~atcgories, procceding from the broadc:st to 
th< fine~! level of detail. as fo!Jows: 

Sy"em 
• Procram 

~J,>dule 

• 

• 

11 ,,.,0 threc Jc,·cl• are concoptuol. ""d are not a ph) •ical part of 
:t.,· .¡,·,ion. Each <<>nceptu~llevel may repre>cnt moltiple lc~eJs 
.,n the hierar<h} chan. and any gi,cn be• on a chan may be 
"-•th thc l>onom of one conceptual Jevel and the ¡op of the next 
In <l. 

Thc <ystem lc~eJ of the hierarchy contain< the major cnmponent 
r•n> of the application and is the ,.¡e,. that a dep•rtment tn•n· 
,¡er might have of the applicatiun. A sy,tem mil'h.t con!ain mul· 
nrl• '}stem kvel.: Ac<:nunt• pa}ahle is a componen! ofa mate· 
'"1 n•ntrol sy<lem, and in tu m. thc ~uh,.,¡em\ of accnunt< 
r.o;ahle il'elf "'Ou Id br 'cnntained " it hin th~ 'Y"~m lcwl. Thi • 
hd <of hierdn:h:· ;, <l;rncd ¡,). 'lnrcturinr the ori~Ínal <t:o>tcmcnl 
,¡ t< ~u ir emetit for dh app]'¡c;, 1 ion. The .onal )' ,;, ph~ '< uf~ PT"J<CI 
"'·') re<ull in a ')''lem-le,el hiN~rch: ><>eh a. that in the nam· 
ri,· in Fi~ure 4. E..ch l>o• in Figure 4 can be "ated in fun<:tion.~l 
I<Tm\, •nd can be repre,cnted by a HIPO chan. Ahhough ¡he 
'"m' of thc o•er may dtffer 'omewhat from tho;e on the chan. 
,¡,, functional statement •hould be u•ed l:>eeausc it ;, more ••· 
~~'''' th•nthe c<ommon tcrm. Fore>ample.thc tcrm A('('OUI'>'TS 
'1\ IHI ~ may he >imply a sub>et nf thc ~cner•l ledger. '" it 
• •) l:>e 4 complete 'Y"•m for martll¡:in~ the pa,ment nf •cndor 
···""ni>. Thc functi<on·•l term M,o,~~Gf Vl:h'iloll MTOIJ¡;,E 

,: <• tho_ uhjceti•e of thi• applic~tion mote cloar. 
• 
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The system level normally does not indude the represenHnion 
of any executable computer instructoons. but r-~ther it pro•·i•k• ~ 
conceptual view of !he application. Input aod output' are defineJ 
in terms of forms. files. and reports. which are a '""'' ,-jew of 
the data. lf it appears thal the "'"' man~ger'• vieO.· of the struc­
ture of an application does not provide the basis for progr-Jm 
de,gn, il should be menlioned th.at one of the primary objective> 
of functional design is to have a single view of the application 
that reprc:sents both the u•er'• n:quirement and !he pro¡:ram de­
si¡n. Althou¡h functions dcfincd al thc lop ]c,el m a}· t>c J«)up.-.1 
doffcrcntly for progr.¡m design, 1hcy sho~ld ¡¡1J uill nist "ith 1h< 
samc basic rel,tioo,hips in thc c<>mputcr implcmcntat"'"· Th" '' 
thc ~cy to building systems tha! can·bc rcadily maimaincd :onJ 
cnhan..:cd. 

Thc prOgram lcvel of thc hicr•rchy sho"'' !he highc>l lcHI ol 
••11mcmin~ of thc computcr systcm. Thc r•ogram lcvcl m aY al so 
be cllaracteriud as thc cnd-uscr lcvcl. and rcprcscnls thc lc><1 

of ¡~sh initiatcd by a tcrmin .. l operator in an intcracti'c applic:>­
tion. or batch programs in a batch application. 

In thc accounts-payat>le application. considcr thc bo~e> bd••~, 
M'-NAGE VENOOR ACCOUNTS a' las~' or progr-.. ms. An C,Jn•­
plc pmgr~m-lcvd (onc of !he b.l~c' in thc accÓunl> p~)-~~l< 
application¡ is shown in F1¡¡urc ~- Thc pm~ram or ta•k le> el''' 
rc,ul! of thc gcncr~l d<"isn pha>c of a dc>clopmcnt prujc.:!. In· 
put and ou!~lll for thi,.lc•cl are u>u.,ll; dcfine<l a. rc.:urJ• ·~ 
group> of rc.:orJ>. m~"agc~. :ond repon line•. Since ¡hi• ]e• 

nurmally rcpr<,ent< cx.cut~ble computer in•truction>. it i• '"" 
. J '"' ommcndcd th.1l program and mudulo n~mc' be :>.»l~nc lO 

oo,.,, 
J< 

Octa1i<d pr..1~1""' dc,i~n ,..:cur> ,,¡ thc ""'J"Ie lc,~l. S•n>< ,.r 
"~" t> :.n itcr"t"" P'•"'""· det.,ilcJ m"J"Ie J<,ign 01.1) <'r' 

"" 
.. ·' . 

'1 " 

• 
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1\.tWS or requiud restructuring of the more general dnign. lt is 

0.,entialthal tht upper-level HIPO chans be revi"d and revali­
, J,ted before continuing with lhe design proccs•- Deoign modifi­
-,-~1¡00 may ~ required when a low-]evel change causes the 
hi~her-Jevel design 10 do somethins d>fferem from that "hich the 
u••• reqmres. • 

Tllt moodule le"el represems an e>ecutdble 'egment of P'''~rarn 
-,Nethat is usual! y compiled ~• a unit. This unit of<eode is typi­
.:~llr cHIIed an ''object module" to diMinguish it from a "load 
¡n..,.!uiC," which may be crea1ed by lin~ing se•·eral functinnal 
modulcs_logether. Al the module leve! of the hiernrchy. the·de. 
,¡~0 is ,ufficie~tly detailed that program ende can be wriuen di· 
r.·ctly from the de.ign. In the accounts payable apphcati<:>n, two 
¡,,~¡, of modules are sl>own in Figuro 6 below· C01>!PUTE PA~· 
'"' r \ \tOU.>..;1. which can be rel~ted to the pro¡;rdm level in 

" 
¡ h< module le;· el is the pruduct of the sreci~cation phase of 
.•:«l"pment. Input and output atthi' le•·el are field' of dat~ or 
""·'meters from or 10 other module,. The m<>dule leve! •hould 
"·rre•cnl a functional •tatement that •~n he completely ~ta\pCd 
• ithin a normal anention span. When tronsl•ted imo euCillithle 
,..Jc. ~module >hould usu~ll~ conlain.fewer than fift)' line• of 
•tru;:ttJted hith·level language statements. The HIPO chan al the 
n .. .Jule leve! may cont.ain 01n;ctured English (pseudo-code) 
' 1•temen1S lo nplain comple~ Jo~>e. In addaion. where nece~­
'·''>· the extended description $ec1ion of the HIPO chart may 
r+."·ido implementation notes al di-cu"cd in Ref•,•nce 5. 

1'..- rurro'• of the.t conccprual In el• is lo unecr thc ol>icc· 
'•e• .. ru-.n ofthe Jucuments. The >)•tero le>ol mu•l ho \!,oled 
·. '"'"'' th¡¡( are rcle•·ant lo U\cr m;on•~cment. Thc module lc~el 
· •";·.oniled in wch ·' v.ay a> lo allov. tilo P"'l''""'mcr 1<> "rit• 
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code. Th~ program l~vel pro>ides the Hhide of communic31ion 
t>et,.een the wsteno lnel and 1he mudule le>el by iÍ>ing de1ail 
tu the user anda hi~her-level vicw to the programme<. 

Hierarchicalluncllonal deslgn In a virtual systam ., 

The discu.sion thus far has con~idered the $Uuclurc of an appli· 
c~tion as an aid in thc Msign of an intclli~ible. maintainahl< 
system, A curren! major concem in system design is th~• ,,f 
pro>iiding efficienr performance of inre,.crive applic~tioni in" 
virtual sy•tem environmenr. Pcrfomlance runing in a vino"! >) •· 

rem i• a comple• J.Cience rhar involves relation•hip> am,>n~ 
hardware. sy.rcm •oftware. and applicationd"ign:·' Op1imi1in¡: 
the performance of the application prog,.ms alone doc' no! re· 
suh in an efficient system. A comcious effort of tuning all tl11 
components thal affecl perfoml~n~e i~ r~quired bccause pr<>­
grammers, for example. oflen altemptto writ~ efficient~som<· 
times compln~code wnhout rt~~rd for lhe way in "hich 11>< 
module5 may ultimately affect performance. 

When "iew1ng the 5tructured de,ign of an applicMion. one -"" 
••• readily 1hat functional decomro•ition docs not reft<cl th< 

performance requiremem< of a uan•a•tion-drivcn app1i.:a1Ío>" 
Hunter.' for eumple. ma~es dear the i"ue of the cnm¡><>unJ<J 
cffect of ex,·e,.ive p.oging. He de~ne> thc "'orling •el ~' t~' 
twenly p•rcent of th• c<>de th•t d<>c' eighly percent oftho "'"'· 
anJ ~dvi'e' thdl thc ""·orling se\ •ho<JIJ become thc f.>,;u• ~~ 
application tunin~ ... The de,ígn pr<Xe>'. if corncrly e~ccut<f 
i:an produce m'-'<luleo each of which require. lns lhdn .o ,¡"!'' 
4K b)·te p:oge of sto<Jgc.•On th~t b"sis, the ta•k of appli.:al"'" 
tunin~ (><,·nm<> .on effon of identifying the most aCtJ>'< mo•Jul••: 
rC" ri ting th"'" moJ u le\ for efficienc y ( if nece""'}'!. """'~'"''; 
m<>Julc. into lo~ically related pa~c>. ~nd fixin~ acti•·• r·•f0 ' ' 

ffidin >IOf'd\'C. 

"" 
, ... ., .. 
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•111 
. ¡,, 111 ,, 0,·o 1"nin~ rn~)- in t•ll~<·me circum'l.<n<·n- ,.~,·,re 1hc ~? 
· ·:,.,,1 m:"hk .• ncon of a¡,.,. t'JII,.·,d nwclult·, S 1 ~e·h mpdifj,:;1• 

·-:,. 111 , 1 ~ •n<-hoM t'h.Jn~in~ a { •1 L l!ran<fn t>f '""""'' 1<1 a 

' ·'' 
., 1,,,mpilc-t:mc inclu,iont <>r c\cn !h< Jnlc~r;,tn•n ,onJ rr-

.. ,,, 110 ,.¡ 0~ nf nwdulr>. lt m~<l hr dc;orl) nnJcr•t<><>d th.!l <>nh" 
"' 

1 
f<'" modules e>cr \eriousl)' affcct 1he ¡••·rf,,rm· .. nce ol most 

":~cm•. Thus, ifan "pplicalio~< •lructured. lhc nece"af} lun­
''. can be done consciou,Jy "·ith proper c<>n¡roL Wolh this 
'
00 ,~ertive. even t>lreme codinf lerhnique• m a¡ be ju'lilied for rrr-• 

" 

, 0 few modules lhcil must be dficientlo avnid peñormance 
' " Jr~,.-:¡dation- , 

concluding remarks 

Jtlr 1mpoovemenl of 1he 'l'Siem tlo•·elopmenl pr<>eess re~nirc 1 
,nn~l;olion "' two ateas: !he d.-elopmem nf a di;~iphn~ th~t 
,~oc•l•es a >el nf •truc¡ur~d lechnique~- andan under;tanding nf 
¡h< th<O!ies on "'hich that di,cipl<ne ¡, b.asod. 

";noficanl progre" hao hccn m•de 10 develnrin~ a di,ciplinc 
that- in lime. shnuld mal-e prn¡;ram de,ign and impl.:mentalion 
~" ensineering skill. Slructured prngrammin¡; pro1ides hasic 
~uildin¡; hlocks for code de~elnpmem. much "' electtonic circuit 
,1,,cJopment can be ba,ed on a 'CI of predesi~ned. basic elec­
,.,,0ic components. HJrO and struclured desigo are fir;t SIC¡>' in 
, .. ¡ 0~ing ¡hat lype of di,cipline to lhe de.ign Sta~ e of applicalion 
.":odnpmenl. 

h-•' ~een the inlention of thi• anicle lo addre-. lile folkowin~ 
-., n<•l proce"es: 1 

hkntifocatioo of function_ 
-~ !'uncli"n"l decomro;'rtion_ 

lter.oti,·e de\ign. 
\hodule relalinn;hip. 
Dclayed performance <>ptimoz~lion. 

. - . 

• 

lh ;<f'rlyin¡; the cnncep\5 nf hiera n:h ical f unclion" 1 des'rgn 10 the 
·'"cirline' of HIPO ~nd ,¡ructurcd de,ign lhrou~h~ut thc an.<ly­
··• .~nd de;irn proces;. ;everal of the fnllnwing po.,ihl< bcnefit; 
.ro 1) pically r~alized: 

u,., vnder<tanding and agrcemenl on funelinnal content ~·~ 
m.ode ea•iu. 
\l"'in~ or incon<i5l~nl informal ion;, idw1ifoul earl;. 
l <.n¡¡ion• are di,cre<e ;ond are thcreforc more ea•ily ducu· 
"<ntcd "nd. ,r nece""~-. modi~ed. r 
ll-~umcnlalinn ¡, ~<'C<•mpli,hod "•lh a ,;n~le eiTon r.11hcr 
"' •n mLII riplr cffon' ,., doffercnt ,, .. ~.,, nf de• d<>rment. 
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• T he re,ull"n' J<, i~n "'rP•"'' >!n"""'"J- ><>r-J•'" n c<>J in;:. 
• _\l.,intcn.•n<c and enhan,cmcnt are m'"" nan,[cr;,ble Oo;. 

'"""" thc ')'S!em c~n be o,"Li)· nnd""'"'J al all k• eh. 

Sincc the-c prooe"e' are w~y> ofthinking abmH thc dc•i~n ''"" 
ti>oly. it is oftcn difficuliiO me.,ure objecti•·e]y the ellect of us­
ing thi~ kno,.ledge. By appl)'ing th••• prindpks 10 a de>ci<'r· 
me m project. h'"""' er. one bccnmes a" "" of the ir val u e. 
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l. JNTRODt.:CTION 

! After nearly ten ye:~rs of discussions al computer conferences and in \rade journa!s, 
nearly everyone in the data procesSing Reld has at lelst hl'ard of such technolcgies as struc. 
tured programmíng, struc:ured desig.n. structured anllysis, top-down implementauon and 
structured wa!kthroughs. Indeed, many programmers and anllysts will tel! you confidently 
that they undemand the stru~:tured techniques, and tt::n they Jre faithfully usmg the tech-
niques. ' 

Alas, it just isn't so. The structured techniques are nar as widely understood or used as 
one might imagine fror:t reading the popular literat'Jre. A recent survey in· Datamauan. for 
eu:nple,. indicated that only a smal! fraction of the majar EDP organizations in southern Cali· 
fomia were making consisten! use o( structurect programming anct design. 

Even worse, many large organizations are finding that the.large sum of ;noney they 
spent attempting to convert their staifs toa ··structured" approach has been wasted. After al! 

·the fanfare of the "structured revolution" - and after•sper:ding a considerable amount of 
time, energy ~nd money on training, textbooks and guest lectures by the prophets of struc­
tured programming - ma;¡y org::miutions are finding th:!t their people are still develop11:g ::-:e 
same expensive: bug-ridden, slipshod. unmaintainable software that they were developin¡; be· 
fore suuctured programming was introduced. 

Why? !stit bec:~use our programmers an:l analysts are too stupid to le:lm new tech­
n:ques? ls it because our ~rogramming !anguoges and operating systems don'! support the 
new techniques? Or is it just that the Forces off,.¡¡ are éetermined 10 preven¡ us from e ver 

. being able ro develop quality software? ·, 

No! The i:eal problem is ma.nagement. lt's my opinion tlwt ma!Íagement is to blar:1e for 
the faílure of the structured revolution. And only management can ensurc th.•t uie ~ecar:d re. 
volution - a revolution that is now beginning in severa! EDP organizations - will be success­
ful. 

The purpose of this paper is to explore tt:e failurc of the first revolution in more dc:aii 
so that organiza:ions thJ.t are jus¡ beginning to think about structured ptogrammiñg C":ln 

avoid those fmlures. Then we will Present a battle plan for the second revolution, a plan for 
implenienting stru~:tured techniques economically and successfully. 

2. A;\' OVERVIEW OF THE STRUCTURED TECH;óiQUES 

Le!'s begin by summarizing the structuied techniques'the:nselves. Obviously, a one­
paragraph summary won't explain all of the technica! details of each technique: you may ll.-:d 
it helpful 10 refer to sorne of the s!.lndard reference texts on the subject for'more de!.li!s. 

Srrucrured analysrs is a coll~cuon of graphical tools that he!p the systems analrst docu­
ment the fimcrianal speq/icatians of a system. lns;ead of the clas~i~al r:arrO/IW specitknion -
which, like a Victorian novel. tends to be monolithic. verbose, redundant. ambiguous and 
boring - structured ana!ysis allows the ana!yst to'portray t~.e user's s;.·stem asan abstract, 
panitioned. tep-down "model" oi the system-to-be. The primary tools of s:ructured analysis 
are data floW diagrams, data dictionaries. data structure diagrams am! structured Englisi:!. 

, S!rucnued design is a collecrion Üf guidelines and str;tegies thai help the 'ctesigner se!ect 
the models and the inodule interfaces that wlll most economically imp!effient a soitware sys­
tem that has already been well·specified. Structun:d destgn consists of document:uion t~cn-

---------- ---- ---· --- --------.--
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' 
niques su~h as HIPO and srructur~ chans. [¡ a!so consists of :·e~:aluati,on criteria," notably 
roUpling and cohesion, which help the designer distingl!ish between good designs and bad 
designs. _ And structured design also inciudcs "~ookbook strategies" (e.g., transform analysis 
and data-structure analysis) that he!p the destgner systf"matica!ly generate good designs for 
common types of problems. 

•, 
Srrucrnred progro.mmmg is a ~:oding discipline based en the concept (first pu~lished in the 

mid-1960's) that all program logic can be built from combinations of: 

· • "sequenlial" instructions - e.g., ).{OVE, ADD. SHJFT. etc. 

• IF·TI!EN·ELSE 

•· 00-WHILE 

•• 
Ofti:n ieferred to'as GOTOiess programming, strucmrCd pro~r~mming probably 
the structured Íechniqués and is now uughr in many universaies. 

' the oldest of 

Top-down imple,;,em~riim is ;] strategy for building sof:wafé'" systems tlm ha ve been 
specified and designed. In sharp contraSt to the classical "bottom-up" approach (in which 
modules are tested first. foJio.,.·ed by program testing. subsys:em 'testing and system testing), 
the top-down approach calls for impleme:~ting high-level "executivo:;" modul.:s firs;_ with the 
Iower-level modules implemented as "stubs'' or "dumm;' modules" kg .. moCules whkh re­
turn constant outputs or which exit without doing anj' processing), The top·down approach 
has the advantage of allowing the EDP personnel to demonstrate a "skeleton" version oi the 
srstem to the users atan early st.:~ge, :;o :h::: the users can see if they are gctting the system 
they r~ally wa_nt., · 

. ' 
IYalkrhroughs are general!y thought of as a peer-group proc:ess for reviewing,the produc:s 

of structurcd analysis, structured design attd structured programming. :VIattagers. "big 
bosses" and other outsiders Jre g~nerally not invited to walkthroughs since their presence oi­
ten re¡.Uts in a review of the proUucer raiher th.a.n the product. The primary purpose of the 
walkihrough 15 to ensui'e the quality and correctncss of the product (whether it :,e a functional 
sp.ecific:nion. a desígn or a page óf COBOL cot.!ingi: secombrily, the walk:hrough approach 
serves asan e"~:ce!lent training device, and it makcs thc project lcss vulnerable ii a :..e)' techni­
cian !caves in the middle of the project. 

J. WHY DID THE FIRST REVOLUT!O~ FAIL? 

Béfore wc can explore succcssful snJtegies for introducing struc:ured software develop­
ment techni¡jues, we need to expiore in more dctail the reasons why they weren't introduced 
successful!y the first time around. The foliowing reasons seern to be rnost importan!. 

lnadequate selling of tbe tecbniques ' 
In many companies, rnost people in the EDP organization rernain blissful!y unaware of 

all new tec!lnological devclopments: they're quite happy to kccp developing systems the way 
they have been for the past umpteen yecirs. So when the resid~nt technical hot-shot comes 
back'frOrn an AC~ conference with sorne ncw ideas about s:ruciured prQ!!ramrning. he's like­
ly to be hooted down by his collea~ues. When an aggressive young project man'ager returns 
from a GUrDE cr.mference with sorne imeresting c:~se studies about successful uses of struc­
tured analysis, his colkngues wi!l mumble something about, "Wdl, that's fine for XYZ com­
pany, bu~ it won't work hcre!" 

' . . . ' ' ' 1 ·--»i ,_._~,.,..,_,,..,__,.,..._ "-··· _;- .. ~"- - - '.- ! 
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lndeed, it's even worse in sorne or¡;~ni;mions. where the praetice of "sending out the 
scouts" is used to examine new technologi~s. The ··scout" often turns out to be the worst of 
all salesmen in terms of convincing his organization to begin using something that he's 
learned abmH in a conf~rence ora symposium- indeed, he's often so brash, so intellectuaiiY 
superior and so downnght arrogant that thc only way his org:mization can stand him is to send 
him away regularly to wch meetings!• 

Even if the scout is reasonab\y diplomatic'and articulate. he' may ha ve great trouble sel­
lins the structured techniques to his collcagues simply bec.1use, by virtue of working wi:hin 
the organization, his coileagues view him as not cxpert enough to make them ¡;hange their 
way of doin¡ thin¡s. 

Inadequate training 

In the or~anizaticns where "structure." as it's often known. does pin sorne degree of 
acceptar.ce. massive training prcgrams are often be¡; un - but as my distinguish~d colle~gu~ 
G~rald Weinberg poims out, it was often done with a "shcep dlp"' approach: lar¡;e num~ers 
of programmers and analysts are herded into an auditorium. where they are. in a sense. 
dipped in a bath of str\lc:ured sñake-cil. That is, ·an outsil:!e "expen': (who may be lilll~ 
more than a salesman for his ñrm"s products or ,;crvicesl is ~sked. to gtvc a shon half·day 
presentation on "Everything You"re E ver Likely to Need to Know About All That Structurco 
Stuff' to the assembled group - whercupon they are herdcd back to their éesks and told that 
their development schedt:les have just been cut in ha!f because the expert h~s said th~t 
"structute"' dou~l~s programming productivity! · 

E ven when the EDP organintian· providcs thoroUgh. compre!":cnsivc truinin~;. tt:c~e·s no 
guarantee that the students have l~umed what th.ey we~e uught. And. more irr:~orun:. there 
is no ¡;uarantee thst :hey will use what they !carnea. As a teache~. 1 ha ve had far too many si­
tl.lations where a student carne 10 me at lhe end of a course. shook my hañd and said. ··W~!l. 
:hat was sure a nice course - now ! can get back lo drawing flowcharts in my maimenance 
shop again!" 

Inadequate mana~emcnt ~upport and follow·!hrou~h 

Ultimately, !he problerns mentinned abnve have lo be.dcscribcd as "'management'" 
problems: manm;ement has got lo be involved in th.e "'selling" of structured systcms del·e!op­
mcnt techniques. and mana~ememhas gol to be aware oi the need for proper training. 

But even more import.1nt than thc trainin¡¡ a:1d the consulting {both of whi'h can be a~· 
comp!i5hed with a greJt de.1l of fanfare and a great ex¡1enditure of mane}") is th.e jo/fa..,·· 
rllmugll. There urea numbcr of lar¡;~ EDP orgar.izations th:H did a r~asonably gcod ~e!ling job 
when the structured tech:nques first became popular in the mid-l970·s. and 1hat ~lso pro\"ided 
a substantial amount ot high-quality training. But when i1 came :ime to put the tec/:niques :o 
work on real projects, th:~gs oegan to fiule. !t's not hard to im::gine :he kinds oi situations 
that dcvctop: 

• A project m!ln~ger learns about the s1ructured 1echniques after his pro· 
ject team has fin1shed i1s analys¡s and half of its c!esign - so he dccid~s 
that he might Js w~ll ignore al/ of the structured techniqllcs. evcn 
though top--down implcm~ntation ~nd walkthroughs would be ~min~ntly 
practica!. 

~~~- ---- ---------
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• A project mana&er decides that the project he is about :o underuke is 
far too sensitive and far too critica! 10 risk usin& "new-fangled" lech­
niques. 

• Conversely. a project manager decides that bis project is too small and 
too simple 10 warrant using such ''high·powered"' developmeflt tech­
niques. 

• The project manager begins using 1he new techniques biit then runs 
into ''mid-project panic": bec;¡use of the learning curve associated with 
the introduclion of any new set of ideas, the project teams thnshes 
around and spends a considerable amo"uot of its time arguing abou1 eso·. 
teric theory - so thc project manager, in a moment of panic. decides 10 
alxtndon the structured tcchniques and rcturn 10 the more familiar 
methods of devcloping software 

• 
4. HOW TODO IT RIGHT 

lf thcSe are the prOblems. thcn how can an EDP organintion ineoduce the suuc:u.red 
techniquC:s- or. for that matter, any o1her new tecbnology- successfu.lly? 

To a large cxtent. lhe :mswer is: approach 11 the same way yOu would approach a "real" 
EDP project. Just as a "nonnal" profect requires distinc¡ o<:tivities of analysis. desisn. imple· 
menlation and te~ting, so the introdu<:tion of structured d~velopmenttechniqu~s requ¡res the 
same ac1ivüies. 

An ana!ogy might help illustrate the poínt. A competen! EDP professional would never 
dream of walking into a user oipnization and thoroughl)- disrupting its way of doing business 
with the introduc:ion of a ncw computer sys:em - not wit~aut a g~eat deal of planning. 
analysis and desígn. And since the EDP organilltion is (when viewed from the oulsiGe). J 

busmess. it should be approached with the same cau1ion tbat ene would use when approa.:!ling 
a"user's business. 

What's needed. then, is 1he following: 

' ' 
• A dignified "selling" effort to .;onvince the EDP staff that the slruc· 

tured techniqucs are, if nothing else, atleast worth inveshgatíng. 

• A formal ana!ysis activity. 

• A formal design activity. 

• A formal implementalion activiry. 

• A formaltesting activi¡y. 

Each of these JCtivitíes is discussed in more detail bclow. 

S. THE SELLI:"'G Of STRUCTURED X 

Don'! be misled into thinking that "selling" is·unr:ecessary or unimportant. The lor~er 
the organization. the more likely it is that the:e will be Pockcts of resistance (or do";¡ri:;!l: 
reactionary ignormice!): lf your loc~l hardware vendar has airead)" done a selling job for '"Ou •. 
tha(s fine - but if no!, make su re thal the key people in your orpniz:ttion are aware of the 

1 v1nues of,thc suuctured tcchniques, and what their bcncfits are lik~ly to be. 
'''""''"'"''" 1 < 1.' • ....... .............. ~·"'·~-'-l•'\,¡""'"""'"'''""'-'"'···~.····1··"1"·•¡><"'· ., ............. - .. ' · .......... . 
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In most organintions, you'll find that you ha ve to approach severa! distínct /neis of peu­
·ple as you do your >elling job. The boundaries between thesc levels are somewhat fuzzy, but 

basically they are as follows: 

• Top-level EDP marugeme:l\ and. on occasion, managers abow! the EDP 
,organization. This might irrdude peopl..: lii<e the VP of Financ:, oi the 
Director of ;...us or the ;...tanager of Computers & System Development, 

"" 
• Middle-level managers - e.g., lirst-levcl team leaders. second-level 

Project leaders, etc. . .. 
• Tcchnicians - i.e .. the programmers. and analysts who wi\! be most 

directly in volved in the dól)'-to-day use of the Structured :echniques. 
> " 

Top mr:mogement. in my exper!ence. is usually not involved in the day-to.-day crises of 
software developmenL lf a project is behind schedule, lht'Y won't te spenáing their nights 
a~d weekends in thc comput~r room with the hJrried erew of pro~rammers. ·so they may not 
f~el the same sense ot" ur¡;ency about tite mtroductiÚt of new development techr.ttiues that 
the first-level mana~ers do. ' ' 

Not only th.:Jt. they're probably total\)' unir.tercsted in- and unaware of -~\he technical 
details of structured analysis, structured design and structured prO'IJramming. !ndeed. one of 
the most frustrating experiences !'ve ever had is trying desperately to explam such technicjl 
issues in languag~ simple enough and "jargonless" enough that arl insurance ,vi4' ;.-resiée.·n 
could understand it. only to have him say, "Gee. that so~;rtds awfully simple - in fact. it 
sounds like plain old common sense. Are you sure our'peop!e ha"en't been doing this stn:.c-
tured stuff aH along?" -

So skip the technical details. Conc.entrate instead on argumcnts of ecot~om•cs - i.~ .. how 
much monc:; will str:Jttured programming s::ve the or¡;~nit~tion? HoW wil! maintenance cost; 
b<: reduced? How mony fewer oi those long·haired. unwashed programmers .,.¡¡¡ we have ¡o 
hire this ye3r if the new techniques are irmoduced? After al\. if it'~ a high-levei man3,!'~r t.'u¡ 
you"re talking to. the econor.~ic- tha¡ is to say, the bil!i/f"W'l>- r3rriilications of tl':e strl.!~U.lr~~ 
techniques are what concern htm th~ most anyway. 

Middie'mana¡;ementis where you'll have the mosttrouhle >dling the techr.iques, pan;c;,­
/arly if you ·rry to s~l\ tht: techniqucs ir. a ne¡tative w~.v~ It's very.easy for a ve:eran ;:roje~: 

manager 10 get thc tmprcssion that thc introduction af structur~d analysis or desi~n or ~ro­
gramming is an implicd criticism of th~ wa¡: he's done his job for the p'ast fiftee"n years. Ao,d 
if he gcts that impression, he'll be able 10 come up with a hundred different reasons for "hY 
"lt'll never work hcre!" • · 

\Vhen ! use the term ''miCdle-levcl manager" 1 ha ve .the ima¡;e o( som~one "'ho r.~s 
come up through thc ranks - that is, someone who wa~ once a programr:1er or s;·ster.JS 
analyst. That can be both good and b1d. Such a mar:a¡;er ou~ht to be able to u.:Cers:.:nd ¡he 
technical aspects of strucmred Cevelopment techniques. btu ü:ere's Jlways the i:!~;;g~;- t:-.at he 
wi!l try to think a\;!Out the structured t~chr.iques in the comcxt of RPG :!nd thc íB:O.! !401 -
and that's when you'll swrt gening cornplaints like. '"That su.:ñ sounds too inefficient - v.hy 
( remember.that a subroutine C:!ll used to t:1ke 6.5i3 microseconds ... " 

There's one other thing about the .middle-level manJ¡;cr: for the mosi pan. he is ir.­
volved in day-to-day cnses of softwJre development. More 10 the point, he"s piJgued by pres­
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costs - but right now he 's faced with a de~dline that he c:~n just barely mee¡ if he app!ies al! 
of his convcn!ional techniques. And he's not allowed to add any people 10 the project: and 
rrianagement will ha ve a coronary if he suggests slipping the deadline: and ~esides. all the mo­
ney in the training budget has been allocated to leaming the m)·steries of rel:r.tional data base 
systems. 

What can be done in a situation like this? Realistically. the answer is- not much. In 
the long run. the support and the budget and the extra people Jnd the ext~ndcd deldlir.es 
ha ve got to .:ame from higher \evels of management. l!'s possiblc, of course, for the middk­
le~-d m:tnagfr to gamb\e: he can try to pick a medium-sized project that doesn't have allthe 
cards stadccd l;:,:Jirrst it - i.e .. one that c~n always be rescued by what my co!le.1gue Tom 
o~;..1arco c:1lls '·the time:honored tradition of unp.1id ovenime." !f you"re a midd!'!-level 
lrian~ger, though, and you éeciée 10 do somethíng li.~e :his. ycu should be very aware lhal j¡'3 

a g~mble. For the first severa! weeks (or e ven months). "'hen e\eryone ~:-:pects your people 
to be busily coding and thcy"re doing nothing but a:guing about d:lt.1 now diagrams and íunc­
tional cohesion. about the only thing you'll be able to say is. ''Trust me ... it will all woric 
out. Trust me." 

Tcchnicians also hnve 10 be sold - t~ough my experienee is thal .1 great number of them 
are alre.1dy corwinced. :-.hny of 1hem have complained for years.that "managemcnt" (that 

. gre.11 nemesis. second only to users as~ source of frustr3llonl ne,·cr has time 10 C:o the JOb 
right the fírst ume around. but .ilways has ti m~ todo it twtcc . 

• 
Of coursc. there will be senior technicians - the grizzled vetcrans who ha ve bee;¡ pro­

gramming sine~ J'i~1- who will ha ve many of :he same r~~ttions as :h:: m!C:d!~-le'el proje~r 
managers: if it dicin't work on the IB~I 650, it certaínly won't "'ork now!• .-l.nd there will te 
moderatdy ex¡:erienced technicians - with 2 to 5 years of exper:ence - who will ac~ept the 
structured techniques intcl!~c:ually. but whose brains havc been so badly WJrped by years of 
terrible pro¡;r~mming langu~ges (e.:::., CO!lOL. FORTRA;\. PL/1, RPG ... ) that they'll 
T-tever real/y specify, dcsign or cooe .1 structurcd ¡;rogrom. · J 

' lndeed, it moy wdl be the troinee> - those wi:h virgin minds - who ore our O>Jly so!-
valion. Obviousty. traine~s ore ior shouid bel humble enoug~ 10 do wh~t they're told - ond 

.:h¿;· c:!n be :rainel:! 10 do i1 .-;ght from :!1e vc~y be¡;in:Jing. lf- ond this is J verr lorg~ it"" -
tiley are trained properly. lt's surprising to see "how m~ny orpnizations 3rc still te.::.~n:ng 

"b.::sic" cour;es in prog:rMOJming, l:!esign and analysis t!·.at are rii.ldled with ideas a~.d r~c;¡. 

niG:.tes t~at are grossly ob5ole:e- only 10 follow this up with ".1dvonced" cours~s that ;¡.-e!~h 
all of the modern structu<eC: techniques. The sruderll speads the tlrst h~lf of such advoncé'd 
courses being osked 10 unleam o substontiol ~mount oi >.~~terial t!lat he lelrned in the b~sic 
course - sornething that's obviously unpleasant and di!Tkult todo. 

Onc tnst suggestion about thc sellin~ of stn.:cturcG X. do u wp-do<>lt.1 !f :op mano~cme;¡t 
doesn't support thc new dcvelopmem tcchniques, therc's not much point training the te;:h~i­
cians. Except m places like !ran. gnss roots rcvolutiOEJS don': seem to be 1n voguc t~.cs~ 
days. 

6. THE .\:"<ALYSIS ACT!YITY 

Perhaps the most importan! aspect of intrrxlucin~ structured Gevelopm~nt techniques is 
a formol .::n .. •tml of thc way thc EDP orsanization dcvelops software. In orher worC:>. ;he 
an.1\ysis activity shouJ¡j be .it:empting ro answer the following questions: 

• • 
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• 
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' 
Do we have a ~roble m i:t our ED? org~::~zl::on toCay? 

lf so." what is ~he nat~re of the proble:n? b it pcilitica!? ls it­
hardware-odent~d? ls it associated wilh ¡he maintenance of sys:e:ns 
developeó 15 Ye~rs ago? 

How serious is ::e ~roble::t? Or, to ¡:¡ut it in a more pcsitive light, t:.ow 
much mooey co~.:id be saved by ir:troducing the s:n:c:ured :ech::iqt:es'? 

How long wou!d it take 10 conver~ the or;anization to the structured 
tecb.nlqucs? Wha: is the "r.etum on in,·estrr.ent"? 

What are the risks? ls it possible tl:a: C:e s:~c:~re::l r'echn:c.ues ccu!d 
destroy t~e Cri~rJ:ation? Wtll all oi thé newly trai::~d ~rogra::tmers 
.irnrnediately quit and gel better-paying jobs ~lsewhere_? _ 

ln elfect, t!Íis a:nour.t.s toa "f~asibilitY study" ar.d a Cet.:!.iled"examina:io:: oi the way the 
EDP org:aniz:nicn is present!y Coi::g business. Obviot.:S:y, if t:e or;p::iz~::cn hls r:o ~rob!e~s 
(ei:her real or per:eived). there's not mue:-. incentive for ir.trodud::g th~ new ¡~chr..io:;·~~s. /f 
there is a prob!~m. and ifit's perceived :1s a serious proble:.J., and ¡fit ip;¡e:us lo be reiat:C: w 

. the methcds for de·re!cping scfr.vare - then there ma¡· be a good argu:nent for in:raó:cing 
the nevi techniques. · But the lr;ument shcLI!d be mJ.Ce With the s~me c:~refLI! l:ll!ysis that 
one would l!Se 10 cor.vir.ce l user orpniza!ion :o Íils:alla r:ew-fang!ed ccmput:r sys;em. 

7 .. THE DESIG;-.;.ACTIYITY 

After the ana!ysis has t::--k~o place, the nex: •;t:p is design. • 9a.sicllly, this involves 
deve!o¡:ing a plan ior imo\ementing the t~ch..-:.i<;',.!eS- lS o~¡:csed :o a ''sho:;·~n" ap¡;;:c:J.c:t oi 
tr~ining everycne in sight. issuir.; "saucturd. edtctS" that wíl! probabty be i¡p.ored anyw~y, 
etc. The desígn activity shouid address t.he fol!owi:1g id!ld.s oi qucst:ons: · 

• 
• Which of the st:..:c:l!red techr.i¡:;~.:es s::ou\d be ir.:.p\e:r:e:1ted fb:? 

• Which pans oi the crgar.iu:icr. shoc\C be ex~osed ::~st? . 

• \Vhat kind of training is appropriate? for whom? 
•. 

• Wnat kind of piiot prcjec~ sr.ou!d be ·mcd to e.x;:erim~::t witb the new 
tech.oiques? 

• How c::n we nar;:age and control the prccess oi ccr.ver:íng the crg~:"'.iza­
tion to the new techniques? 

• How can we :::e:!S:.l~~ the !~.pac: :hat :;:e s:ructured teón.k;ues will 
have on the prcdcdvi¡y of t~.~ EDP cr;J.~!::ation? 

• How can we strike a comprcmiSe betwc~n the deadline pressures of to­
day and thc long-range bendts of the structurcd tec~niques? 

"Obvious\y, these a:e not simple c,ues:ions - anC as you c:~n lrr::!gi.::e, :here are ::e "pat" 
answers fe!' any of them. How~ver, my cwn ex¡:e:-je:-:::e wi¡h a nur.1t:er oi orga:Uz:J.tions leaC.s 
meto otTer thc fc\lowing sugges:icns: 

l. Informal walkrhroughs ar'! <; good wcy ro !;<tgin. In additicn to t!"-.e "obvious" 
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3. 

4. 

5. 

6. . ' 

So 
Edword Yourdon 

in the use of structurcd tcchniques by your suff. This is particularly impar· 
tant when a group of programmers and ann.[ysts al\ ber,in usíng suuctured 
programming, design or analy;is at the same time - there is a gre:..t danger 
that each technician "·ill iraerpret diiferently the techniques th:u he has 
learned from a te.,tbook, a video training course or a c!assroom training ex­
perience. 

Don"t begin with structured codinr:- srarr wirh ana(\·sis.or design. There's an 
obvious reason for this suggestio:1: with good ar;aJysis and éesign, you c:~.n 

tolerare mediocre code: on the Other hand, brilliant code can't save a bad 
design or a funy specilk~tton: Thcre's a more import:lnt reason for making 
this suggestion. thm.:gh: a.ssuming that it t:lkes one to two years (or more) to 
introduce the new techniques, thcre's sorne d:lnger that the EDP organiZ:!tion 
m~Y ··run out of sream" after si.x :nonths and stop introducing new tech­
niques. Jf such is the case (and it's happened in a number of organizations. 
eithcr bec:iuse of economtc con>iderations. a 'hange tn managemcrn or other 
sub!!e po!itical reasonsl. then it would besad to find th:lt the 6nly thing th~t 
had be~n accomplished was an impro'"ement in coding techr:iques. . . . 
Don"¡ muoduce wa n:01¡\" new r<'chmques al once. Attempting to get a_, lorgc 
group or people 10 adopt a dozen new techniques at once is a scrc-fire way of 
guarant~eing that none of the techniques will be introduced successfull~: .. Be­
gin v.ith"just one or two neW tec!miques- e.g .. st~ucwred analysis .:lnd walk­
throughs. Then m ove on 10 5tru,turcd dcsisn and top·down implementation: 

. then perhn.p~ structurcct programming ... 

Choose one or more mcd,um-s1:ed "'wfe" ptlor projeczs. The :!OlÍan of l pilot 
project is familiar 10 most EDP Ótganiz;tions - that is. a formal e¡;;periment 
to see if a new technolo-.;y rcally works. In our experience. the best pilot pro­
jects have becn.at le~st si.x person-mor.ths long: thev have been projects thJt 
aie "real"' and visible to ihe orpnization. But Jt the same time. they have 
not b~~n projects whose fJi!urc would ::ankrupt t~e or;aniz::tion! lndeect. tht.: 
very best kind oí rilot NOjccl. in many cases. is a ··cor..version·· .:... i e., 
rewriting an old system thJt wus about :o colbpse anyway. .-\mon¡: othcr 
thir.gs. such a piiot projert orf~rs a b~sis for compJrison (admittedly a sorr:e· 
what biased cor.,parison. but bet:er :han no com~arison at alll between :l:e 
old way of doing thin~s and the ncw way of doing thi:~~s. 

Groom som~ inrerno/ "'s:mcmred ¡;¡¡rus"" for ongom~ consulting assisrance. 
Aaother advantage of :he pilot projec:s mentiorred above is that it accom· 
plishes rl!is su¡;g~stion. !t provides the organintion with a grou~ of p~cple 
who ha ve reully dan~ strucmrcd analysis. desisn and/or prc,rotnming. as op­
posed to people who have done notlling more thJ.n just ren.d about"it in a 
book. This, in my opinton. is esscntial to the success of installing the ncw 
techniques in a lorgt: organization. 

[5Wb/lsh a Kroup •wrh respatt5tbiluy /or coorr!inaring t/u.' imradllclian o[ rhe new 
techniqucs. Th1s con be the tr:lining deportmcnt (though they ot"ten hove zcro 
credibility in the EDP org;milltion). or the standJrds de~onment (who. un· 
fortunatcly, ot"tcn hJve ne;.:aure c;editibility in thc· or~anization) ora spccial 
task force reponing to on a;¡proprictdy hi~h l~vcl in tbc EDP hi~rlrchy. Bl1t 
the m·~in point is obvious: The 1cchntqu~~-; wnn"t be! inlroC:uc~·d br thcm· 
selves - and. lcft lo thctr o"wn de,ices. cJch progrJmr.:tcr or an~lyst will be-

---~----- ----- -----



' 
gin practicing his own interprelJtion of that subsct of the structured tech­
niques tl¡at he wants w introduce. And nothing more! 

8. I;\IPLDIE."iT A T!O:"' 

" 

By implemcntation, 1 mean the process of actually trnining the staff, doing the "grur:t 
work" of rewriting appropriate sundlrds ar.d <.!oing the messy manageriaJ/politica! work of er:­
forcing the new methods of ar.alysis. destgn and coding. :.Iost of the acmal work will be obvi­
ous, once the analysis and design activities ha ve lx:en completed (note that the same thin; is 
true in a "real" EDP project). 

One Word of caution is in ordcr tho~gh: the implcmentation process may go on forever. 
This is p.lttll' because of the turnover and staff growth :hat the EDP organization general!:; 
faces. lt may a!so h3ppen for another r~ason: if mosl of lhc programmcrs and anal)'SlS a:e 
eng~¡;ed in pure main1cna:1.ce work, lhere may be !iu!e opportunilY (or moliva:ion) to 1rain 
lhem in struclured analysis or structured design. Thus, if 1he new lechmques are intrmll.:ced 
solely 10 technictans workin~ on new dcvelopmcnt pTOJects. it mar be fivc to ten ycars b~(o:e 
il has filter~d. through the e:Jtire or~anization. 

· There is one other point 10 consid~r. par:icuhrly if the imroéuction oi lhe new tec;.¡. 
r.iquc~ is going to stretch over a period of /he ycars. and :hat is: ri:e rcchr.iq:.es rhemuhes ,,-,.;,r 
conwme tv exprmd a11d chan::;e o·.w rlre nexr Sfl'('m/ y~ars. We can c'ertainly expecl that s:ru~­
tureti analysis and structured dcsign 1',¡]1 be rcflned. enl~rgcd and impro1·cct O\'ef th•: nexl 
severa! years - so the kinG of tr~in¡r.g don~ in \93-1. wlll most likely be diiferent from the 
kind of traini:~g done in 1979 or 19SO. 

9. THE TESTI:'-/G ACTIVITY 

Thc activity most ofwn forgonen or ignorcd bv EDP organizauons installing the stn:c­
tured tcchnic:ues is resrin;:. The basic obje:tive of thc tcsting octi\'Íty is 10 continu~ll)' mor:i:or 
the organization 10 find out; 

• whether the technicians ha ve actual]v !earned 1he lechniqccs. 

o whether they are using lh~ techniql!~~ in ~ uniform fa;hion. 

• how much im;HO\'cmcnt there has b<".-n-

This im~lies. thcn. tlt~t thcrc nccds !(!be a "t;t.:~lily asourancc" group oran aud1ting group 
continually in>pccting thc methmls U!id by thc organizalLOO. 

10. SU:\1:\fARY 

Dcspitc sorne of the fanf.tre Jnd publicity in the EDP journ:l\s. thc structured tcchnir.t:es 
are not "m~gic." lndccd. one could argue that thev are nothing more th~n "common sense·· 
- but the cro.~cially im;;ortant point is 1hat the str~cturcd tcchniques r~prcs~nl a s:cndardr:.:d 
common sense. And b<:srd~s. as Wil! Ragers once said. "Common scnse isn't COr.J.-r.on." 

Whelhcr they reprcsent common scnse or b~Jck ma~ic. there is ir.crc~sir.¡; evidence ~o 
confirm that struc:ur~d analysis, d~si~n and progrJm~ing can s:tl"rarwa/1~ incrcase rrotJu>tÍVl· 
ty, maint.1inabili1y and r.cliJbilitr el' EDP s:;stcm-~. Ceo:ainl,v. any EDP org~nintion whos,• cx­
bti:ncc dcper:d:; hca~ily on the qua!ity o;' Íls softw~r~ is goin:; to f:nt:! its e.~istcr.ce scrioUoJ~· 
threJtencd in ttte ncxt dcc~de if it c!o.:s no: adopt modem dcvclopment tc(hniques. 

c:__· :..:.· -::_-::.:_-. .:_· ---=- --- -. ~ . - - ---. - - ------------------ ------



Buttbe question. as we bnve seen in tbis pa~er, is howto introduce the new techniques. 
A small crpnintion of geniuses c::m - ~erhaps! - imple::J.ent the structured techniques on 
an ad /:oc Wsis. But :1 large or;pnintion, with hunCreGs oi programm-::rs. en !iteral!y put it· 
self out of business if it doesn't bave a plan for implementn'.g <he technlques . 

• 
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-------- . ·-- ··--



¡ 
l 

·- _,_ tZ 

/~ 
' 
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bv T. A. LINDE~ 

No;.W.o.oJ. ~~ Af'&tV 
Fl. a..,.,.~ G Meo.d<, M.iyland 

I!\TRODtlCTJO!\ 

JnWI'fll in provin~ tt.e rorrectn""" of pro¡¡rsms hM 
f"OWB <'Xplosively withín the b.s~ two or ttorm• ~·tara. 
There are now ovu a hundr.d pe0ple purnuin¡ research 
011 this g<!neral topic; moot of them..,.., nlat.ive ne,.._ 
romen 1.0 the field. At least threr reasoll8 can be cit.ed 
for this rapid growt.h: 

(l) Tiw inabil1ty 1.0 desip¡ and implement ooftware 
·~·•1rrns "hich can be gullra.tlt.-t..:l corree! is 
s¡•ver<•IJ· restricting computer applications io 

"''"'·'· imponant ueas. 
12) n~t.uggin~ ~nd mainlaining lu¡rt oompul.<'r 

pw~rram< j¡. '"'~- well r.•co¡;nized "" one of thc 
mom scrious IUld CD.~tJy problelllll f~>.cin~ tl"· 
e<>mputer indust:y. 

(3) A huge numb..r o! mathem&ticiaua, espccially 
lol(irill!lll, "'" inter....tM in applications whcrr 
thelt t"lenlll "II.II be used. 

rnis p~¡><·r 5ummariu:s recent progr.,.. in d~nlopill¡:: 
''""'0llll t<·chniqu\l6 for provin,o: tho.t pro¡;rarru; satisfy 
!ommlly rlefineci •prdflcations. \Jnt.il rccc•ntly proof• nf 
• '"'""l"""" ,.-ere limited to \<>y proparns. They art• 
'' tl! Hmit«l to srnall prt>gr&IDS, but it is """" oonceivablP 
to 5tto;mpt to prove the corrrctn= of small critica! 
modules of a h•rge propam. Thi.< paper i• dt••i!<ned U> 

t;ve 8 •ufficient iotroductinn to rurrent re;t•areb so that 
" >i<lit"&H en¡rio...,r t.., enluat• wbether L proof of 
rorr.-eu11-• might l..- opplir~bl< 1" ,.-,mr of ¡,¡_, prc.blern¡ 
sam~mnt· 11• t.h~ iut ur< , 

THE .'\ATl'RE OF CORRECT~ESS PROOFS 

Given fc.rmal s~e<·ifioations fr•r a prograrn and gJV<•O 
•.ioe text of a pr<o¡rram in oome furmally dpfin.-d langu>g•. 
l\ is tben M ""11--r:lefuled 11\fothrmatical qu""¡ion <o a•l. 

• 

• 
l<hrthcr the prowam 1<-xt is corree:! with r.-.;¡le(l to 
thnse •pPCifirations. The mllhematiao nerr.o.<ary for this' 
"-'"-'1 orig¡nally. wnrkOO out primarily by F1oyd1 fLtld · 
Mann.._• 

lt mmt be rna.de clear tho.t a proof of e<~r1'1'CUII'SO is 
ra.dically difieren! from th• usual pro.-= of testing a 
pro¡ttam. TCllting ca.n a.nd often do"" proV<· a program i.s 
incorrer:t, but no reOBOoable amouot nf tll>ttng oa.n ever 
prove that a nootrivial program ,.,-;n be c{.r<rct ov~r all 
allow&ble illput.o. 

Th~ uppro...-h to pr<>VÍng prog:rll.I'Dl' corrrct "'hid. 
"""-' do·vdoped and pu¡¡¡tJnrÜOO by FlO)'d ¡_, sttll th<• 
bMis lor mo•t current proor. of correcones:s.· 1t ,. 
gen•rolj,- kno"TI u the mrthod of indod,-P ...._.rtions. 
I..-t Wi br¡;in "'~th a t<imple example of the bMiO ide!l. 
Consider the flowcha.rt in Figure 1 for exponm1i~tioc 
to" pmitive illu.gral powu by r<'pe&t«l multiplicM>OU. 
For,•implicity. """""'' all \-.olues .,.. int~~=- 1 h•,-= 
put """'-rt.ions or •peeificatÍ<>li.S for oorreetness on the 
Input Md output of the prngr11m. w~ wa.nt to provc 
tlnlt if X and ¡· ar<· input.o with r > ll, then the output Z 
"ill s.otisf~- Z • xr_ Tbi.. usenioo o.t the output is thc 
opeoilic.o.tion for eorrertnt:SII of the program. The "--"'"'- · 
tino at the mput defines thc input condittoM (if anyl 
lor which the progra.m Í!J to produce output satisfying 
the output aAAcrtion. ~oc.; tbat the prool "ill use 
symbo!,. wd-,niqu~~ \.0 IS!sbhsh tbat the pro¡;run is 
eurr~rl für all rJiowabl~ input.s. 

Tl11· ~roo~ ,,.,.¡,,¡qu~ works as follows: Sornc"·here 
witbin =h loop •••e must a.dd a.n MSettion that a.d._... 
quatdy rhlll"a<"t<·rizes a.n inv&rian.t proputy of the loop. 
Thil< ]¡,._. been done for tbe single loop fiowchut of 
F1gure l. 1! ;, !L0\1' pos.sible \.0 break th;_., fiowchart into 
tree-like oectio"' sueh tbst e.<b """tion br¡rins aod M!d. 
"ith assertiona and no ""ction c:ontains a loop. This is 
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Thc<" i' no !urm..J way to guaranl<'(' tbat thC!I(• OPI'<'ihca­
!ÍOJII' ad<'<jua~ly upr= what someonc tcally .,.,.,\A th~ 
pro¡z;r&m t.o do. 

Given a prugro.rn "-ith Bpccifico.tio,.. on the input and 
output, therto;.. probsbly no automat.ie "'"Y t.o ~:cncra!.<' 
a11 thc additiooal ...,.nion. "hich murt ~ .dded t.o 
make th• pnw>f work. For 11 huma.!L I•V u.dd tbr..oe n.""er­
tion.• r<~¡uire.< a thorou¡d1 utoder>\andin¡: of thr prograrn. 
Th~ prupammer ..,ould be able to ~upply th""' OI.<SCt­

tions i! he ;. abl• t.o formo.lire hio intuitivo undcr­
ot.•nding of th~ pt<•gram. 

G1ve:n " program "ith a.ssertio!l.l iD """h loop and 
¡:;~•n an adt'Qualt' defmltion o! thc ocmantioa of th~ 
pr<>¡;T&mming hwguage, it ¡, fairly ruutine \Q gctoera\.c 
the tbeorem.o or verification coodi tio...,. Severa! existing 
cOIIlputer prog:ranu. tbat do this llrt' describtd helow. 

The r.-al problem in proving co!To~tn= he. in th<· 
-t that even for simple progra.JJI!l, the theuro•ms that 

......,. gcoerat<:d ~ome quite long. This len¡¡tb mak"" 
pro,.;ng th~ th<'<lrt'm$ very diffieult for a humllD or lor 
rurreot automatie thewem prnvers. 

F Drmtdi:ing th.< prog.amm<T'& inluilicm cf conrd'«!<f; 

l! may oot lH• nppnr<•nt, hui the prot= uf provin~ 
rorrpctnel\.-• ís JUI!\ a formnli>atian iot<> rigor<>~• logica.l 
terms of the iofortnal and oometim.,.. oloppy re....,nillg 
tho.t a programrDcr U8eS ;, eonst:uct.ing and ch.,.,king 
hís prol(l"am. T!Jc progrnmm<•r hn.s sorne idea al what he 
cxpecta to he true at eaoh atagr o! hís program (the 
~osenionsj, he lmows how üe progra.mrning languo.p: 
l't'mantio> "il) tmn•form a .•Uig<· (geoerating the ....,.. 
tions in <hoh"l-li~>c• lwxes uf Fi¡r:ur~ 2), a.nd he con· 
\~Me:; him.<~li th3t the uan~~formo.tio"" .,.;n give the 
d<·•irPd l'·•ult !tlw proof o! thr th..orrm). lo thi• Sffi_<e 
l<r<o\'ÍU~ ;•r<•gr~m oorrectnes.s i.• JWt ~ wny to ¡.out into 
f .,oJ h.n~u:•~<· rnrJthi"~ on<• >l>nuld uodc·rwmd in 
,_,¡,,~ orod iuíurm:Jiy ch..,kiu~ ~ pro¡.!ram ior t·orr...-:­
"'"'-'· ln f•n. thcrc i< M r-lear <Üvi<ioo 1><'1\\e<"U tht· id<'-" 
,,¡ teHdin~ oode to dJf'ek it for con-ectm•;s and the idea 
,,; pn>~-inl' it oorrt-et Ly more rigowus mcan-1¡ tL~ 
difier<·nce is O.De o! Mg:re<! of formility. 

Úlle yu.,tion that ahould he addr.,.,.-.d in tllÍ.\ !'Ontc>:t 
'''PLtd. the f~ct tbat both !he corrt•ctn= arod the 
h~ltiog problem• for ubitrary pro•p·~""' ar~ koown 1<> be 
utodecidaLlP in thc mnth,.matiral "''~"'· Ho\\PH•t, thil; 
"'""''ion nf matlwmntioal m<do·ridut.iht,· _,¡,.,.,¡,¡ not 
'''''~ i<>r :tOI' prugram to'r whido th~rc M"' ~·Hlid rntuitiw 
'''""""" lot the prog:rom to 1><- o<>rrL-ct. 

1 l.'"~"' l hn1·c m~de tb• P<•Ínt that lto¡!icoJ proof of 
'"!T"'ln<.,;, t<-thni<¡uffi are r:od!o&U)· difftrcot lrom 

tc.<ti"~ techniqu"" 11hido ~rt· bas.d oo ~•<-euting the 
pro~am on oeleetcd input á,¡a in a "J><'CÍfic cnviron­
m<'llt Ilowev,r, l do not Wliflt w impJ~- tbat in o. prac­
tical orituation • proof or IIJ!ything e!!lt! c..n lead to 
aWute ccrtit.ude of rorrt"Ctnese. Jo far:t a proof by 
ill<elf doet; not """""-•wilY IPad to a hi¡_¡her leve! of 
0onfidcnoe tho.n might bt- aohiewd by cxt~Mive teoting 
of a prog:ram. From K practicoJ viou·point there &re o. 
numhor of thinp that wuld H-ill bP "TOng o.h.er a proof 
if 00<' i" not <1LI'eful: 11hat ís ¡>t<•v<'D may not be what 
one thnught ,. . .., provcn, the proof may he ineorrl'<:t, or 
a.~•umption.• about eithcr the f'l:e<Ution environment or 
thc problem domwu ma,l' not bo:> va.lid. Ho11ever, H 

proof does g>ve a quite differeot ..nd independent vicu­
ot progra.m corr.,.,tn=. <U'ld it it ia done wPll, it •hould 
be ablc to provide a vcry high leve! of ronfid.,ce in 
c~rrertn"""- ln particulll.l', to the cxteut th&t a proof i• 
vabd, (hcre shnuld no longcr he o.ny doubt about wbat 
mi¡;ht happ«¡¡ alter ..Uo"·able but unexpe<:ted input 
,-~lues. 

!>IA:\'FAL PROOFS 

TlL<, ha..<.ic ;u, ... 1n tiH· ]a.,t oertinll havo b<·cn k.on'"' 
for sorne tin<t. Thü; >erlion de«:ribe. thc pr..,tioal 
pro¡;r= whicb hiL'o beco made "~tl, ma.ou.J proofs lo 
the Jast few years .. 

The size of prog:rnnl$ 1\hicb """be proveo by ba.nd 
d•P<-n<b on the leve! of forma.li1y tho.t;., u..-d. In 1960 
lllo:C:.nhy a.nd Painter'- manually provPd th•· oorreet­
n"""' of a· compil<•r for \'Ct,\' elementar_,. nritbmetir 
•~P"'""!O"-' lt """' a formal proof ba<;OO on formal 
ddiniti<11L< of the •.nna> o.nd 'semauha; ot the simple 
langua~~-' involnd. 

A Hwro• informo.! spproach to proofs ¡_g now popul:u-. 
Thi.• appro"-"h U ri~orou•. bm """" n len! of fo,m.oli:y 
like th&t in a typica.l mathematics t<:xt. Ar¡;Hmcms are 
h"-'ed nu an intuit.ive dduuti<m of lh<· 8omnntiro of the 
programmin~ ILUl¡;uuge 11itho\ll o. compleU> axiomaciz&­
tion. t:.;n~ theso· tcrh::iqucs ~ vari~ty o! nsli,tic, 
efficj,.,.¡ l'"'l'f:<.rru¡ 1<> rlo •~rtin~. mer¡;ln~, and •~...-ehing 
h:n·r· ¡,..,.,, ~''"''''" r<•rro•r\. Tt,. ¡>r<><>f of " tw<;'Oty hop 
""' pro~r~m <ni~ht rn¡l!irP ~i•out dm'<' po.¡:es. It "-óUld 
now !>{' " '"-"-'"""bit· r·~··r<ise ior advanced gradual<: 
studeut... · 

Prou!. uf ,;!",;¡¡, ~ntl¡ more complu progr&rn~ hav~ 
also 1><-rn puhli>hPd. lvlldon'·' ha:s done proofs ot a pair 
of LJSP oompilpr¡ Tn• largor compilcr is al>out 16ü 
lines of hi~hly t<·ru,.ive cOOc. It complie> almOLSt t.he 
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full LISP lan¡:un~o-ennu¡rh ..., it rnn compile i~ell. 
lt is a gom·r11.ll." unust'<l t•ompiler. 1t '"'" writtcn lor 
teaehing purposes, bu! it is not just a Wy P"'~r.o.m. 
Anather compl"" program has bc.,n provm ~rrect br 
Jon..,.' Thr pro¡¡ram i& a PL-1 rOOing ol a •lightl.v 
simplified ven.lon o! EsrlP)"'• '"""~'llizer algorithm. 11 
U; a \:,out 200 linos of eodt. Probably thtlug.,.t progtam 
that ho,.>; b<·t·n ptJJYert rorro'<'! i& in th~ work "" comput.<>r 
interval aritltmttir by Good and L<mdon' 'fher<> t!,.y 
proved the rorr""t"""' ol over 400 lincs o/ Algol code. 
Th• largest individual proct-du,.., was in the !.'i0-2110 
linc rategor¡-. A listin¡: of many othcr significan! 
pro¡¡r~rns "hioh ha ve \JeFo pro~ en ~rrect ellO be lound 
in London 's t'-"'WI pa.per.10 

1! a complrn< 200 !in~ program '""" now ¡, prover• 
~rrect by one mllD in a couple o! months, onr can he¡cin 
to t.hink .o.bout breaking larget prograrns into mr>dui<"o; 
!l.nd getting a prool ol corrertn= within a '"" m!Ul 
)"ean; ol effort. Cl"arly thrre ..,.,. ¡>rogrnms lor "hich a 
guo:rl.llt..., ol tho rom-etntOIS of th<· mnnin¡: pr,¡rram 
would be won], no! ma.n yt·ars Lut ma.ny ma.n dc-cad('.ll 
oi ef!ort. w,. had bdt<"r tak~ a <·lt"er l<'<'k .o.t tlt~ 
f~a...ib1hn· oi ·'"d' ru1 undc.-u.ki!l~ rutd wht the prool 
ol com-ctnei..• would really accomplish. 

lo"'""' ~xisting proofo'ol program correct<ao;s, whlll 
¡,.., bcC11 provel! corred U; rither tho algorithm or & hi¡:h 
level laoguag<" repl"es('nt.o.tion of tbe &!goritbm. \l'íth 
today·s rornputers what happem when the pr<>grarn 
aotuall) run> 011 a phyaical compui.N would slíll b<• 
anybod~,., "''"'-'· 1t would be a ;i¡¡nificant &dditíonnl 
rhon- 10 \"Od_,. that th<· rn,-ironment lor ti¡¡· nmnir,~ 

'""g""" '"'Í<~''' al] th<" IL<8umptions thal \\m· ll<Hd<· 
·<>out·, j¡, ,,.,. nr<<>Í. Prüblr-m< "ith mund ,¡¡ •·nor>. 

~wrfi<•"· ,:J<, ><• iortL """ ],., bndlt>d U, p1oois Cood 
""d Lntl!lOH.' Jlo.J.te," and otkr., b~ve deserí\.,·d teeh­
""JW'' ¡,, P""'Hig prop<·rtieo ,¡pro~"""-' in th<• cont.,xt 
of cotn¡>tn<: ar'ttinnetic, Lut this CIIJI mak~ !In· pn~>Í 
mucb n.ut<· o•,n¡ plcx. Funhertnore, t.o ll.."<Sure •·orrN:L!l<U 
o! the """""g ]>r<J!(tBrn one would hnve U. hr "u"" thal 
al.i o.s.<umptiulll' o.bout tlw acmantir.11 o! th~ ptogr&D,­
mi.ng l>Jl¡ru"''e "·en- actu&!ly valid in the itnpl•ment.a· 
tíon. Th• eompil"t a.nd nthcr ·'·"l<"lll MftWIU"e "oul<l 
1 1ave l.(l L~ N·rtif.,,J. F'm11lly, thi< r·<>wld all !w for t!Hught 
c<>nsidcri~~ the possjbiht.'· o/ i1ardware l&ilur.- !!.< it 
e;tiru; in !<.<lay'• marhint ... 

Tlr118, pro,ing thP rorrectoess of a wurt<· l11ngu•~" 
program i.- only one as)J<'<'! ol lhe whol~ pr,.blem of 
~"Uara.n\t'cing !.be "'>I"T~"tlbC&S of a ruuning prog:ran~. 
X everthrless, dimlliating al! erro"' from the oouroe 

5[. 

lnn¡rua.ge prugram \\OUld eertninl)· ~" :• lolJ~ \\ ~) '.'"'a" 
impruYing the ptúhohility that \]1!' prugtam Wtll rutl 
atc:ording Ul op...,ific.o.tions. 

An informo.! prool of entt<'etr•r-~< 1 rpieally i• m u eh 
l"ngcr thlllt the pr"r;ram lext it.-.clf--<>ll<•1l fivr 1<> ten 
!lrncs .., long. Thus the p..:OOI it.self i• subject W error 
jmt lih any other '' !remely deta>l<;<l "nd comp)ex 1:>-•k 
donr h)· h«man~ Tbcrc is the ¡x>~,¡¡,¡¡;,,. that an in­
'lorma.l proo/ Í! ¡ust as wrong &5 Üll• pr<>¡:;t3ln. Howe,·er, 
a prool d<><>a not h.o.ve any loop.; and th• me,-.ning of • 
ot.o.temem i8 fixed and not deprndent on the eurrent 
inl~mal st•te oí tht• computN. To r~ad ancl chrek • 
pmol ;, a •tmigh!lu1,.·ard a.nd potoJltia.lly .o.utom!>t.o.ble 
OP<"ration. The samt can hardly be ~"id !or Pl'fJgrarru¡. 
n,,.pitr it.o pot,.ntial lnl!ibllity, .o.n in formal prool would 
dtkmaueo.Jiy improve the probability that a program i• 
conut. Therr is eviden,.. lrom Lond"n'o work' th.o.t 8 

proof o! CUrtt'<\DeM "ill find pro¡:mm bugs thot havo 
b""n ov~rlooked in thr codc. 

A pen¡on provillg a ptoF'fam .,..rreet hy m&nua.l 
tt-rhniques m\16! 6nt a.c]Úe\'!" n , .• ,,. t"norough under­
stnndJn~ of llll det...ilo of th~ P"'~r>Lin. 1'his clc:ul)' lirnito 
m..,ual prnof t""hniques w pro¡:r.o.m• ,,;mple ~nough to 

l>f. iol.3lly cumprehended by the pl"'.o"Tam proven.. h 
a.l~o "'"'"" tJ, at darity aod aimplicay !• ver)· 1mponant 
in the prograrn d...;¡:n il th~ progrsm is ID be pto\"eh 
rotrert. Tht'n' U; anot.her ...,hool. al th~u¡:ht whiclt 
pi"''"' primN".\" omphW on ¡pehniqu•c< lor "r.htaining 
t'bti t '" aud S\Judurc jJ> the pm¡i"tll.m ,i • ."¡p¡. DijJ...otr11"·" 
BJ. !""!! hern ¡),.. primar,· ad\ uca!!" c.' : ;, i; ::;•~roaoh. By 
ap¡¡r¿priatcly >truewri;,g th~ progr'-'H and by usin¡:: 
\\bat ;., ~rp•.rcntly a rnuch ¡,,.. furmal appro...,h w 
prools. Díjkotta da.im> \o "navt PW'"'"'' tbr rorr...,to= 
o! ],is T!IE o¡>eratin¡: 3,mrrn'' .\fill•" uivocatcs a 
•ÍtnÍIJiJ" ~pproath \\ith th-r program J,óng •uflieiently 
•LntO'tured •u w> inf!JtJnal prool ca.n ¡.., . ..., short. "" the 
pw~ram tu\. it..ell. 

lt U; prob.o.bl.l"lrur that ntoJ<• practi•:;,\ results CAl! be 
ohlaioed "ith ¡,_..., r'1 ~orous nppr<•V.ii<·S to pruofs. 
""Pt·riaUy in tlw n¡·Rl futUr<·. It ;. ~~·en d¡·b~tabl" 
~-l,<•tl,er thr more r J¡r(>tútL• pt""f" ¡;;,.~ "·""' ""-"urance 01 
corrrctness. but the furmalitl" du<"" mal.e it more 
feasiblr to o.nomhte tl.e proof ;>roce-.-.. \\'bet"ner or oot 
one r~els that tiw rí~orous ha.nd P'"'''" o1 corr...,toess 
will have murh practic.>J value, th•~·· are pro\-iding 
"-'P<•ti<onC<' \\Íth dítíer~~\ proof tech,i•,ues th~t should 
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r.:otÍ•·~ "' te>1Íng A PT%"T1Ltn- :'l.!nny ar¡camrnu pro aud 
C<m 11.10 l<X> subjective for ad<'<J"RI!· rOJc<id~ration bere; 
¡,.,~t·n·r, a few rornment<. are Í11 urder beiore on<• '"""' 
tlu• rato• of pru¡¡;rt~ in the PIL<I o¡; n b...,is for "xtrl<p­
obtt in~ mW ti" f ulure. 

l'roof• ,.,... La"<! on ~ophiq;,.¡¡¡,.,¡ ,_,.,buJio m..,,¡_ 
)'ulafoun~. nnd "t· Me flÍil at "" <"lit]_,. •t"'':e ol ~~tl.,·ring 
in/orn.otion aboul ""·'' 10 auH•mnte thcm. Exi•tÍng 
J•tOOI f)'>lems havo· ht·<•n aimed mo<lly at tesli"~ t).,. 

fo:.,ibilit;· of l<·tbllÍ<jllr"l. F¡·w if ar•.> haH involv•-d 
Tnllt~ thn a <"<>UPI<' mal! y<"ar• ni rl!ort-rn<Ul)' ]<&\'<· 

bt!'ll euureiv<<l on a st.ole appwpriate for a l'b.H. 
di;,~rtation. Jf and "hen a wst-dioctive •.v•trrn f<>r 
pru•oU.g rorrettn,., becomes feasible, it ll-ill cN·te.inlr 
t~quire r. muoh la.tgt't implemcntati<'n ~IIort. 

PnHofJ5 mHy h~ pr~>rtiral <Jn]y in ,.,.,.,., whrr<• a wry 
bi~b leve! of conf.dt·nc~ is de~irM in ~¡ .. -cilicd ""J'><"CI.o of 
Ptt•¡:¡-r.m b.havior. With «>mpntet-o.idcd pr<>ob one 
~ould hope to clirninate most of the aourccs o! error that 
mi~ht ro•main aft.,. a manual ptoof. Ar. e~cmplifi.O. by 
thr wntk of Gond and Rngl=d.'' thc vcrifit•linn 
HSI<·m •t>eli"" ll<•ll ,.., <"<>rnpih·r• and othcr •r•t.-m 
..,¡,"..,.'" <hould lw .bl<" to b<· ~crtifi..d. H th~ Lasit· 
hHtd"lll"<"/Hil~art i• imph·m<·nt<-d llith a •.utrm oruch 
._. L<•G03" for ~omput<•r-aid,-d d,-.;!11' of oornpukr 
>.1";\<"m>. then therr should be a t<•..,nnable guarantn> 
thnt the implcment.,cl cornputer •ysl<>m rnectó dt,;i¡¡n 
sprdli""tions. Whh ¡,nfficient errm-elll•cking IWcl ,,... 
dur•daory, tl should tbus OC ¡><....;ble to virtu..Uy 
dimin•te the dan~t·r' of eithcr d.,.i¡¡:n or ha.rdwar~ 
mnlfunction e,.._,... fly the cnd ol thi> d<"<:ade th'*C 
wchniqucs m•y mak~ it pos.•iLit· 10 oblain virtual 
~ertitudt· ahout u ¡mo~ram"s t..doavior in a runnin~ 
envirnnrnt•nt. Tfo<.rt· :m· IHany app]i,·nt inns in area.s rruch 
""n·fll-titm cuntrol. fumncial trau"><Üoru5, and rom­
puu·r ~·i•·ar~· l<.r "loid, ou~ l\OU]d lih to t., abl~ to 
~el•i~•·•· •u eh ~ Oe1 el ol ,.,,nfit.kan. 

80~!1; T!n.OftETICAL FRO?\"T!ERS 

Prools ol prognun cnrr.-ctoess in vol ve one in a ..-em­
ing)_,. c>orLit~nt amount of fonnahsm and det.ail. Somo• 
of th ~' is inhercnt in tht• u tute of thr prohlem and will 
have tu be hMdh•d l.oy automation; hnwever, ti!!• 
!orma]i,ms thcmselv"" olten S<·cm awk1varcl. The lou~ 
f<,rnou]..,_ aad f.<C<"l;•ive detai] rnay tMui', paniall.'· 
"oe~~ust ne bn·~ oot .1·N iound t!a• h<"S\ t<~l"'iqu'* a!Jd 
ll~lO!!On. Atti1·e tlu"Ototieal '"'"'"Otdo ¡_, dcvelopmg 
mauy lll"W te<hni<¡u{"l' tbat enuld t,.. u,.·d in pr..vin~ 

corJ<·o\"'""'· ilf'><·ardo "tu this an·a. l!'Ually call..d thc 
"'":la·no.l\Ícal tl><<>t.l" "1 cornputati .. n. ha.' bten activ<• 
>Í,.t<· :'11 <·Cartb)·"•" " <"'"lJ )'Op<.·" un tht· subj.-ct.. 1 ¡,..,¡ 

thbt praeticol ~pp]ication• ior proofs of <Otrl"("lnt·,_, \\iL 
dcvdop b]O\\k ~n¡,.,, nrw u-dmi<¡u-.; fur proviu~ 

t<>rr<•Ctnt&' can "i¡rnifl<·antl.'· r..duc~ tlll" ~" b1 ardn<>SS ni 
thc formabsms n-qu~rt.!. Th~• .,·rtion will d""oribe 
bOm~ of the cutrrnt ideas \~·in~ inv..,ti¡o.~t.-.1. Tht- topit& 
d""'<"n ar~ thosr "hielo ><·•·m..d mor~ dtr.-cth· relat.ed to 
1<-rbniqu.,. for lbciht~tÍfl¡t prools of corr.-ctness. 

Pno~•in~ rort<"<tn= of programl' would be rom­
I'"'Dtivrly •impl~ if progr:mu< had no loops or tt"("un;ion · 
Ho"'evrr, wme lorm of it.cration or rt•cursioo;, ccmro.l 
to pm¡:r~mming, 8nd ¡,•ohniques fot dt•alit!g with ·n 
df,•ctiw•ly in proofs ha.w· kcll "suhjt·rt ol int<•r,_,¡,-~ 
.'tudy. All the t.•chn"oqu.c< '"~ ,,mp furm of indU<\Íotl 
cither <•xplicuJy or im¡oliritly. The mrthod of induct.iv~ 
a.w,.tinM d=ribrd prr,-iou.,ly hondl.,. loops in Bo"­
chans by thr addition of rnough extra B.!ISertioru; to 
lm;ak ~,·,•t)" loop nnd tl><·to appeals to induction on th<: 
!lllmb<"r uf t•otnmatJJ< <Xt·cutffi. For throreGclll pur­
po.•e. it is ohcn t•nsitr ~nd mor~ genera.! to work ""ith 
recunivcl¡ Mlined fu11Niom rather tb'n Howcham. 
.-\lmost ten ,...._,_, :·~o :\lcCanny prorooM wilat ¡, . 
called Rt'l"Ut.:ion lndurti"n" for thi., •ÍtuatJon . .:>Iormu 
et al. havt• rxt.ended the iJJdunive """'ertiuh mcthoJ 1<• 
cuver t<-<U~ve.n par..)lol." a.nd !lüh-d<·t<-rrninistio" 
programo. S.veral oth~r mduct.ion principh"' h&<~ 
bcen proposed hy llurstal]." Park,"' '-lorri.s." .:Ud 
Soott." A d~•·elopment anci comparison of tbe Yariom 
induction printiph·, ¡,.,. h~en don~ reoent.ly by :!\Jannn. 
J\es.s, nnd \"flilkm,,n" 

• Th•· P'"""'-" ol COJl>truotin~ tiw nrir~tatimt conditior"' 
orlo¡:] cal formul~tion of C<>rr<•C<nes; io .Jependcnt un t.he 
meanin~ or •omantic.• ol the ptlJ!'tammin~ language. 
úne can al"" tak~ th~ op¡>o .. <ite ap¡>rooch-pro\~n¡; 
correctnc:;s is a fotmo.l way of know"ong "'he:.her o. 
hi¡;:her l~vel rnesniog is trur of the prograrn. Thus the 
mca.nin~ ot s•.ma.n\JCO o! 11.ny program in a IIUlguage is 
impli~itly delined by a formal ~tandard for deciding 
"·hetltrr the program snti'fi"" a speoitieat.ion. There is 
H ""'·'· clme imerr~lati<m bet,re-en l<"<"hniqueo for 
¡,,rmal"<Zin¡; tlo~ ><•maotirs oi a pru¡rramrnill~ !8n¡;uage 
a:oci proof• oi progr•m <·<>rrcctness. Floyd's early "orl.: 
"" ,L,.igttin~ meanin~s 10 prt.grarru~' has been developed 
<"'f"·riall¡ hr )! mua' and A•hcroft." Rurst .. ll" gí.vcs no 
alt,•rnativ<• \la\" to formulate program scm&nt.ic.s iD 
fi,t-ot<lr.r 1"!"'· A•hcrolt" has r"<"~otl;r 5ummarized 
tl.~' l\"Ork ond df'>cribed it.o relevan,.,. 
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•l!our<-."·"' ~~~rashi." dP B;~Ucr." and other. havc 
workf'<l to d<•vel<>p uiomatir r\,ar~<trri<ations ol the 
>cmuntic• of pEil'ti<·Ulnr pr .. ¡.:nimming latJguagr.; nnd 
<·onstrurt>;. ThP Yienna Defmition J.anruage"' ""'" an 
sbnrarl marbinr ap)Jr<>a.th to defining •emontir•, nnd 
All<•ll" <i<·<cribes a ""Y of obtainin~ an ouiomalic 
<l~f!I'ÍIÍ<•n fr<>m llil nL•trart ma~hioe d<·finitmo. The 
""-Í<•m~ti<· do·~nition jg gcner"lly mur<' u.,eful in P""'fs. 
Scotl and Strachry have d<•veloped wwthcr apprua.th 
to do-fmin~ ><·manti~ whirh io des<:ribed k!o"·· 

\l'ork ~n d<·fininp; the •t·rnantioa of programmiog 
lanru,~rs i• "'''Y active wíth many different appro~<h'"' 
bl.-ing tried. Thooe d<:acribed above ILI'C only the ones 
more clooely trlakd W proo!a. lf any of th<c•c ideaa clill 
greatly simp]jfy the express\on or m!l.llipu!ation of 
prc.pertieo; of programs, they shnuld hw·. a •imilar 
¡,lmphfying impact on proof• of <·um·rtn,... 

·--F omuJ.I Mlali<m f"' s¡xcifiu¡.lions 

Formal rom-el!lesa only ha. melllling ll'ith "''Jl"'t 
to ao Ít<dep~wlcnt, formal s¡¡.,ificatioo of what Üoe 
ptü¡-:-am i. •Uf•prued to do. For so<n<· P'<>!"UilS !JUth 

')'erijl".• ~ ''""·' < :.n b~ ¡Oven f,Urly <'"-"il.•·. hor <•xample, 
•·on,id·.- " r<•<l:inP SORT whioJ. tak"" a vf'<!.úr .X of 
~rb¡¡r,,,, ierJ!'Ü• n "" IUl ILI'gument !illd ¡¡roductlll a 
\'ecUJr ¡· "-' it• reoult. 'With approprio.t.e cmovent.ions, 
""' Ü<·;in·d orcl~ring on Y is opecified by: 

(v;, ;') [1 Si<;'$ n-oT ( ;¡ $1'( j)] 

(me al.o oa•tds a apecifioation about the relatiop bet"'""' 
.\' and J'. With the prop.,.tJ PER!II(:r) mranin~"z;,. ~ 
i•<rrnutatic.n'' ""d usin¡¡; o for funcUottal eompo,ition, 
1 ioe !di~win~ will do: 

1 :·IP) [PF.ll 1\1 (P) de¡· ~ X•!'] 

:>Ole u.a: tno >peoification al!ow• íor lillY on~ af many 
f"'"ihi•· :.l~t>riiJ,¡ru; lo).,., rho""!I-Jtl'c:<UmHbly on th<• 
'""'" ~~ <·fíocit·ur.•·. Y~\ from '"' e~temal point al vie"· 
tío~ >po1'ÍÍOoatiou is complete. JI SORT Íl; W be used ns 
¡•~tt of u iar~er prugram, the specif•C,.tions contaíu al! 
IJHe moy """' 1<> know about it. 

W• C3D USIIII.lly define corr<'<'tb<"SSI in thi& way !or 
ommcri1, matho·matical, and ntber simpl~ Pnogr<""" 
t.' pical!.1· fnund in pro¡¡ram libraries. 1 n faet th~ oau"'ht;· 
;, hr~~l.\· th~ "the.r "RY n.round: it i• worti< ¡mtoio'F a 
j>tüb'Tarn in a lihrary to the e~!<·t<t Ü<Q\ tlo<'re i,; o ~'"<.1 
<1'11)' ~! ¡m·d;ely definlng th~ <•fl'l-<:\8 o! the pru¡:um 
without ~ntin~ Íll!O all the dt·tnils o! ito ul~t>rithmic 

ino¡¡lcment o 1 ""'· 
lt w<dd h<• O>~fu) to have a ~ood way o! "'ritin~ 

i~rrn:U ;;"·'i5cauons lor a mud> w1dcr range of corn-

put..tional proc:cs.•eo.. T'arna. h.., bct-n workin¡: OP •uoh 
t<-ehnique. for formolly SP<·cif~in~ software mudul!l.O." 
His •PP""'<"h dn.,. ¡,~"die <·rror "''"'~S""· ""d all 5ide 
eff..eUI have W h<- t·~rcfu!l;· !ormo.li."-.::1. . 

From a proof of ,.,...,.,.U,.:<, pomt o! ,.,.,.. thc for­
m:olism must haw ,.,,,.,.,.nwnt dt-ductive techniqof'JI .., 
""ll..,. cxpr,..;v~ po"tr. F~r•t-<>rder predioou. calculus 
hoz; Ü•<· Le..•t d<'<IUctl\"<· t<·<·l<O«<¡uN •. hot "ithout cxun­
•ive do•finitoo'" 3nd ·"ium>, ¡., expn.._,¡ v~ ¡xower i.s ver y 
poor. For the SURT pro~rtom .•hove we "'"'mnPd to 

cldinit Í<>n o! ¡Jl'rmu l" 1 ion. Hl<d otill th~ •pecificatioru; ,.,.~ 
more olo<ror~ than ooe núght desir~. For man.'· pro­
grams thc atwmpt to define the.ir cxtemal effert.; "ith 
thc formalism of a fairly dandard predicate ca\culus """ 
lctod to extremely long and eomplex e.xor.,.ions. In 
particular, proa! IRchniqu"" assotioted 11-ith iterat.inn 
and '""u!'!;Íon ha\rc of1.cn been o.wk"ard wheo expresR'd 
in formallogic. One reason is that recu!"ÍOD and itera­
tion lead W partial fuoction•. that i•. lunotÍotl.!l that 
m ay not bP defined al a.U poinu;. There hw; becn o. need 
for the !ngic that hsndl,. und~fmed \"alu"" and can be 
t·f<Sil~· us~d !« JltO\'\' prnperoio•s of p""';,¡ functio!IS. 
De>pir. mru1~· efforts tlo~r• h.., L<"en no r~:..!iy •ut< ""'fu!, 
o¡!t~ed-upon loboiral <:Hiculu• th31 dealt ll~tl, Ulldofined 
•·O<loe5 i11 a clr•ao and natural"~"· Some r<'c•:nl "Utk b,l' 
Seott oflcrs to po,.;bJ~ solution U. thi. und othcr 
problema. 

Tho """k of SODU, S<racloc¡J, ar.d .l!ilru:r 

In 196-l StrMhe~· .. omlin<"d ~n appro""t. to defining 
tfoe •cmantie" nf a pro¡;rammi¡,g J.,o~ua~e L,l' mapping 
;•rt>¡¡rams inuo a mathrmatical structure built up from 
• rath~r sm.U numher of prrrisely >P<"dfied basic 
< rmcept.;. The appro><rh dioni"fJ.teJ llh\' n<·r-d for a~ 
~b•tr&ct. evaluatin~ om·r:oa,U,m. l:niortunatcly th~ 
idea requirOO snm~ matt.~malical obj..,ts (sud, as 
••·lf·rderenti~l function.•) for 11inch tbert \\'II.S no firm 
mnth~matic:J f ~und ,,,¡""· 

In 196!1 Soott "tatl<"<"l w w< rk on the moderlo~n~ 
m.~tb~mnlic:U prol>lem;, Th<· m.>in breakthr<>u¡:h led 1<> 
tbe fin¡ matml,~totics\ modelo! the ~-co.Jeulus."• The 
"ork mvo:v<"d the bm,king of <>ew (!;tODnd lb b;tb 
l•tt!ce tbt'()fy nnd to¡xol<'~\'. Fu:ort<nn spac"" tue con­
•i<iered a."i:.:rir.,. ¡,,. u•in~ thc '·e- <"OUSisLent "~th nnd 
l.·•• <.ic•fioO<•<i than" t<hti<ln oH !"'rtial lu!lctinns for tb~ 
b~uct· porti~l ordtrrng. 1~ is theu p<&ihle to de!ine a 
logic "-i! h ~ !:Ud;· nstural mduetiou >rh~mc "hirh seerns 
lo h>vo- ~r<·at ~ener .. Jit,· and ~n.<;c of exprr.ssion for pro\r­
iuc prcpenies of """ur~i .. clJ der,ned lunctions. 

Scott's t.fot:bniqU<-s allow for tbe ro1lSttuctlon of a 
univ""'" of computable mathcmatical funr:tions wbkh 

--~----- -----· ----- -
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i• ,uffirirnJly ¡¡~nrra\ so thnt it _,].,.,¡]d lx· ]"'••iblt• ¡.¡, 

drfint• th<· mraning o! any pr<>~tlm by 11.'-""'Íatin¡: "itio 
it a •I"'CÍfic fun~tion in thi.o univer5t."·" Thr "cmantoco 
o/ a pn,gram are thus ddin<><l mathcmatirally in to:rlfUI 
of & limite<! numbcr ol bMic matht•mntical conccpt.. 
nnd not in tcrm• o! t\0[• r<•;u\t of n t"lm\~tion on a 
machint. Tite oomhfltiro.l funrtion that m~J.."" the ...,._ 
oociation Í> definL<I r<•cur..~vrly on ti"· ._,·ntu o! the 
prn~"'""'· Tho• matht•matie,J Ulltv<•rE!{' i>. "uffió<•ntly 
~~o.r.ol oo that the !<'mantico.l lunction i¡_..,¡¡ cxisU 
\\Íthin tk uoinrse." 

Tht· practicolity o! this approado ¡,,.,. yel to 'ur do·tcr­
mined, but it Of'ems 1.0 hold out thr hope ol a much 
le& Cllmbersome \\aY to fnrmali<e semnntics. Thi• 
mathematical approa.t:h W sem..ntiea 'mar r!lable """ 
to abstrae! from the arbitrary choicre a. ¡¡r~at amount 
of extrrUH'OU-" detail that is typiosl ,¡ pt"gTIUn impl,... 
meot.aticm.. The t.rick, of cour"", ~' w abstr""t from the 

'- right d<•tllif without ]Ming import:mt prop<rties of thc 
pru¡'Tatn. 

;'l!ihJ(:r" ¡.,.,. implement<-d a tnO?<"ha,.ical proof d,.,.K<.,. 
for a ¡,,~,;e of romputnhl~ funrtion' h<c'<•d on -"'m•· of tfw 
""'k of Scott. Tia- irr~plem< rJ!at<<>n ;,,)ud<"' "'"""''"'" 
>impliforation m"i.oni•ms ""dan int•·rfitÜv~ ~"al'"'" 
tiu~ •tructure. ~!iln<·r and \\"¡•yhraud-, h~V<' u'ed th<· 
lo~ir !<> locJnali•• oe<namics," .. to prove olmple pr<>­
¡:r!im correetn<.,.," &nd to give "meehanic..J prool of 
com¡>ilcr correcto<'SS lm"ed on form~lly defined SPffiN<­
tios.~ The proof eho·ckcr i.o •lill limited t.o pro,.ing 

propeni., of rather •m"'fl pro¡:ram.<; )"'""'""'· ''-'P'""'­
in~ íormal Jlr<i)X'I"t.Í"' of pr"~'Tarm• do"" '''~In w he 
simplified T\11• expr~""ion slmplifirutio~ m.,d,ani!lll>' 
have al11o0 ht-en ~scful. 

Tht· ll&ture of thi, t>nd other activ•• th.,.retical ,,.._ 
.,,,.,,.,h ind.Jeat.s that there IItU)' ""'"' be to<:hni<¡u"' 
\\hich will si~llific~nlly •impli(_,. th ptobh·m o! prov­
lno pr .. ¡n-am 1 unc-e o"''"-'· 

l~'fEl;f!ATI!\G PIWOFS II"J'fll PROCHAM 
OI:SIG:\ 

Provin~ pro~"'"' corrt•etno.,.. h<L< usuallv l><<"ll dO>ne 
after a pro¡:ram io writtPn A11 alternut-c approach 1> lo 

ink~rnte th" pcoof WJth th" pro¡.o;tmn de'i~"· Th¡, <>!'"" 
PJ'O~<h pro,·id.,. sorne hope that rm••Í> mo~h! •·nntuallr 
help l<• «r:o~nize a.nd •implify thr l''"~.,.am ¡•roductinn 
J>t<•< ,.,. A proof oi ("lottectll<'$ will ~r~atl)· il<o-t<"""'" the 
~<r.nunt of íormafi;;m that mu•t be dcalt oritlo. Hvwcver, 
il a pr~of t·an be int•·~rat..d into the dt.,;i¡m nnd "Titing 
•ta~e>, it ,búuld ..!imiuate most of tll(·nc<~l !or cl<·bu¡.o;· 
Po~ o.nd m&)' allrvi~u- thc probi<·lnl' ol do.,um<"n!B· 
tion :md mainten!UlcU. F1n;.-d" hi!.S ~nvision<:d ari auto--

matl·d v<ti!,~ti"n >)->l<m ";eh that a pt!J~'TUhmer ,., 
Ífit..r~~~ "'i<h it in ,,.,] :im<· "'k~'" ritio¡: his pro~'""'· 

HoAr~'s proof ol cr.m·• ""'"-' for ¡,¡, ]""¡n-am Fll\0" 
"'""clone m a l.op clo\\ll ,.a, with ti.~ pro~'TKffi and the 
prool •·voh·i11~ simultanrouol), Jon<'ll in hi8 proof of 
E..rlt•y'• r<•oopoit~r nl¡¡orithm' I·Hm¡.t•fied n ptocN\1! he 
rKl:, tlll" i"rmsl t.kvdopment of corree! ~l~orithms. ]t 

i.• th<· l!>n~"-'' publ~,hl'<l e~smpl~ of how " proof might 
cii.<ripiuw pm~mm ¡J,.,¡~'Il. 
Thr«u~lwut thP d .. volopm<·nt of th~ algorithm Jon"" 

uses o "P'·rial Íl.rmal not~tlo" rei'ated tu the Yionna 
Do·finition L~ll~u~gt•, he dMS not intwducr nn ordinary 
¡Jro¡:rammin¡.o; laogung~ until th~ very end. \\"íth this 
m.tKtion hr WB!! ablo 1<1 givP. a formal, non·proeedural 
hJx.,if.rauoo for a rocop>i>cr in &bout b..Jf a p~ge. He 
then de,-elo)JO the al¡orithrn by •to.g.,. whil" at each 
Bt~ge <·xtending a proof thnt the partia!ly devdopod 
algorithm n~ll meet thc speeifications. At cach .rtagc the 

. proof de)X'nrl• on formslly n pt<"S>ed !I.S$umpt ions about 
tbe un<lrvelopo<l p:.rt ol tb!' 11l~orithm. 

Al thr Jl'""''nt time th•- amount of formalism r .... 
<¡uired for th<• proof Iencl; lo ''"'''" hdm thc progr,.m 
J'."l"" eflnrt. !'evNth¡•lr~'- thi> appro""h appe!U1i to 
m~~~· proof• <>f rorr~etnt"<.' ><>ml·\\hat more ¡<ract.ical in 
an ~otunl prn~mmmi!O~ ""'·imnment. 

Rathor tÍTtut writi!O~ both S)X'cif.ealion_• and a pr<>­
gram, uno mi¡:ht 11·nnt W fet tht· romputtr crcnte the 
program 311d lh~o fw '"'~''"sible lor "" <'!Jr;ectncss. 
Utot t(·doniqu~ for amomKtie program oyntheaio is. 
t·losti¡· roht<·d w trdmiquco for provin¡.o; correetn..,s. 
(Jne ~'~""" tht th<·re is sn output Mtisí}~"~ the speci­
Jication.• and tben extraots a pro¡:ram from this proof.M" 
ll;- ü>ing inductiOJI i.J, the f!TIIOÍ, it is possible W cun­
><t~'l:t pro~n<:111 with )(){)~·- :'\lo.nn~ and W,Jdl~~'-" 
h"ve ¡;Íveo •rv•ral cumples of this." 

\\'lulo· automati(' )\TO~'TSffi •ynthe$;, woulcl be morP 
ON·fu! tban pro,,,.~ l'úttt"<'tnrS!'. ~ut.omatic •yntfo"'"-' 
t<-q~i"'' n mud, m,,.,. dJffirult pwof. Sonoe teehniques 
inr ~Cil<·ta!in~ tht• r<'<¡uircd ;orool> are the m~jor un­
,.,J,·ed proLleln in this wholt• uea, this form of aut.o­
llo3tir progam "·''hl ¡,..,,;.. is u moro lnng-range goal tb!Ul 
prool• !Jf corr<·tt~"""· 

C'O!\Cl.CSTO;\ 

\\"ork "'' pmvi11g prowrties of programs hM¡<togre""ed 
lo tht ¡úm "htr~ """ can &t)(Ue whether there will soon 
L• u.>t-ful '""ulu;_ ]¡ is. mostly" matter of nhat one 
mchn• h)' "~>ódnl" 

-----



The solt\\arr <'!l¡:in<>rr who is \\orrie<l about hr~t· 
pro¡¡ramming proje<:lll will fmd cum•nt proof t<><:hniu.u.,. 
hof>"lcssl)' in~d<'<¡o~te for o.ll th<· lar~<· •cale pro!Jlem• 
thM ar.• !IJ<• c<•n!oOt al his mneern, E ven' for Srn...!] 
modules he "~]] probably find tht t<:>t mrthod> """ 
more crn;t-PIJ<..:t.iv~ thsn rigorouo prroofs. Onr •IJ<mld lo. 
~IJie w 0bw'•n ''''')' ~real ronf<Mnc<· in tbe , . .,rrect"""" 
of Q mod•·r~ u~;;ized ptOgr~m if thP Inri of taltnt ""d ti'­
&OUr<"" ¡],31 "'Ould be nt'Cl"'-'"")' for l rigurous proof 
\\Cf'e dev<o1t·d \(o tt·~dm~ a"d tu,ting the J!t<•~r:<m. 
lonsidPrill~ 11« t'<me it normally lkk!'S lor """-'~rcb r<-­

sults t.o ""'1. thpir ""Y into pra.etical applicationo, 1 
would nl~"t1h&t it ,.;u be &t 1<!1.51. thrre or fuur yean; 
bt•forc th~' situation rhang"" significantly. 

'\~thin the ncxt thrre or fou:r yean;, ¡,... rigo!'OU8 

t""hníqu"" fut strncturiog, unde,-,;t,¡¡.nding, and ohec'k­
ing a pro¡¡ram may loecorm' \\-itlely 1t.ed. Mote ri~or~ll6 

·oof techniqueo could be useful Oll small en tic al m<>d-
-~nl .. "'here sdequa~ confidt•nre cannot be ochi~wd b¡· 

other means. In thi.• C"-"e Ít m a;· be ~ot!.h the add<!Í,nal 
crut of a ¡owof \(• u~tain an j,depend~n! ev&lu~tion of 
rorr<'ClD""-"-

\\"hile m«<; "''j-~ on provin~ corr<·rtr"•,'-s ¡,..,]wcH f<>r 
P'"l"'"-!ll" "''!1t•n ·.,, hiKI<~•r l<•vel ]a¡¡~ua~eo, tbe most 
u~rful eo.rl;- "¡ •plication• may vccur either for &l~orit hflll' 
at th~ harci""-"• or microcvdc lel'el or for the c&lling 
s\nlcturr nt !he bighst levd in t]¡p d.,.ign of • lar~• 
pro!"'am. In botL riLIIel\ tloere is • high pnority on cor­
re<:tn<=. ond une ,.·ould lik• to he assured of c.:•rrect-
11""" long bPfore testin~ becom"' po;siLh•. 

If curren! '"""'"''h on 'implif,·iog "''d automatin~ 
!he proof process cllll sipi/ielllltly rl'duce the diffieub 
of pro,~n~ rurrertntlSS, th'-"l in n fe..- y<·llrll proof> m~l 
lJ<• ¡·ommonl,\- \JsPU on small critic~l mn<lu\cs. GraduELli1· 
the proof ¡ ... _.; .. ,~,,,¡,,. oould then bt cUt'!lded t.o lt.rgcr 
"'O;:rarm >•• Hr~l tiw) eail lo<_. !ll')re u.<eiul in im¡oit-­

' .ntin~ ,.,.,~ ,-,.¡,.,¡;.,. ,_,>trm;. ]; \.' ""h~c·l) thM pmof 
1~·c·),¡¡j4Ul.,. 11 \1] [,.. r<"'l-<·fft·<\1\'(- ior ruut\¡¡e ¡Jrop~m• 
within thi> ,¡,.,-,,d,·. hut lile p<ot<·mial ¡_, tht·re fur ''"'"­
:u&ll_r rov<,)u:i••nizi"g il«• >ült><OTt· H>,rl<Ptplue<·, 
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!:'y r-:ot>e:-t a. Firewcrlmr 
e,,:; Leon;,rd J. Bogr,er, 
J:·. 

'11 '"" ;, ~ "~' .,¡ lur ÍLll]lf"""'"'"l 
i~ '"'l,..of·th<""·MI proj~~:. 1l'n!ln~~~ 
'"'nt """ pro¡,r~"'""·:n;: h-<·~miqu,,, 
"hich oi"L lo imp:''-'"" ''-'fll'al'c ,¡ ... 
'ehnm~uL 

'-'\~m~ñly, p:-uQ":•mn,;ng pn_.. 
)e•"" l,~~in \",Í<h ''·'' ,,,.,•; 1''"¡_.¡,,, 
<:;:;1 <·m< LL( "'Hi LWL'dS "nu]pi '- Tili•, 
;,-, \llr:l, i< do·lh o·r•d lO 1 h~ -r.~¡war~ 
Ü<Ltlnrm<nt r,n>L:p. Pron.i,es are 
m"J''' Timd~ dL'l;,ery (('(>Lllmil· 
me!ll>, óte-'). nccurncy, &t.akd C<JSI. 
<; <tc;n r<·Ed>ility and < nhouced 'Y"" 
ltm 11lll<tÍ.!!>'. 1\i <h;_, Jl"Ínt, usm/ 
fJP cnmm>mÍ('U! i<>" bt come ,ecmL<I· 
~:-y. 

The typi.;ol¡n.,,!,;n .\ciÍHL"NI: 

• F<mrlinm--,,e tb·v v:o .'1 tho• 
C<>'\ ord are 1 h<·y ~clually "'dul".' 

~ L"'" i"'t.d!ali•m---prqj•·•l <,Jip 
J>O~c·. jl<o<>l <·S<ÍI:L.dr' ,,,,]/,, 

•-h. '" ~·· ,-, " >1 rol. 
o Jl~>·><>'••'-<-;:l•'~lo·f !''"' lhcon 

.•1'\i• i¡o .. :, . .J, 

• q,,. .• ,;.,,,"¡,¡ .. /ina•cp•• II<UVL-) n•· 
li.tbility. 

._, 

' 

-·--. 

development 
through project 
~¡magement. 

A ,,_,IL·m <'<.·~n·io•;n:~ tb<·•,., "¡,.,,. 
!"re>''"'"''' IH• [o!11l.,·r cu•lo•mi:.~d 
1!11\0eel thc "'"''' "c(ual '"' d"- y.,,, 
"" dftrli•·c ~}'S!L'Ill may Thwe becn 
d·-v•· l'>p<•d, with lil:h• ~wl¡ • frc•m nrig­
iuo] e>limnl e:.; bu< how effieit• ni ~Poi 
(lr<oduuiw was th~ dP"tlopment 

~'"''""'? 
'l'he'c ¡,,,,,.M<' k)'mplowat:c <of 

«>flwarr d<·<clvpm<·nt pml•l<•m<.. 

Th•• pn¡j,J,-rn, ""' pv~r piAnnin.: 
( •·ot.i•m11 ir•¡:. >< J¡edu t:n;:, Cúnt mi) ~ond 
1''"'' coml!Hlnicatiw>. 

·;w,. ""' _,, 11 in 11•·' un/nr;u<OG!•' 
"""lriJ!im¡ liwl .1'<•/lullro• rJ,.,.,,.'up· 
m••nl i.< ,,,¡e .<eÍ<·m·••. i! is r. au{l' 
m¡J our!.rwu ,', .1,·~ ·¡, nf ¡1¡,' "'''"/{<r 
niu/ ¡,rl.>'ll/i.<{<H'/01)' t;j,rL "'.-;\j_!. 

\;e; n-i•·in :,'_1-lw:h~'"c ~--~;,,;, h' .> 
""·'''''"'' ,!La:• .l.itu, llAT.-\­
.\1,\TJt)'l_ 

,\101 lo oli"o-11\ ! ]1<' < H'.Jt L\ L', '" 1 ¡,: ¡,' 
"'"'"' 1''·· , .. d _,,.., :,.,, ,¡,.,¡::·~ '!"·'­
,¡,,,¡¡,_,,¡;,11 "''"' ,.,¡,l '" "'""· "f 
1 ol:•nnm, :. el<"'"""'"'"' ¡,,, """ 1 ' 1 "'"' 

iJt <>O<!•·r In :<lit·> O .L,liJj~~¡j:_l'. 

J·:m¡•lul'i< "'"'' ""' ,,,::.- Lo• ;•l .. n-d 
"" 11ki1 <h·· """t 1hi11b ¡.,. •'<' .'!le 
'", <b, 1,,¡ ,, .¡,.,, ,,.,=,,,,;,,, ,¡,,,"¡,¡ 
lw ,,.,,d,• r,t pn·•t'HI H•·et!' "" wcll '" 
nced1 inr :he• ~clolrP, 

~1 

' 

\ 

' ,, \ 

Thc ,•l<•mc.nt• ,[ •nco·, . .,rul 1''"­
jcct mnJt"r,•mH:llT--p'"""in~, •'•li· 
n•aling ~m! >Ched.,lin~. lrnckir.r and 
,-ontrol of cilom~c-will he the cnox 
ht•1t. \J,.d.,m pro;;,.<nLJnin~ 1< <'IL· 
nulo~io•o, P.< eff,•<·tii'P uno\ <·1fki<•J1l 
de\'i·l,¡uner.t. t.oul>, will he h:.uéle<l 
nftt•r tl1nL 

Soft..,·roro d~Lflormon! o¡•de 
'l'hc •IMnd¡¡rri whidL '''Ohed a• 

thc strnctm·c f<>r de'd"l'"'""' pro­
¡ec:. ;, !1;~ ;Hnjcn lir., cyci,· (<>r 
•<•ft ,.. .• ,.,, ,¡~,·eio¡mt<'L<t <•yde). lJese•l 
"" ¡),,. pl~tlli•e thr.t ,~ftw"r~ r.,-\'~1· 
"P"'''"'' hoo l•illh (ir.cqotio:L). m~­
nmly tdew•i<•JHllenl) ""rl <lec,¡h 
( tc:njJI<•tinn), 1 he \¡f~ r yd" >er. ~• n< 
o [,~m··~ ork fo:- communic~1ic:. "nd 
conw·r, 11 im1. 1 t ;., utih ,,.,¡ :o muJ;ito•· 
'"'"'rit<, hl~ldi~hl critic"l ,_,,;,, 
a:ll~ ;n reonnl progn'"· 

"1'/:,• 1'"'-~''"'!lndil;~ of,.,.,.¡,,¡m:,'IL/ 
oy!,.,, ,,.,,,fyr: ,.,.,·,,, .. ,rwc!,•rl;.: 
i<do¡o>•/<J/o-d ll<lil'il"'' ],~,,¡;,,¡: 1•> 
:l¡,• •1<1<($,(¡¡/ {<¡ll!f<l,•/il•ll ¡.(~M/ 
• .¡ ¡•:n¡;m"'·' ·:......¡'hilli¡o 11'. ~¡,.¡,_. 

:·•••, ,\/a•WJIÍIL¡: 11 l'm;ro-'illorlill~ 
J•,-,1-•'<1. !'r~ntico··IL•ll 

-~''"'" :, rdi>": ¡, '" ,. ,.,-¡, l<·nl r hr• -u~h 
ol.;ru:~•.·:H.lli<oll nf !'"-'Jr<~ J•l.a'"'· 
,,. ;: .- " ' ·nP ' r.:ul ,. , ( ¡ ""' ; < ~ ,\E » ;, ,,,., __ , __ ---· ---- ·~------~~-------~---



are d,·f!~.eci ''cnd-~md•Job" which 
re.,u~t lroon c,och ph"s'·- Esti~wt~o 
are judgn:~nt• ba,.d <>n past n­
~rienc~ an<L'~r r~••~rof:_ !d~ally. 
,ti<ndte> s!JI,LLld !Je ¡~fineJ ph~oe 

by phJ '"- Thy 'houl<l n<>t h~ .<p.-­
r;Jk pinpoint• of time nmiJor o;o,~ 
but prt·oeltt an nccepi.t_l,]e I.m~e. 

ll:; U>in~ th~ .<ystem li!'c• cydc ns o 
tcacki:.~ cie,ire. "her~ e.tim .. t~' nre 
cu;:,:p.,red to ,.,.,,i;ty. prnj ect re,ie'-5 
,holliH be ronducted l•eriodically. 
The nurnber of re•ie"• de~end. on 
tZle si: e and romplexity of the pro­
ject. <'Xp~rienco• of ;talf ~nd rv"nts 
\\!:llch ocmr, !t is n ~O(J<[ idea to plan 
a mnjor l::lÍle•ton~ revlew after th 
<"Ornp!et!on uf th~ conceptual d.,i~>n 
Tni, I'O''iew ;h<ould ilodude all P"-J1ie• 
ln•oh•d with empha>i> ¡:i•~o to 
u,.r feedbo<"k cono~rni~.g de•i~ 
clireo!ion. 

Wh~re are we now, nnd wher~ are 
'·'" ¡:oing~ A> the project !!1'0"'-' it 
hcüme;; pe<>¡¡ie i"t""·''ve (See 
Chart AL Tf the de,ign i-; off·coom,e 
at the outset, it will rr•ul' in tim,._ 
frame sl!pp~~· nml incre~s.d ¡·u.t> 
fu>th••r <kown tOe roML 

\\'h•re th lifo cydc· a¡>~ro.•ch 
'"o> nway from con• en\ion is in its 

r:. ~ilole natm•• I' • """""' ¡,¡;,¡. ¡¡,, nh­
jecti'<'"-

Dirf,•rencc' b u;er a¡>plicotion 
8re ''"''"m ph.ooe tille,, rlefi~iti•Hb, 
nll<rl bor ~nd Sllbdhision>. Thi< flu· 
ibility al!ow<the option <l[ a hrcmdly 
de!Jned life rycle or a Mrrow, 
t~ornu~h Un•"kdnwn. Cba:-t H de­
piel> <"ariou• "'"' int~r¡>retation< nf 
rC.e l:f~ cyc\e. A!thnu~h npproa<·he· 
to thi' lcchnique differ, 1he ohje<' 
ti·. o.> a:e !he ;;¡nlt·-----1<> document 
::-.~ proj~n pt .. n by ta;k and tirn.,. 
!ran,~. 

Th• Efe cycle can he !,roke" into 
¡¡,-e ft:ndarnent~! ""~~· (5ee Ch,m 
A): 

i'bnning 
o.,,;!(n 
I), ,,·~lnpmt•nt 

'l'<·•tin~ 

lm¡.lement.Jtion 

Planning .,,. 
Ex¡¡•ctHtion• w-e ><'! rluring th~ 

-:iual stnge o! software de,-~[op­

rr:enL 

Prooluctivity will ht• jud~ed o" 
how the appropriale ~xpectatinn• 
ar~ mn Extcn•iYo tj,ne, u;¡ frr,o~ 
gi-.-~n lo a \\el! thm1~h'-'out p!om is 

im·.o!O!nh:e to ¡;,,_. ''"''"" ,,r .• p,.,,. 
joet. ,\IHI>:~er '~''>mino;:.!; :1~ :,~,.. 

<ent tim• ~llúc~tion for pbnni~~ 
pro<e'·'• wh;!e llr. !tnymcm<l '.\'in­
te-ro ~ 1 11:>1\ • "'""' mcnd, 4!'o perco·nl 
~iwn IIJ> lrnr.L CoordirJ!;.,n nnd 
<otili1~tion o[ nllpAr1;~-' con<< m><! 
<horio¡g l hi' 1"'" "·" "ill 'llonnl"t•• 
cnnHnit<n•nt olld k''"" nr01higuily. 

Lon~ te= pl~nnin¡¡; i> tho re>¡><>n• 
oibihty of ur~er rn"n~·.:e m•ut (b<Jth 
<Is~r .md oh•elnpme>~l• .md ;, chnr· 
JI<terized by n ft'V>" ¡oe~pl~ invol•<"ed 
and br<JaJ topic di>cu .• sion. Th• 
pbnning rt'O< ""' '-' c·vntÍmlOli> 
throu.<!hout th~ li[e <)'d~. As devol• 
Opm~nt progre''"'- mOI't' peopl~ 
prov1de plal\Ilin~ hpul ,,. the >p.­
cifoc-; <•f lbe ;y,tem "'" di,cm>e<L 
Pmj.,.-t m..na_~~'"""' must be ao.·ar~ 
<>f ~nd monitor oh<>r11Nm plan, nnd 
lh':_ir n;latwnohJp t o luto~ 1 ¡·¡·m go•k 

User interaction wiE deter.nin• 
the scope of th~ proj~ct ThrotJ~h 
the uoe of pi-obletn nnolpi;, rcquir,• 
menn •Hody m1d ft•n,ihilily tech­
oiqlle'- ¡oroject "'''"~~~ment l;ill 
forma l1ooeli11e. 'l'hc rr:nn;,~er mu.,¡ 
inve.t¡~,<le tiw pr<•j~<t em-ir<•n· 
Inenl J•,,,,¡, p:c•<•Ht :.nd [Ulllre. 

Pa,t-----;y.<t<•U1< an<l ap¡oli<ontiolo!< 

""'"'"1-I<'.'""J<'<'> (¡w•ople B11d 
muney), p•>liti<·'­
Future-corpor~t~ Mn1t~g:.·, <·x­
P~"'ion plons. 

1-'ollowing thi' interadio!t, obje<.> 
til·e, 8r<' >et. r<•,,pnn.•ibiliti•s a,.. 
"ign~<l. "c·hedule" ('"""""''' nnd 
titne) nre develn~ed 

CC.an~t· control II!US! he addre,••·<l 
-----n.< ,,_,.,., l>eHl< • h,'"K'' loe or,he 
musi lH' ""'"'" "f it; •·ff~~~ on th• 
M'o;>e nf th• rmj~<L E ;+.,,nge ¡, ioro­
per,niw, the plan mny h.tv" lo )¡~ 
re vi'",¡ ·'"'llJ<Jth t he "'"" "".1 <l•,·•l· 
opm<•nt m,.n"~·m~nt m01M ,,i~rl oft 

Chart A. 

w -· • o 
'" • 

on t ¡,,, ,,., i .:on. Add:tioH''' i L"~'l"c_-¡: 
tOJ]"'"·'iloilitie, wil: IJl• d .. ,.¡J~<! '" 
thi> Jim~-

~l<·ol>urem~r.t tod-.ni~u., a),,_, 
williH• d~ñi;¡n"1•"l 'l'he ffi'"t II>ed 
to< hniq"e ";n """'~ In~l<ipl• l'u~o­
tion.: Phrollin~ . .c~.NJ~lm~. ron!:o~ 
lm,:. romnn¡¡IicotinK "n•l ,¡ II:O.iJIIn,¡. 

"\\'ha!!"" err.er .;~rl "'"" :!w J•nr> 
i> a /ochfloi¡:u t/rnl empi"~' :h.­
cm'l m "" p/n r. n i r1 ~ <Ir. d " h ed" !ir.~ 
¡Jmced"r"-' n[ 1 'f.' liT""'' C I'M "-­
C. W. Burrill;ond l. W. !S~,..,~n::: 
/IIr.d, m !'rojee! ,\/anr.,••m.-nt (un· 
•·tii<ed n>anu,cript. "'"d wnn 
p•rm:>;ion of the publio h•r, ~ur­
rill-F.U; .. onh As•<><-, be.), 
J\'rtworks (I'ERT/CP.\1¡ li>t ,;,, 

aoti•·ities ""d tbelr '"')Uence "-ithin 
1 he \ife rydo. Th,_y pro,·i<!e a &lmpl• 
pnJr~dure for ~,<obli;hin~ ,, tulle 

Top mancgemem's goals 
are otierseeing long 

terrn planning. 

>dwclut~ nJI<\ monitor th~ erttJOal 
,KIL;Lti~' [¡¡;·ohe<l. Thcnu.~b <DL'­

,:~1\( to;np"rbon uf r<:;m~k· 'o 
"ttu •• !. pruj~ct control b exerd,.<i. 
A do<llm~uh•<i netwntk ;m .. -l,!e, .o 
Communit•ti•e pcoj~ot 1''·"'- :\~:­
wm ~ < abo !ll3Y h-- thed f ur >i:nU!J-­
lÍDII "'"''"''mento of rh,n~• .t~C. 
it• L•opac\ '""'' h~ ob,er.·ed niH•<:· 
in~ time anJ eo,t factor<. 

f'roj~<t maJ:H~•m~nt "'·"'' "l;o 
acknowlerl~•-

• Tempt;,tinn !o de;i~n i<nl,Itori 
from p\annin¡¡. 

• lnitiol emph,,¡, on Pl<m1Cie.~ 
not d~t •. <. 

• no nota'·'"'"" a" p~rf,n ""rld. ·· 
l'rm•ll!e fo>r contin~er.c<e_, '"'h _,, 
illn~-'', <'acatOon nnd t•~n'"'"'· 
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g 
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Dc,;t" 
úr,ce objn-ti''' , ~'"' _.,.1 •mi re· 

•<>~rr~• dllvcat< d, 1h~ n~XI >Wg" i• 
'" -'iwdfy bow llu• pro~rnm s¡ >h•¡n 
¡, 10 \\OJrk. 

Th~ "<'m<ep1ual d~,i~n <loen· 
me11f' is 1h~ nwjo>r ou!r•>tn<' of 1h<• 
d.,¡~, ph"'~ lt "'"'"a< a hl<w· 
print for the de•i~" >pe<<lic.:tion• 
(>olu1Lnn• In t he pmblern) HJ\<l '""'''' 
,; ' a ,¡~,-. ¡, ·~ poit1l fm the 1 '"'""""' 
rner. 
Th~ rm•repllldl de>ign docum•·nt 

prm·i<b. narrati•~ portmying thc 
owróll «•nc~pl H ir,h·l~• • 1 explann. 
tio~s an• ~i··~n tv th>e ~reas: 

• Pw~r.<mmíng >t.r,n<laro!,._cowr­
ing lln\\'ohartin~, d"t.. nnmíng, in· 
t~rf•rin¡:. Prohibi:ions~ol•o >h<><tl<l 
b~ ,¡,,t.-d. 

~ Pro¡;ram cl~sign-- the adod >!ni<> 

re ofthe >Y>Iem, ~-' Hn o'~"·iew 
Oi the hierHrchy ancl n<>l a br<"' k· 

dow¡. "¡ unit •pecifico. 

• File desi;:o--~rco,-,p.1nie' the 
pro~r~"' design. definin¡; 'Y<Irm 
f1:e< \" he ullli,.-d s.nol aoeec;~d 
hy ¡>rngram mod•Jl~<. 

• Dat:> Dow--a r.a:"rative de,rrip· 
tion ••f how th ')-''"'" "'11 p<·r­
fonn il• lRxko. Thi< will he prc~ 
·~~~~d \o non;l~c!mical mandge· 
tvent 
lf !""' ib:c, 1 ht• ennoept uel cl<·•i¡¡n 

>)>Odd define <>ptiona) appro.!rhes 
an<l tr~Ueoff• •••ociate<) "-ith ~ach 
RDJ'l'0ódt ~~ "''"Ji•'JIIent "ii) ul><er•.-c 
:k km;r t~m> ><nd ,),on tomn hendil• 
of ••el• and d-=t.·rmi"c a cour-•e ,,¡ 
~<tion. 

.1b,iM rr.ile,tnn~ 1e1•iev.· is tu h<.' 
ro':iiíuc<~d v:itb the o~jecth" of t'Oil· 

Chart B. 

Pl<>nning 

!'Oro ni ng ti"' ,¡,,, !;;.: ri" ,., >io:o ¡,. 1 ''''"' 
úf lit" ~>e'·,. ' '1"" ta:;,,.,, 'rlri< re­
'i•·w "i!l clHrrmiuc if mu<l:fienliu:;s 
di'(• ¡, h~ 1MJé and ¡., "~J•IOl't' the 
,.,.,¡¡"'"'¡¡,.,¡ nf ¡],. po·oj<•t L. 

P<>tlupl<ltnl 
Thi• ¡, th~ mo<T i"'"l'le int<•n,j,·e 

ph11•e ,.¡¡¡", lift• <'_1'<'1~. 11 i<tlw ],eart 
of thc pmj.-,·l be<'211»' d~• ,.]npmenl 
¡, .. h~r._· the ~,er < •·•;•ec:.1ti•>ns wi!l 
lw nwt thr<IIJ~Io pn 'du<;t" ,;,., ,.¡.,pcrl. 

Deuelopment is people 
in!ensiur>: The final 

product must meet the 
user's expectaticns. 

Recs.u-~ of thc t~chnfral complnity 
uf major ¡¡mgratnming l"<~.irct.<, 
>tgre~atin~ lloe rloveln¡Hnen! fomc­
tions Ínln f<rur ~mup.< is ad,·i>e<i 

l'nur t~·¡>irnl ¡;rn~¡'" ,~¡J thcir 
full!tions tore as !olio""' 

l'ro¡;,..,mminr, gmup 
Siw-~ th" J>l<>gr•mmer. "'" tbc 

fncal poi11l nf ¡],, prnject, thi< ;ec­
tion cent<·r-' "" their funcunn 

From thc cm~t·~~tu" 1 d~'ir,n docu­
m<•nt. th~ pm~rarnmt•r. ,;n d•·nlop 
H detailecl .J~,;gn Th,• mnJJ curr~nt 
annroach L!til;,ut i• top-d<>wn de­
,;~, ( di"'""''cllat •••). '!'he pm¡;rom· 
mds job i• lo <le>ipl modUle, in 
d~tail, concur:in~ l<> the conv~ntion• 
nf tlw co11r.;ptmd d,•sign 

:-.;,.,~ )l"O;r•m cnd•· mn't b~ de• 
v~lopocl The dr·:.Oil<·d d~,¡~,. may 
h""' W ],e chHn~trl IH:t th~'C 
ehanr,~< 'lwul~ r<'tn•in with:!l th~ 
domain nf the pro¡;rummer ~' loa~ 

Manulaci<Hcrs 
Ha""""' 

Deltn:tlon 
D~sig11 lniti~l lnv.-.,ti~.ltion 

r~~sot11hly 

f',mction<tl AtoHiysis 
[), •.i~ll 

lmpoeme~:ation 

f'lo~ 1 ~ "'ming 
~ys:~m Test 
AC<'P.rta,~e T"~l 

lnftAI\:,I'on 
::. O¡¡cr~lion 

Pt r:l '"'"'"''1 SI ucfy 
Byw;ms Pl.;nning Study 

o~ .. ~lopm~tu 
Sy•Jenrs ~~quir~rt".ent~ 
Sysl~n1s Sl>liCr!rcatíons 
Technical R'-'QUiJements 

lm¡:>l~m.,nl.otic:¡ Pt~ .• n:nq 
Progu;,-,mrn~ 
\J~(·r Tmining 

Sy~t6:-nS Tect 

lm~l,.mentdion 
Cn1ove.r~ion 
Po~t·l "n;>iement~:ron Re"!<'w 

~----

(: ,, 
" ;., 1h<•y d" not off en th•• e<mtep:ual 

de>i¡:n. 

Ea eh .;,oduln "'"'¡ ¡,,. thoro~~l::·• 
1 "'t<·d prior tn intt•gmtion ";' ':i::::-~ 
rl~•i~ll hieranhy. T~,¡ drivc: ' (¡-.': ~· 
grams nntten to •imlllat~ ~n•·~ron­
ment.ll conditio~<) "'"u u;eful tr•t· 
in~ a id. "11 is mun"~~m,•nt' < re'p<>n­
>ihility t.o p-o1•ide a good tesl ~n•i· 
ronm~nt--ptedictalJic computer 
tim<• nnd •mo<>th int~rhcing "ith 
the computcr foc!lity," ••Y• .\1 <•\ '~"'· 

As module• are conltruc:ed t:.nJ 
lested they mu<t be <locu~tented. 
Pro~nomnter< are r•·•ponsible foo 
this documentatian. Chnge• lO the 
origino! detJii!ed clesi~n •houl<i be 
imrrte<l within the dtH'Um~nt. 

Once module• ar€ te•!ed and doo­
umented, they must be inkgrated 
v.ithin the de,i~n hi,·r~rcJ-,y_ 01~ 
""'aiÍon of the new module> effec(< 
on others ancl1be syst~m a<a w~oic 
is the r~sponsihilit• of prugrammitJg 
man•~~mrnt. 

An•l}•io 11nd d«i6h go<>up 
The ana!ysu ar.d de,i:;-;oer. r<­

malil Hrt ive clllrin;~ 1 hp programmir.; 
pha• e ami '"~"" 1 he followi=oJ fun" 
tions: 

4 Chnngc control-- in«•,li;o!o, , , _ 
omtoend, doc~menL 

• DAtll control--io.tegrity nf tl-.e 
sy•l•·m files, 

• H~1'iew dttailed d~•i;;rr--ro:r.­
p~r~ to "'"' expecllltio~-"-

• Ust'r doe<ton~~Wtion-in<;a:!-,­
tiot~ opennion. wd mainkr.¡;~~"' 

Teot gruup 
This gro~p pr~pe.re< for and pec­

f,¡rm' k<ts (,~,, foU<> .. 'Íng infom"-
1ion on '-<'<tinrJ ... ;-,¡,.¡,oro nc: r0:;· 
C'CfJl!'d V>ilh prngrammin¡; but •·.'.:!. 
o,·~roll ·~·,l~m• k•ls. The '<";>!ra· 
tío:¡ <>f the'~ fur.ctions d!io"> prt>­
GTHill~H'" lo concentJ-t~le <>:ll)' un 
~,,¡,'' 

Sta!r•urrrrt 
t\r•'"-' l,.l~<·n for grontc•d are p¡·,,_ 

vidc<l by thi• uniL Con¡·prm ;,c!u<'• 
CO!Iir<Jl)[n~ ro:np1!t« tim~. ·~pply· 
in~ 1 '':• ~~nrh 'or.-ie~>, w.,:Gic.:.::c.; 
IHI,;inc\!s on<! Lanclhng 'P' c:.tl fire· 
flghtin~ a<oi~nmehl"-

Teoti~s 

Th,• '"'"" ol¡j<•c:ivc of 1 ~o 1 ,., t 1~ ,; 
pha>e ;, t~ co¡¡ditin" tlw i'-•':r~:.-.­
rner-•' J>m<bet• to a:o all-i.,c]" .. ;'~ 
.el of le<t< llci:h<-r d~'i;n,·rl :.ut 
e~crlll<'tl i>y 11-e pm~!'lll!lrc.ec> l<tJ.-! 

-·- ---·-- --



.art C. re; 
" 

1 
' 

Specthcations 
wal~through 

Codi~!l 
wal~lhrOllgh 

Functi"n 
tesl 

Syslem 
te SI 

"'" in '" n~arly n 1 "" .tlrnú,<piwr<• "' 
po,_¡¡,¡~_ The <~eon<i:l!)' uhj~d it·~ i• 
lo pro,·ide initial training to the 
u ser. 

](o;pon,ilnlity fnr tneettnR t!oe'e 
objectiv~• belon~> to the '"'' grou;>-

Upon· r~teipt of the dev~loped 
pro<l• ll t on<i "orkin~ WLth the ni<l of 
staff oc;ppon.. the te-ter mw;t b~ 
prcpared with >p~c\flc and docu­
rnent•'d tc,t procedurcs, ;che<iule<l 
con•puter time, library fAdltti~s 
(oimu\ated nnd lit·e dat.r) and p..., pi~ 
reddy tn t<·ur the sy,tem 3p•rt· Tbe 
de•·~lúpe<l sv;tem 'huuld expetir•nce 
a thoroug~ .besting, for ii it ennnot 
handle alrno,t any situ,tioniln.ti(Ím>­
ble the 'Y"lem no ay""' heaee••pted. 

Oh>erver. ~r~ welcume, rro,n 
h<ot\1 the u~~r~nd pr"r>~rarru-ning oíd~. 
to ,,f[er feedb~á ami n•t ornmen<l a· 
ti•,n<. lt mu>t be undt,.lood that 
t~J, is a "tt•,¡" and 1101 n "d•rnon­
stratic.n" uf the tinalited •Y·'''''"-

!f it ¡; d~termined that a l''"~ram 
chan~a muot ho mnde, a re~reS-•LOn 
test shou!d be performed Thi' ;, tu 
rli,cover the <•flect ,,¡ the ~han~" on 
portion_, te.<te<l previou>ly. 

lloturctentation ffiU>l conmin bt· 
in~> of final t•·" nm.<. program> ond 
mrr~opon<lin¡: (narrMLve} •loen· 
menmüon 

lJ>~t \r,linÍng mu'\ Ímüh-e \]H,_e 
who tnnintain ""d opr·r:Jte tlu• '"-"'' 
tem. lher> nre lo hP provid~d ,.,;,h 
o¡;Hnting manual, a n<l fnrm,ol ',,.,.,. 
ationC~ltminin¡:. lf a limt d""·' not 
provide a r<"~tdar t•ducntiull pro­
~ram. thet~_,r )!'l'Ollp •h<nl\olpn·¡o . .rr· 
f<•ronal o·la<.-roorn '"'d;,., "" t!o,--j.,h 
ttailli"~-

Au·ompd.tvÍll~ tl'atnin~ mH hud ,, 
,,.,~ wlw abn wil\ mair<tnin the '' ,. 
tem nou't h~ pruviJ~d wir:, th~ d.­
t"iled d.,;~n <locum~nt ""~ t~e rltc 
tailrd t'CJde_ TIOLIItle-,ht,otin~ m.111· 
""ls, lhting pcntiL:ui:w• .,¡ tlw '}"" 
t~m, are al;.:, a¡]\-j,~d. 

lmpl<m•ntalion 
Succ~,,fu\ tmpl~ment,¡tinn ¡, the 

tesult ni c~refr:l plannin~ durin~ 1!-o~ 
]JfüYÍVlr< ph""''· V"ry frw oh¡e<l< 
rench this stage without hein~ im· 
p\cm•nt~d Thi• is the :ir.o~ !)¡al 
m~r ~•pect,¡ti.,ns a'e to be ln<-t, 
rh.mge io form.JIIy ""'"i<•d wit!'.in 
the or¡:anÍ<alÍ<>II und inform~tion 
pcoec,•in~ b~~in"- The "'"' ba> the 
ultim~tc '"'f"'"·'ilodlty t" veri::, thc· 
'-''"em' .< ÍU!l('l ional accqJtabill:_l'. 

Criteria [.,, splem oo·et·ptancP 
inc\udo•: 

• lnte~rity of the •y,tem' • Uo .• in•" 
functÍ<>m, os~r manuals <ond prn. 
cethH<•> 

• lleta<>IL>lra loe m of l he U>er ope!.t· 
tio~.; gronp'• n!>ihty co ru:~ ti-.e 
~yolo•m in a Ev~ environm•n~ 

• t\ fu 11 s.·"le li ,.,. ~nvironrnent ¡ .. ,;t 
U>ing al\ resmorrc, avn:bble, "'"' 
cutinl( aH pr<J< r·clur~o and o¡;>io:o• 
-'>ilh ,, <ie•·i,io>r\ un tloe •.c·u;·thi· 
n~'·' uf th~ pmgmmo. 

Swt..-nf·l~;--mt 
progr;,nmins tochniqu<:> 

Tr~rliliun"lly ]li'O~t,11mnin~ h.l> 
heen ch;or~rkrüNl hy 11< !bir ft>: 
mnnint ;,., " 1 ¡,,. ;;o me pmh le m,, To 
"""''" ¡,., .. , l!>:ohility t(J ,-,O<i!y ,,,, •. 
¡:r.otc """I'L]c··, rethllld:om·i~< Íll 
f<m«i•"''· '"1'"•1\1'!<:, co<ie con<i in· 
nt,jlily lo r]('l .. l'l ""'"" "1' lrnnl. 
~J,.<]o•fll j>ln:;1• "lll11Lfl~ lo • ],.,¡,[<Le•-< 

rcl'ev~ tloe -'"''""¡y nf <"-'"• """"'' 
t~OCe>. 

In t]!i, ><•ction. ¡,o;ne ,,¡ th••>e 
[(•dmi<¡~~' "' ~ ..ii>tU>"d alull¡t c\i:h 
nb.er.·.••i«n• fcom thrce pmr,r:c:" 
tlovelc pmetll proj~ct., odtith utdJ<ed 
tla·m. 'f~"'" pro¡ects 3re: l:•o<tfotd 
¡, ;urer.<e GwL~; Cmnr.:o'ci~l Au;o 
H"lot:lo~er Sy.,tem: :.b nofa< lUCe<'> 
lbnúve< Trust C" (~¡f]'J¡: 1\'h~le· 

salo Demand Depu;it Ar'-'"'"''~; 
Systcm; and .St.:ond~l'll Oi! of Cali:o,. 
J.i.,, C~.w ron l'rogram D ov•i• 'l"""nt 
Sy>lern_ 

Str~ctun!ol ~~~ •ironm<nt 
ue,ign ·mol progr~mmin~ 

Stn,nurecl o.,;~n i• u co\leeuon 
of pracú~• ~<:U. proced!ll'e>, ~b.ooen 
to C'lt:!pl~rncnt one auoth~r. ~lc~g 
with rule> r,,, ~P:,\ving them. ",\t 
Jl,lHT, a de>ign "'"thodoh>,:y al'o 
inclmi~' mano1e:::enl t~c~.niq~«. 
docurneHI"I ion p:o< ~dure,, tools to 

Chief programmer is in 
charge o] the prograrn 

dcsign ond for reuiewing 
cod~:, integration 

and testing. 

n!d the tl~-i~nPr, <l;<ndard . tor •p~e­
ifir.otion th." •ervt "' the in¡>U: ¡o 

lile de,¡gn pmteo< (i.e .. functinr.ll 
•P~tificntion>). ar.d the impl<r:t~r.· 
tn!icm pro<•-" (¡_e., dhign spec'f:<2-
¡¡,.,.,¡, "-A. Hlock •mtl K. H" milta". 
"!'tt>~rnmmet Pc~due<i•:t".' b a 
.Stn•ctm~d F.nt·rn.n:nem." l:\FO· 
SY~TE~I::i. 

Advama~~-' of :lli; motlv::dolo~--. 
"' Aeen thr~11~h :\!HT, includf< 
o r·nnoÍSI<•nt'y-v,lti"nce j_. <!d~< '-~<L 

t•.ith hi~h~,- c~rtainty ""<1 at :•r. 
e•rli~r time. 

• ~ !orlul•rit;·-nn¡• rnudu!~ fe'' o~e 
func;;~n, ""'" vf chdng~ cont.-ul 
nnd nnint<n:uoc•. 

o llncum .. nl~lÓnn-mt•!'e lime nn<! 
thm:ght ¡¡i,·en tn rk-igr. th.on l~e 
tr~dltion'' l ~Pi'"''"'h· ... _,.,]:in¡¡ in 
~r~.,ter ,¡,._¡~n inte~ritt·_ 

"$tmc(LLJ<•ol /!-"~'·'""n'~~ i• io,t-~d 
oa .1 matb~r:1.llit~ll~· p:-ove.1 >!!"X· 
lm~o\ l hot~m w;,;o), >l:.te- ti1"< ar.y 
)JJ<>:tmm c.tn ¡,_, 11ritto•n 11>ill~ on!v 
lto•• th,,-~ mn;m\lo~io: >l:-.Jc!tlre,_" 
-· '1 n>\~1\.ll i"" :, bt~,o¡:o·m~., t/1 m· 
!''''"''d 1',-,'i'·'"'-"''"~ To•o·htt .. i<>-
1:"''·" lll'-1. 



Thc• dliPf pm~>On''"'"" "''"l"•ll· 
•ibl~ for tb~ """'""lll'"'~"'"' d~,;~n; 
writing m.oinliow ro11tir••<, ~nlie"l 
t·odt•, OS int••lÍOC<'': <lnta ,¡,.:·¡.,¡. 
lions; defimn~ Ho<.>duh·• nnd ~-"ÍI:l<· 
ing lo >tlhodin>Jit•>: ano! fr.r s¡wo-11)'· 
in~ mi o•rfn ,.,., 1" 1 ~ o·o n "",,¡u le, 11 o 
llr ''le -~-0 Í< t'NJHlll>ÍhJe fm H'\'iO"'· 
Íll~ rotlo. u,-,., .• ,.,.¡,~ all into~ralinn 
nnd lo•>lil1g, and repo1"1iBg prujc•c·L 

"'-"'""lo mon""''<n<·nt. 

Ad•·~m""~"' (Si.<tndord Oil) an•: 

• 'fo-t lmical e•perti>e M monago•· 
lnt•nt le•·el, n·\i~"in¡: nr.d c.pli· 
mitin..- co.-le. 

• E•r•·rt haudlinv, crJtical <"O<Io und 
delq·,altr.~ o-impio-r r<>utin<·-' In 
Ir>< ••>perio•no·e (k\'d nf t•omp,_ 
1ent·e). 

HII'O diarr••ns 
·-<'rnr<hy plus lnput-Proo ,.,_,. 

Ompttt (1 !11'( >) diogmm' are a dnc­
umen\"tnm to•t·hniqn,· onilized dm· 
ing the t!e,ign '!.1lCt' pri<>r tu lhe 
~ctuHl rodi11~- "HIPO r~duocs thc 
Bmount ""cl ""'l'i~uity ,¡ the pr<»e 
requir.-d to Jno·Un<Plll f,Jncti<•n und 

Mnjor mi festone rcuiew 
sizes up progrcss on the 

project: /s :his what 
t!,e u~N wants? 

pro,·id''" a ,_\·,lem"lk meot-. of 
iclentif;.i11~ "11 tlw fla•o·tiun' ¡,, h.> 
pedorn>erl ,,,«11h<· Jn<•rl"l"' to po•r­
fonl1 tb~m"-"lmrall¡¡tÍoo l>lan-
~:; <>t," lf\H 

1--ill 'O r~ndero n lo¡~,¡,,.,., ,¡,_.,rrip· 
t ion o/ wo;::-a"' fu n n ioo: " F ¡, - t ;, nn 
m•rn·i•·"-, follo"'"" by th<• tlc•wil< of 
the pur!iculor funt·tii>a ""'¡ it' ,~,-~ 
~"ary input~ ~nrl rP•ul; u:<t o<Jtjl!!l.'< 

'fypi,.ally, a 1111'0 J•·""~,,~c < r>n· 
tain-.: 

• A hi~rarchy chartthal id<•n:ifie• 
"11 '""'"'"iew nntl d"tnil di~~r.uns 
lYÍ<hin !h1· 1•>)' fiO\',n !,(liLC!UL't•. 

~ OwrYir•·: nn<l ~d~il<·d graphir 
deoni¡>:i~n,, ln¡mt-fil-c', ,.,,_ 
m<J.o, Jic-id<, !'Onlli>ll,Juok'; 1""'' 
t "'' - ¡., : r · 1' ,¡ el ;, ~" '"' 1 pn t ~ fi ¡,. ><, 
rerord<, «m:rol bl<" b. 

Snuol '"'' d w•li. ,¡., ,.,,~¡" 
Thi., i< :·n .,J,jo•<\Í''" dwtk ""a 

prn~rom', ,.,-,•r,oll lo~ic ano! <'!Om­
p[,•l•·""" hv '·"In''"'""_,-¡,, 11." ""' 
iJd·n ¡,,,,,."'_,¡ ·,, ,-,,,¡,,,,-,k '''1'!"' 

" -

f; í: 
;trurt 111 <·d ~ .!! kl hn •o~h i' ol ,. ,¡~r:e<l 
l<> de;etl nnd e" m"' e ,.,-, '"' '" < nrl)" 
'" P~-"ih!o (!i,··· t:ho' t C) rlurin~ ; he 
o·yth• in" r•r••hl,•m ,,¡,¡,,g ,.,,¡¡ ,,,. 
fnult r;,,.¡¡,:: "'""''Jlht•rc \\hcr~ 
•••erymw itwuh,.d-e•p<'o·bll)· d<e 
,¡,.,.,.¡o¡a·r-j, ""i:•·r to lind ""1" 
'"""" i" n,. '""'k 1,,,.¡,, 1 l!oin~ 
,-,,-i.wed. ''-'' 1 n•lall~: ion ~lan~~e­
ono·nt," 11\~L 

Theoo• •n-ul'llln·< me: 

• :"~queowe of :~, or more vpera­
tio~• (/1!0\'E, ,\IJ!l, .. ). 

• Conditinnnl iuMn< hin~ lo one r,f 
,., . ., n¡wration< Hnd relurn (JI" 
THF:-.: ~;J.SE). 

• H••pel it inn nf "" n¡<orati''" ,.¡.j]e 
a o·uurlit Íoll i> : I'UO (!lO \\") lll.E). 

1h' mNho,l i• thnro<lo•tÍ?ed l>y 
¡¡,,. ,,¡,,,.,...,. nf Cll TOs uud hme 
onl;- 011" o•nlty ~n•l •me P>it. Sinr~ 
nrbitf"Jry hranching is not •mliw<L 
m .. du[,·< uf'""~'',.,,, c,J<y In r~orl. 
FJ,.xihilily i, allt~wt·d tbrnu¡:h ••xtcn· 
•ion' to )n¡:jc a< Ion~ a> th~ rode 
"'!.1li1-' <ts vm~ontn/one·elit pr<>­
¡>cr\y. 

Adntnla~•·• of •lroocturo<l pro­
!:'Btnmin~. noteol hy :h~ !l8r!ford 
ln>nrilll!'<' \.rnup, '" ,., 

• Compact, ao·ro¡rill<·. •·a•ity fol· 
lo\\etl codt•_ 

• Con'i <tPntly ¡,.,.,., Ene; ,(,.oUt•. 

• li•e nf o·ommt•nt• loe carne olmo't 
omnet•,,,,. '''-V-

• l'ro¡:n•nm,<·" r,.,,,¡ ti ,_,"ier lo 
IU('21~ bu~~ in tlu•ir ,·oolc duripg 
le,ts (.~.,. C:l""' C)_ 

f«¡>-ri""'" •'<>i~n 
and rrurr.••• d<\'dopm<nl 

T,p- tln .. ·n ''"''lt'~Y i< ;< h;~rmt"hi· 
o·al "1'1'""'' h \<l lLt<>:~l";tHl olt•<i~n oLL•I 
¡],.,·Jopn,•nt Siouii<Lr to ,¡.,. nwc.•ll 
')">l~m' ¡¡),H\ •h~ Ílliti;ol ,¡,._¡~, i< tn 
~"' rl,-,¡~,, ,,nd .-odc hi~J,-!.,"•1 
nwdules J"nllm•t·.l hy olPtOillllnOnc, 
th~ low·le\'el ,,,¡, which 1\ill L•c 
t\t'eded. "Te,tin¡: ,,¡ hi~h-leHI 

n,od"~"" is thrnu,¡h tl:r• ""' ~1 t< ,¡ 
•nbruulino·• ,,nrlp<oc•·dom• call"-" 
-" !Jc.pm•·o·d l'wrlo:cti;·it)' in lmp~•" 
one;,lia~ ltil'>r<ll.11Íon S"t''""·" 
l:.iF< 17!1 >¡wuh l,y !L,,,,¡,¡¡c,,¡.,;¡,.l, 
of :.¡,,tÍ<>1<lli r:ss.· lnr., ond Ke,i~ 
•¡·,. et·•!y, St.¡n<h, o[ ( hl ¡,f l'.diforni-•. 

Ad,-.,na~··-' "' ti¡;_, m<·IL~>rl. ''' 
"~Jh'<Í•·n• ,.,¡ l.y );¡,,,¡,,.,¡ (hl. ,,._.; 

• I·:Ji .,,;,,,t ''" ,,,,.,-,.,,,,)" , "'"'· 
• ¡.:""' ,,¡ 11.1• ;',1.<1'"'"· 

• ¡-;rr,•ctl\O m"lld~,-m,•nt <"m:.,o: 
tb<JU~'' ,;,;b:c ~:~h 1., ,.¡ P-~ "'""' 

Chi<f prugramntcr l<ant, 
l!t•n•" '""'11 group of pro~r:<1r.· 

:nt•r.< ¡;¡.;,¡ al"(> uml~r tia• direel ¡,,, '-' 
",,.nior Ie,·el '" chi•·f Pltlf.""'""'''· 
· 1 h' · t ••.un rc¡n·," •nt -' nn , 'i'l>ul1 ""'" 
\o improve i><<lh ll«• manage,•holity 
and pwd"'"' ¡,;,y of th•· ¡¡roup thn>,~h 
'"R·•nimticma[ oechni<¡ucs. Tltt''" 
l<·<"~ni'lue< 1ndur!o: Spec·idiced pJo­
gtammi~~ joh<. "'P<·n ~o·c!.nical 
l••d••r.<hip, •Ir~<; on training and 
"'"''''' de,·elopment, ddm~d rda· 
'"""bip< among opr·ci•list' anrl ef· 
f•cli"' work •lfort with o d~'~lop· 
in~. and "¡"'"Y' ,j.;ible. pcnj~ct. 

'l'lw <1Cllclu<erl walkthrough is ~ 
,,.,.¡, . ..- '"' •i<~n durin~ "hirh the ¿,_ 
,-,. ¡,,,,. in,·ite. r~er< '" oh,en ,, hi• 
0r lwr logit·, ,l••p·hy-,te;J, ""d to 
offer COH-truc-!ÍYO nilicósm. 'fhio 
trchnique ¡,,., ,.,:.,J,-~<[ nu: nnly B• an 
t·rr"r dekction de\ÍCP lout al>o n\" 
c<llnmumr~tions to<>l, thrm;gh di<· 
rn"i"n of jl<'f>OMI approach<·• :o 
pro~r.un J,¡gie. 

Ach•nnta~<''·"' ,.¡,.wed lw the 
Har!for<l (;roup are illuur~t~·d 'n 
C'hart C. o:; 

Ahout \l,c Hu1!10rs 
/·)" 'J< ·~rl-.·rr i' •"r4~>-">r of q ¡, r. '; ~ :a­

tit•e <Umly<i., in th" ¡;mrfWJte schowl e{ 
úu.,iw·"· S~ ·fohn'.; Unicw,,:,·, 
Jwr.nic<~ NY. He a/w dir,'c~' ¡i,e 
w:itw.•ll/< rom¡ml<•r ¡nformaliM 
'-'·'!<'m.< arrHh•mir pnJ¡;rwn 1\'j¡}; "" 
''''~"in~ t"IJ.''Uitw¡; J>Mcli<'l', 1-'irc­
,-mlo•r ¡,,_, do>~c u-nr/,• [or 3:.t <.o. 
J,p,.,· Hrntho•r< Co, JR,\f f'nr..,o:t·· 
,/ot•·rl ErJi.;,m, f':m¡/<J!o/' and <>ti.rr 
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'/ /¡¡ 1 < <M nw/..o• 11 f>m.\'lhl<· 10 <Wilfl' < ·nmp/,' 1 .• .I'HeOH )tO!t/ ,,mpi<·. 
ind1•pc·ndent. reu"ll>i<· ,.,,¡,¡,.,_ D~hu;:¡:in¡: ;.nd ""'difyi•u: pro­
¡:rmm. u·w11}i¡:urin~ //(1 dn·io·rc. m;d """"'~in¡¡ /m¡.'<'/""'''""'' 
min11 ¡m4<'<'1.1 Clln u/1/>e ~rrmlv lim¡•lifi,•d .. 4nd." '" ¡/¡,- modi</¡' 

/ibwr." ~'""'>, inrn·min~l¡· .wphistic·atc•<l fl"'~"""' <'<ln ¡,,. Ím· 
p/emenled uún~ le.< .1 omd IP> 1 new cm/¡•_ 

.. 

Structured design 
by W. P. Stevens, G. J. Myers. and L L. Constantine 

Structured design ¡", a 'et uf rropo,ed gcoer~l pro~ram dc'i~n 
considcrmion' and tcdmi~uc' for making codin~. dehu¡;g1n~, 
and modification eaoier, fa,ter, and le" e'pcnsivc br reducing 
complexity.1 The major idea• are thc resull <>f nearly ten yea" 
.,r rc,c,<rch by Mr. Con,lantine_' Hi' re,uh' are presemed here. 
but the authof' do no\ imend to pre•cnt th~ theory and d~rivation 
ofthe re;ult' in thi' paper The\e idea\ ha ve been c.<lled t ""'1'<<.1-

, ;,,. de.>i¡.m by .\lr. Mycrs ,_, The authul"' belie>e the'e pm¡<ram 
d~$Ífln tcchnique• are comp .. tible with. and enhancc. the d<>ell· 
menrmion tcchni<¡l<e' uf IHI'<>' and the <oding ¡,·chnique' of 
•truclured pru¡<ramminl'.' • 

The>e cu<t-;a>in~ tcchnJ.juc• alwa)'' need '"he balanced ><"Íth 
other con<tr-.,iot' nn !he 'Y'tem. But the ab>hty 10 produce <im­
ple. changeable prn~ram< will hecorne mcrc;"ingly irnpnrtant "' 
thc co't uf the p1 "~' .ulln>eJ"> time continue> to ri>e 

General consideralions of structured desig.i 

~implic1ty" the primal y mea>Lifemcnl recnmmendcJ for C\':1/U­
ating altcmative desi~n' relati>·c lo reduced dehugo:ing and mnJ. 
ilicatinn time. Simplicity can be enhanced hy d>viding the ')''tem 
into .cparatc pÍCCC> in 'uch a wa;- th"l piecc\ can he cnn,idcred. 
implemented. fi>ed. aod chan~ed with mínima! con\idemtion or 
eflút on !he other piecc• of !he ')'>t~m- Ob,en-~bilil) 1 !be ;, htli­
ty to ca,ily pcrceive how and "hy act ion' ,;c~ur 1 ¡, ;t<><>lhel 1> _.. 

'" 
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fui con>Íderalion thal c~n "-elp in d.-i~nin¡: P"'grams that can be 
changed ca•ily. C on,idcr~tion of the effect of rea>nnable changes e¡ 
¡, a\so valuablo fm evalo~ting ;¡ltcmal 1ve de,igns. 

M.r. C<>n>tantinc ha' oh,erved that progrdtn> thal were Íhe ea>i· 
"'' to implcmcn1 and chan~c wcrt tho<e cnmpo>ed of simple, 
independem modules. The re8son fot this ;, tha! problem soh­
ing" fa•ler and ""sier "'hen the prohlcm can be su!xlividcd into 
piece' which can be con,idered scl"'ratdy. Problem wlving is 
hardest when all aspects of the problem must be considered 
'imullaneously. 

The term module "u'ed to refer lo a .et of one or more contig­
uous pmgram 'lalcmenl' having a name by which other parts of 
!he sy,tem can invol.c it and prefer.bly h:wing. liS nwn dhtinct 
, 0 ¡ of vmiable ndme,, E'amplcs of mr>dule> are rLit procedures, 
~ORTR"N mainline' and suhprograms. and. in general. >Ubmu­
tines of a U IYP~"- ("on•ider~lions are alway• with rda!!on to the 
progmm sta!emenl> "-' r·oJ~tl. <ince 11 is the pro~r:tmmer"s abili· 
ty to undcr•tand and chan~e the source pro¡;ram thal ¡, unMr 
consider~tian. 

While conceptually 11 is useful to doseu" dividing v.hole pro­
~r.>m, imo 'mallcr picces, the technique' presentcd hei-e are for 
Msígning simple. 1nMpendent modules originally. l1 turn' out to 
be difficult to divide an e~isting program into &eparatc pieces 
withulu increasing thc complcxity bccausc of \he amOunt of o ver· 
lappcd code and other interrelationships that usually exist 

Gr .. phical notation ;, a useful toul fnr structured design. f'igurc 
t ill~strate' a notation called a _.,ructure cht~rt.' in which: 

l. Thcrc are two m<>dule,, A and ll. 
2. Mt>dt!le A im·o1r.< module B. R ;, tubor.Jinate toA. 

1 

3. A rcce1vc• an inp()t paramet~r .\" {its n:tme in modwk A) and t 
return• a parameter Y (u, namo in module A). (lt ;, usdul 
tu di,ünguish which calling par~metc" represen! data pa"ed 
lo the callcd pn>~rarn and which are for data to be rt•tumt•d 

to Lhe caller.) 

Coupling and communication 

To evaluaLe ~ltemmi~e• for J,viJing pn•~wÍn< into module,. it 
t>cc"m"' useful to eumine and evatuatc LYP"' of ""connecti"n'" 
helwccn mü<lules. A connecllon ;, cl rCference tn 'ome lat>cl or 
addre" defined (or al so dcfined) cbev.·hc~. 

lhe l•·wer and ,;mplv tht• conncctiom hetwccn mod!llc,_ thc 
ea•icr it ¡, "' .wder.talld each muJule v.ithout reference to other 

'"'''~'- ,.,,.,, "" "'~"""" '"' '"'' .•. 
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moJ,Jes. Minimizing connections between m<>dule• al•o min­
imius the path• along "'hÍCh ch3n¡:es and error. can propa¡:ate 
mto other parh of lhc <Y•Icm. thu• climinalin~ disa,trou• "rir­
ple"" effecl<. where changes in one pan c~n<e error. in anothcr. 
nece«it.alin¡: addllional change5 ehewhcre. ~iving ri.,e In M"' 

erro". etc. The widcly u,ed technique _of u,ing common dala 
• arca• {or ¡:luhal variahles or modules wllhout their own di•tinct 

..,t of variable na mes) can rc•ult in an em>nno"' number of cun­
nections botwe<:n the moduleS of a pro¡:mm. The complni•y 
of a 'Ystem is affectcd nol <>nly by the number of connecrion' 
bu! by the degrce lo which each connection couples (as~iates) 
two modules, making them interdependent rather than indcpen­
dent. Couplin_g is the measu.., of the """ngth of associatidn es­
ublished hy a connection from one module to another. Stmn~ 
couphng c<>mplicates" systcm •ince'a niodule is harder 10 un­
der.mnd, ch.ang~. or corre<:t by itself if i1 ;, highly int~IT<'lated 

w¡th oth.r module<. Complcxity can 1>1: ,-ed,.ced by de<i~mng 
sntcms with the wca~.-t J>O"ible coupling ~tween modules. 

The dcgree Df coupling e"ablished by a panicular connection ;, 
a function of s~veral fact<>r,, and thu' it i< ditftcult to esublish a 
simple index of coupling. Coupling dcpcnds ( 1) on ho"' compl~ 
cated lhe connection is, (2) un whc¡hcr !he connection refcrs to 
the module itself or somethin¡: imide it. and ( J) on what ;, being 

• 'cnt or reccwed. 
• 

Coupling inc""a"'' with incrca<in~ comrle<1ty or obscurity Df 
the interface. Co\Jplin~ ;, Jnwrr when the connection" to the 
nonnal module intrrf~c• !han "'hcn the connection i< tu an infer­
nal componen¡_ Couplin¡: is lower with data e<>nnectiom than 
with control connection,. wbich are in tum luwer lh.m hybrid 
conncction• (mod1fintion of one module·, codc h) anothcr 
mndLllc). ll>e contrlbution of all thc>e IO.ctDrs ¡, summanzcd m 
Tahle ]_ 

When two Dr more module> interface wilh thc <:~me ar<:.t uf 'tur­
age. data n:gion. '" dcvicc, thcy 'hare a comm<>n cnvironment 
E~amples <>f c<>mmon Cll'>r<lnmen" are: 

• A '"' Df ddta ciernen" with thc JXfl'NNAl. allnh<ll<: lh¡ol j, 

>l•l•<"TI'"" lll ""' 

lntorlo<e 
eomple•ity 

¡¡; 

f
.,. 
J .. _.. 
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<:Opoed inO(> ruo moJul.- ,¡,. :.n 1-'-CLUl>l. statcment or that 
¡, lound li>ted in t•acil ni "nurnt>er ol modLJI~' •t; 

• Data elemem' ddoned in CO.\I'to" st<<lcmenh in HH<TR"'' 
module,. 

• A central! y locatrd "contml bloc• ·· or \Ct nf cuntrol hlod.,_ 
• A wmm<m <werla; re~ion of mem<>r). 
• Glohal variable n .. mc' defincd ovcr an entire pt<l~rdm nr '•~­

tion. 

The most imronant •tructural chardcteri•tic of a common envj. 
wnment is that tt coupl"' cvery module ,j,,¡ring il to cvcry otheC 
•uch module without re~ard to thelf funcuonal rdationship or ns 
ah,ence. Fnr uample, only the tM> mo<h•l~' .\V~C!OR and 
\"ELOC might actual!) ma~e use of data element X in an "indud­
cd"' common envmonm~nt of Pt.it, yct chan~ing lhe len~th of }¡" 

impacts ~··uy module makm~ any U\C of lile cummon env>ron­
ment. and thu, nccc-silates rccompilation. 

Every elcment in the common ~nvironment, whether used by 
panicular module• "' mil. '""'''tules a 'epar.ue pmh along 
which errors and cha~e' can propa¡:¡;ie. Each element in thc 
comm<>n en v iwnmcnt add> w 1 he complexny of thc lota! sy'iem 
to b< compr..hended h}" an "mounl l-eprc\enting all po.,ible 
pairs of module' 'haring thal cnvironment. Changes to. and """ w,.,, of. the common arca pptcntially impact all modules in un­
predic~thle W~Y'- Data rdcrcnte> may bccome unplanned. un-
controlled. and e ven unknov.-IJ. • 

A module interfacing wilh a C<>nlm<>n envin•nment f<>r "'me of 
its input or out pul data ;,, on the average. more difficult to u~e in 
>aryJn~ coni<:H' or from a v;<rÍely of place' or in d!lfcrent pro­
~rdm' 1han ;, a module "''h communica1ion restricled to pamm­
Ctc" in c¡tllm~ 'cquencc,. IT i' "'mcwhal clunnier "'cstablish a 
ncw ;tOd uno4uc datH come u un each call ol a nl<>duk "hen dala 
!'"'"'~" i• vía a c<>tnnJ<>n envir<mment. Without .uMIY'" of !he 
cntir<· \C\ nf 'h~nn~ module; or r.ttt'l"ul ,,n.iu~ ami '""""'tinn <>f 
V;t(uC\, a """ u'c ¡, hkcly 10 intcrll•re "tlh olhcr U>n of \he 
cnmmon envirunmcnl .<nd pt.,pag;~tc em>l' Jnl<l "lher module;_ 

·As l<l tutur~ ~wwlh ul a gi>·en sv,tcm. on.:<' tho commttmenl is 
m"<lc tu wmnHJni,.tti"n via a commnn cn,·ironmenl. ~ny nc"' 
module ~>.•ill ha,·c 1~> be pluR,~ed into the cumm"n en,·iwnment, 
'"mp<>undin1: 1hc '"t~l comple•ny ~'"" m"'~- On this point, 
Helad~ an<l Lchman/ nb,cr;c th;ot "a weii-Siru~turcd sy>tcm. 
one m "hich <:ommuni~ation ;, •ia P-l"Cd par.~melef' through 
dchned mtcrfac". ;, likdy !o he m<>rc l''"""bk and rc4uire lc<S 
cffon lo maionain than one m.o~in~ euen'"" '-''" of ~!obal or 
•han:d variables." 

The impacl of c<lmmon cnvirOnmcn" nn 'ystcm compluity 
may he quantified. Amnng M ob_iccl' thcre are M !M- 11 or-

"'"'" .. ,," '~"'''"'''""" 
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m:oY appcar marginal. but they ri'e v.ith lime and the numt..r 
, 'allernati>t> in the ,,..¡¡eh and !he numher oí leve!\ ovcr "hich 
J is Pa,,.,d, Control couplin~. "'here a callcd module "idl'' 
¡1, caller whatln do, is a more 'evcrc lorm ol ,-uurling. 

~hldilication o[ one modulo'\ ende by anllth<r moduie may he 
thought of as a hybrid of data and control elements ,;nce the 
e <>de ¡, dcall with as data by the modifying rn<><lule, while it act> 
~·control to the mOOi~ed module. The tar,:el module is vcl)' 
dtpendenl in lis behaVior on lhc moJJfying me>dulc, and thc lal· 

1rr is in1imately involved in lho othcr'' 1n!emal fnnclioning 

Cohesivenen 

Ce>upling ;, reduce<! whcn the ulation,hipo U1nong element> nor 
in 1he same m<><luk are minimized_ Thúe are t""o ways of 
•chievmg lhis-minimizin~ the rclat!Oil'hlps among m<xluk• •nd 
m•ximizing rclationshiP• am<>ng clemenl' in the >ame m<Kiule. 
In practiee. both ways are u<ed. 

The seeond method is the suhJe~t of lhi' 'ection. "Element .. in 
this sen se means any fonn of a "p1ece" of the module. sud1 a' a 
"atemenl. a segment. ora "subfunction". Binding is the mea­
""e of the cohesiveness of a module_ The ohjective here ;, to 
reduce coupling by miving for hi~h binding. The scale of cohe· 
>Ovcne.s. from lov.cst lO hi~he•l. follow" 

¡_ Coincidental. 
Logical. 

'· Temp<Jral. 
4 Communicatiunal. 
5. Sequcnti•L 
(,_ Fun~tiunal. 

·¡he 'cHie ¡, not lme.tr. Function .. l bindin~ ;, much 'tronger than 
all the re,t. and !he tirst two ~r•- much we.l.e< !han all !he ro>!. 
Al>o. hi~hcr-lcvel bind'"¡: cla"ificalions often includ< all !he 
charaeteri•tic' <>f one or more cla"iñeation• hd<>w 11 rl~.r addi­
tional relati<>mllir'- Th<" hinding hrtv.ccn tw~ elemenL' ¡, the 
highe>l cla"ifie~lion that applic,_ We will Jeline each 1)-'p~ nf 
binding. ~i,·c "'" C>..impk. and try lo indicatc why 1\ is fúund al 
¡¡_,particular pos!lion on thc ocale. 

\\"hen there ;, no meaningf<1l rd~tion<hip among the elemcnt• tn 
• module. wc havc comcidcntal b'"din¡;. Coincidental binding 
n1ight re.<ult from ellher of lhc following 'ituali<>n" ( 1) An cx­
Í>ting pro~ram ;, ""modularÍl.ed·· by •plining it apart into mod­
ules_ (2) Modules are croaled to eonsulidatc ""dupbcate cod1ng"" 
in other module,_ 
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A' un nample of !he difficuhy !hat can reoult lrmJJ coin<idental 
hind1n¡;. suppo-'c the following 'cqucm:e of instruction; a¡,. 
pc~red >evcrdllimes in a module'" in 'cver:ol modules und w¡~ 
pU\!nto a >cpar~!C moduk called X; 

~~~~-.-c .. 
C,Fl t:II~D 

P\Jl Ol_.'TPtrr 
Ir k~ 4. TIIEN 1' =O 

? e, .. 

Mndulc X would prohably be winciJentally bound 'ince the'e 
four inmuc!ion> have no apparenl rcla!inn,h[p, am<>n¡: une an­
other. Suppose in the fmure we have a nccd in nne <>f the m<>d· 
ul"' "'i¡tinally containing Ü!e'e ir."ruction' tn say GI'TT.\PF.RE· 
CORU in•tead nf GhT <:ARD. We nn111 h.,ve a problcm, Jf we 
rnodify the in,truction in module X, il ;, unu•nhle tn all ni \he • 
othcr callers of X. l! m ay even be difficul! to_lind all nf !he olher 
calle" of X in <Hder !o ma'-< any ,,¡her compatible chan¡:e. 

11 ;, only fair to admittha!, indcpcndcnt nf a m<>dlJ!e', cohe>ive­
ness, there are i~stances .. -hen ao)' module can he modified in' 
>uch " fa,h[on lo make it unusable to all its caller,. H<> .. e>er, 

,\he pwhuhil!r.> of thi> happening i> very hlt:h 1f the module is1 
coincidental!y bound. 

l.o¡;ical hinding. ncxt on the ;oale, implie> •omc l<>g>Cal relation­
ship hetw~cn thc element' nf a module. E'amplc> are a mOOulc 
that perl"orrns all input and output orer~tiom fo!- the rro~rn.m Or 
a module that edll< all dllta. 

Thc he't oxample. ol 
"tniualil~tion ... "term 
m<><lulc,_ Elements it 
('>numl bcoau'e initiali 

1100,_ In additinn, thc~ 
tializ..alion lime l. 

Module' "ith 1empor:a 
of logically buund mr 
ole> are hi¡thcr on the 
,-.,~son th~t al/ of thc 
no par.>mete" and lo¡: 

• A module W1th c<>mm 
rol•ted by a rcferenc< 
data. FM namplc. "r 
nicationally b<"'~d. e 
,cale than ten._.,.¡ bi 
communicutional bind 
10 thc '-'lmc dal<l. 

Whcn the oulpUl da~' 
elcmenl. the module : 
can rc,ult from fio,.d 
definin¡:: mnJule' to r< 
chart. t-'or e>;¡mplc. " 
lile" is 'equential\)' bo 

Sequen tia] hindmg. all 
rd:~tion;hir "' the pn 

The logically bo.1nd, F.DlT 111 l DATA mod1 rle is often impkment­
ed a> follow,, A"ume the data elements to be edned are ma,ler 
fllc rPconh. updatc,, dclctions, and addition'. Parameters pa"ed 
tn the mod"lc "'"uld in elude the data anda 'recialp:or~melcr ind•· 
c:ltin~ the l)'pe of data The fir.t in,truction in th~ module is 
pmb¡¡hly a lum-way hranch, ~oing to four oection' of coo.le-edn 
m;Ncr rcwotl. <'<lit "pd:olc oocord, •·dit ad<lition rccoril. and cdot 
deletiun record. 

t- • mum- function.,l btnd 
ces<e< m a prograrn a 
rrn~r~m. J lene e ,, '"4 
al function' "'ju't 1' 
hi~hcr coupl!n¡: and m• 
<Hhcr p:orh of<hc '~'le 

Ofoen, lhc-c touo ~¡,,,-¡¡.,,, an• aho intcrtwmcd i11 "'me ""·•)-' in 
th<' module lf !he dcl,•tion record chang<' .n1d rcqOJirt·," l'han~c 
lo the C<lot dclc!ion ¡~cnrd function, "'" will h~'• a rrohiO:m tf 
thi' functoon i' inlertwlned "'1\h thc other thrce. lfthe cdoh are 
tnJiy independenl, then thc syqem could be '""l'lified hy punin~ 
each edit in a sep:mu'e module and eliminaling the nced to de· 
cide which edil todo for each e•ecution. In shon, lo~ical bind­
int: "'ually re>ult' in tncky or sharcd code, "'hich i' difficult to 
modify, and in thc pa,.ing of unncce"a.rr paramcter>. 
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Tomr<>ml hindin~ ¡, the '"me'" l<>~ic.,l hindin~. ""·cpt the ele· 
~nt• are ~bn rebt<J in time. Th.tt ;,, thc temp,r.tTIY bound ele· 
,f~nt• are uecutcd in the ·~me tinw rcriud 

rhe l>c" cumple• of m"dtM• in thi• el.«' are thc trnd<tinnal 
•• 1nitwl•zation ··, ··¡cnninat ion"". "'hot"c koepinF ". and ""clean-ur .. 
module•. Elemenl> in an inJtialitation module ue l<l~icall>· 
t><>und becau'c initiaiÍ¿;oti<>n rcpoc•cnt• a l<>¡:ic:,l cla" uf func­
tinn•. In addttion, thc'e clcmcnt• are relatcd in 'ttme li.e .. at ini· 
ti:.lization timei. 

\t<>dules with Lcntp<>r;ol hindin~ lcnd In c'hihit thc di•ad,·.,nt .. gc• 

0 ¡ lo~•cally huuml nH>dLLle•. H"""''Cr. temrorall)' Numd mod· 
nle' are hi~hcr on the 'calo •inc~ th~v l~nd lo he 'impln ft>f the 
re'""" that a/1 of th•• clc!l!eni' are cx•cutahk al one tin1e (Í.~ .. 
no paramcter' and h•~ic 1<1 determine "bicb clemem to e\ecme ) . 

e A mnduk with communic;otional hinding has clemonts tha1 are 
· rclated by a relcrei1C<' 10 thc "'me .et of tnput and/or output 
'd.,ta. Fnr examrle. "'rrint and r•mch the outpPt fil~ .. ¡, cmnmu· 
ni~-atiunallr bound. Commomio;uwn~l ~indin~" highcr "" th• 
,,•ale !han temporal hindtn~ 'incc ihc clcmcnt' in a module wtlh 
communicational bindin~ have thc "mnger ""bond" of rcfcrrin~ 
tu thc same d;ota. 

Wnen thc ouiput data lrorn an ckmcnt ¡, the input for the ne~t 
eicmcnt, the modulr i' •cqucnti.Jlly bound. Sequcnt1al bind>n~ 
can re.ult from fto,chanm~ the problcm to he solved anJ then 
dcfining module• 1<1 rcprc\cnt one '" more hlocb in the ftow· 
chart. For e>ampk. "'rcad ne't tran•¡¡ction and updatc maner 
tile"' ¡, scqucnti.,llr lx>und. · ' 

~equent ial hind in~. alth<>u~h hifh un 1 he se ;ole becau'e of a clo'e 
rcl,tion,hip 10 thc prnhlem "'"""re.¡, •1111 far tfom the maxi· 

• mum- functouna) hinJing. 'l'he rc.t "'" i' th"' lhe rro<:cdWral pr<l· 
ce"cs in a prll~r;trtl ate "'LL.til•' di,tint·t from lh<' (wr<IÍ"'"' in a 
l'\ <•~ram H ''"'''. a '"'~' 1cnt Í<tll\ ~<>tln<! m«<lnl~ can contain 'ever­
,,¡ functiun' "' .ithl p;trt t~f a funclt<>n. ·¡ hi• INJally r~"'lt• in 
hi~hcr c<>uphn~ """ mtul u 1~, th:~t are le" l•kel y h> hr ""'"le f mm 
!11 lu., p;orh nf t he '1'"""" 

Functional brndin~ ;, the '11\ln~"'' tyro of hindin~. ln 1! !unc­
tionally bound module. all ni th< clon.cnt' .1rc rel,,tctl to the per· 
r~"""""" nf a "ngle funetion. 

,\ qucsti<>n that nt'tcn """'' atthi' po.nt ¡, what is a funélion? In 
mathematics, )' = 1'1.\' 1 ¡, re,,d "l' ¡,a function ¡: of x:· Thc 
func<ion F delinc, ~ tramformotion "r m3ppmg of thc in<.k:r•n· 
dent (or input) ~"riahle ,\' onl<> tbe dcpcndent"l.,r ret\\m< '';!li· 
ahlc Y. Hcnce. a tlmctiun de•crthe' '' tnonsfunn,,twn fn1m "'me 

'·«. ""''''"""' ''"'"' • 
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,11 put d;ot;. to "'me rchtm daw_ In term' of ~"'~ramming. "'• 
l>m~dcn thi, definitmn 10 allnw function' I'.Hh n<> input Jat.a "'ti 
f unction' with no return data. 

In practice. thc abtwc dcfinition doc> n<>t denrly dc,cn~c- ¡, 

funct~<mally IWtmd tn<>duJc. One hont ¡, that if the elcment, uf 
the motluk all contribute H> accompl"hinl( a •ingk goal, tben ·,, 
¡, probabl;• function.<lly bouml. Ex.unple> offunclionally hound 
modules are '"Compute S<¡uare Root .. (input and retum 
paraffieter>) .. Ob(ain Random l'>"umher"" lnn input parameter), 
ami ""Write Rcc<>rd tn Output File"" (no retum p:"ameter\_ 

A useftol tcchni~ue m detetmining "'hetlocr " cnnduk i' fune. 
tinnally bound ¡, wnun~ ;o 'enlence dc,cnbim: the functton 
(purpn,e) ofth< module. and then c>•mining !he >cntcn\'c. Thc 
f<>llnwin~ test_, can be maJe: 

t. [f !he •entcnce hu< to foc ~ compoun<l 'entcnce. C<>ntain a 
comma. or contain more than une >erb. the module ;, proba· 
bly performing more th an one f unction: therdorc. it pmhably 
ha~ '"4Uential <>r communicmionall>inding. 

2. lf lho sentcncc contains wortl, rcbling tn time. <uch as 
.. fi"t"" ... ne•t"", '"then"", "'after ... ··v.nen"', .. ,tan"". de .. then 
the module probably ha' •cquential or tcmp<>rdl hindon~. 

3. lf the prcdicate of tho -.ntenc.! doesn"t cuntain a oin~le wc· 
cific <>hject Jollowin~ t11e vcrh. the nwdule ;, pn>babl y lugical· 
ly txmnd_ For example. Edn All Data ha' lo~ical l>inding: 
Edit S<>urce St atemcm may h.<vc fc.nctmn;ol hind in~-

4. Wort!' •uch "' ""initiali>.c"". ""clc:~n·up"", etc_ inoply tcmpoml 
hindmg . ' 

r.,nction.olly tx•unJ nwdu)c,' """''"'"he d~-cnhcJ hy way of 
th<·Ír clemcnt> u'ing a <:Hmfli>Und 'cntcn,·c. llut if thc ab<.we .Jan. 
gu,•g• ¡, <!nawidahle whilc 'till cumpktcly de,cnhing till" mod· 
ulc"s function, thcn tht• ri-H><Iule i' proh,,hly n<>l functit>nally 
buund_ 

Ot>C unrc">l~eJ prnblcm " JcciUin~ huw (.>r t<> Ji~ide lunc. 
tionally l>ound 'ubfunction,_ The dtvi,ion ha> proh.<hl)· ~une far 
cnnugh cf cach module cmnain' n'o ;uh,cl ol clement' that could 
be u<eful alonc. and if cach module ¡, 'mall enough that "'en· 
tilc implcmcnwlion can he gr"'Pe<l all at once. i e. wldorn Ion~· 
er than onc or two pagc' ,,¡ snurc~ cotle. 

Oh,ervc that ·' nt<>dul~ """ includc "'"'e than nnc type <>f hind· 
in~. Thc bindm~ l>~h•ecn twn •kment> i> thc hoghe>t 1hat can be 
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arrlic<l. Thc l>inding of a nw<ILLk" lnv.cn·d 
i'Jir th.Jt dt>C' nL>I C>hihitlun,·ti .. n.tl hindi"g, 

' . l>y ,.,e,. elemcnl (:, 

Pred<ctable modules 

,\ rrcd j,·table. "' "ell· he h., H'<i. m"•hL k " """ tlut. v. ¡,.,, ~iven 
tho identic.tl input'. upcratt'' idcnticaiJ<· "'"'h time it "~alled . 
Al'<>. a woll-bchaved nHxiulc nr•·nttc' indepcndcntly uf it' envi· 
rnnment. • 

' Tn 'h"w that dcpendahk (!te<• lrnm crrnf'l tn[)dule' c.m •till he 
unrrcdictlr.hle. con,ider ;m ""'tii.Jt<>r mr>dulc that rctum' zero 
¡ond one altematcly and depcndahl~ w hcn <1 ¡, c~llcd. lt mi;:ht h<: 
u'cd lo facilit.atc dout>lc t>ufl<'rin~ '-;hould 11 h"ve muhiplc Ll'CT>, 

cach v.·<>uld ¡,., rcquired '" calln an e•· en numl>er of time' hefor~ 
relinqui,hing. control. Shuuld an:o of !he '"'" ¡,.,ve an ermr that 
prcvented an e~en number of call,. all othcr "'"" v.·ill fati. Thc 
urer.ttion of the module ~ivcn the >ame input< ;, not constan!. 
re•ulting in the module not hcin~ prcU<ctahlc cven thouph error· 
free. l>lodule< that k ce¡> tr"c~ of thcir own •tate are usually m>t 
prcd>Ctahle, evcn wncn crror·trcc. 

Thi' chamctcri"ic nf rredic·t~hilíty that can he dni¡:ncd into 
n1nJulc' i' wh"l wc mi~lllln""'l\' c>LII"hbd •. ho."'""·" 'lhat ;,, 
tl>c "'"' can undcf'tand "h:ol thc tnodulc dt>et and "'" it with• 
"'" ~nowin~ "'hat ¡, imiUc JI, ~h>dulc "bl.LÜ·bn\n"S' "'" ncn 
t>c cnhancCd hy mt'rd) ,,ddlltf """'"'""" that m.ü.e ·the m<;d . 
u le'< functiun and u'c clcar. ,\hn. a Je,cripti•e namc an<l a wcll· 
ddtncd .Lnd t'I\Íhle intcol.oCt' t•nhanCc> a m<>dufc", LL"'-hihty 3ntl 

ti"" "'"~e' n mure ul" hl•d h"' . 

• 
Tradeolls lo structured design 

Thc overhead in volved m writin~ ""'"l <implc tn(OdLJie' ¡,in the. 
necution time and mcmory '~'"'" ""'d by a panicular lan~ua~c 
'" dfccl thc c.<! l. 'fhc de»~'"" <h•H>It! roaliro thc ad,·er>e dfect 
on m:.intO~:.ncc and d••hug¡1in~ oh;n ma\' re,uh frnm' ,¡riving JU" 
tnr min1mum c\ecution time and/nr memory·. He should al<<> 
f<'tHemhcr thal rro~mmmcr cm\ "·m" r,tpidly hccomÍn!!, thc 
m:.ior cu•t of a rro~r.omminf <~'!Cm aod that rnuch of thc 
11>.imlcn.,ncc '-'111 t>c in thc llli<lf<' v,hcn lh~ lretLLI won he e,·cn 
mure pwmmcnt. 1 l<>wncJ . ¡lcpcnolin~ on the •ct¡¡:.] nw 1 bcad r>t 
thc l . .ngll;ofe h<•inl' "'cd. it ¡, HT) f'<""H~ that" •lruCI,rc.J <le· 
,¡~n '"" 1 "'" l\ in le" c•uc·u> ¡, "' anol / "' ""'mnt) "verhc.«i rath. 
N than more Juc In thc fnlln" in" cnn,ideration" 
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~. tk.1,¡¡1 ""·,llinl."~" can t>c rccnmpiled ~n~ c,,¡], rcpl.;oc<i b~ 

~r.mchn 

( ·•tncluolc·'· "' ··rcrhHill' "·'" he "'"'1 irl pl.tcc ol c.LII' 
IH"""'''· 111<· comrlc\ity of thc ')'lem ,.¡11 incr'""c hy al 
~<'·"' ,,,. '"'"·' ">n'idcwtion t1cce"ar} '" pocvenl Juplicating 

) d~W n.unc'' .ul<l Oy thc <.hftkulty ni""'"'"~ thc cq"'"alcnl nf 
1 call P·"'"""'er' f<>r " "~11-dcfined in<erf«cc. 1 

6 ()nc '"" 1<> ¡'<'1 ¡,.,, cxccutinn ¡,'"determino whkh [>'lr\1 of 
the ;y,(1•m "ill he ffil"l UICd 10 all nptimizin~ time can he 
'~'""'-"" oh<"c ran'- lmplementin~ an initi,.lly qrucwred 
de1 i¡;n al lo\\' lhe 1c11in)'. of ·' "-<>rkin~ pro~r;¡m for 1 ho>C' lTili­

cal m<><lulc• 1 .ond ; icld1 a "<>rl.inl' progr;,m pnur 1<> any lime 
1pent ""''""''"~'- Th"'" mudulc' can then be llptimi<cd 
1cpar.••d• and rcmtc~rated with""' <nln•Jucin~ mulliwde' 
uf enot' on '" th< rc't uf the Ph')!ram. 

t • Structured desogn lechniques 

11 ¡, f'(l"obk lo• <hviJ~ thc Je,i~n pn>C<"' intn ~en~ral prn~rdm 
Je'i~n atld dclaibl de,i~n "' fo\\ow•. r;encr.ol pro~r;<m dc'i~n ¡, 
d~óding ,~¡,, IHIIC!Íon' are necded for thc prn~r~n> lllf pro­
~mmn>on~ "''''mi. Octailed dcsi~n ¡, ho~· tn implement tbe 
functtnn'. ·¡¡"- ,·nll'ldcration' at>nn• atod le'dmi~Uc'' that fu\\ov. 
rc,ul! in "" i<kniLiic;otit'n of the func·t"'"'· ca\\in~ l"'fametcrs. 
""'1 the "'\\ od.olllln,hir' fnr a "ructurc nf tunctinnall)- l><'und, 
-.mpl) Ct>nncCI<d module,, ·¡he infnrmatinn thn' ~cncmted 

"''''e' it e'."'"' '"' cach mt>dnlc 10 thcn h~ 'ep;oratrl; dc'i~ned. 
unrlcnw,tctl_ ·""' tntt·d. 

·¡he ohi~cii\'C ni ~encr~l pmgram dc,itn ¡, to determine "ha! 
lt~ncti"n'. ~all111~ rararnet<:", and c.<ll rebliomh<r' '"" needed 
Since ftu,.chart' depict ,.¡,.., (in '-''hat t>fder and undcr "hat 

1 wndiHt>tt'l hh'''' '"" c~ectllc<l. ftnwcll:.rh unncc~"drily com· 
1 • plic~l< !he ~<'II<'L.ol prn¡""'" Jc,ign pha,e. A rnnrc Lt<efttl nota· 

tion ¡, tlll· '"'"'"''' ch.tn. a' de,crih<"<l carlicr an<l ,,, <hown in 
1-i~"'"" 

¡,.1\IIIC ¡,., lllc' ··""'' ti11<'<' m•><lulc, in h~lll<' 7-A \\lllcl1 ,·,dh H 

"hi,·h ,,,¡¡, ( • .,.,¡¡.,~ ¡,,,, ),¡•,·n ad<kd "' 11,, '""''""" dtan ''' 
,.,,,nlc ¡¡,, 1""1•<'1 1\Lmciw< '"he· .l.:tcomitt,·d: tn .... te,.¡¡¡ r.· 
n~cttlc<l '"''· tlwn (' '- th<'<t ,-\''1 Tn d,·"~n t\'• l<lLCtl;,c<'' 
pnopcrl<, 11 t• "'''"''·"' !<> ~""" th.<l :\ ;, tC'f"'"'ihk lor in< o~· 
in~ fl. t>ttt th" i' lwd In tktcrmtnc lr()m the ftn,.~h.<rt. In adJI· 
tion. thc """''"" chart can 'how thc module cunnectinn' d!ld 
callin~ pnr;unct~• • that '"" ccmralto the ct>n,idcration and tech· 
ni~ue' ~cin~ r•c•cnt~<l hcrc 
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lmplemcntatJ_ono. 11 ímplemcnló thc 1 1 
program, "h1ch "''Tiest npu ·proce.s-output t>ne of 
" .. o most prug<'dffi> - ~ 
out pul "to oe~on..Jar>· 

1 
· e~en 1f the ··input" or 

'ura~e orto memur). 

In pra.olice, thc ,¡ 0 ~ lcg ;, oftcn •hon 
Aho. ,,,urce mo.Juln . cr ltuon the >ource one 

me"agc'J ami 'ink mo<Jule";":,. produce oU!pU! (c.g .. erro; 
tome formal .;

1
,wnand,,) ay rcqucst Input ( c.g .. c.ecuti.m-

Another structure "'etul f . _ th · 01 lmpkmcn!lng , . , 
e trarl"'ctoun •truC!UrC d, -, ~ . _ parts ot a dcSI¡:n ¡, 

""' 
0
- cp•deu '" "'""'' n A,. 'an} ''"""' record - ~ " ~- tran>actio " <h l<i _' ,ormput,CIC forv,h- h . " 

ou tesult. for example. acommanJ te vanou• action> 
ture. The ;tntotLtre ma> "''""' , 1 pr<>eessor has thi; >lruc-
ource or e•·en <in~) mA~ 

1 1 . one or moro uf tho > l •"""'"a' 
m A · ""

0 
"'" an '"'"' re.· n.<i)''" of the tran>action m _·proce.,-omput ""'~-

fonn o c><luk. which ¡, explaineJ la~rule; lollo"·•that ofd tram· 

The follo"''"G pwce<iure can be u;eJ 10 . 
ce"-ontput gener~l" arn,·e al the input-pro-

ructurc 'h"wn prnwu;ly. 

~"'P (ht<- -¡•, , . . " "" "ep ;, to '"''•' 1,,, function,
1
1 " ment· ll · . picture ol tite prublcm A' . " ) con>tderl a 

"m"l·'"''" ''""rn The "" 1 an example. comi<iu a 
in Fiptre 10 ' ~ 1 ' 11 " 011"" "f thi' problcm ¡, ohnv.-n 

-11"1' 1 "'" l<ientify thc "''"'"' l r<ler!!!ll "'""m 
0

¡ dat· 
1 

'' '""."'P
1

LJ"I •lrc~m' <li ,¡.,¡¡¡ -\n . a > onc th.ot "nto l · · 
""" '1''""1 ,¡re·1m of J· ,_ '"" tu the ')'tem , ' ,,,,.,;,,llcamuf 1 ·' 
i'CtHit'll! ni any phl·,inll''' 1 _ . '~ at<<i data that" inde-
"' , O • ' < CVIIT 1-tJl rn ,. 

"r·• """"·riLr.•l '""''''' , - '.once, wc ruay h "" 
1 - . • ' "'01111¡' '"'"' • - • 

'h".¡l" •"'""'~ II•Oll) 'C>Cl"] lo ·'' , Ollc 1/(> dCH<C<" m OllC 
,,. ·' 0 u~"'"' In -

'" "''' , .. ,,."'"1 ''""""1''"''1 "'. ' o!U/ """''·'""" "'" 
·'"'' rh. 1 ' ''""' ·"'' lhc· 111,' '"'"·'''"'' '"""'''¡,., ,, 1" 1' ''·"""'" ' ll' IC<IIII. 

\,,,, ¡,,,., ''"'"'''' ,, . 1 le ""''"' c\1 1 1 
'''1'' ''""'' onpur llltl '"''' '' '
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11 
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.,· ' ' " '" "'" ''"'''' ' ' u ·'S""" ulthc• ¡•t<>bknr ''"'"'"' "'" llrcn, '"""" tllc 
!"""'' .,¡ "highe" at> t •• .' " ,., <klennrnt·. tur llrt' ''"'·""· t!r< 

' r~, \ton '" "' l·tgmc ll. 
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'1 ho ''poínt uf hi~heol .,¡."""'tion'· to>r .on inpul •trcam ,¡ Jal.< ¡, 
lh~ point in !he pmhl~111 >UUcwre "l1cJC Iba¡ Jaw ;, l:o~lhc•llC· 

nwvcJ fmm '" rh"ic.,l inpu1 r,,m )el c;m ,¡ill he ,¡"""d ·" 
cnmin~ in. l!én,·e. in 1hc •imui"IÍ<ln >l>lem, lhc mo'l .ob•ll.ocl 

fumo of lhe in)1L•' "·"''·"'""" ,¡¡t;.Llll mi~hl 1->c lhc b11il1 m:oiiO\. 
Sirnih,ly. 1dcnlll\ 111< ~''""' \\hCie the d.ot.o >lrc.on• "·"' til'>l he 
•Íc\\cJ "' ~llin~ <lUt-m thc <'<omplc. pt>>•lhly lhe fc•UII m.oltÍ\, 

t\dlllÍL\coll). lhi• Í• ,, -LJ~j~clil~ '"1'· 11'"'"'"'· ''1'"'"'""'' h.L' 
,h,mo lh,•l ,~c,i~ocr' rr.oincJ iu ih~ l~chni.¡ttc •ciJnm 1hlkr lo; 
mur e rh.rn une "' rv." bh;:', in üoci r ·'"'" cr' 1" ihe ,,¡,." , .. 

' .. 
' 
1 

' 

' 
1 

~·"~"'~ ", "'"'""" o ....... ., ""'~"o"'~ '"' ........ ~. 
J,ola .·\n ~\.unplc uf ,1 "t;.rical mt>Julc \\" ¡, "gel ne~\ '<LiiJ 

(1,, .. ,..,. ''·"""'""¡ ;, l'<>li1' ··.,rn" 

~j 0,J 1M ("", J'llffXI>C ;, tu \tan>tirtm !he !IHI.i<H 1npU! >tre~m inh> 

1¡,e ,,,;,.,· nulput ,¡ream lb runcuon •hnuld he" nonproccJur.<l 
J.;""' iption ni 1hi, tran>ft>nn;¡tion. E\anopk> ·"" "con,·er1 Poli>h 
f"rm ,¡¡O!cnt<nl 10 machioe l.tn¡:Lla~c >lalcmcnt" or "ming kcy· 
,. orJ 1 ¡,¡, '"·" d> ah,tra< 1 lile loo """''hin~ ,Lh\lfaCb .'" 

\h•Julc n\ purr<»< ¡, ,¡;,pu>in~ ul 1hc m"J"' ourput ,treo<nt. 
E\ample, "'" "pnl<iucc repun" nr "üiwl .• y re\loll\ ol ,¡""'l.t· 

tion. 

.1 ¡0•¡• ¡·¡, , .. ¡·., ca~h wurce moJul~. iJerllil~ thc l,¡,¡ 11 an ,formoL· 

ü~n "'"~"·"v In phl<iucc the f¡¡rm t>cin~ rctumcJ h) Th•t m<><l· 
uk. Then identrly the form ol the input jtlll prior lu lhc la>t 
tr.'n,form .. liun. For ""~ m<>Juk,. tJenrify thc lir>t P"'""" neo:· 
""·'" ILl ~e\ clol\CJ In rhe ücoircol '"'lf'Ul and lhe re,ulring IJLLI· 

rut ,:,mt. ·1 hi• rc"•lh irt thc pur11<>n' of thc 'mrch•te 'h""" in 

Fi~'"" J.'. 

Rcpc.ct ~t<·p Fi<c ,m the ncw """'" ""J >in~ mOOuJ~, untilth~ 
~ri~in .• t ""''"" ,rnJ tin~l ,in~ m<>Julc> are ro~chcJ. Tho• moJorlc' 
mal b" an=<l;zeJ In an~ oulcr, hur c.o.:h n1<1duk 'hnlll<l he done 
cl'lllJll<'lei; ~cl<nc d11i11g any ul "' \LJhnrJin.lf«.lhere '""·un· 
rorrun •lel), "" Jct.uled gmddinc• "v"iJ,hle for UJ\·iJing !he 
¡r~n,tunn mo>o.Jule> lhe hinJing ¡¡nJ c'O<Ipling C•m•i<ler;,¡¡.,,,, 

''"' '"''"'" """ ra~e nf """"~! .. onol rr>eiulne<• (are rhcro· ,.,¡,. 
¡un,·¡¡.,,, rh.lt .:uul,l ~e ro.clul d'"''· '"''" n<~W ur in lh~ 1"''"'"' .o• 
~"iJdinc' '"' ll<>w t',,r rn Jil·lllc•. 

,j.Jc ,,¡ Ji•iJrn~ hkl riud¡. ll ,, 

ill ri 11• de"~"· hut Ll<rpli,·:o\c lol\c· 

·''<~' r .. ,.,. lk•icn rhc ,,,,·nrrc inri~"'" 1! """' rhc P""';"'" 
inlnrm.>liun "irh .r ><lllfC~ mo>Julc lnr ,·,r.h '""•"Cplu.LI "'P"' 
,¡rc.orn \lhl<li "'"'' .ol rhc pn1111 ol """1 o~ll\U,oc'l lllplll d,,r;,, d<l 

,¡"' "''"l"k' ,;,;r.LCI). (JIIcn unl; ''"""' ""''''" .on<l ''"' 
hf'orldrc• ;ore 0(<'<'"·") Thc p;<r~oncrcr• l'·'"··d .ore tlcp,·.,Jcnl 
un rhc prnhlcrn, hLII thc ~··ncr,.lpallclll '' •11<"'" 111 l·~c•<Lrc 12 

,¡. 
[}'"'"~ rhi, r"·""· <rr on rhc 
al"~",.,,; '" re.:<lmhinc lalCJ 

Jlc,crihc !111' tunclrun ,,¡ c.o.-h nwdrok "irh .r '"""· '"'"·i.c, an<i 
'f"'<rhc' pho;"". De'" rhc " hat "'"''''" rn"l ion' "' ,. "' " llc•n ih:.r 
HI•'•JII]c• ¡, l",LIIVd. 0\LII hnl< lh~ llh .. JLJk i\ illlplc'III<'IILCd J'\,oJLJ,Lic 

rhc pi"'"" rd.rri'" '" t.m.riun.ol hilltlin~. 

'''"'" "''. ,,. ,\ ,, c.oll~.l. '"" jiiOOJ'I.o<IL ,,, \\<lc'lll ''""'"""'· 
¡¡,.,..,., ,,,.,,.," ,¡f m<Kirtk ,\ ¡, <"ol";,,,¡"" '" rhc prnhkru 
!>,·111~ ,,.¡,,.,¡ 11 ihc I''"Pic·111 "' , .. , .. ,. ,, 1 oo<•l" \.', ,·oo'lll'lkl." 
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'h<>OII<I ,¡,,"' lilern in the ""'"' l>l.rd,, li<"'e>er. lhe llll'<l lli<'l· 
'".-11) <l1.111 \\OUI<I \lill '1"'" :rll llrc funcii!HI' in '"1'·""1'' 

hl<>c'·'·' 1 h; <>ulput <>1 lhc· .c<'ll<'tal¡ ~ram <Je,i~n i- lh,· inrul 
f<>r lht• tlcl~rled mr'<lule de-i~"- ·1 h< .oll'll inpul·PII"-C"·<•nlplll 
e h:<TI '' "''' ul lior •k"'' ¡¡.,,~ '""1 <J,-,¡~11 in~ cach !IH«Iulc _ 

. ' . . -"'"·!"''-' '"'" ""''"1·· .. ,.,,'""Id h,· "'"'1 '" "''""·• 1.1,. 

'' ' . ' el,llll li<'•Fe•l• <FI ;o 1\;1 ·lil'l'!l~ 1 ¡·tnUl>lllllCnt.' lhC'l' ,-,.,,,.ph 

~le ''"'1 II'O:ui IUt ~<;olto;oli"" ;ohC111.11l>'C «3}'' t<• compl\ «llh 
lhe 1'Y"i"me1n uf •ln1~"""1 1'1"~'""'"""1' fur ,;nc-p-1~~ <c~­
ment'. 

~I<LJ<'IIItcd Je<ien reduce• rh,· dl'<'lt ncctkd 1<' lh .111d m<>dll')-' 
pr<>~r~m'. li all pro~ran,, "''"'"ilion in ;o fmm "herc 1herc 
""" """ module_ for n.rmple. "hidr reuincd a rec<>rd fr,•m 1he 
"''"ter trie ~i>en lhc '"'· 1he11 dr:m~inl' urer¡o11n~ ')•tem•. lil~ 
""""" lechniq11e<. lile block m~."' 1,« de, ice' ""ul<l be ~ll',lll) 
'imrlilicd. And if .. 11 r"'~'·'"'' 111 lhc LIHallnli<>n rclric>ed l"'m 
a ~11en fiie «irh 1he •ame nrnJule. lhen une proporlj re"rrncn 
mNL<lc "ould haH <1lllhc ¡,,t,rll.<lurn·, pro~"'"" "'"\.in~ v.ith 
lhc neo: """'lminl' f,, lh.<l frie. 

Howc1cr. there are olher ¡uiValll,l~C\ lJti¡!in.tl c1ror• :ore re· 
duced ~<hcn rhe pro\tlom al hanol i• •imr>ler. Each module¡, •df· 
con1a1neJ and to •omc """"' m.l\·t>c rrogrammcJ indepen.km· 
ly of lhc other> in locatinn. prn~rnnrmer. time, .rnJ lan~"-'"'· 
.\lndulo, can be IC•tctl hef,ue all P"'~r.mmrin~ " <l<mc b; 
<upplyille •implc "'l<Jh_, moduiL'' 1h.11 merely ll'turn rn·r,:rm.ll· 
lcd rc,ult' rather lh•n eakul,dÍilf' lhcm .. \lrl<.luk< crilic:.l 1<1 

rneJln>r) nr C\eemion OlethP<I ,.,,, l>e oprimizc,l <Cp.u~l<'!) and 
r~inlcg~:,led 11ilh link or no rtnp.ICI .\n cnlr) or rclunr ltace­
,;,.,,¡ulc· l•ec,mc< vcq· r .. ,,"l'k ,,,.¡,¡¡,~ ,, '"'l u•dul tkhn~~illg 
1<~11 

lndercnJem of :oll 1hc nd ""'"·~~,., rr n Í<'H,I) mcmionc-<.1. ,,,, .• 
lurc<l <fc<i~n v.ould ut/1 he "'lu,ol•lt' lu ,,¡,. lh<' f<>llowing pno~­
kn• .rl••llc. l'ro~"'mrnin~ can¡,,. '''""dele,¡'""" atl "hl'f.; cad• 
r~<>~l :Of11t11CI U\Uall y <lar\' wil h a 1>1,1 n k C''""·" - ICC hniqm•,, )-C\, 

bm •t<ll a ~l~nl. C:tfl''"'· l'rninu' ,-,~linc ;, tillen nnl '"'''[ ,._, .. 
":'"'C r<cliou• module• tl'Uolll\ <o!UI;>ÍO. lnr C\.tnrple. <11 In!>/ 
<;1:1 ,111d I'IJII. [f lh< IIJII ¡, 11(\[ the >lOe !!C<'<ic<l. lhc <;1:1 ~<ill 
h,<'C lo> he ICCO<icr) al<t>. 

l'w~r ''"''"'"~ e;m l•c hn>u~hl el'""' l<• .1 ,c-i<-nce " he re cou t<'r\1 

"'"'' i' huill "" lhc r«u[¡, ol catlicr ""''·Once ;r moJul' 
"'illcn '"~el a t~cutt! lrurn lloc "'·"t~r 111< ¡:i<·cn a l.e}. il c:u. 
'""'' hy all "'""ni lh< frie '""1 ncctl ""' he rcwrillcll i11tn <':lt'h 

l
i·_ ,\llu<IILIC<I J( , _..ncerh ""' ""' new. ·¡he whole n"cmhly­
, li11o tde., i< ""'' ,f i«ll,,lln~ ,¡,pie funcliun< '" a ,..a,· lhal <lill 

ru'<l1ree< a o•mplcte. eo>mple• rc,ult. Circuil• are Jni~n«l 1>;­
,.,,,,cetinc ¡,,l:ol,,l•l•·· luncl~o•n..l \ILtge< tn~clhcr. ""' h• dc,ipl­
' :·e "'"' hic. 11 11 <'r 1 ,-1.11c'd ,.¡, <'1111, 1• .r~c 1111 nrh<'l in~ ¡, bciro~ ¡ 11 ,· 1 e,,.. 

''i \J 

.1. 
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lllch -c'c'Hnn,olÍI<'<I < ,. ~-- ~ - 11111 10 mrroirnrl< 1 he -"'""'''' 1 ;.,,.," 
l>cl,.een \\fOII<'n 'eetron< S<l thal upanJin~ onc •et'li'"' d<'"' 
not fet¡uire renuml>cring othcr <ection,_ Aultlmot-Jle manu{"'"". 
u•. who have lh~ mo•t w ~ain from <harcJ 'Y•tcm clemenl<, 
Rn.,lly ,.1->:on<lnnotl ovOn •he cnurling ~f lhc wind<hicld wircr< lo 
lhc cngi11e ""'"'"" liue lo cllc<l' ~r lhe en¡:inc l<>ad nn 1he per­
formance uf lhc 11irm~ flLnetion. Ml"l <>lher indu<tri<'' '-"""' 
""~ l~e ad,"""'"~~ of i•ol:.lin~ function•. 

lt i; bccnmi11g in.-re;l'ingly imp<>nanl tn lhe Jata.pn><:c<,inr 
indLJ•IT)' lo !oc :,hlc 1<1 rw<lm·c more pm~mmmin~ 'Y''""" antl 
pnxluce rhem 11 11h fe«er error•. L!l a fa•tcr rate. anJ in a way 
that mor.lrflcati«n' '"" N aocompli<lrtd ea•ily ;ond quiekl,-. 
Slri>Ciut~J de•i~n <:<•n<ider:llion< can help nchieve lhi• ~n.tl. 

('1!!'1) ~111'~1'"-<'1' ·'"" 10111,-;ot¡" 

1, 1 hr< "'"h•>d ""' ""' "'''" <Lihnni'<J '" any lorm•l 111M '"' P"""''"l """ 
•hnold '"''"·"< U• "'''"'""' '" '""" o~ n '""'"""""' ,.,.,, rn ;"'"""'"'"¡" 
'"'"-

: L. l. Con•<·'"''"' ! ,.,,¡,.,, ,,,¡, .,f f<M'"'" l>«i'", '" ~""'"'""" !or 
pl<hhcolio"' h1 1''"""'<• ll.oll. 1 n,I<I•C'<>d Ur11\, :-< "' J«<e) 
(¡ -'-~11m,<·,.,.,!"""" /1, ,¡,, ¡¡,,. p,.,.,.,, ;,¡ 1/"oJu/,, !''"""""'· 1 """'­

col R'""' t "'"' .''<11• r 1\\1. """>hlo.r•i<. N<~ ,-.,,, (!"""''" .'''- 1•; > 1-
• ( ;, 1 """· "( 'ha<;ocL<n•>ic< ,.[ .-o'""'~<l< ~<«<n.'' /}'""~''"'"" 1•. "" o. 

H•l- 10.' < '<N<•nl><< 1-r: 1 ' 

' 10 J. \1"" //.¡.,,¡,¡, '"""""' '''"'"'''' 1 ""'r•'"l'' l>e>l<•· '"o, rn~l""'" 
l.oll ol 101• 1•1 ~l.""" .rnoll 'l"'""'h l'11hh•h<1•. ~<~ \m l.~<~ \ "" 

' 1111'0- 11"-' "" 1.,, .ol 1 , 1,,,_p,.~,-" 1 ""l"" ,¡,.,.,,.,,,_,¡,00 ,,.,-1..,;,1,., , '"' 

~'" <'<IL•c.llinl' r-"' <«- 1 '""'N" 'R.'II "11). ·"'"lahl, ll•n~rr·h ·'"' 111'1 
llm>thOn~•·. 

1' l. lla'-«, "( hod "'""'""'""" 1<am m>IW~<m<nt of r;c.Jut<n•n rr"!'c.<m­
"""".'' /JI \J 1' ,, . .,,, },.,,..,,¡ 11, )>,. l. ~'- 1 1 ( 1•1 ll. 

< 1 h< "" .,¡ lh< 11 L 1'1 l llrc·t ''"Ir' <¡,,.,Un¡ ¡,., m.L! ;, fuclh" '""'"·"''' m 1 ;g 
,,,. ''· ,,,¡ '" '"' "' lhi< r·'l'''' ~"' rmh.rt<J 01· R. 11.'11"" "' oh,- lll\1 l'n• 
e• ""'"'"' 1''"1'" '" '" 1 '<1""'1"" 1 >rr.<rtm<n1, 

•1 1 .. \ 11-<l.ld\ :llod \1 \l l<h<n.m,/'~•0"'""""" ''"''" f"""'""' "' ¡\, 

"' ''"""""'" < ,¡ \ • "'m, m ""'"'' "d"'' ,.,.¡ ,;,..,. /h", "'' '""- 1 ~\1 
1 '"""·" l. "'·''"'" H<'<«< h < '""', y,,.,.,~ n H<i,hh. ~<~ 1 ,.,¡ r 1~;¡ l. 

1" 1 _ 1 _ < """·'"'inc .. , unhnl ,¡ """'"« ,.,,,1 r.uall<lo<m ;n "'"'"'·" P'" 
1''·'"":· .111/'1 ,-,.,,,,,,,, ,.,,.,, .. ,,.,,,, _,, ..... ,. ''""' ,-.. ,.,,,,, ( .. .,,,. 

'"'' "··'"''1''"·"1 
11. r: \1 l<<tni'!:r~. /'J/1 /'"'''"'""'";' < Jln"""' ol[ '"'''· "'''''''~ lhll 

~ ... 1 "''· ¡.;,~ 1 .... ( ,.,,,,_ 
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4.1 OI<.IGENES Y OI<JETIVOS DE LA PROGRM-!l.CI0:-1 ESTRUCTURADA 

o 0 ~ artículos de Diji<st:-a rnan;an el •nicio d~ la ¡.>ro<p:-a<:la­

ciún estructurad.,, esto~ ,;on• 

Prog.-amming cona1dercd as a human <>ct•v•tY (Oi]i<stra 

19&5) 

- GO TO St<ttemcnt co:-tsÍdl!re<l harm!'u1 (Diji<str~ 1968) 

En estos dos artículos ya U1ji<~tra h"bla de algunos conce.:2_ 

tQS e ideas que han ILcg¡;¡do a "O:r rel.,v¡¡ntes en la progr<~­

rnnción estt·uctlli'ilda tale,. corno: 

Argumentos contra GO TO 

La noción del diseño do arrib,,-a-abajo 

El énfasis en la calidad de [>rogra!llaS 

Argumentos contra programas que ,;e 1:00d1 hcan a si mismos. 

Otros 

La programación estructurada surge como una neces1dad de -

,-educir lil compl~iidad ¿,, los <]randes progtnmas. 

Con frecuencia se observa que los prog,-arnas, debido a su­

complejidad, no 

1.- satisfacen las necesidado» del usuarlo 

2.- no se producen a tiempo 

3.- cuestan mas de lo CStinado 

4.- contienen errare& y 

s.- son difíciles de darles 111antenirniento 

Es por cllo que lo. pru<¡r"amacii'in estructurada se Propone lo 

grar los siguientes objetivos: 

1.- Que los proqr~ma~ ""-lista<J.On los r<'qucr<mi<•ntos espec;_ 

ficaduc.. 

2.- Programils <JU" ,;e leo. pucd" dar mant<>nimicnto 

J.- Hini<ni.zar •d núncro de errotcb que ocurren durante el 

desarrollo. 

4.- Operación resistente "- trrores. 



• 

·' 
~.- Pro<¡nunas transportllllles 

6.- Programas cuya lóqica sea leqible 

1.- Mir.imüar _costo5 

.. 

• 

• • 

• 

• 
. . 

• 

------------ -· ---
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4.2 EL PROCESO DI.: REFINAMI!WTO r, PASOS_ 

Nucst:r~ mayor herramienta en el desarrollo de programas es 

nuestra capacidad de abstracción. 

Riísicamente esto consiste (cuando TQSOlvemos un problema) 

en analizar cuidado~amente cl problema dado ha.sta logra:r -

una representación IDental de los elementos "scanciales del 

mismo. 

Cada elemnnto debe tener un ~ropós~to bien defin~do. Es­

te proceso puede aplicarse a su vez a ""da uno de los ~le--

mentos del problema original, es dectr, considera01oS a e;;~ 

da elemento como un nuevo problema (subproblema). El 

proceso puede repetir·se par¡, los elementos del subproblema 

y ""1 sucesivamente. 

Inic1al10ente (en la resolución del problema) estamos caneen 

tratlos en qu•> funciones (" elementos) descomponer el probl~ 

ma, y a medida que procedemos a descomponerlos sistemática­

mente llegamos a concentrarnos en como reali~ar cada función. 

F.sta forma de proceder va de lo general a lo part~cular. 

El proceso descrito anteriormente se conoce como proceso de 

refinamiento a pasos y es central a la programación estruc­

turada. 

!':1 proc.,so de rebnamiento a pasos no es dir:ecto, ni tr~vial, 

como pudiera parecer a primera vista. 

Este proceso es escencialmente un proceso de ensayo y error. 

Es evident" que nec<!sitamo~ una notación como harramientd -

).Jara ir concretando ld soludón del proublema, ya que a me­

dida que se refina siste10áticamentc la solución del proble­

ffi<l, nu"s~ra limitildil capacidad d~ retención scr.'i desllord<~da 

Una harra-

mi.,nta muy utilizadu pdra e't" ).Jropósito es.,¡ set:dcÓdigo o 

len9uaje de diseiw tic proqramas. El seudocódigo debe ut~ 

li~arse corno una "xt.<!"sión nilt1lral del prOC'-'SO de abstrac-­

ción. 
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SEUPOCOrllGO • 

El seudocódigo o seudolenguaje es un lenguaje inter~:~edio -­

entre el lenguaje nativo del prograrn<>dor y el,l.,n<¡UaJB de­

programación en que se lntcn'ta implan~~r la. solución. El 

seudocódiqo le permite al progrnmador pensar en la ¿ó<,¡ica y 

y uxpresar esa 

edcntrarse en 

programación. 

forma semiformal sin tener que 

lenguaJe de -
' 

lLis dct<>ll~" p"rticular"s rle 

Bii~icamcllte el seudocÓdiqo difie1·c en 2 as~actÓs de un len-

. guaje de proqramac1Ón. • 

No cxi>;ten rest.ricci,>nes sint5.ctic<ls·para el uso Jel --

seudocOdiqo. Solo las estructuras de control básicas 

y"ol S<lngrado para mejot"ar ln clat idad del alcance de 

dich"s est.ructuras, son las Únicas convenc:~ones acepta­

das para él uso del seudocÓdi<J'?· 

2.- Cualquier operación se' puede expresar a ' c~alquier nivel 

de detalle, por ejemplo: 

incrementar contndor 

ctdor~.-.ctdor t 

• 

El seudocódigo perctite al progr<uoador tr.at.ar el probleaa .a_ 

diversos nivel~s abstracción, ya que esta, es la herra---

m~enta mediante la cual expresa010s la soluc1Ón de un proble 

ma durante el proceso de rt!finam1ento a pasoe, cato es, el 

seu<locódi<¡o es un lcnquajc de discfio de progra:::as (PDL). 

El ~eudocÓdigo es u"a forma conv.,niente para documentar les 

estados de dcs.Irrollo del programu, lo cual pen1ite a otros 

progra1:1adores revtsar la !unción del programa antes de i::~plS',_ 

mc•ntarlo en un lengu.:tje de progril!!laéiúil, adcm:\s de facil1tar 

una valor,>ción del nstado rle d"satrollo en cualquie~ est.ado 

---------------~--
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Debido a qu<• el seudoc6digo describ<l detalladamente el 

p~ograma fuente completo, puede 

la documentac1ón del prograna. 

mantenerse como parte de 

Siendo asr, el seudocó--

digo debe actualizarse cada vez que haya cambios en el -­

programa fuente. 

EKisten pocas guías gen<Jrales que hctcen del s"udocódigo 

efectivo como una hen:-amient:a de disei\o de progranas. 

' Estas ,;on: 

Haga del seudocódigo una extensión del proceso del 

pensamiento. 

2.- sangre el código para resaltar L~ estn:ctura de la-­

lógica. 
' 

J".- De nombres a los datos de tal manc.-a que reflejen su 

intención. 

4.- Mantenga la lógica simple 

5.- Utilice las estructuras de c·ontro1 básico permit1dos 

en el proyecto. 

H<>y cuatro clases de estructuras básicas con las cu<tles 

"" po9it>le e9pecificar un proc<!climionto ~n sullclocÚdi<JO • 

•• secuencia 

" Decisión 

ol Iterat~vas 

salida 
. ' 

" ., Secuencia 

Con e at"n aciÓn 

"' D<>cisi1in 

1.- si (predicado) lue'JO 

fin 

' 

--- ·-------- --- --· 
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2.- ~i (pr<!dícadol luego 

seudocÓdiqo-F< 

obien 

so ud" ~Ó<l i q n- fl 

fin 

,__ ,, (predicado-Al luego 

seudocÓdigo-A 

o si {predi cado-Bl luego 

scudocódi qo-fl 

o si (predicodo-C) luego 

obien 

soudocódi<)O-X luego 

"" 4.- Casar (selector) con 

(caso 1) 

seudocOdigo-1\ 

{CIISO 2) 

,.eudocódigo-B 

(obien) 

!ICUdoc Ódi go-X 

fin 

e) Iteración 

1- l:nt.Pnto (predicado) luego 

scudocódigo 

2- Repetir 

seudo código 

Hasta (predicado) 

---------------------- ----



,, 
J- Desde (vc,.__v.,lor-1 hast~ v"lor-:l) r<:petir 

,;eu<locódiqo 

fin 

d} Salida 

1- escape 

2- ciclo 
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4.4 .• ARBOLES DE DEC:ISIO:J 

Los árboles de decisión 5011 herramicnlas litiles que sir-

' veo para esclarecer, de manera S'-sternática, la lógica de -
' 

segmentos de p.-ograma en los que aparecen cond(donales --

anidados. El ejemplo sigu_iento i luslra el uso de esta 

herramienta. 
' ' 

Suponga que se quiere imprimir el menor valor de las 3 v"­

riables 1\, 11 y C de 1" siquiente manera: 

Si una de las 3 variables es mflnor a las otras dos se im--

prime. s; dos de ellas son iguales,y menores a la ter--

-cera se impri'men y si las 3 son iguales se imprimen. 

Comparando prlloero A y B para todos los casos posibles te-

nemes: 

"' 
par~ el prim"r <:aso se sa!J~ qu~ A e~ menor que B y por corc 

siguiente enscguid" se dnloe comparar A con e para todos --
' los caso~ ¡>o~ibles. 

es igual q110 B y ¡>ur 

P~ra ul segundo caso.se 

' ' consiqu1enL~ onseguid~ se 

rar A o 1< con C para to<los los casos posibles. .. 
sabe q_U~ A 

' debe .compa-

Para e~ 

tercer caso se sabe que A es mayor que B y por cons~gui~n­

te enseguida se debe com.,arar B on e rara todos los casos 

posibles. Estas consld~raciones puedan expresarse de -

forma gráfica de la nane1a siguiente: 

-~~-----



A<C A> C A<C 

1 
' ' lrnp(c) 

A:: B 

A>C 

• 

Las 1rneas Indican 1,. relación jerá.-quica que existe en--
• 

tre las condiciones. ob~.e.-ve que las acciones que se tf>. 

man unn ve~ dada un.~ condic1ón o condiciones apa.-ec<ln en 

el e><tremo J.nferior del árboL 

EL mapoo de la lóg1ca del á.-bol de de~;1siones a seudocó­

digo es directa. 
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~' (A<B) lu.,go 

si (A<:C) lu.-.go 

imp(A) 

osi (A~Cl lut!go 

irnpc (A, Cl 

obien 

imp(C) 

fin 

osi (A•Bl luego 

si (A<.C) luego 

imp(A,B) 

osi (A~ el luogo 

irnp(A,Il,C) 

obien 

imp(c) 

fin 

obion 

fin 

si (B<.C) luogo 

imp(B} 

o'>i ts~cl luego 

il'lp(B,C) 

obien 

imp(C) 

Lu corrcsponJenciu r.ntrn <>1 iirbol de dllcisión y el seudo­

código es evi~onte. 



TABLAS DE DECISION 

Una tabla de deci~i6n, al igual que un arbol, e~ una­

herramienta que permite cscalarece la lógica de condiciona-­

les complejos. 

A diferencia de un arbol, una tabla se deriva de una­

manera mucho mas sistemática, ademas de tener un formato mu­

cho mus c?mpacto. 

Existen 3 tipos de trablas de decisión 

a) Entrada limitada • 

¡b) Entrada e~ tendida 

e) Entrada mixta 

• 
El siguiente diagrama mues_tra el formato de una tabla 

de decisión: 

,-------,----------·--
fi·~·¡¡. 1!:. .,¡·¡-,,¡_¡:¡. 

rc•ll-'1..."''' ."J¡I,¡oC'")t', • - ,,) (;<) f-----'-=L--+----'-2-L. _________ _ 

• 

1. En el cuadrante superior izquierdo esta la parte de con-

dici6n. Esta ár~a debe cont~ncr {en formJ de pregunta) 

todas aquel las cnndiciones ~xa~inadas p~ra un problema da 

<o. 



2. E~ el cuadrante inferior i~quiurdo esta la porte oe acción. 

). 

Esta irea debe contener en forma de narrativa simple todas 

las acciones posibles resultantes de las condiciones 

das arriba. 

ista 

En el cuadrante superior derecho esta la entrada de condi-

ción. 
• 

En esta Srea todas las preguntas hechas en la par-

te de condición deben responderse y todas las combinaciones 

posibles de estas respueHas deben desarrollarse. Si una 

respuesta no se indica, puede asumirse que la conoición no 

fue sometida a prueba en esa combinación particular. 

4. En el cuadrante inferior derecho esta la entrada de acción. 

Las acciones apropiadas resultantes de las diversas condi-­

ciones de las respuestas a las condiciones de arriba se in­

dican aquí.Una o mas acciones pueden indicars~ para cada -­

combinación de respuestas de condición. 

Las diversas combinaciones de respuestas a condiciones mos­

tradas en la entrada de condición de la tabla y sus acciones 

resultantes se llaman reglas. A cada una se le da un nume 

ro para propósitos de identificación. 

Otr? elemento que requiere un~ tabl~ como un medio de dis-­

tinguirla da otra tabla es un nombre. 

Tablas de entrada 1 irr¡itada 

Como un ejemplo siiTiplc de una tabla de entrada limi~ada, -­

considerese el siguiente problema: • 

Se quiere escribir un procedimiento para una persona que-­

indique en forma explicita que acciones tomar cuando sale de­

su cada en la ma~ana a su trabajo de acuerdo a las condiciones 

del tiempo. 

Supóngase que l,Js condicion"~ d~l tiempn $On di a normJI, -­

llueve y hace frío y las acciones corr-es~ondientcs son vesti-­

menta normal, llevar pardguas y llevar ~weater. 

i 
! 
1 

1 
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• 

• 
• 

e 
La tabla de deci;.ión corresponaiente queda como sigue: 

HLUEVE? S 1 S ' 
i 
' ' 1 

LHACE F R 1 O? S 1 ' S 1 ' 1 

LLEVAR PARAGUAS ' 1 ' 1 1 

HACE FRIO ' 1 1 ' ' 1 1 VEST JMENT A NORML ' ' . 

Obscrvese que eo la entrada de condición. Solo se tienen 

2 valores: S(si) y N(no) y en la ~ntradn de acción una X que 

indica la acción que s<<toma de acuerCo a la condición o com­

binaci6n de condiciones que se indica en la parte de condición. 

Asl por ejemplo, la columna Rl (regla 1) se lee como sigue: 

s• ¿lleve y hace frío? luego 

1 levar paragua~ y sweater 

La columna R2 (regla 2) 

si ll'ueve y no hncc frlo lu~go 

ll.,v<lr paraguas 

y asi' sucesivamente. 

Tablas de entrada ·extendidn .. 
• 

lJna tabla· de entraaa e~tendida tiene en su entrada de con-

dición mas de 2 valores, es deLir, no esta limitada a SIS y NOS. 

Consideresc el ;igui,¿,nte ~jemplo: 

Supóngase que en una 1 inea <uírca se 1 ienen 3 clases de pa;a-

jc: primer.l, turi'-til y ul,.:rna. 
• • 

clnse turi•l<~ y hay disponible,~ le ntorg~. sino se le asigna 

la clase alterna. 

tu de esPera. 
• • 

otorga si la hay, 

Si la clase alterna se agotó se pone en li_! 
• .. 

Si el el iente ;olicita clase primera se le--

en ca'so contrario se le a"sign~ la clase alter 

na. Si no hay tampoco clase alterna se le pone en lista de es--
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pera. 

La tabla correspondiente de d~ci~ión, qu~da como oi,¡ue: 

-
1" I~>II'T~~~· t e "' ..J(_ i'C 

' 
.,,,;_ "''?[·'1 

~ '( "· ' 1')1 ~~ -] 
,, "' ¡)¡(11\[ ~·f.. y, 1 

•. c. \) 1.1 l. L ·, ~ ~ ' 11, _j ·--p,-...:;:¡:_ l ·') '~~-¡¡·. ' 
l!~ ;::: :. 1"'. ¡- '· ' 1 

~~~---· 

,, ,. \':,_ " ' ·' , ' ' 
.. ,. , • ' ' ' ' 

\' ·¡ ' !· 1 " ,. , " 
,, ., ' T•'¡, • 

' 
,. - ' '· 

, l ' ' u, ' ' •· , , 
• , , 

' 1 . • • ., . . ' 
. 
' 

. 

lA • • ' ' ' ¡ ._, . ,, 
' '' • • ' .. 

Observe~e que en la entrtJcia de condición se tienen 2 valo­

re~ para 1~ condición lquc petición? (PP y PT} y par~ la con--

dición lque cla~d se tienen 3 valores (CP, CT y CA). 

lumna 1(1 (regltJ 1) se lec cor.lo-sigue: 

Si la petición ~s de prornera y 

la clase primcrtJ e~ta disponble 

asi~nar cla>e primera 

' 

La co~-

1 u ego 

Un<'l \,,bla <te entrad.-. 11ll~t<l puede tener •SI S y NOS y o<ros-

valores en la entrada de condición. SÍ p<H ujemplo en la ta· 

bla anterior en la primera condición lqué petición? se podr 

poner SIS y NOS en su correspondiente entrada de condición, ya , 
• 

-- ·-·- -~ -- ----- -- - - -
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que er.ta entrada tiene 2 lfalor.,~ pp y PT . 

• 

' 

• 
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' .¡ ... 

• 
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' • • 

' 1-
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' • • • 
.•. ' J 

'" " ' • • ., 

• 
si (predicado) 

seudocOCigo-A 

b. --~ . o ~en ~ _·(.:' _ . _ 

• ¡-" '---·, ~-... _,_ '1- ~ 
· seudocodigo-B ~,- ,; '-';}!,, •, 

' ' ~ . '·' ·-·~~ .lF:-.:" -f:t:: .· :- '' :, ! ~~-:~.-~.·, 
• \" •• «· -· . . -~· . ' 

as' (p.:--~di"ado) lt:¿go 

.-.eudocÓCigo-¡; ~- · . . . ; ·, : ... 

o bien 

:in 

. . ·- "· ., . "\l .. ~ 
ro. '• 
"' 

seudu e OC i gc-- z 

" ' "• 'i ' ' ... -
•' ' 

• 

' -
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(c.os;:;l) 

~" ut.ocód i g o-1. 

lo bien) 

- -. - z '""'eococlgo 

' 

,.ntan~o 

fin 

rcpctir 

se udocód i.;¡ o-11 

~"'~-t" (F! cd i ¡;a do) 

., 

reoctir 

i> .. 

'·al~,--1 o--1 ll:>.sta dn"ci~ (ve.._.. V_,_ -

;:-cpe:;:ir 

~euO.ocódl g o-1\ 
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4.6 UOCUMENTACIQN DE PROGRAMAS 

No es suficiente present~r un programa como una secuencia 

de instrucciones en un orden dado, ni tampoco es suficie!!. 

te usar identación p.~ra destacar visualmente el alcance 

de las estructuras de control. Es necesario documentar 

los programas ya que en muchas ocasion"s unas personas 

co<hfican un prograca y ot.-as le dan mantenimiento. 

~ay 2 tipos ne documentación de programas: 

a) Documentación interna 

b) oo'cumentación externa 

• 
La documentación interna consiste en comentarios inmersos 

en el mismo código ejecutaD!<:. • 

A continuación se dan algunas guias para la documentación 

interna de un programa. 

l) 'foda variable debe declararse. El nombre de la -

variable <.l~be .-efleJar su p.-apósito. 

ejemplo, la asignación 

Así, por --

no nos d1ce gran cosa, sin embargo "i a-las varia-

bles que 1ntervienen en la asignación se les da un 

nombre para que reflejen su propós1to. 

circur: :•·2. O •PI 'RADIO• •2; 

lthora es mas obvia la información que nos da: 

El cálculo de la long1tud d~ la circunf<>roncia de un círculo. 

2) Todo prograllla, SC<jlllento de programa o subprograma -

qlle t<:nga un propÓsito muy espec(fico d"bc comenzar 

con comentario que describa en forma clara y consisa 

•>se pr"pósilo. 

3) No hacer comentarios inútiles, .. sí por ejemplo 

(•se incre.,nta contador•) 

Contador:•COntador + 1; 

en este caso el comentarlO sale sobrando. 
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2:2 

La documentación ~xte:rna se :refiere a toi!a la información 

,que debe estar asentada en un ''"'nual de programación. E.!:_ 

ta :Lnfonnación consiste en lo siguiente 

al Propós1to dBl programa o subprog-rama 

b) Parámetros de entrada y salida 

e) Explicar a yrandes rasgos la llOecánica del programa 

d) Listado del prog-rama 

e') Advertancias sobre posiblu~ errores fatales¡ div,_­

sión por cero, etc-

f) Progr,mas o subprogranas que llamen al programa 

{o subprograca) quo se documenta. 

g) Programas o subprogramas que llama el programa 

{o subprograma) que ~~~ documenta. 

' . 

• 
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4. 7 ~STRUCTURAS DE CONTROL EN FORTRAN lV 

A 

y 

X 

DECISION 

lF(.IIOT. (l'kEDIC/100)) GO '1'0 11 

CODI G0-11 

CONTU!l:E 

IF(.NQT. (PREDJC;,pQ)) GO T() A 

CODIGO-A 

GO TO B 

CON'riNlJE 

COD IG0-11 

CONTI!HIE 

IF(.NOT.(PREDICAD0-1)) GO TO 11 

CODIG0-11 

GO TO X 

IF(.NOT. (l>REDIC/100-2)) GO TO B 

CODIGO-B 

GO TO X 

IF(.NOT. (PREDIC/100-3)) GO TO C 

CODlGO-C 

GO TO X 

CONTWUE 

CODIGO Y 

CONTINlJE 



A 

----~ -------·-

ITl:RATlV715 

If'(.NOT.(PREDICI\DO)) GO TO !1 

CODIGO-A 

GO TO A 

CON'TlNUE 

CODlGO-A 

IF(.:-JQT.(PREDICI\PO)) GO TOA 

SALIDA 

GO TO 1\ 
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Programming .. 

Our unc<>n'<iuus """"iolii>n vf ck'~""'" "''h lu•ury moy be one of lhe 
,;ri}'in• of thc "''' unusu:tll,;rit """"'P.Linn •h•l ;, lOSI> 1u be Oic~Jnl. To <h"..­

',lhut ;, abo pap to'be elct""' ;, 11nc of my rrin10 purpo<c~ 11 "'ill give u1o 
dcarcr undcrSI,ndin& of 1he tru< oJiure of thc q~ality of pre~1:1ms ond the ""Y 
in "hich th~~ are e>prcssed, <-c .. the pregramming longuogc. From lhis insighl 
we sholl IIY.le derivo iome cluÚ •• lo •hirt. prosromming lan~uage fe¡ture$ 

. arC ,;;.,· de•i roble. Final!)·, we hop< to con v in<e ¡·no thot thc difTercnr o ims are 
le_~, ro·<ini.'tiJÍg .:ith oñi: OOOiher lh'n lhe¡' ,;,,~hl ap~•t lO be;,! fll51 >ight. 

Considered as a '. " • 
Human Activity 

.. 
' . • 

•• 
On th~ quollt~ Df l!or r.-uh• 

'·; ·- , 
1 

• 

' .• . 

,. 

• 

' 
•" 

• 

.,, .. 
~· ; . 

'• 

• 
" 

• 

• ... 

.. 

. , __ ,. .. 
• ,<', 

. -.-·-,~,,·, 

· .••.. c~e_n under the o>Sumption or llowleúly workins mochinos "'" should os~ 
:- our<clvo• •he que51ion•:. ."When on aulomalic computer p10duce• 1esul!s, why 
·do~· ·¡~_u<tlhem, if we do so:," ;ñd'•fter tha~: ·:Whol meosure• can we to~e 
lo increo•e our «>nfldence th01 the results produccd ore indud the resula in· 

"' · · lendcd!" By woy of inll<olu~lion.-.1 should h~e '" >IJII th"-
• La\); "ith • 510ry Jnd a quOI.<tion. How urgcnt the flrst question i< rn•ghl be illu51roted by o simple.' be it 

The .,,.;. i< ,;,.,.,, Lhc ¡,;;,¡;~~tl.udwii lloltfll\,,nn: somcwh,ll:simplif1cd,e>lmplc. Sup¡><><e lhJI o malhcmoliciJn intcrc>ICd in 
who "'"' wtlhn~ In rca,·h ht< ~o.1 t," h) ¡ 0 ; 1 ~thy "';ri,putJ·· numbcr. thcory hos ol his di!PO<OI a maohine wilh o pro~rwm to foctori•e 

1,001 Once 50mobtoly coml>lain<d ol'>oul lh< ~¡ltnc" of n_um~!"~ Thi• ':.'._<><~;• moy c_n~ in one o~ lwo~ woys: ~~thc~ il ¡i_•cs ~ faciO~iu• 
~-• ~ ~ ' "' ,,,,·,,,,.,. •ofont!od , \Ion "' ¡,.c-num.,.,r g<v<n nr n ""'"'"' r.,att .. e num=r &<"<n" pumc. ~UI" his m~"'""'· UJ'<In """" cnm¡•,. .... ~ .. . ~ · • 'f"'SC Mw lhot our m:uhemolicion ""hes to •ubjort 10 this pr<.o<e" a, .,y, 20 

h" ..-oy or -..or~,n~ b¡ "''"'~ lhJt "ck~'"'" "'' '"~ """' 
'cern of 101¡0., ond shocmJkc"," 10111 iy<n~ lhJI ltc rcfu.cd dccimol number, wh1le he ha1 mong re•sons 10 ·1upro•e •ho\ il ;, o prime 

•• , number ... lf lhe mochinc «mfirm• 1h11 expeclalion, he will be ho"o>: ,f il find• 

• 
'1 
' 

' 

1 

1 

1 to be 1roublcd by iL ·.,. • • • 
,,.. • '" ,,.roctori•otion, lhe IT'ath'ema~i""" may'be-disoppoinled beoau¡c his intuilion '¡ 

In contrJ51 1 •11ould li~c lo quolc onothor lomou< : ha• fooled h1m og;1n, but, "'hen doublful, he oon 1oke • desk mactnnc ond r•f1.-... 
nincleenlh century scienti<l. G<or,c flook In lhe middle mollipl¡· lho f:tetors produced m arder 10 ebcck·.,helher lh< produCI·rcprOOuces'-0 J 
of his book. A11 ''"''"W'"'"" uj'r/,,• Lu"' of Tlr<'nc/JI. in • the origino! number. Thc SIIU¡Iioo _i• dros•ieally chnnsed, howe>cr, if he ••· ~ 
chopter tillcd "01' th~ Condilion. or' P~rfo.·t lo-kthod," .pec" 1he.numher g<ven 1o be nont>rtme: ¡f thc mach•ne now p¡O<lures faclors ·, 
he wrile<: "! do r\UI hcrc spcak uf llw ~crlútion only ·• h.~ flnd• h15 c•perlaliÓns <onflrmed and moreover he can check lhe resull by ¡' 

·which "'n'"" '" puwcr, but ofth.LI al'o ~h~eh i• founded multiplyin&- lf, ho"'ever.'lhe machioe comes baek with the """""r thJI lhe 
in lhe com·cption of whot is fi1 ~nd b<:Jullful. h is pwb· numb<:r gi~en is, conlruy lo h., .. pee~olion• iiid "arme51 wishes, olas, a prime 1 
ob\e lhO!l (ordu\onJ.Ir"' of thi_, que,tion """Id '-oodu<l numbcr, "h) on canh should ho behcve th<S' 
0,,,, sorne <u.:h con<lu<ion"' lh<_(ollo."'"g. ,-,: .. thJt J 
perfe" method 5hould nol only be an dlk<Cnl on•: os 
res~cli lhc Q<'<Omplishm<nl o( the vbjec·ts for wh"h 11 ~· 
desi11 ned, bul should in all its pons and proccs<<', man~-·· 
fe•l 1 ccrtain uni1Y ond hormuny," A di!feroncc Ln 111<· 
lude one ran hordl~ foil lo no•ice_ 

• 
. Our examplc show• lhat e> en in rompletcl~ discreto rrobkms Jhe compu· 

lation of 1 result ;, not a well-defined job, well·defined in lhc sen<e that one 
can ••r: "l hove done it," without pa~!ng allcntion 10 the cenviocing po .. er of 
lhe ruull, "~· 10 iiS q11altl)l. 

Thc pro~:ommer'• snua1<on is closely •nalo~ou• to thal of th• purc 
mathemotidon, "ho develop; a thoury and preve> I<>Ull• Foro long l<me rurc 
n1Jthcma1Lcians hHe thoughl- and 1omc of lhcm >llllthmk - ohal • lhcorcrn 

-nn•be preved complelcly, thol lhc que<lion Whclher a •uppo•ed proof foro 
• -- theorem is sufficienl or not, admiiS on abro! ale ooswet "Yl's" ar "no." Elul ·thi• 

is an iltu•ion-. for u soon u one Jhinkl-lhat 011c hu 'P'O>ed l-0171Clhing. ene h11 
'~illlhe 91J1~ .lo prove that 1he Jirst ploof ..-os·ll•wles~. aftd ..,. on; od infioitum! 
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One C>ll ne•er guorantee lhJI 1 procf i> ~orrc.:t: ih~ ~>1 <>OC \"JI\'·\\' ••¡ h.l'O 10 M;.thcni~IÍ<>. in•nthcr-wÓldl. lhol ho1·t 1'11111 • ~cr~ 'm>ll h'-'d ~nd mu•t 
not do5.:o•e<C<l Jny miua~c• ... Wc somclimc> ll.ltler ou.,chc< "ith lhc "'"·' ul li•c."ilh il. L lh<·rofme. •ce lhc d"<<<tior. to<hniquc "' nno of thc rothcr h~si< 
¡i'''"' wJterughl prcol•. but in fact wc dn nnthin~ but m•ko ohc <nrre<tnC>S of · p.lllorn< or hunJJn unUcrst.mdins ond think ll wnnh"hilc 111 try \o orcooe cot: 
our conclusions plousoblc. ·So curcmcly piJu>ihlc. thot Lh< ""''"~) mily' <N>O ''"""'·""'"'in which ,1 roÍ1'bc mmt rruilfull) upplicd. ' 
os o ¡reo\ •ource of in•pirollon. · ··' · · •· · • · 
- ' Thc ,,.;um;,tioi1.1ha!'the· pro&••mmcr had ma<lc o witoble <Üb<iivision 

In spite of ol! its deficiencie•. molhcmJii<·ol rc.1<onin~ rrcsems Jn oul· finds i1> ronc<rion.in.lhe pessibilily ID rerfnrm thO fin¡ 1wo sta~es: 1M 
s~>ndina m<>dcl of how 10 grosp c•ucmol~ comrlk,ucd mu,tur~> with' brJin ~re<ificat>on nf \he pom •nd the >erilicmon thot thc¡ tnGCiher do the job. 
of limited cora<"ity. And it secn"· ~oorth"htk lo in>«li~Jic In "h.ll C\lcnt Hcrc olo~an,., ocruroc¡·, cl""'l" anda thoi-ou1h undcr5l•nd1n' of 1he rroblem 
lhcse "roven mclhods con be tran•pl.lnted 10 the orl uf computcr u,.lgc In IM ·- . 0 . . " , 

1 
, al hand ure pr~requiSrre. ul"thc ... hole"<li.,ccuon <cchntquc•rchcs on •ome-

• dui¡n of progrommrn¡ languoge• one can lct onuclf be sutdcd ¡mm·"' Y by , "¡hin~ to5s outsp<l~cn.-•·1:.: on whal 1 should li~e to" call "The principie of non· 
ronsoderin¡ "whal the.moohrne '-'"'do." ConsrderLng, ho .. ever. th>~ the pro- -+ inrerfÓro~..-e." Jn'the second sragc ;ho•e it is anumed thot the corree! workinl 
1rammin1 lan¡uaae is the hrid¡e between rhc usu ond lhe m"hine - lhJI !1 ·- of thc ,.holc can be est•blished by to~ing. of the parls. into :ocount their .,¡0-

con, in fo<l. bo re¡orded as ki• tool- it •••m• just "' impmiJnl-10 l~ke into rior 'f'<"li'olion nnly. ond not the particulars of tkeir interior ronmuwon. In 
<"t'n•itlr<Otion "'whorl MJn can !hin k." 11 i.l in lhi• •cin th.LI "" <h.Jll n>nti11uc "' tllc·1hirU ""~" thc p!lncrplc-uf non:tnterfcrcn,-c rors Up ;r~otn: hoto it "01· 

'umcd tltat'lhi: rn"Uividuol paCr, '"n l><.crmi'eil-'cU and con.truct<U inUcpcnJcnt• 
1¡ from"oneonother. ..,¡;,.:,; ' .. ,. __ _ 

0111 invutiiJiions. '· 
.; .. .. ·-

· Thi• i•"rerhopl•the momeot In mention th~l. provided 1 intcrrret rhe 
T~e te..-hnique · o(. m"s1~rin11 .:uonple• il) liJO beco • k""" n ,¡n,·c .JO< i~111 1i~n• of curren! oll it u des loward' thc probkms of lon~uo~e dclinilron currcclly. 

timts: D1f'!1h• ~r ¡mp1•rn (Dtvidc Jn<l rule l. The '"1-0i~H hcowccn proof con· in "'n" more f<>rr>,.lo>oic 'l'l'"'""hc\ ihc \nundnc\> of lhc di"cctiun te<hnique 
otructron ond progrom constru<tron os. ogo.n, W>kon¡ !n bvth ""'"' thc OVJol· is modo subjec\ ID doubl. Their prornoters or¡ue as follo"'" "henn.r ;ou 

•''able llorlln& poinu are aoven fulom'l and e<l!l1n& thtory ve,.Us pnrnil<'<!_ an~ ,-,._¡i•·e·or ·o,mcchÍni;m such a 1"'0·'1\0&C dtflnition, lirs1. whol u •hould du. ,-,~. 
,·' 1 v1 iloble hbrorY procr•m•l; in bolh c;scs the ¡ool it sivc~ hhe ohcorcm'to be";;,~iti"ipC;~md'tiOri,; ind secOndly. h""' il ,..;;,.,,,yo~ hO>e, 01 b<sl, soid the sorne 

proved •ersusthe de$ired p.:rformonce); ¡¡, both ca.es the <omple>Íily i•todled thtnll.'"ice. but in oll p[obabHity )OU have ccnlrodicted you,elf. And stotisti· 
by div!;ion intO porlt (lemmos ver>us subprogronl< and proccdurc•l. 1 

• cally Spcoking. 1 orn"•orry tci soy, thi• lasl remor• is o <Hong pÚint. -The oniY 
· .-lean -..o¡· to,.Jid<·longuoge.-dennition .. thcy "'G""·· is .h¡ •Just.MfJnin~ 1M 

1 auume the programmer'• cenius motch~• thc dilli<ulty of hi• problem 
and nsume Lhot he h:" 011ived aL o suitable 111 Wivision o( the t•sk. He then mechonisms. b<couse ,.hRt lhe¡··then will do wtll-follo-.. frum this. ·Mt· que•· 

11on: · "How does this follow!"" .is wiscly tell unon5wered •nd Iom •froid Lhol 
proaeds in the usuol mann« in the foll,..,inll IIOIICO: ~ ·thoir neglcot of the 1Ubtle, lnll 1ometimes·formidoble dtiJerence bet,.een lh< 

• he mokes the complete 1Pecifieaoions of the indivhluJI pan• 

• he 1>1isOes himself th;11 the loto! problcm t> 10I>C~ provideJ he 
hod al his dispo'lo! progrom ~fll meetins the 1-'a<oous 
spocificolion• 

• he constructs the.lndivi~ual ports. sotilfying lh~ s¡rcdficJtions. 
·bur in~ependcnt"of one onother ond the further .;onte<l in .. 
whioh lhey will be used. 

Ob~iously; thé construction of •uch on indi•iduol p.rt moy ·~Jin be o tolk 
of •uch a comple•ity, lh>-1 inside lhis port of the job. o funher subdivision ;, re-
qulrcd. -

comopts dr!i"rd ond '"'""" will ma"e lhcir dforts on intellectuol e'erci•e leod· 
in~ in lo onUthcr blu>d üllcy 

Af!c, thrs "''"'"en we rcourn ID rro&rommm~ roself. E•or¡-body fomili•• 
.. irh ALGOL 60 ..-ill o&tee thot its nrvccdure con,.pl salisfre• lo • bit de1ree 
our rcquirements of nDn-intcrfertn«. both in ilS ''""" propenres. e g .• in th< 
frccdl\n\ in lhe clwire of locol idcntiftcr>, as in ilS d¡-nomic ptop<.:nics. e.z._ lh< 
rosstl>i lot¡· lo call • pwccdure. di re> ti,. 01 inUi!oclly. f rom "i 1 hin itsolf. 

• • 
Aonthel <tri•inl eoomple of in<roose of dority th1oush non·Jntcrforcnco. 

~UO!~ntccd by wucture. is pr.,enotd bl Dll rrorromming longuoges rn "hich 
.a!&ebroic expre .. iÓn• ~re ollo,.ed. E>;lu~toDn of such e•pres.ions "'ilh .• 
-,.,quenuol·muc~tne havinK un arHhn>eorc unro of lrmoted complextty will imply 
the use of temporory store for the inte-rmodi•te resulls. Tl>cit •noñ)-mit; io Lbe 

'om' __ ,, .,.,., ,.,.,. ,., ,,·,,,,,,00 ,,, •• , •. , , .. ,,,.,,,.,,o rother ' ~ . . '- ' '. ' 
~-~~ " " • " " ~· " • " source on¡uo¡e gu•rontees hoe rmpnSSJbJiily ¡,,., onc o lhem wil "'" ,...rt..n!IY 

ind.irC<l an.d.lortuous .woy of .ruchin1 one's 1-001~ -M y own feehnt• are perha¡>¡ · . be dul<oytd. bcfore-it ¡, .u .. d. 1~ .o.O<Jid -hne becn f<J"'SOblc lf thoo-compo¡tot:.onal 

1 bcst duaibed by soylnt lhd 1 •m pr:rfttlly aware thotlhe<e ~no Roy3! Rood' ---<><us "'"'" deocribed in 1 von Neum1nn to- m1chine code. 
ii'JJ'· ~-
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.-·' 
in!lorcndontl¡- nf '"'-h nthor .tnd nn thcir """ initiati>e. theit ob;crYotion lhot 

'. ¡h,· t¡u.olito nf .th~" !'"'~''""""'" wa\ invc"cl¡• prwortionol 10 the dcnsit¡· of 
, A brn.~<l con¡n.wson b~'"""" J '"" C'<~unt.mn \JI'" m . .-hin.;"""' _:_·,.,¡¡ ""'" <latonlcnt1 in thcir prcogr.om•. This ""'beCO an oncentive 10 U) lo d<J """S)' 

k no" n for n• lad of cloroty-..:. •nd doll<t<nt lri"'> uf al~",rithmi~ l~n!"·" ·~ " ,,., · ;. ilh·.,e •• ,,·10 <l:ll.cmcnL. · ..... . , , 
iiootbeout'of-Órdcr. .. ·.··.'.~ ,_• ·•· '_• .. :'",',, .,,.-.:· .·•. ' 

,' • ' • • " < -.. Thc~ ideo i<. ~hot. ;.hot we k;,',.; o< I<Dn<f~; ,¡ r"'"'M."i e .• rerlaccnient of 
In oll ca.e• the e•e,utinn <>1' O '""~'""'·wn•i<t- uf a·rcp..••t.;d <'>nfrnnt•· • the mdcr counter >Oiue, ¡, On uperOiion u>ualt¡ omnlioed "' ''"' or more rower· 

1\on or lwo informalion m<"""· thc on" k1¡ rlw !""''"'"''"""''·"''in 01n1c: lile , , 'fui'"''""'" 1 rnon11on rhe """"""" In lho nc•l .•lulcmcnL, 111• pr<~<tdur. 1:011 
olher I>Jy ¡/¡¡• dala) ""Ying Fcir m'"'l >'CJr< ir ha;t.ccn ihnu~hl <"'" ni' rhc . . and rorurn. 1ho condorion>l daus•• aOd rhe fD< swoment. and h is the queslion 
enenl\ol •irruu of lhe •on ~eumJnn 1)\>C cO<lc 1h.1t .1 pr<¡~r .. m cnul..! n•O<lii') in . . < . . - . . whcr.her <he pro,;;r•mmer is n01 ulher led Omoy b¡- &i•in~ him -..ororM< rnnlro\ 

.own·tnSiruCIIons.· n the mo•n11me "e hove d,«·ovcred'lh,te,.leilv lhis facility 
: ls lO 1 &re0r'eitenl/CSI>on~ible for the lack Of da[ily 10-~JcÍtiO;, .-odc 'progrJ,;,·,, 
Simul!oneously iiS indisp<nsobrlil) ha> t>een quc>tinncd: MI al~rbr.1ic <om!Ítl~rs 
1 lrnow produce an objcc¡ rro~r.m1 rh.LI ron>Jir" '"'"'""' <lmillt: 11< cnrir< 0,c. 
cution pti, ... 

·• 0\'Cf 11. - ',• ·:· ,. . .. ~ ., . o,,, • • ,•.,A ' 

1 ha~e done •orious rrosr•mmin' <>rcrimenn ond compor~d rhe ALGOL 
Lekl ~uh 1ho rc•l 1 ~oL in modif,od '""'""' or ALGOL 60 in which thc ~oro 
,¡,,rcmcliL ""' •h<>li•hod "nd rh~ f<>r ""'cmcnl - bc:ing pumpoLII ond o•er·' 
el.1l>orote ..,. wos rcploced by o primirive ref"'lllion cla~se. The l;¡tier vcrsions 
werc mme'diffrculr ro make: we aie so familiar With rhe jump order rhol ir re·. 
quircs >Ome eiTorr 10 forsc• it!· ln oll ,,..-. 1ricd. ho.,.uor, lhe pre&ram wirhout · 

. •.. •. This ob>ervaliun brin8• us ro '<rnsidet. the SLJIUS nr ihe 'Jr~>ble informa·. 
'. lion., let uJiir>t confine our arronLion ro pr~r.mnlin~ IJn~uaoes wirhoul as· 

--·~.,gnmen¡ $l:llom<n'-'l and -..ithouL orno Sl>r<ntonr.. Pru>idcd riiJI thc •1iec1rum .• the ~nto •wrcments rurned ou"l lo be •huri'ei' and more lucid. 
· ,or .t~mi"ihl< funelion VJiucs '-' •ufli,·ionll; bro.1d ond lh< 'onccpl of thc cr>ndl· 

: tional e>prossi<m, is omon¡ Lhc o VJOI.thlc '1\rimili>C>. o~c ,.,, wrirc rh< ou rrorr 0('' The ori~i n of lhe i rk'rco.c in d~rir~ · i• quite undcr<randoble. As is wCII 
-every l'fOIIOm as lhe value of o br~ hecuisl\c) fun>rion_ "Foro •cquenli.ll ~m,•n lhcre C<ists no ¡>l&orilllm to"llccide wheLhcr l given rwgrom onds or 
,ma<hine this cnn be.rronsloted into a con"ont obje<t prOgrJrÍ1.'.in whi,·h ,, run nor. _ln.orher,words •. eoch'progro,I,n,cr who w•nts lo pro<luce a nowle55 PID-, 
lime' a. s~k is. usod :to keep I!0<1r: or lhe curre ni hierorch)- Of i:o lts •'Ond; 1 he ~ram. mU'st 11' leoS! con ~in'cO" hintS<If bY inspeetion rhol his pro~rom will indeed , 

,. ¡ volues of the octuol ¡>O.r.>mcren 1ilpplied or-rheie ,-,ui. · ;·-~o:-:<'·~ .-'• -· · letmrnoro: In o'pro¡rani."in which unre51rined uie of rht 1010 51orcment ha> 
- •·. · .·:,· ·•.· --b'con-mod~.'lliiS Onaly•is moy be very hord on oo-~ounL or rhe great -.riel~ or. 
'' · De,pire ÍIS ele~ance • 5e11ou1 obj«lion '"" bi made a¡.Lin<l s~ch'a;Pro· ,( ""Y' in.which the pro¡rJm ma¡.-foilro stop_ AfiCI the abolahment of 1he goto · 

· Jrommin¡ lon¡ua¡;e. Here lhe informotion in rhc stock <on b.: •ic.,cd ás ob: - •roremcnl rhere >re onlr '"o woys in "'hich o pro¡rom moy failto srop: oither t 
l.jc<IO with MSied lifetimcs·~nd wirh • consrJnl voluc du<in~ rheir enLirc hft· by innnuo rocuroion, ie.. lhrou¡h lhe prm:rdure m~rn,1 ñism. or by Lhe rCpeli-

time. Nowhere lc•cept in lhc im~lkit increJse of 1hi order .-ounLcr .. nich •m· · ' 

• .. 

' -¡i~n clouse. Thi5 •implirte. rhe insf><<Lion gtcJI!). 
bodics lhe progrcts of lime) is the _,lue Of JO Jlrc•dy e>istin~ n>nled ohje,·¡ !C· o~ e 
ploced by.;nolher volue. As o tO!UII !he onl)' way lo stor. , 'ne'>l;· forntod The notrun or rer<,llon, 50 fund•n•enral m progromm1ng. hos a f<Jflher· 
<e5Uit is by pultmg il on lop or lhc "'"~: we hJ>e ño '""Y of c•rrc«in~ LhJI un coosequcnoo. 11 is not unusuol lhat insidt a <equcnce or Stolemcnh lu be re· f..) 
eorlicr •olue: no..- t>erome1 obsolc1e ond lhe IJI\cr's hf~r in re· will 1x: prnlon~cd. pe31Cd one or more sube •rrcssiom ocrur, '"hich do not chan¡e 1hcir •olue d ur-
olrhough void or inlcre51. Summing ur: i¡ ;; elcg.1n1 bu\ in.L<Ior¡u,ne. A seeond ins 11\c rcpclrlion. !fsurh a se~uonce i110 be ropcalod many rime•. il would bo 
objeclion - which 1s prObJbly ~'dire<L conseq~once or lho·fii" one - i$ lhOI o regrellablc wosle of lime if lhe rr.ochine had lo recompute these sorne >Oiucs 
su<h programo b<:romc·ofler • ,-..tJin; quid!y >ll>inod do~reo of nc>ling. lorri· over ond o•er o~ain. On• woy OUI o[ lhis is 10 delerue ro 1he """' optimi•ing 
bly hotd to r•od.'. • rra11sla1or lhe di."overy nf such ronSionl sub·e•rre"ions rn order rhar ir con 

The usual remedy i1 the combined intr<>.lu~tion of the gOio Slll~mcnt ~nd 
thc OS5ignmenl ,sln\ement, The soto Slllemonl enable• us with ' bodword 
jump to repe~l o plece or pro¡r•m. while th~ '"i~nmcm 51.1temcnt con cruLe 
tho neceuar~ diff~ren"" in Slalul t>et..-ocn thc >u«cssive rep.:ritions 

Bur 1 ho•c reosons ro O<k, wherhcr lhc goro •tarcmcnt "'a temed~ is nol 
wors.e lh.on lbc.clc[<:<:Lil aimed lo cure. for insun•-e. 1..-o pro~r .. mmin~ dcp.~rr· 
menl man;¡enr frum dilferent ro~nrries 4nd d1!Teren1 bookground• - ,...,_ one 
mointy !ICienlillc, lhe olher moinly rommtrciol - havc communicated lo me, 

10ko rhe computotion of lheir volues outside lhe loop. Wnhout on op!imi•int 
uonslolor rhe ob>ious solution " lo invite lho progt~mmer lo be ¡omowhot 
mrHe e•plicil ond'he con do 10 by inLt0ducing '' mJn) adtliLiona\ >orioblcs as 
thtre are oonstonl •ub·e>pre"io"' '"ithin 1he reperition ond by assi1nin¡ the 
vol~es lo rh"em'lrefore enrúrn& \he reperilion. 1 1hould like \o 5lreSS lh-at l>oih 
"''Y' or wriHn¡ lhe rro~rom ore equolly mrskodin1. In the firsl case !he rrans· 

- l~tor' is loced -1011h lhe .. unn"ece55>rY puule 10 dt5<0ver \he CDfl>Unq: . in !he 
second.al5e ,..e .hue in.lroduocd a .,nioble. <he .cJ>)y funcrion of whieb Íl lo 
denote a ror>Sion 1 "alue. ·-This- laso · observorion .-<1\DW( •the · way -out ·fJf the 
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dolfl,·ully, b.:siJ._; """' LM• 1 he ''"''H'"'" n1cr ~ ould be '~" cJ h¡ ''"''J/ , """"""· 
i e. l<knlin"blc qu""''""'- •>~h ,, lini¡, lifcti~>e. ~u6n~ -.. ~,,.-,.,.:h.< •'" n,.-., , •. 

' 

. DUKSTRA 3 
co~"""' ~•luc, 1h01 h;,'bo:~n deHncd ,u 1ho nmrnonl nf inlroklucti"'' of lh~ 
qu•nlit¡_ Such quwntitics nrc not ncw: th< fmn1o~lp.or."""'"" .,r l'""'"'"''''' .ol· 
rcJdy <Ji<pby lhi• propcny. Tite .obmc ;, "pk.o 10 '"""~"''" oh.o·, thc ,·on•crt of,. 
thc !oral"'"'"'"" h.- i11 o"n ri~hl or .,,,.,.,, .• _ Ir 1 •m """ informeJ. '"" h" .. Go To Statement· :.¡. 

:olre•dy heon'rcc~ñllcd '" CPL, the ~;og,..n.rnin~ langu.oso dcÍi~nCU ¡n·~jo~nt'· · · • 
" .. i cfforl •m~ñ.'d. _lhO M>ihematkat._LabmoiOJ)'of lit~· Uni>mitY~_oLCúllh;·d~C:: Considered Harnl f ul' 
.,.,,_; Englond. ·.-~·.·- · ... • .• -

. . ' 
1 

Thc dnublc_aoln of dorlty 

J have di>cu.,ed •t'length'thJt the con"ncing' J>OWCr of •he.rciúti>.il 
Jreolly .rlercndcnt'on.the clmly of the pro¡;rom; on lhc dc~rce ;,; "'hkh il_ 
rene<~• th< llru<luro or 1he Pf<>C<" to !><: p..:rl""""~- 'Fnr th<><c wno (cd thom· 
sel•e• mo!lly conccrned wi1h cni~ioncY ,., mco<urcd 1n •he ,·ruder unn< ol' 
storar.r >p.¡c"<:·~n<J nr.orhine Irme: 1 •hould like 1<1 poonl out 1hat in''""'" of 

• crt~<•cncy olw"l'• come• <Ju"n to úplo'not"H\n ol "'"''u'rc ond for 1hern 1 should 
likc 10 uress lhol oll !tructurol propertie! mcnuoned can ~ U sed 10 mercase the .. 

· dfkiency ofan implcmentation. J !holl rC•icw'them_bricny: '-'· :::- ... •· ' 
1,, _.,,-.... . ' . : . ; '" . , ... (, ..• 

•. ·• --.~::·.~·: The•.lifcllmC rclotion lotisfied by thc lo.:ol qUanlili<< of pf<>•:cdure• •llo~·• 

. . 

' 

• u• 10 allocoiC lhen\ in o olod, litUO mokinl •ery cnicicnl u•e ol' •~oibbk •tore: 
:· lhe ononymity of the ime<mcdiote ruuli> cnablel u> tu lllinimizc !lor~~e refer·, 

·.. _ cnc:c1 dynarnicolly "'ilh thc o id of on outomoti<·olly «mtrollcd >el of push do"'n ,._. ; ·'-' ·. · · 
·' aa::umuL:uou; lhc C0<11toncy of prc1r•m te u undcr e.ec<llion ;, Or srcol hCip in ·~ 

··mochines,.;,~ differcm storoie levclo ond reduces the rompt .. ity of odvJnccd 
tonl!ol considcrablr; ¡¡,. NIICiiliOn clou<C Ckl lhe dynamir dcteelion of cnd• 

. , k11 loopinl ond finoll, .. lhe local con<tool io a sUCI."C>5ful randiol.lLe fnr J ,.fite· 
slow·rc.od·f•" llore. "'hcn a>Oiloble. • 

. ¡ 
Conclu•lon 

' ' ' When bct:.lme •cQu~intcd ,.¡,h 1bc rwtioo <>f ol~•m<hn1i.: l.ontuo~c' 

.. 

. . . :- ' .. ·. -... -~_ .. ' ... 
·'Ed•tor: 

'" • 
._ ,: ; 

-~ . 
··" ' -

.1 

i 
For 1 numbcr of reors l h>Ye bcen familior wilh thc 1 

oboervation that the quality of programmc" is 1 d<Crcas· · .¡ 
; :.-:-in¡ function of the dcnsily of 10 lo "atements in tite pro-

.:-·· )r~ms lh.ey pr<>duce.,Mcre recenlly l di•tovcred,why thc 
. ,_.-.use of lhc ro ln '"'lcment h.o> •uch Jisollruus ciTcciS, •nd 

.. \·-"'; J'bcc.mc convin<cd lhol thc 10 to >lllcment >hould be 
~.}·· -'-' 1bolished from all "hi¡her lne!" pro¡,.mming !angua¡u 

(i c. e>crylhin& <><epi, pe~hap¡, pla,n m&chine cede J. A!_' 
!hot time 1 did nol •nach 100 much imP<t<laJICc 10 this ' 
d,.to .. ry; l now submit my comi<lerations for publi<oticn 
~ecou•e in ~cry rcc<nl d"<""iuns in "hich lhe ,ubjo.l 
lurned up, 1 have bccn ur¡ed lo do <0. ef" 

My '"'' remork ;, lhot,'•lthouch lhe pro~rommor'; 
oc1ivi1y ends "h•n he hu colislru<:tcd o coff«l prOgram, 
lhe proceu takin¡-plac-e un~er conuol el his prQgram ~ 
the l(ue mbjc<l mauer o( his acl1>ily. for it;, thi, prO<e .. 
lhat h•• 10 ocrompli•h lhc dcsir~;J eff<CI: il is Ibis process 

1 --.neve< ~h~llcn~cd.th~.lhcn pre•JIIing <>Pinion 'h"' lh< n<nbkm> of ''"~"·'~"· 
·: duign on~ implcmcniotion wcrc n1m1ly 'qucs1100 of contpro,beo: ev<f)' """" 
·' convcnicn« fDf the user hod to be poid for by thc imrlcmcntotio~. dth~r in 

Chal in its dynamic bch•~ior hi! 10 !otisl)' lhe desired 
-~pccifications_ Yel, once the program hu been made, thc 
"mlkin¡" of lhc corresponding proccn U delegatcd 10 
lhe mochine . 

.1 

. i 1he form of incre••cd trOublc durin¡ transiJtion, or durin& e•c•·utioo or durin~ 
both Well, wc are mo\1 ~rtainiY no! trvin¡ in llcov•n •nd 1 Jnl nol ~oing lo 
dcnY the JIO.,ibili<Y of a connicl bclwccn <O<hcnicn"" ond cffi.-icn~). bul no-.. 1 
do prote>l when 1h10 con~l<'l ;, r<<>cntod "o co~plclo •umming u~ of lhc sil· 
uotion. J om of 1he DPinion lhJI 11 "wollhwhilc 10 in•e~i,•tc lo wh~l c>tenl' 
lhe·m:o:.U o(_.Man ;nd·M~chinn 10•hand in hand and tose.: "'hot lcchniquco wc 
can dcvilc fot the beneftl of all of us. l tru>l 1h•t thi• invcsti¡.uion will lx:•r 
fruia and if lhb talk madc sorne of you shore lhis fe<vent hope. il h~s ••h'oued 
lu 1im. 

• 

M) 5CCQJ1d icma<k is thal our in<e!lcctuol powe" IJe 
rather gcated lo. master. s1.1tic ro:Utions ond thal our 
po"'"" to vioÚalize •processe< evolving-in time are reta. 
lively POOtly dC~elopcd. For that ruson Ore •hould do (u 
'll'i•e prosr~mmcrt 1wo¡e or ou< limi"lionj) our utmost lo 

' 
' 



ohorten th~ eoneopl\tal ~·r hct"ocn thc SIJtic prn¡;r;om :ond tito tl•n.rmie pro· 
· cc ... 1<> makc t~c conc<ron•lcncc l>et~cen thc rro~r•m (•pre.r<l ~u! •n te" 
. sp•co) •nd tito 1'""'-"" hpn·<d MI in1mtd .o tri\i.cl ;" t~o.\ibl.:: 

l.et "' now cons1~Cf ho"' "'" •·•n dW-~<toritc tite t'"'P<" of a rroce". 

-----------

:. ·Th~ ffiilin pr~tn! os 1h" the uluei of .these indi~e• are out5idc 
¡;,,,!rommer"s contrOl: thn ore -ge.oor>~cd teither by the write-up of hi< pro­

·gr""' or by the dynimir evolutinn of thc proce<ll whethor he ~i<hes or.nnl. 
The¡ pro>tdC onJofll'rldent coorJinJt<< iñ which 10 de""--ribe the pro¡ress of thc · 

(You may think about •nts qucstiun in' >er) <<>ntr~tc m.;nncr: sut"P"'" that 1 P""'""· 
.• pt~e ... C<l~sidered u a time succc.,i<m of ~clions .. is.stnpped ~ftcr ·'".'!rbotrary . Why ·do we ·neo~ such indePendOnt coordinltts? The.•Ú•on is- and 
. a>llon, ,.-hal dala do we h•n lo ft• in order th.n "e c.1~ !c,\o thc l""'"c" untol'thi;·, 0-0in1 to bc"inhcrcnt ¡0 sequen"ti•l procc.,c<..:. that wc con intcrpretthc 

the •cry ••me point?J lf tho prn~r:tm '"" i! a Pille cntw;otcn.ttion .,r, <:t)", .,:-· •aluc of 0-,:iriablc only ~>ith r<<pcn to thc pro~rc<< of the ptoces<. 1f "'" ;.;,h 
'•!¡nmcm ~tllcmcn.\5 {fo~ \he putr>:'•• of this_d•s:uuion rc~nrdcd as thc dcscrip· · lo counl thc numbcr, n soy, of ~ople in an initially cmpt) room. we ron 
. uon• of songle .acuonsl ti "''"tr!tlcnt lo ~0101 '" thc ~oo-¡¡raon to>t to • ¡mim oohieve this by 1ncreosin¡; ~by Olle whene•cr we se~ someone eoterin11 thc. 
· bet"·ocn lwo succc!Sive action dc•criplions. Un tht •b$<0<0 of tolo statcmems room. In the in·between momcntthat """ ha>e o~ser>ed somconc enterin& the 

· 1 can permit my•clf thc syntoclic ambiguity in the_t.m !hrce words _of the prcvi-· room but hove ilo< yel perfmmed the subsequcnt 1ncreose of,~. ill volue cquals 
;.~ ous sentence: lf we p•fSC lhem u "suco..,ive (action descriptions)" ""mean·. :'te numhcr of people in the room minus one! ·-·: 

: succenlvc·tn tul sp.oe; if wc pa"c as,"(•ucccssi•e acli<'nl dcscriptions".,.e. 
; mean succc«ive in time.) Let us coll 5uch 1 pOintcr toa suil"ble pl"·c in the 
.luta."te>luol inde•." · 

The unbridled uso Or the gn lo stalement has aR immediate conscQucno. 
thot il beco mes '"flbly h.rd tu find o me•ningful oe-t of <"O<lrdin.IIe< iT1 10hich to • 
des"ibe lhe P'"""" progre.,_ Usually. ¡>copie take inle aocounl ., ,.·,;¡¡ the. 

~- . When wc ln¡-lude conditionat clou•c• (11 B then ,r), attcrnati~c dousc• Uf _,·oluc> of ><Jin<: wcll chruen variobl<>. but 1hi5.l5 Qul of lhe qucstien bec•u>o il 
:;• ther> ,r¡ dn Al), choice dau>es n lntr<>duc¡,d bi'C.A.P.. llcOré (cojO 10 ef 'i• rdoti•,;-,¡, <be pro5r<U thot the meaninE of thcse >Olues is 10 be underslood! 

" ' 

1 . ' 

· · · -.'] (At, Al, •• :," ,r,)), or conditlonol .,prcssions 111 inll<iduú:d by"/. McCo"rihi(Bl ~ilh-the 10 lo stuement"one can. ofcou,.e. Still dc.cribe the pro¡re" uniquely 
• : - !1, .n- n, .... B•- Col, the foct rcm•ins that the ¡iro-¡¡re" of lhc proceu by a'-counter countin¡"lhe number of actions performcd sinee program star! .

1 '-~ tcmlins thllacterilcd by 1 single tc>tual indui. · ... : . : ·_- · · · (vt<. a kind of"normalizcd dock l. Thc difficulty is th•t •uch a eoordinate, 
· ' :e ·. · . _ althou¡h unlque, ;, ullcrly unhclpful. In such a eomdinlle sy5lcm it be comes 

1 
As •oon n -..e-indudc in our languagc prDCeJures we must adri-tit"thll 1' .on c;,trinTel¡· eomplkatcd ofhir to doflne all those poiniS ef progreu ~>hete • 

.. ·i lin¡lc _lutual inde• ls ·.,¿, longer suflkicnl. In 1hc case lhal 1 le>lual indu uy, _nequals lhc number of ~rsons in.thc room m1nus one' 

.::~ poiniJ lo lhe Interior o_f i'prDCc~urc body lhc dynomie Notress i~ o?ly eharac- The'·~o lo State;,e~t'as il stinds ¡1 jmt 100 primitivo: it ¡1 too much 111 in~ 1 
__ :; ted~ed whcn wc a!so &•~• towh1ch eall_ofthe prDCedure we rder.. 1\,lh.rhr in- ~itation te m•ke 1 meu of one's program. One can tegard lnd appr~dote thc 1 

;' clusoon of prDCcdures --:-•·can choroe\~ll<t lhe_pro¡;ross of lhc_ P'""" '11 • <e· ctjusc• consr~cred ;, bridlina lt.s use. ¡do 001 daim lh3l tite cl.>u''" me<~lioned 
r :uence o; l~lu,"l tnd~es, the Jon¡lh of lhtS_scquen:• b_eon¡ ~qual to the are uh•usti•e in lhe sensc lhll lhey 10¡11 satisft· al! neods, but whatevcr cl•use• l."! j 
', yn.omJt e¡> o pre<:c "'~ call,ng 1,0 1ugge>ted (e¡. at>ortion <!au•e•) they shauld ntosfy thc teQuiJement thol a ·1 

prosrornmor indepeodenl cOO,dinatc system can b< maint•incd to d<Scribc 1he 
_, Lcl 111 now con,der ttpetilion clauses (like, ~tt!lr 8 ropeot ~ or roprot A 
' unlll Bl. l.o¡icoll)· speo~in¡, suclt rlouses are now supernuous. bc.-.u~e wc ean proce1s in • hctpful and manogcoblo way. 

uptess repetitien with the oid of rccursi•e prDCcdurcs. For rouon• of realLSm 
1 don't wish to ucludc them: on tite ene hand. rcrotition dauocs ran be im· 

.-plemenlcd quite.comfortably "ith presenl d•¡· nn,tc cquipment; on the otlter 
hond. the rca•onin¡ pal1eJn kno"'n u "mduction" m•~•• 1:1 "tll equiprod 10 
retain our inlctlce\ualarasp on tite prorcsses ~tnerated b¡-rcpctition <l•uscs. 

··Wt\h the inclusion of· the rcpetilion cl•uscs '""u•l indicos are no longer 
sutr~cienllo describe thc dynamic pro¡10ss o! thc prDCe,.. Wnh eoch entry into 
a repe!ition clausc. howcver, we can assDCi•te_ 1 so-called "dynamic indu."' 

. lne•onbly cwntin¡ the ordinal number of the corr.,pondin¡ eurrcnt reretition. 
- MIH"Ilf'CiitÍDD d.1usc1 (iu51 ••·:pro • .-edure-t:olls)·moy be·opp!icd nestedlr, "'e find 

lhll now lhc pro¡rcu of the,prOCASI un alwoy• be unlqucl¡· chua<teril.cd by a 
(ml .. d) ¡.equenee of lu\uol ond/o~ dynaniie índice•. 

h 1! hard 10 end this with a fair ~eknowlcdgmont. Am l lO judge by 
whom my thinking hos been innuenccd? 11 is fairly obviou• that 1 am not· 
uninnuenced by Pele'l" L•ndin •nd Chri1topher StrJch-ey. Finally 1 •hould like 
to record (., 1 remcmbcr il quite distinrlly) how Hein• Zemonek n lhe pre· 
ALGOL meetin~ in early 1959 in Copenhag•n qui1e c>plkitly e•prosscd his. 
doubiS whether the JO lo s\<tement should be trcated en equal synt><!i< footins 
-..ithrthe ossignmenl S!atemcnl. To.a modc,¡ c.tcnl 1 biJme myself for not . 

. h••in¡then dra"n the con;equen<es of his remark. 

The <cmark obout tite undesir~bih1Y of the to lo stat~ment is f•r ftom 
new _ 1 remember. havin~ re-..:1 lhe. e •Piici\ remromcndalion. lo r~l!lÍ<l the u o~: 
of the go to "•temen! to al•rm e•it<, but 1 ha~e no• t>een-abte·to·trocc it:· 
pr«umably. il hu bcen made by C.A.R. fiCJare. ln !1, Seo. 1.2.1.) Wirlh and 

' 



. --- .. 

l-l~arc 10so1hcr m.,~o o rcm."k in ll>e '·""" dirc-.,,;,, in ""''"·"'"~ 1ho ,-,.e 
ronwuclion: '"Lih lhc rondilÍnn•l. Íl mirrors lhc <i)n·""'' 'lru,·huo "f" rt~· 
,,,,;¡, .-notr.r.lo.rly l~•n ~· Ir• .,,ucmcn<> •nd·>"·'"~'''· .:nct 11 d1J,1'r'"''' thc 
nced foi' 1ntrP~~""~ a l . .,~c n~mhcr of IJOcl; in thc '"""'·"" ·· 

In ll) Gu1<eprc J.cnp,ni """" 1n h,~>c l''"''d 1hc -!loric.ol! 
surcrnuou,ncs< of the ~· lo st•lcmcnt. Thc ,,,,..¡,, 1<> """'"''' an :orhur.u¡ 
now <liasr•m more orlo., mc<h•ni<.<ll¡· in1o a jumrlc" nno. "'"'''"· i> ""' to · 

'be recommcnded Thcn lhe rcsullin¡ now diJ~r.,m cnnnm be e•re>tcd lo be 
. :. more !ronsporenl lhln thc ori¡;inal one. 

•• 
' 
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1 
' 
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1-1. Wirth ond C.A.R. lloJ!c. "A Conlnbutior~ 10 thc Oc><lormcnt of ,\L. 
GOL" CommanocotiOn> of tire ..!CM. Vol. 9. No. 6 lJunc 19661. PP-
4lJ.Ú. - . 

c. B!lhm ond O. Jac-opini, "Fiow Doog10ms. Turing- Md<hines ond 
Lan1u.-1e• with Only Two Formation Rules." Com;"'""'a""'" of the 
ACM. Vo\. 9. Na. S (May 1966). pp. 366-71. 
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D!JKSTRA 5 

Siructured .Programming 
' . 

:·. 

' , 

• 

• 
•, 

lntrnductlnn 

This working documenl repom on e.perien<e ond 
. insi~hlS goin~d in progrommin, uperiments pcrformed: 
_-by lhe outhor in the last yeor. The lending question wos · 
..;.,(,¡¡' was concei.,hle la inorca•e our prog,.mmin¡ abilily; 
_;-bY -nn order of mo~nilude •nd "'hit te<hniquel (mental.' 

orgonila\Íon•l or mech•nic.l) oould be oppliod in th~ pro· 
ee" of pro¡IJn> compn<ition \o produoe thi1 incre•••·­
The prO~r>mmin¡; e' ponmen" ''""" · undertaken. 10- sllod, 
light upon thc<c quc,¡ion>. 

' 
l'to~ram sl1e 

My rcJI ton,crn i• with intrin,icolly l•r~o P!OEram'·c:> 
lly ""intrin,ic,lly l..r~c·· 1 mc;n pru~<Jm' lhJt Ole l.rsc· 
~ue 10 lhc •"OI1lPk<il) Q( lheir IO>k. in <;nnttJ'I lO pro­
¡tJm> lhat hJYC e•ploded lby inJdc~u"y of the cquip·. 
mcnt. unhJPP1 dtriSion•. poor um!cm•nding of the 
problcm. etc), The foct lhat. for practico! '"""'"'· my 
e•pcumenls hod thus far 10 be ;arricd out wilh rother 
SmJII pro~r•m' did pre<~nt ~.scriou< diff<cully; 1 hJVC 
trjcd 10 overcom• 1hi< by tr<Jtin~ problcm> of sizc <<pli·. 
d!ly and by tr~ing to f<nd thoi< ooniequcncu ~-much ll­
pos•ible by •nalysts. '"'pecoron;ud.rcllcction.ratb<:r thrn· 
by {os yclloo copensi•e) e•po:dment<. 

·1 

·' 
·' ' :1 

1 

1 
' 
1 



• 

' 

. ' 

In uoin¡ SO 1 fnund a nurnbcr nf '""~"* lh,l." ;•rt'Jrontl)', "" h:.•·c -~ 
lcorn te ochic•c (if ~oc don't airead)' \;no" h<>w todo thatl. 

•"" • •"" ,;u ·~"''' .. ! ;·, 
., 

· Al · 1 con<eque ncc, thc problem of pro~r .1n1 corrcct ness fcnn fidencc 
-.one of.my primlfy conccrns 

Tl1tr.·:·arc. ~roof of rrog••m corroctneu •hout~ de~nd only 
\1~0" thc pro~r•m '"''-

gram me. 
• 

3,'_.:- Th~reforc. 1 ha ve nct focuscd my aucntion on the question 
'"ho,. do w: pro"~ lhe ooncclncu of a ¡i•en program'." Out 
· on lhc questions "for what pro~r•m 5lructur<s can wc Ki•c 
'"rrottnc" proofs without unJuc l•bO\lr, c~cn if rhe progr.ms ,. 

_- .-, Thc <lfort - be it intdlcctual or nrerimcnral _ nocdod 10 dcmM<ll>te ~· 1 lugo'!" and; u • '"que l. "ho• do "" m•kc, fa< • gi>cn _-
·::.U.c.corrcctnc'-1 o( 1 prognm In 1 sufndcnrly ron•incin¡ manner mi)' [mea: task, ~uch,l well-structurcd prognim1" My .. illingncn to-
' surcd in'somc \oosc scnse) no\ ¡row more rapidly t~an in proportion lo lhe pro- :<. . _, con_finc mii ancnrion to such "*<11-slructur<d programs" ,(as 1 1 

• ram lcnorh (mc.,ured in an cnuallv lon•c ><'me): .. "· for imtaneé .. ••<.labour . •· sub .. l of lhc '"' of •11 po»ible programs) is based on my b~-
involved in verif)'in¡ the c~rrec; cn,;;position of 1 wholr pro~"m nut '0r N"prO-_· -i·~->;··-\ 'ner thot we tan ~nd •uch 1 wcll-muctur~d sub .. t '"ti•frin¡. 
¡rom oompencnts (coch of thcm iodi•idually ,.sumcd to be corroctl sul\¡rows \ '•,·~'' our programmin¡ nccds, i.c. thal for each pro¡rammablc task_ 
cxponcntially with N. "'" had bencr admit clcfcat. this •~b•et contains cnough rulistic proKrams. 

Any 1ar8e pro¡rom wili'ex~t durin¡ its lifc·ti;;,e in 1 multltudc of dtlferent :-4." -This: ... hat 1 cal) ''constfuc;i•e opproiich lO lile problem of pro· 
vcrsions, so lhat in composin¡ o lar¡e pro~ram "'"are not so much conc.rncd ¡ro m corrcclne.,,'" toon be token a step furlher. h iS nol ie- Q) 

1 with 1 sin¡lc progrom, but with o whole family of related pwgrams. con.,inin~ >tricled to g.ru.rol con¡idcrations u lo wh•l program •tructures 
· ·_-~oltunati"" ~~o~r•m• for lhC'J>mc job •nd/nr siwil.,pwsr•ms for •imol" 1~;,,_ ore ottractivc from the· t>Oint ·of view ·of pro•abilit¡r, in a·. - -,; 

:. A•prog11m thClcfOfe ~hould l>o.conc•i~ed.&nd.undemnoo u o mrmbor of o numbor of •pct<IIC, very dimcult prosrammin¡ '"'les l,hovc.:'l 
· family; ti sbould be 10 structurcd out of com¡>Oflenl< lhat vouous mcmbers of finally succeeded In oonstruct1ng • pro¡rom by analy¿ing how o 
thi1 fomily,-sharinl componcnt¡, do nol only 1harc the rorr~ctness demonstra- proof could be gl•cn that a clall ofcomputolions would utisfy 
!Ion of rhe shorcd ccmponcnu but ol<o of lhc •hored sub,tructure ·cena in rcquiremcnls: from ·the requiremenls of the proof thc 

~rn&r•m fol!owcd. 

l. l'ro&ram «trrutnno 

1 · ~n u•ertion"of pro¡ram·couectness is •n asscrtion about the nct clfects 
·f· or the computotion¡thot m•y be cvoked by this proaram. lnvc•ti¡attns how 

•: IUCh oucrlions c•n be ju!lincd, 1 c•mc ro the follo"·in¡ conclusicns· -,. 
' l. Th~ numbcr of ditreront inputs, le. the numbcr of ditrorcnt 

compuli!ions for which lhe os.•ertions cl11m lo hold ;, •o fan­
lisli'-'11~ hi&h lhot demon•aotion of corroclncn by umplin11 is 

·;.: ' · · · · · complctcly out oi lhc que,lion. ProttT:m /c<lmt ,.,~ M umJ lo 

~· · · .-w-dw -r«1 ~ b..,•,-6ul"""" •e mt>•-lhn< Q~'~"''-' '" ' 
' 

The ••lotlnn botwnn program Jnd tnmpulotlon 

lnvestig•tln~ hoW '"ertion, about the po"ihl< computations (c•ol•iog in 
time) con be modc on acco\Jnl of the stalic p<O¡:ram '""· 1 ""'" <onduded that 
ldhcrencc 10 rigid sequencing disciplines is Cllemial, so asto allow st<~·wise 
•bstraction from tho poosibly ditrcrent routings. In pariLculor: whcn progroms 
for a >c.quentiJI mmput,;t_ are • >pre ... ed os a lmear sequen«:· of ba.>i.- >ymbolo . 
cf a prognmmon¡ l.onsuagc, •cqc;en,'in¡ ¡hoold be' canu"\lod. ·by oltem•ri•c, · 
r:onditianal ind rcpelitive do uses and proccdure calls, rother than by ,lotcments. 
tronsfcrrin¡ controlto labcllcd peints. 
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The nrod for <lcr-w"e ob<lr:~cti"n fwm l.,r.rl '"'"""''"~ i\ J>crh:~rl most 
<cn•inrin~ly !hown b)' the followin~ d<n1<•n•tr.tion: 

' 
Lel "' wn01d<r o '"•llclchod" r•"!'r.tm uf ll>r /orrn• 

' ~·' ~,. ,: '. . 'Ir •• .... _, 

: tru<.t lhJl lh~ "'''"" <."<.ll<."uiJliOr> ~~n•inc1n~ly Jern~n>l<ale! lhe ·necd for ·. 
1i1~ '""odo.n;tion of 1he >b<lro<.l """"'""''S .. ·An aspC•I or rnt conwucti>c ap­
prwch is nol lo •<d"<< a g••<n I''"S""' 01 10 an abma" p•OKr•m (1), bu\ to 
start wilh lhe loltcr. '·· · - :. · ,.·: .... ';¡_ ._, _.., . 
AbsifoOI doto •truCiu/~ •. ' .-. 

ond Jet us inlroduce thc moosurin¡ con,cnt•on tnO(,.·bcn lh.< rlct eiTcc1' of thc: .. , ' • • _,. 

uocut~on of uch indi•iduol <lalcment S, ha• boen ~i~cn. n """'-N s•cr• of -:~ Undcrs<>ndin¡¡ 1 pro¡lim composcJ [rom a mo<lcSI number o[ ahstraet 
rcuon1n¡ lo cotabhsh lhc conce~n7s• ~ rw~um_ O l. '-~- tn cst>bh>h_lhot thc statemen" •&•in become. •n <•~loding "'~ ;r thc Jcfinilion of lhe nct effeet of 
~umula~t•e ne~heffec1 ,of :ht N ocll~n~ 1n sucrcmon

0
sjl"fic• the rcqu¡remcn" thc con;tilucnl"ltotemenn is sul!icicn•ly unwieldY. This nn be overcome by 

:' ~pooe upon. •,Cl:lmpua•ons ••o • b)' P 10~""' '·,-.. ·.·th~ ln•~nJ 1irtio~ of suitable abmo01 dOia muctures.'· The •ituotion is l)fC3lly 
•: . For 1 ¡ta\emen1 of !he form ·.: · ·•n•lo¡¡Óu> io the way in whi(h "'e can unders\Jind an 'ALGOL pro¡ram opelot-
., ' in¡ on inte¡Ús'without ha>in¡¡to borher obout lhc number repre•enlation of 

UllhooS,oho.S¡ ll> rhe implementatinn u .. d. lha·onfy diffe<ence is that now the PIO¡rarnmer. 
mu'l in>ent hi• o,.n cnn<•Pl! fanalognus 10 the "ready-rnade"" intescrland hio­

. where,'a¡oin, lhe nel eiTc<t of the cxccution of tbe constituent ""'ement• S, ·~~n op•r•tions upon th~m (ol\lllogou• 10 the '"ready·m•llo:~ anthmctic apera-
lnd S1 hu been 1i~cn;.we introduce thc meosurin¡ con•entiDti !hal it ukes l ., ·~,1 . '·e;. . :. ,. · 

;-5tep:s·of~uoonin¡ to nllblish the nel effert'of pro¡nm·ll)~ VIl. onc lor th¿,:;-_ ,_. ' · 
,. ·-e B and one for the ene no¡ B · ·In the reftnement of on abstrort pro¡rom Ci.e. compooed from obSU.CI 

lf a, th•• S11 <loo s,O' 
~~ 1,1~·" Su''" s,; 

... 
- --. :-' 

. : i .'.Sl>te'ritcnrs opcro1in¡ on abstrocr dora !lructures) wc observe the ~hcnom"enon 
of "Jo•nt reftnement." _ For •bstrort dato wucture• of o given 1ype a certain 

, . .• repre.cntoHon-is. cho<on rn tcrm• of ne" (porhaps strll rathcr a~11roct) Jata 
).";"11~":<-:"'.'!~Ur~o._O-·!hO-,immcdiate consequ0nte of this"dclign decision is lhal lhe 
•:: · ::·,. abstricl !lll<ments opctatin¡ up0n the Ot•linol obmoct <1••• m~olure h.-e 10 

i ~ ' -,. 
.1 ·-

.,.,·_;_·.:.· 
. '. ,. 

-... . 
.. --

·- ... . ' 

m 

!· .AcrordiOI ta-lhe mea•u•in¡ (Cnwontion il·uke• l·steps 
·ototementto understand it. i.e. te emblish thatthe n~t Otrect of 

' . -' 
· be rcde~ned in te mis of at¡orilhmk tofin<menls operotin¡ up<>rt the new data 

·srruoture• in termo or which il wa• decided to repre•ent the ori¡in,¡l abstr.ct 
doto srrurlure. Such a joint refi<Ícmcnt of dola·nructure·and U"iOCiited statc-,· 
mcn11 •hcu\d be on i•olatcd unit or the pr~r•m le~t: il cmbo<lie• the •mmedr- · 
"~ con•~qu~nc"' or on (indepcndentl d<'ign dcoision and is •• s~(h Che rorturol 
~nit of 1ntcrchan¡c !O< progrom modifi<llion. lt ;, on cumple of whal 1 huc 

111, lbu S, •1>< 5,¡ 

is equiY~Ient'IO lhot of !he execution oran obmact st.1temenl 5,. JI>> in¡ N 
such oltcrnalive Slllemcnts, i1 takes us 21'1 mps 10 reduce pro¡ram (J) to one 

.. or the rorm of program {!):lo undemand the louer form of the program l>lces 
· us onolher N steps, ¡i•inl JN SI<PI in tolo. 

Ir we had refu<ed to introduce lhe a~mact >lal<ntenrs S, ~ul hod uied ro 
undenlind prol[rom {l) direc!ly in l<tms of e.eculion• of the "••emenl! S,. 
eoch such romputation would be lhe cumulati•e effect of N such stalemenl e~­
ecutíon5 ond .....,u1d n ¡uch requlre N steps to undentand it. Tryin¡to undu· 

. st.rod the al¡oríthm In u:rmo o( Che s. impbe¡ thot we h~Ye 10 di11in1•i•h 
'•.br:t-.i" -.d•fl"erenloJOU1tnp"th~b thc pmrnom ·o-nd·thil would )nd to N"2~ 

1teps or rusoninll 

¡rown in ro <al\in¡¡ "• pearl.'.' 

' .. 
. Pro¡ ron" u notkl•<•s slrun: from poatb ' r •• ""! 

l ha.c grcwn ro reg.rd a program •~ on ordered !el or peorls. 1 "neck:­
lace." The top pc:orl.dc>tribes the pro~nm in it< mo" obmact form, in atl" 
lower pc:arls onc or more con«prs used abo•e are e•plaincd (refined) in terms 
of <oncep\S lo be e•plained frc~nedl in pe.,¡, belnw it, while the bouom pc>rl 
•'•ntuJily «plain• wh>t.still hos to be c.p\ained in term• of a1tandord incer­
foce t~rnJrhonc). Thc p~•rl sccmsto be a natunr.l pro¡ram module. -. · . . . 

As e.:rdl pe:orl emOOJie• • specilic de•i~n dee~sion lor, as the'cue may be~ 
• lpce<~c ••pc-cr of the oxi11inal problem •tatement) il 1• the noturoJ unit of in· 
ler<h•nge in pro¡ram modiftcocion {or. as the ca!C m11 be, prc&rlm odoptllion 
lo • <han¡e in problem slalcmentl. 
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--~---- ----·. --· ..... -
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rc . .lfll •nd n~<¡l,cc si•• • dc.u ''·'"" '" .on "inwonplc•lc' 1'"'~'·'"'·" "'"' 
iÍSiing of 1~0 lop h•lf o( • ncdl."c; ir r;m h< "T·"•I.·<J '" .i '""'~'''''" ,.,,.,., ... , • 

·¡o be c<e<ulcd br" 'uiiJblc m•dHno ¡,,r "luch lho """~"' '"'' '" ''" n,-.>.1.•<< 
· .-Ji~•'-• fcosil>le•imrkmeiir'ni~riJ. As.<u<h. the ,.,,,~cine" of •he "1'1"'' h.tlf ol 
:, the.nedbte c.1n ~ e•t•hlishod re~Ordlesi'of 1he ih<>ice of lhc.h<>IIDn• lwlf. · · 

·-.. 

- - _, 

'_._. ,. : 

The Tránslatiiin 
·llch•ccn 1wO "'''""""'"""'" · .... e.m "'"~c'o' "cur.·· .,¡,¡,h ,, ",,,,~u•l 

for • morhinc 'rro•·idcd by rhc """'' or thc ncrkl.•ce hclo" •he ··ut ""d u>cJ by Qf 'gó tO~ Prog~amS 

. ' 

che P"'llram reprcscn•cd by the pJrl of 1he nccklore obo,·c thc nu.' Thi! monu- . -
-:·11 •er~e• U In lnlerf>ee bel"'<en lhe IWO·parls o(-lhe f1er~lace. We·fee(lhis-, to 'while', ~r'ogfams ·,: 

- --:,:torm of in1erfue more hclpful !han rc~.rdin& dat.- repr<•cn~ation >l on inr<r- _- , . ,,, '·• · - • · - , · . 
~ ::.r~ce .between .oper-tioM. in particu IÓr more helnfu 1 lo "·ord' eo~>uring !he <om- - .• 
·:. blnolorial frcodom rcquircd for pro¡;ram Od~pidlion. ·' - ' '· 

ASHCROFr &: MANN'A 

.... 

. •.. - ;:,_;;\"''·_·. 
:r<i 

._, • 

The rnrr;binatoriaJ freedom ju" mentiOncd ••~ms lo be lhe only ,.·ay in, ·• G[N(R.It; DISCUSSION 
. whkh we Qn m•ke 1 pro¡rom "'pul of o f•mily or ;'in many (po1ei11i•ll·ver- • , .. -. ~· 'j 
_ oiOilt" WilhOUI'the.l•bour lnvolved.increasins pro)iortiimal'¡o 1he "olu"mbO:r o( ;-:~··; _l.l.-;l,;lrl¡ducUon 
.':. membert or lh¿Timlly.' 'The fonilly beco'mcs lhe sel·or tliose "lee1ion..rrOm 1 -.. - . 

1 

' 

~---~~~en ""llection nf peorJ•·Ihll can be suun$ into ¡ {¡non¡ "ned!.<e: - ,. ··: The ~rsl cll!S of pro¡rom! we ~onsider are _s_tmp e 
• • • • 'e .r•:'·:i· . .- jloow:llarl program$ eonstructed from osslsnmenl $tate• 
''~ 1 di - k '"- •'' ': 

1 
'-. ' ' · ,e- · , . .; . !_ ,_- 'i (:./."· m en¡, (lhot "'ign terms lo varlabled ond 1es1 stale'!'enlo 

-·:: oncu ."''*"'.•• • -.·~--- '"!.· ... ':.·.¡~.· ••• -.',.· •.. · , .. •'''""'·" ,. .. .0 r r •l••l-••''"'""a'slale __ ::;>.~,y:-,'--:-~ .• .-: (lhll tesl quanll cr· re e orm ~r- . 

. )_' '··- Pcarl• iil o ~ickl•« have 1 strict lotkol ordcr,.sÍy,"fro~ top 1 ~'bollom.'_' - · ·, -.. ,; v"eclÍÍr"'- :t.- Thc flowcha<t pro¡um bejins wuh 1 unlque 
1 1 ,.ould Ji k e 10 !lress 1h11 tlús order mar be "dically dill"ercnt from the ordcr • • -· ' · stotl st~le!'leñt of lhe form- .. _ 
!"_ (jn time) in "';hkh lhcy ore dcsi~ncd. 

• • 
Pearls hove emer~cd u Program me>dules whcn 1 ¡ricd 10 m•p upon coth 

;· olher os ccmplelcly u pouible, lhe numcrous incmbers or 1 cl•ss of relllcd · 
' pro¡rams. Thc abslraclicn prDCess in.olvcd in 1h11 mippin¡ turno out lnol, 

-omuin¡ly, u on oflet!hou¡hiiJ lo be the •Íme n thc ene th•l con be u•cd to 

> 

reduce the omounl of inlellccwal t.bour invoJved in correotno" nroofs Th" is _ .. 
·As 1 said bcforc, lhc prosr~rñminl e1pcrimen1S h•~c bccn r3tried out 

wilh relalivcly •m•ll proJiim!. AlthuUsh, rcr<on•IIY. l flrml¡· bcltrvc lhal lhcy 
lhow lhc woy loward• mor~ reJioblc <:omposilion of really lottc pro~rom•. 1 
should like 10 stress lhal as yet 1 hove no e>periment•l eviden<e for lhiS. Tnc 
ex¡>erimenlol ~"~idence ¡oined so far show! an incre~sing 1bihty 10 romros• pro-
1rams of lhe slu 1 lried. Althou¡h 1 lried todo il, 1 fecllhat 1 hne gi~en bul 
lillle reqnllion 10 lhe requirements r;i f"ntram dcvetopmenl sueh " is need­

·. e4 "'hen one ll'ishtt lo employ 1 l>t~e crowd; 1 hove no e,pericncc wilh lhe 
- Chlnete ArmJ ~ppr01ch, nor am 1 convlneed lll I!J vlr1ues. 

• 

• . ' 

. ' • 

-. •' 

/ ' .. 
. .' . ~ '' 

1 • • • 

• 

• 
• • 

. ' 
Wher; ;¡ ¡, 1 oub•ector or J, lndícolin¡ thc·un•b!ci.· 
thol hu:i~ be si~cn oolue• ot lhe bcginnin¡ of lhe com· · 
'pu 111¡011 . 11 cnds with 1 unique·holt statcment o[ lhc · 

form • ,__ • • " 

where :r is a 1ubveclor of ~- indica1ing IM< ~ariabte• 
;.ho•e v';l'~";, ..-¡11 be 1he desired tesult of the eompull· 

11on. · ' 
we ,;.ke no assumplions aboutlhC domain o( in~i, 

oiduol•. 01 1 bout lhe 0 per.,ions and_ tr<<dicat.os· ID<d on< 
th<:. , 13 tement5. Thus our nowchart p~agronu 2re really 
nowcharl sc:hemas·úee. (or eumple.- Luekham_. Pifl and 
Paterson [l]l ond ollthc resulls ctn "": st&le~ •n lerms of 

•u•h sc:hemu. "•· " - . • ' 

• • 

•• 

1 

1 
1 

i 
1 
1 

1 
J .. 
1 

'· 
r 
• 

' 

' 

' ' 
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. 
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'11 

We con show that by allo~o.in¡ e.tra vari•bles whi<h keep crucial put 
••1~•• of sorne of the •oriables in :'f, one con elfcctivel~ translate e•cr~ 
no .. ch.ort pro¡ram into an cquivalcnl.,.hile prosram (HGOKHHM d. The ím­
portoncc cf.this te>u!t ís that ori¡inll "tDPQio&.v"'.of.the.pro¡:am i! preserved .•. 
and thc """' pro¡¡r.m iJ or thc "''"" Ofder of clftclency u the wisinol PfOII'"'"· 
H""'evcr. "'" shall nct Onter into any discu,ion u to "hether thi: new prc¡ram 

• Í< •uperior te the Oflgin•l one or not . 

' ' 
' '· ' 

' . 
'A 

' 
" -~ ·1•• .; , '· ~ •••• Thi• ;esult,.Corlsidercd in ter,;;¡ ot $Cherna~, con be conlralted wíth those' .. 

:~;""; : ;7 .~.'.''-,'~:~"0rPatcrson".arid flewitt [41 (..,e oboStron& IS]}. They showed th>~ olthou
1

h it 
·' .. <:,:;tr_¡_¡:,.,._;_:~_- .. ;_. · ls not pOisible to tianslate an recursivo s<hemu inlo nowchtrt schemu, ¡¡,. ' 

. 
·-~·· 

,. 
'· - .. 

' ' ' 
'_,., 

'~·· 

..... ,:-
" • é 1 

. 

' . . 
·l·-~·'.;i":;,'.\<,:~:.~P<isolble todo th,. for "ltnior"' te<ur.,ve schemu, by addin¡ cura variables . 

· ·:. > · Ho"'evOr, u they point out, the nowchart ><hemu produced are'iess fl'licient 
thu the ori¡inol recursi•e schemas . 

.... , 
' 

' . •. ' . . 
···· •. : . .,ftrurol. Tho "•-rh"r "'"'"m P, 

' ·, In ·arder. 10 wrile •urh no"'rh~rt rrOgrom• in a tono~ntionJI rr·.·~r.mmin~ 
. ·iln¡uue. ~oto st.arrmenrs are t<qrured T.he!r hn recently boon murh dl5cus· 
· {<te fot u~mpfe .Ou~•tra HU obout "hctll<!r tbe usr of 1-om stllcmcnts 
:·~~es p,'01 rams doffk~ll 10 undcrsrond. and "hethcr thr use of ~Ir>/~ or for 

ltotemenls ¡1 pref~nble. In add11ton, 11 rs quite posSible lhat 51mplcr proof 
method• cf rhe ""l<d<IY and cquivalcnre of pwgrams may be found_ for P:~ 
rarns wllhaur teto 1111ements (sre, fa< uample, Stark llH h os clu Y 

~elev•nl 10 thll di•cuuion 10 consider whethet the abol<lion cf garo statcments 
. iJ rully pouible. ' . ·. 
: Therd~re thc second rlass of pro&rams we ronsider ore K'hil~ program•. 

¡ Al¡ol·like pro¡¡romt con>i5lin¡ only of "~'k stotements of th• for_rn wM~ 
¡ {~~onti~et·frcc formula) do (staremenl), in odd1tion to conditionol, I~SI¡nmen: 
:.•:.nd block' s\atemen\s. A1 befOI"e. c.ach P_IOitlm uarls woth • unrquc 5\at 
, statemcnt, n I.II.T(f,.,.). ond ends wlth 1 untque hall olltemenl, HAL T(l' ~, .. J · 
. 

A.s an cumple. ALGORITHM r w;u ¡ivc the followlnc wbJJe pr~ whk:h 
ÍJ equivolenl to !ho nowoh•n prosram P1 (Fiaure 1): 

' 

SHRTt:il; 
k-~(il: 1 

;-: •• :;;; fij ¡, .-_-.t"":.!7.---- ---- - ~ 
•i-i.- 1 

: úqGI '"'" li- 1-(i); ~"/' rli) <lo i- .olill: 1 ---------------------· wil•iq\¡-l~llil do 
li- <fil; 
~------ -----------, 
':'''"' ,!lil do:<-:: rl:fl; ' 
1>- ~.-

¡ifq(i)¡.;,·' • : 

L .r!-::~•!..i!!'"!1ii.OJ!t-:'!!iJI.t 1: 
if f(¡;¡ '"'" i - Jlil •l>r i - rlil: 
llALT!il. 

... 

-

tr thc t••t q(.\') uses OQI~ a sub•ectar oC . .\', lhen lhc algo<ilh"' will.indlat"'ttw.. 
lhc ....-aor. cf,'utr ........ ~ 'Y' acod,OJ>lyube, or.dhe.Ainc.;leJ:J¡th.·.u;ltlis.. 
sub•ec1or . 

• . . 

• 

' 

l 
1 

1 

1 

1 

1 

l 
' 1 

. ' 



-· --·-------- ·--· ··-- ·-·- '"". 
-~---·---------

. ', ' . --· ' ' _,_ . · .. '' .. 
Note thal On eoch <Y<Ic oro he"'"'" ~lulc •t.llc•mCnt. tho stalo >Útor .< ¡, 

al rooin1 {l. while ji holdl lhe pre«drn~ >=<luo• uf_,- ot ,......in1 "·. -

r-;~le'th~t .. ,¡, iepc.tilion or tho main wh1lc •talementstons from pointy 
Ond ptO<.~eds eah~r b><k 10 1 oc lo &. In the l.otter ea••· t ;, m1de falft 1nd we 
so~"qu(ntly "''1 fram thc "'h<lt ¡t•lemcnt. . . .. - ' ' -

• 1\tnc •l<n lt1u1 the """ >tlbp¡n¡;r.nlS rnt"lu;od in ~~G~etl l1no< ""' "''"""'!. -. - • · 
Thi• I•IHi<"l of oho pro¡""" pr~úu«:d b)' lhc al~or~lhm. Onc mifhl "'e thí> l. J. T:.n•l•llon lo "hilo P'"~'""" "Ubool oddln~ .. rloblu ... · 
f"'l lo"inolc thc' ¡irO¡r1ms ·,.¡,;;,. rudablt by usin~-· sobiuotones"" lor 1hc re· ·. _;.. ·' ---~· ·.\" . .:·,·¿>> · ·· · '>: ." -· ·- ,- · : . .-. 

: pelled subproinms. • . , .· . · .• · • . . . . • • .. ~ h is noiuul anhis pOÍnl lo cotiSid.r_.whether.e~ery Oo~hm program can 
· · · · - be,tron¡laled into an eq"Uivalenl while program wíthoul actding Ultir. variobles 

BecÍuse of space limitotions we c;nn~l presc~Í A;·G~R·ITI•I.;·l in thi~ ¡;;¡;-.,_•· (i e.'. usiog Only the ori¡in•l stite •tctor X). We sho"' thatthís~c•nnot be done 
The detoiled ol¡orithm can he found in thc prcliniinu~ rcporl nf 1his popcr !CS in:&encr>l, and in fzct thcrc ;, 1 nov.chan proaram of thc forin or Figure l 

, _._: ; 188, Compu1or S~ience, ~epi:, St~nfor_d -~~i'5~;it~l .. _' . _ • . _ .... , . -~.h~ch is. ~~- -·~pro~r iale_ c~i.n-ler-• ,~m-pk .. 1. , . , .' .;· , .¡· 
. ·• .J.1)_ Addrntbool~<:" wwab/e¡ .. ~ ...... -, _,.::·.- .•..... ·'·· : ; .•.. ,_ :•' .. 'A 1ímilar ne¡ati~• result·hos becn demoo~tr.led·by Knulh and F!oyd (9]" 

_:;,_•: .-.·. T;_: · · ,_': i: 
1 
~~- ~ · ·- · .-·• ·:--~1·1 : ;-~- · " ,· · -;,_: .O~·. . .. ond Scoll IPri.;ote communlC..tionl. Howc~er, •he- notion of cqui~alence can· 

' :·- ne trons .. uon o .. o.,cnart pro¡rams 1nto "'" e progroms y lue ayuollon· _. ~ . - · · · hl - · · 1 oC_ 
''·[o( boolean· Ylr!able• ls not 1 ne"" idea. Blihm and Jscoi>ini 161 and CMper ¡7] >1d ~~~ by lh05e outhoC1 IS more re•trrcto~_ 1n l l o( rcqoorc1 cquova cnce . 

.. '- ( l ' ', • 
1
. ()() ~ ._ ~ n ._ • oomputa10on st:quenoes (¡,c., lhe soquence ol U!lgnmcnlond tcs1 •tllemcnl! 111'" 

• ••• 1 so runo on ~ter¡ 1tz "'"' suown luol cocr) """"'""! pro¡r~m can - ) . · H r · 
... ·.--be elfccll~l~ tunslated inlu an eQuivalen! whilc pr~rom (~ith ene "hM stote· orde• of cxecut<on_ ond not ¡u>t 1he equ•.••lenc~ of naltcsull! o ·c"'::pult!IOO·-­.... •> • . o< . - ~--• , ~~ . ~ .• - . as~·= do ·.Thu1, Jtnc" ""' nouon af1cqu.-a\cncc "wuktr. our ne1111~e roou(J•' .·: •meo '-'Y mu UtlOI nt"' uvuocon ,~,,.~es 1010 lnt pro~ram. ncw prcuo<3ltJ·· , •• _ ~ • ·., ;.'1"· r .. , · 

""Ao lCIIIh~se.va<ia!>le<, to~tlhcr-IO['Íih••S<i~nmcnts tu~tL lhcm '"''or jal>e The ·, "monger. ;. .· . '}·:-'' • 
.boolcAn . vul1blt1 C!Sentillly · simu lato o Pl~i" m c~unter. ond the wloilc pro· 1. A LOOR ITHM 11: · TM A NSLA TION 81' ADOINO BOOL EA N V AR 1 AflLES 

·; ¡ram simpl~ imerprc~t lhc. ori~inol P 1 1>i~·~ -on nch ~epelioiotÍ uf the "h•lt The seco~d' 1 ¡1~-,;;Ji~·:' .ALGORilHM n, uonslatu no .. choll pro¡rarTn to 
.. stotemen1. 1he nul opeflllon of the ofl¡onal rro¡r.1m os pcrformcd. 1n<! lho 1 h'l · b dd" b 1 - bl 1 k f lh 

. ; "pro¡ram counter" ls updatod. As nolcd by Coo(>Cr nnd Bruno ond SICi~llll equ,vo ent·w 1 o p_rograms Y • ln_g ooean '""• "· l m• es use o e 

· ~:~~:~~~ue~~:~~· ~r~:!;~;~~-~~.~·.~.~~:~~··::~~~~· ~~~~r~~~ ~h.:; ·:~p~~::;~ . : :~:~:~i.:rtr~~~r~~;b~~~~:n; :r~::r~~;~~ r~:::~:~~~:~~~.;~~:~~~~:~;.:\!; 
san · or eumpe, ' 1"' 't pr~¡ram ts ":"nenas • owc an pro¡¡ram •n •he wholo body or the ¡Jven no,.chon pro¡ram can be cunsidered as •uch o 
then transrormed back to on equovalont "'hJic pro¡¡rom by thetr method. the bl k Th . h 'bl · 1 1 bl ~ · · 1 1 
resollin¡ while pro¡ram will not rmmble !he origin•l to::le.velt."st";;';;.~e~7"(:_~'. ~:~·, 1:1~~en~ ~~~ co:ai~eC:7~·:~;;.~ :loe~:),¡~~~-

,we:~l .. e.an al¡;orilhm _(~tOORllli'-' u)•fo¡,tronsformi~g nowch•ll pru- such bloch can be ri:presonred as a piece of "'hile pro&ram·-..ith<>lll'oddinv 
•1-1"1111! to equiv~lont ~hilc•pro~r•rn• b~ addon¡ exno•bool<on , . .,iables. -..hich ;, b""lean votJables. In porticular, ú a while proRram 11 upressed •• • Oowch•rt 
:·on improvcmcnt en th~ obo•e methc:d h pre•ervn lhi: ~'t.opol<>gy"' u( lht_ori- program. this lallcr pro¡ram ••~ olw•r• be decomp05ed inlo such simpl~ 
~&iRa! PIOJTim and in poriH:ulor it dou rioltller ...-hile·(ike sl/uctute rhor miY ol· blocl.;, and lhelltorithm will¡ive us b,ock ihe ori¡inal whilo progrom. ,--.. 
: ready uill In 1he ori¡iñol pro¡um. ' · ..._...._, 
1 ,. . , • • For any ai~cn Oowch>rl pro¡¡rom we construct thc cquivolenl "hile pru--

1
- ·. _For !he Oowchart pro¡ram /'1 (Fi¡orc 1). tor e~ample ALÓOillTttM 11 wiiJ aram by inductiun-on the.muctureo(thc.blocks .. 

~ prod1101 the ronowln¡ whllc pro¡ram. , • . - Fot cach ennance b, 10 bluck B we considet lhot parl ·B, or. the blco::k: 

1

1 · -. fl"AilT\il, •. -~ rcoohoblc from b,, We lhen recursivcly conwuct an- equivalen! piecc or whitc 
-. ·:¡- •1:<:1; • • pro1rom iJ,{l, l)'., follow,. Thcre are twu enes lo consider: 

1· _. ::.:~ • 
l-.!d<p(:<) ..,,-<(:<); 
v-.m tl><w(i,.-~il' 

""'"' t(i) H i - olil. 
• V" r{:<) ,,.w; - r{:<) 

_ ~·--.· •twli-/l>l;t-fo.btll 
, , ditl.i-rlil: 1-ft/¡,.j\; 

· ·HALT\il. ' 

' 
Cau 1: 

" "' "' 
' B, contoin. at mOSI one lOP·Ie~IIQt sto1cment.-

8, eontain• no top-levelloops. 

' ., ~ ............... ,, """' .. -·lon•l -·· ........... --.. ., .......... ,Ion 

• -~· ' 
' 

• 

. ., , .. 

l 
' ~1 
' ¡ '::" 

' . 

' ' 
' 

" 

. '1 
: 1 

•1 

' ' ' ' ' 

' ' 



--,-.,-----~ . . . ' . 
' 

In l>nth C050< i/.1-t. 1) i< lho !'h'i"U' pit<C uf l'hil< pr<~'""" IC•[UIIing 01 
mo<t ene top.lnel whilc <!Olcn,cnt l.tn!l no nu• bwk.on ~:ui"t>k•l 

:, · - CQ>f J."."_,- /J • cantoin¡ _"¡.,-o '" · mm;· lt>;--loVoi ,,,, ~il;~•·onÓtil< · -• nol "1 
:.:k~•t'on~t"'';lcvclluup. ·· · · . . . 

;.E:n.,plt: We shll illum'otc 
· tht incthod u1in¡ o¡;ain thc 
·, nowchut prngroro P, (Fi¡;ure 
.. 1). Wc de<ompoJc P1 into 

· .. : i::blcds u 1110":" In fi¡urc_2. 
'I'Biocks 8 1 and B, ore of.t~pe 

. ;;· ''1 and ull uch be wriUcn 11 
·; :. 1 sln¡le whilc - statement. 

· · Block 81 ls or type 1 wlth :.. 
Jingle top.level loop. Thu1 

•. lt is 1ufrocicnt lo <hoon 
point1 a ond pos the cuHe\ 

• .poini.S.' .To. diotlnsui<h bo­
. twccn a ond P wc nced onc 
': boolctn variable, 1 SIY. Wc 
·.un -tllcrcr~ ~"""'" the 
•.wh!lc·ptOiflm &Jvcn on the 
', prc"din¡ PIIC 'Oihieh 11 
: equivalen! to lhe nowchon 

pr01r•m P,. 

J. TiiE NEOAnVE RESULT· 

~----

fl, ... l. 

, .. ,,. 
'·,\ 

' ·.·;,. . :' ' 
::·"; ' . 

·-·•"'' '')1",, ,. 
-- . 

' 

' " 

We conllder the now~harl pfOf,flm P1 (ñ¡ure 3) whlch has !he sttucture 
'.-IS l'i¡ure.l_..,The.domaln D 1s !he JCI ·of. oll poill ·of llrinp ouch lhat ,lhe fint 

• 

• tring. ,·JIIc<l "heo<l,".is any'furioe >Ion~ ovcr lcllcn 
;tring. callcd "tao\," is any ui/i~ilt' >lring o•cr lcncrs 
onc occurrcnce of·r-· •·. 

··~ ' 
' 

' 

" . ,, ' \ .. _,. .. . ,_ ..... 
' ~,.. "1··· . --... 

.... 

• 

(t. h). and llle' sccond 
\a, (J. y). wilh al moo\ 

' . 

' " ' 

"''"'"" 1' mnnl "lO •a' ohc o.nmoll '""'in o.il", ••U fmeooo "b •¡r 
the l<nmo" '"'"'" llil": opoouioo G ""'"' "<111< the lenrnoot letotr in 
O.il ond od~ '6' on thc r.1ht ol heod", ond ""'"'""" H meano·.''.,.,etho­
lol•"""' 1<11o-r In 1>'1 111'1 :Wd ·~:""Oh< ri<hl o1 ""11.". 

llo••• l. Tho no~rhort ''""""' 1'1 
' 

Du.rlói a romputalion of P,: the only change• in the nluc of the ~ro¡ram 
uriablc .re dcletion of lcOm<><tlcllcr• from thc tailatid addin¡lcller> ror h tu 
lhe right of tho hcad. Thc '"'" in the prQ&ram iimply look al thc t•il, and 

'theiefore lhe rompulalion·is detcrrniitod by thc t.o.il of the initiol valuc, Thu•. 
""'" the pro¡iam terminales if and only if bolh tul! p ond q are false, i! 
Ímplic• that P1 rerminatc1 if and onl)o rT lile .. il of thc initiol valuc ron~o>ins Y•' 
Another Importa;,! fe•lurc of any comput•tion of P1 ls that whcncvor thc lefl· 
mo<t lcttcr o(thc toil is o, thc ne•t bol onc opcrolion mus! !)e opcrolion 1/. 
Similady,, ,..hcncvcr thc leftmo>l lellcr i• (J, che nul bu¡ one operotion musr 
~e G. • . 

·~,.. ""' ... _ ..... --------... ____ ,..¡ ___ .__ ....... --. 

- ... o/ ........ ,, ...... ~ .~ ..... '-'- -·· ....... ·- .......... _ .. - - ... -. 

""''"""'''· 
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Ltl u~ """mc'lhol ""- h;1\·~ o "hik 1';''1''·'"' 1", ,-,1ioi<.!k:lll ¡,·¡•. "hirh­
>ho ho• 11nc ,;.,i.ohlo anJ lioC 1.ornc <1''"'"'" /) Allh""l'h 110 wuld .oliPI' -,¡,,.A 
si~nmrnl "·"'""""'' nf ¡•·, lo '"" :<11)' '""'" ""'·"""<! h) "'"'1""¡'¡""' ,f tho 
opcrauons _G ond. JI. "~ ""'me "'' hout In" of.¡·on.·r.lil.•. !h~• ,,,.·h <l•<ip>m.-n; 

••$1>1cmcnl 10' /'',·ronstsl! cf o oin¡:lo npcralion (i '''H. ,-Th-;:.ICHI m 1/1-r (or~Ji· 
,lion•l and whtlo ;l.llcmcnt> m.o¡ MI¡· l!IC 4U.Illttfocr-froc l<>tonLII,., nht"i"cd 

.from 1«11 ronJ q, ond Q¡Jet•linns (,",lnll/1_ Sin<"<' wc u<o ''"'·' nnc v:ori:~hlc. 11 
follo"'' lhal thc <tQuonccs nr ""luc~ do<odbin~ ..urr<•l'l""line ,.,,,,pul""""' or 
1"1 ond P, are idontio,,J. Nutc •l•o th.n sincc lhcrc ;.-, hound o11 thc Jonth of 

. lcrms in the qu"ntifier-frce formul,., there is • bound, Af ••r. "" •he nun•ttcr 
~- ~.Jeflm~51-leuers in •he lail !hat_ean alTee\ th"e de<i51on or •n) 1 ~<1 in p•1 F>· 
,-nolly, ,.uhoul Ion of.goncuhty wo 5hall mo~< !he •••trielion !h.1:·thore ,.· 00 
·. tedund,nt "hile s111emen1 ·,n P'1: i e., thero is no while ~IO>cmcnt wi1h ' uni­
. form bound on \he numbcr of iiS itor.llions in W111inoLin~ <<>mput.Liions. 

" ~:-..... _,_. .. 
.. • - -, J • ' 

., In pJ<to.:ul.<r. tho c"<1Co1P"'"""" >IJrlir.~ -.uh .,¡¡a' a" bya" d', /ot arry b la, 
¡l)'. "''" cntcrl IV~~ the '"m" 1101n<. i e., w11h 1u1l a" lr¡o" rl: Sin<" the com· · 
pul>lion ;, finilc, it must sub•eQucn<ly pass poinl A. but (noting thal the test in 
ll'n1u" ~-rot.C "hÚ pos>in¡ Al il coimol Pi" A with tail Q"d: · '· . - - ," ' . . 

. Hence, w11h 'o- G·a•. d- a" d'. fur all sttlnSI bin l<>, /ll'. lhc compull· 
lioit"Siortin¡ wilh obyd muS\ pa.• A w1th so me lail Gi>yd,.h~rc Gb is scme rl¡h\· 

mosl sub•uing or ah. 

/ndr1<11on "'P· Al5umc wc have m~ngs G, e e la • .BI' and d e la, 
131".1:1 -. n, sucb thal for allsltiniS bin la . .Bl~'the computllion­

-narün¡ wilh t~il abcyd pas .. s A ,.Jth sorne, llil o!!<"'fd wberc Gb !s 
sorne ri1h1_11ioSt sub51rin¡ of ab ·' -'-· .... ;" 

Wc find a suÍn& r' e la. PI', lr'l - n+l. such \htl ror all strinp b'ln 
la. 111' lh~ :umpuLoti.:.n ot.anin¡ ..-ilh tail_.ab' e' yd IIH'e• A ..-ilb-somo.tait ~- C: 

' 

-rd whc•e Gb' io sorne ri&hl mall sub•UI.nl or Qb: .. -~ , .. , :. : . • _ : 
-... ·· ..... ,_, .. -·' .. ' --.·-

Ther~ are t_h:.,e-~asu toct:m•idel:·. . 

_ .. ·. _._ Sinoc P'1 mu" conloin sorne ~non·ro<lunJ"nl) ,.hil< '"tomen!. lel IV be 
¡:-•IIY '*hile _mtcmc~l i~ ,P', "':hkh i•. no1 conln!ncd o~. folloWe~ b~· onnthct w}l;te 
cf!'~mcnt. · The "?'"¡ -~n P'1 ommcdiOICIY aflcr lt' "'" shal_l ~cnnte b)' A-·- . _'. • 

1·: .:;_."·-' ." b':'"~-. Fot 1!1 n (~ ;;. Ol JhcrC e •i<t 5I rinp a, r (. 1.;;;· ,11:' 3nd el ( .. ;_, 

t ':-'·'·ln,/ll l\ol - nl sueh lhal for ollsuin~< ~ f lo, ,BI' 1hc wmpU- · ·--
.:. ,-: · lalion or ~·, ltotli~¡ ,.ilh loll Qhr:dpn"c' A with oome t•il alwrd.~ .·• 
j. : __ ."'hcrc 1b,. so':'e u¡htmo" substtLng or ab (po-sibly emptyl. .;·;:;·; ·,;, 

-(i) Fof·al! t\C~c;.:,¡,¡;· ~tring• b, thc ro11upondin1 ubminJ ~ io ·.:': .• 
· · no~emply ,, In this cose "'" Ido e' fQ ~ a<.' 

.. ",'O' V .' O ~ 
;",;.-;_;.'4'·for any string b'in la. PI' the compulalion stuting "'ilh tai( 

;, Gb'aryd, pnsu A.,.¡¡)[ tao! ~·aryd, whe« Gb'is 1 ri¡hlmosl ¡· .• _. . •' . . 
¡· F~om lhis lemma ,.e immcdiatcly obuin 1hc follo,. in¡ coroirary. 

;.::,-'·, C~to/IQ_ry. F~r e•cry n. n ..-O, there e•i"' a ftnlte computolion of 
·,_ . -,_ P 1 whoch puses lhrou&h A <o"llh more lhon n ~r.tions stilL 10 be 

: .. : :- · performcd. 
--

Pul lhis conlradi<t• lhc f•ct ~t-sinoc lhtrc is nn ~hile Slolc;;cn• rn~ln;-· 
1 tna A. lhc number ~f operotions lhal P': can perform lftu A i• boundcd. 

1

1 •·l'roqfofLr~nm<t: lly indu<lion nn n . 
--BG-u J/rfl- .Choose ony compulotion s1ar1in¡ wilb lai'l G' G· .. b' yd" fG' 

G", b' E lo. IJ!', d' e lo, 111" 1nd 1 G"l - Ml lhal cnlers w w11h ,.¡j 

1
. a" b' yd: (Such wmpulotion uills by ncn·rcdundancy or W.) 

. Sine<: 11_ mos1 M lcflmosl 1cnc11 of thc.lail t~~n d!"c<:l tbc decision or any 
1~. on cnlcrlnl Wtbc main lUl "'" onl)'loo~ 11 G~ Thcrcfcre lhc te" will be 
truc for •nr Loil st•nln¡ whh G". . · • 

· 11c.. • """ •.,. ftolro ••'- 1-'•• ,_.,,- • .• ,. ,, .. , , , ... ~.. ·- ,.._ .... .. ... -'"~ """'"'"'" '··-~'""'"''"'" '• 

sub!lring of ab: ' 

(ii) Fot sorne nonempty String b- b"" (b" E {a, ,BI"), !he sub·_ 
strln¡ abis cmpty, 1 e., there uisl5 computttion S•tarlint wilh 
Qb" al"?d tbll panes- A ,.¡¡h 1"7d. ln this caSe ,.,., 1<>h e' lo bt 

¡¡,·. ® 
By eorlier remorks abou1 P

1 
and P',; ll follawo lhol.\he·nc;l,·,·'~ 

oper•lion in S •fler pa;.sing A must !1;: H. . 

Now, for · Gny >lring b' m {a, lll' lhe compulotion startin¡ witb · 
u;l ab' ¡lryJ must pa15 A ,..¡¡h sorne tail ab '(Jqdwhere ~ ;, 
oome righlmcst substring of Gb' ,B. 

· !!!'.11 c•ntrol' ~ cmpty bec"lLUIC thi• .. ould mean that thlJ oom­
puliUOn panes A wilh IM 1ame llil cyd •• for S bu\ in Ibis. 
~~~• the ne•t opcration 10 be pcrformed is G. Thi• i• impossi­
ble, oince the course of computalicn from A mus\ be dele/· 
mlncd by \he Uil•t thio poínl. 
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lleM.!, !he <omputalion mu~l pJ.s A Wilh <<>me Loil ,¡, '{.lcyd -
(1 e., ab' r' y JI v.hcre ab'i< a ri~hlmO<tJub•lrin~ of ab~-

·(iji) f'DT'1<Jme 11L>nem('lj' \Lrin~ /> ". ~--(> (b" l 1,., f-!1"1. lhc.•u~-
·stiin&abisempLy. ln1hisr•<t"~'•~~r·w~w.,,. _ ! .. · 

· ·.we proceed os'" rau 
•nd JI inlerch>n¡¡cd. 
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(ii) "Íih ;, ond fJ mler<hangcd ond V 
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' . l. ll é. Luck,hom, D.M.R Pa<~. and M.S. P.ueroon, "On l'ormali1ed Com· 

··' ,• pulor Prflll<Jm$,'' Jo,mal of Co"•P•"rr aO/d Syucm Sri~IKrJ, Vol. 4, No. J 
'(lu 11~ 1970), pp.ll0-49. 

-· ' ... - -· ... ~.-i.'J-' 
l. ' · E.W. 'Dijk1ifa': ''O(i'T o Stalement CoLL1idcrc d. Ha;m f~l." Comm~nicall'ons 

-,., ._'~'.,;', o/lhr'Aqf,Voi 11, No.l (Marth 196S), PP-.l_47:~S: ,'- . ."_ . ------· •, ---··,. 
· .Wt ore.indebLed Lo Dtl"id Coorcr fur -sLimulalin& di>eo.-ions ond moinl¡· 

•-ror his ideo or u<in¡ <uL-~1 POints -..hich """' ho•t adnpLed in /I.L(.;ORIT!IM 11. · 

) . • '-R.'Stark, ~A Lan¡ua¡¡c for ¡O./¡orithms," Compilltrlowrnol. Vol. 14, No. 1· 
• (Fcbr.:Íar~'l9/l), pp, 40-44... · 

• 
·. We ore •lso ¡ro1eful Lo Oonold Knuth for his critico/ Jc>din¡ of !he manu.crlpl ~-

' '· 'and subsequent help[ulsu¡¡eJtions. • · · · 
M.S. P•L<roon ond C.E. Hev.iu, 
li•hcd memo.' 

"Compltalive Schcma~ology," unput>-

1 1 • ' 

•- · The TUOOrcll fCpot"tccl-here ....._, ·•uppOrted ·in port b~ the ¡O.d,anced '· H.R, Suon~. "Tran•l•ling Rei:ur$ion Equotion~ loto FlowchOrts," Jowrñal 
~/Compoll,-r a.-.1_\:nrrm Sr~...-r~ Vol. S, No.l Uune 19111, p¡>. 2H-!S •. 

6.· ·C. Bbhm -~--1oGt .. hcoi><ni, "flow_ D'"B'"m•. Lunns ,'>lacblfles.ood 

: '-~lluc:atch Pr(ljecls A¡ei>CJ cd'.lhe OJr¡a: ot the Seacllry or Defenoe (SD-183). 
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1 ··n~u·~·· -wittt ·, Cnlv T" U' Fonn>l ir,n ' Rules." c~mmtrrO/COT<OtU•-of .. rM 
A(.',\f, Vol.-9, No. S (May 1966),'pp. 166-71. :; .. ' 

' · ( -., 7- · -.·'D.c. Coopcr, "Btihm ond laropini's ll,eduction of Flowcharl!," Commwni­
<<"i0m ojlhulCM, Vol. \0, No 8 (Augu•t\961), pp 46J-1l. 

• . ' 
J. Bruno lnd K. SLei¡li!t, "The E•pre .. ion of Alr;orllhms hY 
Joutnalo/r!rrACM. Vol. 19, No J (July 1972), pp. 517-25. 

Chor(l ,_t­• ,,. 
D.E. KnuLh and R.W. Floyd, "Nole• on AvoidiñÍr; '10 to' SLatements,'' 
lriformarirm ProuSJfnl hltrrJ, Vol 1, No. 1 (Februory 1911), pp. 23-ll; 
scc-olso Stanford UniversiLy Co<rtputcr Science Technial RcpOrl, VoL 
CS!48 (Sianford,CaliL lanulf:¡l l970L. 
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.-._,·-:.:~-:l/-WULF .. Q·· ···: ....... -:-:_,;:~ --·-· ...... '·' :·-·: 
. ; ... , ·-· . ·, -.~=: ., :-·. ,lb,llnnalo ·.·.=- .'.":·-;·::.-. , ... -' -,~ .,;.> ~ •._. ·- .'- ·;· _;¡ 

.,. ;' . - -e·:-:-· •. :.,'·: • '-· . . , 
· ' ~:. -;· i•._¡~· ;< ·. :;' ;! -> ~ . .\ 1 r.~o li:>cl: thC ·,_,,¡,..,,do fm elin1 in' linr 1 ho ~"'" ·h"' :ah ~·d~ beon· &ivcn l' 

' ' ' ' ., in lhr:i.,.l•n.l.•ciH.>n- -~•rnt!¡, iL ;, f'(l"i~lo Lo ul<; lho tnlo in 1 manntr "'hith 1 
,nhscuÍe<,lho.loriQI•Lructurc nf a pro¡¡rom 1na ('Oinl whore ¡, i>cc.offies vinually _ [ 

. -;:.: . ·:' .¿!< ·-1- · ., • '':' • }' ·: ·-···· '-:) ·, .:: :\;."- ··;~:._lm-~<li,~le -~~- ~.ndersla~(!_l:.J;,4),_~hiS:"q/~la!m_ed lhal_r.,.ry use of lhe &Dio · 
A Case:-Againsf the a oro-:,. .. : ,'' ... ,. ~·-:\---: ~-. :_fc • .'~bscurcs·.thc,logi<:ll! JlrUC!urt"<ll" .• p10BIIm; iris onl~ daimcd that it is pon•blt ,.1 
- -- · : ·' . ,· .. ; "· ',_: ---~·'•."'touseihc-~oloiO·rabrkatca"rit'sncst"orronlrolnowwhkhhastheundesir- 1 

. , , .. , , _::. · •. -... :>·:·;· ,·· •hlc rrnpÚties mc"nlioncd •bO~e. JI once Ibis ar1umcn1 addrc.<~es Lhc ust or thc l~i 
-_,,,. ~ • ·_,.:::-:~~o~~.·~h~~-~h~n_i_h•~~-~•i~S<:If ....... :, . --·~!.'¡'¡ ... . .. .. 

-

' ... 

. 

·, ,.,- •<-.:· . •. · ·, • -· ·' , ., _ ,.._~·. ;·:'.:·~;'·:'·.'"o\As_-,lhe_·,_bll!i~·for.~ prorosaiLO·l01.oll)' ':_h!"•natc·thc lOIO •his_orr.omcnt ls :- ~~\ 
. .. -;~ ~.i.:', .. ·.·t. •.:-: ~ '. , -: ·_."·,~;e¡ <·-: '.~ ::--,! - ·• :¡ . · -; :: «>mc,.hal. wc>k. ;· 11 . m1~h1 '"""'n•bly be . arzucd lhat the undcsrrablc ronsc- ' .,

1 
., . ..... -•· --. ·~\~ ·_. • q·uenc"es Or úiucstrictcd branchin¡ may be climinatcd by cnforcing res!ticlions ."~ 

.-: ·. ,lntroductlon ,.,__. ··· ., .. .' on thc'Oittof thc ~nro ralhcr lh1n i:liminOiing thc oohsttuct. llowc~cr. 11...-ill ~f 
, • --· -),.,-.. ;.·be ••eiÍ th1t "in y rotional sct of rcsttictions is cQuh·olcnl to climinating thc con- .-~ 

• ... _,. ·;-
' ... 

• 

. '. •; 

• 

- ' ' 

1t hu betn suggested that thc u•c OrihC ¿.;10 co~: ;_~tru~t-~r.on ~~"~"·".•·~ct ~r uth••:~'''~twl primlti~•• ls prwidc~._.Thc stron1. ' 
muct is . undesiroble, ;, bad prO.romming P<'~~tici:;i ond ·, "'~~'":'', fo! ~~lim!n•t:nt Jh_~ (D!n ~"": '-"·.lbc."""'lc•• ol more. f'OiJII~e fll"<>i><»•l• , ' ' 
that1tleost one mc .. ure of the "qui.Jity" of 1 pr'oitam ¡1- fcr_~ !'~':"'.•'!'m'"•-!f~'~"':'olor;y !'_hlch,makcs !he ~oto u~neccs.a.ry,· h .1s not. •;;[ 
ln~crscly•rclatcd to thc numbcr or 10¡0 '51 ,1cincnt.< (,un.-_-~~· purposc_,?f~!hl' f'I_Mr.,lo .... ph:arc _lhcsc mcthoc!?llli!~'}~•"o~sly called '· 
talncd In it. Thc rOiionolc bc:hind ohi> suueitioñ ¡5 !h";t ¡¡ .;:;1• '-'!~~~~.\e.d • _P'III••mmln_J, ronst:uc~~~•. P'~"mmon~, . , SICP"'IIC 1efi~e· ~ 
it pauible to use thc tolo in -.. 0y1 ,.hioh ob,.,uro: '¡he lo¡;:•.:mcn~<etd, howcvcr, sonce ~he_ma¡or ¡us~oficot1on for chmo~lllng the IDio he• 
cal sauoturc of • p10gram. thus makinK 11 d10icul! to In th•s wo~k. 1 fcw ~~rds •r• !" order. · : •. "·· · · 

, .. ,,, ..... __.,, .. 
un~crst~nd. rnodify, clebll¡t, anMor pro•••a cnu01:tnen. , , h ¡1';;p.,i,1ps:·Pcdantk to obsc;ve th1 t·the -present Pr~cticé"·cr buildtn& '~ 
1t ~ qune.cle,,._ 1_ha~ not atl uses ~f 1 ~• ¡uto •:• obscuro.· ¡11¡c proiramming systcmS ls 1 mess. Most, if not oll, of thc "mojor· opcrotin¡ · ~ 
bu !he hypoth""' ".tholthcsc "tuotlun< l.tll •nto cnc_or lYf!~ms. rornpilers. informllion S)'Jtems, et~. dcveloped in the tul dctadc hove • 
1 small number of ca>cl ~nd thcrcfcrc ~'PI"·u an_<liO· -bcco"deli•cred lote. h•ve S>Crfcrmed bolow c•peclaticn (ot lcasl inili•ll.l?, ~nd ::-t;. 
hercntl~ "'CII·•Iru,etu!ed _lon~u"~' ecn,truet' mJy be 1nlro- . ·J>.:rve b-t:cn fllled ,.;1h '"bu¡s.'" This litualion it in tolero bit, ·•nd h~• Pfompled : '"':' ', 
d:ccd le hondle thcn'- Althcu¡h lhc SU&fC't,on t_O b<!n ·se.~e11J rc~<:archc" [2, J.~.$, 6. 7. B, 9] ID CQnsider whcthct 1 P"O!lflmminl i:< 
1 e Jolc oppo:ars to h .. e beco_ • pan ~r the compuun¡ ·methodolo¡y rni¡ht be dc~elopcd.tc corree! ~biJ situatioñ. ·.ThiS "'"'k.hu.prt)<' -~~ 
rolklo•c. for lcYCrol ycars •. lo_LhoJ author s lo;_nowl~dB• lhc . a-cded Ú'Dm two premises: ' ~ 
suucJIIon .wos.llrsl m•de 111 prrnt by Prcfc.,or E.W. r::::\. ·¡ 
Düksira in 1 1cner ID the editor or lhc C'Mmw~«olivns o/- · · \::6.1¡. '.-'• 
M ACM 9 [1 J l. · D[¡kma spcaks' of ou'r "'hum•n inability lo do much"" {a¡ onc , • 

· 
1 

in 
1 6

8 · time) to paint up the nccessily or dcrornposinl lar&c sySicms · :~1 
!n Chis pope¡ -..e shall cuntin~ ihe rationalc for thc into srnallcr. more '"humon sile" chunks. This obser~ation is :·! 

elirnlnolion of rho 1oto·in pf01rron 111,¡01 l<>nalillau .. 111rt__ . ,hardl~ stanling, 1nd in fact, most prclflmminllangua¡es in· 
IO<nc. o( the·theorc.Jical. 1-1111 pr..,tk.! ,lmplkaHoru _of lit . dude fcotures (modules. subroutincs, 1nd moer"'. for cum· 'l 
(toul~e~miNiti""'""·:· .·o pie) to •id in lhc mcohanical upe<ts cr this dcccmpo<Jt'•on. 

Howevcr, the funhcr obscrvation thot the panicular dccomP<>­
sition chosen makel a si¡nificont ditrcrcnc.c to thc und~rs!and· 

· obilrt~, modJftlbi1ity, ele .. cf.t pro¡flrn and lhot tllu~ Q: an • 
• prit>rl rnethoc!Diov. fot .cboosln¡ a "100<1" decomposition lile u • . . 

-:·''""'patcd. ~ " 
• 

.. ' -. 

t 
f 
¡ 



·--.;,.•: . : .- ... : . 
,, ··~ .. , ... '·' 

Dij~•tro ~~~:;,,o '"''1 1hul do~•;Hil\~ "'~ <1-ioW 1ho · prc;~,;,, nr ·Thc. con•t;uelio~ ~r lhc. pro~,.,; prn<cod• 'br ;m•ll slcp<' in lhi• way until ulll· 
nror-i,' bul nevor Jhoir Jbsonco. Thm ullinuloh wc "ill h~•·o ·.mo~ltiY.c•ch oper.-tion l<'t>pre-<<od in thc .,-.,l .. ble primlli~e operotiOM o( thc 
tn be ~blc tO provc tho <nrrút~¡;,; nr thé l'"'~i """ "•- ,·on· -. ' 't•rcct l•nru ogc. · \l'c ·S hall nol "•"1 out th• 'dol•il• ~ir.co tht ·n~j<cti"l:· o! this 
OlrU<l lro~lhcr than "~cbu{' lhcml s.n¡·c lhc•ir 'h~cr 'i'" pru· -P•ror ü·nol l~ ~c·a,tutoriol on thio nl"ll-.<Klolo~¡·. llo~evcr, noto lh•tlhe 

' ' ". ). 

hibi11 e<hou•ti •• teuing. Allhough, •o me lh'<>ll'"" h.1< l>:cn - methodoloz)-)<Jrie•e-< •he 'i--U.Is '-"' 1>111 ·r.,.. il Sin ce 1he ton te • t i< •m•l~ 11 each 
. )- •. . modc on thc ~utonlalic proor or thc corrcctnoi••n( progrJn,., ·=;•'·· iieP~l't-Os'r<.lali~ely Cllf. to underStaod·~~al" ¡oin¡ on; ind~cd, it l1 eosy to 

l. {c.f.; I!O.' 11. "11;. H;~-2411.: lhi• •'rproJéh 0p[H:.1r~ 10 -be for .. o •• J. ··.prc~'e'lhii:lhe progiam',..,u work cortectly Ir the pflmiti~•• from "'hlch it i1 
,,_ :·- froin li-ProcticolteJiity. -The mclho..Jolo~Y'prO,,.~d by'Di¡kstr"~·, t•:" conilfu'ctc'd;are co.-rect. Moreover,'pto•inÍ thc correctnen of lhe primiti•cs 

.·.:; J :: (ond othef!l pre<e<ds JO thol thc <cnslruclioo 'ór ·J pr~r.m· , ,, '¡UICd ., -IICP i i1· a small set or Pr<lClf• (e( lhe sorne kmd) ol step ! +!. u~ lht 

· . ¡ .C_ · . , ~;~c~tn:ss~:o~~·~~~i~e!y l: -t~plc.• .. ~.d io1ui1l•·e, ,;~oor or irs ' ·. · :~;:;~~~: !'!, 11~1< mcthodoln¡y. step , is an a~~."u<:io~ from its implc men11· 

. ·- Thc mcthodoloay of ."conitruCti~é 1"0''"'""'inli" ¡,¡ i¡uite simrie and;_in ··. Now. '\h-e constn;cti•e programminK melhodology relate! to climina~ina 
·this conte•l, be1l descrlbc.d by an (plfliolluamptó: lct us ronsider the pro~ the ~Otg in the fol!o,..in¡ way. 11 is crucial lo lhe eonmuctive philosophy lhot 11 

tem--or produclnt a KWlC' lndn. _Co¡\\lrU<tlcn or the.pmgrom ptocced< in a •hould be possiblc lO delinc lhe beho•ior or coch primillvc aoti011 11 the !lh 
setlu or stcPS in ..-hich ~~~ lltp il a rcftnement of •om~ portio~ of a prc.inu• •tep indeJ>Ondent or thc cont .. l In "hith it nccurs l( this wrort not so, lt would 
slcp. We.•IHl "'llh osin¡¡l~_statemcntofthc fun<llon lo be perrormcd: .nol.~ PUJsihlo,to.ptn~e lhe corrcclnns ol' lhe•o prlm<i•o:o allhe_!+ll! stop 

,, ·- wilhout·refcrcriec'·to;theit contÚt.lti the <lh step. In parUculat,·lhis.•ugge•ls 
0-~10,~f:·;·par~r~woc o:.-· . . _;' ··:· . _____ , •·:_-,. • .. • (Uiin1 'now:ehm:•erminOIO¡jr)'¡hot il oh0t..td be possible-to 1epruent eoch 

1 :.w¡ nuly-thlnk al"'hi• 11 bcin¡ on lrlst;Utlio.n ~~·', ¡0 ~~-uog~-(o;_'n;·~~~i~ei,'¡~· ·;p~im!ti~C:•t ~he-~lh._siep by 1 (•ubl now chart wilh 1 sln11c cntiy_ and • •in¡te 
_> -•hlch Jhe notion of ¡enerolin¡ o KWIC indct ¡1 primili~e. Sioce lhis OJ>Oriuir:iil'. ull path.'· S1nc_c th!S mus! bt true ~~ ••:h slep of the co_nstruclion, !he llnol 
·'.'' 1s no\ prlmitive In moot proclicollan&uo¡Ú, we ptocred 10 define 11:- · Oow ch>rl ol' • proaram conmuc1ed 1n lhll way must con11<1 or •_set of to1ally 
· .,.. · · · , •• · · : ·-- . neoted (oubl-Oow chort•. Such a Ocw ehan can be construcled w¡thou]an n· --·' ~~~~-- :.;i,' _-;; ¡': ~~~!. ~' . n~~~~~~.' '""""'". ~nd ~~~ ~11 !"'~~"'.'i"~,ci~~~-'';_~~~-~.: --{:, (i_ ~~·ci 'aOtii-lf !:ñnditiono! an_d_loopiri¡ '?"'''·"m l!t a vaiLoblc. ~- · '. , . , 

1-•<· \ -:• · .. , · ·.-' .- otphob<l<,.lhe"v<dlines-'·"'"''-·' '--'<·,,t;.,,..,,,, -·--. · ·· 
.,1 ;:·: .'."· ·,: . : -:<· · .'. :·; · . ; . · . _ . :.' :-;:' · ·- · :-' · : ~-·~:<,.".' : · Considcr, now, ptogtomJ which ean be bull! from only simple tondilionol 
: { .. · . ,_ •-· - '. Prlnt o!phal><tlrod ''"" ,• and loop con11t~rts. To do th!s we wlll use a Dow ~h•rt represtn!ation bc.aru•e 

.... ~ A1oln, wc lll-O~.Ihink.of.c;rch or the<e lincl .... bein¡ an inslructigo in •n op· el' the eoplicil "'"!.in .,hi~h ll mlnife~.l! c:onlrol. W•:,"''"':'" twQ. ba.si~ Dow 
: PtOprlate lan¡uoae; ond o¡>in, sinco the1 ore not primiti....,_ in m!ISI oxlslin¡ cllort elemenlJ, • .. p.rr:o:e.n ,bo• anda blnory dcclsron box. 

lln¡ulltl, •e mllll dellnc thcm; for cumple: 

- ... 

' -

SI~ k: ·pMtoto •nd 1.1ve 111 !nl<tcSiinl <irtulu 1hifls: 

etc. · 

!or uch lino In the inpul do 
bo(ln 
l<nerat< and .... olllnl<tminl 

shifa o! "lhis Une~" 
end· 

·' . 
1 'f .~. ' • ' 

"' , ..... -mor- ... Iom ... , ~'<h, ~"1<" '"" ... ~t.""''""'"""'·'"'''"'""'"',._,,..,_'' 

l. """:."'::.~:::· .......... , "'.~ ..... '"'"'" "'"'"" ... "'_, .,. "'' "'""" '" ... ,.. ••. 
• :::" • ......_ .... --..... ni~ ... "'_........., ...... \"•-·: ................... l .......... "".'-

These boxes Íte conner!ed by dircc!cd lino scgmcnts in the usualway.·We ore· 
interested in lwo spuiol "1o1o-leu" ronstructions fobric.aled from thcse priml· 
tivn: 1 simple loop ond an n-waf condi1ional, ot "••••," conmuct. Wc Cotl• 
sldcr lhese rorms "lolo·less" since they contoln sln¡le entr~ ond u11 pclnts 
and hencc nii¡ht reuonably be provided in 1 lan;ua¡c by uplicit synloclic con· 
saucts. (The loop con•idcred hete obviously don no! cotrcspond In all ~arl-

... _, ....... -........... -.... -..... ""' ................ """ ... ""•-
~ .. ~WIC -· _., ,._.,., •• "'"'"" 1'~'""'"'~., '"' ''" wonj! "''"'' ol "' '"'""' ,.,~~, <#. -·~"""" .... ,...,.,, ..... -.- !1« .,.,_,...., -•--..t<b ... .....,. ..,¡,.,w oflhO dtd-

< 1..., ..... _,_,,,...,o.,,."'""""'''"'~~~~'"""'""'"''"'"'"" ._,_ .. ,.,...,.,,., ..-... h, '"" '""''""' ""' .,.. ""'1 '"" !UI for"" •-<i ••• oll<m<ou .. _ _._,á o IWIC .,...,.,. ,.,.;,., 1oth< ...,. <1<""'-' "'" 
. ' .. 

' ! 
' ' 

::1 
" ;,¡ 

•• ... -

~ 
' ., 

. ··r 
! 

. ~ 1 

' 1 
1 

·1 

' 
1 ., 
' 1 

' ,, 
l 
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lnll·ur inili~linrioo, tcsl hefnre ur aner thc loop boJy," cte. Tht<~ 
"""Id ~ol ch~!'l!• the or¡_umenl-1 lo follow and h.-·o becn,on1;u,,tl 

~ ~':, 

uf n.:,tOJ "rontrol 'cn,·iron~'~.nts.'' Th~ 'c4ucr>.c ,,r lr•n>f<>rmations app\;cd In :f¡' 
.. r<l.:r In rctlutc a ~r;rph 10 ;¡'•ut~k n••M mo¡·,!>< u<cd al • ~urde lo bolh Under- -_ . : . . ' 

. '-· ' ,_-. _,;·,.¡·_- • 
;,; ; ' 

., - - ~ 

'• .. 
., 

1 ··~ -~ ... 

< 
,. ' 

. 
~tandi~t. !, ~~}.'\.;,.¡~~ ~he,.':".'."~~~"-:: ~-~ I~<:I"~O@n.,!" }7· ~- 6, 1. 19_1_:. ;-_:-. _'' ':. J 

··Thc·pnrpcny uf ~cin~·:·~"to·le>s" in thc '""'" dcrtncd abo~c ls a nccos-·-· 
..ary -.nñdiliOn·fnr thc pru~ram U> IL•'C be:~n'dt>~gncd·b~.thc consuuctivc ·¡ 
mcthndnl"!lY- ~orco,~r. thc propcny dcrcnds'only upOn thc topo\Ogy of thc · 

. tm•~rom nnd nnt on \he primil'"c' frnm which it is S}nthC<itcd; in panicular. 1 · 
"C'"~l • _ . ~nlo ""tcmcnt mi&hl havc bccn u<cd. llnwe11cr. not only can such plt>¡\roms.: -; ·;.-,E '·· ,.\_;!.b<: coriSii'uCLtd Without a ~olo·if·conditiona\s ond lOOI'S att nailabl~.-b~l .,;,y 1 

' lc·_·,'

1

·c__·_,·j '-· - •.-•• :·: :rc.'_j .":. · - · ,'{. ¡¡_, '0(;· ~ni<> Whkh i< .no1· oqÚiúloi11 "10 onc .or 1he~e wil! <kslroy thc 1equi!JU ';¡ 
.. ,. lopoloÍJ'. !lonco ony sol or '""ficlion< loi. lhe 11>~ or tho ;~lol whi<h i• inlend- '1 

_ ': .. :.cd lo achiove 1hi1 topolog~ ;, tquivoliOnllo ollmin•ling ¡he ;olo · ·.) , . ' . ' .-
. . . -. "1 

.. )/;·. -::._: ;• , .;,.-' . ;.. ,;· :. Tht l!"otolk•! ¡,~"ibllliY.•r~l~m!~••ln& lhrt.ur.u . • . ::

1

1 

·;-'/-¡\•}·:·;. •l"'o"'l"•· •• , '.'·,.,. ,.,-, < · ;;·~~,;~ll\oex:,;~~-;~i~:~¡~,.,,;~ran.rbl,' .. ;ycompu!iblcfu~cl;On": 
· ·'. 1 Con1ldcr \he ratlowina lhree transformallon1 (TI, Tl, tl) deflned on arbitrary -1n • noumo, "hi•"h coco no1 n..-vc -.n o.plku ,.,,_. Th" is nct·p.ant""lult.:l 

, :,. 1 Oow Chnlll: · · surprising sin<e: .i<l) ·se ve rol formal <~"""'' o[ computabi\U)' 1 heory, •-1 .. fC• • 
,;;,¡ · .· , - . , .. ··.',". .. cur<ive rune~ions',"do nol use 1he conccpl: (21 (puto) USP does no! usen: and _ 

. : ·r· )' ::"-:<.IH -1~:: •• H_'.: • . . . "r. a-.. ' -~. --~ . {' ·· .. :~;·r·~·/·~-- ~-·:;<tRI ·:'a':' :~yijnÍ•··~·'! (1 ~];'in tic~ninl lhe ••m•ntks or Al¡ol, oL'mi~atcd la beis_.' 
·,;-:;, ::;_.-l,':;·',c;.';:'• , , ... ,:" :·, -::) -!: .· . • .. ·,;;;~~~.~~~!nd·Íolfts'by·sy!!•m~uc su~<litullon of prD<cdures Howover, th•s does note! 

¡ '- : .., · _ ' '. · _: . .. . ; "' . . , ·-' •, .. so~ lhll an oltomhm for·lhe evaluo1lon of lhc•e funcllons " espoclally con-
. 1 •' •· ., · • ., . • · .,, • ·' • "venient'or 1ronsparcn1 in tolo-len form. Alan Pcrhs hu refcrred 10 Slm<lor 111- •' 

; ::~~~ :·. ;_ :(: j1: t:. .. :~-~ ~:.- ot '~:~ :.. ... •~! M~,,,.. ·~,' .. 1 :~~;,·~u~-·· -~::~'.: ~·- t~e ?~'~"1 Torp1t". in which cverythma is P05S~~- bul no1~ma is;l! 

r--- Ashcrort and Monna llll havc : ~ 1 
· · >.· , · '' · .:• · ·. ,.. Knuth and.Fioyd ]14) ond r---- ,~ :l 

. <ho"n · lhll givcn an orbinary now 
1 

~ ~ chart•it:i~ . ..,ar posoiblc·to wnstrucl 
1 

~:· 
.• anolhcr-now ehafl lu<ina lhe '>ffiC 1 , ~ 

rc--'--,;1 r--'--1 primitivo• and M •ddilional vori· 1 1 
ablesl ...-hich pctfunns ¡he •ame ol· 1 1 

' 
' 

J '----:--e 
' , • · · TI. b, olmpl, loop "''' ¡, 0, 00 ,. 

l•t•. ,, ......... ' . ¡··'. 
" 

' . 

·1 

TJ, Ant•·•lf .. ,.,, .. '"'"''"" 
mor k ""''d lnro, "'"'" b,.. 

gorilhm and use< only <implc condi· . 1 '¡'¡' 
· lion•l ond loop con<lruca: or coursc L _..___ ..... 
- other al¡orlthms exi•t thal compule _-- ' 

lhe somc runelion and -..hich can be (' " ' 
upr<ssod with only simple condi· 
tionals ond loops. The cxampte 

• ¡ivon in A•hcron apd Manca or on 
al¡orithm whkh ca.nnol be wriuen 
ln llo.lo-lus.form wlllllR>I addin¡od·. 

_ ditian•l ... riobles i¡: · 

--



- _____ ... ,_ 

By enctO-sin¡ · sorne-' of,'the regiun.- of 
the ~<o"" chrt In dntted line• on~ lal>r:lins. 
thcn1 161 and all" oh~wn on th~ previnu< 

. .. 
p.>¡e, and furthcr abmac!ing from the de·, 111 
tails of the prO<:ess and docision suuc·turc. ':~s;;:=;o=::;;:~-; 

"---·~~ 

the absuoet structure of this cumple is: - . !' 

_::\?.>:f,\t{ ··; .: . r ;_,,-_ ;_ ' · ,·, ·~ :~-' ;._::~:~·.}·:\. ..·\·~:t:./-?.\~: 
-: The-'réader ls ref~rred to [ISJ for .... p .. oof thot such Pro~rJrils':cannot bc,co'n",~ ;_­
: llr~•ted from simple loapin¡ and mnditionJI e1111wuet• unk"-'" •ddition•l 

}.·- v••i•ble is added. lntuitively, however, ol should he cleor from tho obstracuon 
_--:-of tloe uomple that ncilher Bl nor aJ is inhcrently nested within the other. 
:~lurcove<. the exlstence of.muhiplc eoit paths from Bl ind 81 moke il impossi·:·. · 
''blc 10 impon 1 silpo:rior (simple) loop (which inhercntly hn • single e•i• P•lhl ·,, 
, to r:ontrolthe lteratlon bctween them unleu somc'mcchonisrn for poth "<Ice·-

lion (e¡ .. on 1ddilionJI vori•OI~I iJ intro..luc'e\1. 

' In Ull Bl.lhm and Jacopini show thatan ubitmy ~oW ch•t! pr.igram moy 
~ translat•~ int<> "" •qui~•lent nne with o Jingle "while.stJtement" by inuo- ... 
dutin1 new booluñ votloblu, predicotes to test them.' and usignmcnt-stote-· 

1,· mcnu to set thcm. A nriant of this ocheme involvinc the oddition,of 1 Si,;ale ,: 
lntescr vorlable. call. h. "a." which ser> es as o "pro~r>m counter ,"' i.i iivcn ~-­

. bclow. ·. • · · 

-'~::·. 

---· . 

. ',' 

' 
. ,, ' 

" 

" 
_ .- suPpoSc wme no::. "chan pro,rom ~ontoin• a oct of pr<><:c>> bo,¡e< ~"i¡ncdi-,- -- · -:-·:: <;-' ,,.,_, 

orbitnry iniCJCI ld><l! 11, 11, . , , , i,, and decision bO<U usi~rbitrary in- Thus: fr>< cumple,· the Ashctoh 
_ .- tc¡cr labclsl,.,. 1,.,,. \,, 1 ... (Dy convention assume lhe~ bo• is u- and Mann1 uamplc 1ivcn culicr 

;·olancd the labcl zuo, and thc cn1ry box i> ••si¡ncd thc ltbel one.) For cooh hhc labcl5 are gi•en on lhc caflicr 
_: pr~u boa.l,. erute a ocw ttoa.l,". Ldcruicalto thc formcr uccpt for !he addi· dllgram) becomcs lscc li¡ht!: 
-: tiO<r of the ossianmcnt ''o - ~" "'he re r, i• thc label af tho ftl«cnor of i in Consuuction. su eh ,. thc one 
; lhe urt¡in.ol prgcram.· For cacb.dcchion bo•; ;,;c~alc'thc maoro bu.-.;,:· ¡ivcn 11 right -ar< undcsinblc not 

• • 
. ! '·· .: 
i 
' 

X 
" - . 

",: 

.. -i, 

" ., 

•• · onl¡ bcc•usc of· thcir incllicicncy, · 

-- . _. 

-

bu! ~cause tbey desuoy the !opolo. 
gy (loop strutture) and.loeaTity o[ 

. the ori¡inal pro¡ram tnd thus make 
it exucmely ditrocull to understand, 
Nnerlhclen, !he consiruotion 
seroes 10 illustrate !he polnt that ad. 
din1 lat least one) oontrol variable 
is on elfeuive de vice for ellminatin1 
the JOto. Ashcroft and Manna havo 

" • ¡iven ol¡orithms for Uamla!in¡ ar. 
. "'hu e ~ anr:H• ore thC' libe~ of-tht nr«usun-of. tbe rn.•~n~ tolu bi"J.nthes of bitruy pro¡rams in lo E•lo·leJS form 

the·llocb;on·.lo:l.,.,•l;rho.othcr.ori¡fnd•prosram:. N""'·cruta·the follo,.inl now {with .odditional -"ulahles) wblch 
, clurrt: preserve thc efficiMcy and topolo¡y 

of tlle ori¡inal pro¡ram. 

' ·1 
' ·-· 
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' 1 

1 . ' • 
1 ' • 
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• 1 
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Th~ prJctlnl pn.-lhlllt¡ <>1 tliluln~tln~ tho rann l!li" llore "'" ,)>,,11 mcrcly 
m;onof<>~ Lhcmsclves 'rn Hl'l<> 

¡¡,¡ '""'" nf the re>UTI> uf tbJt on .. rysis "' thcy 
fond nt'•ght mon'•fc<l th~m>che• in ony ~olo-lus 

" 

. _ . , . ,. , , -·. . . , ·-r -, .-- 1: . , 
-~-·~:As di>cus"'d in'thc pr~~"'"' ''""t•o•t,·it ;,.,h-euietk.LIIj' PO>>ibk.'•o"·'lin;-_ 
· inaÍe th~ ·,otO:::MoiCo,·ei~ thi.ie'con be littlc'·4uon01 ;..¡¡h thc'"h}<:¡:m{·s'nf thc 

ronstructive J><ogrammin, "lcthodalogy. A ronscquence of thc ·p,¡¡¡icuiJr 
methodolo~y pre•cntcd oho•c is thJt it prOOuccs'~iuo-lc" rrnp.Jm,, thu< thc. 
101u is unnccc'"''Y in proHrJm:l produced •c<cr~ing to lhi, mctlh><.lnlog¡·, A 
kcy, l'<''h'PI thc kcy, i .. ue. thCn. is whcthcr it is waw,·urtn rcmmc tlie &otoi. · 
ln-paUicular therc is an appropriolc suipi~ion ~mon~ Procriring ·rroi!ia"mm~~·' 

·rhal coding wl!houl rhe IDID is boolh inCorÍ•cnicnl •nd·inemricnl. ln.lhii sec: 
· 1ion wc sh~ll invc.ri¡are lhc¡.c: 1"0 inucs, for, if ir is in,;on\enicnl or grossly 
lncft'icienl ro prov•m wilhout 1he Jolo then rhe pr•<lirafory of rhe mcrh<>dolou 
is in ~ue<rion. 

lon~uo~d:· •.<-: ,. -. .. ... ··;· 
.-. l.· --A rnllcCri~¡,":-or '"tnm~rÍii<•nal"' «•nl<nl ~'"""!•ues: M•nr oi 

thc in.-on,cnienccs of a simrlc ~ulo·IC" l.n~u•go orc climioal· 
·cd b¡ •ioupl¡· provldint a f1irly l•r~c collccliun rJ: morc-or·l~n 
·'"rnn>enlinnol"' <nOirol <I<Uclurcs .. In pa<licular. for cumple, 

' 

• Blin ini:ludcs: conrrol '"•rores"' (hlocks and compounds), 
.. • : ronditionOis · Cbmh · lf·l htn-•1•• 1nd u,:r formsl. sc,cul IC>Op­

. in¡ Conilrucis Onduding nh!lo-óo,· d<Í·Mhll•, and steppinl 
fo<msl, POienli>lly recun.i•e procedures, ond oo-roulines. 

E•r«nion languoie: As nolcd 'in •n carlier scclion. ene 
mcch•ni~m for uprcS§ingtai~Oiilhmo in -~oiD·I<,. form it 

Conwr11icnu:· .'f- ,~-" --~' .' ·:,-.: :/;f'·\, ~ · :1hroúgh -~~•-i.nuodu~ri~;o("al.iea•l .,.·.~~dilional voriable. 
"> _ i- -· -: '->.1 · : ·· · .. :,- > • • •• , - The value of; lhis var;,bJe. serve o .10 encodt lhe Slale of lhe . 

· ~. · :-·· Pro¡rom"mtir1 withou 1 th! fOID i1 1101 (ne<..,•only) 1ncof\\cnie"nt' The •u· eomÍ>ura1ion and "dir.cl su hseouenl flow. Thi• ;, ~ com meo 
' lhor ·., one nf·th~ <lc•isnen. ·,mp k m• ntoro. and u·, • ., or a "'Y"'"'' inmlemcn-" · pro¡rommm'¡ · rro<lice u•ed e ven in lan~u·~·· m which the 

11tion lonau•&•.-'' Bli" (16, 11, 181; Bliss does no1 have JOio- The lanMuogc h•s, folo is firuenl le&., 1hc FORTRAN '"compuled ~olo"l. Blist 
~leen in aclivc uoe for 1hrec )<>IS: we hove 1huo 10ined ran>ider~ble p<acli<•l· _,_ .. .().io an-''e~prcssion lo~guage"' in lhe oenn thal every eonmuct, 

:.-: ._uperience Pra&rtmmlnawilhoul the coro._ .This ~··rciic.icc.spJns_"níóiú'!~O¡il/.•~¡f}~~ .. "'iné:údiña:~~h.Os .. i.hich-in•nifc.r ronrrol. iS on e•prcssion and 
··.·:¡ond lncludel'se~erol (Ompilers,-• ron~ersotionol·~rocramriling iYsrcm_iiAPll," · · ,;·. ·-eompulu • volue. The v•lue ofan "'pression (e¡., 1 block 01 

~r:i ~~ opefl.li~g-~yl!e~, os well u numeroul opplicotion• progrom•. <.' · _.'.loop) form~ 1 nalural 1nd cun•cnienl implkil Sllle variable. 

·•- Thc inesc:~p4ble condusion from lhe Blisl e•pcricnce ¡, thut thc ~,;pOneJ J. · Eocope Mechanism: A~alysi• of reol progr~m• slwnlliY su¡-
lnconveniencc oi prc¡<ammin~ wilhcur o 1010 i$ 1 my1h! P<Ogrammcf! familior .aests lhal one of !he most common ''good'' uses ofl¡oiD is to 

-. •ilh llnguages in which the ¡oln is presenl ¡o lhrO<Jgh 1 rather brief•nd pain-· prematurely 1ermin.re e .. cution of a conlrol en>ironmenr--
~" 1d.op¡.ríon·I'C'Iiod: ·Once p><t rhis •doprolioo·pcriod lhry find 1ha1 1he lock for ex•mplc, to uil from lhe middle of 1 loop befcre rhe usual 
of a sola;., no1 ~ hun<!'r.,p-. en th~-~ona;rry,lhe·inv~ri.ont.<C.><tic..-.·'•5 thol lh~.- -· • ·rerminanon condillon is "'ilfied. Tii accommc;d¡le rbi! form 
enfnrred discipline of pro&r;mmin¡: wi1hou1:a •"''' Slluclure• on<l •imphlics lhe. of comrol Blis.s' ellows urr e•preO<ion-Ccontrol enYirrmmcnl) 
lUir.. · . . ... · !O !)e, l¡~oled: ·~n C~pr0Hion of the fOJm --'"Jc~u- <1• bcl > -..;!h 

Blis. is nol. howe•«, 11implc ,.~n-Tess l>nguogc: lhal is. ir conrorns mo<e 
lhon simple ,.hllo·do ond lf-lhon-rlu (or <•••) eonsrrucl,. The<c ore nalurol 
formsofco'llrol now lhor oceu< in reoi.P<O~<"m' which, if not e•pl'ldll¡ provid-: 
ed for in lhc longuage, eilhcr rNUÍ<e • «ulo so lh4t thc prOgrommer m•y lyn­
lhnilC lhem, ·or. else W<ll cause 1hc pro~"mmcr ro conlorl him•clf ro mold 
llrcm lnlo 1 JOio-less form (e¡ .. in rerms of.lhe conmu•·liOn in 1hc previous 
~<~ion). Conlollion obscureo ond is lherefo« onlipo\hclic wuh 1he ronmuc­
Uve Phi!osophy; hen~ 1he opproach In Dliss h•• bccn lo pruvidc uplicil forms 
of lh<>e nllural con•llucls·which lfe abo inhcrenlly well-s!rucrurc<.l. In (19) 
!he outhor lnllyzes lhe formt-~f ronrroLfle>v.wltich ore ngt-c.Wiy reoH1cd in.a. 
limpie lot.,.lcu. lan!UA&e and uses thil onolyili 10 motivole 1hc facililie; in 

•• ... • <e•preS!ion >" m ay be ••eculed wilhin the •cope of this 1•· · 
bcled envi<onmenl. When 1 ln•e e•pr~nion is e>c<~t~d Jwo 
rhinss h1ppen: (1) coñlfol lmmediolcly po.55eo 10 lhe end <Í 
!he control cnvironmenl (c•presslonl n•med in the Jr1tr, ond 
(2) lhe vatue of lhc named cnvironmenr is '"1 10 lh*f of 1hc 
<e•pre.,ion > followin¡¡ lhe ,.llh. N ole lh>l !he Jn•e exp<es· 
sion is 1 rcsrric!ed fo<m of forwa<d branch jusr as lhe various 
forms of loop conmucl.l ore restric!ed bac~wud jump:s. la 
bO•h co•e• lhe conmucls 1re len ¡cnctol, ond leS$ d•ngerout, 
lhan lhe aeneralaolo. .. --
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In 1ummory. tken. ""' ew<ricn,·• with ¡u,, •urpom tho nolion that Pro- S11uwiory ·:~~ 

-;(:;·_ .. :.>~-;"!· ~~:::;.::· -· 
,_. _ _,._. . ' .. · 

.. , ~' -
• B••mming without lh< ~oto;, no le." ,·ouvc11i.;nt lholl ""h il. Thi> con~lmion • ~ 

. : res!! heovily on thc Ol~umruon that th< ~ola ~-•; not '""'":' :or-tu•;,.:! fro,, · " n~c f"'l nf nur pttof·:;"''" m u" be tu pr~ru,·e i•r¡.c· 1,..,~,""" uf prediOI· 
:' 1om O uistinJ r.nauagc. bul· thot 1 cchÚcnt · solectiim: ar.;. o u.'; LruCt u red '!'"· _, ahk: rch.tblhty Tto dr . tlii' ko,uire• • on~n ... ~olns¡ uf ptt'J:t.rm constru<twn. 
:·"1trucu werc usemhlcd ., :he b••i• of thc" cnntrnl-cnrnroncnt of thc nc~ Whotcvcr_ thc preciso shapo nf thi< mr·~~-'"'''Sl". "hrt~er ohe onc Ü<L<hed •••· 
; lanluaae. Ir "ould be unrC><Onoblc t(te>pcct that mordy r~mo;;,~ th;, 1010 ''"' ur n.m .. ono P"'P<riY of lh.rl me1h"d"I"~Y "'""be to i•olole fsub) com-
. from an ul~tin¡'longu,~e. SJY FOR1KAN or PL/1. wuultl rc,·ult in" t:on· l'Oncnll of 1 pto~ram in <uch • "'"'l r~•r thc proof of thc corrcrtness of 10 

•· vcnlcnt nolltion. On thc othcr hand; it is norunrc.I>on•blc lo e~~··t thot a re!- •b~I~Jcticin from thc•c com¡'lone"l' •·an•l>c m.,uc inUopendcnr of both thcit im· 
_ . :-¡ 1 ¡¡;~1y 1m111 ,.et of addotloru to ·an uisting lengu•¡e; cspccmlly the bettcr. mUe, . plcmorilolion and lhe cnnlo.t in "hich lhoy orcur. In parr icul•r this implico 
· ·..::- '.; tur~ot oncl 1uttt' u' Al¡ol or PL/1. could !<introduce thc' requisitc_ cOn vc"nicni:ci'-: t_h~t. ~n~emicted bronching bet ... ·ccn c_omr><>ncnt< ••nno1 be ollowed. · . 

:' ."· :J- Whllc · not 1 .unlquc set of 1olutlons, thc_ control mcchanisms ·in· -~liu _are 00_~-.-.j' ·. -·~ Whi:r hcr or_· nor 1 l•n8LI~~e ronu~ns 1 ~o lo •nd wr.c thcr or 001 • pro¡ram-
•.• -~ n1ndd on ~hoch surh 1101 of 1d<.\mons m1¡hl be bascd. mcr uses • ~oto m •omo con•c•l is rclalcd. in port. 10 rhc VJIIety ond C<tent of 
·::.; · rhc othcr C'Oo\trol fcalurcs of the l•nJUI¡c Jf the lansua¡c falls to providc om· 

POrtan! ronrrol conslrurts. thcn ihc 101o i~ 1 orutch from which the pro¡ram-
E;/fff~tncy:>.. ;.-~. . , •. •: 'ct ... , , ·.·. ·'-' · _mcr ':'"~ synlhcsize them. Thc dan¡er in tbc CGto is·thll tbe protrommcr may 

:;; "-•(-.< ·e, '.-: ·~;_;';':_ . ·. , ' . . . ·. ·):, ·:·· ~-' ;~ ~], .: , : __ -, _: ,';.-' '· :<!- .~o th<:un ob.«111e "'"~'-. Tltc .advan¡qe in climi~atin¡ the·coto is th3t th<•e 
~ · "'-• ;· ~·. Mo1e camp~t!n¡ · tins ue commilled In thc- n1mc of efficicncr · (,.irboui •· · s-orne c.onlrol si ructures will 8Ppe&r. in <t«Ullf -•nd -"'l!ll-denned •WJU'S .. Jo, !he 

-: IIC<ellari!y oc!.;;.-,\,_. it~ lh•n fot ony olher St~le rea>an - includtnl blind ""· ·- Taller <lH. bcth the hum1n 1nd the rompiler wil! .do 1 bettcr job of jntcrpretin¡ · 
· ptdity. Onc of thesc 1in1 i1 thc construclicn of 1 "ror"s neot"' o( control now thcm. ·:_..-~\:. 1 ·:·,~·- • · • • 

: "'hieh uploil1 o fe..- common lnmuetion scquences. This 1~ prccisoly thC fetm · , ·, .-.-. {""'" 
:, of pro¡rommin¡ which must be,climinatcd lf we are e•er to bUild OOIIcci,j~,<::"-:·' 
!·.underllondoble,ondmodiftlblesyslcms .. : __ : .... -_;··. _. : .. "'"'-:"" ···· · . 

• 1.._.,,._--.. ·:,-... ·-.·.- - ·.·.-·.·. - ' 
'- --' Tlte're ~,.-opptloolions (e 1. "real time" proceiting) auJ there gro (1 fcw) 
."po.rtion1 of every prc¡¡ram "hcrc elfkicney is erucial. Thi5 is • rcol ;.,uc . 
• However, the lppropriate mcchanism for "hievins thls ctrioicn-q is-o hi¡hly 

\-', optimizin¡-compilcr, not incomprchcnoible.sourec <odc. In this cnnlc" it is 
· wor<h not•n¡¡c another bene~t or. «11><7> In¡; thc -11olo. -- o'l· bcncfll Y<hic~- thc IU· 

thor did no! futly lpprcci•lc unlil lhe D!in comp"o\cr W31 dc51~ncd - nomely. 

1 
.1 

" '-~ 
:i 
• 

thll o( glob.'J oplimizotion. Thc prc<enc~ nf «oto in o bl<><k-struclurcd IJnguo¡e 
wilh d~namic 11oroge 1llo.:a1ion force• runrimc ovorhcad fcr jumpins out of 
bloch 1nd procedures ond moy imply a dimibuted overhud to 1upport the 
possibilily or !uch jumps. E!iminJiin¡ the IOIO removcl b<llh <lf thcsc forrns of 
overllud. More lmpollont, ho,.·cvc(. is th~t: {1) thc scorc of a oontrol en· 
-~lronmcnt is SUtic3lly de~ncd. wd (21 -•11 (ontrOI appoars ;s rm~ of •moJI set of 

~1 

nplidt connol 'onstrucU. A conscqucnoo of (1) is thal thc Fortron-11 compile/ 
[lOI. for u1mplc, "upends • con1idcr~ble amoun• of elfott in ordcr to ~•hie>e 
roughly thc ume pkture of over•l\ (Ontrcl os thot implicit in thc te" of • Bhss 
progrom. Tho oon•cquencc of (2) is tllot the compi!cr nccd only deol ,.¡¡h • 
amoll number o( wcll-dcnncd control farms; thw f1ilure to optlmize 1 peculiO!· 
Ir tunttructcd nrlant af 1 commorr oontrot sttuetur.- i• lmrc.<>ibl<; · Sim.c naw ' 
lnolysis ls·pr~n:qul:liiC lO globa\,opllmiution, thÍI .bcnef\t ol ~liOSo the. 
Pto--brlmtkmtim~t~~:d.••• ,_, 

1 
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,,nd,lhe •criou<nc-<s ""igncd 10 h by nlhcr .. ise>"i:ry sensible I"'DPIC are symp. : _· • 
IDtn-.·of o mollisc in 1hc cumrutins >nmnwnil)'. Wc h•ve fcw prnmi•ing new·]·-·. · ;·,j 
;,~<;" "' h•nd. l al>o -'"'~"'"' oh•• 1hc "'"'""~"!" rcn,.,.,, "'n1<1hons r••het 
Li<•:r in lo~'''"'' "·'"''"· ¡¡,, ""'""' Lh": lol\~ung< " mag1C •nd lhe mere u\let­
•ncc ofrcriJi~ '"''r·!<<'-Ón~:rnu• nr.dc!ilin:,;. l<.il an "'Ti<Jcntlloul "~alo': h15 

··' ~ ·- ::,/~-"~:1~_~!~.:-~\i)t::·· ~-~:_.. .- .. _ .. ,.:'. :_ ::····.\·~·:>(_._ .. ·:·.~-~.;:~:;.:j:'·· '' 
• · ·,.. ·· l!a.iñg indicatcd my bclicf oh>¡ lhi< controvcrsy ;, nol quite.u momen-

, •. iOin n some'ha.e mide out, it is approrriali:'\o'point out sorne bt!nefldal•s· ·. 
A Case f or th.e GOTO 

• 1 

. ' 

' .-. 

' 

pe<\5. Fim,'inlcrcst h;,; hccn focu•c~ "" profromming slyl~·and \\hile stylc i> 
nol CHJ)'Ihing il d<><o hon • ~re•l tkal of inrporrante: Second, the populorily 

' . 
1 

of 1he no ~ulo rule is, in IJrge part, duelo lhe focrrh~l il is 1 •imple rule "hich • 
d<><:s improve lhi codc produced hy mosr prosrommers., As we sh>ll se e, this is _ ·, 1 
nol ,utlicienr lirDunds for bani•hin11he consmiet from our lan~uoges, allhough _ }: 
il moy wdl juslif)· lcoching olicrnalivc mtlhods of progr•mmin¡ lo be¡inners or 1 

lnlroducllon " .remicrins >IS "'" on a prcjecl. Pcrl>opS rhe m"'t bcnellcial ••~rt o/lhe <en· ) 
' ·trov~ny ,.¡¡¡ be lo cncour•8< rhe u•e e/ bloCk wunure longuage• and l<> 

' - < • 

.. ~;.•! 
' -::·i - ) . '' 

,-. ' 

~ -·>.- ' 

-.~ ... lt is wirh sorne trepid•tion rhar 1 undem~e ro de· .di«Oilr>&c use cf wT·mcs¡-p~pular lo11~uogcs, COBOL ~nd FOKTRAN •• théy ':1 
(end thc &o lo statcmenl; Q cÓrm!Uét:;, whLr:h, ~hi.l~· ondc.~~ , are not well suired ro' pfo¡r~'nrming without the 1010. .'.: 

-aird mu<h u•cd has b<:en •hown til belthoorcli<-;lly un· . - ··ceo'''''· • " ,_..,~~..;:; ; • · 
ne<eS<ary [ll ·~nd In reccnt ~'"" h,,;"comc:;~.nd~r so_ ,. 'T~I>c .. ~rin~ip_at,·:'móli~ation bchi,nd cl,im:~•,'.'."i lhe ¡ntfn sut~m•,"','' ~~~ ... 1 

_,.e 

,. 
. ·.~ . 

much 1 n~ck [2). ln my o~iniorr. !hoto h.-e bu~ f••:!co_. 0_._hope .!o.'a¡ !"" _re•u ton¡ prO&r•ms "'' 1 nol oc. <•e 1 bowl <> sp•gncll. nsrea.~. 
many ¡oln statemcnt• in mo!l pro¡¡" m', but ro say thosl• : they wtll_be "m pie_, elcgant and cuy toread, bcth for the programm_er "ho tS '1 
nol lo uy thnt ¡olo should be eliminat~d from our ~ro-· en¡a~ed ~n "?!"poml~n . .an~ ~hecko~l •• well u thc roor soul anempung _fulure .· :--

.. grammín~_\artgu"g~,.. .Tbi, papu contains 'pica for the'·'. ~odoficalto~;•_.Br ovordr~ttolo ene auorantees lhat • pro¡ram wlll con~tst en·."' 
rctention of ¡oto in both cur<ent and fururo l•ngua¡c•.•; mcly ~r one·rn·one·out control strutturcs. 1t ts eosy lo read 1 propcrty tndcnt· 
Lct "' fitJI e.aminc the c.ontut in "hich rhc .:ontr<>>«sy ·, ed prognm withoul'toro s111cmen11, which is wtillen in a.block syucture 
occurs. , lanaua~e .. The pm•ible predecesoon of every Slttemenr are obvi<>uS ond, with 1'\.J 

·•the-c•«ption of·loops;•aU prcdeeesson are hi¡ber on the page. Ous~mc no-· ¡-.,1 . 
A wlse philosophcr once.pointed out lo lloty ~in1.,,l>od¡ wrrtes inner.proccdures·IDngcr 1h1n o·po¡e anymore~) wtry.tllen should -

thot there is no royal road to ••omctry. Aftor di.rover. · ,. , , . • r . r , ..- "'" tetam "";~o S •tem.eot on our curren! onu ururt l'm&tammlllg' ""l""Z""-
iri¡, in thc l>~e ~ftio;, thol proy,rammio~ wo• lhrc<mtputer 
problem, a '"·"~h wa.< m•do !Í"''"' tho siuie< for tho 
t<>y•l rOJd to progr.lntn•ing. Voriou1 r-111" ""'" trrcd ro· 
cluding c.onlprehen•i•·c oper•ting syotoms, hi~h« l<•el 
·l~n¡uo¡e'l, project m.rn~gcmcnttechniqucs, lime sh.ring, 
~irrual niemory, pro¡¡rammcr eduoalion, and applic~tions 
pacbges WhHc uch o( th<>e t. usdul, lhey h~vc nor 
solved the pro¡r•mmin~ problcm Confronted ,.¡¡¡¡ this· 
uMe>olvcd pru~l~m and .,.ith·few.¡OO..: ideos cn-lho hori­
zon, ><>me- people·ora now hopin~ ¡hat the royo\ ro.od will.­
be (ourt<l throu1h stylc, ond lhat blnishment of !he 1o1o 
alalemenl will so\vc all The ulstcnce o( this controversy 

"' " ll hu been dcmons1ra1ed th•t thcre oren .. ..- chorts .,.hich c"nnot he «m· 
· verred toa procedural notalion ,..¡¡¡,out coto stal(:rnenls .13, 4)_ \t turns out 

though thll this rcsull ls not really an or¡ument fcr 1he rctentiorr of coto 11 
lhcre are mcans by which a procedure ton be '~"'11/ltn in • •ts""'ati~ monner 
10 eliminate 111 in>tan~•• of IOio. An limos! trl•iol mcthod is to mlroduce 1 
new variable which can be thou&hl of as the in•lluction counter along with tests 
ond sers of lhis counlet. The method is fully de>CTibed by B~hm 1nd Jacopini 
lll. The results of lhis procedur• whcn applied 10 • lar¡e pro¡nm with m•n1 

• lnstanees or.,oto would ~S>t•li)'·,bc· • -pr.,.;nm -..hktr u ·len rn:do\lle · !han lhe 
. 01Í1m•l pre>gtlm with 101o sutemcnto. Howcver, nol:rody 'eem• to be odvocol· 

In& using sucll uncO/\•idcred melhod>.' 
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Thc re.,l i"ue ;, <h•l thc.,rctie.rl \OCt~ h"' '"H~''"" J """'~··• of tc<h· 
"'~""' th•t ,·Jn ~ """" lo''""'''" pr,rr ""'· ,:li"''"·'ti"~ lhc í"''·'"""' uf~"'" 
1 Ms, in dude rcrlic•tJOrt of·O'l<l·· 1 no·J: sr:irl'r.¡¡l. •l.- '"""'J.,c,;~, ,,.- ,,.,~ · v .• ,¡.­
tblcs >nd ttl>< os .;en os Lh"i introJucuci.,--or pru<oJuic, ,\nY ol 1h.:<c ¡~¡"¡,_: 

· niquu, when ustd Wtth d•s.crolio"n; can intr~J'" ihe rc· ... l.lbol,\y of ind~· ·. Th< · 
qu~Slion is whethcr thcro ale any"in•l•nce-; "'kcñ th~ •prlicJ!iun cf i.uch 
mcth<'O.l• do<"!031"'1 dJrily or protlucc• "'m" othcr unJe<irJbl~ ~fT,•c·t. Whcthcr 
or no¡ to rctain thc ¡oto doo; no1 .ccn• lo b' a thcorotic.•l '"""· h ¡, r•ll•cr a· 
maller of taste;.,,yte and Lho practica\ cr:in•idoritioris 'or da~ .. lo dJY con•puler. 

. • •. ,·:"> •.' .,.,.. ·"· ' use. -.· .. ·::.·. ,· .. • - . . ·: 
.. 

,1,' With re•petl to curre~t longu.,t•• "hich •r• iu wiclo U>c •uch "' C.OUQL 
.·! •n<L FOil. TII.A N,. ~~~re ;, the . procticol considerotion th.:Jt the coto •talemenl is 

,_- :_ necen:~u~ E ven·. "Itere 1 lln&u•'• ¡,. ••••un•bly ... CII·Íuil.;d to orOilrúñming , .. 
: withourthe colo, lhe ehmination of thi• eon!l!uot m.oy be •t onc·o t<><> lon<o Jnd 

; . l ; ' 
.. ·· 

. · ... · ' ~. 

.~-· . ., . .- •·. 
. · .. 

'"'l.,uch an al~urithm. Foi!ing tu f•nd •n clog.,nlic•mcmon¡. he .. ,u in<rn Lho 
Lobo! ""d ll> ""'""i.>lc•d ~"¡" <>ut <•f lhc" dc"<cd mn•rnl qructurc. lho 1>\>el 
••·•nd, thcrc •• • "-.nnin~ lo thc '""''"' ,,r lho routinc that th" ;, • rr<><cdute 
"ith """" lh·"' lhc "'"·'¡ "''"1'1<>"1"· Nu•c al"' thal lho l>bd J""•int cnl>he< lhc 
oye. :h·i• '"""~'h"tl) Lq>parcnL \\loen IM~in~ "' 1Im >[.d~Lncnl LI<OI it ha• an 

;unu,u;,l prc~o<c"ar. "lh~ '"'~fuhc•dor ,..,¡, "•ntlo cunlUI\ • """' rcfcrcncc 
\i•ling 1n determine thc ¡>nlonti.l now uf control. Note th•t the HUSS lnlt 
<"'""lrU•"! i> """""'hal lc.s lhan iJoal I1C<C. In III.ISS "''"" onc «•mineS the 
ende "hich folluWs J bflekct !crminJlin& a leve! of eontrol, il• p0tcn!ial prcde­
~-c>><>t.s ••• nol immedi•loly •Prorcn\. One must l1>ok upward on the page for 
m !'sod!lcd·l•be). which indiates a pnlcnli~l ~OLL<Uil predc.,<sor.aod 1hcn 
ftnd l~e Je .. r. !t is mr fcclin! lhot unusual oxits from lcvc!s of control ihould 
be »oidcd. Tho multiplc leve! ca~e is espc.;i•Liy u~ly. Where suth constructs 
ore nccc!'ory, 1t <hou!d be made completcly obvious to tll. Slolcments such n 
thc BLISS lco>C eneouro¡e unu,ual ui11 fram mulliple lcvels o( eontrcL One 
shoLJJd no\ c!>'ler up the f•ct thot 1here is •n ... kward bil or Jc¡ic by Jhe intro­
duction.of.o new. mntr.ol =n•trircl ' 

LOO~_ur ., . 
r•oc '~'' . 

1 

i 
' 
1 

' ' 

'l 
• . 100 rcsuietive. PL/1 pro>'i<le• son1e i nlc''"' ting e ••ntrle• hore.. One •• it 1 1 rom _ 

-, an Algol proc-edure whon th~ II()W of ron\lol rcod\C> •he end brJdc<- PL/1 
-•' pro~ides an oddilio;Jn•l mechoni•m, on ••plkit R[IUK" stalcn•on<. Con>hlcr the -•.•i . 

. : · ¡ t.tble look up in Fi11. 1 whiO:h ;, similar 10 on üomple of l'loyd •nd Knulh (4].-~·:,i:~,-,:~, •. ;•·.>-· 
.• ;·

1
. The problem is'tO flnd 10 lnStonce of X In ttie-vccto'r A and if thCre (s ·n¡j i!i.'"~'~· '." · 

, , ·" DO l w L TO ~.101". 
IF ~m • X TllE~ 

00 Ll . •. 
: . ttan'e of X in· A; then make a new enny in A of thO argum•nt ·x. ·.·¡n either · • 

1'·'~ Lhe inde• of the"entry is returned. A coun1 of lhe numbor of moiohes as· 
i toxioled wilh ueh enlry in A is also mainloined in an ass()Cialcd >ttlor, B. !n 

'·• thls uample there are no 101o stotements bul 1he two RETUR~ stotemenls 
tousc on uit from both the pr()Codure and the itcroli>c 110. Thus 1he pro· 
eedu,e hi!.<Mtrol itrueturcs.which h•>c m<><e lhon anc hit anJ one·in-one· 
0\11 control slrueture• v.ere ~ P!Htci¡'OI "'"'"" for·~«>iJín~ gol~ ShuuiJ 1he 

·: Pl"/1 pro~rommcr add a rul~ forbiJdi11g ~tnu~.~? The PfDCédure ~o·1l<l t~cn oo·. 
i re,.rhtcn u In Fla. 2. This <n>olves· th~ in1rodut110n of a new. >Jri,tble, 

S"'ITtl!. and a new test. [f onc Q<sun~<< lhat 1hc lnlroduetion of ¡ratuitou• 
ldenti~ers and 1e11s is undcsirablc ~crhors RCTURN is a d«iroblc conmll<"t e ven 

,1 lhou1h lt can result in multiple e<it eonlroj strUeturcs !t is n•y focling that 
Pf()CCdures Wilh Jher>l RHliRN slJlem<ntS Jt( c.\Sy to !Odd ami modify be· 
I'IU!oe lh~y follow lhe tcp IC b-otlcm P•llorn on<i mJintJin lho ab•iuu; pr-:docc•­
IOr ~haraclcri¡tic, "'hile avoiding Lhe introdurtion cf ncw •~rioble<. HTURN is 
thuerore preferoble 10 _lho a!terna1lve of introJucin¡ "'" variJblcs Jnd l.,ls. 

Howcver, RETUR!i 1• 1 very •pcci•li•e<l Slalement. h only pcrmi" an exit 
from one leve! cf one lype of control, \he procedure. One could sencralizc 1hc 
tOOIIruct 10 •pply lo multlplc levels of control·•nd to 110 group• oc.er.foli'L 
blocks u·""ll., PtCK.-.:dut~<.•·Thi• L• C>>elly thc n.wor nf lhe B!.IS~ le»~ [6! 

· ccno1r~n.1. · lulrin¡·s~•" Ungu;~¡e, .thc PLII u,cr. mu!l contcnt him>clf "'ith 
&•lo. Bu1 b lhiot • bid lhin¡?- Tha lood pro¡tamme<, who understands thc po· 
lentiol templulty "'h!ch resuhs from excenl•e use of JOlo. wi!l otlempt to re· 
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AOOihU intere51Ín¡ -Pl/1 eOfllfl~ COfl>lrUCI i< lhc O., uni!. 'Thi, is O 
~~mcd block ,.hich is outnniolirolty invo~c~ un ,·~rt.oi" ~'-."'' <Lt<h ;" to~crll""·; 
bu 1 il ;,·.n. •t-su be rnvo~c~ ~\fiiLilll~ by ~ ""'""" "' "'·oh o 1 ''" ro• 

,r-o•h,¡ <Hn<lructs "' l•ngu,~cs ond climinollnn nf K"lo docrc.,c• lhc ~an¡e or 
<o<rft~ln•:" rof d I.LI11,'U''~"· 

C<Jr-tlllln~<"'""'· .•• 010 ,""""'<·'1'" ,<f:- .''· . ' ' •' ··: . -,.·- ··'"' ... _,__ -·· ·.·., .. -· .. _. ,._._' .·- , __ .:-,, .. _, .. :_ -. -··. --~ - -;;- . 
The no me is uubl.,hed dynom;c"i:l Jn\1 nad nO! be d•·d.~rcd in thc'<.:upo or . l'orl nf thc re"'~" for rcl~ining colo" lhotlhe wodd" no1 olway< • ~erY 

· lhe 51GNAL -This fodlil) oflcn climin;tc' lhc·n~cd tn r.i<• ,,..,,;_,¡ crrM rcwrn · de~-"'' pl.~<·c ;md '""'"time\, ,nto ·,. 0 u•oful, if u_~ly, loa_llo ha<HIIo •n '":": 
paromerer¡ or te11 a rcturn <odc whid1' '•ndl<cutc< Jb'"'"""' l<:rtnin.llttm uf • "·"d s•tualion. Al~mithms •ro nftcn me«). ~omeiJmcs lh1s mar_ be due ro m 
lowcr le•el p'roccdurc. ,\flcr complelion or on 01< unit ,.,.¡,,,.u by SI(<' ,L, hcrcnl comrk"l)'. 1 s<.>>J!CCI. howc.cr. th•t most of lht lome ol os t.:causc nol 
OJnuo! is p.,scd back la lhe $1otcmcnt follo,.inK <he ~~G~Al. This is usu.ll¡· enoush t•mc•or.rntellrgcnc.e has bccn arrhed. ~here time or onoelhgence ate 

. nol uscful. One wantsto termínate the si¡noling bl01.~ ~nd thc onlr.w"¡· todo ·¡;c~in~ :
0 

~uio ma~ do th'e job: ty.,y pro¡¡ra'!' wrll no\ be publ,hcd. Many 
,, this In Plll is with 1 JOto "out Óf the ON unit-: h >liJ~AL"púmi>Iiblc uñd~r:the· ··ma¡- t.:": used'only onoe.· 1 lend 10 s¡mpathize ,.¡¡h lhe prosramm~r who fi•es 
, no colo crileria! · Eliminllion of Joto seem.-roo rcmicti~c he re·._ 51GI<AL iso ·up 0 ene time pwgram at J.OO a.m. wit~ 1 coto. orcou< .. , there ~salwaysthc 
· useful r.,¡¡¡,.'C·Which <liO eliminotc.much mes•y progromrning del.•il. Ho"'o•c• .. don,er that lhe prog,.mmcr willlop•e o_nlo had hobrl> but_l om wrllrng lO l_•k• 

thc n•turol con..,Qucncc of usln~ the ~IGNAl slotemenl.i• lo t<r~tin,lle >n uN th•l rh•n<e. Porhaps il i•·•n oprortunuy. for "·hen the mtell,gent superv11or 
unit .,¡¡¡, 1 aoto Perhops il i• b«t·U> •<lnrit thol th,•re ;, no''-''' ~<IN Jlrco:lJ· ro••ls •he eodc of tho:se u_ndor him. he,<on f?<UI on ony JOio slllcmentJ. A 
ti• e lo • iotomte';'_ent in thi! liluatton.. •.· .. ; . _., : .. : ... , prc'o\t•Ti,m:-r .>~o~td·~~.·~,b}e .:iijuslif~ ••oh u•_• of~1oto_ 

.\ c;o-;:Ó ~~ 1 ~üli: b~;¡dl~~ hroe"k ·• ·.~,-;.;-: ~./'. . •·'-~~·'r ¡:,'i~¡;~~Orded ~¡,~~uin¡ performance. whi<h liko de•th and lo•es. none 
1 :.. · ···.:·~i,,' '¿f".:,·; ·;,ñ avoid fo1cve<. Suppo•e 0 pwccdure runs too slowly or lah• up 1':"' 

" . · · · h A ·e of thc pr<><cdurt ~' rcmueluring of lhe d.oa may be'" - The laek or 1 nu stateon(nt in PL/11! 1 deor dcforocney. The re•nu'<·cful mue sp.•eo, ,.,.,, . . . bly 1 ngua¡e 
pro¡rammcr .. ;n cons1ruc1 onc out of a ¡oto_" This doe< not makc up for the ordcr. Bul_ i~_that foil~ o~.• may ":" duve_n.to 1 '""'';'• onh """mblem • withou~ 

·lack of 1 .. ,. stotement" but il doe• poinl up on.inlcresling ond highly legili·.·. There·is<on .•ntcrmtdJate.alternall~e "'h"h may so~• 'e pro 
· '- · - ·- · ·· · - - · · •. "·:· · · "' 'The ·,., mmcr "ho wrlte• struclured P<oerom• u•cs 

' ' 

• mate Use of¡oto."One <on U-10 olas • Pflmitive lo construct mor~ advon<<d ond · ltSOtt to •n.l5sem er. ·, P'-o'" . . o( 

' 
-• · '' ' · · .,, e · · · · techn·~u.-s such as the inlroduction of proxedure• and 1he r~pelltoon . ~•l•nt eO<lltur Slruerures. mo¡,noto~e pro¡romme" "' • rom lon•e lo time.· _certam . '~ . . · Gi~en lhe idiosynerades of N 

~Helop-ncw control ·consltuctt u Ho.1rc· in>enled thc cuo >lotomem [S). ende whoch can re<ull on thc loss of ILme and •nace. . - ,;>. 
Tho•o. thal are """"h..-hLie..w~l be ,.,formally,dcfined .1nd. omplenr·:nooJ "'"" o • m•n~_oomro en, 1 •11 e reurcanru o - .. ' · · · · ., ,. ' · · t'M of code and 1 few ~oll> s\.lllemcn!S on>ert 
· · · · ' " 0 0 ''' n im~<o>c pe<formance. 1 h" lS no1 • pro<:· •mocro preprc.-.:•ror •. Thc beuer nncs "''llappc:.r_ln "'"""mcnt•l mm1,Jor> •nd ed by acner p<oeromm • • ,. _ • '' 
' · · ; ' •' O Coo ,._, •Wiin' o ~''"'OCI.."tven wher< n" '"o"'n eventua!ly the t.:st woll fin<.l thdt woy onto lhe •UndlfJ t•ngUOfC' u<~ m>cn·. ll<c """"' r~rommcn "~ ~.., . " 

- · · ' · e "''.,,,.,,mena ··O~~ ·s~nuld.·g"e up • -.tructur•., hons ••• oflcn very hard 1<> onlplcm<nl Wlllt m;ocro prcprO<eS>ors ur "'"linK ·.hOYO"Iortnacnt !><'forma · ~"' • - • k h 
tan~ua¡cs ,.,lhoul use of the 1010 conmuct There i1 51ill room for thc incor· ·progr•m in a higher lc~el·!onguage MlY aflcr perfo<manet boltlenee s •~• 
P<>ration of unu1u>! control mechanism•lnl~ uí5ling bl<><k Slruclurc longu.ogc<. - bccn dearly identifoed and t~n only gi•e up what is •bsolutel~ n~~ln<r1: :lt Dedsion loble• ore 1 p<imo eYLmplc. 0~0 wJy of h.11rJiing dcci>ron tJblcs ¡,tu gue15 ;, lhat ~cry few such situatiom wrll e<ist bul "hen lhcy. o, • '·~ 1 Y 
hn.i. 1 p<eproceiSO< ~nveu tllem..Lo scu!Ce l:o~guc~~ Slllemen" lf a.con- eon1oned proxedure in 1 hi¡ller lc•ellanKuo¡e maY be·~ oma:I~>C ~lternlt~"~ 
~cnient lr•nslotion pr~ulnlroduces &oto •tatcmcnr. lhis is not impmtant 1s 10 one ,.ri!len in as.ombly language. The villain ~ere" lhe compoler "hoc 
lhe basio d<><umcnl•lion is al the dcci>ion 1ablc te~cl.· Tho •ou"e l:onsuJ~e is prOduces b•d oode in sorne srluaoion•. Would elio~1inali~n ¡., opposcd to 
l<uted u an inlernallan¡uo¡e. The easc of lr•n•l•tion is mote imporlonl lhon •~oldoncel of ¡oto si~nifieantly ease lhe tuk of ~~P•Ier "'t.!!efS •nd lhus he;: 
lbe lntroduction of JOto slalemcnl1. - us 10 ~el bctler objtct code? 11 ;, dofficutt to do ¡ustocc te lh•s problcm ., lhc d 

Anolh•r rel><cd re:uon fllf re~1.Íning KOI~~ven in,rmr n~""C'llan~u.Lge< is• 
lhat it is oftcn POUiblc.to us~ 1 l.ofl!!u•¡c u thc to<s~• tn whir:h onc lrJnlbto.• a . 

.sccondarr sOt.tm: lan~u•~c-. lf·lhc scrondory.)on!fll>~c h;s 1"1" or .,.,., J 

.dilforent >el of conuol contt<uets .. th~n ll~n•lotion rould be ~«~ d.tlkult 
"ilhO\lt •· 101• In the taraet lan&uoge. In other "'ords source l;nguo~•• •nd 
,!h~ir ISSOCíal•d (:ompl!ers ore UHful buildin& hloxk• for thc ~c•clovnroni of 

are 10 many ddfúont cornpilmg te<hniques and sorne would be helped an. 
sorne would not. My fcelin¡ is that ~ltmination of lhe EDlo would_nm dramoll· 
ca!ly use thc problems of compiler writen. E•en in compile:• .. horb d_o c>ten· 
¡¡ve .control now an•lr•i•. osmall perccmagc of implcmenla!oon ciT~rl "devot· 
ed to rhot ¡15k. A mote íntercstin1 oub¡ect for eompolcr wfllers os the 
idenlificolion of -th~c oplimintions "'hich · impro~c ·lhe. perform•~ _of f'l"o-­
gronu .writlen wllh noM or -~cry fcw ¡~lo Slltcmcnn .... v..,.,cd ,In 1b" li lh 1 tll e 
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ui<ten"e n( I'Cil·<lru«ur;,d ~ rr:-;< .r r.; im,.,,~, · Jn .r<) :;:;.,., d obli~•'i"" .¡n,l 
more ~~"~un ,-mnpil,•r IO.ril"" rlll< ¡, W~rl; "h"h '''•'.' >lluulJ ~-'"-'rl¡ ,,..,,,,, 
>O rh•l pr~ramm~" "ill'nol''hJ<o.lo tnd),e rh~ lr•de·olf- b'l""""- ,·,._,u. 
llruclurtd prc¡r>rTlaild on~ th.ÍI:¡,,;,form• "ell: .\!ore ~llfk'is '"~,,.,,;;, in·lhi< 
uci.~ -~· ¡ .. ·;, __ --,_--. "- -.... ·.-: · 

·; 

1. 

.. .. .. 
' ' 

• 
. . .-.. . - . •,' , ' C.: I!Ohti> ;, n~' ü. ,¡ aecptni. "flow [)iOKI .LmS. 

1 ;;-,;,u,~i, ·,:ith--Only; Two l'ormaliun Rulos," 
.~Cl/, Vol. 9, No: S !Moy 1956)_- pp Jb/,.71. . 

' 

. . 
TuriliJ Marhines ond 
Cnrnmu.nical/om . Oj- tht 

l. ~ [_W, lJr¡k>lrJ, "Go,To' St•tcm~nl Comi<lerorlll•rmful," Commu~iCoMnf 1 
of¡/¡rA.C.\f, Vol. 11, )«'o.J (}larch 1968). pp. 147-48. 1 

Vulttlr, of pro~rommln¡ •1¡1• ' , '' l., . E :\Sh,:roft, onJ z., M•nna,. "The 1 ~aniloÚon' Ór ;lo ·ta' Pro&r~ms lo· • ! 
;. ~ ~'' · ·., , . . , .-; . .' . ~-'h'rJc'- PrÍ>gr>mi,"· Procudm~r of tht 1911./ffP CMg•tH. V o!. 1 {Amstcr· • 

The coto inuc il parto( tht lor11•• tork of overall p<o~r"mmin~ su le. ';' dom The'Ncrhorl•nds: North-lloll•nd Publishin¡ Co. 19721. pp'2SO-SS; '] 
One of mr worric1 (r'that we ,.¡JI bccomc thc pri>oncr< of onc currcntl¡· ·.'', see ;llo Stanfmd Un"c"'ty,AI Memo, AIM-138,STAN CS-71·88 (St•n- '; 
foshionoble "dassical" lf)ic.- Pcrh'P-> other rules of Mtlc ore.betlcr. For e•· ford, Cllif.: 1onuary !97!l. , . ' ~~ 

--~rT'r!t w~ mi¡ht uy thot on!y J aolo 10.hich ,;,, dir~r<~d fcrw~rd "''' <k~Jm. ~ · · •R w f'l .. o ''N 1 A 'd'na 'go to' Stuements" · j 

' 

• · 1 11 · 1 , , 1 • 1 ~ ~- O.ló. Kpulh on~ _ • -"'"'~ ce• o~- voo • ,.
11 

' ' ,·,·:·· 
Cr.o>l>l ot 1 u1e u Lo fe>lh<l ·aune •es LO >tJnuaru Lype a u~ 1 >uc., •• .l'lfott~rat>on Procewrr~ l,tuer>;rVol.•l,.No.-1 (Febnmry 19 , I>P- · ·-~- ·,( 

.. "~ltuO.:-U.!I. :·. Vapriel'' of • styl~ ' or f••hiv" • '"'··J- rhJI · Ji>t u rlJ '>1 uJc ms wlw . , 00 . lil«>: St~nrcfd · Uno•el"iit• . ..:ornpu1or· Sc1en<e .T e~IJniCit Re POr!,'- Vol... • ·· 
lhould be LauBhL le • mher con•ÍrJineJ.wo¡ 10 hi<h i• ••t>hli<hCJ by thc ••••·h- · · cs148• ISlanfcrd;-Col1f.: Janu•ry 19101. . ) 

'r <r.' Al1c, Lho•e ... ,.~;ng on,l•r¡1e projetll ,.¡u h••·e lo rnnform 10 """d-"d' '- .. - - , -. 
n--,,.. e>cr. c.l><ri<n<ed p1c1r•m me" and IJnguage d<.,gne•s of t>ste •nd imJKi- · s. N. Wirih · ond 'C. A' R. Íloore. "A Contribu lion io lhe Development of AL· 
nalion will wañl to expc:rimenl and LhOy,ohoulJ be encour<L~cd ro do oo APL • ·.GoL.:: c~"'m"''''~"on• oj :M ACM. Vol. 9, No. 6 (Jun~ 1966), PP-
prcvlde• on inlctcstin& eumplc cr o di><IIC •tyle. A con>puLod ~~lo. ~~--rh'e'-- .'-:';;f;;'4Jl:li:\_-._ ~ ' . .:;.:·. ·. · · · ·,. ;,~. · • • 

. •form o( o ri¡hl POimin¡ ~.,cw_ uisls in 'APL. bul Olher lhJn funtlion ;;:,;,;;;,·: -·-·.·.- ' · N H b. - "BLJSS·· A lon¡uo¡e ·' 
· lion thcrc ore'nc Co<!1rol ron;uucu'such as IFTflE~· H~E or a'n itéra¡ion'•wo- ·6: 'W.A. Wulf,.D.B. Russcll,''ond A. · ' crm•nn, CM V 1 !4 N 12 l\:1 

menl. Surorisin''' onc doe1 nol,et a o'nJle of,oto slatemcnt> in 0 well-writlcn for SYilen1s PL"'lfammin¡," Commu,mcoi•OnJ ojiM A · 
0 

· ' 
0 ~ r_"! 

(De~mbe: !971), PP- 180·90. 
:.APL funcrion, (or lhc powerfillanoy opc:r>lors <in be usod in silu>lions ,.htre .. . . _, 

_loops DCCUI in olher lln~tu•a••· Sequcnlial c><ourion of OloLomcnt• lhuo be­
come• lhe aenerol rule ond fcw r'•¡ht poin•in¡ arrows ore rcquired. Whc•hor an· 
ol~orilhm WLiltcn In AI'L i• "lurer rh•n thc ••me Jl!orilhnl wrlllen in • biD<k 
llrw:ture longu•~• ••cm• 10 ba-~·n••tter en .,-hi • .¡, illl\:llig.:nr p..:~¡~ e or td>l~ v.rll' 
di•i'gru. 

Elepnce <n prosr~mm)n¡ ln•cl~•• moro lh•n a>oidin¡ &oto, •nd beyond 
l~e 1c1o contrcver•y lhere are o ¡real many or~er imrorlanl ;""'' of s(} le. 
Thero Íl lh< qucllion aboul lhc dJtily of ""'Y opc.-Linn• in APL ""rl I'L/1, '' 
"•11 os iltu<lurc operalions in COilOL ond PUL To 10.hat euem ore implitil 
conver>ions a Jub-sumption of nl<ancnu~ del~il ond in "'hJI in"'"'"' do 1hey 
produce •urprisin¡ re•ult!? Thcrc ~re many que;tiono abOut optim.ll ,¡,e and 
romplc•ily with re•pecl 10 e•prc.sions. ncsring of 1r and itcrorion sutemcnll u 
"'•11 u thc si•e ond con>plcxity rX procedureo. To ..-hal e<len• do dcd.,.rrion< 
P<cpcrly subsume dc1ail and lo'what cuCni do lhey leavo lhe mc.1nin~ of a 
llatement undcor unlc,~ ·añc 1• sinLuloaneously exominin~ tho dedaration': 
llndcr whal <irtunli!Jncc•; i( ony; shouiJ fun<lion• havo srdc eiTcc" or •hould 
iler~IÍM. ropl...,. •ecuuion!. --Te. what ••tcnl· """ . -..e climinale ;.,i,nmenl~ 
Thne alld Olher.questigns a<o-•ubll& · bul imJ><>rl:rni-JI}IIi!14r·prablerro•. whirh .. e-­
ore likely 10 l>"-"1 oveT lf -.-e eoncentrotc 100 hco.ily on lhe relolively <rmple anJ 
unimparLOnl ls!u• pf 10to. • 

' 

•• 
K~lo •houÍd b~ ·,.,,ined i,-br~h curionl nod·fi!Ture·l;ngu:<~OS 'ho~ause il io 

ú\cful ¡0 o lim11od numbcr of S>IU•tions. Prntr,,mmcro sh""ld·wurl. fr"d_lo 
rr bdL>oo ~-cll·<lfU<lu> cd rro~r-ftnl5 " ilh nno-in·nne-Oul control 01 ru<:l urc_s wh"h 
h.-e no ,olo .talemonos. Whcre lh'•s -,. no1 pauible. wo should nol 1hrnk lh~l 
ele~""'";, arhicved ."i•h 1 mogi< l•ntu•~• rurmula. h is f•r bcroor lo ad'!'rt 
tho owk,.·ouh~ess ond Ú•e the ~olo FurLhormore, ¡olo is • useful m_cdn5 lo 
,1 nthrsi,e more comPlc• ron u o! ;uurtu_r•• ond in<roo<Cs !he u<efulncs~ o( o 
l•o¡;uaÍ;e n 1 taL¡¡et 10 ,.hich other l•n&uaces ~•o be transl•!td- v,c,.ed rn the 
l>ghl or practica! procra\nmms as an ult•m•l"... escape, ¡o lo can •lso'bt ¡us11f1ed •f 
nol en'coura¡ed. Fin•lly our wiodom ha< nol )el 1eached the_pomt whcre f~ture 
lan&uages ~hould.elim'Lnale the ~oto Jf future .. ork indicale5 Lhll·bY nordmJ 
¡oto we can ¡¡ain oome imPOrtan! od.,nla¡e sueh •• routine prooh l~ll pro­
¡roms 1,--,"eorreCl, 1hcn the dccision 10 rell.ln lhc 11011 .cDr~JLrucl.should be 
recon•idered. Butunlillhcn, h i• wi<t 10 ret•in 11. 

.' 

• .. 
• 
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... Tho ""~tl<O o[ ¡uu~r.ommin¡¡ ... ,. undO"i<><><l.ro be rho optimo;a/io~ o/lhr -"~!l 
o·lfio·i,•m.o· of f'J' ricul.u m•ohincs o'""' ting p.lfl ÍC1>IM al~mlthms._ As cornpu t=r~ : :r • - · 
~~·~ "'Ur< l'""c r fui, rtoc r·r "blern, pt .. d 1<> !lio ¡""''"'"~'"' • ~row 1rr0f>LII rioo,; . :·:': 
u\1¡ . ""d •• • , «-•1>, \loo tr""iro~ 1·"'" el or boHl>'•r o ~id oor ""'"• but nthor in;_.; • 

On the Composition 
of Well:Structured Programs: · 

, "_,._ d 1 he h" •·1.- n Thc. elimine ri"n o' obft• i-:~rio<. ,. 1 ru" anrl hlundo" ·,e_· 
r.1llcd do buo~rn~ - be<• m• thc ovcr" hchni~o pt •·~km 

' 
' " "' 

. ···-·- ,.-- ., 

• ' ,-_-.-: ... =~-- ,., ... '. ·. --
. , : .• • Undcr¡randably, the.10mcdy ,. .• , 501/ghr_io the clcvclorment ond U!C o[ 
·,;·h~iier IO<>IS ;,·-the r~rm of Pro¡romming ¡,,ngua~;,, The •mounl of ,.,;mnce 

· Ond prejuditd ~<hii:h·thc f.usi~htcd nrifinato" of FORTRAN hOd.to ovcrcome 
to ~·in a.<eptantc of their product i•.a.mcmn,.htc indk.alion af the <legree to 
11hi<h pr~~rontm"" "'"'" prcoaupied with cffidcncr, ond to "hich tricl-o\ogy 
had atroJd)' bccomc an addiction. J!uwever. on~:c the .. adver!l!lcs and fcars 

~had !X,en ovcrcOme. FORTRAN ha"d • trcmendoui impact- 1n lmpact that i• 
'5\i\1 fcll:today: 'ALGOL 60 fotlowcd se•crol yeln lam; ll wcnl beyond I'OR· 
.TRAN in 51:verol 'itnifoconr rcspccts,.bin c"entiall)' 5hored thc-•ame purposc 
"•nd ¡~,_ntÍitn.• In r~n;,ut~r •. it cucrided·lo thc 1~•-d of·"•1cmcnts whot FOR· 

. ' 

'· 

' 

•.· ... 

.. 
•• 

---'-;•: ·.'. ' : .. .. ·' .. ·. . '. ' . '·. . . ._:. ·,/ • 
·- ·_ lnrroduollon • • 

: 1 .. 
.-.i .. In lh~ folit d~cJdC of_compmcr<: IJ) ~p 1<> the <•rl) . TRAN had inH<XhJttd <•n th<.ltV"I of f"ilhmelicJ e•pte\lÍI•n•·· ""'C/11'~- llut 

. ,11\llcs, computors-."'crc <¡tute hm1lcd m tho11 powcr. The ALGOL 60 ,..,1 nO\ very 5urcc>sful "''hcn moasurcd by its frcquency of use in 
· ·111~ of ~he prognmmer ""' to _fo_rn.~ul·'"" ~t¡;~r,Lhms '" .. technicat and commertial"aPplic.ation<. There ore.many re.,ono for this, one 

i; <':' thc spc~L-~C order code• <>f th.,e ."'"~~mes.s~ lh>t lhey · .. beirig th .• lit 1¡ipé11cd Oíi'the sccne when !he relevancc of mucture had not Yel 
. _were · ~1Lh1e~ a~ e rr CCIL~ely •• · pombtc .. · P"m"~'ly hc<J~"' · bcon Wlddy. recogn l:ed ,' 1 nd its remLCtiveneu •&•in•l the use of ele ver trlcks 
of theil hm¡tolions, '.h" l~<k "'"' oc~•c•cJ .~y.collect!ni ~-wn cOrisiderc"d ¡0 be 1 handicap and 1 dcflciency. The law of thc "Wrld West 
••". of clev_er _technoquu tnd starthnl '"""'· lnd by "ot Pro1romminl'" v.a1 still held In too hllh elleem! Thc sorne inerti.a thll kcpt : :. 

• 

. . 

lindtng. •pphc~llonl fm _lhcm .1s.froqucntl~. " P<l"'~ 1•· many usembly codc programme" from advancm¡ to use FORTRAN is now 
Eum"plc~ of su,ch techn,•que< :werc the pro~~ommc,u ".¡f. thc principal obstoclc •gain•l maving from a "FORTRAN 5tflc" to 1 wuelured 
mod•tcaucn o "''·"o the pro¡r~m. """.os. or <n· 01 le . ." .. ,j_ ... ·, .,.·;:·--.". :. ,' :.· • 
stonc~. l~e conver<ton or c!l!1dU100•I jum~~ tnto dummy Y _.,· .::' • • ,_,. - '- ~ 
lnmuclion• on<l vice.ve<;a, or the shaiin~ of <10<o fur As lhe powct.of-tumputcrs on-lho one 5ide, ond thc comrl.,ity ond ''"· 

• 

runction•Uy' inMpendcnl, bu\ ncvcr 5imuhoncou,ty uscd .-of the prn~"mmer:~.\lsk_on lh• othcr oontlnued te ¡row "'ilh • ·~·d un• 
au~iliary •••iables. • ntotchcd b) .10)' olhcr te<hnola&icot v~nturc, il ""' IJidualt}' rccognitcd th•t l\J 

, 1 th~ truc challcnge dilO< no1 wnml >n puSh<nJ computer> lo !heir 11:~>1< b) ••~· r;-; 1 
Tnck• wcrc nece<.ary al this time. simply bcc.usc lns bi\5 and microsi:cond•. but in bein1 copoblc or orgooi<ins lorgc and oomple~ j 

m1ch<nes were buih "ith limilJiion> impo>cd bt • tcch· pro¡r.am<. and ""urinj th31 lhcy 'peoify 1 p¡ocen th.al for all admillcd inpuu _ 
nolo~y in its eorly dcvclorrncnl !IJgc, and bcc.!u>c oven produces the dcsircd results. In shorl, il bc<:tme clur that any amount o[ 1 
problcms that would be termcd "simple"' now•d•y• cnuld efficicncy is worlhless if \\C cannot providc rt"habtltty [41. But how oan thi! reli- ·.J 
not be handled in • •troi&htforwar~ ""Y· h ..-.s thc pro· ·.abitity be provided? llere "'ucture enlers the $Cene as the ene esstnli.al IO<>I 
l••mmers' ~~r¡· tosk·to p~;lt'"OnLI'OlCT> to thcir lintirs by for mn1erín1 oomple~ity,,the elfectivc means of con•enin¡ 1 seemingly ••n•e· j 
whotevcr mcans av~itabte .. We shoold re•·•ll U.Jl lhe.ah ... le" rn.ss of bll! m <hatacters into meaningful and inteltigible information. Wc 
•ence of ln<!r:1- re¡;l"'"" hnd 'ndi:ccr odd•c•,.;ngl. for .,.. mu>l <eco¡oize the stron¡ and undeniablc influonce lhat our langutge e•erts on 
omple, mtde automatic rode mO<Jificotion a mere neoe<~i- 0 ur -..oys of thinking. ond in fact dcfinu and delimil< the abStroct opace in 
ty Csee tbo (l, 2]l. which we can formulote- ¡ive form 10- our lhought<. · 

, __ . But oow tillo term ~I<Uau,td ptogttJmmmt hu beco coioed, and it ieems 
• finall¡· 'o be ·achil:>in¡ ..,..¡,,¡ thc 1erm '"suocturtd l•n¡ua¡e .. -:"-as unablc to sus­
ltll. ll was first u•ed by E.W. Dijksua {l], tnd hu·sprcod ... itb ..-uiou5 in­
ter¡>Jetllion< and connolllions since thcn. U ls lhe cxprasioa of.a «JflVil:tion 

' 



r r • 1 r t ···' J,~ c•.un¡>tc"m•> <:l.uifr the '"""' •t 1~1; noint. Thc rcodcr shuuld-bc.,>,·:-t,' thot th~ ''""••mmen' kno,.lcd~< mu>t nut con"" o o b'g o """ ~~l<. 1 •''" , ,. 
-· 11 ';'"'"" lh'a·",;' cxomnlc that is su!T.cicntl> shnrtto fit onui ~ sln<lr •••• oonnct •ecrots, but of , i;e~er:~l.in:~flc<tu•l ahitity tu tacklo pmblco11 s¡·Sicouoti<··• y, , . ,. ,_ 

' '
1 • ~,..¡ _ 1>e much·morc tlun • mct•phor, r"'b<·hly unrnnvincillr rn.hobiH .. I.,h~tiC'I •nd thot p.ortiful.tr tcchniquc• >huul~ b< ro~l.•o:d ot "'~"'"~'"' "!' • "'"'·. · ,. 

AL ¡15 hcortlie• an awmderJthcr th.on 0 10,-,1'"' 1hc d,!rni»iOot of '''~ tinluO<o~n, Tl•c,i~·p~'l•nt thin~ i~ •n •b"r•ct fwm ''"-"'·"llPI< "nd 10 irn•ginc thc ~ame 
orour miñds.· The rccognition Óf thnc' limit,llium c.m h.: u;c·J ~u ou: aJ•·m· _ !"~~~~d t>cinr ·~rrhc~_lo}•[i:o l':~~'"'"'ning rr~hloms. ·· ·-·\:·-· 

j 111e if w'e cuefully 'remocl our >CivO! lo wrilin¡ pro~r¿m; "hich ·.,. can mano¡e- [ ; ·, - r ' s' · r · -. · '·· : ~.:.' . --
¡- lnreliectually, whcre we_ fully undorstanil thc 101ol11y of th~_ir impli~~lion>;. -_- : ·' . : 1.~"'1' ~ : <:qllrlll1a mNgint .. , .-::':;" 

1 Gi~o·n ~ ;¿, vf ~- 2" intc~cr ari•ble5G1 •• : "~ ftnd 1 reci;,. to rermute 
lheir nlues IU<h lhal o1 .:; o, "' · "" a." usiniÍ lhc principie of se<¡uenlioJ l. lnrollotlual mana~ubl!lty of pro¡roms 

- . ,"'·'. ;·;_:·_·· . . ·: - · · m~rgin¡;. ·--Thus, ".e ore .lo- ¡,ofl un~cr the &uumi>lioi. oi -slrietly. sequu>.~l ..,. 
-, «ss.·llriOOy lold,-.;.e sh1ll us~ 1tic following ol¡;orilhm: · .-·; ·: ·. ·our moSI-I~~riinr'menloltocl for'Co¡.;n~ ,.¡¡h complnit¡ is abma<f<<!n. 

: Thcrcfore, 1 complu problem should not be 'rog"d~<l immecli.Liely in lcrms ~f 
. .. -

'- 1) · Pi."k indi•·idual componcna a,"' ond mCIJC lhem into o•dcted 
! .. pa;,., d<PO>iting lh~m in 1 .. rioble a'" ' campuler inmuclion1, bits. and "logia! "ord•_," bul roth~:r in ter_ms ande ni~·._ 

tlu nawrol tn 1he problem i11clf. obsuacted on sorne !Url~blc '""'"· In lhrs 

'
. en 2) . Pick lhe ordcred pairs from a'" and =••• lhcm pairwisc inlo 

'
roceu, 1n. abslrocl. prognm. eno~r¡;e<, performr.n¡- 'P""'.'" ope.ntrons · ., 

abs!laC1 dota, and fonnulored In sorne JUiloble nol~t<on. _...: qu lle powbly n~tur>L: ~ .;~.. . ~ ;,:' 0~-~'~ 'CiUidr~~leJ, · dcpo"l~na. lhc_m in. 1 v~rioble a '. 
Jan~u•¡c. _The.opc:roliDM lfC lhcn ccn•idercd n rhe·ronsliluen!J-of lhe pro--~ • -l) Conllnue lhiJ ¡ome, coch trmc dcublrng lhe 11 ze of lhe mcr¡cd 
anr.m which are .further •ubjected te decomposilion to lb e nell "lo.,er" lc•cl of .. · , '. •ub..equcncc•. untrl 1 srnglc sequen~ of lcn¡lh n - 2"' 

11 
cen-

abstraction. This pror:cu of r(/iMm<nf contlnues until • le•cl 1• rcaehed lhll _ · ,. , •. ~,-,, CIIICd.· 
ctn be understoocl by 1 C"Ompuler, be lt a hllh·lcvel prc¡llm'?in¡"lon¡ua}e, -.·,,-.;,·1:~-'!7. · . -.... 
FORTRAN, or lQme machinc <cdc {S, 6], '. ~ ··· .·, . .-Al_lhc ou1sc1, we.ncrke thar lwo .. :·· ;~_~.l.,_.,,. ::· 

.. :::· _ -~: :;·<·-(·_:·::, .. ~"-: _. . _ . ~" ;J,~ari~blei . .,m and a'~'--!ullke,"if'lh<:_.::_ ---·'· -~'. -~~' '.~- ::~":;'_ 
--:_. ":_ For the'lnlelle-clull mana¡eab\lny .. ol:.·,· J.irems ore allern1telr shunled berwecn- · 

:.·;,crucial rhal the comlltuenl opcrolion• al (1) lhcm. We shalllnrroduce • srn¡le arr1y 
:.coch level cf 1bsnac1icn are connected IC· . ·'variabla A with 2n ccmponcniJ, such 

- ·: C'Otdin¡ lo IUifoeienrly Jlmple, wcll undcr-_ thot a111 iJ represcnted by A(IJ ... A In) 
'"oocl l'fOVQm ~ehtmQ~, .. llnd. lh>l. eoch ••nd .e'" 1• reprCICnlcd by A(n+l) 
operallcn iJ de"ribed u a pie-e• crprogram · ·Ailn:. ·f:och cf lhe>c ¡.,o rooreplu•lly 
wilh oM swrr .. rt fi<J;ntond a Jm¡;lc rmn•not-- indc¡>tndcnr paTIS has lwo poinls or. 
1"1 fi<Jrn~ Thi• ollow• dc/inin1 ll•lc! of !he •cquenlia! octess, or'reod/"file hcads. 
ccmpulllion (P, Ql, le., rel•tlons among The•c ue 10 be denoted br pait1 of in-
rhc in•olvcd vori~ble•. ond auochinJ them de• _variables '· j and k, 1 re•pccrively. 
to 1h,; starlin& ond termin;~lin¡ pcinl! of We may ncw visualizo the so!l proce!S · ~- 'Eumple. ___ ,,., 
uch operalil'n (S). lt i1 lmmileroal, a! t .. rs . •• 1 repcated troMfer und~r mcr¡ing o( 
point, whelher these SIIICS •re dellncd by luple¡ up end dawn thc arroy A. 

' 

ri¡orouo m•lhemalkal· formuiJs H.e.,- by.· 
predicatu of lo¡icol calcutus) or by 
IUITicien!IY ele11 arid lnformoti•e sen· 

1 
"lencu, or by 1 combinotton or both The 

- lmpononr pain~b lhiLI tho. prcsr•mmel hu .. -
rhc meons 1(1 pln clarity _aboul .the inler-
ra,.., COl1dition~· br.N-ecu· \he: individ .... l 
bulldin¡ blcckl out oi whlch he composes-
bll proe;rom m. 

---, .. o 

• 

Thc 1\nt ve11ion of our program is evidcnlly o rcr<tilion of thc merae 
shunlc of p~uples, whcrc each lime •round p i1 dcublcd and l~e ~ircclion oi 
lhe shullle i1 chan¡od. As 1 eonscquence. we neod lwo •arioble!, one lo 
denore rhe tuplc si:e. one to•denote 1he dircC1ion. We ..,.¡u callthem p 1nd ~P. 
Ncle lhat uch 1epetiliv.c o¡>tnlion mu>1 conroin.o rhon¡e of lll (control) -arl­
obln "'ilhin · tbe ·lovp. •an 'i:rriti!Utotion in . front·'<lf•th~ .loop,· and 11 lcnnin~tion 
ooridllion. We eully eonvlnce oursdvco cf the correctnen or the foll,.-ina pr,.., 

''""'' 

:1 
' 
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. ~p:- ""~:p:- l. . IJ> .- ,,,,..,..e. ·Thc"' t!di!lct•ti<on' <¡uidly lc.d 1~ 1hc followin1 descriNioo o( Jlll!;_ :_~ .'j . . .----- -·- .- .. '.. 

,. 

rtp<ol 1: ''lnioi,lil< inoli<<• •.J. t.~n~ /": 

' 
j· ,·· .... ,.. p·IUI>Io' fr.,m ,. •nU 

¡-><4UCno'C' In Lol • < • Jnd 
',_,.,qucn<CO.': -• ·: .· 

{"·<:=:;·~--··~ .,,, . ~- ·-- ~ 
_,. un!ll JI:"' 

Up: - _,;,. ~':'- 1•p .. • ' ..... ···-., .· " 
~~-,<-;< Sto1ement-l i• usily e>presscd in 
-! on lhe dlrec1ion or the mergc pan· . ,. .·. ' " 

·; 1: .: ;¡. ~~-th•n',' 
-••alnl:•l:j: 

.. : ,__ ·, .. 

\ , .. 
'- .. '' 

. -::·: )' 
• ¡ .- : 

' ' 

n•cnl·l: _ . , • . . 1 , · ' • - · · ; ' 
'. " .. 

.. -
•J'\1""'""' •p:o: .. p 

_, ~-: '"""''-:..:k« '"" "'"''k• '""': 
•' UA[ol·<: fl/)lh<n 

.;, , ._ bt·~ln Afl):- A i.J:. .,.. • 

'"' 
l:•l•h:o:-,+1:'' 
~= q-1 

•1" - . 
-- -.. b<chÍ Ali J : • "A(,): 

'l:-l+h:j: 
'· - r-1 
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·'' 

' 
1 
1 

·¡ 
• 
' ' 

-~ ••• '1 k;~;,+l;/: • l•o 

'"' unlill~- 0) V(,- 0)·,· ' 
5: "<Upy ,.;¡ ol • >O~uon<e'': '1 • • 1 oh< 

bo;ln ~= • 
- _., ',­

ond .' 

!;'1;- ,, .• 

" ... !: J: l '"- .. • ._ ~. _ . , . ':. .• .. --:·, .>: _ .. .. ,,"':~:-•• :=. "co_r:,:, ~•il "!" ),~quo.~~·- :\ .-, 

:\~'::';~'=." ~<... ~ . .-:\~~; .. _ _.'~ 
~ · '_,:· ··- Tht manner in·whkh the l•il «>pyln& operation• are •med demand•thal 

Slatemenl·I describes lhc ropealod mer¡ing of wtuple" we ,h.,ll ~ontrol 'chey b<= desi¡ned to h~•e·no effeet. if inilially their oounter is uro. Uoe of • • 
thc repetitinn by cou ntín¡ the n u mbcr m of olems merse<l. The 1ources aro~· ';· repetitivc' -ronítrucl I~Siing for lcrmination /x:jbtt thc first uecution o[ thc con· 

. ·. deti¡nalcd by 1hc in doces ' ond j; the d .. tinalion ~lternal~s _ bctw~cn. lnth<cs k .'. ·. "uolled' ;.1110 menl ¡1 thúefore mandatOry. ::; , -':: ': . , . 
· -. and L" ln•tead o( inlfodcidn¡ 1 new •ariablc srandins oltern•toly for 1 and l. we ·, •- ~-- ··- - · ·• -' ·· ' ·· '- ·:· '' ' ¡;, · 
:<iu•e i~. Jimple·.~[ution or inlerchan¡iriz t'and /ofler éách P-tu~le mer,e,"and . ·:-~-t _..-hn.! ;lo :~·-:Al/[-. :<: 

. lcnin¡ k denote lht de<lination indeo ot all times. Clearl~. !he oncr~monl ~f k ' - bt~l : r . .:, l H; · 
llu thcn to oltcrnote bCiween the valun +l and -!; to denote the oncremcnl. --. 1, _ i+l· . 

· wc inl<odU<e lhe au•llior' varioble h. Wc con easil, convino• our<elves lhol · '· ond •-
:che folle~win¡ reftnem~nt is corroer: '. ' . J; "-ln•r:- .. ;%:•1: 

r.p<&l "': - m-l•p: "' 
.6:- .Mhl!o•"'Odo 

',,,¡,,..u. -il! 1 .. - _¡(¡l. 
•=-•+h; 

m· 

. '- 1' ,_ J: "m<rJC IHic ¡Huple fl<lm 
-·· ·' uchOflondjlok,in-

""menl k of10r """ 
=··by~ .. , h:- -h: 

-·. ~ · · ~: "n<honae k ond 1". 

j:-¡-1;,:- ,_, 

This coneludcs lhe de~clopmcnl ond prcscnlation of lhis prcJram, if 1 

compu¡0r is a•ailablc 10 acccpl stalemcnls of this form. i.c., if a suilablc eom· 

., 1 

1 
. ,, 

IODlll· .. • 0 ... • 

'"' 
Whcrcos stalemcnl-4 is cooily e•t>r<"cJ "u scqucnto of simple •"ign­

, meniJ, statcmen1·l in.olve• more coreful rlannin¡. h dc.cril>.:' lho artuol 
;mcrac operot1on, l.e., the repea1ed ccmparison Q( the two in<on•in¡ ilcm.•, lhe 
· .. loction of the leJSer onc, •nd !he steppin~ up of lh< mrr<>IIOnding ind ... Jn 

llfder la k~p lrock ot !he num~er.of 1tcm~ 1~k~n frorit ~~~ t"o-suur<:<:~. "" itr-
1rod...:e tho-t...,cao:nter n<iabl\:~·qond" h mu•t be no!cJ lhollhe mcr~c ol-· 
ways uhuu•ls only onc cf !he two ,ourc-.., and leo•n the o¡¡,., one noncmply . 

. Thcrcfote, thc 1eno~er lail mu11 ¡uboequently be eo¡>ied oolo thc oulpUt ,.. 
• 

'pil.r is aHiloble. ' 

In r .. sing, 1 shou!d.like 10 streu lhal "'' should nol be led lo infer thal 
:actual progran1 mn«plion procced• in such a well orcanilcd, suoi&hlforward, . 
''top-down" m•nntl. Later tefincmcnl SlcpS may often show that C"Tl•CI deci·' 
sionsue in•prropriote and musl be rewn•idered_ llu1 lhis nu1. M!i.rt!dforton· 
, 0 ¡,0 n of a prog"m '"'"' admirably wcll to keep lhe ind~>idual build•ns blocks 
intellec¡ua!lr man•geable, ro ea ploin !~e ¡>lo¡ram 10 an. ludienec-•nd w nneself, 
to· r .-,,. !he level e( tunt\dC"Tore· in ·1hc prlllfam;-and 10 ttmdun infQfTTlo), and 

. urn formal proof> o( correclnen. The emet¡inl mod~larity i¡ parlkuTarJy wel· 

i 
'1 
' 

- 1 

1 
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como if pr~rJms h••~ In be a<l¡u,,,.,¡ In chJn~,·tl nr ulcn<kd ,,,.,.,¡¡..,,.¡,.,"· 
·-
1
Th;, ¡, 1 rno<! "'"~~:"''"'' d~''di\P.«. ,;n,c in llf'-li,·e re,. nr<»:'•"" '"""'''' •:<'O· 
lldnl ¡oro lnn.; l<nlc. 1 h,o "'·'J;, 15 ur¡•,·J IU rcdi>W<cr oh" .al'·'"'·•gc hy ~<r1· 
eralili11K 1hi1 mer~e·Sorl progron1 by olio, in¡ n1o t¡., JO) o~lcg~r ~rc.Mr lhdu 1 .. 

. . . . ... . 
úampl~ 1: 

' ' • . . ... 
Li>l oll Ínl<t<" hcl"Con l dOd .Vwhu1c •q<~.ol<<,h.OIC"' Jccir"·'' "1""'""' 

¡1¡¡00 whkh is a palindrumr. lA p;alinJromo is" sequencc.of chJ.rJ<I<r> lh.'.l­

¡.~-~d1s lhe ~,~.~ ~;~!" b_olh en~~). '·'.: 1 ;,_.-;=.::(:, ,>·: '.·· .. u. ·.=·:~·. '· '·. 
· · · .• Tht: pioble;i, rcnsist~ ¡,j finJin~' scqu~nces · ór digiti 1h01 \·;li.'f} 1wo ci:indi­
lions,. 1he~ mu51 be pahndr0n1«, ~nd thcy must <Cprcscnt '~"'""·'· CoM<· 
qucnJil' lheri are lwo wayo 10 prcceed: eithcr ¡enerJIC •11 p.~lindron1cs {wJth 
·-~JI di¡itsl.and sclccHhooe "hi<h rcl'f~Cnl squorcs, or generolc •11 ><¡u.,.cs 
··and lhcn select lh,.~ whose represcnlalton•. ••e polindromcs. Wc sholl pu,.uc 
· the sccond method• beca uso. "l""~•·•'"'· fimpler to ¡en~r>te. (wotil <on """'inrnl 
rropr.mmin~ r.1dlillcd: •<>d bo:<;-JU5o- fot·o ¡i..,n ,v lhcre· ore fcw~r «!"·'"'" 1 hon ' 
plll~Klrum.,.. The ~"' proarom d<dl lhen con'"'" of essen1iolly o sin,te repcli· 

.•ud wc '''" l'"~·~cd ro ,r<:,·if~ thc lhrco rt•mr<><'lcnt lllltmcnts ·,n e•cn greatcr 
~01>11 He ,·nnorulalion uf a dr<·im•l rc•rro,cn<•lion i$ n•lurally formul•ICd o¡ 

1i1c rcpc:Hcd """"" "' 1iuri nf indivi~ual di~J\' "JfiÍn¡ "•! tht righl." · , • · 
•·. . .•• .,·¿~· ..... 

' ... l. : · U, · ,.; · 
' u·¡o<>IL; l.j); 

'•P"''" 1h' ,;~'"""' o!oti1 uf'· 
'"edil j¡ di/.) 

"'"n, -; .. o 

• , ·'· 
" 

"·'001 -.. :.,. -. 

,,.The serarolion nf lho lca<t >isnif":•m digil is.now easily.e•pressed in 
· l<rm• of eiOn>eril•rl'!. ~rithmclic o¡x:r.¡ions ,. shuwn iri 1121. J lente, lhe ne•l 
,.,, " the dccnmpnsition or the trmpul•lonn of lhe pahndumtc pr~rer1y p of d. 
h is pl•in thol. it orso "i:onsists or the rePtatcd. ~cquenli•l rompari•on oi 
mrrcsrnndon¡ di~ilS. We Slart by rickin¡lhe fim and 1he laSI di¡¡its, and lhen 
procccd im•ords .. lel i ond j be lhe in~icc1 of lhe con>J'Ired di¡¡ils. 

1;-l·.j:- L;. 
«roo• <"Omr.rc 1ho d;,;.,;• 
1:- d·I:J: -;-1 

,. ·'· . . . 

untll {o"'¡) "' d'o,;lS or< uncquol 

(1). ;·,,,·: ··. . ;: ·. .''\,l•st re~ne:~~~~ k•d• to o corñi>lel~ •ol~ti011. entirely upreued in 1erm1 
· , •. .,_.._.\O(o ronVen1ional programmini lan¡uoge wilh odeQuale SlrUCiu'rinJ fadlilics. 

tlvcslotcmenl. .. · 

~=-O; 
R(KII ~;- «+-l;&tno~te oquorc: 

''· tr deo! mol reprucntorion cf 1<1"'" 
.• , loo p.ollr>drome 

thn ... rile n 
unlii•-N• 

• • 

••• , - .. ~. ·;.'J •••••. ' • 
w: - c-. . ' 
"PUl~:- ~+l; •' 
«pUIL:-Lt];. 

" -: • lh 10, II!Ll : -., : -., 

(12) 

The nut slcp it thc decnn1r~•iticn cf lhc. con• ~l•<~•cd, •db-1lly d"'cri bcd •wlc· 
inenll inlo·simpler porto." Obviou•ly, beforc lcston~ for the p;olindramc P<OP.:t· 
ly; 1he dc<:im~t T'Cptnenwion <1 <he '~""'" "'"")>~ve bcen cunl¡rurcd. As >n 
interf1~:~:. between ·lhe.lndi>odual parlS "e o~lfD<Iucc n•iliary variabl~s .. They 
tcpresenl 1hc ruuli o( one step ond funclion IS the I<JUrtlent of lhe sue«s>'ve 

unoll r - O; 
,-I:J;-L; 

• • 

11ep. · 

dlll· .. diLl 

'· • • 
'" ""'' of doc. m•! dia,u 
1M numl><t 1)(' diiUS """""''ed . 
o Boolcon •arloble 

,lno•e '""'l.- ""''"lllolNI t 1) 

Thc rcllned VersiO~ of (8) become1 

• 

n:- O· 
RpUI J:- ~ti;"--~; 
J: - <leritol>l """' .... ..........,, .... ·' -· 
p: - dls 1 p.olind~ ... ' 
11. !.11 ....... {..! 
ntU~-N•. 

' 

•' 

'" 

·. "P''" p;- .olrl- .rl¡), 
,, - .tl;¡:- r-1 

untll (i ;a-) or -p; 
!/ p lh<n ""'"'(ni 

•nUI•- N 
• 

' 

, This cnds the presenlaticn of Eumple l. ..h· 
~ 

In crdcr lo ><hie~e intelleotualm•n•geub'dity, the elem~mary romp,.ition 
schemes musl be simple. We h••• enroun1cred m<»l of ¡he nuiY fund•mentol 
ones in lhi• serond e .. mple. ThCY entompass uqu~n<mt, cond,¡,aning, and rtp-

. t/Jiitm cf <onsliluenl SlatemeÍ11s . .J should like 10 elaboro te on "ha! is me•nt by· 
simplidly of tl'lnlposition se heme. To ¡his end. le! u• selcct u eumplc !he re· · 
r>elillve ~heme uprcS<ed 11 

··,.hlleB"l (U) 

• 

' 

•• . ' ., 

1 

1 
1 

'1 
1 
! 
1 

' ,. . . .. 1 

11 
. -1 

.. 
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1 
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' 



\ ~ 
,• ¡. • •• 

',-~ _spec,ifie,",h~ · ;~p(,.iod,. ·,~ ;cculion · ~f,.'he ,':_~·:;it,~~-j, i ,~':','~'":!u. s, .. ~hilo ~ JI . 1\o~m¡•k _¡. s,-~,., ¡,,,. ,;.:,:,H., """'/~-" . < ., •• - ·,._f.,._··.'.-.<~ ;.._·1 
-. "" ou •e o cae., rcr>< 1 '"" ~ •on~• ""' "., """' "" ·""'~' '"'l «>'""'' .,. .· .. ·· . -: , '- 4 

in thc Use wilh which wc can inftr prupcr'H~l about'lhc'~bil: ''"'"''''" from· ··-- ¡;;,, . .,_¡, ""'""-"'" or lnnl JH·<r-.Jril; rliffc·ronll numOCu 1,_, 11 , ,,,_.•:: .. 
kno .. n pm~uio¡ of lho ;c,.,;litue;1l llJ:..;J,oOia. 1 n p.r;ocu:Jr. "''"·' "~ ';;; .. , ·,.¿. ~.,,,., 1 he hr,Í " do<! in<\ nu•nl>c" on~ '''"fn lh.;m ""qucnli•lly la an •n•f valÍ· 
know th~t S le aves • PtOP<'rt¡· Pon it< >orioblo, u n•·h.>n~ctl nr '"' "'""" ~ h.;n.; v-' .• Ole " i- n h.·,; 1 k '""'11'- '' il'n•n~ ""Y, numher r, lhJI h;o<l .ri""~Y O«Uflcd. (Thc 

· er B is true iniria\ly~ rllis m:. y b~ e wrc.-od r.,rm•llr as -;-· ·<oquo'iicc • r m a "y. foC in51Ónce, be ilbl•irled r,orn· ,; i>SCUdo· randoin numher- K•<>· 
.,._ -.· , - .-:·;-~;,;,ro(; ,,,;d -¡,-~ é.rñ resr'O,sUied rha"r·rhe ¡cqúeirce ;con-r•in-s •r'leul n drlferenl 

PABIS)P' ll4.rl ;.··"¡,¡,,nbc,r.-1,:.··.·:•.< •• "< .·.:·~_,-.,.:·:·: •. ·:.~, .. ~:···,;~·; ,·,· 
~- -· 

occording In lhe notillon inlrOOuccd by llo.lre 181. nr.n wc m•¡ infor lhJtthe 
"hile u.rem~nl olso le•~•• P inv•rianr. rc1udl<" of th<! numbor of rimes S 
wu re p-e oled ... Since lhe repelition proce" te rm inatcs only Jfrer':cnr~d i rinn · 8 h•s ' · 
bcrome fal•e,' wi:'moY infer 'rhal In addirion ro P.-oho ~B holdi after rhe 'execu-

in~: 

!In ob\-i,us fnrmularinn of 1 f-;o~rom perfcmri.~¡-lhii ruk is lhe fo\low-

·' lioil of !he "hite slorement. Thi1 in fe rence m;iy _he nprmed. forn1a\ly IU- •• • .. 

.ro,.o-l.rond~':_-_,.,. :_. 
• ho·1ln L r •••1 d; . · 
'•.·rorj:-l'lo¡.:_ldo . '•-

lf ol; 1 - r rhn ioro L: 
- ' ol; 1 : ;., ' ' 

' ' 

(16) 

•• 'lhi.i<fl>lllllll•-·.co..'~;,,,.,h.-. eucn~·of'rhe eniiÍe',,.!llte--c~n~rruc'~- ·¡, ·Ir é•nnor be deniid:th.r thi• ''ob•io~s" solution hos been suggesred by 
, . teocllet ut tn lOok for an inH;Ó>.nl prope:tr P. aOO tO considei-trie resrilt of itie. :'rhe trodttion of nprái'rng • rep-eared aci1M by a for sraremenl (ora DO loop).' 
· :'iepCruion lo be thC Joeical_combination of Pand lhe net•rion of'thC'iñolinua-_; :ne'tuk ot,OOmputrn¡ • ••lue foro 11 decomposed intn n 1dcnttoal steps of 

: tion condilion B. A simitor p111ern of inference J<>•erns lhc rrpeot-Constrllc(,.;--,oo:ompurin¡"a sinclo numbcr .,¡; 1 fnr;- 1-.- n. Another inOucnccleodin&IO 
· used In rhe preee:lln&eumplcs. Asouminllhal we con prnve · · this fnrmul"tion is the t•cir OS>umpllon tirar thc probabiliry of I'-"O elcmcnts of 

, : · · ·· · lhc scquence bcin& eQual rs rc..,nnably smou Jlence, thc e••• of 1 condidare r 
:o, · QV (PA ~B)I51P .0 : ·:, .. ·; (15a) __ , tr<cins equol to ;ome_ol./1 is 'cori•idered as the e.ccPtion: lt le1d1 to 1 break in 

·_. :::·· • · -.. • · '· ·, :- :' rhe ordúty' cotlrie'of np-erarions arid ;, up'res•ed b~ 1 jump. The climimtion . 
1·. 1bout S, then _wc maY conclude rhar of rhiibrcak' is !he sl;bjecl of nur furthcr deliberarions. 

¡ ···~·- '- • · . · .• --. Of.C"t>ur.•c.·the ,oro~s~;teme::rl may..bc-.u¡jly--.olmccunc:clunk•lly- re-
'. ~' ·:_; Q lr•p .. r .S wnlll B! 1'11 B _. .,.. 115bl l'li<~ ir, u rfon.,;r iNi<r" -rrirc~..:; loa.dmt \O'lhc.!ollowi.~¡,.¡oor.Jt$$·or""ion. 

hold! for thc repeot-ronstn><L _ , •- • • lor ': - 1 t• ~lo (17) 
. . , bo&ln 

There rcmain•"the quesrio,, ,.hcrher 111 pro¡r>m• can be exprc,.cd in npe.r 1trlrl: o<: • ••no: 
terms nf hierarchicJI nesrin~s of lhe fe-. elemeni"Y cnmpo1ilion •<hemos m<n· ): - 1; 
tloned. Althou¡h In principie rhis is pomble, rhc que•tion is rathor, whcther ~hllt (J<IIAokdo 
they can bo· e•prc!!ed-con•enienlly, ~nd wherher thoy Jhm•IJ be u~rcuetl in. bo1ln ok:- "Lil"' r:J:- J+l 
lucho m•nnÚ,• The ;Í-mwer- m'J't ncp:s,¡~rilr be subjcuive,, matt~r of 1.1<1~. ond 
• 

' 

ffi . unrll'ol; ut 1end to •n•wer a rrm.11rvcly. At lcost an anempt should 1>.: nwlc to •tick .¡, J : - ; 
to elemenrary schcme• before usin¡ more claboro\c enes. Yet, thc temrrarion - on( 

' 

' 
., 

:'to resdnd thi• rule·is reol, ond lhe ch•ncc 10 su"'umb is parrkularly gre•r in 
lln¡uaaes olferin¡ 1 fociliry like lhe 1010 uotcmenr, which olio"' thc insr•n­
loneou t lnvcntlon af ,ony form or. compo!rtion, .and wh'rch 1s the );e y tn any k'rnd 
ol•tructuullrre¡ullrlty •. , 

Thc followin¡ llbart cumple illumalcs 1 qpicol situ1tion; ond 
[qWQ!~td. 

The rranscripr~on oon.,m of rhe replacomenr of thc for staremcnt with 1 
fi .. d terminalion conditinn depcndin¡ on the running index} by 1 mnre fle•i­

. ble "btlo sraremcnr allm•·ing for more rnmpli"Jed; .<om¡r.,.;te rcrtJtfNIÍ!ln · (or 
-..-.rher cnnritrtLOIÍOQ) «>ndil ion• ... 1\U't lhi•· solurion ca~rc-ars quite vnallllclive. h 

is 1dmi1tcdly len tronspuenl thon the pro¡11m usina l jump, ln 5pÍle !>Í' thc 
facr thal lhe mo•t frequenrly heord objc.:rion to rhc 11SC o(_jump• i• !ha! theY 

' 

' 

'·1 ' 

' 
1 
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oboouro lhc pro¡;rJm. lho olher ohi"•llon i<IIJ.II thc ~"'"~e-,,'""¡"" (17) re· 
quires ~•ore compJti'""' ond le)li. ond hencc ;, le" df~<iorol. 

Thc cru• of thc mJllCt ¡f rh.it "'elHrru<lur<J pro~fJm, ;h<H,IJ nol be M· 
: l~1ncd mc"i)', lhtou~h l t. o lorm•li!ik' pra<c« ni' climir"nin~ ~oto "'''""'~"" 
from pro~ram• rh¿r "'"re cl>tlcd•cd '"ith tlut fJdlil¡ ·in· mind. bur rh•t rhe¡ 

·\musl emer¡¡e fronr • propcr d01i¡n p¡o''"" ,,..o "''""'"'i'c <olurinr" "'" 
prescntcd herc as illumotions 

In the tlr~l ene, ,.e obandon thc M~On th•l the program m~>l O<"C<<Sarily 
be bued on the !late me ni · 

1 • 
·: '· .. · faf/:•11•••• 11!1 

R{; 1 : -· ,¡,_ no•l ourloble number 

. ' 
1nd consider lhe hure ilcroticn ller ro o;onsisL cf the aeneration of Lhe neu ele· 

'mciLt of \he sequencc r, followed by Lhe test fur ill 'accepubilil).':. ·r<· .. :·. ::"~.~~~:~.~ · ·' · · 
··¡' .~'' .. 

··'' "; 1 ~­. . ;¡ ._ 

'. 
' 

b<1ln tmcw~ """¡ r:• 
""''" it ~~ ~¡, ¡, 
check .. h<lher •11 al! J "" d•lferent ftom o(,), 

,rr oo. procecd by inucmentintl 

'"' 

1191 

,[." ' ..... . ' 

. : Thll focm m1hs lt ob•lous Lhat "'" lfe In lrouble, if the sequen'" r should be 
•: •uch Lhat 1 connot be IMremcnted 1ny lon&el. Wrilten in tcrms of our pro­
f&rammin¡ lon1U11e. 11~) becomes 

¡ : - l; i·. 
.. •hlltloG••• 

H1ln totlrl; 
Q¡.¡'- ,,.,; -·1: 
•hilo R(/·1"' 'd""}'·-J+·l; 
lf•-Jthoo>.:- t+l·· 

'"' 

(101 

• . ,Thc second opproach Le this problcm reuins the bui< con« pi or the sol u· 
· tloq u shown In (1!). from thcte,l!l de><i:lepmcnl,. chorac1eri.od by the fol· 
..,...Jn¡,~wr> snapshoLS.: 

' 

-rorl:•ll•ndo 
r<puo '""""' the nc., r;· 

<hook llo oe<eptobillly 
•• m •""•p<obl• 

r.,~:-lto•CG. 

... pul t<l(rl; 
Rl<l:-r;J:·-1;·· 
whllt •ll 1 ,. ''•J: - JH: 

! . Uljli-J 

(11) 

llll 

. . 

. In <<>lllnl'l tu llO). this "'luli"n """''"' of lhtrt no"od rorotiuons in· 
sro.•d cf only t .. o. dnd llt.rof"'o ~Cerno infcrilll >1 frrst si&hl. In r~ct. ho .. e•cr, 
·~hwon (21) turns o~r to be oven more on•nnmiral .. Thc te>!M is lhot in (20) 

· · 1.~, k<l fnr <":t~lin,;.,.:~n.i-"" "i< >rlu dly ""~''""'""')' ~·hcncvcr ,....._.,, <incc i 
""-)m this , ... -. tmplios i <J. ond be"C:.u•o i ""' nm becn altcred sincc rhe llsl 
""''"·•"~" of <"' "· Of '""""' pro¡;ram \Cl) ·~ <"<Jn,ider.thly more ellkicnl 
lhJn ihc udginal furm wirh ajump (16). 

rhi• lermin310< our considorotion of Eumplc 3, 

· The qtÍe,init""rcrTr~ins ~pon, of toursc, ."'hcthot jumps can al~ay¡ be 
~··oidrd ~ithout dis.d··~nl.llge. l •h•l! nol.venture {o AOI"-er thil question, ¡-.¡1-
ticulorl)' bocouse lhe lcrm "disndvan"&C'~ is sullidcnrl¡ vosue lo admil mony 
inl~rprelotions. Bul lhere is <'idencc of the ui<tcnce of sorne choractiri.rie 
and reasonably frequcnl situations_which ore upre.,cd only with dilliculty in 
<erm!.or lh·.;·lan8uage iOhstr'uc'r"iiitrÓduced ¡,bo•e. ·A rÍtrticular c"elslhe loop 

' · ~·,¡h. 'i'xnl ¡) ··m "th• ""ddli.: .Lalely, ir hu led :¡onGuo¡e designen. lo inLroducc 
~sPI:cili¿ <:OñstrUm·mirr~inl:"~his ·..,sc·~!ll. .. lt huns·-out-;·ho"'"Vi:r, that il it 

' · .mbSL di flicull ·,o find 1 's~tilfJcLory and. lingui""'•lly sunesti.-e form ulotion, aird 
· . Lhlt l<imctlmcs So!iuions are in,·cmed lhol s.eem Lo mercly reploce thc symbol 
'•"lotO by onoLhcr wcrd, such as ull or Jump. for cumple, the con!lruct 

··o looj>'.ti:' ' .(1J) 
'nlllrP: ••• 
'"' 

with the por~mcLric staLemen<:s .51, 
be adoplcd <o <•presslhe pro~ram 

,ll: b<,ln .51; 
·11 Plhrn IOiall . 
~?: 1010 ll 

Sl, •nd the terminllion condition P milht 

(l4) 

. i ., 
1 

''¡ ' 
. ' . 

1 

. 1 .. 

1 

,.., 
. ll: end ~~ ,_. ·¡ 

in • more concisc and goto·freo form . 

. E•pressin¡ (24) in Lerms cf thc bosic repeillive stoLement forms d<>es,' 
indccd, cften lead lo undesirablc ccmplicalions, such u unnecessary recvaluo­
lioo of condilions, or duplicaUon of p&rU of.Lh~.pro¡raru, u la shown by !he 1 
two proposals (15) and (26). · · 

,.p .. r S1; (2SJ 
tr ~P Lhtn Sl 

unm P 

•• U6) 
•hilo -Pd• 
,lqt• .S:!; .51 tnd 

1 

1 

' "1 



'----- ---------------
Loop $1JU<Iuro> 

-. 
rn~ r <Jil o" rnÍ . • m~ 1~,, ,i.u, u,,noplcs of probknh ~~~ oddod ro ·,htÍ" 1 h,ll 

often rhc nccd for'on ~,.,,._,, 1/w middlrron<lnl<'l is b;.,~<l on ,, ,,,.,·n,>"-i"·•l nn­
·lioo r~•h~r rh_.;¡ on 1 r("l nccc,.il), and thol ><>Oiclln>~' Jn ~'"" boJI<r mluriun 

is found 'whcn '.'idin~ 1~ lhc funJ;rncn[OI mnSirucl>. 

----·--·----
-

1 ho rcnnc"'""' of thc .,,rcrncnr in quurcs is ;uidcd 
'¡r. ;,_,iri•tion _, is cilhcr o hl.1nk 1\1 an' nroning b<acket, 

'¡r •- -,¡ r• ... -n ·~"~'" 
--,¡¡~ """'"""'" 

b¡· lhe r •• , thal ~POn-

bo~ln r<l•<~l "'"'""'11 >'- '1': ·-·' . . ., 00) 

é:<Dmpl~ 4: A JC/Mn~r - ' : , ... .. . - " , .- >, ' ·- '.• -. :io.: ....... ,.,.d ' . . . :· ,¡ 
'The ruk " <o con•rrucr • 

piece or Pro¡¡,. m which, CJch.timc 
il ls oo<i'"lcd, scans an inpul •e-

' qucm·e of choracte,, dcli\<ering u a 
rcsull thc nc11 chuo¡;ter, but sklp· 
pin¡ or~r blJnl.;s ~"~~ ovcr sa-c•llcd 
mmmtnL~.- _;~¡- <llmmcm ;, d~fi,c<l-'r-: 
n -~nr sequen<~ uf chJ,..noro• ston-­
iJ\1 wirh 1 lcfJ·b,.tkct and endin¡ 
..-iJh .• ril~\bro~~-cl. ¡-

' This ; scanilei·. o;ould' . Jypic411y 
occ~r n pan ora rompiler. ·A com­
mon IJO!urion is indl~ated by the fol­
lo"'in¡ nowchor! ("'~' dooOtu lhe 
<>pc:rl!ion of rc•din¡ !he nur <h>t­
o<ler and aui¡nin¡ il ro the tnulr 
voriable ~). 

' 

_._; . 
• (1)) 

... , . . 

' 
,-_ 

. ~··· -,~ . ' •. 

Thi• Pr<r¡¡r.m ele•rly.uhibn• lh< loop 11tuerure wnh ""' in rho middlo, 

• 

... ro.ryln3rhe ou.,·en!rron~·••'' pr~ro~""''"· ln.reod of-pro~u,in~" •uuo••i•o· 
form for rhis conmucl in S<:quentilllanKu•K<. howe>er, lel me udlc rhc P.,sod 
problcm in 1 differenr monner- Rccagni•ing rhe main purpose of thc program 
u bein¡ tho reodiri¡¡ or lhe rie•l choracrer, w\th lhe 1ddi1ionol requc" for skip­
pinl o•er blon\;o and ccmmCn11. 1 prop<»e o lir<t •• .,;..., "' rollowo: 

~"" .. 11! 1 
•MI• ~In r~·. ·n •• 

''okip bl1n~• IOd oommen!5'' 

The COt<e<lneu of.thio PIOJram is co<ily e<labliohe..J,.a._umm~ lh•l <he.­
t!J.Iemenl· In r¡uotes performs what it !oiY!, and norhing mote. The defrnition of­
th.i- "hUe stltcmcn1·1u•••m~ thol the resullin¡' nlue o( x is neithe< • bf.Jnl'.­
nar 1 eommon!; ~ rnottcr In "h•l "•Y bl~nks and wmmenls ore skipped. 

. 
• 

' -~ . -~'':-' 
· Onli· ¡, no.:·rcdgc · obo-u1 1he t>pc<itd fi<v~•~<~l qf .:..-uff~m:r or individual 

eh"'"'"'' ''"" be • rcU>on ro choo•c an~lhct- furm of rhis prO¡rom on the 
_grounds Or cfficioncy. For rhe sokc of ••sumen!, lcr us auumc lhol shc>rt SC· 
quences-Of.bbnks arc.P.rrkularly f¡cq~enland that, en lile olher hand, im· 
m-cd'~aicÍr-·adjaCénr·rommcnls ore ext,cmcly rore. This lead• U! lOan equollr 

'correci aiiCtn•liY< flll'm of./19). namel¡ 

··,;i~ ,.,.-.. ~~;;·,¡ bi.~.k,. if •nr"·. 

-·A;;UR1C-Ih•I"'C ,ftt lO 
úc;•tn 1 pw~'"m 10 muhipl¡ 
'"'C-non-ncgali>-C Jnltl<" D, 

and b "irh the use of addi; 
t'oon. doublin¡, •M haiYin¡ 
only. Let. rhe resull be 
rcrrc>enlcd by 1 Yariable ._ 
A wcll-knOwn and effi<'>ent 
melhiXI i1- shown by the 
nowchart 11 righl: 

• 

" 

. 

' 

' ' 

' 1 
' -' r:~ • • '- o 

"'"''' 
' 

·- , ., 
·- ,,. 

. 

' " 
1 

Ull 

.. 
'()l) 

"" 
• . . -• 

• . 
e 

' . . 

' r-~t'll!l . :~ ... 
" . . 

, 

1 

' 

. 1 

1 
' 



,. . ·· .. 
" 

lhi1 pr~i""'· nnrc oroin, clcJrly c•hobu, th~ l•»p ,uurtur,• "i<h e,;,;, 
· tht middlc. =J •>tcrcf•"" .--.,V>"' be c'rr<>-'"'o! 1< ~,;~-··k,.,.¡, .. .,,,.-~-'"'- 11 
, \ i1 tmJOUJ': ,.,j.,c~t<d "''" 1 ho' >Ínlpk loop form b~ diipl ,,;,.~ thc '"''1' torn_> :n •"''"'­

Lnt, p<><fli<inin~ ',,-,-, rront.of•SI•I<n>cnl SI. Th.· 1-~<vi.",m'lh,·n "hl.ii•l; ''"' · . . . ·-- . . . - . .. 
-..cll-known rorn> -, · · · --:.:- • ·· · 
'• . 

(· .c-•;J:-~.--=!-o. ' IJ.IJ. ':-
•MI<Y"'0do 

b<aln Ir o,¡,~,J lhon 
., 

' ' ' 
' ._ ' . 

· ~,,, 0 1hal thc in•:ori.tnt e~u:tlihn "'">binod '"'" the ncs.,inn ffi lhC continua­
.-_ uno ,-.. ndition yichls (v - Ol and t,•_, +: - u'bl, i c., lhe de•i«d rc>ull :. -

••• 
U'"< ,.u..- in,cn on~ Molcmcnl ,¡ 11>: l'bic nf lhe inv>~i•nt which lene> 

1hc pf\•,luct ,•j·t~nrhan&cd, 1loc rc<ult of thc rr<·or.m "'ill cvidcntly rcmoin lhe 
,,une. ~u.:h a 'utcntcnl is, e.J, lhc raor or ""i&nmcnl< 

061 ¡··- ¡·dh2:•= -l·• . . . . ' .- ... 
1
·::'·--- <:< _··brcln 1:-rl:::-:+• 

e, :·: ,~ond: 
•,:· ·· · ,:-,lhl;r:•l•• 

'"' 
, __ 

• " 

' ' 

" .. ;. -.. •• 

' . - . -
--, -·"·,- . ' '· -:- ... {-.-, .. : 

,., undct lhc cnndnion'thlt y'' c"en -But lf o_rclllion is invoriant over 1 ~!ale­
_./ -'tnenC;rremaln~ '" -ici.rdleu af hQ,. uftcn ·\he Ulltmcnl Í$ uecuted. This 

¡urgcSIS !he fnllo"·"'g, quile evidcnll~ · coHÚI, dl'\cicnt, 1nd clepnt 10lution . 
h rontoins no c>it-in-lhe·middle loop,· '' · 

--·: ' This tlnrly dou not chan¡e the elfHt of lhe pro&rom, be<au1e if )'-O JI 
ci.try to'Sl, lhcn Sl ha. no elfcct and, in pJrlioul.,, lcoves y unohongod: ond ;r '' . - ' -' >: :.:-~,y: - :~:.:/-~ .n::·-~ ·-;'. ,·,.'- -- .. ·' (371 

" _ .. _. .. -_ 

' .) 
; y ,;. 0/lhen ·th'e- 'only-additil:m•l dl'ect intumd by; the; ínndificd· •c"icri -:s on.- · --· 
·:!he. a.u'-Íiiary. ~o:iahlc::o '·' oftll ' in <he ''-'" or ,._ - 1 .. Bu1 this. ~drtil ion JI dfeC1 is 

· ;_ quite und~>irahle~ not."' "'~'h btC.OU<e nf, 1~< ;dduinnJI,- ;u~ern~n~-,~ .1nd U.\~· . 

,len ~mp~toliQ.n, bul ,bctau>e thi! Of"'fÓ"on m•~ t>o hJ[mlul. by~ I'Ju>>n~. · 

·<"-~"'''!'"'04•·-;¡~: .. ·-.- -
·•.•;.-bt~ln l;> O ind·_..,.¡:;- D•b: 

' : "hllt ,,..;,,(~)do ' 

1 :¡ 
.·:¡· . f ' • 

:1 overflow or the arilhmclic unil. Should wc lhordoro rc,ort lo thc ¡,,¡¡.¡n-lhe· 
· middlevenion!-: .• -: ' .. ~;:····· ,.,-

, -' A diffcrcnl!olution wu-shown lo me by E.W. Oi}kwa. H;·~r~p05od.to 
. tac:kle !he problem ot ill roou, instcod of lryin¡ to rcmcd~ 1 prc09nCeived pro-

·:_1. posal. The !1"051 Dbviou1 mulliplioallon al¡orilhnl under lhc "ated c~nllrainl! 
., b !he followona: 

' ' 
.. ,~ • .-,,~~.-r:-0: 051 
•hllly,.Odo • •· 

b<oln .t.-.> O ond-.<"1+ r - .-b) . 
•=- ,-1; r: -- •+• 

••• 
" 

BcfO<e we s1an out lryin¡ lo imrro•o t~is '""ion, wc observe 

" ,, 

' thJI a¡ lhc 
, j ou.IJcl of eoch rc~ctilioo 1wo .,i:ondilion< ore ,,,,,,r,c.¡. · •· ' 
¡_; 

• 

l.:. 
. .. . - . ' 

y > O follows fmm lhe rae¡ 1h01 y is a non-ncg;tivc intcgcr ond 

'·' 
·~. . 
• 

ncl equai10 rerc. ' ' 
" 

_...;y+r -tQ•b ;, in~•rlanl undcr !he 1wo repca~ed ""i¡¡nmcnts. 
(To ~•rlfy this claim, subo\ltutc rl for yond :+x for r; lhi> 

" ylold:s _..()'----]) + h+ .rf - _..y+ r - ti' b, le , thc original equa­
tiOn..l At wtry.lbe:e<¡uallon is sa¡i•fied.1lnce r - O, ~- "·y 

'-rb. 
• 

,, 
" 

·. ,..._In•:- .•dl•l:•=- l·~ ·,· •,, ~. ' 
-¡-~-- <Od: 
. .-,-:.-~ ~r:-,-1:•: •+~ .~ -· .. -. 

{: <nd:,¡:·_·: )·.·;,. •'':•.. ... -,:•.- 'i 

., 

' ' . .. 
,. 

' '" 
.. ·.>·;:<'.'.;:·-.... ,:_;.- -· ·- . ·-: ',!_-,·~~-'_··,-, ,-_ .. ·.-. 

.--.·SO muth for uomples, whon purpose ... n.lo sketch and clucidlle the 
b'Jsic ideu behind, 1he ;nielhodt;of·uruélured pro¡;rammina ond !lepwiot 
refincmcnt. ' · " - • -- ·: 

., ••• < ... •• , • 

'.··. .. ·- ' ,Canrluslnns 
" ' ., 

- ' Sk~ptic• wo11.'· of 'cour:.é. dnubl that lhese mclhods repruem any pro.srns 
o,;e'r the ocrhniqueS or the old do~s - in f>cl, thO! thn are mtrlrr>d< "' oll. 1 con 

·merclr soy lhat in my """ elrcricn<c, thc ne-.. appro.•Ch hu ill•l'"""d my otti· 
ludes ond abililic• towudi prOfrommin~ •cry considcr•bly, and tl\c ur-edcncct 
(o[ olhcrs confirm lhis imprc!>iGn \10. 111. A 1ySIOm'lic, PldCrl), .rod lran.l· 
P•rcnl opprnach is mandalory in 'an)· ~illble projcc\ nO"odays, no¡ gnl~ lo makc 
il ~<ork ·properly, bu! al<n lo l:oep !he progrommin¡ coll within reuonable 
boundl. 11 ;, lhe very fact 1hat con>pulalion hu !>crome -ery chup in con!rUI 
-..ith salarie• of pm¡rommers, thal squecLing ·~• machine• 10 yield their ulm051 
in speod ha> become mmh lcss importOnt than reliabillly, correclness, and cr­

' c4nizallonal clirity. 11 ;, not cnly mo<e ~rsent, bul •l•o muoh mole eoslly 10 
cmr<et an cmcoonl, bul crroneOuSprogram, than to •rced up • rela!ively slow. 
but correct program. In lhe p .. i. lhc debugg.in¡; ph.se his laken o ridiculou•ly 
lorge percenla¡e of 1he development cOi1 in mo!l lar¡e projects. The aim now 

·1• to eliminalc \he ncuuily o( debuninl by creolin¡ bu1•free produclS in thc 
fim place_ .Ooesn'ithil: brina.ra miad.ihe medica.l.slopn.:•pruenlioo i• beUcr 
\han hcalin¡"! ., ... ' 

,, 1 

<j' 
' 

'1 • '1 
:'1 
' 
1 
j 

' ' ' .. 

·1 



Tho <ro,iid,m h~~ b~;" <Oic·~J 1~ •! lho: ~:.:thc'<l o[ W"•"IUf :~ :>'"·""""•''"~ :· 
i• in ""cr.cc nothin~ more thJn pr<o;t·"~'"i"~ ~) p.Úoht,,;.,¡,,~jy ,_,;,¡,,~ th" '"~·· ., < • · · ,- -- · · -.. , _ , ' le. <>IC~I"O~ < MU"i<on ,ol•n 1mplic\ "" an,,.ct In lhc nuc\li0, of "he,•-

· o[ )umrs lgnlo "at(Olonl•L On.; m.o¡. mdc><i, "''"'" tn thi, '""'hhi••n b¡ ¡,,,~. ~ " ,., •rrnllurc<l rro~·r.,onmin~ in "" ''"''""'lui<<l l.u>~u-•rc l{uch a< FORTR,\NJ 
in¡ otthc cntir< i"u< in thc '"'""" olitccli•Oil lhol in IJct, thc mcth.,! ,>f ,r,;·- 11 ¡ - w' 

"~:":">c.- 1 ·~-"''.1. ,_,,.,. '~"'•hlc. h"""'"'· ¡, '""''"""~ P'"~ummins in 
1 .,.;,, do<omt"'50IIOO "1 ~ r,•flnc'"1''"1 " 1 1 0•' 1' ""' ""'"'":' "' ~ >U 1 "'" "" •lh 1•·"1' •1 1• ·~h,•r b·c 1 _ 1:, "!'""I'C anJ '" h<c'qucn 1 h;,nd-tr:on,l.11 i<m intn lht , un1tr u¡:-

. lo 101o-free pro¡rJms, lhc o tt>~ncc cf JUIIll" " n<ll 111, mllto~l """· bul th, lm.rl """'1 l.rn~ua~e, _, J he '"""'"'Y ¡, lll;rl,,. he< e•• lhÍI al'('lr"" 11 moy be::' pr.Ctic4blc: 
:oulrnme of the ei.,císo. The_,·l.,.n olr.tl "''"'"""d pro~:<-<nnni11~ "·" •n•iú""". ,~ 11 - , ' . . .. "'!" ·~ ;' ""''.1 "'""' IYtllun oli•oirlmc nr,, cnmp•lcr: il" hi'"' ~O.uitcd fcr .•.. by'provino'lhallll,pr¡,l,.mS con bc'fnrn<UiollC:d'"ilhnu¡ ~olo'>l.rlcm,•n¡, 11-. < ' • '''" "'"' Prr•~t.<mnun~ • C<>•~nilln~ lho1l lhcrc m•y be Vdhd eccnomoc rc:a>on• '• 
· thereforc bosed oñ • fun<IJmcnt.rl miiu"~"''·mdin~ .. r 1 · •"' · · ·;, . . •• .,. . ,· '" ""'""~ ~n<irrx rn, '·-'Y. FOil fii(IN. thc "'"uf an un.•ttuc_lurCd !>n~u•ge 10 

The ques1ioo of whcther ]Umr• enter lh< pi,·ture.or'not .is b.\lkJII)' • ''"eh!~''!.'""'"!'"'~-·~ lhc.art of .l)'<lcon:.,,cally olovc:loping al~orilhms _ ún 
maner of 1he level,of.dccompooilion or rcflnc•monl w v.hic·h ¡hr; pro~rJmr.un¡ nu lu!>~cr be ckfcnded,on the conloot of <nmpu1c:r scknco cdueotion. The lack 
PfOCess ¡, canied. ·Uhima1e!y- thal is in m•"hine cOOe- lh~r~ <>n 1><-no .nf ·~ ~<lc~ua1c 111t<km lool.<'" lhc: •'•iloblc •·on,rulin~ fa<ilily is lhc 'only 

; dnubl aboul 1he -presen<e of jump insnuctioñs., The móiát of ·lhe SiOii is ¡j,.¡ h:m.11nong <•<u«e. • '' -
·JUm~s must na\ be uscd in 1ke ¡nili.ll conce~lion of • ocner~l aloorithmiC- m a· · · ... ~ ' · ,-- ' · -_- .. ~ 

~ ~ '''" _•st r_em"' conocrns •n "'~";" or "structurcd pro~ramming" 1ha1 h•• 
l<KY. and in f.1c1 shoul~ be delayed as len¡: u possibl<. W11h loday's'Slale of n~ll,bcc:n tllumonalod by lhe forcgoin1 e•amples: slructuring ronsi<ie,.lions of 
tech•>Ol""'· lh~ inuodu.:¡¡.,,¡ uf jump in>lu.rdh"''''"U" be Ioft 10 ,umpilcr; of- .. " < -· pro~rJm ~nu ala are o len dnsdy "lated. llcnre: il is only n•lural to subje<l• 
"''""'"' lhJI Óffer odonualC, ,·udiciously cho;cn. disciplinod suu.:1urin~ facoli- 1 1• ., · •.. · -~ •1 ~o ""·'~'<''""'"'"o. uata lo • l'f'><C'I of >lopwise rcfincmc:nL .\1oreovcr, 
tics.. , • , ~. . ~_,lh" rrmo.s ''""'"rally c.rric:d out .•imuhono~ml¡- "ith thc: rcf1nomcnl or lho 

.... _ One of 1i>e ei'sentioi facilities for'lhis purpose, be"d,;¡·cond;llon.<l ond re.-;· P_''-'ll<•m. A'lan~uJgc mu<t, therdore. nol onl~ oJTcr pro-~"m struoturin¡ fa<ili­
'-;pe!l!ive stalemenn, is thc rtrur~nr prarro/ure. In ml~y .. ,.;\· il tmor~oi as 1hc -'tres, bul '" >rl_cqu•lC sel of sy<temotic dall murlurins facilrt 1es •• weJI. An ••· 

n-'ural formulotion of a iolulion, 1uch ••. fo< insl•n<e, in "'"'l ,;,.; 'or-boü; .,.•mrle nf_ this:dir~ction o_f lan¡uage ~cve~opmonl is thc programmin¡ 1anguo1e _ 
trockin¡ al¡orllh mi. Hardly onywhere et;o "n a ""u rol" "'''"''''. , nd oftcn' · · r i\SC" t; U l. lll. Thc: , tmporto~nce cf 11111 OSI'CCI or prosrammin¡ is panicular· 1 

-;·. telf·caplanalory 1olu1ion tr. madc: more ob>cure and m¡<lifyin~ lhan br replac- ly cvtdcnt, '' "'' reco~n,.e thc dalo n thc_ullimalc objeel of our inlerut lhey 1 
' In¡ lts recuul•• fcrmulot 1on by one '" lerm5 of repo;:lti<Dn ond- wcll- ¡ump!. represc:m the ar¡umcnt~ ond resul11 of 1!1 computin¡ proi:csses. Only strucrurc 
.?rThls pr'acen should dcl\n11c:ly be leflto o comp11cr, as 11 conccrns "'h",. called cnables lhe Pro&••mmer lo reco¡ni•e mcanin¡ in the compuled informotion. 

··,:'·c-odinr ramcr lhan proarommtng (cOOe - s¡!lc:n• of oymbols u•etl on cophe,., 
'•:-..,crel mes .. ¡es, ~le. !Webste.r]) .• Modern programming sy•lcnl'. llowe•er, 
·:·;offcr cf!idenl implcmen~llions .,r recur.sinn. ond thercbr make "pro,;rammlnJ, 
· .. :~round rccursion:' 1 larM,;Iy unnecelsary <>crdsc. . ' 

-' 
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. the fulure a more lntcrocli~e mode of operalion betwecn eompilcr and pro-
. !1r•mmer will emerge, Jtleul for thc ver~ sophislialed profes1ionol. Thc 1><'•· 
~p(:r<e of lhis lntero"ion would no!, however. be lhe dnelopment of an Jl¡o-
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Calidad del Software 

Cuando iniciamos nuestra prcocupaci.ón acerca de la caildad del 

SoftwarE!, la primera intención es voltear la vista hacia el - 4
-

Hardware, en donde ya hay una gran experiencia acumulada, sin 

embargo en muchos casos sc olvida que no es lo mi.smo !iard-

warc que Software; la primera diferencia que es de llamar la -

atención es qlle el Soft"are no se degrada con el uso, nadie ha 

visto un if-them-else en el que la condición se debilite con el 

uso, ni una operación 16gica en La que un falso contacto intro· 

duzca ruido. 

• • 
En el caso del Hardware uno rle los papeles predominantes del 

• • 
Control de Calidad ha Sido la inspección de los productos, bási 

camente para asegurar que el diseo'lo oz·iginal es copiado fielme~ 

te en las unidade¡; de producción. En el Software esto carece 

de importancia ya que el duplicar el S(>ftware no tiene prob!e-

mas. Por otro lado tenemos qlle generalmente la falla de Har_Q 

warc avtsa ya sea por problemas ti e calentamiento, ruido etc.-

que nos lleva a prcv~cr una falla proxtma; en el caso del 5oft-

ware <'sto no succrle. 1-:iiios puntos nos indican que la ~allcb.d y 

confial.lllidad tamo en d Hat·dware rollt<> el Software o;nn muy dis-

tintos. 

------------. ~-------~-
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Por calidad df') Software! <'nt<!ndct•c•mos suc; pt·opiedackH de con 

fiabilidad, engrandecimiento, mantenibilidad, operacionalidad y 

economía. 

O bien podemos decir que el Softwar<! de Cal1dad debe ser con 

fiable, conciso, consistente, eficiente, mantenible, portable y e;:: 

tendibi<:. A lo ql.!e 
• 

se le pi!Odc agregar que 
" 

tro del itinerario y pres1.1puesto presentad?. 

se,a prodllcido den 

Las anteriores dcfinicwnes nos aclaran un 'tanto· que caracteris 

t1cas debe cuhrlt' el Software para considerarlo .de calidad. pero 
• 

se puede notar también qLie tudas estas características son aba 

tractas por lo que la apreciación de la calidad a la fecha es un 

tanto subjetiva. 

Concretando lo anterior podemos decir que el Software de Cali 

dad dc!hc ser muntcniblc, ef"ctivo y ••l"icient<~. 

El"ir:ient<: en ""'"üo a que apt'<>l'<'chc l<>!i ~""<'Ut'S<JS d<! la ~Olllp<l­

' 
ta<lora adecuadamente . 

. Efectivo en cuanto a que satisfaga las cspeciflcncioncs, mucho 

se ha h:J.blado rle un programa correcto para d proLltema inc:o-

rrecto. 

-----
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Mantenible en cuanto a la facilidad con que el Software pueda 

• 
>;Cr expandido o contra ido ,par·a satisfac<~r rmevos requcr·imlentOH 

o pueda <;er corregido cuando se detecten errores o deficiencias. 

Ucl punto anter10r acerca del mantenimiento surge inmu<li.atame!!. 

" te una duda en relación a lo que significa en el lenguaje colo-

' . quial en término mantenimiento, básicamente por mantcnlmiento 

en tér~inos de Hardware entendemos el restaurar su condición 

inicial. Y vemos que de dar- mantenimiento al Software r<:sulta 

• 
una nueva definición del producto, con la consecuente actualiz~ 

ci(m de la documentación de \os programas para no .afectar la ~ 

sihi\idad de éxito de las subsecuentes modlficaclones. 

• • 
El Mantenimiento de Soitware tiene básicamente los siguiente,; 

propósitos; 

Corrección. 

Corrección 

Adaptaci6n_ 

Engrande(:imiento 

H<'<'S true tu¡·ac ión 

Es la modificaciím paré! """'""'-:""· 

' 

• 

que el Soft"are ,·eali<-c la funci(m que Sü prütcndc, 

sm tenep qrn~ V<'r con qu<~ sí la función satisface 

·----------··--- ----------
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o no In nec<'sidad r<•al (!<> \o,; diente,;. 

' 
Adaptación. Es la modificación debida a un cambio en el Hard 

ware o Software en el que reside el Sistema. 

Engrandecimiento. Las modlficacioncs que permitirán al slst~ 

ma realizar nllcvas funciones en función a los re-

qllcrimicntos dd usuari<>, cn la que comunmcntc i!2 

cUrTe d mantcnl!nicnto en la mayoda de las insta 

lacioncs. 
' 

Rer,structuración. Gcncralmcnle S<' dectua con d ObJeto drJ me 
'-

jorar la <;>structara interna conservando su campo:_: 

tamicnto externo. • 

Esta amplitud de funcioncR hajo.cl paraguas de mantenLmicnto ha 

creado {'Ontroversias respecto a sí el término m~~tcnimiento es 

el correcto u sí dc•lwrá cambiarse por otro más ad<:<:uado; a la 

fecha estas discusiones no han llegado a onda clnro pero si han 

s:u:aclo a la luz situaciones corno c¡ILC RL a <LLLa cOt"!'Ccción S<: \f' 

ll:una mantenimiento y el provccdot' \a puede cobrar y este tipo 

de situaet6n es muy común, por \o qllf' f'rCo lo más conveniente 

continuar llamando mantenimiento a el conjunto de acti,·idadcs 

antes descritas. 

----------------
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' Para bs Ingenieros d~ calidad la suma de dtfert'll<~Ül.'> entre --

llardwarc y S<>ftwarc, implican el m"n.:aje ql!c mi••nt,·a,; la dis 

ciplina del a.9eguramiento de caHdad tradicional ~e aplique, las 

practicas deben dtfcrir entre Hardware y Software y más espec.!_ 

ficamcntc para el Softwar:e <le!>en enfatizar el concepto de calidad 

interconstrui<la, basado en la idea de "hágalo bien la primera-

vez". 

La tarea <!sencial de la calidad es enfocar su attmción en el e& 

tablecimicnto de estandarcs qnc cnndt!zcan a prodtH:ir Software 

de calidad, y auditar la fidelidad con la que se resp!,!\en estos 

estandares. 

Calidad es la conformidad con los rcquerlmientos y prevención 

de efCClOS, Es la responsabilidad de la calidad actuar como -

in,¡trumento independiente en la auditoria de todos lo~ aspectos 

del desarrollo del Sortw:u·e y su manLcninlientD, a través de la 

re\'isión de \os planes, cspccifi=civncs, diseno de pruebas, do 

cumentaeión, rontro\ do• la '-'Onfi¡:turación y cstandarcs de prog•·!! 

mación. 

--~---
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Gran parte de los problemas a los que se enfrenta el encarga-

do de dar manten1miento a un sistema se deben a que el grupo 

de desarrollo no se preocupo por preveer la fase del manteni-

miento, raro es el que desarrolla un sistema y lo di,;eil.e para 

poder ser modificado fácilmente. 
" 

Con el objeto de lograr un producto mantenible se deben cum-

plir los siguientes estantiares al menos . 

• 
l. Requerimiento~; 

Los rcquertmientos deben ser escritos, priorizados y defi-

nidos r~n términos que se puedan probar fácilmente. 

Requerimientos opciomles y los requet·imicntos futuros de-

.. 

Los requerimientos deben incluir los recursos de cómputo 
• 

necesarios para Op<~ración y para prueba» tl" mantenimiento. 

2. Especl!icacwnes 

Las especificaciones deben estar escritas en términos que se 

pu,dun p¡·obar. 

Las fundones d"h<~n "star dif<~rcn<:iadas ''n n·queridas, 0pc1~ 

---··----·----
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3. 

miles y futuras. ' ' 7 ' 

Diseno 

Las facilidades del diseño para extenderlo, contraerlo y 

adaptarlo del><m explicarse con·eJCmplos y ejercicios de los 

cambios esperados. 

4. Código Fuente 

S<~ rlehen cmpl<'ar lenguaJ'-'S de~· alto nivel ,;icrnpr<C que >;Ca 

posibl~. 

Unicamente vcwsioncs estandar y .características estandar 

del lenguajc_d<' programadón dcb<Crán permitirsc~. 

Todo el códi¡¡o deberá estar bien estructurado. 

Todo el código deberá doCumnntarsc para explicar d prop2 

sito de cada módulo, sus entrUdas y ,;alidas y las variables 

para facilitar la rrucba del móOulo. 

5. Información del Sistema. 

Todos los dm;tuncntos del sisl<~ma se deberán entregar" al "!! 

cargarlo del mantenimiento del sistema inmediatamentes des 

pués de la definición de estas· incluyendo el UDF. 

-----·-----·----- -------- . -···----
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Proceso de Mantenimiento 

Definiremos el proceso de mantemmicnto incluyendo !os siguic_!! 

tes pasos: 

1. Entendimiento del Software 

2, l<l<mtif1Caci6n <kl objB\lvu <le la modificac:i6n y el enfo 

que de la modificación. 

3. Implantación dc la modüicación 

4. H...,alidactón Od Software. 

Las áreas de problemas frecuentemente citados al efectuar el -

proceso de mantenimiento incluyen: 

a) La Calidad del Software Or·tglmd 

hl La Calidad de la Documcntaci6n 

e) !,as Limitac:iones en rccun;os pare,prucbaH 

d) La dificultad para entender el Software debido 

a su complejidad. 

Como <~S iuutil agregar toda~ las ár<~as de problemas anterl<J!'CS 

quedan resueltas si se !'latisfac<"n los •~standares antes descritos . 

• 

Ejecución del l\'lantenimicnto 

De igual forma qlw paru d desarrollo d<' tlll slsl<~mll., requ l'.:. 



ren los tres ingre~1entcs básicos para el mantenimiento de pr~ 

gramas. 

1) Herramientas Ti.<cnicas 

2) l·:xperiencia Técnica 

3) TO:,cnicas de Administrac1ón 

l) fkrramientas Técnicas 

Tiempo de máquina ltbre para las tareas de mantenimien 

to aUn en las hor·as p1co. 

Un medio ambiente de prueha,; cap.lz de simular un me 
• 

dio amhi•,nle oper·acintk'l.i . . . 
• Generadores de datos rle pru<~ba i n~rificador•:ll 

Librerias 

Programas de diagnóstJCO en línea qu" ofrczc:an trae••, 

snap, dump y .capacidad para cambios en línea. 

Auditor•~s d" código para checar la cstr·uctur·n y ill corn 

plejidad. 

Ln labor· <k n.ant..nimientu <:s rnuy r:omplc•ja .Y de grc!n 

.. 
----
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" 

respc)'nsabil idad, 
• 

por lo' que se debe buscar que la \le-

ve a cabo pc¡·srmal con b expcri<~ncia debi(la: La pra.::_ 

tica tradicional ~e dedicar a el mantenimiento a los p~:.':'_ 

grama dore:> novatos _pur~de ,ser muy costosa ya que una 

modificaci6n mal disel'l:lda puede destuir la integridad 

del p¡·oducto. No solo a las tar<m.s de manlenimic~nto 

se debe dedica!' una persona . . . '· con experiencia en el de-

sarrollo de Sofiware 'sino que debe tener <!xpericnci.a en 

el área de ffiantenimicnto. 

3) Tl,cnico>; dn Administración 

Con el fin de mantener la calidad y confiabilidad del 

producto se deben imp_lanlar un conjunto de técnicas que 

garantken la adecuada adhesión a los estandares. Sien 

do fundamental para tal cfecw d incorpo¡·ar los sigu!C,!! 

• 
tes cuatro técnicas. 

" 

Establecer las prioridades y m<~tas buscadas. 

Contim1:1r cxigi.,ndo los mismos <'Sl<tndar\~S que fueron 

usado~ par·a conl•·oictr la calicl.:l•l <h1ranl<· ,.¡ desarJ•ollu . 

• • 

Documentar .el proceso de mantenimiento así como las 

motlifieacioncs del Softw:lt"e. 

--------------



Establecer auditor~as pcriodicas de cont¡·ol de calidad 

así como rev1s10nes de aceptación. 

Lineamientos para el Mantenimiento del Software: 

l. Túcrlicas 

l. l Use hcrram1entas en el estado del arte tales como 

stslcmas o¡.oerativos modcrnos,auditores de código, 

generadores de rcfer<:ncius cruzada¡;, genecadorcs 

de documentación, generadores de datos de p1·ueba, 

programas de diagnóstico en línea, etc. 

l. 2 .Emplc" progr·amación <~structurada. 

l. 3 Use en el disefio una combinación de Thp-down y 

Botton-up. 

l. ..j Desarrolle un plan dt! rtlvalidación como parte del 

plan de moo.lificación. 

l. G Esfuer·~c~e por lograr indcp•mdcncia de la máquina 

y código compatible con lcn¡.:uaj<:> <-~<t.nnrl"-r y <'Stan­

dar•t•s d" dt"R"-rrollo d<~ Sllrtwat·•·. 
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l. 7 Opte por un f!PO<ill\!to mantenible sobre uno dicwn 

te. 

l. 8 :\1antenga un conjunto de funciones comunes a ser 

emplc:adas en las m"dif"i~acioncs al código. 

l. 9 Busque técnicas de Ingeniería de Software utilcs y 

<H.b.plclas para Sll o!mpko en cl medio ambiente del 

' manknimiento. 

2 .• Control del J>¡·otlucto. 

~. 1 · Definu. las tareas 'de mantenlmamlo en términos de re 

querimiento en términos de requcrimwntos requc-

ridos opcionales y futllros. 

2. 2 Modifique el Software con la idea de que conümH.' 

siendo mantenible. 

~. :¡ Opte fl"'" la claridad y scncill<!~. sobre la inlcgddaJ. 

~ .. ¡ Efecto!" rcv<sioncs pcriodicas <.h! control dt~ calitlad 

2. 5 Involucre al usuario en la~ revisiones. 

~. 6 Actllalicc la documer1tac•ón <ic ltsuado. 

. ' 



13 

·2. 7 Actualice la Do<:llmentación del sistema. 

3. Control del Proyecto 

• 
3. 1 Desarrolle un plan de soporte a tñantenimiento y 

uselo para administrar el pro~eso de mantenimien 

•o. 
• ' 3. 2 Dc~fina explicita.mente las metas de nmoten¡miento 

y las prioridad,¡s para el grupo de mantenimiento. 

.. ' 
3. 3 Produzca los requcl'imie;nos del usuario claros y 

c.oncisos, a ser revisados perwdicamente con el -

' usuariO. 

3. 4 Organice los grupos de mantenimiento con poca ge.!! 

l<: de buen nivel: 1 

• 
• JV!unt<:nga una contabilidad clara de In d<.'ctuado por 

cada 'miembro ~el grupo de ·maOtcnlmiento. 
• 

3. 6 Cree un plan de c¡u·rera, escala de salarios,as[ 

como Ueneficios y recompensas pura los elementos 

• do¡J grupo de rnanll'nimicnto <:on alto dcsempei'io. • 

3. 7 N\l trat<~·dc substituir la huena admini~nración con 

• 

------------------------
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3. 8 Desarrolle hbr>erías de programas para la adminis . .. . ' 

tracibn del mant<:nimiento. 

. ' 
3. 9 Eva\uc el éxito del mantenimiento en término de sus 

metas. 

El Plan de. Soporte a mantenimiento debe contener los sigui m tes 

'' • f 
puntos: 

• 

l. P¡·or:•~dlminntos para reporte y COl"l'"cclón de úilbs de 

' Softw~~c. 

2. Procedimiento de solicitud de _cambios e implantación 

de <•stns. 

3. Plan de pf'Otección para la Mantenibilidad y Control de 

4 . 

"· ' 

Calidad en general del producto. 

'· T" '" 

Procedimientos de l~alidación, incluyendo ca~os de -

prucha, •latos de pru,·ha y resultado!! de prueba. 

Pt·oc•••limi••ntm; d<! ac•lur~li·t.ación <le la Docllm<•ntnci<•n. 
" 

' ' . 6. • RcquHrimientos de Soporte 

Confignración del equipo 

Herramientas Técnicas 
" 
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Requerim1entos de personal 

Soporte e lnterf3.sc con el usuano 

Facilidades para prueba 

Manuales de usuarto y operación 

Documentos generales del sistema 

Listados del código fllent<~ 

7. Procedimientos para nue\'a liberaci6n. 

Lineamientos para el AnAlü;is de requerimientos para el proceso 

de •mantcmimicn\o. 

l. Determine d objdivo del mantenimiento para hacer la 

modificación. 

2. Dctermint~ los l"'Cqucl'irnic~ntos para la modificación cou 

el usuario. 

3. Defina los requerimientos en términos que se puedan -

probar. 

4. Considere cambioo; en tiempos de procesamiento, rcqu::_ 

t'Lmi,ntos rle altnac:<•nami<,ttl.o, prohubiJ1<hd dt: error, 

pcr,;onal de operación, y ott·a,; v<!rsiones iostrtladas <kl 

Software. 
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;; 

5. Considere el efecto de las modificaciones en los aspe~ 

tos de Ingeniería Hllmana del Software. 

6. Identifiqlle requerimientos en ti)rminos de contr;~cc!Oncs 

y ó expansiones del Software existente. 

7. Determine la compatibilidad de las modlflcacioncs con 

otros cambioo; en el :;oftwarc q¡te pueden ocurri1· en el 
. ' 

futuro. 

B. Justifique las modific:acioncs <m términos costo, tiempo 

para implantar y riesgo de degradar la. calidad del Soft 

ware. 

9. Busque la aproba'ción del usWll'ÍO y el administrador antes 

de proced\'r a las especificaciones definitivas para la -

modificación. 

LineamientO!; para la fase de especificación del proceso de man 

l. Desart•olk '-'SIJP.C:lficaciones para las modificaciones si-

"-'iendo los mismos c.,;tandares usados para desarrollar 

las especifi<":aciones OtLrante el desarrnllo del Software. 

------ --------- -------------
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2. Describa las especific3ciones para la modificación en 

términos que se puedan probar _y que incluy-.. n métodos 

d'' prueba. 
. . 

, 3. Identifique~ programas existentes, módulos y ó paqLH!kS 

a .;er ~n:plea_dos rlurant<! la modlfi<;ación. 

. . 4 . Examine el impacto de ·la ·mo<lüicaeión en t!l Software 

}nst?lado y los rccur,;os necesarios para soportar la 

modificación. 

• , . 

5. Busque la aprobación del usuario y el administrador de 

la~ especificaciones para, la modificación antes de prnc~ 

der al <liseM . 

• 

..,-Linearni<!ntos para.cfectllar.la fase,d" diset1c> del-proceso d<! man 

• tenimiento. .. • 
•. . • 

l. Examine• diset1os alternativos btiseando un Uise!lO para 

la modificación que sea .compatible con la filoso:'ia orig.!_ 

na! <ld dtseno. 

2. Busque la simplicidad en <'! <llsei'io; seleccione la a!t<Jr-

nativa de_ cllse•,o,qL!<' modifique l'\ memo_,, nÚ!IH'["O de "'" 

• 

• 
------------- ------------·-
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dula~ m<'nos complejos y d meno~ número dtJ variab!<!>; 

globales. • ' "' 
• 

3, DocumenL<! el dis<!t'!o y el proceso do dtsetlo paca las 

modificaciones siguiendo el mismo estandar usado cuan 

do tnicialmentc se desarrollo el diseño. 

4. Considere la factibilidad del diseno para la modificación 

por su efecto en el reSto tlcl sistema. 

5. l•:value la generalidad del diselio en términos de su ha-

bilidad• para s~<H' usado en var;_;,_s 
• 

versiones del Software 

con'dif!.'r<mtes sistemas operativos y en diferentes confi 
' 

guracione¡; de Hardware. 

6. Evallle la flexihilidad del discl'io en términos de su habi 

Iidad pa1·a aislar funciones especiali2:adas en módulos se 

parado!'! y proveer intedaHes entroo lo;; módulos que sean 
• - • t_ 

insensitivos a cambiOS posteriores. 

7, flusqtl<' la apr·olmd(Hl dd LlfiUéll'to y el admlni.~t¡·ado¡• dd 

di¡;c{I(J antes de proceder a la implantación. 

Los lin"amienlos para la implantación buscan cubrir dos obj"tivos 

-------------~------'----
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el primero \¡-aducir correctamente el diset"io de la modificación 

en código bien estructurado, el _segundo minimizur el impacto -

• de la modificación en el resto del Software. 

Lin.,arnientos que buscan conservar la 1:orrecta estructura del 

código: 

l. Use programación estructurada y estand::a·es rlc codifi-

cación. 

2. Use herramientas en el estado del arte como apoyos de 

:,rogrr<mación (;fl Hnca tablas de d,ccis ión, cte. 

3. Documeme todos los cambios nn el código y conserve 

versiones dd código y conserve 
. . ,.,. rs tones del código -

antes de moOúicar. 

4. DupliqUe el código en vez de crear rutinas comunes. 

S. Codifique cambios en llna manera que no dcgrarl<~ la 

mantenibilidad Ucl Software, por llevar la eficiencia de 

• 
mas<ado kjos. 

G. Opt" por Im;.,ni<'!"f"- llurnllnOJ. "n ve<. d<' ·~fJ<:iencia. 

7. Registr:e.e] proceso ti<: mantenimiento en el UDF. 
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8. Actualice los manuales de usllario y operación así co­

mo los documentos del sist<:ma ra•·a que •·dkjcn la 

modificación. 

9. Efectuc una revisión de código para garantizar la conse_:: 

vación Oc la calulad y el cumplimiento de los esk'l.nda­

rcs. 

Lineamientos que ayudan a evitar la presencia de efectos de se-

gundo ord<m: 

L Cambie '" menos posible 

'· Cambie ,~¡ menor n.Cimero ée variables posibles, nn pa,:: 

ticular, las menos variables globales posibles. 

3. Cuando un módu,lo común sea cambiado, cxamme todos 

• 

\os múdulos que lo invoque para cldcrnHnar si estos son 

afectados por el cambio . 

..¡_ Cuando una variable local se altere, examine el código 

<~n el módulo que haga ref<,rencia a ella para detcJ•minar 

si otra función en el módulo o fuera de el se afecta. 

5. Cuando una variable global <:s cambiada, cxaminl' todos 

los m6dulos que hacen rcfcrcn.::ia a ella para determinar 

----- -··--·--· 
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• BU- efecto. ., 
• .. 
Cuando se tengan qlle hacer cambio~ "- un sis 

tema ordenclos en la s igu lente forma: 

i) Agf'<.~pe los cHmbios por módulo 

'i) 
. ·''" . 

' ·' . ' 
Planee la >H!<:U<lrlCia de 

' siguiendo la estrategia 

módulOs a ser cambiados 

" del más ,;encillo prime-

iii) Modifique un módulo a la vez 

iv)' Por cada móUulo.caml.>iado determine los ü(ec-

tos de segundo orden de ese cambio antes de con 

·•· , tinllar la Sl'cucnc1a de camhlos. 

7. u~c defecto de segundo orden y la,medida de! complc-

jidad para determinar la difi~ultad de hacer un cambio . 

• 
Lineamientos para la Revalidación: 

1. ' Revalide el SOftware empleando ' pruebas unitarias, pru!:. 

has de Lntcgración, prueba del sistema y pruubas d<:' -

'aceptación, todos estos adaptados de la fase de pmcbas· 

durointc el d"sarroll"· 

• 

' 

.. • 

·-------------
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2. ~~f<:ctuc pruebas LUlLtana~ a cada módulo modlfi<:ado. 

Cuando sea posible use las pruebas y datos empicados 

en el d(.'sarrollo compare los resultados para encontrar 

las discr(.-pancias. 

J. Efcctue pruebas de regresión conforme cada módulo 

modificado es reintegrado al sisi~<ma de Software, para 

determinar si alguna otra parte del Sistema ha sido afee 

lada por la mo<liflcación. 

' 

· 4. l·:n has<> al perfil d~ cümplejid:ul, ejecute pn¡ebas de 

' integrac¡ón, de s•slem" y de aceptación que se correen-

tren 'cn·las ~:artos más eompleja~. der Software. 

~- Rcalic<.' pruebas de sistema adaptando los daws de pru~ 

lia de l¡¡s pruo::bas de •lesarrollo y comp;J.re resultados 

para encontrar discrepancias. 

6. Realice p<'Uebas 'de aceptación empleando las pt•ucba:> y 

,:un¡inistru<!as 1"" el usuarto. 

• 
H. lntegru la Historia de prueba~ de :vlodlflcadón. 

' . 
---~---
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in<'"n:plele prod11Ct•. Either al­
krn;olile mcant hi¡¡hcr coots. 

Thc linal product was often 
doara,·Jcdr.cd by a bck of relia­
holilt" "hieh rcfen. to thcability 
of ,·¡;r,¡::ram to produce corree! 
n·,ull> "hen ¡!Ínn a ~pe<:ific in­
pul. The consequcnces of such 

1.110r. rnni':Pd from minor to ~¡~. 
"'truu~. ~linar problcm• do not 
ha1·c destructi1·e side eiTe<:t"' but 
'"" ofl"n exlremely annoring; 
for ~xamplc, nn mcoro·o•d page 
,.o,trol on a printe<l report that 
c:ou•es a blank form on enrr 
ntl\cr pa¡¡e. The.f:oilurc of the 
~lao·iner 1 int~o·planct:u·y probc. 
howcver, resulted from n di.,as­
lrous error: the abscnre of one 
har o,·er a lo•t\Pr in a computa­
liunnl eo"j\lalion re.mlted 111 an 
unrccoY~rablc problem, lea1·ing 
no altern,.til·e but "to de•trnrt 
the 518.5 million rocht shortly 
"ftcr la11nrh.' 

T~e n5<>r of new :;oftware typ­
irnlly exper;er.cd \"CQ" high 
error r"-IC~. E,·en nftcr the ~rst 
obvious error< werc correcte<l 
nnd lhe product bec,.mc opera­
rional. u~ers cor.tinueJ to h:we 
n n~nl"iy con.t,.nt pattcrn of faiJ. 
ure. Thi> w~~ nttrib11tCd to new 
error,; Íll(rnlluced whi!e correct­
ing other prohlem., nnd to the 
,¡¡~<"~vel"y o( <~n1mnnt ~rror. n.~ 

pro,·io,c5IJ" """'",¡ fundioM 
. \\ere to·ied. This r,henomcnon is 
•H-'cm"e<l in :m nrtit"l•l hy J•·rry 
O::<lin, an<l i< rc¡H"•'«•tll<•cl in 
l·'i¡¡m·~ 2' lle aleo p~illktl ""t 
thnt moolifo~ntions to alo·cn•lr 
o¡"''""lional ¡oro¡.:ram~ re~ult~t! in 
n J"a<h of '""'" f<tilLLo "·'· thus ex­
pl:oinin¡¡ the JJ•'n\ in the ligur~. 
\\'hile thrc i~ no .<ing!~ solntion 
to nll uf thc~c problcms, !he dis­
cirlinrs cmbnrlicd in Confo¡¡ura­

. tion ~fnnagcméut Jo pro,·iUe a 
~lnbal frnmcwork in whi~h spe­
,.¡f¡., ~olutiun.~ can be comhincd 
n1Hl moniton·tl to hll.l<·k op~cific 
p:1rt~ of .~ pru!Jlem. 

-----
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Oefining Configurotlon 
MonQgement 

It i~ much •·n"icr lo deftne 
Confi)!uration !llnnngcment by 
i•'"pcctin¡¡- each word individ­
ual!)". "'ConflJ!Hrntion" applics to 
an interr~lated group of pra­
)!l"am~ that oper~te as a s)·•tcm. 
The tcrm apphcs N.¡ually as we\1 
lo 1he interrelating modules of 
one pro¡::um. "~lnnagement" is 
thc proces.• of ~;tnblishing and 
nr¡mnir.ing obkcti1·e.•, followed 
by pbnning and employing re­
sources to accomptish these ob­
jectil·eg. The tel"m "Confi¡¡ul"n­
llon )lanngement"' is all-embrac­
ing, co•·~ring :he mnnagement of 

80 

·m 
e\·ery ddait of n softwa~proj. 
ert from im·.,ption thro11!':h dt. 
l"elopment to <"ompletion Ar..J 
m:ointcnnnce of the prO<looct. 

The o!Jjedi \"C of Confi¡>:uo·ati"n 
.Mann¡:Pn,ent ¡, to control 1 ~, 
co~ts and the retiability of a sor:. 
ware system. To achic1·e thi;, 
C.~l. focuses on three arcas: 

• ldentiflr:otion. 
• Control. 
• Accounting. 

The. import:once of thc~c foc~l 
points is that tl-.ey are ~irected 

•J. 1 .. So~!<', "Rrliobii"J io c..,. 
P•l" P•ogoamo," ~!...,hanlc•l F.og,. 
n<·<•rin~. ,..,., .... ," /909, p. n 

·'J<rry L. Og<ii•. "D'"~nino Rtl,. 
aM• So/hm.,,"' Dotamalioo, J,!, 
\911 pp 71-78 . 
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tGwMd all·pcoplc invoh·cd with 
'thr prod~Kt. ·C.:-1. altcmpts to 

rvm\Jinc thc user, thc admirli.<­
trators, the·codc dcvclopt:rA, ánd 

25 
fincr leve]~ of delnil. This is ar­
romplishrd lo¡.· a series cf reports 
which are illdividually dc"cri!.>edt· 
in thefollowin¡:. •, 

• Maintenance 
. needs. 

;¿p 
support 

1 ihFnlidalion (test).tcam within. 
th¡. s:~me framework, as showil 
In Fi¡:uro S. 

•·¡,.,.¡ Hcport. An initial reporl 
on System l'crformanec and De­
sign Requir~ments must come, 

The flrst report is consi~erd 
an important' rdiability \t>t.l. 
}'~aturrS in.the ,,,ftware th:l\ ciro 
not function according ~o ~xpt-<­
tations are commonly r~assifi;.d 

as errors. Therefore. it l> imJ>"~· 
ative thc customer.he specific ~~ 
this point, if the ultimatc pr~­
uct is lo be responsi>"e to !-.Os 
nceds. There shou~d be no i~:­
rornplcte, ·confiictin¡r, or unnr­
tnin tm·minolo~y. whieh- m<)' 
lead to later prol>lern; in t:-.e 
ro{twarc de,·clopmc·nt proeess. 

' 

' from the custorner and COI'er thc 
lclenliflcation following ¡wints: 

The philo'oophy of identifica- • Detinition 'cf the desired ' 
tion is to determine the e~ad produd. . • 

· natUre of the proLleril. a suitoble' •· Specific functionS to he per­
mcthod of solutioil Ji.nd the goals formcd. ~ 
¡0 ¡:uide. the project kfore any, ,• l'rodu<¿t envir;>nmcnt, c. [J., 

adual coding l>f>rtins. The ,,._·'hardware_ and operating s~··­

sumption is thnt clear and com: teiTls, and liiiÍits On r"souret•s, 
plete information produces a co- e.y., memory ancl sto';age media. 
hesive, reli~ble Jlroduct. • • Expectcd lcvcl of perform-" 

Thc- id~ntificaiion process is ance (Spee<l).'--'. - ' 
concemed with · \he doCumenta:_ • Reliabi!ity rcquirements ( er-
tion of a desi¡¡n in pro¡¡ressivcly• "ror tolerancc). . . . . . 

Software Configuration Management .. 
. • . - • 

•. • • .. . 
' ' . • .. . ' 

- ' .. . -

· Se~ond R~port. As a ccply :o 
the initi~l report. Ü1<' Part 1 Sr,~· 
cifi~ation (l'erfonñance and v~­
si¡¡n _Requirernents for ('ompu ~e,. 
Programs) is prepared. The ée-

• . ' 
• ' . 

' ' . ;• • 
M,ANAGEM ENT!i"ECHNICAL ADM INISTRATION • • . . 

- -
' -System • Sy•tem Part 1 Prelimo-

Requioe· Requioe- De~i\¡n . 
nirY' .. ' . 

menU ments 
Spec .. 

Design 
.._2;Jec. Review , • .Revicw ' • .. - .. 

' 
• • •• ' " ¡ 
' ' • DEVELOPMENT ,. -· ''· ' ' ~ . . 

" . ' ' ' 
e E 

POit 11 Critica! 
. p o "'"' lntegrJ· 

u u ' 
.. 

Progoam Dc•ign and Uni: E " tion 
S ' Spoic. RoivieW Te•t ~m in~ ' o . 
T " • . 

" D 
o E • A u 
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vcloprnent people her~in outline errors results in a mueh more modules nllows the programm~r 
their method of solving the reliable proftram. 1 · to uoe formal mathematics lo 
prohlem and their plan for en- Sp.eilications ahould he in- · pro,·e the corr~tne"" of the' code 
surin¡: r~bnbility. Tapies co~- dudcd for ~in¡;¡nostic,tool• thnt· · (see Floyd" :•nd London' for 
cred ue di•cns•cd below. aid in thc ]ocation of errors, e.g., insights 'into the technique of 

• Gn1cr~l information ¡iow. cxecution time monitors or proof of corr~dnes~l." •· 
Thi$ ahould include block día- traces, and formated rnemory or Whilc the primary intcntion 
¡:rarnsshowin¡:input,prO<:essinll" program dumps. Depending on of this ~econJ reportlis to in. 
and outputs indicating the u- -the project, this !ist may.be ex- terpr~t the problem_ and propOlle 
qucncc of even!R. Therc should panded to inch1de hardware help a solution to the customer. it also 
be enou¡¡h detail to pro,·ide the su eh as rcadout ()isplays. Thc • • establishcs an en\.·ironmcnt ln 
initial material for further pro- development of these tools takes which the sohi.tion can be 
¡:ram design. time. but it ÍR more !han recov- aehieved. Programm~r• alld 

• 1'1/er/ace req~iume~t8. An ered in aS..isting programmers . managers can consid~; tc~t.1bil­
intedace ;3 a common·bound~ry to quirkly and 3ccuratcly locate it¡:, reliability and <'xpandability 
betwcen par\$ of the~rstem. For th"ir error<-~ r. on an equal priority with the 
cxample. if or.e program acrepts A solid test plan should pro- proces" of coding . 
. ~ file~" input crea te-r! by a pre•·- vide- for an independefit oalidn- Third Rtport. Tlle . Part ![ 

ious pro!(ram. ,the file beeomes .tion tea'." ~o be e~tabli11hcd ~L _, Speciflration (Product Specifi­
the p~th oí thcir interfacé; er· the bc•gmn>_n~ of the _pro¡ect., -cution for Com¡mt~r Programs) 
rOr$ c~n ob•·iously occur at this The re•)Jonstb>hlle~ of th1s ¡¡roup is a complete and detailed tech­
point. Tb.erdore, these in:~rde· lLre to follow the complete de- niral de;cription of the com­
per.denries mu,;t be e'plicitly de- sign of the ~roduct and 1 inde- puter progranl!<J' which de­
fined to a,;oure that both pro-~p~nMntly specify, desígn and 0c1·ibes how thc , 0 Jution to the 
grams are making the same implemeut a comprehensive problem is accomplished thrcugh 
a~oumptiüns ,,bout their inter- h1nctinnal test lihrary to be us~d thn h1erarchy of the code. Each 
face. In ,come <ys:ems Íl m~y al¡;o in qu~lil"yin~ .. the, final. product • rclined~.-ñodulc of the Cü(IC ia d;s. 
he r.eces<c,ry to darify the ínter- befare its rele.>;;e to the cus- CltS<ed. Thf détai!;; for ench !Ílorl­
f<ice llc:we•'n the hardware and t~rr:er. The establishment of this· :ule inclui:le" a de>Cription of ita 
the ~oftware. independent ¡.:roup, which is lesa f_unction, jt.; e.~;>ecta:ions ahout 

• E:rpt.,,!(j[¡i/ily plal1. To plan likel¡: to mako assumptions ¡:loba! data aml its ~!fect on that 
a system "hich iseasilr modiiicd atx>ut !he ,-~lidity 0~-the code, ~s _ dat.~.- and a deEcription 0 ¡ iLi 
and main:ained. it ís neceS<ary a key_,tep In a¡;s;rmg software inpLJt anrl output. Such a <lelign 
to~ separate into independent rellab¡btr. · • _ _ rcport ~.<Ser.ti~lly soh-es the en­
>u·eas ;hose f•:nction" whose • P.e/i,.bili!y plan. Prog;;_m-. ti1·e pNIIfilmming- problem m R 

·,¡r,tinition.< Rre likely to chan¡¡c- min~;.l't"ndards or style to be .narr.1ti,·e fashion J.,e\ore :l.lly 
.or _expamL Thu<. futurc modiri- impos,•d on all code •hould be coding hc¡.:in.<. While :his may 
ration~ WililJe ""(•11 isolate<i frum "\ltiÍIÍt•<i. A j-!"I"CR[ <ll•al hn• hé"Cn \"• a !r)'ÍlJg C\penetl<"C f<Jr m~n-
other portions ~~ the •,¡·stem ~nd 1·~-•rncd rkntlY al<>ut codin" . , 
8 idc-effec~ ,., t\>r< will n<Jt Le in· praelll'''"-th:<t in<:r.·a~c l>rO!(ram_ '!.". W. n.,k.rro. --.vol<' •• SI.,.<· 

u·oduced into "lrendy-w«rking rdi:~bility (.<<•e J)ijkstra' and '""·d 1''"""'""'""''"· .. ;,, S'"tc(ur<hl 
Pro~rar:1ming. rlro.l.,,.¡, /'""· ,._.,,. 

eodc. _.\fllls'). Orie.propo<cd.pr~cticc l"ork, ,7 ~. • 

• T•·sl pian. A test plan ;, call~d "'StnrchJretl l'rogrnm- '11. n . . lhll•. ··s""''""d Progr•"'· 
should he o11tlinPd for the dcvcl- 'min>."."' whirh" invoh·es di,·idinl( mí•g ;. l.ar!fr Sv•l"••:· ;, Debo¡­
opment programrn~rs nnd an in-. a complex pp¡¡.:fam into pro- ¡•in~ Tc·chniquo• rn l .. ug• ~y>l•m•, 

h /1. R"•ú• (<d.). l'··••riwHo/1. f•c, dcpen>lcnt · validation (test) ¡:res•i1·dy smnller modules. ~ac . - • f."•:;lrH"o,._¡ C/iff•, S<w Jer"l· 
¡:-t"0\1)). 1"h" de,·•·lopmettt peoplc- M whil"h bus a well-<lcft!wd ta~k. •/r. w. Flov~ ... A"'""'"V .1/'""'"g 
must consi<lcr . the tcstabih:y of The most rcflncd . :nodules a re t o f' rog"'"''·" Pr..-_ Symp. ;" .\pp!l•d 
thci r deoi ¡:n. ~ n•l en.'! u re _ that. small ~ml_lo;,:ically st rai1:ht fur- .ll.>thomatb. "· J. T. Sth"""''' ( ,J ), 

code pr~mith·~s can lxl exha11s- '"-'-1rd, hnve limitc<l control slrllC- _¡;,. ;""" .\lar! •. "'"'·· Pto<ider."• 

''

.,.,. f"".·l"' b''"'" lh· ""·'' ' d • f d ,., /11 .... 1, !,l •• d. 1'<6!, pp. 19-31. ~, c .. eu e v e ~ "' u res an vlle en r;• an ex 
"/l.!. r.o,•looo, "f'to•·i,q /',ogra>M 

hí¡:her level or ¡•ode i~ addcd- point, an~ :ore n:o~nerl by tlH'ÍI" eo,«t: Som• r.,¡,.,¡,
1
,,, on.t ¡;:,. 

F:arly lacatl:m and correction of ftmction. The cand"cnc;;s of thc ""'P'"· .. r.IT l'cl"m' 10, 1910. p_IU. 
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"~cr~ accu"\omrd lo s~in¡:: line~ 
of codc ;md not \C<'hnira\ docu­
menls, thc icsult~ ;•re <·ncuu•·a¡:­
in~, 

Th'c advanta¡:es of a ¡;:ood 
product dcsign ¡trc twofold. 
¡.-;Cst, it providc~ time for ~epa­
rating tt.c complex problem into 
smallcr, wcll-defincd modules 
whi<'h are c~sícr lo undc.,-5\and. 
o;Ode, le5\ and e\'Cntual\)• modify. 
Sccondly, it mahs pro[':ram­
merA confident Of thdr ap¡m:.,ch, 
freeing them to concMtra\P on 
the accuracy of lhe <'O(ie the¡i 
write. 

Fina\ H<'¡>ort. The pr~par~tion 
of a 'l'r·ol Plan Specif\t'allon 
shollld c·oincidc V.·ith th~ pr<'I>a­
ration of the l'art ll S])('cifoca­
tion. 'l'his final report o¡,i\u,.., 
lhc npp,:¡arh w \,e 1a~on Ly th~ 
,·alidation team in delerminin[': 
lhe fundional Rccuracy and ar­
cCpt.1b!c performance J~¡·d of 
th~ software. The ~oal ~hould be 
to l'•·odde fnr a t•••t liLrarr of 
pro~ram;; lhat ar~ t•a<y lo oper­
ate, pro,·ide ~pe~table <equcn-
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t'~S of cvcnts, an<l arr self-rht·ck­
ll\f: in nat\lrc. Thc ~etaiied 
dc.<c<·iplion of "'"·]¡ le.'\ ~•·ri~.• 
indudes: purpo~r. r:m¡~e of in­
put data. expected outpu:, pri­
Ot·it¡: and time •·equired to <lo 
lhe test. A teot pbn thal is'com­
plcte in the co,•era¡:c of the spe· 
rificd produ<:L can <·nhnnrc cnnf•­
denre il¡ the flnnl prnducl durinr. 
thc valid:'llion proccss. 

Control .. 
Thc control proc~o.< · is con­

cerned with á.an~-:c<.lo \)!, intro­
dllc<·<l into \he soitware ¡orod~;d. 
Hrcau'" "uflwan• jo; murh mole 
<l.l'""mic than, hardware, thcrr 
wJII "lw~y~ Le n~w feawrcs :o 
],., incorpornl('r], C<•lTCI'liOn~ 10 

!>< "'"de ami rodc efficiency to \x· 
r<>w<idercd. Confl¡;tu·a\ion ,·on-
1 t·ol ¡m;,. i de~ f,, 1· t he><· ,; t \IH! ion" 
ami ~<tablishe, ¡>ru<·edure,; for 
in~.roducm~ pro¡lo$al; for 
~'~"'"f':e, naloatin~ th<'<e prn­
pooal.', monit<llÍill: lhe ~talll< oi 
the re~ultm¡: aclion, and docu-

' 
Control Procedure 

" mcntinr: thc eff<'<t of an.'· ' .. cha<we. ]• <¡.:urc .; •- an ,.xamp:, 
of a ,.<>\\\rol Jll'<w~cluJ"e tbat ;,,. 
corporalr~- se,·cral v~r;- wortr .. 
while featt•rc": 

• Jtequeot. can h¡¡\'C ¡·aoiab>, 
or<g<ns. 

• All requcsl< fo!low the~arr.e 
stcps. 

• ~!ana¡.¡cment s<"reen, al11·,. 
que,ts to <k:crmine their imp~.: 
on work \o~rls. 

• lk<i""'l< all<l thir ,\alJ •. 
are mnillll\imx\ ¡, " dn~c. h.'! 
atr~s,;íLk to llil. 

• Th<· rl"t" ha-eran k,,.,,; 
{úr l"<·pu!'lin,; an<\ an'lt!.tt>lnti:; 
,¡,.¡¡,¡¡,.~. \1 i.- ~0.-'lL],. :o ~e· 

l<·rmill~ ,,,.)¡ lh:,~.- "' tiw nurc. 
ber and ori!:in ,,¡" ,.,.,.or- r.,. 
porl._.J, tht· amouut o:.f • ,·o :O o 
chall¡.¡Nl <hn·iill" .~ [':il'<'n peri,•; 
of time, ""d lh ÍT!'i'·'" ,.:: \he.;, 
cha!'¡:.oe'. oi, Olher !''"·;, of !~.< 
•: >lem. 

Tlh· na:tnnl P:<'u:t of tl•e "'"· 
trol "eh·c>nc j, ¡.:oo<i cO:nmuni,_,. 
1ion .. \1\ le,·~b ,; m.•n::¡:<r.-, ~-. 

1 . 1 

1 
MANAGEMENT DEVELOPMENT 

l¡l hi• 

' 
ls This 

' Undato 
1 Praccic.al Pra"'"'l ~ta:u• 

Cooe 
Pm.,hl< 01 p0 ,,blo 

> > 
1 

Repty ""' E•pla'n 
Reply and 1 
· Auooh ' ' O«um<ntaMn 

' • 
i 

• j 
Do<a Ba" ol Requem ond Thei1 Status 

Jt·;,.,. 4 . . 
" '" 



vclo!)Crs, v~lirlators, and oth~r 

personnel h:we a better ch:mce 
of doin¡:: their work corrcctly 
and clliciently. 

Acco~tnling 

Conñ¡::nrntion aceountinr: pro· 
vide• <·onti~tual visibility into 
soflwart• dc,·elopm••nt through 
pror:ran¡ rcvicws .ennductcd at 
maior mih,<tones 'throu¡::hout 
the 0~\·elopmcnt, as well as 
throu¡o:h ~uftwnre Oocumcntn­
tion an(l prodnct ,·nlidation. 

Forma! progmm review~ are 
held fo~ all in,·olved with the 
"oftwarc. Thc Sys\em Dcsi~n 
Revie·.,· cot·cr, the functional 1"<!· 

quiremcn:s of the sy~tcm and 
thc cn,·ironment in which the 
product is to work·. The Pre­
liminar;· D~siJm R~,·iew cowrs' 
the cwnall tle-<ign, plus thc plan~ 
ior <'.~randnhility, tc~:abilitr 
and rc·liahili•r. The c;·itical D~­
sig-:: Rt•\·i,·w c,,,·er.< th" t••,·hnital 
det~ila o:· c:r.ch pro:;r:r.m of the 
sy~:em. 

Thr "-ef.,lno•." of thc r<>,·i~w~ 
for each r.tter.dee \"aric.< de.pend­
in¡: on ~i; p<J~ition within the 
projecl. Th~ <lnekpmo•nt pcople 
,tr..- l'<'nemlly able to conc~ptu­
alize the:r approa<"h Jnuch hetlcr 
nft,,r a rcl"iew. ln .-llmm~nzin¡: 
the :ask, th~y nre force<! to re­
~~a~ine all pre,·iou• thou¡¡;ht 
prorcs.•c;, 1Wd thc .•ln·ngth." anJ 
w~:r.:.;nc.>s~.; of thc <lesign be­
come more ~ppare~>t. Thc re· 
,.¡.,, .. , are also w<eful f<>r di.,. 
euo-;in¡: the interfaces in soft· 
ware confog,lrations of more 
!han on" pro¡:mm. a~ouring 
that the ,;ame interface proce­
dure is heinK u,~¡J with "11 uf thc 
progwm•. 

D•lri"~ a review, mnna¡:er.< 
l'air. ia-ighl in:o th~ pro¡:r~"" or 
the proj~cl. An incomplete or 
di,or~anizc<l prcsentation may 
rcr.cn th~ actual st:r.tc of niTmr.<. 

28 

Jt mar even be necessary to 
reschedule 3 r~,·iew, re<¡Uil"in!! 
thc Jctelopmcnt peoplc to tie to­
l(cther loo~e end•. p,,rticip:~tion 
in the r~,·ie"s Uy the vnli<lation 
peoplc hclp" them to better un­
<h·r<tand the product. enhancinf! 
the p¡·ul.>al.oility nf thurou~h test­
in¡;: on thrir p"rt an<l valid eriti· 
cL..-m or the generatcd documen­
tation. 

Ooc~tmentation 

:'<!ana¡::c:ncnt or the software 
<loc•l:n<'ntr,tion is llnothcr im­
portan\ asl>+•ct or c·cmfi~nratiun 
ncco\lnling-. Without documenta­
tion, thcre is no history of the 
dcl.lils, ,,r,J it becntn~• ditlknlt 
for ;¡rogrammer, :o compare a p. 
pronáe.1 and nrif)" interfaces. 
Furthermorc, nwnagemcnt hns 
no ,·ieiLie •ip o: thc pro¡:res• 
of the pro¡:mmmers. 

.\ part <•f tLc docmncntation 
relate.! tu th~ "oftwarc i< pro­
ddo.•l in thc ·'l'e,itieation \\ni­
ten ,Juring the hlentiflr:ation 
¡mwe<h;rc. T~h material ,¡, •. 
o<cribe.< the ¡::oal.< of thc ¡¡~,·elop­
mcnt dfort n11<l thc tec·hnic;~l 

dctnil:< of the pro¡;:-ram.<. Fur­
th~~. it ie im;wrtant to prepare 
a user"< m:tnual to J<·<crihe the 
opnatior.al into•rfacc tu thc ~oft­
ware .•re:em, enablm¡: n>Crs to 
tn·:tt the ·'<lftw"r" like a hla!'k 
lwx ami ignore ih interna] "·ork­
inJ{s. 

Thc linal point of accountinr< 
¡, als<> th~ la't step of the do­
,·dopment proc•ss: thc Product 
Conlip1r.1tion Audil :'l[.,nual."-. 
li,lint:' nnd rrogram• (<ourc~ 

'"'d ol!ject) ar~ •lelh·ere<l to th<· 
\'alid:ttion leam, whkh has ti.,. 
,·elor•·<l a compl<·tc te;t lihrary 
parall~lin¡: thc <l~,·elopm~nt "f 
tlw atlu:d softw.ore. Thc \¡o;> m is 
n~.<ron.<;ble for thc qÚality ae· 
sur.~nte of thl' prWncl aad mu<t 
determine if the •ofm~re i" pcr-

'"' ·~---·----- ----··-~-· ----

forminr: according tu "P~Cta­
tion~. Chang"<' reqne~ts m<¡;t br 
~ttLmitted ior probl~ms lhat ar. 
llllco\·end, and lfstin~ con­
tin\le.•. lt" maiur prohlem• occur, 
it mar be ncc~;>ar)" to SU<pend 
te~un¡.:: until the change re­
quest, are ¡n·occ">~<l and new 
.~oftwnre i~ ~ubmitte-J. 

The l'rod<¡d Confi~'Hmtion 

Audit mea,ure< the >l''""""·' of 
previoHs work. Threfore, com­
ple:e reconh nlUél be kcpt re. 
btin¡( to th<' 11nmher of prob· 
!t•m• t"ound and the progre,·! 
m~ole towar<l complctiou of the 
""<lit proce<e. ]l~:<'rminin¡: thc 
IHJmber an<l ota:us o:· problems 
i~ rcl:r.ti,·e!r easy .<ince thi.< in· 
form<ltion L< ¡·eco•ded in the 
dnta base of ch~r.g-e reqw>ls. 

Pro¡o:re~s towonl com;'l~lin¡: 

:he audi: is facili:atf'd ])y a 
t"hcc'kh"t oi i:err.s to be t~;ted. 
As c;>ch :·,,ature i< ,·erifie.l, th~ 

rlat,• ot" che~kOH\ and th<' rcsul" 
ar,. ri·f"<nd,'d. lf th.•re are pro. 
'ero., thc it•~lure is re,¡wt!if">ol 
after ,: ;, rixe,] Uy dev~lopmHt. 
an<l tl"' :inol .-h,•rkottl i~ re· 
ronle<l. \\"hcu ~il te~:~ are co:n· 
p!et~d nnd th~ in1portant prub· 
lem< are fl"·d, the <oftwar~ i~ 

deii,·ered to tl:e use.'" "·ith thf 
u~cr", nwntl:r.l :md 11'>lif>ca•.inn o{ 

;my pt·oblem:!. 

Conclusion 
• 
Thc thr~e r_,,enlial reo¡uire· 

menls of idcntit1c<llion, c·nna-ol 
ar.d accmmtir.¡: pro,·idc a colr.· 
prehen'i'"f base ~ora Cont.,gura· 
tion ,\bnC\¡;:<>ment pl"OKr•m· 
whcre detail< ,,re lle~ibl)" ui· 
iorc<l tn mo•et the Jt<•,•d< ~"d ,;u.,:; 
of "l"'til"Lo· ]\roi<'d~. Thc ,,!· 
,·anta,~''" In he a<TrucJ by COJI· 
!il:'tm<tion .\hn.'ti:"C'mcnl ,.,,. 

"'""'''""""'· a1,.¡ anv e~;wril"" 
with it' met!lO<!.< ·will !h'lp i 
f.lcin)! the ¡::rowing '"h"llcn>•'• 
for ,o[¡w~re ¡, thc future. 1.' 
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ABSTRACJ 

Thls p~pcr describ~s thc contcnt ami application of thc Uni! Developmcnt Foldcr, a 
structured me~hanism for orgJnizing ami collecling software dcvelopmcnt products 
(rcquiremcnts, desi¡;n, codc. IC>l rlJns/Jata) as they hecnmc :1\".ti!ablc. Propcrly app\icd, 
the Unit o,,·dopment Foldcr is an importan! part of a;¡ orderlv dewlopme:H cnvironment 
in which umHcvel schcdulcs and rc>pomibilittc> '"" cklrly M\incatcd ancl th~ir step·by~tcp 
accomplishmcnt made \'ÍSibk w manJ~cm~nt. Unit Oevclo~mcnt Fol<Je~ ha,·e been uscd on 
a numher of pmjccts at TH.W and b""e bcen shown to reduce many of tlle prob!ems 
asmciated "'ilh the devclopment of ~flware. 

• 
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TIIE U~JT OEVEJ.Ol'~!E/\T FOLDER (UOF): AN ET'FECTJVE 

MA:\AGL\1Et\'T TOOL FOR SOI'TWAHE DEYELOP.\tE:-.;T 

Onc of thc m a in sidc cffects rcsullin¡: from the invcntion of computer; has l.>~ en the 
(rc·Jiion of a ncw cl.t;~ of fru,lrakd atl(l harricd mandgCr5 rcsponsihlc for software 
k,dopment. Tite fnt,tration i~ a rrsuh of mi~ed ~chcdulcs, rost ov~rrun•. inadcq liJt<· 

:~rpkmcntation and dcsi¡;n, hi¡;h opcralional nror ratcs and pOOI maintainability, wh o~h h_aw 
)Li<INically characterilcd ~ofn,·are dcvclopmrnt.ln th<: early days of computcr pro~rammnt~, 
th<'S<' probkms wcre often excused by thc no>·elty of this unique cndcavor ~nd obscur<·d by 
thc )anguagc and cxpcriencc ¡;ap that frcqucntly nisted bctwccn dcvelopcrs ~nd ma;¡ag~.,­
Today's maturit )' an,~ \he succcssÍ\ln of computcr.~visc people to managem" nt po ,¡ t ions Jocs 
not ~ppear to ha,·c reduccd the frusaation lnel in thc industr¡•. We are still making the sam,· 
rnistakes and gettin¡; i nto t he samc prcdicamen ts. Thc scicncc of man.a:;.ing soft warc 
,lnclopmcnt is still in its infancy and the lack ofa good clcar ~el of princtplcs is a~pm•nt. 

Thc probkms nss6ciatcd with dcwloping software are too numcrous and too complcx 
for an)'onc lo prctcnd lo h~<C soh·Cd thcm. ami thi< papef tnah> ño ~uch prrtrn<ÍOtos "lhr 
doscussion that follows describes a simple bu t e ffecti,·e rnanagcment tool wh.Jch, "hen pro pe o ly 
u sed, can red u e~ lhc e haos and all<'viatc mnny of thc problcms common, 10 software 
dc•·clopmcnt. Th~ too[ dc~cnbcd in thi~ papn h cJIIcd the Unil Th:velopment Folder (llDFl 
and Íl bcing "'~d at TRW in soflwJrc dcvclopmcnl and rnanagcmcnt. 

What is a UnF~ Simply stat~d. it is a spcciftc form ofde<·elopment notebo"k which ha' 
pro ve!' uscf ul and e ffcctiw in collccting Jnd or~amling sofl ware products as they are. 
prod\iced. In cssencc, howe<·er, it is mnch more: ot 11 a means ofimposing a mana;ement 
ploilosophy anda dc,·dopment methodolo~'Y on an activoty that is of:~n chaotrc, l~ ~~)'Sical 

appearancc, a UDF is mcrcly a thr<'C·ring btndcr containin~ a co,·er sheet and is organizd 
into severa! predefined s~ctions wl1icliare coinmon to ,·ach UD!'. n1e ultimare objcctin;; 
that the content and formal of thc UOF must s.atfsfy are to: 

(1) Provi<le an orderly and consistcnt approach in the developn1ent of ea eh of the 
units of a ¡1rogram or projcct 

(2) I'rovide a uniform and \isiblc collcction point for all unit documentation and corlc 
• 

(3)' . A id indi,·id u al discipline in thc establishment and attai[lm~n! of schedulctl 
unit·lc,·d mileston~s 

(4) Pro,·ide low·lc>cl m.uugemcn\ vi,ibility and control ovcr the dcvelopmcnt proC<'SS 

l'igurc 1 illustr.Jtc' tlw role of the I!DF in thc total software devclopmcn! proccss. 

lf onc foll<>ws a fairly stam!JnJ Jesi1•.n approach. !he completion of th( prdiminlr}' 
dr<irn octivity m.HI.< tlo<o poml al which UDF' ~re .:re.Hcd and initialcd for .111 unit' 
comprisin~ thc total product to be Jcsip.ned :mJ coded. Thcrcforc, !he first (]UC.<tion lo be 
answcrcd is, "ll'hal i.< a unit"" [1 was found that, for !be purpo"' of implcmcnting a 
pr~ctical and cffedi'C softwar<" dc•·dopmcnt mcthudolo¡,•y to mee! the m::magcment 
objccti\'CS statcd carlicr. a uniq u e de mcnt o f soft\\·are architecture nceded to be Jefined. 
This basic f uncl!on:o.l ckmcnt is lk>ignatcd, a "unW' of software :md is de fincd indepcndentl)" 
ofthc langu~g,· or typ~ of applicatoon. Expcrienc~ h.1s indicated that ti i< unwi;c 10 4\tcmpt 
1 slmplc-minded dclinition which ,.;u be uscful and effecti<c in allsituations. \\"h:H ca" be 
done is lo boun.J tito problcm by mc:ms of sorne ¡!.Cncral cor¡sidcrations and de!e~a:c tl'c 
lpecific implcmentation lo managcment judgmcnt for each panicular application. 
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Al thc lowcr cnd ofthc sra!c a "unit" can be dcfincd to be a ;ingle routine or 

~ubroutin~. At thc uppcr cnd of the scale a ''unit" m3)' contain severa! routin~s comprising 
. ¡¡ suhpw¡:ram or module. llowcvcr it isddíned, a unit of soflw;¡re _,h(miJ pOI\C>I th<' 
following charadcmtics: 

( 1 ) 11 Jl,crformo .1 spccific dcflncd func tion 

(2) lt is amcnablc lO dcvelopmcnt by one pcrson within the as~igncd schcdtrle 

(3) lt is a [c,·cl of software lo which !he s.ati!.raC!ion of requircmcnts can be lr~ccd 

(4) lt is amenablc to thorough tcsting in a dfsciplmed cnvironmcnt. 

1ltc kcy word in thc conccpt ;, mar.agcability- in dc¡i~n, dc,·clopmcnl. !esting ami 
comprchcnsion. 

A natural qlle>lion thot may ari'c al thj, point is, "1\'hy ;lw~ld ~ unil contain nwre 
!han onc routinc~" Thc a<>umption for thi$ pro•·iso i> that tli~ <k$i~n ~r.d d~wlopm~nt 
stand4rds imposc both 1i1-c and function:ol modul;nil)-'. Sin,·c lllnction.•l nl<ldularit; <'.m 
be d<·lincd al variou< lev<'io, thc <:onc<·pt c·Jn be,oonc m,·anin~c,;s ifit ;, no! aaompJIÚ~~ hy 
a rcasonahk r"stric!ion of Sil e. Conscquentlr. the ma\imum ~iu consuaint on rominc' m ay 
somctilllt'\ result in nwltiple-routine u nito. 

Thc orgar.ization and content ofa UDF car. be adapted to rcn,·~t local conditions or 
individual projcct rcquirc rnents. The Importa nt consid n~tions in 1 he q n!Ctllring of :1 t;Dt' are: 

(1} Thc number ofmhdi•·isions is not so br~c asto be confusing or unmanaseal:-le 

(2) Each of thc ~ections contnbutes to the m~nl~~m"nl and ,-i>~bility of !l¡e 
deve!opment procc~s 

(3} The cont;nt and_format of cach >ec!Íon are adequatel)- ~nd unambiguously dctined 

(4) Tite Sl<hdivilions are snffici~n\ly llcxibk lo be appllcobk lo a varkty of 
sortwarc typcs 

{5) The individual sections are chronolo¡:icoll)' orclereJ a; nearly as pO\síbk. 

The last ítem is very importan\ sincc it is thiS :lspcd of thc UDF that r~l.tte; it to the 
dcvelopment schedule ami creates an auditablc managcment instrument. An cumple o:· a 
typkal cowr ;hee! for a tlDF is ~hown in Fi~urc 2; thc contents of each section will be­
bricny dc>cribcd in sub>cqucnt p~ragraphs. 

Thc \JDF is initi4\Cd who·n rcquircmcnts are allocatcd W lile unit ic•·cl ~nd al thc 
onsd of preliminary de;ign. Al thi> p,nnt it ext~t.< in til<' ;kelctal foiLn of a binoicr "itll a 
oo•·cr sheet (¡ndicatinr.thc unit name anJ r"sponsil!k Cl"toJoan) ano! a~~ of •cction 
scparator;. TI1c ftrsl >lcp in tli<· prnccss is for !he r.·>romihlc ""n, ar<·a rnana~cr In imc~r.o\c 
!he Lkl'ciOp rLL<'ll\ ~<' il<;du k.1 ~nJ rci)\Omi llilitics ( L}r ""~)¡ of ]m \) lJFs ILllO !!le 0\'Crall 
schcduk ~nd mik•tom·s of thc JliOJ•'Cl. A due Jau is ~C!Ll'rJI<'d !or th~ compktion o( ~ach 
section :md ti¡,· n·,poLISll!ility for c.<ch wctiOIIlS ~<.~Lr<l<'<l. 1li<' mh·jnJtur.< shoul.! p,utici;u!c 
in cstablisloin¡; thcir intcrim sch~dule• w1thin thc con>tl.tints of thc di.:tJted c:a! dJl<'S. 

"' 
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The o~niz~tion >no.l subdivi!oiOn$ of !he UDF are such thJt the UDF can' accommod>' 
a variety of development pbns and approaches: it can be used in a situJtion '~>hcre one persc 
ha> total re•ronsibi~ty. or in t he e' treme where srcciahsts are assip1ed to the PJrlict~Iar 
>ections. HowC\'Cf, in !he one·mon approach 11 ts still desirabk 1 ha! cerlain .ec!ions, indicated 
¡., thc follo" i ng diS.::llSsion, be a,.,i~ncd lo otha ino.ilviduals to g.~in the bcnenu of un biascd 
rc,·icws ~nJ ~s,cssmcnt!i. 

The d~vdopmcnt of the UDf' is geared to procced logícally and sequenti:Jlly, aml 
each scction should be as comp:ete as possiblc bef,trc procccdmg lo !he nc\1 scction. TJUs is 
not ~lways possible, anJ software MHiopment is ¡tsually art itcrali>e rather tllJn a linear 
!Jrc>Cc,s. Thcse situatiom only s~rw to r,'inforce thc necd fur an ordercd proCC» that can be 
urHkntoo<l JnJ tra~kcd C\'Cn un de r adve"e con<litions. 

' . 
Once a spccific outlinc ar.d UDF COI'er sheet hJw \wcn cst~bli~hed, it i.1 imperative 

UioLI thc format ami content of cach section be ckarlr anJ complctdy dcfincd as part of the 
¡irojcct,i,:ompa~y standards lo J\OiLI ambi¡;uit)' and mairttain consistency in th~ products. 
Thc· follo"'1ng ciL!'CU>OÍOn C~p:inJs ~nd d~scrib~S tite contcnts of lhc UDf' IJpLtlcJ by the 
cowr sltcet sltown in Figure 2. 

Se<-tion 0.' CO\'ER SHEET A:-.·n SCHEDULE 

• 
n1is se:tion cont•ins the covcr sheet for the unit, "'hich identifics the roulines 

inclm'.cU trl thc UDF and wlúch cklined!C.>, for cadt of thc scctiom. thc schcdubi Juc date<, 
ae!\:>ol completwn d~tcs. l!Si¡!Jled ori¡;inators :inJ ¡-roytdes spac~ for rnifwcr si¡;n..:-ffs and 
Ja:o:s. ln thc case of rnultiple·rotrtinc units. it may bo: .l<lvisab!c to inchr~~ ,¡ onc·opJ~e 
wnrp<),itc sdLc•Juk illu<tr:ning tbo: >cc·ti<ln sche<lukl of c'.Ldr itcrn t'or ~:¡;v ch"~k'llff .1nd 
rnonitorin~. Follov.in¡; cach co'w sheet. J UDF Cira:t~~ Lo¡; should be i:tcluJcJ to docurncnt 
all lJilF d¡an¡:c; ;ubwquent to tlll' time "'!ten :he• initi1l dc'Hloprnen! i> comp:ctcJ :md 
!he unit IS p<lt into a controllo:tl test or mainten:ltr<:c cnvirunmo:nt. Figure 3 illttstrJtcs a 
typk.rllJ!lF Ch;rn¡;c log_ 

So:o:tinn l. I{EQU!Ilf,\IENTS 

Thh ~c~tion iclcntifies the basc!ine rc<¡uircm,n_ts spccification ~nd cnumcrJks the 
reqc:Lrcrnent~ which are allocated for implcmcntJ!ÍOil in !he 'pccifk unit of wftware. A 
m.lpj'ing to thc sy,tcm requirements specifkatiort (!:!y parograph numbcr) should be mJde 
Jml. wlrcre rractical, the statemem of CJch re~uir~m~nt shott!J be gi,·en. Ar.y J!sumptions, 
Jrnbi~uities, dl'ftrr.rls or ('Oililicts concerntng !he rcquirc·mcnts aralthcir im;'JCI 011 th~ 
desi;n ~nd <kwlo¡1rncnt o( the unir shoulJ be s!Jtcd, .1nd any dcsi~n problem rcports or 
de\'i~ t ions o r WJ """ ag:llrt>l t hC r<'q uirc me ms sho" Id be iriJi ~.Licd. l n :1<IJ i t ion, i f a 
rcquircment is only rartilll) <atislkd by tltis unil it will be oo not~U along with thc unit(s) 

· wlr idt ,)me thc fC>J'OitSLbih t)' fcr ~.r tisf~c tion of thc' rcquirc ment. 
' 

· llL i < ><'<"tion cnn taim tite e u 1 ren t ,¡,.,¡ "LI ,¡..,ni 1'1 iorr fo r c.rd¡ o f t he ro u tine> in duJc,l 
in tire UDF. hn mol tiple routinc LH>Íis, tal>b:u ,.,¡,,~.-ti<ln sep.11.r!of'o .<re mcol IOr h.1rrJy 
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= 

UDF CHANGE LOG 

UNIT NAME VERSION CUSTODIAN 

DATE OPA/DA Section(sl Affected 
Rete5t Method 

Mod 
Number and Pa e Numbers No. 

• . 

. 

. . 

. . 

. 
. 
• 

. 
. 

. . 

.. . 
NOTE: Th•s rev1s1on ch<mge log 1s to be used for Hll chan~e• made 1n tho UDF after 

interna! ba'l'llin~ (i,e., ~bs...oqu~nt to mod number ~»ignmenr). lt Í$ in$erted 
immediately attcr the covef'lheet. 

Figure J. b3mplc of a UL)F Ch~n¡:~ log 

• .. -, 
-------~~-----------
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inde~ing. A rreliminary deslgn dcscriptíon may be incJuded if availabie; however, !he end j!) 
ítem for this section is <!etailed dcsign documentation for the uní!, suitable to become 
(part oO a "cod" to" spcciftcation. Thc fonnat "nd content of this scction should conform 
to cstablished documentation standards and shott !d be suitable for dir«:t inclosion into !he 

. appropriatc dctailcd dcsign spccification {Figure 1 ). Throughout the denlopmcnt proccss this 
section represents the curren\, working vcrsion of the <lesign and, therefore, must be , 
maintained and annotated as changes occur lo the initial design. A flowchart is gene rally 
induded asan inhercnt part of thc design documentation. Flowcharts should be genera te el 
in accordane<: with clear established standards for contcnt, formal and symbolusagc, 

Whcn thc initial detailcd design is completed and rcady to be codeó, a design 
walk-through may be heló with one or more interested and knowledgeable co-worken. lf 
su eh a walk-through is required, th~ completion of this section m ay be predicated on the 
successful completion of the desi¡:n walk·through. 

Section 3. FUNCTION,\1.. CAPABII..ITIES I..IST • 

Thís section con tains a Functional Capabilities List ( FCL) for the uniÍ of softWare 
addre>>ed by the UDF. An FCLis a list ofthc testable functions peñonr.ed by the unit; 
i.e., it describes what a particul.~r unit ofsoftw~re do es. prefcrably in sequential arder. The 
FCL is generated from the requiremcnt! and dctai!ed desi¡;n prior to development of the 
unit test plan. lts leve! of deta.il should correspond 10 the unit in question but, as a mínimum, 
rcflcct th~ major 'c¡:mcnt• of th~ coJe and the ilemions whi.:h are bcing mOlde.!! is preferrcd 
that, whcnenr possible, functional capJbilities be expressed in t~!Tll$ of the umt 
rcquircmcnts (i.c., the f unctional capab1líty is a rcq uiren1ent from Section ! of the UDF). 
Rcquimncnts a\locateJ 10 be testcd al the unitle,•cl sha\1 be included in the FCL. TI1c 
FCL providcs a vector from which thc TEST CASE/REQU!REME!'>íSIFCL matrix -
(¡;igure 4) is gcncrateJ. 1llc l'CL,hou1J be !o\·icWed and addr~ssed as par! ofthe te!! pl;u~ 
review process. 

Thc rationale for Functional Capab!litics Lists is as follows: 

(1) Thcy provide the basis for pbnncd and controllcd unit·level testing {i.e., a 
means for dctermíningand organiling a >d of test cases which willtes\ all 
requirements/functional tapabtlitics anda U branches and transfers). 

(2) They prcwide a consisten\ approach lo tcsting which can be reviewed, audited. 
and unde~tood by an ounider. \\ñen mapped to the test cases, they provide 
thc rntionale for c~ch test case. 

(3) They encourage anothcr look at the desi¡:n at a kvel whcre the ''what ¡r• 
qucstions can bccome apparcnt. 

Section 4. UN!T CODE 

• 
lñls section contain1 th<.' curre<Ú so urce codc listings for each of \he roulines 

includcd in the unit. lndcxcd subscnion separators are usell for muluple routine uniu. Th~ 
completion da k for this s~ction is thc schc,lukd Jale for !he fint error-free compilation 
or assembly when rhe cede is really for unit·lcvd testing·. Where code 1ístin¡;s or other 
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' 
TEST CASE/REOUIREMENTS/FCL MATRIX 

• 
AEOUIREMENTS DOCUMENT . 

• 
DATE 

. 
~ • z . • ·-• • • 

Req'ts Paragraph FCL TEST CASE NUMBER n 
e O 

Numbcr NO. 
. 1 2 3 4 5 6 7 8 9 o O< 

• • 

' . . • 
• 
• . 

• . . 
• • 

' " 
. 

' • ' • . 
• 

. 

' • . . 

' . 
• . 

1 

. 
• 

• 
. 

• 

JNSTRUCTIONS: Mark an X in the appropriata box when a particular test ca~ fully 
tests a particular requirnment. Mark a "P" when a test panially tests a requirement. 
11 a rcquirement is partially test•.><.l in anothcr routine, mark a "P" in the "other 
·routines" column. lt more space is required, attach. additionJI copies of this fi9Jre.-

Figure 4. Example Test Casc/Requmments/FCL Matrix 
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re!ev.mt computcr output are too largc or bulky lo be contained in a nonnal three-ring 
bindcr, this material may be placed in a scparate comp•mion binder of ~ppropriatc ~ir.e which 
is dearly identilicd with lhc assoc1atcd UIJF.In thi~cvcnt, !he relevan! scctions of thc UUF 
will contain a referencc and identificatior¡ ..,r thc bindcr with a hi.1\0T}' log of vo~t-baselineJ 
updates. Figure 5 illustrates a typicalreferencc forn1. • 

An inde~ndent review of the code m ay be optional; however, for time-critica! or 
othcr technically importan! units, acode walk-through or review is recommcndcd. 

' • 
Section 5. UNIT TEST PLAN 

lñ.h ~ction contains a descriplion of the o'erall testing approach for the unit along 
with a description ofeach test caseto be employcd in testing the unit. The dcscription mus\ 

·identify any test tools ordrivers uscd, a listing ofall required test inputs to thc unit and thcir 
vaiUcs, and the cxpectcd · output and acccpta'ncc critcria. including numcrical Otltput ~ and 
other demonstrable re.ul!s. Test cases shall 3ddrcss the fun~lional capa bili tic> of thc unit, 
anda matrix shall be placcd into this section whi.:h corrdates rcquirements ami fcncti<>nJI 
capabilitic~ te> test cases. Thi> matri>. will be uscd ¡,, dcmonstrate that ~11 rcquirumcnt•, 
~rtial rcquiremcnts, and FCL& of !he unit havc been tested. An examplc of !he test case 
matrix is shown in Figure 4. Check marks Jre placcd in thc appropriate squar~s lo 
com:bte test cases With thc capabilitics tcsted. Sufficient detall ;hould b~ pro,iJcJ in th~ test 
dcfmition so that the test approach and objc~tives "ill be dear to ln independcnt re,iewer. · 

Thc primary criteria for thc independcnt revicw will be 10 ascertain that the unit 
dcvelopmcnt tc't cases ade(]Uatcly te¡\ branch conditions, log.k pa\hs, input and outp,>t, 
error handling, a rea~nable range of values and will perforrn as stipulatcd by the requir~mcna. 
This rcview should occur prior to !he s\art of unit tcsting. 

• 
• 

S«tion 6. TEST CASE RESULTS 

This scction contains a compila !ion oi all cu¡yi,nt succcssful test case results and 
analyses ncces•ary 10 demonstratc that !he umt has b~en tcskd as de$,ríbed in !he test ~l.m. 
Test output should be idcntiticd by test ca~ number and listings dearly annotatcd to 
facilitatc necessary revicws of these rcsults by othcr qualified individuJIS. Rnision s\Jtus of 
test driYe!'S, test tools, data bases ;1nd umt code should be shown lO faci~tate rctcsting. This 
material may also be placed in \he ..cparatc companíon binder lo the UDF. 

Se<'tion 7. PROBLEM REPORTS 

. 111is section contains status logs and copies of all Design Problem Reports, D~si¡;n 
Analysis Rcports and Discrepancy Rcports (as rcquired) which documcnt a U design and code 
ptobloms and chang~s exp~ricnced by the unit subscquent to baselinin¡:. 11lis e muros a 
clear and documcntcd traceabilit}" for ~11 problems and changes ím:urred. Therc should be 
scparate subsection• for ca eh type of rcport WJth individual status lots that summarilc thc 
actions and dispOSJtions made. 

• 
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•• 
LISTINGS/TEST RESULTS 

, 
SEE SEPARATE NYLON PAONG BINOER IDENT!FIEO AS ~ 

___________ FOR COOE LISTINGS 

OR TEST RESULTS. 

CODE MOD NUMBER 

HJSTORY LOG 

DATE 

• 

• 

• 

REVIEWED BY 

• -·o-

• 

Figure 5. Example Rcference Log for Separately-Bound Material 

'" 

, 

.. 

--------- -----------------------



Section 8, NOTES 41 
. This section contains any memos, notes, reports, etc., which cxpand on !he oontents 

of !he uní! orare re!ated to problcms and issues involvcd. 

Section 9. REYIEWERS' CO~tMENTS 

This section contains a record of rcviewers' commcnts (if any) on this UDF, which 
have rcsulted from !he section·by-section rcview and sign-off, and from schcduled ind~pendenl 
audits. Thesc reviewcrs' comments are abo usually provided !O the project and line 
managcment supervisors rcsponsihlc for dcvclopmcnt of the unit . 
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SU.\IMARY 

• 
TI1e UDF eoncept has evo! ved into a pr:lctical, cffective and valuable too! no! only 

for thc m~nagement of software development but also for imposing a stroctured approach on 
th~ total softw:¡re tkvclopmcnt process. The s!nJcturc and Conlcnt of the UDF are desi&ned 
10 crcate a :.críes of self-con\atned systcrm al !he urtit leve!, cach uf wttich can be ea~ly . 
obSCf\'Cd and reviewed_ The UDF approach h<t.l been cmployed on s.!Veral software projects 
~~ TH.W and continues to win converts from thc ranks of the initiatc<l. Thc conccpt has prOved 
¡:uticularly effective wlten U!;ed in conjunction "-ilh good programming standards, 
J,xumenlation standards, a test discipline andan indcpendcnt qualily assurancc activily. 

Tite principal men($ of the UOF ooncept are: 

(1) 1t imposes a development scqucnce on eaclt unit and clearly establisltcs the 
respomibility for e~ch step. Thus the reduction of the software d~,·dopment 
proccss in lo discrct,• activtlies is lo¡:¡cally extended downward lo thc unit lcvel. 

(2) !t e m blishes a clcarly-<iisc.cmible time !in e for lhe d~vclopmen 1 of ea eh unit ar.d 
provides Jow-kwl nt~nagemcnt v¡s¡!Jility iitlo schedule problcms. Tite status of 
thc developmrot effort bccomes more 1iiib!e antl measurable. 

(3) lt crcatcs an open ant! auditablc software dcvelopment en,ironrncnt and removes 
sorne of thc m~·>tery often associatcd with 1his activity. The UDFs are normally 
kept "on !he ihelf' and opcn lo impcction al any time. 

14) lt assurcs that !he documentation is accomptishcd ami maintaincd concurren! ·Nith 
dcvelopment acti,·ilies. 'fhc problcm of cmergin~ from lhe developmcnt tunnel 
wtth little or inadcquatc documentation ís comiderably reduced. 

(5) lt reduces tbc pro~lem> associated wilh programmcr tumover. 1lle discipline 
and organil.ation inbercnt in !he approach simp!ifie,; the subslitu tion of 
persottncl at any point in tile procc" without a significan! loss ofdfort. 

(6) [! supporls !he principks of modularity. The guidclincs givcn for estab]i,hing 
the unit boundanes assurc tha! al least a mínimum kvcl ofmodularity "-ill result. 

(7) !t can .lccommodatc a varitty of dcvdopmcnt p!Jm anrl approaches. All UDF 
sections may be os.i¡;ncd to one performer, or different sections c~n be 
assigncd 10 diffcn:nt _<pccblists. Thc \arious scctions containcd in thc UOF may 
also be cxpanded, wnlractcd or cvcn rc>cqucncctl to bcttcr suit spccitic silll~liom. 

As" final commcnt, it mus! be cmph;<ilo!d that no de vice or approach "~n be cffective 
wnltOHI a 11ronp, m;,nagcmt'nl cnnumlmcnl to sec it througb. Evcry leve] of mana¡:cmcnt nccds 
to be >Upportivc and awarc ofit~ rcsponsibi~lies. Once the mcthotl is established ti .liso ncet!s 
lo he auditcd for propcr írnpkm:rtt"tion and prublcm rcsolution. An intlcpcn1knt 1oftw;u-e 
<)u:¡li ty asst~rancc activ¡ty can be a valuablc assel in helpint, lo de fine, audit and cnf orce 
managcment requircments. 

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

Soft~·.,.. dt>·olopmono ""'&!ly """'.,¡' kn 
ono olt~o •O)"> "'"'' tht pro;ramm<r 
""""' olono kn "'"'"""· U,pl<on•ntinr. 
.,.¡ ""'""' o oolourf oyot<m. 0< bo ;, o 
,...mb .. ol o .....,. of from tht-.o op 10 
oom&l hund.-.d, •otkinr '"''"'' on o 
1"1' S()(\W"! <)1!1<"' Ahhou1h ..,~w..-t 
,.p..m., '"'"'""' b<>ob 'l'f'<O"""' 
bo..- ' ' OH knl<t..,od ...;,dy;, lar~o<alo 
rn..--..m do"lopmonL 

Wh<n tho ""''"''"" N.,-,owo Eridgo U. 
Ntw Yor~ ("it1 "" oW<od U. !0~,oflki&. 
........ ...,¡ "'" it .. auld""' IJ21i IO\illion 
Ofi<] bo rnmplotod by l!IC:I lt io l~tl"l"' 
ou>ptruion ~tid 1' o " r buil~ :m il ua rom -
pltu-d ;, Nuvombn 1~; un tot1•t ood 
wltlun bud!<l [E:NR61, f.Nm.~ No oiJni. 

lar 1><'""' hu ""'" ..... ,.,..,¡ '"""" ... 
build ooh .. ot< 'l"'""" larr<• thon U.... 
.,¡.¡,~ ~od boon bu~< provio.uol1. 

Sohwvo io """"d.~ .. ..,¡ loto_ U " f.-.. 
_.,u,- unrolioblo ...,¡ ""'oll)" 01~"' 

..... .ocw-· 

tn&intokn 1'ho WM OS pro}ott. ,.bic-h ¡,. 
""'-! o .. r S,!m .,....,_.... of .Uort;~u 
ytan ¡,., [Dnooli] V.'b1 k< l>riol¡o •n,; 
noerin¡¡ "' ""' "hú• oofLwo" onginmi<IJ 
"""OOrnoo' r.r< oi<M .,..,, !ir> iDJM rr,.,., , ... 
..;th "'""" a ri>il 01\<i,.... un ... tho 
odde<l rcmp].,,ty of o r.,,., b<idg• thon o 
oon ~"' •"""''" r ho <ompl""' of o ¡., '" 
pn><rom Porl ol to<l.oy'o "toflw.,, J"'>h­
km· "''"" r .... ""' ''"''"~'' "' •• • ,..,.¡,,. 
f<om Pl'"""ol .,,..,;, no"""" om.oll" 1'1<>­
lt"""' 1<> 1"1' O)OI>mo P"''l"mminl vmJ­
~ 

Wo b<rin "'"' br oulhninc 111< ,ontral 
opp<oa<h u...U m d<><IOP"'I p!o~om J"u<l­
u<lo, .. n,.huirin¡ "'~"'"" ~hkh "'' nrn 
poorly urulon""-<1- U.lor, .,.. '"""'''"'' -
!loo to<l\nlqu<o w-tú<h b• .. beon ....,! La 

oolvo th ... probl.,... Wo do f>O!. ott•n•p< 10 
''"" .U ol tht 10W.ont u.p;co !u ~ opth, l•ut 
-P.. "'""Y,.¡"'"""'"'"' lurth" !t>d· ... Soft.,._ ................ <W"!mlly ...,.¡,. 

-~-""'"·--

. 
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loo- vo.-y ...-ly ;ru,w ¡,_.¡.......,,.,..., m.oy 
bo Uod.., ootJ, onovb<>n t... o on><h....,... 

• ut<o>i ,. ... "'"'"'""' .......... .. n.o -........ ptOI>Imo ........ w .. 
'"'"'" ..... ~oo -~....-... p~oo ...... • 
f,. .,ornplo, o """"' o¡>!<m """"'""" 
'""'J>OtltnU A, B. otl<l C. l""o.llo< ion 1 fondo 
oncl roporU .., orror. Tiot dovolo¡oo• r .... 
tJ-,, """' "'d 10ndo o"'"......,.¡ m<>dulo A' 
•• .u ; ..... u,,;.,.....;,.. ''" ,,...,,.. 
1~ llotl<l Ut ._,.."" ,...,._ 

• rnont ..,d <entirw< whhtho .,;p.o!oj<>lun. 
• ln .. oll><iON 1 ... d ll d&ov .. onotl>ot om>t 

in """'""' J._ 'In. d .......... "'""' .... ,¡,.. 
,., .. , .. •l>othu l.oth ol """' ...,.,.. ort 

. th• "'"'· oit><o •M• rt·nt ..,,.¡.,. of "''>dolo 
A ~ !m-ol,.d. Tho "•rr«tion ol thio '""' 
¡,,..¡.., '""""""" .,¡ too<h K rroo ll ...,.¡ A 
(lot IH ,-iolol"'s A" ond A ... Th"" "' """ 
"''"' .. m .... o~"" ,,....,. 

To o..,¡,j ~ ... ''"~th. o¡-<Unu oftof>,.. 
toi'l updoio._ ullod ,.¡,,,... ot fi,.d 0.­
lotvolo A .,_.,.fu\ too! for dool~" .. ttk ,.,.,.. 
iod .............. ,...¡,¡. ... ;, • -........... 
doto-- ... """ durin¡ lito ....,,r""'-
"'''· Thto doub- to<t>t<lo tho ohoto<l<t· 
loti<o ol lito dllro,.OI ltloOAU.ti<w. lt .,_ 
<!,.,¡,., "'' ,..O<..r ..... r.. n-pottq, .... ., 
.,d .. poinnro.toro btfO<o dtotnl>"'"'• tho 

"""'""""· 
Thomoo ot !OIIwOtol"~"'"""' 

11 oiHould bo ... ., thot <o<h - ..... "'.,.¡. 
<tpii!Ont """ ""Y inlhot- ootlio< o<o¡to. 

. The ,..;t~n¡ ofopoo:;llooU... r>oo fftdbo<k 
r..- ..-u,..- IUOIIml ~ tbo ___ .._ ... ,_ ... 

.t .. ;,,. uhon ""''' n•w• tn '""' •ro-<út· 
,,,_.._ «MMin~ """'"'· ot>:l .,.....,..,. ,... 
.. ,.¡ pnhlonu in d""fl' Th• ¡ool. o! .. rt. 
""" on¡m..rinl•" "'"' to· 

o llR t<;;hn>Qu .. thot """"1' .,...,m 
«~mri<"'Y· 

o rn,., ... '>'""' ,.¡,,omty ond <ot<oct· -o DoY<Iop to<lutiq..., to p.-..!1"' ..,¡, .. .,, 

""""""" ''''""""'!¡·. 
In lho followlno or<,_ ,.. dio<uoo op­

prnaoho. la .otno of thtl< ptublo,.._ Tilo 
li>t o! to<hniqo" ¡, dl,lded into .... ,.,,. 

...... ..,.j 1""1" ............... "' ..... -

...... to!K'Om tht tl!oct.l .. otpnUaU... ol 
"'""""'[ on o proi«< !''"<'"'''"" w.­
._.,m !loo to<l\niqu .. ...,¡ 1>1 il>dt>ickool 
~""~'""""'" to intp,.,.o thw ¡oorfona-

. - - '-

:¡ 
1 

"""'· ,_ . -~'-.. 
a . .. ANAGe'"'" 15SIJU 

A "''"'Pf <-Ofotrnlo '"" tnOJ-M ,.......,_ 
~ .,.¡ ·,om,...... "1'-'o¡trnO<It- n,. 
..,,;,., ,.,,..,.. to-<~ni<¡v,. for opt~ 

tM""' oh'-o "'"""" .. 

· "'' ... ~ Coo< Connot 

A pr-ojt<t ""l' fod ,.hon "''"'1''"'"' lo""' 
o ovo oldovolopioJ ""'bl<m>; o vcor'o do­
loy rom .. ""'" doy oto umo" lll•0<>7~)­
r.,..d oith "'"'""'h" fot1ottt lfru .,.,.,. 
plt. ,.<110<1 ~>o.tdun io dtloyod "' 
montlul , o ""'"".-fui tnoMI<< <on ""'.Uy 
nnd ott,mot.-to. u ... , . .,, 1t ;. ,.,, to 
~ doy <o-doy problomo i""'h ., okk 
.,,ploy"o or ....,, """' durin¡ '"ti"f;). 

Moot probl"'"' o«ut ot "" intorfotoo o/ 
modul .. ..,;li<n b¡· dil!<rrnt ptogrOmtll<"­
&tt<o tho """'bt' o/ "-'<~ int<tfo«o ÍO "" 
tho ot<j.r of tho """""' of tht numbot of 
lndJ..;.JuW in•ot.-od, lht ptot>ltm borumto 
.,....;.Id, ..-htn tl>t """""" ol- lo o 
d.-otopOttnt ¡ruup ,..,.. 10 ¡..,, or """"· 

lu. on toomplt ol tho ''"'"''""k>tiono 
ptobl•m. .....,.. thot • '""" PI<'V""'"" 
• eopoblo o!..nu,., o 11,000-lont prolf'lm in 
O yo11, ot\d \hot O pto('"""'lni O)'OI<D> 
""" .... ,¡,¡ $(1.000 ...... o/ ...so oncl;, .. 
bo ._.....p,tod ln - JHlO. n.. -- ( 
...... would ..... "' bo ...tll<lottt ~- .,. 1 -b). 

1 

1 . --- - ' 
, ... J._ ... 

Ho~""· "'" n.-. prb''''""'"' muot. B 
""""""*"' .. ith ""' ono<htr. - .--. 
"'"" ~ otion !ok " t im< o nd a],. """""' """" 
1""" üo pr..-lutti•·•ty oin< o nndm' oni'-'Jr.!u-
Olood .,,... ... iU '""""'" &ddi""""-1 .... ¡.,._ 
fm thio oimplo o.,.l,..;, ,...,,.. tMt ,.,h 
tommuni< otoon '"'h "<W!O" o P"'C•••nmor 
!.IOIU... or ..,.¡, s- l"••- F...,h or tbo r.,.. * 
ptOI"<mmoro, thmfwo, <.O l"'"l"ct Oflly 
•IHJ ¡¡.,., f"'l )'oat an~ only <0,000 hnd 
oro «omplotod ...;thin '"" )' .. ,. ¡,.. '"""' 
<bl. • 
• Thi• m•••• thot <1ghL P'"fl'""'""' 0,.. 
dud"' J,'ZOO lineo p.r ~...,. ..-. oduoll7 
.-..,¡ m ordo> !o pr- tho-~ 
&0,000. A mono¡"l' ""l<ttnod fur "¡""Ion 
of '"" lotv offnrt. TI.r,.r...,, In '"""""'>'• 
•!eh• pr<>¡;tatn"""' .,.¡ • m&IIO¡<r,­
P""'II<U\(t on "" ... of 3,00C hnnl"" nor • 
'" ortuolly noodod IO<-o f'l~re 1<1-

A. ••• oh.U .... oimply .....,,¡, 1"- o( 

""'' .. ""' • '""" .-oy ... .,,;.. ... pt»<~..,. 
tl•<ty. 'Tht r,.,_.,., in thlo ozot<oplo '" ooly 
,;,.. .. '" ill"'"'" • point. boo! ""' .,. 
rep.....,•tivo of ti•• problttn n.o .. oro 
oloo '"h>rlqu" dr<r.,od te limlt th;. <»m· 
"""'"'"lot.o -.............. ""' .. ;..._.,.._ 
'"'''"""""' prodortmt 1' _ ..... _ 
s..n,..,. an """olly ho divKI!'d lnto ~ 
""'"~"- 11 ,.,.,!rol 0'"1""" ''"''" .. 
..,.,.t¡, '>"'""'· 2) o,..t•mo p"""'"" 
(ou<b .. """'Pil<n), ond J) ol'f'l""tiono 
l"•v•m• (5U<h ., ftlo monap.mont oyo­
ttlru<l. A oio¡:lo pto¡¡nunmor "'Oklt" m 0 
<Ontrol '"""'""' tan pro<luro obout 000 
~.,.. of «-do ,.., ,.,.,, ,.h.,..., ho .,.., pro­
duto oboot 2,00'llin" ~ .,.,¡,¡, on o oyo­

""""-""' ond ,¡,! MOO kf •otkiho 
on"" •ppl~otiono pto('""' [Woo.>71]. n., 
•- ol t.W cwtololy offorto t.ho ~ 
k, ..... <art bt n¡>O<tood- ...... -

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

-........ Nao.---~""- ... -• 00.000 - .. ,., ,.. ...... ~·­.. , 
~r. H.,....,, oo u-.. l""oiouo .. ._., • 
plo domot...,oloo, tho OT¡oni .. tico .,¡ pot. ....,.¡ olooo dr"to podo,_, Fot ...,.. 
plo, witlt tbo """'-" o( doodlinoo, -

._ ............. ~._-. 
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""~' 'ofdwn> .o¡¡ "''" .. ,.,,,.uot q~~~ ""' 
~ ""J ""~'~"' rooq "! lf DO'J>HY oq Jpo"!" .-¡> "!""('J."oJ(O >0 ~,_ O '! ~00} y 
..... ""!1'1>40 '"""'""!'"" lvf\1• ... ·~· .... ~., .. ,.¡><>.~ 111• """' , .... , •• '11/'ld 
¡o """"''' >'(\ 'U>nl"' '! opo> 1'1 ~ ~ "! <I'Uft NO '>¡d._ o IOJI "'""""' "'{) ""'! 
""' """0 'lu,.udo¡ .. op Uf .<¡ao p>¡P\1"1 >~nq oq Áow (¡""""' '""' o '"'S '"n~OJ o 
oq ,..... '"O -~ >l"'!!W ,..,_, " ..,..pruo~ .... .,._,, 0<{1 JO oun¡¡uof¡> ¡ww;o<~ 
'""'''' o ¡o ••rd» >td!l!"'" JO '""'"hu""' "!l <q pK1>:>rud uoq .. '!>!~" oo•l...UOJ"! 
"'Lj. 'OUOf~p<>o» !""'~ "'J "'O!'""J'p<>OI f"!' 1" ..... ! "" 10 ....UJ Uy '""">"'U'>Odil 1, .. ., 
_., P' ... ' 1~"' """!l'll"""! 1""''!.1'0 '!"" .o.(, ''1' jO UOf\'1"1' o "t..W qo~ o '""' 
... ,p "'l 1>\0llll"' lu!l,.l UJ ~w """' uo "1 wo¡tÁ< o "!>'"!'"{V po~«nJun~p .._ 
--'3 ·w>p~ pu.o'ft'p "'11 "! ulu"'> ,....b ,...... ""''' OMO -....iJoJolo tuU)'JJ<>tr¡ 
->< m o "l •¡;¡q"'l"'d 'P-'~'!1 .. 'l wup("' ·uoqo>O¡~;, puo 
... 'w~U>• •q ...... ''""1 _ .. '"'"". ""!>'1"1"-' <q .......... d .,.... ....... ,..., 
I>U!S >¡qO'lOWW! n WO!...<o -''""'f'W» o¡.¡ jO .. ,,.,,d n'""' oq¡ o¡ <JO)" O .. >'!J.>WOO 

-.;w.> ,..-... .. "!' I'"•P .<t»""'!> -!""!/I~"ÁI!I"'"'""') oo.oouo .,.,...qno 
·¡n "''"'.,,.,.,,"l..., "q'"'"""'m < .... "'''11 ""'~'"' "Aq¡luor •q "' ~" 'J""'d .,, ·-""¡o '1'1 "" """"' po~nbu .........., ""'""""!""" '"""- "" '""'~' 
l.WJJ,.qlJ" u;t 01 '1.;1: ir»..,. t •mty q¡ """f>'>w,.... !""' '""''"'Y¡>odo 1'11!"' •'11 
!'"""''"'"!'!"'"' ''l.l. r»•~> """"" "'' .oq...., 01 <¡no ..,!t'l'"'""""' "! ..,,,.,, P'~• V 
'!'!' )0\] ,,., ... d ......... ,.,.,. .. '!' "' ..,.., "'1•? "" "ll"' ?'1'"1'"' "" ...,., 10) •·"1 
""~yos ¡.> ""!'l'odf'p >ql ...,oqo 1 >Jni\j -><;oow <om wn~lo P"'P'l"" V ""!>'>f· 

"'"'"""" "'"' '"" ... ~ 
""""'" - poq l' '1'1'"1'""' "1 ( ... 
,, '"" •<p ... ,., "'~'" ""'""' ...... , .. 
I»UU> "1 '""' w.<lo><l '""'i<"' V """' 
• .-·~· 'I'JO ...,.,.., .,.,.~, .. .¡ ~ 
'"" ........ "' »>!q .. 1! q ..... o.oq 1>'""' 
"1 , ... , ........ ~-·. 'P"S ............ ....... 
• .,... """" .. , <1'1!-.1 .... , ....... [U[ '"~'"~ 
1110<(1"' """"P '""' .......... 0'{1 ,_, 
""-'' ""'""'''P V .,.,......., pudr>~qo~» 
,..al"l '''""JI!P >'fl "'""""' ....,¡>0> 
·o•d "11"' ll"J .. '!'"' ""''"'' Ju~.,.,ro 

""""""' """'"l'f'"' .,, ~·d"'! """""'" ,.., Op ......, 
"lf'J ~ .. qq., "..,..,..,.V . .,,p 1""'""1 
o¡¡ "1 ............. ...¡ puo "'!"'! "'"'l »>¡ 
., ¡oql >UO .. "'"""' ,,.,., 1 1><¡u$p 
(~!t<>IYJ} ...... d """'!l!J"''' OUO•po "f"'R 
<~'"''"'""' 1< .,.,,,., "1 puo IIOP ¡ndu! ¡o 
--r• .,'"' • roi».>o•J ""'! ,..., ._., <~ 
"l <11 "''"·'' • '~'1 PI""" 'M "1""!1 woqo 
op...,""''><l"'""'' "l""....., ,... op '"""""' 
"!-'"0 '" •>0p "P ~u..,.,,.,..,, o¡q.,Joo 

......... '"" .,....., "1 ,... "''" ......... d 
'1'1"11" • ~,...,,.., u¡ ....,"''>11"·><1• "'' 

. . ' . 
..,.. . ·""" 

"'!" ""'11 '!>"'! ~·• .o¡ """"'P"'' 11! 
.. "1"'"!>"'1 , .... n;) ..... .,.,~,.,., .,. , ....... 

"' "'-....q .. q " ""l• ,..w..~· ". ''"' 
"'""' V -..o¡l"~";>d' "'1 01 JuiP-'"''" """"1 
.,,.¡ "'"'"" "" '""' "'"""" """" _ .. 
1"1 0 P't"" "1 """'' V ·¡ M A 1 ""'''!''"" puo 
""'>"'"J"" '" lu!~><•> POlO!" l'""O 

[~¡o<v~ul.., ... ""!"'1"'' 1YI>rn r-J 
JO ........... '".! .,.,., ""'q"' ""''O)..,., 
~ '·~'- 'l""">'JI""'! ·~ "! .... ,,., 
¡o '""!""ll'P '"ql r•. ••uoo ""' P'••'l" 
J'U"' ..lu!,.... '"1 ""'!1"".1-'P , • .,.._..., 
JO 1>< o p.oodo>d [~.!.<lUl>()] "'q":J !"" 
'~'"""'1""'"0 ~· .-·u•-.. • ~ 
·"'l•P uo¡>»U> •rq"d"'' 'l'"l' ou f' ""'11 
10'1) "'""~" '!'>!!"' '""''li'P >on¡> -u_ 

·<11"'"'"' ••• , .. 
-~ "J11>!v-l "'11 IUUOJ'ld arod 
·osd >ql '""' """''""''P •o•P l"l 
--"'11 ¡o U"!\o.>y»><h ~ 00] lf 

1"" :oup 
... , "'ll'q.,.., .... , ,. po, ....... .....:¡ 
••q unulo>d oq1 q~n""<1 qud "''" 1~ 

'wJ•p "'"'' oq¡ .,. """ 1<0'! 
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"" .. ···-eo.npil<n ond '""''" Mho¡¡pnl l.or~,,,.. 
ho;t l>ffo a<>~oblo lor 00<n0 "'"" In ron­
""~ ,.n,., 1,,,,,,..,,;,., oido on,... ,,.¡ 
,,.,.n.- ,.;th ""''" .. '""' ...,.,., ... 
Cro" ,.¡,,.n<in<. ou.i\>uto lioúnp, ond 
,pnb<>l,. ""' qo ,..,,.. of" , .. mplto ohuch 
o>& Aud""'" o< doto~ ... 'Y"...,.'"" h<lp 
"'eontt<~llht "'''"""''""o! ti>• Oovolop­
'"1 Ofllom Th< hoi>l<"' S"""'"'"' ¡..,. 
"'""'¡P,.ohl.,. Stottm•nl Mol""" 
(VSLIPS.'Il o! tbo tsDOS P"'io« o! lho 
U ni•·•,..¡')' o1 M"hi,on ¡,"""o( tho ru.< 
~ota\.u< "l~- fot prn~ o modok 
bhr"'l' lo< 1\orinl """''"codo, ond indudK 

ritf thot o·nn ,,;,.. .,.hon ""'"Y ¡o«oppo ...W. 
d"'•""" objP<ti"•- ~m>olved in o 
pwj« l- A '""'i"•nl d,.;p io looo """"'to 
'""" .,..,,,.. ,,.. ....,. ,.., I.Uo..- o ollttpl• 

o r..~qo for optai)'W; inl<rl><.,. In , ... 

"'"' '""'" ~hioh con bo rl>o<bd ""'"""''" i<oJtr [Tuc;l~ RSWSSL ¡,o oUnilor ,,-... 
,.m rle<ognod to op«d>' "'1""'"""''" ond 
to dtoi{n rn,.rl><" vio o dotal"'""!'"""' 
., ..... rr>.-,77)-

"" oiO.•notivo wl>'o"h i> tho Pr•tr<-'"" 
mo<"< Wvtkbrnd> dtvelopt<l lo)' Boü Tolo· 
phont I..oboxotorloo [Dol.ll16) A PDP H 
ba>ool "'"'""' ,_...... .... ol~ ...... 
,.... lo< modulo dovdo~mtn~ bbr"') 
.............. d ............. l<m. ond tNtina;. 
Fro¡><< , .. o! ¡¡, ... lotihtl .. on- ,..,.._ 
mi Wo,...tioo in on ooole., <QnuoUod on· 

"'""'"""~ 

"'' oJ ,.],., .._ 

""""""'' ~,..-""-
,._ ~ .. !4-<llro04h ;. o """"'"''"" "'""'" "' 
dL'""" •rr<>~ in o .y>t<m. In OM ot,.d~. 
THW d ... .,.. . .,.,¡ lloot tho "''' of fmltl .,., 
'""' ,, lb• ,.,.¡,,.. ........ '"""' ,,-ntho.t o/'""" i! " .... dt·>l;n ...... "''" <at<hi"' 
it in """'' <0013 •"""' "" ,;....,. u mutb 
.. 11 oko.o U. d<,;p (BM>t7ó] 

A wollothtoo.>cb io orh<dolo<l l"">odkallJ 
[at oll 1".....,..1. In otten<lot><t ore tl>o 
P"'Í~ "'*"""' ¡,m-I propomtr>td. •~· 
~"'''"" ,.,.;,,...,¡, aod '"'.-.1 othtn ~.no..-1-
edo"blo obo.>t tho pno)t<L o .. ,...,;on al 
tho O)'''"";, .,¡,rlod la• ,...,... on~ oo<b 
indovld"'l ¡,p.....,¡,¡...,,.,..., at.o•< thot 

"'""" ¡J.,- .,..,¡o~o, do,;.., d""'"""' r..-
• ......... •oll<tltrao'll. «><~• "'" • c<>d'"li 
••lkthrcu,hl bol•"' th• ,....¡.,_ 1loe 1'"'" 
oon btm, ,,_¡,.,..,¡ !hon dootolbn t~e mo<l· , 
w. ~..,¡ .... 0<1)-. 

1'ko ~·all.<ltr<>Ullh io intonded 1<> doto<! 

......... ""' ... ""'"' tt..m. lo-loo. th• 
~alklt"""''' ,. hn<f-nol "'"'' tlo.n '"' 
......... )ly ••pi<."""'""' """'"" '" •"'""' 

.. ........... 
"""'~"'"'.....,..,. 
CM.,.prwol "'<J'"ry:onil....,ity oJ otylo 
""' ""'piO<ity al """'""• ,,... ....,.u, 
O<hi.-·od by minimi<LnC th• numb<T of ;.,. 
dMd•ob "" tho p,..jr<l. A rhkl pmpom· 
fOO! t<Om poo<ly ooh>~< .. ...,,.,,ptuo.l in· 

"'Jrit)'• 

th< !"' ... " ,.,.;.._ed ;, l~tly "' dt>«·'"" 
....... opmf""''¡,"' ot ,., .. ¡,.. tondi~•"' 

lo-n impo,.,_,nt p<>int fot __.......,, io 
tkot tk< wo!ktk"'"lk io nof lat "'"'"'"'] 
ovo!o>~tion. lf tb< po.- ,..-~o-o<~ pn«'"" 
th.ot h• ;, \>Pin¡: .. .r •• t«< ....... , .,,.mp~ 
1<> .O•O>' up pe..!o\omo ,. pontnt o re•> 

pi« ..... M W<><m>tl ,..t .. ., .U«cti<o .;,.k>tt <o! 
u,. walktltroo>lk;, «<<< ,...,d,._ ~ .....,..¡ 
prt>onmmot ,..;.~ o t~e c<>d< loo '" h onnd· 
Wo. Thi> todu•"""' r,.....,.~, '""" •P ,.. 
....,. wbon tbo .....,.,¡ rndtt, ¡.,¡¡,,1 W un­
ol<tOW>d- oopocU ol tt.. ....S., Wt.< tl>o 
outho:r for "' .,p~an>tiatL ' 

A omoll 1roup mtnimiuo <ontot<fi<t..,. 
O'f""" oJo d .. i,n. In tJ,. !'1./1 1•••"'1'• 
lat , .. mplo. tho [•[!,."TUl<!: ottribu"' d«­
lototion ..,,. 1~ .~br.--lotod u olt~<r f'IC 
a< P. but in'lar!Oot opP<"II<atinn> tt moY 
only bo P [ANSilfi) In foHT,.,.N, t~e oi<lol 
oide al.,~- ... ........,. <aA bo.., 
ubilrU)" '"thtnotk ••pr<ooion. but DO 
loop .,.,,. .. '"'"" b<- in"''<r _,_,,. or 
.. n.ohl.., ond ..,~>&<ripu lo ornyo.,. tu..­
llad lo--¡....,. [ANSII.ili~ ~ • 
... d.nl<ult _,.... ...... "' ...--. 
n.o,. lll<.oolrolO • lodt ol -pluol ....... 

3- ..,or;..,.. ... ft IISLIEf 

F.oth ...... of tho "'~ ~ "' d•••l"''"""' W"• 
.,no boo ;u ,..... oot o/"""'¡,"".,.! oolu· 
tiono. 'Jho '""" odvon«d u<~>ruq- •I'P• 
"' tlooo IMt .._. U.. fnol ot.qoo - !loo 
looot -Lopod. .... ~- ,..,q .... _ .................. -... 

. ''' 
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gramm~r'• ta•k is mad~ OO<ÍOT "lan tlu· 
compu<er d¡w~ mnr~ ""'~· 

Slri.JCI~rM Progr~mmmp 

A major rl~'~topntc•nt in fAcilitalinr th<· 
pro~r•rnnnn¡: tasi; is ~""""K< •lrHr/ur<'d 
pro¡:rammin¡;. •duch has h~t·n ~rron~uu,¡_, 
called ''¡;:<>tole>.<" pro~mmnnn~. Fon"· 
nat~ly, the d~b""" al>our ·~o ¡:oto"''"" 1•.• 
goto" has mostly di<appeared. and som• 
dear ide~< hav~ t•mor~,-d_ Tht• prcmi<e ol 
structur....:l'pn>~r~mrr:in~ i< lo u>o • >m"ll 
sel of simple control nnd data <trmlun-; 
with <Ímple prnnf rule> A pro~mm tl"·n ;, 
built hy ne<rin~ thP.<< "'atemenl< ;,,;,¡,. 
cach othN. Thi, mHh<>rl te<ttic·O> tht• mun­
hn of connert io1 '' lw1" l en ¡>ro~rano pal 1> 

and thneb,- im¡>r<J\e.• the '"mpt<•hen>ibil­
it)' ond "'liabiln_,- ot tlw 1""~"'"'-
Th~ if-thcn·t•l,t·, whilt•-do, a'nd M'· 

qut·llC<' <lat~nwnt,• M<' 3 ,-omnlimh ,.,~. 

~~·i~ll -«·1 <>f ('01>1 l ul ,¡ rLH 1 Ul <"> f,ll- \ h 1• 1 o 1 "' 

cf pm~rammin~: h"" ,., <'T. 1 h, 1•· ;, nul !un~ 
;.:ut••O ~h''"' tlwm Knuth ¡.,;,..,·,;¡]ha· 
>.lgu.·cl th.IO tlw ¡:utu '"'"'""""' 1• irt~l<" 
,·~nl "' thc tru~ ~u.tl, uf struuured )>1'<.<• 

f'""''""'~· 
Th~,.. sitnple t·untt ol "ruet <lt<·S h~lp ¡>r<>· 

~rnmm.-r• t·~rtif)· ¡nu~ram< .• ,·~n at an in­
fnrnwl le\!•\ For nample, a i""~rJm ,.,.,, 
Le re¡m·.<eltt~d a• a fun< tinn from "" io¡nn 
dnta w i" m.nput dat~. !'uppu>~ JL<I rt·¡•· 
r~>onle a "<·~mt•nt uf" !'"'•'""' ¡!LI<'ll In 
tho follt•II'ÍIJ¡: if-t h t·n-t'l H' <l~t<·mt·ttt: 

if ph 1 Olwn ~'' ' d•P ht, t 

fl·~""'" f<lm·t ion~ 1' anrl h art· ,impl<'l l h;•n 
fuiKIÍol\ /, tht·ir .•¡w<iG('.IlÍIIII' <h••11id ¡,. 
simplor. U tht'lT 'i'•·nfa·m1un< an- ~""" n 
tht· <>•~r•\1 funni"" ¡;,,¡,.¡.,,..o L_, 

'"'-11'"'-•''"'. ,-,,,,_h'"' 
Tht• !""~"'"'"'"' eau ''~1"~" the for:nnl 
rl•·fmt!iun "1 {In 11 ""'' nf th•• .<ionpl•·• ,¡,.¡¡. 
nit ¡,,.ni~·""~ ¡,_ 

L'"~"·l~<·' '"' h ·'-" .\: ''"'-- \' ,,, " anrl 
erwun •uh,,-¡, <ol !'\. '! • "'uribtn.- '·' et•nrl 
¡m.>~rammi11~ ]•llnlÍ•<"> 1.,- jllo»IIÍIII¡. tb--· 
r.,.¡¡¡,;,._,_ !n ,.,,,,., '" "'i'·'" F••u• ,,~ ·, !,,.-~ 
o! >truttur,., .,.,., 5<1 1"''1"""'-<'1' ¡.,, 
lfnn-bn Íll~ ".-11-•t ''"''",~el !'-'""""- F· •1 < 

11<A' ]"''"""'" '"'" 0l1W J-'•>ll'li\\' h"'' 
¡,,,.~, el,.,,.¡.,1,_.,¡ ¡¡¡,¡,~,;¡_ ,\,. lf·lh•·n·o·l·•· 

2ll 

has ht·t•n ¡¡tl<led '" th~ new Foi<TI!A~·•7 
"'""dHJd, althnul'h A ~··Mtal "·hile" ~~~11 
miMi11¡; fr"rn tbe l~nruagt. 

Sy!l~m D~SIP~ 

.A. lec itiHGtJ<' r<•bt eclto "'ru<t urt·<l ptu~Tilnl· 
m in~ i.• /op·d<.>t<'ll ,¡,.,,¡;!11. 1n "hith ~ mo· 
~comm,.r lir.t formulat~' a '"brou:me a.' a 
>m~lt· <tatcn.<r<t. "hi<·h t< thttl 1\pa~órl 
into one or ll<o o! th,. b..o.•ic tontr<>l >l<UC· 
n>rr> nwnti~ncrl ~"<h<-r. Al "'"h ¡~,.¡ th~ 
funrtiun ;. ~'lla!lll<•d in inc"·~·uo~k ~!<att•r 
rl~taii unul lh~ r~<ultin~ <le-cri¡;nor. f-.€. 
come< th<· ht'!Ual >liUr<'~ bneua~e pO<opam 
in ,.on,~ pro~ra•r.mi10~ lan~u~~··· 

t: ,;n~ thi> approad1. ;,] • ., < ~llt·d •tr¡m ,__,. 
1r{mcnm•l (\\ IH 1 ;¡, 1\'JWI ;~J- th,. pro~'""' 
¡, hi<·lan-hirall-' "ru<"llll ••<i ;<nd ¡, ""'"''' 1l>c·rl 
¡_,, ""'' .,_,_.,¡, t• "ftn,-n,. n l" Ea< h 1 di.,,.,, 111 
' ' int~rprt-!<·rl h_,- t<·lenin~ "' 111h~r lt·ftm .. 

"'~n\~ of 11 !lit·h it ¡, H , "'"1''""'"'· (' """'"'' 
in~ thi; nH·th"d. 1\'illh •lnk>. 

1 '"''"'~ ¡.,,_tu ·1'•- tt.>· Qt '"'"'"' n '' l.- 1.1\1" 
...... , ,¡,, "'"'·'' ''"'''""• '""·"'" ",., .. .,,.,. "' 
'"'" , Q' n .. ,.,,,.-,J_ •'-"-"""' , .. ,.._ ,, · , .. , ''"'"·-­
" .. ""''- l.ot" ,.r,.,..om-nl ,,..,,_ """ ""'" '''"" 
<h•t ' .,¡,.' "'"' '''"'" •• • ""I'P'"'"'·'' ·- •"" :nu·: 
... '''""'"¡,,,¡¡¡"' '"'"'""'·"''"'¡''"'"""' 
'""'"'a'"""""'"'"··'""""¡;, ~oll ·o ~n~ 
tln .,.,¡., ;,1u.11 ''""~"" ht ... \_, '"""' • '"-"'' mon· 
.c•·•hl··· '" "p\am tlu l''"" '"' '" "" "'"h•n"­
•"" lu ""' ~·1!, U• •••- ;ho Lo , ,¡ ul , _.,.r.;, ¡n < m 

''"' ''"'''·"''- ''"'' '" '""""" ........... : .... ,.,, .. , 
r ...... ,, ,,,.,¡. "' ... , •. ''" ., 1 ~· , . ., .. _.. '"' "'"" 
"'""' 1·1""''"'·"'' ~.¡.,.,.. •' '"""'·-"-' ""'' 
t " 1 ... _,., ,.,,,.,, ' " 1 ~ '" ,,, " "' ,. '" ' ....... ., ' , . .,· .. ·' 

., ..... 1"''"' "-" ;:., 1 
O¡ u·'·'"""'""'''"':,,,.. "f"·n m•·~··l··~ -'" 

¡,¡,""'~'¡',ni ·,,h,¡,m-: "' , un.,·r/ "'·" ¡,,,., 
IH1t!~~;¡_ .>.t ,,,.. ¡,,,, .. , ¡,.,,.¡ ,., ,h,• ''-'''"' 
,.- tht• ph; .;, .,; "·" fÍI'.<t<' ;-: ,, ¡, 11•'" 1· ',.: 
1''"';,;,.,, ;ulrinll•ll.<i '"/'·•l•dl/i,-,_ "',,JI.,.,;¡. 
¡,¡,. r .. ,,,;,.l\, ''" d.n:--. .• md ¡,,.¡, .. ·<11\\J' "' 

11,. ,¡,.,,¡, "'" ¡.,,.,., ¡,.,,.]. r,.,, "'"'1'1•. '' 
'-''"' ln,·l . .,-,,."''' th~ p.1~'11l;' bar""·"' "' 
th·· '''"'l""''' "",¡ 1''"'',¡,, ·' !.""' '"'"'1 
,,., ... ,, "":di "'h''' 1""''"""·'· ,,],,' .• ~ .. 
"'·"' '"-" ¡,¡,._, "' h:~h,.,- 1·····1- '·"' 1~· ;,,. 
1'¡,.,, . .,, <'< 1 '" 11 l ¡,,., h,,d nn::: 1 "' • ·! ,,.,.,,. '"' 
.• ;,,-. ,¡,. Jkl;trl ¡, , ... ,, .. ,,~..,. ¡., _, 1''"'' 
!,•\(•! 

'l'lw ,.,.,,. •. ,,, .. r" !''"~""''' ,¡, ''"" /,,... 
"""~'' •I'J ll.t ,,, ,,,! ;,, ,;,,. ,¡,.,,¡ .. !'"'"'" 

·~·····~--"''''''"-'' '··-:-· 
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ahout •uch c<>nr~pt.o as r~linbilj¡y and cor­
r~c\ne"'-

Me~n T•me Betw~en Fauure 

V. 'hile use fu] for foc\JSÍn~ our an~mion, an· 
alo~ies "ith oth~r •·n~IM~ring fieiJ, mu'l 
be u..,d "'ith <are. Relial>ili<y "<one are a nf 
incon1plete analo~ies. The contepl of m<"nn 
tim~ b~/u~cn /ai/urc (.\ITBJi doc•_, not ap­
ply dire<ll}· lo $Oftwore ahhou¡:h 11 >ome· 
timos¡, used as if it <loes. 

Systems built fron• phy:sicnl •·omponent~ 
wcar oul; tron<Í>tors faLI; motor. hurn out. 
5oldnod joinu b,...ak. This is al"' !r<>~ for 
Lhe hard,.·are of th'e <:<>mpuler. Ho,.evor. 
the lu¡:it·al romponenl-' of sofo"ar~ are clu· 
rablt•. A ~~,·~n pru~ram ,.-jlJ alway• ¡>r<>duce 
tho """'" an•wer fm the ""m" input, ""long 
a• the harih•are don not fait When a wft­
"'at<' mn<lu l•· "fails," it hu l>~en pr~s~rncd 
.,.;,¡, on input <h,u fonallv renal...d ""error 
pre-"'"' from tlw hl4r\. · 
Th~ MTHF mc•a.<L<re' !he• <Ínle bet\\"c•c•n 

r~w·lotiuns of ~rro". Thi,, in 1 urn, del'""~' 
un th• ~ind' <Jf in¡nth ple'{'L\Lc•d. A rom­
pil~r ""'d OLol•: f<>r .•hnn ¡.,b, from ""~""" 
may ha'''' a loOJL~ JlfTHF: hui ifn Í> SLI!Idenly 
u<<"<l fnr otlwr np¡'l"·,oLÍ<HI.<. ;,, ).!TIJF ma)' 
do-.:r~a<e ~h;orph as un<u•pet·ted error> M~ 
~•erd.<e<l. A large MTBF ''"" thu, be inwr­
preted <Jill)- n; an indH'OIÍ<oLl uf, l''"'ihle 
reli:.bili:.", 1101 11.• a ]>rOOf of it. 

ErrO< D~ys 

Sinr~ formal r~nifir~l ion of large d~''"' of 
prog1~111s i• .«ill unnnaina~l•. tethniqlLc•< 
ftor e>timMin~ <h~ \'Ulidilv of l""~ran" are 
SIÍll bein~ ron•irl<•red, ).\Ío"' .,¡ <h~•• lc·rh­
nique_< nt"a<m<• thl• numh<•r of t•rro<' di;. 
co•nod, ,.-hieh nre ,,~<tnned tuL<· J<'j>te· 
st·tU~I L\'t' uf 1 he 101 ~1 (Lumhc-r uf ~nu.-,. ¡ore>· 
''"'in lht• ""'"''"· ""~ ho·nu· a mt'O.otr<' of 
th~ rpli.,Liln.' of tlw •:~wm. 

Mili< j/l!IL1.7U] d<'iille-' on Nr<Jr <In.•· n< a 
mt•n<un· ~\Him~ 1ha1 «llr ..rrur ll•n1.1ÍI1> un­
d••leCI<"d in~ ')"<te\!\ lur ont• ~.l.'- Th~ 101al 
ll\WLht•r ol error d.\\·; Ítl o "''•n< ~' \'011\• 
ptneri ~>:· <nnllnin~. fm r.u lt •rrur, tht• 

h·n~lh ni !1\1\1' <ha1 ''""' ""-' '" ¡¡.,. '' ''~"'­
A lti~h •·rr"' d~,· "'""" "'·" "''''"l.rnnm· 
~ttor. lv<><>r dt·~ipu or lull~·ll\t•d , ... .,;, 
(pt•<>t ,¡,., ••lnpL\WJ\11. 

3 

Th~ as..umption is made tha1 if a pro· 
grom is deli\'cred ·<~ith 8 lo,. "rror dR.'' 
coul\\, 1hen there is a &oo•l chance tha• i1 
,..;11 rema in lo" during future "'""- Ho" e• er. 
1\0U mojor problem' remain l>efote ¡¡,¡, 
meosure can be ,.jriely u•ed, First. Í< il. 
rl ilfioul1 <o rl1sco•·n "h"n a pan iculor ~rror 
firs1 entered o sy.,~m. Srcond. it moy b~ 
d1íftcul< to olHain such information from 
the rle>eloper of 8 deliHred prnJun 

P1ogramming Toohn•Qon 

SeHral au1hur> ha•·• memio.,ed tha1 the 
number of l11,es of cod~ prudureJ u,- a 
¡>rtJp~mm.r in a ~i··en 1ime ten~< tU be 
in<l~¡wnd~m of th bn~ua~~ u'ed. Thi• im­
plios that hirher le\el l"ngua~~· enhanr~ 
prudueti•ity ¡Buuo7~. H ,,_,;;¡ Th;. ;, 
true "'"" tlt<ou~h ""''·mUiy lan~LLa~e pru· 
~r~ms art pol<·n<i•lk mor~ ef~<Í"rol: th<-ir 
polential is wldom reali>td in p<:to'llco'. 

The ~oals in ti~• elopin~ t·nrl.' ¡,;~¡,,., ¡~,el 
lan~ua~.-s ""'~ 10 b<· ahlr tu t·'l"'"·' d.~r!.• 
~n nlw>rithm nnd tL'.Hhlal\•11 i""' ,.¡,-.,;.,11 

m•t hm~ I""P"'~" )11\JF""''· l'lw t·ft'L< '' "'' · 
of 1 he ¡ • .._,¡, inc ,-.,,¡,, ""' all im¡konant_ Th:-' 
led 10 ~ulnt• ""'""''líe_, in F<~Fc L nA:-< ari.-in¡; 
from 1he struc1Ure oh he !B).I 7n-t lm "hich 
it wa< rie<-elopt-•1 1fur e>am[tle. !he lho•e· 
wa." br~nd1 uf 1lw "'Í\hmetic· IFI. Al <'<•! .. 
.,-hi<h "'"" d,., ,.J,.pe<l ~s n mllehillt -indo · 

, pclldtnt "ny uf ,., p1 •·.-sin~ ~lr.ori; hm>. con· 
ULÍn~d cont't'l"" "ho<e implementmion un 
con•·enllonal hRCd\\art• \O M lnefftri•nt 1<-~ .. 
recur.ion. raJI-h,"-tlO;,Wl; thi< mo•· "'Pl•in 
why At.C.ot. is not \\Íriel)' u<c•d. · 

B•· 1he l."e ]9(ill, Í1 "'" a¡·n•¡JL<•d th:u 
<he hn~u,,~,. ,houl~ fAt'Íhtnte ,,.¡,¡.,~ !h,· 
rro~ram n"rl tha\ th~ n:~<-hin<" ,)HOul~ ~~ 
de•i~lle~ 1Co l'r<·~\t' all ,.ffL< Ío•m Hll>-1im,· rl\• 
,;runnwn1 Toda\' th~rP t< a dHinLlt' ,ohth 
1!>\\ard u<i11~ 111<' l"llPI-'~" 111 m.,~t· ¡ow· 
pammin~ ftnd du.-um~IH a1 Í<lll ,.,.,¡,., .wd '" 
protlwe reliahh• nnrl ,-~rre,·t •uft>•at<. 

Thi• <lo"" no\ mP.,n. IHm <•o t•r. 1 ¡,~, ,.[~. 
<'l<'IK-'- ¡, >p>ur.•<l tu<la•·. \\'lwrea• Pl..'l po·r­
""', tlw 10 rll '"~ of •i rnp!e l''"~ra '"' "Jo,,.,. 
,.,et·utÍ<ln time Í> q\LÍll' lou~. l'A"'"· "'·'-' 
,¡,._;~n•<lto P'dud.· ,-on•<n<n• .,¡,., •• ""'' 
chitto· ,,.,¡~ i.< ;,.,.¡r,,;,.n1. ·"""~ h.\l>hur~ <· 
1~,._, <'J'"fl_,¡,.. th-llt !'"';r.ou:nh'l•. rdi.lloo]­

•ll)' h:!.< '"'''"""' " "'·'l"' '·''''"" '('¡,,. pr ... 
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e "' ha.< he~n cl•fnwd {CAI:<7:,]. This <.'"l"' <1f 
lan¡;u~ge ~on<ain• l\\0 "rucour~s- "ou¡N" 
syn<RX of h~sk ""t~rnem t: pe,, such a; if­
thCn·cl•c. ,.-hile, and M'<¡uPnct• for con­
n~c!ing com¡><>ncn<s. nnd an ''inner'" 0\ni.a> 
that corr~•pond' tu ¡h~ applica•iun J,.,¡n~ 
de.<ign.<l. Th~ inner ,_,·nta' is.l::n~hsh >late· 
rn~m orient~d. and is HJMnd<•rl, .<tep h,­
""P. until Í! <'~pre"'~S thc alguruhm i~ 
soml' pr<>grammm~ lan¡:ua~e. F1~ure ~ rep­
'"'·''"" on <·nmp le n fa l'DL dt-.<L¡,n. 

h should L., nnu·d here that J>:>LJPSA 
and I'DL cmnpl<•n¡ent <•a<h oth..r. 
!'SL/l'SA is R 'l'l'<"iflc3tion' !<><>] thal •·ali­
dat~s <"<>rTCCt data U-'<l~e Lc"'•en 1 \\O mor!­
,,¡,., (intt·rfaces). ,\ '.'"Mem lik• PDI. ¡,u><·· 
[.,¡ for d•·•cribin~ a ~h~n module ni an_,. 
h·•el of dt·10il. Hmh i'SI./I'SA ¡,nd I'OL 
c,\n ~0111nhute lo'"'"' e<-~ in a lar~" prui~<t. 

EHn th<>u~h ,¡,.,¡~n<'<l ftorn th~ ''''1' 
down, mRny '-' "'"'"' ar" im¡MI!w!Ht·<l frun> 
1 ¡,._. b<>t tu m up. 1.<ow-lel'o•l rout in o·• an• fir" 
tu<l<•<l "'ith <lriH•" 1<> '"" tlwm: Ll"'" m·11· 
nw<lul•·'· U>ÍI1g 1 h<·"· ]"" -I<·H·l '""'Ü""'- nre 
a<l<lt•d. noul !he'·'"'''";, l111ilt u¡> 

r,,.,¡,,m ,¡,.,,.r"l'~"""t ;, "'"'''"'' •··h­
niqu~ ¡,,. Ílll¡>l<"ttt•·tui"~ hi .. raro ha·,.ll,­
strurtun•d ¡oro~t.llll'. Ht·n• llw tu¡o·l<·ld 
ruutine' nre "tilt~n fir>l ~nd ¡,, ... , h·<d 
r<>Uiin<·'· ,-;ollt·d .•lubs, nrt· "'""'"In in"·r­
fnet• wilh ,¡,., •. Tlw S!u]., rt•turn r<m01ul 
after printin~ a oimple n>e-""'~" &!1<1 "'~-~­
return sonw fturl ·'""'1'1'" '""' ,.,,¡,,~, Tht· 
>1 u\, ¡, ,., . ._., L\ Ltall~· repL<«•d h)- 1 ht• fult "" orl· 
ul,. "hit h nnw induM• t·all• to ut her "'uh,_ 
In this manner an entite '-'-'"'"' ~"" he 
gradually d•1·eloped. 

!f U!oerl ~•rrfuiJ_, .. thi• t~l'hnt<¡<tt· r~n ¡,. 
\'111 <llohh•; ho" <''N, 1 he """'1" ·, ' <>rt o•t't th·.<-< 
;, aAAu,.,w•l. 1101 prOH<( <>nlil th~ la<t <wlo 

no>< I'IU>t'f:!Jt · llf: ''''" 
,·.r,.,; '"·""'""" ,,, .• , .• , '" • ,,_, .. 
1 ":< 1.1 !! t; " "-" ;,,,,, '" " ' '" ... ,.,.,' 
m:CL.IIU: ¡.., h·o .,¡ '"" -••·-
""''"'""'- ¡,.., .......... ,,' fl,.,, 
\)\1 1' 1 IIU: "'""" , lo·nwo•·• '" Lo·< L. 

"""- ""'' ,.¡,.,,.,, "' '"'-
""""'""'- lup~o "'o,,..,,., "''""'''m. 
t::m 

tSl> '"-"· 

F<•·• ,,. • I'IJL ,¡ • !'"'«·"" '" (,,,, tho· 1 ""~' 
'l ....... '". ,;_, """"' •• " -" ,. '" .. ,., ... ' ·-. """ ' 

""'"'"'"~····-· 

-"• 

lG 

loas be,.n rep]ac~d {Dt::<:-.ifut] The dot·u­
mema<ion spe!'iio~• the a""un<ptions on 
••eh •tub. ror cumple, if 

/< d • if ph t thon '''' •l•o hlzt 

;. a pto¡;ram fra~mer,t rallinr stub• R and 
h. then f "'itl be corrr•ct <mi y if '""modules 
r•·rmually replacin~ th~ .<tub, ¡: an<1 h are 
correa. 

\'ia wp-<lown doHiopm"nt. a usor s~f'S 
tlie 10p·le•·rl interfaces in the "'""m'""­
eark Ht• CRr>th<•n mak<· ch"n~''' r•·lati•eh' 
ea<th- and •oun. Anothor appruach "ith th', 
•amo gQal is ilrruln.,. <'uhnn~rmerrl [fl1~1 
75). Lsing thi,; l<-<hnique, a .•uh;;et of th~ 
prob)em" itrst d~si~m'<l and im¡>len>•m~d 
Th;, ~¡, .• , 1)1<· ""'' • nmnin~ -'-"'~"; <-nrl_l 
in th< life cyde "n•n t·hanre. ar~ ••-<ier to 
nla],e. This pr<IOP'>' 15 1<-Jl<'Sit"l] 10 <if·<tlop 
su«·e<;.•i,·el;- lar~er ~ul""'" until the ftna! 
pr<>tlut·t i< ddi> o red. 

Hrooks [Bl«llJ~5] belien·• that the ¡,,.., 
,.,."¡"" of a "Y'tcm is ah<·ay• "t~nmn 
"""."·" berKt"P th• cuncrl'le 'J>eciit<,,tiom' 
fur a <1'<1< 11\ ~re <>ft<'n ""' <ldined untilth•­
"~<~•; ¡, , ompl•" -<l. ·' 1 inw "ht•n tl..- ;,,¡, ial 
P""'''ct m~e" th"•• -')>c•<'Lit<atwn' rnth..r 
!'"'''"· h ;, <>Ílell ·-h.npo:r an~ r.,, ... lo 
rt"lJUilrl a "-'-sttm from SCJ&I<h thKn 111 tr;: 
l<o nwlhf,l' •n ,.,;,, H>g pro~ u~< '" nwM theo.• 
'JM'iit<'aLion<. 1-iuw~,H- a d 1·oPI<>¡>H mil 
oft~n <lcli• or '"' h a "'""'i>ed "•te m "' a 
"pr<•-r<•lea'~-- if a dt·adlitu• is ,;,. ,H\d <h<· 
JlU<rhli<er ;_, drma11din~ rt"<uh.<. Th.- hu,·or 
llt<•n >ul!~" "i•.h thi< , . .,,ion. repl••a· wi1h 
"""rs. ttnttl he thro"·' 11 n"a'· or ha• th<· 
prnduo 1 r~buth. l<Prati,-e t"nha;•<•nt~nl t'BI\ 
n\H~<· rel<uil~in~ lt.<.• chMHi·· ,;"''' rhNo i• 
a '""ni11~ ,,.,.,,m (nm nto·•t ;.,~ ~11 th,. r~­
qu, o·m<'l\1>) e~rJ_,- in L he <lo•lo•],.¡ 'lll<'IH <' d,• 

Tltr o·ho""n ~~~<>ri1h11o• ,,ud rl:u~ ""'"''""'" 
h"''' a onuch ~~~ater uH1LL<'IIle on !"•'~''"" 
prrfurtn"n'-~ 1hou o·o<!o• "1'""'''~1ion ''' rhe 
pr~~ranmtill~· l.tn~"'~··- !1o•f•>r• 1· h1"""'~ ,n 
al~orithno. tlw pro¡:r~"'nl''' f:11·e~ th<"t' 
'!"''" ton.• 

• Ca11 1''''' iuu,\_1 
u..-d~ 

.. 
• 11 a "''" m"d "¡_,. 1111><1 ¡.,. " : i<: ,., , " lo,H 

a]~t~ri<hno< :mol ob1,1 "''""'""'' ,_¡¡¡ 
~Í<'r m< o·ffio·i,·n: _ ... ,hotiollt'.' 

- --------- ----- ------
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Prutrammin"~ lan~ua~e' U<ualh· indud~ 
stanrlard mnth~tMtical funttion< >urh "' 
sine,lu~arithm, and •qu~r~ rnot. Th•t· ~¡,~ 
the pro¡:ra mmer rearly arce<• lo iJ broru·.• uf 
atondard soúware !'"'~"~••· This allu"< 
the programmer to U>e results ol pr•t·iou• 
work. In ptt•paritlg J""~"""'' lor M~ndarrl 
hbraries, anah-st• hat e i nd ucl«l lt\JnY ur­
tioru~ in a smgle pack•~•- The ~rf~ct can be 
a !ar~e cumben;ome paáa~e ,¡,ich is tnd­
ficient ~cause only a small pan of 11 is 
applicable at ~ny one time. Thi> t·an be 
a\'Oided by instollin~ muhiplt• 't•rsion_, uf 
the morlule for eaeh •pecial ea,... 

Many opponuni<Ít•s remoin for m"re 
packagin~ anrl use ol ,.,¡_,.in~ sofo"' are. Dtf­
fic<:lties 1n achiet'Htg this indude. 

• ldentif;;ng "hith "antlard al~urithm 
w packa~e. Th1s is , .• ,ier in tnO!h<•· 
matiral atea< •urh a• •<~! i'liral 1~>! in~. 
in t e¡;t at ion. <.ltffe• e m iutam. and mmri~ 
rumpulation• th.ln in m~ny lllm·nu­
m••ri<·al ar•~.• ""ha< bu.<in.....,; a]tjl]i. 

""''""'· • Tran•t•>nin~ and interfaein~ "ith 
P"'·~a~t·d wft,..;rt· . .Suna• ¡uu~rt" ha• 
bt·~n m•cl• with prup""" <L<>retl in 
rud·only memuri~< "hit·h plu~ imo 
minopro<"<"MOr~. or ""h imNfOI·•· 
pror""""'" on t<>mputer not,.·orb. A 
major JIIUbltm area lio.' in int~rfuin~ 
r.oftv.are directly lo otbor .<uft"art·. 
~inre rhere are no t·unwmion< Sonw 
help i> affUirl•d [.,~ •uch t"<>ll<rpts .._, 
!he ""piprlinc··· in L".'\1:\. "hich pru. 
~K!es a gentral rummuni.-ations rhan· 
nel betw"en programs ¡ 1\rrc<~]. 

Al;¡o"'"m Analys•s 

.SullwtinH".< the ¡nupam 'l''"''f"·"ion ¡, 
""' rhan~•.ll>h·. ami th•· an.''''' "'"'' r.nd 
thr be.<t l'"·'·'il>lt• ale<>ritlotu: . ..:""''"""''"'· 
bo"'"'"'· !lw <J'<"<"tr.t·3tion• , .• 1n he nhe•ffi 
'" p<•rmit n ""'"" t•fli<"W!\J ;nlut<n<L ln '"m•• 
i"''""""' "" , .. ," .<!tu" !h~t rher~ "'~ nu 
alp>rithot~> f""'"'"'"'"d tn ht· t•!fi.wno in :oll 
"''''"'· }¡, r~ ''1 '1 '' "' ¡,,,., ,. l•k•>r nh '"' t h ·n me 
dfi,·i~nt in ""'·'' , . .,,,., h11t '" ,.¡j n<>t ~i\e 
t""ll"t ><>)<>lÍ<'IL' :t\tl't ¡,,. 11•<'1. 

Tht• ¡,.,, fnu r ¡,., < !·'''"''" 111 ill"'' r.ll ,., t lot• 
mo.r t·ffi,·i,·rH ¡,,, [,, ' ""'~'"'in~ t ht• Fuur. 
i<"r """'¡'""'·u ,,.,.¡,uio.¡<><· .,,e(01 i" "~'•· 
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fartn analysi.• ¡Coot.G5]. Thi, tran,f<>nn i.< 
hH'<•d un ~ f11llte >N of ¡tt>in" ratht•r <han 
un a rumpl~• intc·rral "hich ;, harMr !u 
t·umput~. L~n~ua~~ ~n~l~•i• lpar!<in~) on a 
eurnpilt•r ,11 u.<traa•> hu~<· changtn' <he ')"'e· 
tfiration ,·an permit a""'"' t·!fl1·ient •olu· 
tion. An1 >lrln~ uf S symh<ol.< in an arbi· 
trar.l <onlt>I·fr<t• lan~ua~,. ,·an he pt!rs~d 
in timP of ord~r Ot.\"••3) [Y<w'G~j: h<>~<· 
e,·~r. a prUGranunmg lon~ua~" M<"d nor in· 
dude all fearures ()( "'' arbnrar•· cun<nt· 
fr~" languatt. P.,~(·.,t. ¡, an ,,.a.mple uf a 
r~n~uaGe ,. hich can b~ pnr-td by a deter· 
mini.•t Ít" !Op·rlu"·n par<~r in a<'"'"~" nnw uf 
urder Ot:ú [ . .>,uo;~j. lf .,e ar~ !r~~ <u 5Pl 
lan~ua~~ .<pecificaiÍ!ms. w~ can d'~""" th~ 
language and be '~"arde~ with ~ff><ient 

eornpilers. 
Mon~· wac·titiii l""hle<m .. <uch a• ¡oh 

<ehe<lulin~ ur Mt" ,,l t·ommodit ,. n,,, . in· 
,.,¡,., t•nutnerMion of a <"omhin~torialh· 

br~• tJUntbi:r of ala moti"·' and ,,.],.,.""" 
ul ~ hest suluti<>ft. Jn the.,t· ta .... , it ma1· be 
het!er tu re•H·i<·t the """rt·h Í<>r a <ul;,pti· 
mal hut ~Uud ""'"er. \\"e ,,.,·untJJu•nrl !he 
j>.IJlt"f hv \\"etcle [\\"t:tl>;;¡ fur a rh'm'>'Í<>n 
of tlw i-oue< andA ;tote·of·tht··Otl •uney 
ol ai~'>Tithm anal_,.,;,. 

In m3n~· ca.<e5 !he rewlt.< of al~urithmic 
llllal"i.' firt• nut t>!rltsi<e t·<wu~h lo h..Jp 
t ~~~ pru~mr.u>u·r: t hu' ",. JU·t•ri w uff<•r t ,.,.¡,. 
niqw' "hirh ~•n ht•lp lor·a¡e anrl remtJH 
•uut«"·' of int•fftt·itm·)·· One 1ueh lO<>l i.- an 
n¡Jtirnilttt~ cornpil,·r «hieh. fnr >onu· lan­
~"·'~'""· ~an ' idrl >i~nifl\·nm imprm <llo<"nt> 
[LOIIHG~J. Tht 1alue of >O<"h tuol•. h<>~<· 
elcr. is lilliÍ\t••l rr.;,., t71]1lnd ""'·'be .... 
~li>ed on!<· lur l'"'~'·'m• "hieh aro• "'"d 
ofl<•n t'n"u¡:h tv J<>•Hfl tlw inH>l!nt•tl\ in 
opt nnia.t ;,,,. 

Om• uf the mu•t l"'"Nful aid• ¡, tl.e 
{n·<¡ll<"ll<:< hi.•I••P""'· ,.¡,¡("], rt•1<".1l• h,,., 
oft~tt , .. ,.¡, ~~~lenwn! of R l""P""' ¡, <"'<· 
nnt•tl. lo i• ""' """'"·'ll<> frnd !ltat !ti" • .,¡ 

·~·~ ''n''"""""'' '"''"'"' r,, ~'~'" of ,¡,,. ,., •. 
<"Utiun unn· 11-\-.:: t ~ 1] . .>, l'"'~rAn<mrr 11hu 
'"'""~"'""'"' "'' ,¡, •. ,,. ·¡,.,,,¡,., ... ,~.·· ih he• 
sl~omhm• '"'"' ft·;¡),,• ,¡~llifhlllll porf.,nn· 
n,,..,. impp><~H1<·10t• ;¡t ;1 !!nnirnntll ttl'e>l· 
"'•""' Thi> ""• 111 "' 1 "' · lo.,. ¡,,.,., .,_,,•d i" >unw 
inl<·nu-1 ¡,.. "!""'"" '"~ -~ "''"""'· >uc·h a> 
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Ul'lX "",¡ MliLTICS. "'hich stam·rl "u< 
a• hi~h-k,..,] bn~ua~~ o¡><·r~tln~ ~-'""''"" 
Rottlcn<·rk~ ha•-~ b•·on rerl•tt•d Ly ·''-"'Tn­
L\y l•n~uage rou<ines in lt•>.< <han 21.1'< ul 
th~ ~)otem. 

Theory ol Specohcaltm>s 

Onr 1trt·~ nf S<>Í\\\are Pn¡;in~~rin~ that i< 
""" undcr •tudy Í< sy•t~m <p~ci!irations 
1be objcc1i•e is to >!Ole the >)'Pniocation' 
enrly u•in~ a metalan¡:ua~~- Thi~ pi••·•• 
restrictinns on the d<·.·i~n e.ml "'"." holp 
estaLlish whether thc· 'P<·nflcations ar< 
me t. 

An enrl'' ~\amp le o f ><>eh a "P"<ifi< a< ior> 
,..¡.~ th<· sO-callerl''gotole., ¡Jr<>~rornrnin~" 
[DIII<GII, K~t"T74]. h is pn.J•erh <alleol 
"stru<!ured ¡no~r•mmin~-"lt "'""'''" tlw 
f.,rm <>f •1~\~nwnt' n pro~\ ,~nwr ma ;· uw, 
but thi• rt'~uirtinn !'<J!\tnUut<'S "' <"•!lllpr<·· 
h~nsihihtv ami t•nh"nc•• " '""'''""-"' 
proof. 

A «·•·nn<l ~•·1 uf,,,..¡, n,¡,., <'lllplm·' <~•· 
''""'q><, .. r h·• ,.¡, , •f ah-<,'" , ¡, '"· ¡.,;, ,, " ... -
<i<>n hiolin~. anri m<.rlul~ lll<•·th<itt~ '" ,, .. 
>lfÍt'l H"'"'' (() t\,~ Ínl<•Oit .. i >tt'utltllt .,¡ 
datu. l'arna.< 11'-"'-'7~) ~.,,.,,,¡¡._.<) ,n,.,... 
id<'a' "hidt "<·•~ '''""¡,,,.¡I"•"'IÍr~< <>f ,.,. 
p<'tl proo~r:"'"'"'''- Ht• ,¡..r,,tc-; rlat• a- n 
t·oll<•rli<>l> <•f !,.~;,-,,¡ <>h_i,•n '· <'·" h ,.-¡, h a >«'< 
of allowahl•· •<.n<·•-l'r<>t"dl"""' < an ti><·n lot· 
wri<l<'n t" hi<lt• lltt- "'1'' v•t·r.tol ;,,, uf l ¡,, .. ,. 
.,bj~~l> Ín•i<lt• <1'1'•"·''" n><.dult·• Tlw U•t'f 
nmnip<Jl;ut·> tlw ,¡,j,.,,, ¡,,.<allí<>~ the '1"" 
cialpt<>t't·tlui<"'- · 

S••••ral b11p1:t~P' that f.11·ilitat~ tltt• .,.,. 
of \)"'"' t'toll!'t·l\1' 1""'' I,.·Pn <lo•tt•lu)>t·tL 
An101>~ th<·•~ aro· !:1 <"1.!1> )l'nt•F7;), f"l.l­
)l,t•l; 77]. anrl Al o·tt,t "" ) \\" t ·u 7 l;j_ TI., .• ,. 
I.1Ll¡:IO:l~<·>< l"'l'nlll 1'1"~'"''""'""' '" ,¡,.(,,. 
ol"lnot·l tl;l!.11tpt·c ha,·in~ !],.• l'r<>l•t•m' '" 
~n~ap<ui;,,,. tlw '''i'''"'''""'i"n nf ti»·¡,._,¡_ 
t·nl <ohjo·o·t> )t_,,,;;;,¡, \\"IH·t¡ •"<>nt't¡m·,,., t• 

an i"'u,·, ti»·,.,.,¡ "'""·'"' ,.¡,¡,.,.,, ""''' 
h• '""""llt·d \" >~11tl>t•""'"'i"" <f.,, n· 
nmplt·. ¡,, ~·. -iP-'·''•1; Ítl >In• , . .,..,. tlw nh· 
,, ,.,-, '-"~"" "'""""''"' "' ,. ,._,¡¡,.,¡ '""'"'"' '· 

A><<>tht·r ki .. d ,,r ,,.,.,.,r,-;,¡,, , . .,,,,"'' ,¡ 
""hi~h··r ,.,.J.., .,.r, .. a,. H~io•n<"" tila-.;¡ 
¡ 11" "' 7<;)_ "hit h ""' a ,.., "f ,,~ ·" ;, ... t 1, ,, 
"l"'<"tft· al),ltnht.• tnlt·r,,-tt,.n• """"'' 1"•~ · 
r,_,,., in~ r.•;tl-tinw ,_-,,,•m 0"'- ~~¡,.,, i''"" 
hilut~ • pr<>«·« r.,.~, ,.,,,,.,.¡¡¡,~ "' """ 

( ~'l"-''"' """' O • ( '' >" '" : Ju>r (O"• 
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"'ccutiHn, th~r•h.'" rulin~ <JU\ !<'t'<tr.<Í<>n 11\ a 
<lt·•Í~!\. An<•tlu•r ·"'""' >la\CS thot "" tn<>rl· 
u¡, . .-utllrnb j¡_, """input tl~ta <pae~ an<l" 
t hetdur~ unHhlt• tu alter it' inp111 ' otinh\,.,, 
\\'hil~ <h<·"" ·'-Í<>n" are n<>t <'<>m¡tl,·h·. tll<•\ 

ar~ a li,-,;t "'"l' at fmmaliw<~ 'l"''"'f" RlÍ""' 
fm ,y•tent d•••Pl 

SUMMARY 

R,..hm hO' •t~!<·cl ..-Hn principh•' th~t 
ha·-~ hel¡wd or~a'""' tlt<> <t•chniq,,., di•· 
< U"'-<·<l in 1 hi• Jlapt·r \Ro u o:r.¡_ 

1) .lf o na(!<" ,,¡,¡: a -<-<¡<« 'llwl /¡k r.• <"1<: 
f>/an. Tht• "-'"llh> lo Í1>l10" th~ ,,fmare 
<l~,el«[>nll·lH l•ft r)t·\,. <>>Hiin~d ud>et. ]\ 
~u"" • [,,,. ;, ,.,¡¡~,. ¡__ " hit h uprlat ~' prt·• iuu; 

'i:.~t·> "' <h•· ""''"!"~"''~' of ¡¡rc•-i""" d~· 
,.¡,;.,n~ l'<'n>m~ un\.~¡nwn. h t•ll<tHJT~~e' 

mil~"""•' '" "'''"''"'' !""'""'--'· 
~) p,.,¡ .. , •• ,.,,¡¡, .. ,.,,,,,,,,,¡,,_c .. ,. 

t ih· ,.~, h n<·"- !t· fim "'""'" " [ a nu~lul~. L" se 
w~lkthl•ou~h· .,,,.¡ l'>>!le ft·adin~ Di•)'l>\ 
o),.. \;;.-,·.,,,¡,¡,·ni "'"''""" of tht· "'''''"' 
• \, .... -¡, iu nl! ,¡.,, . .,,,.,,",¡"''· -

JI .1/<ÚIII<!!It .1<-•t·i¡¡/«i<'d /"'"'"</ '""" 
/n,/. Al! <><llj>Ul uf a lln>i<"<'l-li<•'>~n <lu~<>· 
tnPnl;, "''""''' t·<><l<·. """' <lot·urll<·tnatit•:¡, 
and ~u f<m h -'lwuld lw f<HI\13Ih· ~1>1''"' <·<!. 
Chnn~•~ tu du~u m~n•• ami ]lf<>~J ""' ¡,¡, ., . 
ie_, lllU<l b~ <trirt\y 11\oni\t"t·.-\ ""d •urlite<L 
c •. ct. roa<lin~. pr<>j~n r~purtin~ f<>tn><- li­
hrarian•. a rlo•··lopmt·n¡libmry. "'"'a IHOJ· 
•·n nnld><>ok "11 <'<trllrihul<· tu thi• ~,,,¡_ 

41 1 ·.·r r11hmm~l tvp·ti<J!< t< _,/r:~rwrrd 

I""~'(IJJmli>t~. 1'1..'1 and PA~<'AI. ha• e 
go,,,¡ ''""''"¡ ,,,.¡ d;nn "'"'n"'~' l'r.-. 
r•• "' , ''""' ''"'' "hi,·h ~"~""""' F ,,., , '-" 
'"' t ¡.,._ ... -1• "' t ut<·•- ]),.,,. riptt• "' ,..,.¡, "'l! "''" 
.,,.¡, "' ''''1'";,,. ,,.(""'"'~"'· '""'<~1 d.1ta 
ah•t "" t ;,,._ '' 11d d.nn no:" '"''" "'h ,¡,,u¡,¡ 
he .,.,.,¡ 

¡,¡.\In"''""',¡,.,, <>U~<mt«bi/,l_t l" .... 
mi~·-''""'~'" tn•·:o-ut<•pt>'¡:to•<· .. tml a 1"''.;_ 
e< t ""'~¡._,,.¡. '" """'""' t•at·h inrlitith,ai". 
•·ffnn' 

Gt l ·_,,. h>'ll<·t ,,,¡ l;.,,n 1"''1>1.: Th, 
t·hic•f 1"''~'-''"'"wr «·,m. in"¡,¡,.¡, ,·.-toh Ía· 
n;,;,¡,~¡ ¡, ,;,;¡¡,.,¡ :md ~···•un::d•h· r ... ¡,. 
Hr"""'· ,mi ~· .,,¡ r<·•ult> "''" "'" .1r<kd. ~,n, 
in thi- kfl,n. 

:\ ,\/,,,¡,,, ,.,,, .. ,.:,,.,¡ ¡,, <nll"'"'' 

'''"' , ... _ ·"· ' t h- tlnl ;- fm 'h• ¡,,.,,: ,,.¡, t r .. , 
'"ll"'"'"'"''":- 1\t- "1""" '" ,,.,.. ct .... ¡ .. ¡ •. 
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l'rnp<rlu ,., '"' S"/lw<Jre J.'~t¡:i"o-a<~/! 

ni~f\\1< in "":,wart· ~n~inHrin~. hui <lo not 
... ori~<·o n·liabilny for mudifwlnlny "hii<· 
pu.-..uin~ them. 

Pro¡:r<·oc< ha.• b•en mad~ in uruler•tandin~ 
how ]ar~<"-'calt• •nft,.mt· sy,lerns nre huolt, 
y~t mor~ n~t·d' to ht• don~. Mona~t·mo•nt 
8Íd' mu« be ompro.-.<1 ami pro¡e<t onnlr<>l 
1~< hni~ut·~ d1 t eloped. Th~ rol<· of '"ftwore 
man~~t·ment i• toming more lo r~'<-oHhle 
that of en¡:'int·ering rr.anago•mtnt ¡., <11 htr 
dis.ciplines. w~ <an no lon~er afford co;lly 
mi.<take' "hen o~<tems are 'o lorge and "" 
deprnd so muth on lh•m. ~lo« impor­
Uinlly, we mu•t Ue pali<nt: "'" n.ed lo ~ain 
exprri<•nre on which future 1heories can 
rdy. 
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The best way to ensure that people will r(;!Sist the change ts to try to tm­
ple-nent all the new techniques at qne time. 

Tho moOL common objocticn LO ""'c. 
¡ur<d pro~rammi"l". t•<n lho lcnn, 

'"Go•h. it <ound• 8"" •nd wr'd ltke te 
do it, bu<. , , :· Moro <peciflc attaok• 
bl't bcon lcvelod >DÍn>1 ih< '"'o"!>< 
sutement and oth<r formo of •~broU· 
tiM nll>, •¡ainl! n<>t<d IF ">}<men", 
and agoin!t the dimonation of GOTO 
s!OIOm<nt<. A more subtlo and pow<r· 
fullorm o[ uue• is thio: "Oh, ¡ou'ro 
ju<l lll¡_in¡ about modul>' ptc¡r>,... 
min~: .,¿,, been doing t!-•• t lo' t<o 
y<ar>~" 

For •tru<ture~ progromming :o ha'< 
!he pro¡><r cp('Ortum"' to óow "' 
slf<n¡th< •nd not be re¡eer<d ou<:ofhl 
bY on <>:~onil>llon, wn>iderauon 
tbould be giv011 te~-">< QLJ<.<tioni: 

l. Wh~t "'ill the <~dtfie obi«Ho•1> 
' 'Aro thcr~ ~nr porenti•l di>Jd,,n. 

" th•t may be "r<tion<ed "' o 
Jlt of u<ing the ""hntqt'"1 
2. Wl1toh ol th< ~<<hnique. should 

be lllempt<J fir>t. >J<umin¡ that ~ou 
"'"""' u><" them •11' For eumple, 
shoLJid you attem~t to "" !lru:tur<d 
pto¡;rammin~ fmt. ond then try top­
do"" de.ign on •l•ler pro¡eor~ 

3. Wh•t ~ind ol rrog'Or.lmin¡ 
proiect <h<>uld ~nu be~tn ""h » '" 
e:<p<timerJ.t U> d<"'""'-'"'" tl>e ~-
1it1 o{ tho "'"'"'"=! pro¡ramminJ: 
te<hniqu«' 

•· He"" shculd '"" <"VOiuote lhe 
'"~''"' ollho ••r<fliTI<nt? 

Common objections 
-)\. "'<'ukl- be·.,c«>!«ll< to ·auurm 

tbat '><m<IO<<d pno;r.,:nn•nr. "IN'" 
do"n d«,gn. eh,. 1 rmgromrr.<r 1< a m<, 
<1ructu"d .,.,l,throu~h< (<'ne prC>­
gr>mmer <>pl~m h•< eoJ~ to 01he"J. 
pro¡tom ltbr>ri•n<. >r.<l otmetur<d de· 
<lgn "0ul.l be o<ctptoO ,.,¡;,~"' or~u· 

mtnt in any '"~'"''""'"· ¡¡,., >le 
sQme of ti'< mor< c.>mm~n ObJ«~•~ns: 

"l. ~hny '"'"'"''"' oo1 propom. 
n>en p<>inl out 1~11 !~e uru~torcd P'~ 
• •mming teeLn•q"<> '" rnrn>ril~ 

-_,·odod fn<. ""~· cl<>ol"r""'"·t 1,.,,. .• ' . . '.:.;· or "'''"""'w""" ol no<tong ~"· 
>b'!.tiUt<J p<<'~r.nl>. IMV ><<m tn ~< 
cf limitod U« {thco¡;h the ltb,>ri>n 
conoept ond lhe "rJ<tur<d ,.,n •. 
lhrou¡:h con.;epl would ot,ll !>o qm<e 
U!.<lul). Thts ¡>oint ¡, bi"iooll) -.)><.!, 
~u¡h U u "'tU!! y poutbl< 10 otiJ """" 

[ 
.. ,,.,ce-S.~., .. , ... ]' . _· _·:.:.; ... ~~--- :,:_';_:_ 
~-----"'~e--_ ~---;:.:.=-·.~;..-.:.• . ~ .. --- . 
r-~~L0:$:1 
¡.-..:-~·;.;:: ~- .. , -. 
--:-.:-:---:-r-~~·-"',":; 

~=.~-...$.~;..~~~~::.: 
~~ ~-:¿_: ~~ ·!'--;_~·':<::: 
'-='=:--:_:~::_:. 
!<<!Jom o/ eodo m a oop-down mue· 
""'d m•nnor, o g.", "'h<n compl<lel)" 
nc·~ f<••.um '" b<Íng aéded to 1 <¡-•· 
oem" !he rogu<>l o/ • "'" 

Hi< prc~lem mo)" be >lll><d oven· 
tually "Llh •he aid o/ ""'ucturing <n· 
f•O«" th .. \\'iJI 1Ut0m>llcail)" COO>U1 

uo"rueturod lo~ic into "ruc:ured 
fo•m: "h•l• <uch on "on~in<" nnnol 
ma~oc>lly tramlorm "boJ" <odo into 
"~o,,d"" c<>óe." ..-¡¡¡ •• le.,, /oster mm e 
"'ndord!t>II00-

2. Somo manager> poino out ohal 
thM ~"'Rr•mmin~ pwjcct> ore l)picol· 
ly too ;mall 10 roquire • '"'"' o/ pro­
¡ramm<r>: !herolm<, tho;· ar;ue, tto)" 
d~n·t n~ed >O)" ol tho """'" "pr~~·=­
mm~ prO<Iu<U'Ity" l<ChniqUC< S1n00 
most """"~'" •Pr"<ntl_l or< not pr .. 
P•"'d 10 ~n: "'"'' ~~ thcir med•ocr< 
progr.mm<r>·<nd replao< t~<m ""h 
on< hiJhl)" <ompotenl chiof progrom­
m<r, wc mmt oc.;cptth~< ob¡e<tion '-', 
lai<ly >olid one-but onl) for tho chio/ 
prQgflmmor te .m conce~t 

Thore" no te><on "~' oh< <>i<ting 
pr~~romm<f> in thc NPm»lton, ''en 
worl.•n~ b)" themiCI><•. '""Id not "" 
suuetu«O progumm '·'f and lt'r-~~~ n 
d<>ign_ 

J. 51111 oth<r mano¡:rr, ~bi<" 10th< 
co>t ol '"'"'n~ their P'·'1'•"'f.'<'> in 
tltr to<hn•4u« ol <tnoC!urcO P"'.'!""'" 
min~. lh~< '"inin~ ""''" " odft':l· 
r<dl_l nonotl'ial. II.;<'"Sh it derond> on 
Jh< pr,patnme" <'r<'i,nce. (JunKt 
?tnor.mmon km> !he t<<~niQ"<' 

more en·,il1 thor. """'"• rm>'·'"'"''""· 
tJ,r outhol' ''""P or.lin«l 1::0 prn­

t•·-"'"''" in an Au•tult>n ~"''"""'"' 
•r•nq· r""' to be~inmns •'ur r•~ro!l 
pt<>J«I, ond ol lloe CO .,¡-,,, .,,,,..~ •• 
th< oop P~ :Oc"·'"· e<~ht '"'' n.>>"i« 
~rO&rommrr< w>th 1<>• tho~ ''' <n.Jnt.'» 
up<n~n<e.) 

Ea« or 11•imn¡ '"" dep:nd• on th 
programmin~ l•"gt,.¡¡<: oho t<:hni~ees 
.,, ~eneroiJy <Hi«t in ntl. r.a•on· 
•bl·¡ <O!Y in COOOl, •nJ mor< d,ffio•J'.: 
in fOoTh~ •~d •><omo\y l•~gu•¡;<. b 
¡enctol, "'< lound ohu progumme" 
roq""' thro< to fJ\o doy• ol olamco.": 
traioin~ lo l<oro the teohniqu". acd 
•PP'~'irn>tcly coo mcn<O o/ prC>­
gramming (~!-.en the;· "" at ¡,.,. '-' 
produeti'< a! tho; "'" prt~ ·,Nal¡) to 
be:cme comlonabl< ,. .:.'. th no·~· 
t<'hniqu05. Tho invc"m'"'' in t;ointr¡ 
"thu< rol>li•el; >m>ll eom~o:<~ 10 t."' 

ben<~ts lh>< "'" ""'"'"d '" tr.o pt<· 
eeding !<Otion-

4- The manager oiJ<n ho! to ~'<f· 
come t<<hni<:>l o~¡<C'.'>'"' ""-<<~o·.'"·' 
pro;;rot~men.: the;o ··~1""·'"' m~,; 
/roquentl¡ eomc ttom <<ni~r pm­
¡rommer<, rr.>ny o/ ~hom 01e no"" 
pro¡ect l"d<"i, """ '"~1 food!) r<:.li 
the ""~ood ol~ da;s"" o: tilo J40J •c.ó 
th< 6~0. The <OmrrOn pr~E""'"'"­

orion:ed objoeoion• ""' tt" '"'"ard 
.1n~ ioconHn~<n< ot fm:. ohe pro­
gt>mmin¡ l>nguage i1 in>d<q"'" fot 
lhe •trie! dt"-"tpline im;>O><¿ 01 ""-'-'· 
tured PtOft•mmin¡: ti i< not <>b•ioca 
tbal IÍle "'"' oppro.ch will aeouall) 
te•P th< l>on:E" di•<""'d aM·e: JJ\d 
hany. thoa ;, • ccn<<"fn th.n the top­
d~wn "'""~red ••r•o•ch ,.-iil !eod t.> 
lf<CT>en.lou•l) indlicienl pmrr>ms. 

TI-.< a~lw"d"'"'' ond '"'onvr­
nion« "" ¡.,~<ly a m•ll<r of "''"'"~­
Th< Que>tion M bnt"•~ ade~OIC) 
c•n 1>< • r<l<>ant M<, >nd onr ,,...,. ... 
might ~e 10 con""" rho progromme" 
(>nd <hm m'"'~'"') to be~•n u;in~ 
n! 1 •nd thc other .t<lOJ.-h>,< l>n· 
gu•s« in prelercnee lo lhe primi:i>"< 
cooot-lol.e ond •oorR•~·IJke Ion· 

8"'""-
Th< objeotiM oOOut er1icien<' o.n 

<'ni;· be "'"""'d b•· •rr•~lin¡: to the 
pto~r>mmef< c..•mmM <eMe: tO< 1->t· 
tic loe ctlic,.nq ,. genoroll; ~on o• 
!o" >t rho Olll<m or rrop>m do;op 
1<><1 (e~, b) n~><io~ '""oh< •Y<I<rr. 
" runnin~ on o~ o<!•..:><n: hardw"e 
eonfi~"'"'""· ord rh>< it M"t doin~ 
th;ng' tt ,..,, •• , '"""~'J "' rlol. and 
not ao tho bit·f•Jdhng l01el (• r. ~he ro 
IÍl< pro¡r>mtr:er . ..,.,,.., .. • micro<e.;. 
ond or '"'" mdulgin¡ in o ,uhroutinc 

""'· ' 
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An of 
Structured Design 

by BiA ln.mon 

Producing lllines of code per hour through structured design and pro§:ram­
JTling is one of the advantages. 

Quick and •~cunt< d.-~lopmonr of 
compuror pro~r.nu i1 a long<Tandrng 
coal of lht <Lora pra.::omno tllm· 

munily. R.ttenlly pro~rommt."> and 
• ·ogrun dt>isn•" h>•• l><~un ro 

1,.)-mah .. >Om< o/ li>eir P'""'"'"" b) 
I>Sin1 concopro of muctured pr,. 
cramming and ,.,.,,ttmod d'"'ig"- How 
d<> !/>toe COilO<p" inl~racr ""ith rhe 
Je>a!o of quick and accurall: program 
dc\'tlopment~ 

An oumplt of haw <>nt 'Y"•m '"'"' 
de•ol<>pcd """i rhe.e !Mio in ' hmiled 

. amouol of time ;, givtn here. The •P<· 
ci6c:1 of rhe l)">l<m may not b< impor· 
unr-it h>ppened ro 1>< • • .,., ••· 
counring 1ymm. n..:cuil>l<d by a 
br10 JO'<f~ment COntUCL ,.t,;oh 
broh down the <O" of lh< final prOd· 
ucl lo com of <<>rr:ponent p.rt< al thc 
lowoU kvel. Howe•er lt!e pl"Oblemr 
lhat aro>< in rhe d.-elopment of th" 
oystem. •nd.the "'•Y tht)" wore hU· 
dltd, vt im?<>r:""' N-::au"' t~e.., am< 
baoic probltml u>u>lly O<tur tn dt· 
v-olopmtnl of moOI l}"pe> of 1)~"""· 

Syslem overvu•w 
Htf"O" • prolil< of 11>< •Y<1<m undor 

<:li•ctn\lon: 
t. Lengtt. of 'Y"<m <kv~lopmont 

-4 months. 
2. ~bnpo,.er~\4 m•n-monlh< (7 

progtilln~<n.-2 full lime, ' 
pan llm<l. 

) .. S!:<>p~. of project-<1.• <n­
clud~d rnttmo\ d«ign 1 j e .. lht 
bu•ldin¡ of .!or.•led pro~ram­
min¡ lp<CJf•••"ono . from • 
brood d.....:npllon of lho pro~­
kml. pro¡umm•n¡, unu kU. 

ing, in~egr>t<d ""'"!· dotu· 
menlalion, and tho build•ng 
a!ld mainlen•r>ee of • lor¡< 
dora baoc 

•- Tola! number of Jine• of coJ,n¡ 
-apptc>~m>l<ly 31.000, not 
i<>clud•n¡ <ymm-•upp<>n t!ld· 
in¡. ouch n lob Conorol t!ld· 
in¡, IOII·d•ta genera!or>. ele. 

~- Langu>¡-<-<:OOOL inwf>Clng 
tho dato ba .. "'"h oc\. 

6. t.hchii>0-10.'< l701 1~5 . ..-ith 
>W 

7. Dala ba!< onvironmonL 
8. Protrommer todin!l productiv­

ily € 200 hou" p<r montl>­
lh>t io, appro>imaltl) 11 !me< 
pcr !Mur. 

9_ Sumbot of pro¡r>m1 ond m!ld· 
ul,..-50 

10. Mod1>n module IIZt- S 4 
P'i"' 

11. Typo of oppl•<>tion-finan<>>l. 
)~. T«:hnic•lcomrlc>.ir¡-mrW. 
!l. Pro~1ammin~ lo~it comple\llY 

--modtr;,lt. 
1~. 0..1¡n con<idcr.uon•-"'"'· 

rured prQKtJmm•ng. mu<luttd 
de,.;sn. 

A voup of propammoro "'"' "'1'· 
nizod mio o "chiet proH•mm<r teom:· 
The ch•<f P'"~rammor' ... ,, respon,bl< 
for 11>< de>i!n of al! pro,r>m•. He did 
1h< ><lual <<><long ol romo m••••l prD· 
gr>m1. ond "'8'""''" .>nd mordmoi<J 
lh< programm•nG of rho Dlh<f pr"­
¡ramo in !he >)>ltm_ Two pro~nm­
m<t> '""" en lho l<>m f"U l•me onJ 
fi•e Olh<r progr.mm<" oonrnbo"d 111 
rhe !eam et!or1. Pm~r•m< welt de­
usned adhenn, lo 1h< pnnctpiO> e( 

muclured de.,on ~nncip>lly. pro­
gr>ms "'"'" kept >mall and d<>iJind 
•tunction•lfy," l>r~e progromo ,.,,. 
dl'idtd ontQ module>. The cod•n1 o! 
prc¡runs "'"' >!ruCiured. No coro ~· 
U>lernenll were allo,..ed, and NOor 
cOn'tnllono of. llt!J<:IU!ed pfOIUm· 
min1 v.ert foll""ed. 

The overndin~ conm >int M lht ') ,_ 
lem dovelopmcnt "'''lime. Becauoe uf 
tonrracrual obll~'"""' pro~r>m de-
11¡n, pro~rammin~- dtbu~~in~. •nd 
implemeOia!ron had 10 bt ccmpl<led •n 
four monrh•. Tht dtadlino .,.,. no! 
<>1<1\d•ble. 

T!>t mucrurin~ of 1he da!> ~a<< re­
ft«:ltd o mons "''' orienl>lion ar.d 
wu nol <lttl,n<d lor '"Y pro¡ram 
manipulallon. Al lh< out<<l oi lh< proi· 
«1, only t..-o pm~rammo" bd <"<n-
11•t da~> ba•e "'f'<"<n«. b PI<P"'" 
tion for fuB•re on·l•n• con"J"""'"'· 
the '""'""'"lo b<: "rda!<d b; "'"'· 
oellono. Repcm were ;oner>led dlt«:l-
1~ from 1ht d>U haoc. !n ltrm< ol 
pro~r;mmin~ lo~ic ccmplc•ll). ohe 
l)<l<m wao moighlior>oard t\CCPl lor 
><>~ral i~lttnol rela!Oon•h•p< Toch. 
oicall). the compl<"l\ of lh< 'l"~"' 
,.,. nol b<;ond 1ho •brh:; ol lht <hiel 
programmcr l<am. 

Oo>sign ~oals 
Th.: ~·"~n t<>•l• ol lh< <l>l<m ,..,. 

~rt•ll)" rn!luono<•d b1 lh.,t pr~~r>m 

<k-.lopmcnl P"~"""' 
l. Sp<-•~ ol d<' tlopmenl 
:. Pro~r>m ond •l~ornhm;;: oc::u­

racy 
l. M>.,nroinabilil• of progr:.m< 
4_ 5) >!<m fte>l~rlll) 

'' 
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Thc tradilion,;l con1Jd<ra1ion of 
•. ~;:::~:h.oi;üo~ nrn efficierw:y wa1 only __ of 
' '!~ ••1 imporun<e. h wu no• •5· 
¡.:· ... (1~:t...:,.1oimplr &•'e "'') to 1he hi¡her_; 

1
• priori•~• Tlle m,:~jor ontntioo wa• d>-

natd '"'"''do tl'l< bulld1n1 of a work­
. ablo i)"cm. Once 1he roquircmtnll ol 

lh< a)'Jtem ""ere me l. con•ideralion wu 
1i~cn to run timO ellkiency (i.e .. when 
UlCro "'"' enou~h time lo mo~c '""b a 
-•identioo, which u..,..lly '""' 1>0! 
lhc cuc). 

Se•eral "'hcmes were conlempl.,ed 
lar or¡anizio1 !he proje<:t. Th< only 
woy deemed fu•1ble bc<au•e ol \he 

< time """"uiot "'' 10 "''"" pro1ram 
'apa:i6ca~oos "'hile cor.c"rrenlly pro­
·aramm>ng and '"'""8 o1her para of 
tbe oyilem. Obviouo pufalh 10 lhio ap­
proach were r..:ogni>ed bdore ¡>ro­
Ueding: howevcr_ bocauoe of tM lac~ 
DI timo. no olher m<lhod '""' f>O',.;ble. 
ThiotH•< of projec1 or¡anizali<m ptob-­

' ably <hould be ustd only wheo 1M 
:·l oituation dcmond> il. In •uch a c .. e. 

vcry clo•• conlrol aod coordmaliOn " 
ao at..olu10 mu" l>ecautc poor com: 
munkauons coa load lo a largc "'ole 
wa.,eofel!on. 

'\ To altain tho d01ign ¡oal•. all lar~< 
. '~Í:n• "'"'" ht~l; modularized. A> 
,• 'V'~ •• po,..ible. o modUle wat de­

.,¡ '·&_,·; fe! a•netal "'"1!•· "' lhot it 
·.~..i¡,'!im be reuublo in o<her pam of th<. 

•• •rllem. ln thi• "•) repeluiou• eodin¡ 
:· .• was clim•n•led or 01 leul dratlically 
,. ¡ reduced. Eaeh module wot ph)•ieolty 
. ·Kparato from any 01her module. i.c., 

lhe """"'' 1<'1 which eomprit<d a 
· ·~ modu!e "'"' d.-eloped. comp,led. and 
' Olortd apan from any Olher module. 

· .'ll>r.ifl1em .,.¡ lhe dc,.;;n "'"' 10 ~ru~U 
• moduln •m•IL ob-out low p~., o/ 

oource '"'por module. H""'ever, tht 
oire of a modulo "•• ulumal<l) deter­
mined b)' '" func<ion. Eoeh module 
had a nmued and v.·ell-defined func­
tion, ond the en•ironment of 1t.e 
rnodu~ ..-., h(e,. '"" lomiltd and *<lt- · 
de~ned. Lo thio mannet: lhe "''enH-. 
fune~icin• ~~ a pro~ram "'"'' broken 

·' into unollor. ioola~ed Junc11ont. 
Early in lhe ')"<m d.,•~n. il ,.., 

l'f'COJnized thol th"' ... .,, d1t'/erent 
l<nlo of fun<11on•ht) olons ..-hich 1 
¡>ro~ram couiJ be d!V1~eJ. An e.ample 
ol level• o/ funcuon;h¡y io ,no .. n by 
~ differrnce t-etwc~ ,..:o brse upda~­
on¡ pro~r•m• lh-.:lt "'''" p>rl o/ the 
"'"'<m. 8olh pro~r>m• "''" to rud 

-CIÍ<-n• and update the dala b•" 
~~ .ding 10 lhc conl<nt> of the lf>n•· 
OCIJon. 

Anothe< wa;· lo 'iew an u¡>dotins 
prosram ¡, hom the tr•~•Uon•l """""' 
ol adJm~. Jdetln~. cr I<~I.>Conr <1>1> 

,,; ia ÚIC dl!,1. b~~t. In 1h>l ca.o. u a 

' 

-n"~"""d '"'" ~nc of 1hc '"''' "''''" 
furw:t1cn•. >n<i ;., h•n<il<<i olon; '"""' 
lorw:tioo;l hoet-. 

Prc~~:ram tlexibi~ty •nd 
mcdutanution 

21 
Tht fto\l~llol~ of lh< p•o~r;>mo in l~.e 

•Y"<m "'"' d•fficull lo """"- Howe•cr 
1wo ot>>r><'<n"'" of lhe ')"'"' po1nl 
lO !ho '""' ihal UfUCIUI<d dc<i-n pro­
dUC .. "'"'' ftc.ibiht)', One >t lhOI 
changeo in i1 "'"" modo "''"' • mint­
mum o( et'for\. The lar~e!l chan~e ••·' 
qui"d four da)t, and 1he "'" l>rgeot, 
lnt than a da;·. The tecond charaetcr­
isuc is th< faot 1t.a1 error<"'"' quidly 
located and eorrectcd, 11 >~p<>r<d lhll 
the mojot fac1or coo•.,bu11ng 10 •Y•I<m 
ftuibility ""' lhe i•ol•llon ~· funcllo~ 
that wu oct.i<vcd by tlru<Wrrd d«•~n­
Whcn a problcm occur.. il " <><)' 10 
elim•nale m•n) modul" lrom con•id­
etation "'"" 1heir fun<tioo• '"'') h.-o 
o-c>lhing 10 do "'ilh !he problem. 

Dala couplif!ll "'"' nten"•el;• =d 
;o 1h< interl""ing of modul<t "'uh oacil 
other. (D•<• couplins "'""" "hen a!l 
inl'<'l and ou1pu1 10 and from lhe 
c•lled module oro paued., P"'""'""' 
or argumonu-i.c . at d•la clementl 1, 
The 1ndependence ¡oined here en­
h>oced both lh< reuubtlol)' of >modUlo 
and the ioolot1oo of a module by /un<­
lion ftom 01her module> . 

In othcr wa;-.. 1he mo<lular a~ 
-f1toach ac:<olera1ed !h< dcvelopmen! of 
lh< •Y!I<m. Tho ph"icol oepara11on ot 
mo<lul<t mean1 lh•l more lh>n ooe 
r><non coutd •imul:>n<outlv conl[(bul~ 
10 • prorrom. In f•cl al one ume. he 
programme" were oeuvel} working on 
module• o( 1he tamo prognm . 

A byproduct of u•io~ • modulu op­
ptouh '""' !he i«sening ohhe 101>l 
lurnin¡ lime involved in lhe 1r>n•l•· 
ti04 of pro~ramming tp.:c•fica•ioo• ;,_ 
10 eridc. :Tbio <>OI:UTT<d bec•""- as .a 
¡>rOJflmmer cOm~l<ied • module, "• 
wao uoig~<d onolher ,.;m,l.r on<. He 
•lill had the pre•iout cod.ng fr<>h in 
mind •nd could th-etefore c¡uic~ly 

'"'P tl>c ""'" prostamm•ng •pecilico· 
1iono. 

. Ano1htr fnrure of adnptins o 
modul>r opproaoh occurred "'hon o 
pr<>Jramm<r compl<ied a mo:><,lule and 
wu 1hen froe 1o "'"'l on Olh<r i)i· 

l<mt In a convenuonol 'l'"<m. o pro­
gr>mm:r n tied !O a prosr>m W\111 he 
~niV..-. iJ: •nd i/ a pr~l>ltm in hi• ,,"" 
ol e.peni ... aro>e> '"hile .. ,;,~ tll< 
P"'~'""'- oom<'tl>tn~ mo~n >Ut'f<'!. Ho,.. 
e•or. if • J>l~&ram i• brolon m!o >nt>ll 
me>dul~: m>n) hrealing poinh re•ult 
n>IUr•ll;. anJ the problcm. invol-.d in 
con,enlion•l m<lhod' ut rro~rammin~ 
are minim,.eJ. ' 

Do>pil< ..Jvonl•~<> in u•ing a modu­
l•r •pp•~ach. <h<te wcre >I>O romc di'· 
•dvonu~"· One probl<m oto>< in !he 
1nleri0<1n¡; of mo<lulu In. tpil< !ti 

' J>ia h> onoJ l<um o1hc• m<>U<t:,,, tO:rc 
11111 "'<f< <o()m< <H0fl. 1 h< numfo<f >nd 
Ofder of porom<IÍ:r>. """ eh""'""'' 
tico, ond th< inlorpr<IOIJ~n o¡ thoor 
valuc• '""" in wme """' m"under. 
Olood. Anolll<l probkm ••o10 in !h< 
Of~ani>>lion neco.>Or~ ror 1~< dl!ec­
llon of •overol peoplt "'o'""~ on 
lh< .ome p•oblom ••muii>OOOu\1<. 
~l<><luil:> '""' beOn¡ d<•e:op<d io 
t>pidl) lhll coordin•tion of ltllm¡ . 
linl1ni. ond <Oiegrolin~ them bc<>m< • 
lar~ e ... ~-

Structured walktt>rou¡;l'> 
One of !ht 1oc1tn1que> lhll lod to the 

quick compl<1ion o/ !he pro1«< '""' 
th~t of the il<cJCiuted "•lllhrou:;h. -\ 
'"•l~lltrou¡h, or menlal e.ocu1ton o! 
thc prOjJram Ot th< pr~g!~mmm~ 

te> m,"'" dono fcr uoh P"'E'""'· 
Aher • progromm<r hld compiied; 

p!Ogr~m •nd ••ruuni"d i1 for ob<101" 
errot5. ho oenl lhe ch10f pmgr•mmrr 
afl<l k!vtul mher pro~r>mmen in­
volved copi., of hit oour:' "''· Aft<r 
ume "'"' all""·cd fot -'~' ¡roup lo 
eumine th< '"'' fu•collr • f...­
houn). !h< 1eam mtland coll«li"l) 
porfmme~ • men<al e>eou<,cn ~~ lh< 
pro~ram. \ 1111 of erroro "'"' n•de ao 
eaeh !Oí<:>l p11h ''"' !o,lo"''~ The 
inl<lface "1th modul<> etih<l :1llmg or 
callcd by 11\e module betn~ eummed 
""' carelull)' chc-cl;td a. "<11. Al 1M 
end o/ thc .. alll/lou~h. 1h< hol o/ 
erroro W>t Ji ven lo 1h< • ulhor. 

In thi• mann<t mo'1 erron w<ro 
cau~ht be/ore an)' 1<>:•~:; had oc­
<urt~. Abo. lh< le>m mem~ef\ ,.¡,o 
rovi...-ed the t<\! become fon,'oor ..-,h 
a ¡>V1 ol tho •Y"<m 01her '·'"" lhm 
o..-n. Thit h<lped 10 <'<labh•~ :om­
"'"" b.,e of undet11>n<i<n:; oi >d .:om­

ronen" of 1ho '"''""'-
Coin<:JdentaU•·· ,.h,lt tbe !<>m re­

.;,,.~ the in1edo'e .. ilh other 
noo.lul.-.... erron f•"~:>lh .ftom mir 
commuoko1i<on 1 wort ol>o >P<>II<d In 
olhet m<>Jul<>. h • ._. ol•o not un. 
common lo ho<e a pro¡;ram ur module 

'"""" correc11) th< ~"' ""'" i1 ~" 
l~led. Ont ol th< major foctott in 11-.e 
"''"'" of the •Y•t<m ,..,¡he >t.Ortcc" 
of <ho limo •~ni in•t<!l1n~. ond lh< 
m.oio< conmbulor lo it ""' >ltuOiured 
,..l~lhrotJ~h> 

Progrzom IO<>tin¡;: 
~ "'"'" ., h1 '"'""~ •~d de­

hu~~~n~ "'""' <m<"<>lhl) '""'' lite to.:1 
1ho1 •he d..;~n ot tt>e ""<m itocluú..-.1 
prt1~r:<mm1n~ •P<Xlficounn• fnr <1<­
hu~~in~- :O.:ol Pnl) ~'" prp~rom:n·~~ 
•p.-.:ohc>linn• J,·~n• !~< fm>.:ll<>~ of ' 
pr~~rom or mo~ul<. bu! lhC' >1"' ,, .. 
qturcJ vari;hlc-. 1o 1:>.: i"'"""~ ond 
m•ni¡>ooloted '<'<Id) fot the P~'l">k 01 
J,•hu~~in~. 

Thc m"'' dloctlve "'ho1que "'"' 
u•in' an ac1ivi1) vo.,•bi< in <Och 
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STRUCTURED 
DES!GN 

mo.lule. lnitia!ly tht octi~ity vortoblc Íl 
Mt up 31 ina<:ll'<. A> a modulo "'"' 
in•olod. lhe '"''"uf th< •Ct~>lly va.n· 
able "'"' cl.-.nge<J to indicotc thot it 
,... active, A> conuol "'" rehn­
quiol'l<d, the ,..,;ablc "" rctumed 10 
lbc ina«<vo •1><<- Whtn • dt~mp oc­
currtd. U w., ""'Y 10 troce 11'1< path of 
Kti~ mooJuln atri•ing at tho fioal 

. 

do"n ol l•rt< pro¡;'r.m> onto m..><Juln. 
ud wucturcJ pro~rammtnf. 

The nujor critenon. th>< ol ;¡>«d' 
of developmcnt. '""' <:Orlllnl¡ tn­
h;nced b¡ >lructur<"<l d"''S"· A modU• 
l:1r prOJir>mming >pproo<:h olonc .. ould 
not hove modo ti pomblt to "me tht 
lar;< pro~""'' nte<JeJ •n the ""'"""' 
of t.me olioucd. . 

The othor d<"f" go>l>-.1e"bt1it) 
ond moint>tn•bolll¡--<:>nnol )<l ~el­
ltcLi><l¡· ••.>Juatcd >inoe the >l>l<m 
luo remoined rcloto-.ly >l>ble m ito 

' ' ' . ' -
.. _:,''· -, ... /_. 
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~ - ~ . .;¡! 
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•c•WE .. 
-ti • 

¡¡¡- = ,, ' ' ,' ,,. ~·,; ' ltnr:>ugn :h<O 

' ""' ' 

.,.,. ;~ which activity h>d cx:currcd 
(JUFi' 11. 

An<>thcr u~ful ltchn•<¡uc wa> t<> 
dioplay 1ht p•rametero of 1 modulo >< 
l.hctimc olrovcx:atJon. Ba:>..,.. of d>!l 
couplm¡. lhc ~<><l1plotc ><1 of r<le>">nt 
data "'" 1-ailablc lor de<ermrnLn~ thc. 
11a,. of Lhc module. , 

An >dditionol le<:hn.<¡uc thlt pro•cd 
to b<- u .. fui"'' 1he ~llhcrin' ol it>ri'" 
tico intcrnoll} by Clth ~nodulc. Typ1• 
c.ally, a mO<Julc woul~ ·«~ <rl<~ o/ 
how man) 1imc:1 it hJJ free~ or.•nl.rd. 
chc p.o.r>mcoc" it ho~ bcen •./l<d "'""· 
whot !~pe ol int<rn.1l '"'"'" JI h·J 
roneutc\J,.r1~. D•n Qf th" "pe m.Jo 
r«onolfuc<ion onJ onal> ,;, oÍ pro~<> m 
oclivüy on <>~) tatl.. Th<) ah~ holpod 
1<> idcntif) .ucar of ooót tho¡ hod ""'"' " 
t.o..'n lc>lcd. Alon, i1 1><11"-.J 10 Ion!< 

orcos o/ c<>dt thll ""'' """"' on rh< 
clli<icr.t runnin¡ of lh~ pro~r •m-

Surnmary 
Thc "'"'' plc><in~ an<l >urrri,i~e 

"'~"'" of •~• rroi«• '"' ·~• "'"'"'h· 
n~ wnh "'~n:h dobu~~·n~ •n<l '"''"~ 
w.rc accompiL,h<~. Thi> >ltl.x>lhnc" 1> 

roll<CI<d b) 11>< hi~h pro~r>mmcr pro· 
<!uo\O>l\); ralo <.>f >ppr~•im>l•'i) 11 
linc> P"• hour. Wc icll th01 ><•<r>l 
fao:ton contrihutcd 10 thi> IU.CCc"­
S.:NC<Ur<d .... alkthroúg~. t)>, brul.· 

' ' ' .. 
s.hor! hfcnm<. Th< fe.;, ohon~" mad'c 
do point 10 1 hi;h ~c~r<e of mainlaio­
ability. StnoCtmcd dc.,~n. "'"~ on oon­
jun<lion wLth 1hc complcmcntary lech. 
ni~"" ol muciUred pr<>¡;rommin~ ond 
wall.ohrou~ho. did mol.c pm>iblc • 
lc•cl of spoed ond ..:cur.CJ in """""' 
de>clopmcnt nol prc,iou>l) Oll>in>blc. 
Ba>ed upon our c•pcricncc ""•111 ,X. 
~clopin¡; lhi> S)Sicm. "'""lur<d de"~" 
;, •• powert'ul in pr>C"Iocc •• h» b.:en 
prcdio<«l in the.>r). o 

, ... ,. •~"'~ •• • .~.~• <>•oR••,.,~~• 
'"' C"TE ">~••~·• E·~«•o""'o !iyO· .• 

- lo~o Croo<>·~"'""~,..~ V••~. Co<•' 
· ... •..::•••~d on ... _.;;. "' ~oono~u• 
oo••~• <•<>m '"""" .., • .,<o !i!•<• 
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23 Reprir.c~é \dth pen:dso:on !ro~. (l•::.'t :;:' 
Febn.Lar~ l<n8. Copyr-ight @ The 
lnstitute of Electrica! and E!e~tron~~s 
Enginee:rs, In c • 

lHE NEEDfOR SOFTIM1RE ENGlNEERING 

War~ ~b·n~ 
Contrihuti n¡: F.di1<tr 

lntroductlon 

Early in thl• OO.:.de o.,.¡ of programming prac!.i,n, 
b.gan to appe&r thot oeem<d to (ltfer • '"")" out of 
th~ ooft wore diffKull ie• acoompan_vin~ 1 he donlnp· 
mont of l•r~e o¡••tcmo. Thes~ practire•. denlopotd 
by Brooko.' Elaku,' Dijkotro.' MiU~." and othro. 
included ott\letuM!d programming, top-do"n devel· 
oprnent, thi~f prognmmer teamo, !f l PO lhi.,archyl 
input-pmt·c.,-<rutputl dorumenlatinn, de•·el<>pmPnt 
oupport Ubtary. and otrtJdured walk thrnurb. But 
deopite ¡¡, inam•ing omount of so!t .. ·ore de,·elop· 
ment and its tising ros\ r•lative to the defensc 
budget, c<>rpora(ion .. penditure•. and even the 
¡¡ro., national product. the new pro~:ramming !.e<h· 
niqu .. h.ove not ~n adoptf<l by otdamalion. 
MtCiure,' •urv•1•ing the "''"" ot COMPCON '76 
Spring, '""' "tho peat m"'"' of pr~gtammero 
cMducting Lheir hu•;,;.,., o .. rtly ,. they did fivo 
yoars ago." :O.:or "'"' t.here lho •ligbl<'sl •ign in 
!>leCiu,...·o ~-ypor projort•on ol "strnn~ wmdo ol 
ch•nge .. llio intuition ""'la ter '"PP'"!.t-d by o 
ourvoy of mojor Lo• Angeleo orea eorpo ... Liono.' 
whicb con<ludt'd thot, for all th• fanfare, "Lhe l.<'<h· 
niqu~• ore oimply not wid.ly uol>d" 

Why ""' modern proKNmming pra<·tire• propo· 
gating so olowly? 1 n t he 1udgmont ni oome "''asonocl 
oboervPro. the rea!'On lie> in t.ho wmplexity of tho 
terhniquos and the dlffJtulti•• mono~t1nent and 
P"'!.'~'Omm<r> loo. in impl«nenting tho•m. As with 
mndorn 1nonogemcnt. pr•cti<e•. modcrn pro¡;ram· 
ming prorLite. are inLongibles thot havo Lo ~dio· 
><•minat..d by ">olt" m<"•"' •urh as edu<·ot¡on and 
tr••niog 

rortuool<'l)', l~ete ""' J>O<IÜ\'' lot<~> OL "Otk­
th• n..,ortment of T>•f•no;e, )'; "'SA. !HM. rlefen•~ 
ond spate rontror<or< '"ft" •rr ¡,,,,..,, • "rl Hni,·er• 
•iti,·; Thc prolo"inn"l ><>Cieti•• ""'''' th<• '"'"in 
tlwir conluen<e•. lDI<•d•l• ond J""'"•ls Tho l ;. no•rol 

Ar<ounting Olli<e i' •tud)·ing tho· ""' and ,,,lue ol 
M>lt" •r~ <lewlopment. tochnique• Tho><' influ~n<es. 
Lo¡;<t.h<r with tht"f:fowing realiz.otion Lhat pr<>jo,..tt"d 
><>ft,.·ar~ dewlopment ro•U aro lwtnrnin¡: a l(reator 
fact<>t than hard~·are ""'"in d""'d'"ll: Lo do•• o·l•>p a 
•.•·stem, are hterall." lortin~ 1''"!<1'"' '" b• rn•d•· 

The so!lware ptedicamenl 

The g•nHal charo«er ol the soft,.·are pre<'hroment. 
erro ~ '""" clearly. olthough coMi•t~nl numh.er; 
"'th whJC·h lo rhararwrire it moro· pre<i"•l• are 
hord to come by. R""au•• le<S e.pen;ive hard-..dre 
iS bringing """" application• within <<"Or><lrru< reach. 
the omount of ooltwore to ~ dov~lopo<! Í< inrre"'· 
in¡¡. Also to.<au•e more softworo " al ... •d> in 
exiot<•nC\', thN·• i• mO!"e ni ll Lobo rtmntom<<i RIH 
t.he pr<>ductivit~ ni p•nw•rruner< i• impronn~ rot.ht-r 
slowly, ••P<·dOil)· hy th• ;tandard• of hord"•r• 
priceiP"rformanct•. "'lth th<• re,ult thot the o••rall 
co•t 11! ooftwaro d<•velopmO'nt i•teodin¡: to inrr•a>e 
Or, i! this in«el"' is h<oin~ limit<"<l b_,. bud~•tan· 
~on•idorbtions. opponumlle• L<l appl_>· computer 
technolo!D' moro fully to hnth old .nd new •rnlica· 
tions bte ho•i11¡¡ P""..d m·-.. 

Soft ~ ••~ gr<><>'L h. Estimo te' ol th~ ov~rall coot of 
.,¡, """' de~·o]"Jiffient and maint.t-nam•• 10 the United 
Sta!<·• range fmm ~15 '"52~ hilhon' lit UO!l Jt is 
hJOOinK lh tb~ ~] bilJion·po.•I•VUt ran¡:o Jt t<'f>f<"•.'fll< 
4-.'< po·rr•nt of th¡· '\ir rorro· budg.t, 6 peceent of the 
:->ASo\ bud~et. 

A<·c.,rdmg LO \\'alter H ll<am.' d<·pUL) loor od· 
••~<...:! t""hnnlo~-. to the "''"tant >o"<ret.an. of Lhe 
Air Fore~ lor rt•r.rrh. d.,,.lopm<·nt. and ln~i•tir;. 
lM numb~r of fun<tion.<-m<"' of rlwrn no·~ -hoin~ 
dnoo b1· <ofl,.aro• ;, 1:""~"'~ oL , ¡><,.di~inu, tOLO 
fl,•m. "ho ~"" tl.o .oh"""' '"'hnir•l h1 n<~L• al 



1 

C()MP{'():-¡ 77 Fall in Wa<hi"g\on. D.C., last 
S<p1emf><or, e'tim>to-d ,¡._,, ralt 1.0 he a l>>lot of 2 
~'~'-' thr..,. , .•• ., The rol• i• ;>robahly ¡!TOaltr in 
d..to·m• thon m mdu.tn. IH'<:OLJ'" DO[) lSimwin¡¡ 
rop1dl_,. lrom anal o~ to di~~i.al weapon >pi.emo. For 
uample, t.-<<mth· purcho....,¡ airrralt ore bol\~)•• 

wftwo" conLro!led b.<-au ... tbe.., no• '~-'"'"'' .,.... 
more <f!P(·ti , .• 1 hao the old hord" ••~ ") .•t•m• 

In on<>lher •••• Gn<><hc Conropl•" pro)<'<l• dala 
proce"ing <fl"ndinx. ex dativo of oflico aot.omotiOn. 
f.<> inno••• al ah<lut 15 pt'te<M per yoor, whilo inlor­
matoon ·~•t•m• bu•i""" ~""''' al botU,r than 
Wp<"rteM. 

Opetation>·lyp< oysl•m• for •toe! m;Jio. rot.oil 
;tores, hank•. <•te., oro ~'""lng at obout twke the 
rM..- ol othor opplkationo, oe<ordin~ to Jc"' M. 
HO!nson. ...;..., pr._..id~nl fm markrl plaMing ot 111M·, 
Dala !'rr>ce"ing Oh·i<ion, in onoth~r tft:hnical 
keynnt<• •ddre-. Kiwn at COMPCO~ 77 foll." 
Recaus~ tl>f'se •y•t~m• are inhorend)' complu, th~_v 
rrquir~ m<ll'e pr<>¡¡rammin¡: manhours than oimpler 
o_v>l~m•. llen"'n proj.ct<><l the number of on-line 
·~"'<-ms to ~row frnm 9500 in 1~75 to 23,000 by 
19!10 ~\ore s,>St.em• llTt' roming in tht- area ol manage­
ment ond t.eehnicol planning, •u<h •• fotO<•IIing. 
modeling, and de•il(fl, and !he.' wifl demand more 
doLo. M•<'lin~t thi, n<'ffl throu¡:h large iote~rated 
doLo bo .. s will a¡¡oin odd t.o the ,-,.lume ol soft"""' 
dnelopmenl. · 

La<t No•emhor the cnmput~r indu.,ry woo ,,.. 
min&d 11\ot nnl only do hu•ine•• •y•lem maou­
fartoruo n<>l "1:1""' on _<tandardiuJ pto¡¡ramo; U«ro 
aren'l ntthng lnr them any"~y. "We're ~oin¡¡ tho 

o<hr·r "~Y "-' '"''"'""" derrumd """" "'"'" dowrolty." 
.la~· R_ lla.ler, <<>mputer •¡·•t.em• cnn•ult.ant. 1.<>ld 
lnt<rfoco Wesl." ~mal! bu•ineM •Y•I~rns no only 
o por! nf th~ total•oft'Oat~ picturo. but th~y nem· 
plify on• of the ""Y' th• pw¡¡ramtning "'orkload 
gmw•. 

~lalnttnance rotio_ Bocauso o gr .. t deal of soft· 
"'"'" ;, ahacl)· in e~ist;,nte, ''"''~ of it of klw quatity. 
mort' and moco• dfort. of """"''ity. bo• t.o be d~ 
to maint•nance. H•nson, for ~umple, ""timated 
thal up to ~n po•rt,.nt of hi' rompan_,.·, epplication 
dowlopmi'Tll f"'<OI>n'"' aro d.-·oted t.o moint.enante. 
Similor liK"•~• "·ere reported by Elshnff." .. no 
ootr..:l that 75 por<cot o! General Mnt<>ro' commorcial 
,ofl~aro e!fort was >JWOI on m•inknomo Th•• 
ratio. ottnrdin¡: ro F.hhoff. i• fairly typical of lorgo· 
indu•try ooft" are ocll,·oti ... A< tn<>f~ •olt,.·•r• man· 
power gcw" into m,,;,.u-nanoo. le•• ;, av•iloble fnt 
no·~ d,•w•l<>pmeot. 

r"•durl ¡,"y' f:-ti "'"' , .• of l he r .. n¡; t "m proJur· 
ti<•i: )' ionprm ''""'"' rat ,. nf pr<>grono m, " • ~n~t 1 rnm 
•h<>Ut 3 pt'rtent lo 7 ~"'''''"'- For c•ompl•. lffP 
Pr··,ident Ri<h3td L TonoKa estimat.-d tho rur.-~nt 
ra'-" to he •lx>ul 3 percent per _voor." Hen'"" ~·'"" 
a 1 ¡~·rrcn\ to 7 porc.•n\ rot<?, <l<·p<•ml1ng on th• 
a"uo~ption.< m• do. lo• :ho 30-year period lrom 1S!>5 
1.<> \98b. 

Withon IB~I. on large pro~ammin~ pr<>j<'<". 
"proclutti,•ity, meuun-d in ~'"'' o/ th• numbt<r 0/ 
lino• ol codo produt<d P"' pm¡;umrn.,., bu impro,...J 
ot alx>ut 20 per,.,nt ovor th. .ears, due in part t.o t.he 
in<-re"""~ u"" of high(r levoi lan¡¡uogeo," according 
to T .-d Climio oiiBM, addrouing tbe keyn<>Ue ..,.;on 
of CO.\lPSAC 77." ClirrJ•, o •·ice-preoid•nt o! hlo 
compan_v'o Gonoral Producto Dovioion, e>opected 
thi• rot.o to <o-•.inue. but Mted that prodt!tllvi\y 
doto on pro¡¡ram• ol under 20,000 lino• of cod• i• 
mn«" <'orioble aod •oen,.t<>dopend lar~ly opon tho, 
lndovidual• involved. 

Tnd,...d, o• ClimiOio•t sLaUm•nt oug¡;e•t•. mr.a•­
tiring pro~:tamme: p<..d~<livity i• o t"Omplicolf'Ó 
undertok in~ For oumplo. nne in,·e•ti¡;oto<. !inding 
thot report .. d productl dtio< raJO¡;od ftom one Hn~ of 
~• per hour 1.<> 30 Or mor~. condudod tbot mur• 
pr<><i .. dolmotiono o! a pro¡:Tom. o manda)". ond 
""" o line of codo it""ll wore needod. Usln~ hi• 
own deflnltion• Johnwn" found a produetivity 
ron¡;e on 16 commertiol oysU>m•-prn¡;romming 
producto ran¡¡tn!( ftom obr>Jt 9 lin•• ol c<>de ptr 
hour loveroge of live smallor projectol \.o alxmt 
3 lino• o! r"de per hour !average ol \1 larget proj-
1!('181 In general. hio resulto "•re dote 1.<> 11\ooe 
pub\ish<><leorlior by fr..:! HrooK!.' 

Solt»arrñord .. orr rotio_ D.cause the .,....1 of 
lurrdwar<' ¡, droppin¡¡ topidly-on order..,f·magnjtude 
itnp•O''~m•n\ in tho hard .. aro pric~lperformonc~ 
ratio enr¡· 10 yearo-whilo a<>ftwar~ ptoducti•ity 
impioveo onl_v •lo..-ly, tho "'" o! ..,¡¡..-o~ r~lotive 
to hardwor• io in<ro•<Or.¡;. Th .. rhange h"" hN!n 
no!r..:l h)· m~ony oh'""'"'· Tan•ko. for """'"PI~. oaw 
informotinn prorc•oing bKoming \he m""\ lohor­
intt•n>i~o of all induolrios by \985, of better meth..do 
.,.,. not u•od. Beam characterit<><l it ao a "<ntt.age 
induotry"-hardly u ima¡¡e comp.otiblo wi\h <he 
r>ation of <nmput.ero .. typilying rnodetn t.e<:hnology. 

ln NAS,\ the sof\Y.'are,'hardwaro ratio wao about 
2J five years ogo. Wriling fnr Dalomolio~ in 1973,• 
Boehm projO<ted the ratio fot 11\e A ir force o o g<>ing 
lo lOo 1 by \985. On orw ••i•ting pro¡¡rom, <he World 
Wode ~lilit.ary Command onrl Control System. the 
rfttio "'U olready in lhat vitinity-5722 million fot 
ooft~·are t.o $~1100 miUion fnt hard"Afe. Thi• 
xvolem. >Mh 3~ lorotions. tie• tho Pre<ident and the 
P.nt..gon with rommando in the Unitod Stot<?o, 
F.urope, and the Poci!ic. uoin¡; aitb<>rn~ oommond 
p<OOU in port." 

1\•linhili<,v, The enormouo oiÚ, of \oVWMCCS toffet<O 
a drnmo<k in>i~ht int:> onoth<r dim•noion nf tbo 
,oft"-"'" pr<odiranoonl-tho n..,.¡ for cortort <>per­
ution Thi, ne•..:l wa• high!ightf'd b¡· • recr•n\ ,., . .,., 
reporl b_v r.re~ Rushlord, ,.ho ,.-tites on noti<>nal 
! O<Urit¡· "'hj.cto; "Th<o r.cotd o! mili<at) <<>mm uní. 
<ation• " replete "ith faLlures, >lemm;ng in no 
'mall port from the >.>>t<·m·, corr.ple<itie• "" Ho 
ottrihutod w coonrtHonic.uion• dolficultie• ot 1-~'l 

part o/ t~t· b]a.,.. lor suth ••"'"'" intid•~t• •• the 
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GuU ni Tonkin c.,,;, in l~• \"Mnam ""'· th~ bmnb­
in¡: of o U.S worobip off t~o Smai p<•nin•ulo h)· the 
l.raeli•. tho P1whln offoir off Nnrth Knroo. and 
olhero Tho .. bt<•oKdo ... n< in <Ommuni<otion, OC"alt­

rPd hlolnro tho """ oompUt<>r...ontro!lod "·"'"'m "'"' 
in<t.aUod, lrut the.' """"'""''" th<- rmic.11l impnrtom{!, 
o! it• o·um..:t n¡><•rotinn. 

A •eries ni "dra¡mn•" <·nlo"" the di-.oplono·-tne 
mochin"t nr Whnirian ""nt< an '''"1 rront he'"" 
hotild lo. tho• drofting ma no¡:er '""'" th•t d•,..u mo·n 
tation follov. tho tul .... componen! onl!'in .... ~• lt} to 
standardi,e tlo~ b~ildin¡: blc.o~<. ond m• nufatt~rin~ 
en~Ínf'<r< pour ovor the drn·inK' U> estahli<lo that 
tho•.v HrP complet.e · 

Before mndern programming carne into use, pro· 
grams were Jarge, comph·-x, neither mod';'lor nor 
port11ble, nlmost unreadable, and expens•~-e to 
mnintain. 

Pt<>Jiram <¡uolity. 1\"hat ,.~~ typical ¡>C(Jgroms 
!il<o bt-fore modem prog.-arnming proctic"'? El•bolf" 
onalytod 120 PLII pro~am• cnllecl<'d f"'m Genoral 
Motor• comm~rdol computing in.•Lalla<iM> in loto 
1973. He C<>t>dudod thot tho individual progrom• 
"'"'~ not modu!ariud and ,.,.... qui'<' lar¡;t'-1>53 1'!.•1 
stat.m~nts on th• a.erage. Tbe,v v.~rr ver,v <'>m· 
plex. n<>t I>Ort.at.lc; olmo•! unroadoblo by oth~r.. 
and ex¡><nsh.-e to maint.ain. 0 fmm in~viows with 
G't progtammou v.OO had worl<od o•!«·,. he,.... ho 
IMrnod that thi• <!.Oh• <>1 alfa ir< -med U> h.• l_vpotal 
of other in.tall•toon• .; well-~<p<"O"i•lly Cobol 
in«allati<>n• l'erhtps thi• "'"" rou~:hl.v the •LO¡¡o 
ol the programmín¡: art "'hen m<>dern pro~;tamminK 
prartice• appean-d <>n tho ;con e. 

• 
Need lor di5cipline 

The nntion thot a mnre diodplined opproarh to 
pro¡:rammíng "'Oilld aiJo,·iate the >oh waro p.....:lota· 
ment hu b..en currontlor al leo<t JO ''eOrs. 1t "'"'· 
in fact. tbo• helio! th•t "'s«-m•tir en~~m;~in¡: ffiethorl• 
rnuld ¡,.. applif'd tn th;, •nft "'"'" proco•• thot I...J tn 
tho roinin11: of ¡J,0 term """'ltware enjlÍn...,rin~·· in 
196~" 

The •n~tinoorin~ ~·o y. The nr.v torm, on¡¡in.,.rin~. 
impl;,., "th~t thr ""tire d,,, . .,¡npment o! a pmdurt 
lrom ioitial cor><,o•rt•nn thmu~h t~<tin¡: •nd main· 
!<·<>4nre i• '"~•ni7ed in an ""'•tl,v, mon•~•·ablt• wny. 
Th~ quolit)', p<•tlmm•nc~. •nd ro't oltho rc•>du.-t 
mu<t loe ¡m•l•rt.ahl<-. and on orprnpriat~ r"mpromi"' 
l~·t ""'"'" ~""' and r<•loobilit, mu<t !><- •~hi,·v.-d ... ,. 

P.n~~""''""K dewlorm;·ot ¡.;•n•·,•llv P''""''''d' 
through a •eries ,¡ •t•.:•• pr<~lurt plannin~. 'Pffift· 
ra<ion. de<i1:n. doo·um•ntation, labrorati<>n. and te<t. 
"'ilh en~in<~ring rh.oge '""'"'¡ runnin¡t '''""'~h 
the '<"q<"'"'" n .•. .¡,., .• ¡"1'""'"' ol an\ i'"''""l•r 
prnduct '""'' P"" thmu¡:h thi' <>quo•nre "'eral 
tim•s. •• mod,.J. I"""'"P"· •nd lor.alh· p,.NJ.,ninn 
F.n¡:inf'f"r< u .. tt.,ino·d in tf,.,. 'ta¡;e< !o .. rn ,,h,.,..,l 
l<nward. 

............ o··-· "'" '"' ''·"'" ' . . .. , •. .,, ... , . ' ....... . 
'"' ho· .... ,,. "' '"' '"'"" '' "'"". 

-------------- ··----·---

Tho •nfl\•or• wo>. Th•• ..,[t,.·ar~ pmre« do!!•" 
lrom th• h•td'o\ar."pr~><O'- on man¡ wav> f',,, I>M 

thin~ ¡f¡p labroc.Otion st..·p. on lhe """" of "'P"•Iurin~ 
\hp pro~ram la¡><s. i• in<i¡:nifo<onl. Al«>.¡¡,,. hobot 
nr ~~:oin¡: \hrnu~:h th• ·•~~:·' ..,,.,.rol tlm<·• ha, ""' 
<ou~ht on in <pi l-e of ll"'o~,- addr~: "Planto th'"~ 
on~ •~·av; •·~u will. an>·ho~. · 

In add,iion, past Prortire h.o• t~r>df'd <o <LBrt 
"'ith instrurtiOJI writing ond thon ~·ork ha<!< lo tho 
~•tli.r sLB~es <>1 desi11:n and '"Juir•m•nt,, This 
moth<><l wurkf'd w•ll on~ugh on üw relati\·el) <moll 
propdms thot rharact•rizf'd th~ <arl)· hi•tot}' of 
pro¡:rommin~. hut it ron out of ~h'am <>n large 
d<vo•loprT>~nts. 

Annther factor in tho• pro~'l"•mming WO)' " the 
b.ackb.,.ounds ni it< prort1li<>n•"· They L,.r>d to 
rom• from mot• \·ario<! """""'" thon do th• hard· 
"'"'" on¡:in<'l'r<. ,.·ho arr u•u•lh· the produrt< of o 
•r•to•matk ~· nr 5·¡·~·• rurrocul .. m. l'rn~raonme" 
may luwe d•~.,.'"" in moth.mati.cs. P.n~~-h. hi<t<~. 
journnli•ITr. "or ~·hah',or. \lñate\·or thpo h~'~ 
learn..d-and tt may be • ~"'l'~ot de~l-it ¡or,t,abl;· 
rl,., MI mdude <'n¡:in('<·tin~ metlwd<. Thi• l•rk of 
common background moy !><- part of th• cau.,. lnr 
Brool!•" comploint th.ot ""tO<hniquf'< ptov•n and 
toutioe in oth...- en~n ... •riog di><irlone< ~,... r<>n· 
<iJ~r"f .. dic.al innovatioM in sofl,..kto ong¡n..,.ring .. 

A cn<npori•on. lt ~m• intlnti,·ol) thot sr•· 
l•matir d•HI<>pment pn>C.-durt'; wnuld lo·ad U> 

h•tt~r r~sult<. Paly" •tt••mptNJ tll mea<uro• the 
dilf .. to•n•• in tho te<ul" obuinf'd by th• di«iploned 
~ngin .... ring approach ond th• le., di...-iplinf'd pro­
¡¡rammin~ ~pp....,ch fbelore modero pro!(Jaroomt"R 
ptortire<l For thi> P"'f""'' he st11~icd the ct·cmded 
,._,,¡.,¡"o! a lar¡¡• "'ol·timo S)·st~m con<i•tin¡¡ of 
160000 in<tru<lions and 170.000 lo¡::ic gatc• lnot 
<ountin~ ¡;ato• in duphroted cirruot<t He feh th• 
si,,,. '"d compJ.,,it;· in e•ch ah'a ~'"" obout tbe 
, .. ,. .. 

l!orr'" what h~ lnund: 

o <~ice a< much •flor\ had been requor,·d tn 
rl<•wlor an in•ttu< !ion a• a log¡r ~ate: 
• four time• •• man¡· d .. i¡:n main...,.nanco <<>rrf'<· 
<onn• had heon made per in<trurtion a< per !(ate: 
• fnotr rime• o< muá. co<t had b...,n incurrecl fnr 
d<·<i.:n ,,.,¡n'u·n;once t>f ,.,¡'"""a> hordv.aro •. 

• 
¡¡,¡, thou¡:ht hp reon~ni<f'<l fi" und .. rh·io¡¡ 

"'d'""" 
• "'"'""~""'''"' '"' hni4'"' ""d do•dnpm•·nt pro 
.,,,¡.,,,., "'""' '"'"' orl\·on<e<f in h•rd"•r• than on 
•c.lt~•"'· 

o h~ro!·• ,,.. n~·i "'"" '" , ,. more ••p,.ñonr.-d •od 
''"'1'1"1'•·<1 • """'' "<trurt"r"d ¿,.,;~~." • 

------------ - --·· 

--
. ' 



• th• h•••c l>~lll<lon~ hl•.rh u•..d in •oflw•<" d•·· 
oi¡:n h < .• d,ffer•nt l)~ of •Nrco sial• mer.c•l 
w~ro mi>'"< numerouo ond romp!u thon th~ "'"'· 
<1~. ond ~"¡ tnncept• tl•od in hArdw&,.., 
• hatd"''81~ I'Ol 8 douhle d""e of "'>ling and 
P"lluotion. one by n•o!l and the socond •• o 
nUutal byprndu<t o( •oftw.,, "'•tlng. 

Sollware englneetlng procui 

lo rocen< ~ear;, th• ol•te• o! tho I!OftwarP prOC<>,. 
hn~ \>een anolyz..d by m8ny ru,.orohe,. ond pror· 
titionrr•.H Thio "'ork io summoriLed in Table 1. 

t R!QU;REr.<ENTS A>; A¡ YSIS ANTI OHINITIQ~n 
1 S~ECIHCkllüNS "AS A 

• CH[;;>I'OIN) rG~ AG~[[UU<l BY USE~ AhD DEV[LOPER 
ON THE IU\CIIO~S REQUtR[D 

• ~tFERENCt POINT IOR D[SI~N DnElOP"'lH 
o COMf'ARISO~ P()INT 1 OR PRllGRAM V¡ RIFICATIO~. 
• PlANNING POINl FQR Pi>OGAA!oll!SliNG 

J DESI~· (IN THIS SllQE "'li/Y 0F l~E ,¡w Pltl)(;l!.l.,.~I~G 
PltACTIC!S ARE USI.fOt\ " 

o !U.~ CO~C!PT CHI1J Pl'oGR.lMMfH SUPOORT ti~RARLIJI. 

'" o T(INliiWt/ Of.SIGN, 011 ST•l!CTUR!O O!SIG~ CCIIII'!lSilE 
O!S>GN , STEP\\'ISE R!JINE~E~T, HIER~~HICAt OR o,jQD· 
UlAR DECO._,OOSiliON; 

• PPOG"""' O[SIGN tl~GU .. GI.S OR PSEUDO·COO!. OR 
P10GL" !~GUS~ (lK[Sf AAf ~01 PROGI!.lMI•t~G tAN· 
GOAG!SI' 

o PROJECT WDR,BOO•. OR UNIT OI.YtlOPMENIIOtOER 
• IO•MAL R[VIEW. PE!R REVIEW. HC, 
• DOCO~l~lAll~~~¡ G. HII'O 1 
I"A~v Of !"ESE Pl!.lCnCES C.O.RIIY l"ROOG" 10 Cf' H.>VE 

1Hii;1 COUNlERPMT IN JHE N[U SJAG! 1 

PR()GRAMMINC 

• 'I>•<OUS t!~ELS 01 P•()!;AAIJ.,¡,•,5tl'CU.t(;!S. 
• SI ;¡UCIUR!O •ROOR.l ... M.~G iOR COOI~GI 
o LNIER~Al O" SEIF OOCtoMENTAHO•: 
• SWJCTU•IO \\'AL K· li<ROUGH, OR WOt RfVI[Vi, 
o (){aUGGI~~ 

~ VERIIICATION ANO l[STING 

'• tuRRECl ~!SS 110 SOfCITICA TLONSI, 
0 R!ti'BILIIY 11\ US(R (NVIROW[~ll. 
• TGP·OO'"' TESli~G 
o A'JlO..,Al!O A',!JS 

6 ~l~•o•~ANC[" 

• !''IC1[\I;Y. lit.! E, t,I(V;;RV Sil{ 
• o~•lll'< 
• ADAPTANITf ft[XtallllY POR:•BIUH 

1 Ort"AIIC'; <';O I,W\lE>;••;C[ 

• OOS G~ 0• 'i!IJGP>~\1";:¡ {H<t('O :~"ít"0' 
o •¡.·.~· urc•n•.G o~ ¡:,.;.-n .,,., 

! CQ',<IG'O~H~\ tHNAGl'.'['.l. ! 

g•'f~.· .. ·.:; •: v••c:<JS s·•r.·s •r.•·,o· •~·'~!• ¡,., •. ,,s 
• t¡'l"L!'." HP<l""'tO 
• ¡e o•;:;¡ ~"''"?'. B"."·' ''•~ '" ·,. ;r;:M~ 
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w~irh pr~,.n<• on ordnin¡: of tho ~ighl main 
•t.o~•· ~r •oflwore M'•el~pm~nt anda l<O(nml·mder 
h•t.in¡¡ o! •nmo el t¡.., m.ona~rnont and dt.,.:¡;n 
practico• chocor¡,ri•tic ol ~ach """" 

Th• concept ola design ota~ in •oft,.•or~ ond its 
~oration lt~m tl'le programmin¡; •I.OI!f' io ,..lotivoly 
ne"'· In the do•i¡:n s!.ap tho in~,<,nt ioto "ork out 

• 
Manager" complain that programmers re~ist the 
new id~a~. while programmers retort that man· 
agers don't under~tand the problem. ., 

complt·~l)' and unombi)(IJou•ly t~• 50ftwarc •yst.em 
""""''"'Y to ,_t tbe 5p<·dfocotocn"- using Eng~<h. 
pid¡¡in En&li•~. or a program d"'igto languop. S'o 
instrurtinn• or ende are writ¡,n m thi• ot.age. 

The purpo<~ i• lO t,..ato a lo!'lra\ •tructure ~hooh 
t8n bl- <hochd back o¡;ain•l th• opocifkotiono ond 
mternolly ... ithin ito own otructure bolon- procP<'<I· 
ing U. lhe f'dditionol lab<>r ol writin~~: in•tructio~s 
in a high. or )o,.·-lovel pro¡:ram;,.ing language, 

Th•r1' ""'.v bl- nrepliono. how,.,·or. to the wriW· 
n<>in.o\ructions rule 0... io "h~n !lOmO ""'',.¡ ptoblem 
must bo •oln•d at the pro.,-orn'min¡¡ le,·el to O"U"' 
that the design-k-vel strutture i> wnrk.oblo, Anothet 
io ,.¡~tation. in ,.hich problemo O<CUI"tin¡¡: in • 
loter otage hav~ to bo fed back and nece ... tily 
col!•• thon~o:•• in on eorlior 5toge 

:'o! .. dorn pro~rommln~ procti ...... Althou¡¡h the"' 
prartires h"'" been "idely di;cu"'ed in tl'le bter· 
atur•. Holton' had \.o drop ono-third of the com· 
panieo he -'•ri.Od out \.o survey becouSP tboy had 
not """" N>noidered u•ing th•m. At panel dis· 
cu<OinM. maMgcro complnin fmm the po>dium thor 
pro¡:ramme" r~•i•t tlw new iMa<, while progi'Om· 
mero rel.<lrt lrom tlw !loor thot manaie" are too 
lar !to>m the nitly ¡¡ritty \o und<1'•1.ond tl'le pmblem. 
One can <•nly conclmle that oonw P<'"Pie need 
lurthu inlu,.nat.ion obout me>dern progr~mming 
practi<e•. 

Table 2 •l•lineo tbe cor~ pra<tices briofl:,· "h• 
moin P"..VO'" ni thi; actir\c, alt.er oll. is W est.abli<h 
th• n.....O for and the ''•luo ol the.,. ~hniQu~s. nol 
lO •luddou th•m in dotoill. For Jhat purpose t~• 
practic~• are referenc<-d, ]n add<tion, Fl'ftmor. and 
\.\'a.,ermon ha,·e anmot.ated 10 lul!-length ~ook• 
or. ~otious a•pocls ol ..,¡,,. .• ,... de5ign in th•ir 
tutorial" 1hey al•o reprinted 2• nlthe mo'" uselul 
papers. 

g,.,..,,¡ 1>:"11' ore l<>" "''~ to \w ~'t.ed by f'rwm:rn 
~~d 1\'os,.,,.,.n. T:r"'"mrh~·,•· '·olume. produ<..d 
•l tho Jet Pr~rul•ion l.ofo<>;,"""Y un~<' o ~-~SA 
• nnlrocl, co"''' lh•' d< .,., 1"1"'" ni '""~''' ,¡ Tohlo· 1 
,.,,d the p!'>~tam:nin~ P'"'""'' <•! Tohle ~ <and 

o\1"'"1 m • "''""'"'' "'""''"'· 11·:~1"" .ond 
\\i,hl"m·· ,.,.,"o ,,,,,,.~br ''"'""•" :;,.;,; .oop 
,:, • •" oh • 1 .. ¡ '"·""'. •: ' "' 1 Lll<·d 1•" '"'"'"''.in>', •" T> 
"·"' ,..¡.,,,~, ot. und '''"' ""''d ~.,]~ ,¡,,.·¡h< -h"' 

' 
' 

' 



< 

< 

' 
1 

1 

' 1 

' 
1 

' ' < 

' 
1 
' 
' ' 
' < 

' ' 

!. 
\ 
' ' • 

' 

" 

al><> '""'' •tructured wo~•ummm~ in throo• <"'nmon 
l•n;:u•~:••- Cobol. Fortran. and PUl 

The DOO vlew 

TM Dt.porl!n••nl of O,.fen~ h .. IAhn •~<'P• 1<> 
enc<>Uro¡:e ""''" effe<tiv• 0<1fl"""' en¡:ir "in¡:. For 
eurnpl<•. o 1976 directke pro>"id<'<i ~.,jdelines 
intendod t.o cr~a"' a di•d plin<' el ooft,.~r• en¡:ineer· 
inK." E:arlier, in .\la"'h 11114. the Arrny Cnmpu<er 
Syou•m< Command and the Air F'o,..·e R<>m• Air 
Devdnpment Cenler jointly <¡wMorod a contrae! 
w1th lB.\1 F<'<l,•tal Sy•t•m• Division t<> dn<Ufl>{'nt 
en'>'thing that ,..., kno,.-n ahout •tructur<'l! pro­
gramming U.ohnol<>g>·. Thio effort resull<'d m a 

~Js.,.,Jume ,.,¡,.," 

To """" tno '""'d'"""'" P•Obloms oo lorg• P"'"" "''''' 
SUggt"Od tno "" 01 ""'" mO 00<>de0 Oi •n '"'<:~Ir' <>OOtllo 
"''" P'Oil""'-""'- """ ~"""' ... "~'"" ., >;10( ........ -· 
''"'""" no..: .. " .., __ , '""' a • ..,., '"'""""m ,, " "" 
ou•o~" '"'" .. e'""~'"""' ""'" t>e '·" ~''""" ,, "' '"'" 

P'"'r''"'"'' ••"< tOu> "'""'"0 lhe oumt•n 01 '"""' '"""etl m 
"'~"'" !'ommun><.~t•on ~r o """' 01 1 ~ DI '" 

O!VELOP~f~T SUPPORI t T5RAR'A~ 

o .. 01 tno """ m•mt>e•> '' '"' ~~~~"~" "'""'"""'''"lO' 
, .. p<"'l''"""'"9 "'"""'' '~"'"· '""'''"'~ .... ltl:ll""" "" 
r,,,.,., '""'~' "'"""' IM '""'''"' .... , 10 '"""""" ¡¡ro¡¡,.m­
m•nq · !rom • """" Otl lo pu~l.: P~>""' 

Onco "0'"'"'"" "' '''""" up "·' "'"'''"'""' wor"' 
o•oomoom N P'>ll"'" ''"''" '"'" • "'"" ol "'''' '" • r_,.,_ 
a<Ohv. bell'"ot"'l" '"''""''"" ~O• k•"') "'"' TOe ''ll''"' '"'' 1S 
"''" ..-..¡... """"" .... ••tr>'"""'"'~ """' ''" "~"'l """' •·" ~""'""""''lo'"""'"'"" '•*" '•••' •·"'" '"" •·• '"""'''" on.1 so on 

~~llUt•~ OWlYPOSU<C' ~" " 

Jo ~•'•" ,,,, '"'·" "'""' "" '"""'"""'' '""'''" "" 
""""" '' roOS1<u<t•O 00 ~··· W'" 0'"<'1 00 con:•OI ''""''' .... 

""' '"""" bu-' !O,_.."'"'''"" '" IM ""~loa '""'''-' """""" 
~ ''"'' """'i" "'''" '""' ..,,.., .. '""''"'' , .. .,,,, ""'''"" 
, ... ''"'""' "'''"'''"" '""'"'" ('!'fOfTI! "'" "'""' "'' '"" '"" ctoJ'II]• o•~n ""''' 0•0<Mfn1 I"Odu"s 

S''""""" o.s•¡n '' > ><1 "' "'"''"' lo• ''l"'''~ rne tom· 
, :ile,ly Ol "'~' e<• ~'01¡'""' '" J,,O,ng '"''" •nto '00t~ond<nl 
""<>lJ'" "'"""' "'" """"'' '"''" P''""" '"' 0'~'"""""'" ,..,, ~.,.,; ""'- '"" """''', ..... , . .,, ~ ....... '" .... , . .,., 
•'''" """"'' '""""'"' 01 "' "'" .,,,.., t.""''"'"' "'·" 
,, '"'' ~·· ""'"''"' '"'"'"" .0,1 ""'-'' '"" "1· ., ~"" 
... , .•. ,, .. "'"' "''"' , .. , '"' '"''P<"''" "'"'""'"' , ....... , 
'·•""<" '"'"""' "" ... ~''''""" .,,, '"'' '"'" "" ••• "'" 
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1/u"''''"''• 11" dilrio·ult fm /)0[) '"da·._.,, Ju•< 
ho" cnnLrO<I<>r• ,..,11 ¡;o throu~h th..· ol..,;i~n ond, 
d~;,.lnpmenl pron·.-. lt d'"'" no< atlo·onpltn do"' 
for hord"''""'· 11" ¡>rnper .¡,here ;, tu '''t•l.l"h'. 
end pmdurt r•qu,.•ment• 

~·ortunat .. l), o numher of mojor ..,,h,.ar• <un· 
trarto" ~.,., ••spondpd to th<• rhall,n~r o! mod.-rn 
r•"KT•mming prarlir<•to and h~•·•• cr.-•t•<l dJ'<-ípll<•ed 
do••lopmenl Pr<"'"'"'"· lokin~ ad•·•Ola[<t" of thP 
"''"' pra<tk<'s in''""""' ""Y" .'\ot m~n) J>rople in 
th. d•f•n"" communil." di""W' .. on th~ p•n•rol 
'alue olth<>se P><><"'"' <.-.d•)'· 

Probl<m• remain. Th<-re io o<HI th• pr .. hlem of 
.r;<·tting ;untractru-o 1-0 pro¡;r<'« from ~!.ere th!'\' 
""' to the •oftwarr t·n¡:mwrins: '·' <le m l hot ,._..h 
""'' thinko ¡, ¡,.,,, or. ¡>erh•r•. "-' th• '~•tem h• 

'""""'"" bt '"'"""''tole lo"'"'"'"'"' '" "''"*"' ~'"''""' .. ~ ""<g" ''"'lO<;e> '"~· " .............. '"' , ... .,.. " , ... 
'"''•''' Oe>ogn '"al • ..- .... ,,,,, .. "''"ll • ,,.,, "'""'"''"' 
''""'" ()1 ¡"'l'''~ '""'''"'" '"'''' '"'~'" ¡,,,,,, ,, "''""" ·~" 
~OJ!C r wo••sOO• · 

O.><¡;n '""'" '"""""'' ""'""' • ..... ,. """" ,.,,,.,,,_ "~"" 
<<n~a ''~'"~"'"' '''"'"' TOO li•n o$ !Ot>ot"·' •'0 >'Y"'"" 
;o" to ~' '"" '' '"~'h" "' ~"' "''"' •o k no·• "'! '' '"'~'-,. ... "" '"'' 
W'Pii-~-r~•"C~•, •·.ou¡. ~X~ós ouT•lH" " 

¡,,, "'" ~""'""'"''" p.afl '"'''''" '"'"'"·' ""'''" " 
''"''"Y <ho~• ooo '"" "'"'"'""'·"!l '"P"' P"'''" w:M <'-""< 
1"' ""'"'"' "'"' '• "' ot :.;, .. , """"'' "' " "'~<"•""~' 
"'"' !-t!t•.no .... '""""'" ,.,., "' ,,.....,. '"" '"t'""'"""' '•' 
"''' '""''''""' '''"""'""' •' ;np,,o '""'" "''r>"' "''' ''"'~"' 
""'''" to t'P ~loe> '''"'''"'" '"'" ""'l" '''''" '"' ""'" ,., 
'"~"" '"' "' ~>'"'""' ,.,,.,.. , • .., " '" ~:oo ""'" ,.,.~ 
......... '"'"~~"" '" ..... .,.,,_ '"" "''"""'"' <i',. """" 
9''~"""' """""''"' ,, """''c ... ,, .. "'"""''"""''" 
51RUCIUOfD P~IJI.OM'"'"" '' " 

lo tn .. ou ,._.,_,""";' '"" ....,,u.,¡!;IO<, • r""''.,.. '' '""''•-•' 
,_, '''" "' I••,N ,,,._ ;<O<rf'O> ''>m t>o'¡•no.'<¡ 1•, •"-' ... _. ••• 

"~ ''''' "'•"'"'"' T''' '~"''"" ,, to.J<od on '" ,.,.,.,,.. ,._,. 
. "' ''"l'·'" ~'"· '"' "'" '"" '"' ,, ''" b• """''""" ""~ ''"' "'"' """''~ '"'~<"'" SIOt''"¡ • '"!'''" • .., (>:l ~~a 
"" """'''!!""' """'''"""'""' ~ w-.~'••- '""'"""" "'"" 0"' "''""' ,,, ""'"'"'l Dloc•< 

11 RtiCI URED W•t <·l""OUGH" 

r .. "'"''"'"' ~.,.,•,ougn ,..._.._..,, ..,,., ,.,., . .,~, ., 
'" ~' "'"' •••~~ "''" '-"~"''~"-' morl•'•<"''" 

• '" ;>''·'~" ,, .• , '"' '"'"" .. ; " "'"' '"" ''"' '" ...... ,. 
~·~'"""' """' "" "''"" ,_.,, '"'""''""'' . "'' "''''"·' .,....,,,,,, 
• .... reo O•«g• ,.., 0'>'1''-"'"'l O'>''~" "'"''" e" 

·"''""'"'"" "'·"'"'' ,.,. "·•'""' "" '""''' .,. ,.,.. '"" . 
• ,,, • -, '""' " !h• ''"'' ..- ,, ... ,, .... ,,.,. -:"" ,,, ...... .. ~ .... , "'"""~~~ ,,.., ... ,.., ,_,.,. ''"" .. """ .. ,.. --- ---·---· --- --··---- --- -· --·- - ---· --·· --·--·------··----
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think• t~• ~n>.rnrn~nt ~""Id lil<• him to ., .. r,nd 
"""mio¡; "">do•rn P'"~"·mmin~ pro<tic.• o• • 
~""P "" •lf<•<'"'"· the<e " tho lurther l""hl<·m 
ol de,..rminin~ ju"' ~h"h prArlice• are ma•t 
,uitohl• in p•r~irular opplirotoon• ,O.nd in .. murh 
o• m<><lern pr<•¡;romming ptHt\icv• <""l bud¡;ot 
mono•y, th<ro "the prnhlt•m ol findin¡; out v.·hieh 
"""' o.-. nw" '"''"'f!eoti~o. ~ io tb.. probleon­
¡, "'hv.ar• '"~"'""''in~ •ulficiently motur~ to be 
reo<h lor "'"nd•rd«atinn? Many obot"'"' thtnk 
thef~ ;, Mill murh lo l..,m ood or~onil.oti<>n• ohou\d 
continu• ior •nmo tim~ .•·•t to <xp<'1'imcnt «ith "'"' 
tochoiqu•• 

Soft,.o.r• anoly•i•. Oor cleor n..,d ;, for more 
dota on th< •ott-..ore dov•lopment proo.·•••· To m.,.¡ 
thto nwd. tho ,O.ir Force i• O<'llinR up thr<Ough tho 
lt<>me A ir Development Cenler • !Oit "ArO ano\• •i• 
cenl-<r."' lt io lo gothor pto~um do-.lopmenl 
•tati•tics in order (.0 d•t..rmin~ the lartou lhal 
influ••n<e thc fltodocti,·ity ol proo¡¡r~mmer. ood the 
cost uf ;oltv.•re dcve\o>pmeo\ snd m•intooon<<- A 
"""""d t.ook is lo undef'tand the noturf', uu"""· 
and ofl<'<t• ol ><>ftv.·or• failur••· To acrompli•h 
tht·•~ pur[""~"' it appo•or• that oome d•fioitions 
,..m hove 1-<l 1,. hammor•d out lo mal<o data lrom 
nriuus mganiu.tions .-omparablo. 

Corr.lotiun• Ono "'"Y (.0 e•t..blish thc volue of 
modern pro¡;rommin~ practiceo is todo correl•tion 
otud>•'- Surh •tudi .. attempl to corrolote """ or 
more pro¡¡-romming practkes ·~oinsl •·arious m~ao· 
ur<• of tht• o•ffo<"ti•en,·•• of th¡• •oftworn Mvelo>p 
mt'h\ proc'"'· •och,.. cost, erroro, and l""l!'"ammer 
produrt.i•·it¡·_ 1t. -.. .... Id be int~re>tin~ to know if 
"""" ,¡ thc ptnclices ""' more •lf..::ti•·~ t hao other•. 
Tn on att<"fr.pt to on•wer thi• kind o! <¡uestioo. !he 
Rorno Air l)~,elo>pmoot Cenler commi.,ioned o 
numMr of <ludies. t~ ol "hkh wen·r~ported to 
COM!'t:O~ F•ll 77. 

(.'Q~t r<loti<on. Tho lirst otud\, by Ra<h•l Bl,clt 
of lheinl':. m¡·o<ured th• elf<.(ts of m<o:;l•m Pr<>­
groonomng po ucti<~< on •oftw•re develo¡om•"' "'"'' 
for h.-. pr<oiP<t< ol IJO<'in~ c ... npulet S." i<~•" 
llo~e•·er, \"'o ol th• pro¡<'<" v.ere ''"Y •mall, •<> 
in 1 i~w <>f the l,..li•f that pr .. ducti•·ity nn ><nall 
¡moj<ct> ;, hi~hl~ do w·n<len\ "" th<' indtvid•ools 
in•·ulved, tho• rosult> lrom tht·l~ two Ph<]<'<IS ha.e 
b<-en elimina!...! from \he <laUt <ummarl<ed hore 

The ke:o-· <oonpsri"'m """ mgdo het .. ..-n man· 
m"n\1" ¡.,, 1ho• projo•o'" a> ¡,,., .• ,ted by Bot'in¡¡'o 
troditi<>n~l o•'limatin~ prnc..dure and monmnnth• 
.. tualh ""'utr..d ·n,. tr•dOiionAl P""...Jures_ ••id 
tu f" odio'\ ""'' WH h"' ~ 1 to ]>'ti< 01. h.od 110\ "'' uor,.,od 
tlor u<o· ,,¡ m .. O,·rn pro¡~roononill~ pmni¡o·• lluw· 
<''<·t. the P'"''"""- •' ''"<.uU-d, d.od on1ploy • 1 >riel :o-' 

"' "'"~ !''·"''''""'-
Thc ~o·ll•·r,d df<'<"l n! osin~ on,<Jern l"o¡rtam<ning 

1""'''"''' ~"' l""iti>o·. ' ' •h.,~ o in Fi,;uro 1 "fhe 
n• •-•··~·· '"'l""' .-Jn.·nl •.' th< t ¡,,.,. 1"''1"' t •. "'oo.:O:..d 
1·" ''"·· ~.,. ;,¡ r• '""' '1 hi• ¡,~,,,. ro·w·--·no• the 
dollo·r••><o' l'<t'"''" 11,. lw•o.o•o '"''""""'"' •otod 

' 

2B 

B<.ll·in,:: round modern pro¡::nunmin¡:: prartirr~ 
redurrd II<'IUIII costs O\er rur~rast ro<>t~ b~ 7:1 
¡>err~nl. 

the octo•l manmnnth•. di•ido•d h~ ·~~~ lo"·<~•! 
.m•nmnnth< 

The pr•rti«·• emplo,-ed on the <hr.,. pmji'CI< ar~ 
¡;,,..,¡in Toble ~ in th• order ol l!lork-, .. tim.•tc 
ol their import no co;t, lt d""'s o¡opt•ar tho< """e 
prarÜ<t• """ moro• eff<'<ti• e llurn ot hers <>o t h~ ros\ 
dimen•ion_ 

Tho.• th<oe proj•<t,, a• wpll "' the t~o '"'all~r 
prOJe-<~• pceviou•l)' di•oord.-d. ol•o u\iliLO·d lop· 
do"n d•"lm t<"Chniqoes. •lru,-tur<-d prognmming. 
and prc¡;rommm~ •upporl too!• and libt•ri•·• 
Bccau•• tho two •moller projer" hod •hov.n h<t\e 
impr"''''"'""' u•in~ the•o l<'<·hniquo•. !llacl< h•d 
eliminatt-d \h,>m •• <onuibo<o« to the \><'oef¡t, the 
thr,... lar~or proj!'Cto achio••...!- probohl.•· un" ¡...,1¡ . 
Ho..,."<•r. her intef> '"'" with ¡.rnjoct pcrsonnel 
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'•g·"• 1. t .. o~oooo<~·O"t o! •<IU01 on•~ • <on\M "'"' lo.oo"l rr.on rnontho 
on t~••• BO••"> '"""•'• o«i«t> u • ros.ol< ol •~>p!J"Q 
"'"""" p•o;•ommin; o•>tticoo 
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To~lo 3 MC>dom l><ogommlng proenooo uood on '"'" 
Boolrtg ~!oolo ~1110<1"' "'d" &ll.,paol<)n e&ol). 

P~oCTICES ASSOCIUW WIIH Pfi.1GJIA"' MAN.lG!~S· MONlGE· 
.,¡~¡ Mll"OOS IUSEO ~· llL '"~El PII:IJECISI 
-..Ron¡~ JoS• .O.SSIGNMI"IS 
FMMOL CUSIOME~ R!VIfWS 
!>RLY O~CUMENIAliO" 
UNil OEV!lOfUE~T FOtOERS IPRI)(;JIA"WEII$' WI)~•I!OO•J 
I)(SIGN 'U'VHI PPIOII 10 COO>N6 iSIRUClU~EO wot•· 

1HR0U6"¡ 
fOR,AL T!Sli'G iUSED 8Y TWO LARGER PR!lJ!CI; O~'l Vi 

CONSIRUCTIO\ PlAN"'"" (INCtUDING PJ..o\NNI~G FOR INTE· 
G'l>lrO~ ••;O fU~cnO~Al IESII~Gl 

cODE "'¡R:foClliON r!'I.IR CO!lE REVIIWSI 
ACCEPW<CE T<ST;~G ¡fORMAl DlMO~SlRA TIONI 
fU-CTIO>Atl!SliN6 
UlNlR:ll Cl I!ST II'AU~IllS 

CO~fiCUP_. r.oo, Yl,<liE\OE~T IUS!D 8V J'W(; UPUR PRI)J(CIS 
O•'l'l 

BASf!ININ[; 
PR09Wol R!PIJRT1NG 
CH~m;¡ C<;\ IRI)t BC .. O 

• 
,.,.~olod unh·er .. l positive f.,.]ing• obout lhe 
o!f•<liveno.o of top.dn~n de.i¡;n t •ohniquc;·, 

Probab]y lhe itnprov~ natomotiproj.ct and 
in<ra·proj""t ccmmunication <il.ed by our in,..r· 
,.,..,.,.,, •• o con•equ•·nce o! top·down d .. ign ho• 
''' primar} benof¡l In e9l~blishing a '"""d booio 
for formal t.ening. In partitulor. two o! th• pr<> 
¡.;ram ""'""!:"'" in,..rviewod f•!t that Lhrir ,...,. 
ill¡¡ acti•·•Lieo pro<:e..dod "''"" omoothly. o<1d thol 
¡, . .,., error> were di•cowrt'<i duri"g !t·•ting "' o 
diroct resu!t ol thr lop·dnwn de•i¡;n IO'Chni~uoo 
lhP}' emplo)·od. ror l~ck of supporhn¡r da\ll in 
thi• .,udy. "'• tlll1 only rnndude lhot lh~ coo! 
h<-n•f•ts of topdnl<'n d••<ign "''·'' not be "'ident 
unlil o ,olov.are 'Y'"""' i> in <>pt'rotion ond 
moin,..nan<:e. 

On the nLhl"r hand. !he abO<•nce of 11 positivo 
torrelation hct~·'"'" modern progromming ptacl•ce• 
and <O>I on the two small<'r projects wo• more 
likt-ly the l'i"OU]t o! the idiooyncr..,ieo oi ,moll 
proi•"" than it was of the en1pluyment of t<•p duwn 
de,i¡;n prHctic•• The positi,·e cor,..,lotion• !aund 
on the three larger proj«ts. whid, al><> u•od !op­
down desi¡;m ond ¡he other Wchniques. i< mor• 

Jl""""'"'"· 
nlnck al,u •<kmJ'h·d la m•"'"" the impa<l ol 

moclo•rn prw:rammin;r procli<~• on lh~ pt·r<~oUI¡:<• 
di•lrilo~tioll of co"' '"""' the f,.ur m•in l''"i••<t 
pha-o' u~r·d h\' Ro~:ini("; 

• defonition '''""ntially '"''"iromonto and •P"<"Í· 
fioulion•l 

• d,.,;~, 

• <'<'O•!ru<·tion lln<i•>J,., <o>din¡(. in••·¡;r~li<m. ond 
f '"""''""! h·'l in.:l 
ot.·mnn'""linn f•l'<'o•pl•n'."t• t• <Lie~ •n~ IO<rrlll· 

"''""'· 
Tht te,ul". ·~rr,rr.ori<ed !or ti .. tl.to"(' ;><ojo-el' 

in f'ob'Uf< 2. >hi•Vo•-d lhot rr>"l> ~.,,. >hllled inln 
,.,,:,u ""!'"' b)' the u<o ,,¡ """h·rn pro~"'''""'"~ 

pro<tiC@o. Unlottuno,..ly for !he otudy d••i¡¡n. 
Bwiog in.dudod both cod¡ng ond t.eoting in tlw 
third O\ll¡¡<. con"'ruclion. C'OMt•quontly. !he shilt 
to tho le!! ,. .. In< ""'rkod than it might hove bot-n 
il ~ot coot• "'"'" brohn out .. ¡>afa~ly . 

ProKr•mmin¡¡ 1ta.odatdo. In \he firot of '"'" 
roloted <tudioo. Bro" n~ inw·..-i•wod a oro" <O<ticm 
of monag<-mt!nt and ¡><'rform@l ¡><'rtonnel on TRW"o 
very large bol~<ti<·mio•ile-de!on~ pro~oromnung 

pro¡ed. os woU u ke1 ot.a!f f'<"Onnol ouu,de tho 
projO<l. Thio oUrv@}' rovetod th,. irnpocl o! l~ dP. 
tailr<l progrornming >!.andArdt le g. <tructu.-..d 
c<>dingl on 3D charorler;,tics of •nft~·oro or tho 
development P'"""" '"·~~"·· coot. :«hodul<. or pe<> 
grammer producth·ityl Tho! modo o m.olri> of ~40 
r•I•Eionshipo. ••eh of "''hich woo rategorirod Olet 
somo nine l"'ols of combinod influ•n.c• ood ., .. ,. 
tlon otrer.gth lrom very '"""K p<>sitivo lb \Of}' 

otrong negotivo. Hov.·e,er. 43 ¡>t't<•nt o! the 540 
in,..rSt .. tioM "''"' !abelod indlfferenl or inr<>ndusive. 
implying eilhor thot th.ere woU)· wo• v~ ht!lo 
,..,lotionship bttw ... n theoe vorioble• or thot tho 
int..rviowet-s "'"' ignoronl of them. 

A• o briol >Ummary uf oorno ol flrown"o nndm~o. 
four o! ¡he more oi¡¡nifkont rows l•~P""""''"K 
,·ariouo c<odin, ot.andardol and .. ,,..,o! lh• mor~ 
"'eaninglul col u mn• lro•pa•-entin¡¡ 'aro o u• ,,¡, v. ••• 
characteri•l•<ol ha•·• I>Hn brought to~•th•• m 

.Table 4 Rro,.,n·, rOiing• l<trong po•ili••. !or 
eumplt. """'"' '"""~'" ""'"ion. positi,,. innoeiJ<el 
~.,• con•·•rl•·d l<l woi~hlt•rl in"-~'" l>lr<m~ pnsÍ· 
tive "' +JI. bnth lot •imphcit}' ond !o l'•rmlt lhe 
•·alu"'l<l be •ummed "'""" tho- ro~<. Thu" "''"U><" 
si""'" modulority is r•lot<-d to tho "'"'"" «•lt"••• 
c~a•octeri"ico <o thc de¡¡reo o! .17 p<r<·o•n! o! 1~~ 
m"'imum po•itivo r~ting leÍ> r~laled lo all 30 
,.,ftware chorocteristi~• lnot •hown in Tobl~ 41 
only lb th• d•~ ol 28 per<ont. Thls drop i, not 
,upd•in¡¡. sine·¡• the •oven columm.<. Wl\h' ""' 
••ception. w<r<" wlecU<I lo .•~ow th~ otrong..r 
relalion.•h•p• Structutod <<><lmg. ,.ruch "'' nol 
,troni("ly crmelalod. """' indod<d ~s a mot,..r of 
inlor••E. •inc~ it io nno ol the cor~ pr .. ctices. 

Structurod rtodin~ 0\olo,.d stron~ ¡..,.¡;.,,., on th• 
por! olthe in~•·iev.·.,.., Overall it hod 1~ po;>(l\'~ 
ratin¡¡• (over.lp· + 1.71 Rnd seven nl·gativ• """~' 
fo.Hto¡,~· -2~t;l, As Rr""'" point•<l out. thi< '"•• 
..,ven oul o/ o to!OI ol on.l)' ¡:; ru·~ati'~ ralin~• in 
the "hol• 'Ur\"Of. lt~ l•lt 1h•t ¡( ··,ndi< ole> a lelo· 
tiwl.>· di m,.;,.~.,¡ """''""."d <·odin~ on !ho 1'"" o/ 
fl'm¡.rO per.•nn11el."' 

'"Hm•••·•r."" h~ """' ""· ·•¡n.,,. ••• •omo• ¡;ood 
"""'""' fo>r thi, '" h,· o he, .• ..,., F'~rst. the ''"nd>rd 
·~'' ,.,¡ o>pl>"tl,, <l•fmo..-1 •n~ t·llfn<<''<l until •lmo•E 
'"" ,.,.,,..rtor fth<· prnj...,ll ho·gan. ond tht• rPquir,.. 
m•ni lo> '"'"U<IU"' .,·,.Üni< cod• ""' l~h to t.. 
• ''unl•·rpOOurt•ve ~lon•O'''"'· ~rioin 1; >tructured 
,<oJo in "ondard Forlcan" "">-~.rd and intr•o1ueed 
''"""' in•·ff•c,.ncic• in cor~ and "<'<"ul><m liml" mo~­
in~ ot di!fo<:Uh t<l ,,;,¡_,. demo~odir.¡: '"'l"Iro•n,enLS 
~'""ed on the ro••l·timo· •dt""'~· l'"•llv. jlhe 
!'•+><!] has "~' , . ., rooch..d th• ¡,¡,,.,. during 
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flg~no 2 ro.oeo>t '"'' ~lotrlbullon Ohi!U lo oartlor p~Uo> w~on ,.,.,.dom prO\)rommlnQ P"OIIoo> oro omplo-;o<l (oYor>go ot 
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which th" m•iur b<m<liu o! <tn.rtur...d pro¡¡r•m· 
rning !<<· .. impr-.,,<l r•.ad,.hiht_v •mi nu.inlninabililyl 
" e r ,. , · ' ¡ '" 1 <"<1 \.o 0.. reo p<od .. 

(In lh• n·l•lioo;hip• 0..1"'""" cOOinJI: •tandar<:lo 
•nd iho <h••••·••·ri•lioo ol co,t. O<·h...d~le. and pro­
"'""'"".' pnKiucu,·ity. lh<• •turlv "'"' two-thi!"d, 
in<·<>ndu•he ~nJ on•·<hird n<·gaLi«" Thot i•. obaut 
lv.o-third< o( the inle'-t"'tion• lur lh•>'" <O\eb~'""" 
v.ero ·l•hel<<l incun<lu,i-. or indilf~r··nl The ro· 

"'"'"'"~ ont•·third of tht· '"""""'""' "'"'" mo•tl, 
n•¡;oti•·•·· •hrl><ong the follo,.ing nH ¡.•·l<~ntog<•.¡; 

p,.,,,,,..,,~, 

P r' """ twi t) 

--------· ----·~----~--·· 

Pe,hop• tho ,. ... on• f<ll the ¡><><>< ,ho,.·in~ ~n th<•.e 
chotnt<mtio. ""' >imilor 0..0 tho•• quol...:f ah<.>vo 
oo •tr<octuro<l r<>J,ig 

In •ummotion. th~ <>><•rall wei~ht..d ••ting• lor 
lA pro¡¡ramming .<'-'lnd••d• agoin•t J{l •of\waro 
eh"'"' «ri•l ''' "'«" .'>9 ¡•t•rc•nl po;itive. 36 per<tn\ 
tn<lo!lo·"·nl or in""'d"'iH. and r, per<enl negotivo. 

In addti><>n. '"" h>fl'<lh, ..... , ••ere t<·•l...:l. Th• 
¡¡,., ¡, tl-.at p•··~··""'"'"~ li e .• dox·um .. ntation and 
<"din~l •tand.<r<l<. ol ,;~"'"~'¡.'" do•foot•t!. •.•"""m"· 
i<•ll) o·n'o•CC<-<1 ..• nd •uppur:o-d by to<>l>, ho•lp W 

~'""' ,.,,-.¡>,¡,. tj,.. P""l"nion ni'"''"~'~ ni high.r 
th•n """) <i•'·•ht;. l<> tl.i• ~""l'"'ition 1ho,. ini.Ur· 
'ie,.,.J ·~'""' •:, 1''"" ' nt. d1•a~tc·...d ~ pt·r• en l. and 

·--·· ·---.- ---~-· 

. . 

" 
'---
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<Ldn t know 11 per<:<'lll. Tu th< -.~·nnd h,¡,.,(hesi;­
' <', th•• oh<••• •tudard' hl'ip w mah P""ibk 
th~ pro>dunion ol "'hv.ar• of lowor th•n usual 
eo"'-tho"' inten·io"!'d ~¡;r....d onl-'' 2~ peroent. 
d,..~.,......J ~ perrent. and didn't kno" t2 p<roont. 

MPP impar\. 1ñe -ond TRW <-''&loation surwy 
gonoralcd a matri• of 1 1 modem pro¡;romming 
prartire' against 12 •nlt~·are prohlerM. making 
132 int<•r'<-<:tio"' in •ll. In thi• stod)' ¡•or<onnel 
... .,. ••ked to .-.-.por>d on both an orr"o/ and o 
rh.,.,.tirol b .. ;~ The thoorotital '"'1"'""' sho-" ..d 
a hi~her degr ... ol relotionship \han the aco~ol by 
• wci~ht<<l margin of hell~r than 3 to 2. ln addi­
tinn, tbe ''indifferent"' er "'in<onrlosiv,•"' >nter5<-<:­
tiono dr~~ppt<l from 40 w oight. Of the ~O •ndlff•r· 
ent m inooncluSJve in""""ction5 in tho actual <om­
p.ari50n, 26 -..e,. invoh.-d '" cost or ochedule O-''Or­
nono ot inrlficient u .. of rt"<Ollrtes. again tugge-sting 
th~ intt•rvie..-.,.., "'""' currentl)" dubiou• in the .. 
•••••- On • thPO,.IÍ~ol b&•Í•. ho .. ·evor, lhf" indiffer­
enl and mconclu_,¡,~ inlt•r5ection• lo lh<·"" three 
5oftware problem• dr<>pp<"d 1-0 fi•·•. Ímpl;-in¡: that 
"'ith more ••p<rien<e, modern programming prac­
tico• would have a m""' favonble imp.act nn the~ 
pmbl•ms. In fart, tho rotin~• for these thr ... proh­
lem• lncreooed from '"inc<mduoivo'" to '"medium" 
or "'stmng positivo.'" 

Tho ovorog. impacl of .. eh modern pregrummrng 
practico on tho twelve oolt"'"'" probl•m• i• ~'f•phed 

• _, _, _, 

"'F1~>urt" 3. Th•· th«>re!lcal rotin¡[' ""' '"~'Lde,.bl' 
hettor. th" limo 1>,1' ah•oc¡t Z '-"\in v.t·l¡:ht•-d tetm; 

Jn Arown'• o~n ""rd<. "Thrre i• 'trong "P*" 
m<"nt •mon~ lpmje<tl P'""<mnel u'" tho f<>ur .\IPP 
of ¡:,..ates< Lmportance and Lmpoct and <tton~ 
o¡¡r ... ment en their relati,-e rankin¡;. 

• Roqoiremen'" onal_,.,¡, and 'al'tdoti"n 
• Aa'Oiining of requtr<·m~nt• >P<'<ification 
• Complete prdimir"-'' de•i¡:n 
• Process de•i~-n · 

Th.-re ;, strong a¡:r,..m•nt on the importanc·e ~nd 
f>OSÍtive mopa<l of th• M>l Th•,... most highl-'' 
ronk<-d MPP. but !he relati,e ronkin~ •mon¡; H"m 
i• 1~" dear: 

• lnc'""'""tal d•·•d.,pment 
• llnit dec·@]opm•ntlolde" 
• Soft ~are deHI.,pme~t tools 

"nwr" is s<ron¡¡ o¡:r<.,ment M t~• i:nport•nce and 
pr>•iti,·e imp.ct ol oh~ loo' lo~er ro!lkod \lPP, hui 
tho "•laltve ranking omon~ the"' i• ""' at all ele•r. 

• lr>dep<ndent •~•ti10g 
• Enforred programmin¡:- ,tandard• 
• Soltv.-ar• <"<mfogunuion mana¡;<>mtnt 
• Fnr-mal ins¡><-<:tion el docum..,~t.ion ond «<~!-." 

A• to"the ¡:om•rol MPP h;·i•oth<'-''"· tho qoor> 
and the rcoolts were as follo"''' Rulos ~o' ,.rnin~ 
softwar .. de,·o]opm .. nt, e-aluotion, and do>:om<nta· 

-' ., ,, 
' ' .. . 
1 

' 1 
REOUlH[r.cEMS J.~J.¡ YS!S .. 0 "Jll•OJ.HO\ --'·-t---1---t---+---f---t-- "' 1 
PROC[SS OESOC~ -----------t---t---t---t---t---t-- "' 1 

1 

"' 1 

l'oCR!MENT~l DEVHOPMENT ---,-----+--+--+-- t---t---1----­
< 

CGYPl¡\E PI'HI\I:~aR• ~S:G~ -------t---1---t--·-+---t---t-- ,, 
/• 

«1 
1 l"EOREHC " "' 1 

"' 1 

"' 1 

¿ 
1 

Fi~uool Tho CooroOoOion•hlpo bolwoon lho mo4om P'DQLOmming p'"cl•e•• ond 1M '"'"''"llon ol tholwol,. ooll•wo pro~lomo 
lo oi•OnQo• ln tho thoo•otlcol "" thon in lOo octuol " .. ~yaboul t~o lo ono 

CO'-'"'.lHII 
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'"'"· 1! "'~'"""'¡' d<·fJn<<l and •t•rl"<l ~nd •upporl· 
1<1 1" mod~rn f"''>"•mminJ! rrartjt·e• l<...-hnl<¡u••• 
ond \o<ll-1. m.1h P'""blo lht•procluction-

' 
-o.f hi~h<·r ll>•n usual Sto ' " quoht> <oft,.ore 1"""'""' pertent f""t<Pnl 
-o! lo"'" thon u•uol " " " ll!r e y el~ co"' p<"re•nt P"" en\ fl'"<<enl 

Error ,.)•<Ion Operati11nxl rdJabiht_, .. d•~·,men· 
\.ilion et'ror f~<·<¡uoncy. and codmg error f11•qu'"ncy 
... ,.. throo- o! th<- 30 ,...]lv.·are < haract.l'ri.,in omplov· 
,d b•· H"'"'" in hi< fiT<l >IU<h. Th<- "'oi¡;ht<-<1 po<l\i;·e 
tBn~mg< """"a> follow" · 

Op<,.llOnal r<•liahiht•· 
!Jocomenl otilm •rror" r r<"<Jot•nc_,·: 
c.odm~ '"'"'"' lrequenry: 

~~ pt•f<·cnl 
14 po·r,·~nt 
31 porCenl 

In hi< '"'·rond •t\ld•. ht- lound e moro po•i<in rola 
tionsh1p b<tv....-n elr•·en modem P"'ICl"amming 
proctires on<l f<•hahiht.•·. a< lulhows: 

Actual. 
Th•OJ"etirol: 

r,7 r•·«·ent 
7.1 porc•nl 

BrHon:!. nonohoo. ond H~ordM u<rd •nft,.arr 
emlr •• th~ o ni~· cm.erion in lh~ir otudy ol 21 t.ch· 
nical and ¡¡_. mana~~m~nt ,ort,.arr on¡;inoorin¡: 
Wchnique>. ln üw ah;omc• <>1 firm btsVlrical ""Wde • 
dala ~•• obtoi~>ed h.v inl<•"·irw< wilh ••P••ri••nced 
per.onn~l Th<· haS!~ dat.o wu in \.'lO coleKorio•. 

• th• pt"rrenlah~ ol llltal '""o" o•<imatrd t.o 
"'"'"'" '" ~o<h ol ,...vt•n pha«"< ol th~ ""'h*.r~ 
lol• c\·olo·. h"""'""'· onh lh<• d~<trihution ol "'""" 
m lhe n•l•• and rh,.rku<J\ ph••• ""' o·mploved 
Ln thi< ''"'!>: . 
• th• pr"h•hiht_,. ni del<"<"linn of ooch of lho 
t"'•l•·o •m>r lype• by l"Och of lhe 26 ..,¡!"'•'"" 
rn¡:m<"t"rin~ t...-hniqu••· 

Thi< inler>'ÍO\\ d .. ta "a• proco.,ed to •>hloin index 
numl"'" ""'g<n~ from !l tn 75. Tho"' numbe'" 
indica« the ,.n, ... th·ent·ss .,¡ t•ach softv.·"re <"Oh~n,..r· 
ing t.·rhnique in rrdudn¡¡: •·rrors. a; •ummorit.rd 
in Toblo 5. 

The authoro ••g•rd thoir pre,..,nt m••thod "' the 
protot) p<> of o •lill un¡m'>'o•d P"''"" thot ""can 
redut·t· tht· id<·nlili•·al<mo ""'1 "·lo·ctinn ,.¡ oplim,¡m 
>-Oilv.or• •·n~i"'"<•tin~ l<'rhniq<H"' lo " •tr•i~htlor· 
word. "t•ll dt·fmt<l pror<·rl<lfP. ·• 

To rAu.' th• ¡u·...,,-du•~ lmth•·r. b~tot•o ~i<toricAl 
data to Dt"<-d..d. "' w•ll a• info1rmali•Jn ton <>ther 
pr,.,,,. ollh• ¡,¡,.<.>de. 

The b<oadet communi!y 

.SO m• mi~·" ol U>e tll"ft•n•~ indc•tr¡· ~•~ mal< in¡: 
hearl"a) in t h• •·llort to omh•a<~ ,nft" '"" ,¡,., , lnp· 
ment in t·n¡:lm·<·'ln~ di"ipbne Rut v.h•l ,.¡ the 
br<.<<dt•r d'<t., i''"C'·"i"¡( <"'"Tlln1lllit; -llw bonks. 
on•uranco '"''"'l''n<es .• md r·,mm•rriol '"'l•hl"h· 
mt~ts? :\ol lon¡: a¡;n. lbrl•n \\•lis r,.lt '"11 .hle 
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t.o '"·'"' ··n,,. 1d•• o! a n~'OroW> rath•·• than a 
h~uti•tic prn~raon d~•i11n method i• """· •~d " 
•tilllar~PI• unkno"n in pro¡¡rammin¡t o."pra•·ti<...l 
toda~."··· 

Th~ \DM oppma<h. Monv ol tho impro•·ed pro­
¡¡rommin¡: teohnnlo¡¡Ít•• ,. .• ,.. d•wk>pe-d by !KM 
oci•nti«•-~lill• f01 one. Th~ big comput.er maller 
he< hot-n a leador in lh•i• opplication. bolh ,.·ithin 
th• ··ompan.o· and to i15 customero. One t.a>ll the 
indu'tr~· !•ces. "ccording to ono lllM exenlli•e. i• 
lhe nt'rd lor a cnnce•1•d olforl b}· all elemento­
the m.onufo<turoro. tho '"""ice buf<•ou•. onftwarP 
hou"'"'· «loooh. ond uniHrsil.i~s-1.0 hring "'ithin 
tht-ir own training P<OI(l"o<m or CUJTin1lo insl.n.>rtion 
m lho• imprOI •d prowummin¡¡ ....,·hnologie•. 

Tht· lncrea,e-<h• d.lta.:..of pr()grammer5 h~ing 
addt<i W the indu>lr.'" <an lhen be ~Jdreo,...,; thwu¡¡h 
thr rlo.,ical oclucation channe\;. A bigger problem. 
with knov.lodgt' in the field moving.., rapidly. io 
r•n<lin¡; f"'tabli•hrd prolossiona\•-hrinb'mg lh•ir 
sl!ill• up to the loto>! le.'·els ol ~no,.lo·d~>e. In thio 
ar•~ 11\\\ has indudrd the """' pro¡¡o<~rnmin~ 
practico• in ots oclucotionol oflerin¡>;o to cus<omero. 
h io also worldng lo iMtill a ltno,.·l<-<lge ol tbeot" 
ptoclirr< into ito o"n 1·ery oxtensh·• pro¡:nmming 
popula<ion 

Toblo ~ EHectl•oneu ol •oUwa~o onglnee<lng 
tKhniqu .. In dotocHng """" (~nod on codo ond 

eno<•out pnuo only). Tachniqueo o<oliotod In o<dor 
ololl~ti•ene ... ,.fin mon.gomont toohnlqu"' In 

P.,onthooto. 

==··----
vr~· (H[Cl.VI ti\:J[X ~·U~B(O •; l(l/~¡ 

PRO!;AAM Rl"II[WS 
CHtif ,q()C;>MY[R 
C~:(f f'lOC>.A\1\lEA llA\l 
BU•tO UAClA (A COMPUJ(A SCtE~CE ctl~P !ECH~:O~(l'' 
SI ~UCTUA(O WAL •·THROUGHS 

HFfCTM 110 Jll 
I~OfP[';:JlNT lfSlA',D [VAlUAltON 
fXfWTION ¡,•;ALYSoS 
PROORESSIVf TtSH~G 

t(SS (FFfCIIVE !lO·I~l 
PROG~AM ~:hn l[CH.",l0'J[S 
S IRUCIURfO PROGRAM M'"G 
lL<P OGN" P~üGRA~>;iN¡; 
VI~<II(AT<U' PROCfOUR!S 
sur"'!RI "JG•~MS 
l tOP OOW' 0[\"El OP"{~I t 

llASJ VF<e:r¡¡ 1 0-1·" 
ii~SPl,HC> t[A"S> 
JO•·DC'I'IN ~[SIG\ 
> 1 ~UCTURCO Uf ~IGN 
au·ros t• ·:se :;r-•.>ou¡, 
1 1 HOl•~S "."'-"••";! '."( 'T S'SIE o;. ·' Cst 1(( """~U! 1 
'""X"-'~'"' ''" n~·¡;~ 1'-·.u~•ur 
A;JIC"" 1!" ·.[; h":l'' l'.A\ <S<S 
IP.OJ!(J "." .. i<'VSI 
l ~lo',OGé'l' "<1 0'-' • COi ti."'G~ 1 
P''>Co"' "•' ",' '. ·, ~I.PP,·Ol 1 :a"-OY 
SOl r.-. "' • ·. ·.• 'i."J'<' ·e·• '' "·'r,• "li ~~ 
'ROG"''"' ·.;; l B'.'-"'"•S 

• 
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JPL lmproves So!t.wftre 
Development Process 

Al C~llec~·s Jet Prcpulslon Laboratory, aboul 
one-hl1l1 el t~e budget and eme S~<Til ol tM man­
power are devoted lo ~orne aspocl ot computlng. 
Alll~e sohwate de•elopmem orglniz~Toons, inclu<l­
lng lile Misslon ConTrol Cenrer, Oeep Scace Net­
wor~. spacecraU en-board eomputing, s;>acecrah 
testlng, and !M cenlralized compuHn~ lacohtoes. 
Mve shown a """" inleresl in sySiemalic de51gn 
rnelhods and, beginning aarly "' lila 1970's, in 
~lruclured programm•ng. top-down de•elopmen!, 
and Olher modern programm•no prac!ices 

Management_ol JPL dellberately look a low-O.ey 
approach lo rhe inHoduetoon o! lllese practocas 
Al fir~l lhere was a minimum ol formal d"ectives 
and a muimum ol suggestoon and example. TM 
programming Hbrarian Idea was translormed by 
lhe Deep Space Net onto a means ol aS~ISting 
programmers called the' "programming secre· 
laBat." In the tast severa\ years the Deep Space 
Net has issued a set ol rigorous sol\ware devel· 
opment slandards, iS Jisted in the accompany1ng 
box. In &Odrtlon. a JPL Sial! member, Aobert C. 
TaU$WOrll'le, prepared a 379-page monograph 
whlch presents these practicas in a logocal, 
Hltorlal torm-'' 

JPL cook a low·keY approaéh to intmclucing 
the new techniques . 

Filght pro¡ecls and tlle Mossoon Control Cenler, 
whrch ,~ sMreC ~ the project~. nave not speeiiled 
solh•are developmant methOCs 10 the sama leva\ 
ol detall as tne Deep Space Net, Tne panrcutar 
way 1n wto•ch ¡hese mathods are implemenled '" 
adapteo by eacn pro¡ect or~anilahon 10 the toots 
avada~le on ¡he computar use" lor each '"'" 
However, 1he use ot a program d~sign lancua~e. 
structur~d programmin~, top·<lollm ~evelopment, 
and related methods are de lacio ~~~n<lards rn 
lhe project areas Sonce much ol the program­
rn•ng IS scientiloc or engonee11ng on content. an 
earty tosk wJS the developmenl ol SFlAAN, 
Slructured P•ogramming·To-For\lan Translator. 
Aecently a ~reprocessor 10 lacilota1~ Strucwoad 
prog•~mmong on assemi>IV l~nguage t1as tl¡,en 
developed. 

So, allhough lh~ laboralory does MI ln~•st 
upon complelcly Standardll<'<l mganlzalion wode 
programrnin~ practice;, !he u11drd~1ng pr~nooule> 
~·e common 10 all sections The dollero~(¡ detaoled 

·orocaduros endOroed by '~"wus urogr:.m oflices 
are the <Hult o! dollc·~nces on !he ••nd ol ·~~li­
calions. For .,,ample, tM D1•ep Spoc" Net;,.ork 
develo~s sottware to be o~er~t~d al overS•as 
S1\M llr personnel "M are not JPL employn~ hui 
a•e ¡c,ermanent residents ol the cou~lroes rn 
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whith the statrons are located Conveos"l), llr~nt 
projects utiliZa the same pcrsonnel who develop 
the soflware lo operate. marntein, and mO<l•IY ti 
durrnil lhe mtSS1Qn. Moreover .• lllghl soll;,.are os 
much mere subject lO frequent modilocation rn 
response to ehanges in the m•n•on th~n is !ne 
sottware in lhe Deep Space ~ ·1. 

P••~cnne!. B~ \975 an tnformal census of a 
crou sechon o! programmers found about 50 
percent delonitely lavorabte to the ne"' orac:ioes. 
at>out ~O percent ratner neutral. and allout 10 p~r­
cent hostile to lhem. However, ot o.as nol only 
lhe mocern programm1ng practoces tha! J.er~ 

omportanl '" lormong these atlrtudes. but also the 
environmenl in whoch lhe work was <10nc-t~e 
accesSiblilty ol texl edoling. interacto>e comput•ng_ 
and toots and lacrltties tMI enabled t~e program­
mer to gel h1s ¡ob done w1th a monomum ot ru~ning 
around and sta~oing in line • Ttoey hke lhe pro­
grammrng secratariat and support conceplS ThiS 
e011 ironment made thair loves easier and more 
productive. 

Still there is great variabolily in \he mdovidual 
proOuctrv•ty ol programmers. per~aps by a laciOr 
ol 10 to 1. or even more sometomea. The r..eh­
niqurs ol $\ructure~ ~esign do not. of co~r>e, 
ChanOe d~nces onto brlll'oanl pr<>(¡rammers They 
do make ,¡ possible lo bre•k up • large p<ojec• 
In such a way lhalthe more competen! personnel 
can ba aniQn~d to t~e dolllcult early srages ano 

• 

Soltwar• Slandard Prac!ices 

D[EP iPACE NITWO~~ ST~NDAID PUClrCU 
e•o-•l t•¡¡¡;ust 15. 19151 ~·tw~~f """'-to.ot~:~;o~ 
_ r;UIOW~[S A~O P~ACIICES 
810·10 tDEctr.tBE~ 15. 19151 PR[PAIU.lrOI<I OF son,o;•~E 

~EOU'AlloiE~TS llOCU"'ENTS 
810 IIIJUlY 15 19161 P~EPMI.l:IO~ OF SO.fT,..H( DíJI~I­

TIO~ OOCUt•t~TS 
810·1911,!ARC~ 1, 191ft P~(PAI\AT<ON OF SGFTWAA[ SPECI· 

F>CATrO• OOCUI,!tkTS 
!10 1D ,I[BRu•R'i 1, 19711 PREP•RATIO\ 01 SOFTWARE 

OPERAIOA'S ~>WAlS 
!1~ )t n.O\'(lH(A 1; 1'ilil f'R[PARAHO• OF SOFTWA"[ 

l(SI A~O li1A•oS<EH DOCUI,!E~TS 

~!OJECT DD,UYE~IS 
PD61! ~~ 1~'"<""''" Tl lll<l \AA~INfR JUPHERI$~TUF~ 

1111 S~fr¡,·~ol r,oA"Gt"l~l P!.AN ¡R[\Il$1~ S!Plf"9!A 
1, llltl 

f'OG11·l~ o!otP:l"Bt~ l. t~l/i S!.O.S•l-A/o:>F Pl't'Jt;l\llo<M.NG 
SIA,~<.~os 

GE~~~·~ \Dfl'U~E ®tU!'!•11 
r:ASA ~~FTWAP[ \IA~AG[M[NT fU'OlLIN!S 
JPl P.JSlOCAJJC~ 17-1• IJUl~ \ 19/1) S<,f;"<'E OíSI~\ 

.-n OJCUI>lE\ TAT>O~ LA';GUAGf e• HE~" •LEI~E 
INI!<iCIFIICf_ COIOPIJli~G LI[Y~e<·.~" -~ 13/jJUl> l\ 

1\131 sn;;" USE• G~:;l( iS'RJ~lU~E~· f~JGO~~\C •G 
TO fC;oRA': TiWJS~AiQ¡¡ BY JlH~ A flV~~ 

tOV .... I \0 V[~;;;.-~~" <ll ;\~.'0\"o!', 1>~11 P~O­
GRAII'I'"S fCI< f'QO,T<91UT\', oY /REO !. <01UG~ =¡_ __ '_"_··=·~.,:_·_·_·_·.~_-_':_._._"_'_·_·_·_··_" _ _._! 



! ,. 
¡· 
¡ 

i 

¡ 
1 

1 
' r 
1 
1 
• 

' 

1 
¡ 
• 

• 

\M '""" ""'"''"'-' ~eople can O~ assogne6 ID 
ompl~me~: tac•s o~>.t ~'"~ twen ta,ly we~ Slr~C­
Iuoea lht sHucrured methods also enable man· 
a~ers 10 o6ent.ly the real on~ompeien\s •ooner 

• lh<1n older meiMO> <l•d 

llt!.HH<·n. The oayoH lrom \Me adoption ol 
mo;>dern prog,ammin~ practlces MS come In 
terms ol s•~nlhcanUy omptoved SChedule per­
tormance and manpc..,.er productivity. Them is 
no dount tnat tnese technoques llave resulted on 
dramalic omorovements In cost, quality. and 
SChedule. For e'am()te. ene el \M pro¡¡rams ter 
111.1! Voya9er ~roject~several hunOred thousanO 
lines ot hogh-le•el language-v.as recenHy com· 
plet€'d with tat>cr e•Pendltures wothon budoat and 
compu\er tome al sometnlng like Mil ol budget. 
The reduclion in comput&r time lm~l'es tMt me 
programs were o! beHer quatuv. ~ecaun 11\e 
progr&mme.s nad toda much less debugging and 
testing In the entrre Voyager soUware dcvelop­
ment program. JUSI finisned. onty ene "toger 
team" llad to be set up That was rn the data 
records area which ~ad te> be done '" assembly 
tanguage because a higher-levet tanguage was 
not ••aitable. 

A recent Deep Spacc Net project. one tnat had 
been budgeled lor lwo years. carne rn two wecb 
over budget. but this ove,age Md been detected 
a 1ear ahcad and &Ppropriate read¡ustments had 
teen made. In this case. too, debuggrng and test­
inQ look hall !he time O"QIMIIy budgeted. TM 
reason: •ery lew euors In tact. there were 350 
errors_ including !hose 10 documentatran. 1n 
300.000 hnes ot code-a rate ol only 20 percent 
of pre1<1ous e.peflence PerMos ot equal lmpor· 
tance 10 those only too accuMomed 10 net\'e· 
wrack1ng "11ger lnam"" ellons 10 meel flrg~t 
dates. th•s time IMie was no l<ger team. There 
wera no ~oSSIU Snd no one aggrava¡ed hls 
uiCMs lt seemed lhal 5o!\ .vare management was 
comrng ol age. 

Moreo•e•. the lull e•tenl al the •avmgs frorn 
IM use of \he new praC11CeS will only become 
apparent severa! years into (he mainlenance phase 
Thrs pha~.e rs clearly going to be muen mora 
e:trcient. TnP prog<ams .vill be mo•e <elia~le. they 
woll be Pasier to ChMge wMn necessa<y Tnese 
imp:o,emena follow trom the e•Pe,.ence in tMe 
irnplemental1on pMse V/hen lh<S phase IS com· 
~lete<l mo<e Quicldy and wilh lewer errors. there 
IS more cont,dence IMt lhe P<OQ<am rtsett os 
doser to tull co,.ectness. 

JPL os fon~ing a greater percen:a~e ot lhe o•e•­
all sol!~a•~ de•elopn;ent ello" L-~ong concenrrate<l 
"'!he tren end under lhe """ pra:;t•ces Codong 
is €•;>ected !o r~ma1n a small l:•c~>on. r•en as 
\M propor1LOn of re•our<e5 Oe•úl<'l 10 W~tonO 
~nd ona'"" ndnOe d~:;l1nes p,~ <O <-1•0 PE'"Cent 
rule tor 1nr OI•IS•on ol ·~'o '"·~• :et.-.o~n ~~hni­
t<o~ and ~,.,,~~- w:Jr·r~ ~~,: IPSI,c.g t,,, . .,.,~llj 
.,,:.re;~o "· lt•e l.;bo,;,, u o y"~ e • ~~'w<•c e 
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Sti!L ~~~,.. i• on elornent uf mano~enrenl in th~ 

prnblom Ttwre i• o n...d fnr di•<ip!m.d thm~on¡r 
Rath.,. 1hon focuo on lh<· f•~t th.ot Enm~ mon~; io 
b.rng •!"'M un soh" aro de• olo¡r"""nt. th~ big u""" 
ha•·• 1.<-nded lo emphuize !me tunin¡¡. l.uel}· then" 
d<~·• , .. m lo b< an increa.ing owareness by man· 
o~oment of th• diohotomy t...t .. ~n tho pri<~·l>'"•· 
lormance impro•·•·ment o! tho hardware and the 
lack o! Lhat kind of improvement in software de>•el· 
opment In tho hnol ona!}·•is the usor. them<elves 
havo g<>l lobo .,j!~n¡: \o d••·ote ellort and monoy 
lo improving th••ir softwan> d~ve]opment prrt<e., 

Producti,¡ty ro\.tlon Although Bruwn found 
Lttl• rolotionship ( + 1 J>"r<enU 1><-t,..,..n hi• 18 
n>dmg ond documentotion •tondard• ond program· 
mn producti,~ty. anothor approrrcb sho"ed a 
•i¡;nilicAnlly hi~h oorrolalion Wabton o.nd Foli1" 
.,., up a soh,.an mea•ur~menl proj.ct in the IBM 
F..derRl S}·•"'m' Di•·ision m 1912 One of its 
purposes ••••• lo _...,., th• •ff.cto of •tructurod 
programrning. then just be¡:innin~ to he u<ed. on 
th• scftwar• do,-elopment P"r<••• Data from 60 
rompiH.-d proje<l9 ;, now in 1lroir d•to b-.o. repre­
""nting projocu rangin¡¡ !mm 4000 t.o 461,000 
•our<• linn and 12 t.o )l..'>7R manmonths Sourco 
linos ""'" d•fin..d U th• input to a hrn¡¡UOj¡<" pro­
ce.Sot. 

U<ing thio dato ba>e, 68 ••riablos ~•ro onal)<...d 
ond 29 shuwed a hi&h corro!alron w¡th ¡rmluct"it)-·. 

The P\"erall judgment is: 
modt'rn progrumming practires 
or<> rl.'ady for use. 

The data .-·ailabl~ enabled a ron>parison lo k 
made bN """" deli>ered •ource li""' P<"r manmunt h 
and tho 1"""'""'-"~• o! cede d••·oloped u•ing oooh 
le<hnlque_ Tho,.. r-<·lotionship5. vrsuah1<<l in Fi¡:uro 4. 
;how..d a ra!P of produc1iv01~· impro•·ement ••••· 
o~>ng 70 l"'""•nt bel"<•on "'hui~ use"" uf th•· now 
te<hn!quo• and "'much u••·" 

R••l·timo d••i~n. Th~ Advanred T<""h~ology 
C•·nt•r ollh~ Arm)··s ll•lhstic \li.-rl~ Delon"• h .. 
h.~·n en~•~ sLnre 1972 in idontrt:.-tn¡; and r-<"f!Nllg 
tt-<:hlliquo• 1~ ·,mpro•·• tho ,.,ftware d<><i¡:ner • 
ahility u, prrr~oarn lor~• reallim~ P'"""'·'•• in 
v.hich 1h• ti1nin~ ond ,,-d,•r ol "'"<"" oro o·ritical 
Tho re•ult nf it• ,.ff,.tt•. call<<l proc•" d~•ign 
rneLh,>dclo¡¡y. embra<•• structured pro¡:rommm¡;. 
torr-down de• elorm•nt. and oth•r method• 

~; •. ,¡,¡;,¡; ond l.av.·sun" anal}"'<-<! a dato L•>< 
"rllo•ctecl dur<ng e>Jl<•rim~ntal deulopm<•nt v.ork 
conlarning O>er 10,000 \ol>or and compu<or-run 
•·•Itrio, Tv.u d«tinct "'hanla~•·• of the nev. ¿,.,;¡:n 
"'" 1~<.-iolo,._'\ .,,-..,. con, en;io>nal •PP""" h'"' em<·r~t'd 

•" rn.rW!I\< .,¡ '"''~"" ,-rrur• ~.,. d,•[•·•<•·J 
1'""' on tho· -,¡¡ po·r .. -nt rro,...-t "•mpl.·om~ purnl. 

th• <•i'i"""' "1 '""'"""''"'",¡ '"'!" "' "''. on<l 
• """l"ni•r<,• '"'"' .1:0 r·q•H•ol<·nt owochin• tn· 
•Ir U¡ i ¡un• ¡•o f lr .. .,,lr .. Lf. ' ,.,,J t <" ¡,.. • • • "n"Jo·r•l·J,· 

------~------ --· 
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HlD 100 lOO 

OtliVERED SOURCl l1NIS1 MkN MON 1 ti '" 
?rodu~liO<I lppoon lo lnorono dramoliully wlln tn• uoe ot 
lmpro .. d pt<>grommln; tochnOl"'l'••· 

ht>tter"' than the re.ult. on con,pHtable real-tim~ 
projec:ts proii'Tamm.d by con•·ontionol mHhodo 

f)oto mano~rmrnL H•iao" report..d th~ dovelop­
nu•nt o! a bi¡¡:bly "'mro d••~ m•na~omt•nl ., . .,, . .., 
o·nmpn>ed o! 80 module> "'ith 40K ""'d' ,.f codo. 
The total do•i¡;n and implementotion ""'" com­
plett>d in 3 manyea'" ,.-¡¡h on elaps..J timP nf leu 
thon ll monlh•. Using a chi~f prO¡¡Tammor team, 
struttured pro¡¡.-amming. •nd tho uther <'oncepts 
o! modem pro~ramming pracLJOe•, he lr•lt thaL the 
effmt could not havo b...,n compl~t,..j in <Uth • 
shott period of tim~ withnut the U><' of th~so l<"<h­
niques. In oddJLi<>n, ••id lhiao. •~tt·nsinn ol the 
W<lPm ''has¡,..,., )..'r<•atlv fodlit,lt•d 1!1· tho• c•nm 
pl<•te do•·•lo¡>menl->uppn'rt libr•ry. d.:., 'Y>I.em 
inlt•rfoee, hi¡¡h progtam modulsrity. and v.ell-scru,·· 
turtd tode .. 

Jaf"'n•~ rindin~• Tho :'>'iw•m El« tri<· (\un¡'""' 
h"' modlfted ito d•t• bo"' m•n•¡;ern<•nl '.' >1-ern. 
prOgtHmmod In Cob<>l. to ta~e adt·•nto~<· uf th• 
~on<~pts <>f Mru<-tur<-<1 pro~rammin¡;." 'J'hi• "'~""' 
en~•- plus somo UJ><'nmen" in ming the """ t.-eh· 
niqut••. has rom mt<-d tht·m thot lhc mo•th,,Js ~•n 
bt• ""'"'"'fully oppliod to th<• f<>r<ht·.,mi n~ ¡J,., t•lup­
r.-wnt nf a very larce on-Lno hanking '-"'"''" Th•ir 
UP<·rimt•n\o indioote the follo .. in¡;_ 

• nllmbt-r of •'-"P• prog;ommKl por v.nrkin¡; hour 
dnuhl!'d: 

• numher of ''-"P• prowammc·d pt•r ,,,,chitte 
hnur uwd tripl<-<1: 

• numh.r ol dato ha-. hondling """' d,. roa,...,; 
JO p•rr•nt: 
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0 <>1~~~ '-'f"'' Uf rrh~tOtr.m!OJ' Olr~" d!'<t ... .., 

6:, t•·•c~nt: 
• "''''"ll'"lt·.,¡:th .,¡o bu>; !mrland-!JX '"-¡,. ho• 

ix-<·n "-duco•rl tu about onethttd lhe cc•n••-n­
tir•nal l!me 

Th,.,... i~nprn,emt'nt• ~•.-.- acrmnpani!'d by •nu.!l 
do·¡;radatiun• in p<<>l(tOm P<·rformance 

F.arl.l ""''""'n<,l!•<k m 19H. 'lter onh a¡,.,, 
)'C&t• of ~>p<"tJeno• 10t1h th< ¡<roup o! tP<hnique. 
that .,~,. then <all..d •<rurtur..d ptohnmmin~- ¡¡,. 
IEEE Com¡mtor S""'"'-' 's !.ah Arr<>~hood WMk· 
•hop f<><Jnd that ,.,-in~< of """'' :on P""''"' harl 
l•<•en •chit•lo•d, relatÍI't' ¡., w<·l'i>'UI ¡wrfOJrmanr< on 
•irmlor projo<ts."" C<>mpanlo• rrm·idin~ ót~ >n· 

clod<-d IB\1 Federal S.t·•t•·rn< Did•ion •lO P"tteot 
a•·•••!(<' impro>ement mer 2n prnj,.-t>r. \lrOunn•ll­
!>no¡¡l.o' Aotomntiun C<>mpant ¡Jr, ¡wr<ent Jmr'"'''' 
mt•nt on three pt,ject<. 5 peroen< on a fuuclhl. nnd 
Hu¡;h .... r\i"raft Cmnl'"m ¡5() P"ttont imprOtO'fTWnt 
on t-.• o r~ol tim~ proj...-t<¡_ 

New practices judged eHective 

Softv.·•r• i• in a p..-..:li~am<"nl: it i• 10<1 c<»tly. too 
,·rror pron~. too ~ompl<••. too h.rd '" moirtl•m. 
This predir.Hment ma,l' dei•Y rtPW ~pphcot'o"n> of 
eompu\en unle;s tht· dfo·ctí•·em•., of •oflv.aro 
d~··elopmont can bt- ouL•t.mtially imprm..d. 
~lodorn progumming praclir..., a,... MI tho Mly 

wa;-, of rnurse. !lig~Pr·I•·HI progr ammén¡: l•n~'Ua~"'"· 
improt·t•d lile c:.do pl"nn;og and mano¡;em<•nt.• 
"olomatod do•-oloptnt•n\ tool•. lwtt.er i''-'"onMl 
soi<"Ction and ttainiog, and. o['"""~- rMr~ ·~phi•­
tioot..d managom~nt "'illundoubtodl,l holp 

Tho "'ud1e< brou¡;ht tro~et.her h<·rt• indioate that 
~oftware ¡•ffoc<iHne'- ¡·an be athiel·od \\'ho·t,. tho 
rosult< h•vo bt•en rodt~«-d to number<, the;- ran¡;..d 
lrom ah<>ut 2~ P<'t<enl t.o •bout 7~ J'"t<Onl on <u<h 
lactors •• coot, error r..cluction. and produrt!l'il). 

T"" much weifhl should nol lx> placod on ony 
,me numl,.•r. Studi<•s nf thi_, ki"d ore ddf1cult to 
·m.,ke ami are u'u•lly n<>t tomp•r•ble !mm uno 
"'""nizotion <o another. b...-oo•• de'inition• o! 
¡orm, ,-ar.•·. ,\lor..,, <f, a.erapn;:- ••riPUs ""'""nt• 

• <>f k nov. ¡,..¡~,, -or dq¡r,...; of i¡:no,.n<e- [rom rnter­
' ie" • d«·• oot "''-'''"'"'IY pro> id•• J>r<'<'Í'-<' numl•·"· 
And 'umm•ri1ing tlt•lailt•<l r<·>ults. os ha• ~<•en 
done in this or!Jclo. olrnoot ine"ubl.' ob>emes the 
nuan~•• ol the Onl(inal ¡>a¡>e<'-

Roth•r. it is th• o• •tall jud¡¡ment that ¡, irnpr.,. 
,¡, .• \\'h,.tht·r lr<•m f~rmal ""d'" or the tmpt<·-.ions 

of e.p,·rir•n<e<! "'"""'""'· it '''""" dear that 
modero pro¡¡ramming pt~rttces ~r~ .rr,..:th• in 
impr<r.in¡( the pt<><O"<"" o! -oft,.·arr d,•,·el<opm•nt. 
The' aro tr>d\ /or """- D 

''" "'"" ... ,,,. '"'" "'""""'" ~, ........ '"' .... -.... ''""'"' ,,, ,.,, 
C?MPUilf'l 
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Adnowledgmenls 

h•l<•rvi<"'''' with th• fnll~~-ing •xpo•rienc{'d ab­
o;,""'' of •"h""" de-·•-h·pment helpN ¡nJide m~ 
thmu¡;h the ht~r~\~r• ond practico.• ol thi• f>eld: 

Wah.<~ R P.eum, Ollio:<! ol the A>.<i<l&nt &-cretuy 
o! th• A ir F<"t" for Re.,•orch, [)c,·elopm•nt. ond. 
Lo![i•L•c• 

Jot .\\. Hen'l<>n, lB).! Do ... Proc•s•ing llh·ision 
R.obert Jirka, ,\li<hael R. PloM•t. F.dward C. P~. 

ond Micha•l R. Wornor, oll o! J•t Propul.,on 
l.oboratory. Colilomio lnotitote of Tf'Chnolo¡¡:~·, 
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Thi> pop<t a!l<mpu o o d.r.,. th< 1,tincJpl .. and ~oal• 
!hO! lfft<l !h< praehco of ooft.,ote <n¡in«rin¡ ¡,. 
inl<nt i> lo Ot¡:oni<< th<x oi¡Jr<h of ...,¡,.,,,. 
onain«rin¡ ituo • fr:am<,.ol't !ha! r:aMn.o.l· 

;,., ond <ncoura¡eo th<" pro¡><t -· 
.. ni!< p!odna in ¡><ropdli•<!l>t 
di>troity of t<ehnK¡un. nl<lhodo. 
ond '""'' thot pt<..-ntly eom¡rriw 
tht oubj«l of "'f"'ote 
tn¡in«tin¡. · 

• 
' • 

37 
Roprinted with permfaóion fron CO~G~I 
Hay 1975. Copyd¡;ht @ 1975 by Th~ 
Instituto oí El~ctrical and Electroni< 
Engineen. lnc. 

SOFlWARE ENGINEERING: 
PROCESS, PRINCIPLES, ANO GOALS 

llou¡¡bo T. Ro ... John B. C.oood<uau&h. C. ,O,. In in< 
SofT«h.ln<. 

lntrocluction 

!he conf<renct< >pnnsorod b)· ."ATO in l%8 ~nd 1969 
B"' popular tmp<lus 10 lh< ttrm ··o~fl""" tngono<rm¡."" 
Sin« ohat "'"" th< nood fot • muro cli><:tpiHred •nd 
in~<tt<trd •rr•~•ch 10 .,¡,,.,,. M•eh;pn:.no h .. b<en 
oneoo,.;n¡l) "•"'"&~iT<;l. A11hou1h ustful dofmiowno of lh< 

''''" "'"''" <hlli•<. •oft""' rq:in«""~ d<.rh imph .. •• 
lrm lh< di"lphn<d >od ,¡,,JJful ""' <lf <urt.hlo sur, ... ,. 
Jo•d"ptr.<nl loo!> ,nd "'"h"d•. •• "'•11 " • <r>ur>d 
uutlc"totrrlmg of "'""" h•111 pour.'r¡>h In lhr< P'l'"'- "' 
"'""1'' '" npuund ~<h>l th<>< !''""''"" "'· ,,e h'"" 
lh<)" <rt >pphed "' 1hc ['<>elLe< ul ><rfl"'" <nj'l<lOOTI!lg 

lo L1 p<rl><p' ""' 10 •iow tlri> P•f'<' a<''' 4U<JllPI to 
idtnHf) lhe H.J~c-tttnt urrJorl¡íng '""" of snfl'"-•r< 

<r>&ir>«llr>g In, !orm 1hot por m•" the '""""""" of lh<S< 
'""'' tn bo be !te¡ unJer<lu<>d. 11"< ~<oll di hu« thos< "'""" 
1n l<rm< of faur fund•montal f<>Jio: ~,.,J,¡ublluy. 
<ff!<i~~cy. 'flo;;br/lty. and ~.,.¡,.,.,JnJ.J~olu•·., 10odl >S""" 
p<on<oplc! th11 ,¡¡," tho P"'"'" nf ''"'"m~ !h<'< goa!s. 

• th< ,,,.,.¡,.¡~·ur P"""r'•· "'hrd, dtfor." ho" lo 

"'"'' "" • '"h"' ,,. •1 "' '" ·r~• '"P"' •<11 , 
• "" ""'"'"'•'""" rnn.•r~<. "'h"h h<lr• '" i4<n1•f~ 

"" """'' rr"P""" '" """''" "' ><rp.rh.-.,:1, Jrffn< ni 

'"'""" • ,¡,, lrr.lur,' r"n,rpl<. v.Jrr.~' llifhlrl"lli< lht rrnpoHonc< 
,¡""',,.,,.¡y ah>lr.«tln~ ·'''""""" r'"l"'"" but or 
mJltn¡ '"'"""'"' rnforrt>J"•"'" '""'''''"''' fl".rOro¡ 
,¡,.¡, •Jtl. ~,f<r.,n!" '":! '"["'''"~ '""'"""" on 
"'"" 1 ·' .ni"',..,,,'"" 1; 
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• tho lo<alf.alro~ rnnc.ple, whieh hi~hh~ha mtlhnd• 
for brioltOil r<IOied lhtn~' togelhe; intn phy>i<>l 
Proxm.rly: 

• tho ""'["'"'"!" ptincipl<, "htch '"'"'" con1i"m'y: 
• lh< c¡,mpl•·"""' rrm.rplr, "h"h "''"'" thot 

nothir.K" Ioft nut: 

• lh< con[,md<lll> prinurl<, "h"h '"'""' that 
tr,lorm,tion n«d<d In V<lrfy '''"""'"' h•• be<n 
«rh<rtly "'t<d_ 

ll.o,. pnnctpl<S and !"Jb "" •pplied on tho pl•<U« of 
«>fl""' en;;rnorotng, "hl<h ~<•l> \\tth ,-""'-"'' oufl""' 

de.,lup"""' •""""" 
[)'""'''"' "~"'""''""" th< r•·-'"" or r-l<ntif)'"~ th< 
"'""'m<nl> tu be S:•l«f><d L) o >o[\,.on· ., !l<tn, th< 
ui;J<"ioe" to dohn• th< ¡•ruOlt'tn to ~< >OhcJ tn lr!l''' ni 
tlr< Wr>t'""" • >nhrtron mu>t '·""1), onclu,!l1'1' ""' Jn•l 
r<~IOIJ"'n,e, 

f!rrotn Joll•a'<-11>< P""'" of '""'"'·"''f «d> ""' 
f<GO>r<runt •nd <1<1\on¡ \he cnn.<rW•I f "" ''" ~lltd, Lll< 
pro~l<rn" to b< wh<d, ~"'!" :> t~• r'"""' ol <I<<O-!Lt>f 
~P" lo Wi>f) ""' ,,,u,-<,-,,n., ~>lhon thr o:lt••rol 
'~"""m1> 

• 
S~"ifT ""PI<m<ntotlan-th< pro«« ol dnlltbin~ thr 
ini«><IIOn> ~""'"" lh< de>OgneJ modoln of a >olutton, 
th< t«ult ol thl- ·"""'Y " , de101\od >p.ooltration of 

"""""""oh,'"''"''" rmpi<IT'.<ntaloun mu" ••tt>fy, ~ut 
not the ><>fi~M< rl><lf. 

[".,J,{d' lar~· lh< prn, m uf ,..,u,l\y rn•d ocrn~ 1 hr !Oit v. m 
l.tii>IYt"' the Lp<, oft< ot '"", •nrl ><ni) rng rh >t th< ptnduced 
,orr" '" du<"> ut1>l¡ lh< "'" r<qotr<tn<n1> 

T ""'"& - th< rrO<.<>' of mndof) .n~ • lo~r<"olly eom" >l "'m 
""·"1 11 m<<l> r«l<·""'"" ~e•l>_ 

o-,,pil< th< cb•rr>u .. doffetm<<i •mon¡ thne a<li•ilt<<, ~• 
h,·hov< <ath r<l1<et! o <Ommon pa!l«n ~~"h W< <al\ th< 

Ju· -.'"'""'"'"! !"'""" Th" proc<" .:on>tsts ~f f"• b"ic 
>t.'p<" (ll ,·r¡•13/lll< '~r,rpo>< or ubJ'Ciivo; 1)) furmul•te; 
''""'"'P' r, .. l.u" the purpo .. "" ~ • .ohi,v<J: 0) devi ... 
,,,,~-o.,¡,.,, :l,•t rmpl<;nent5 lhe corr,,·~tu>l •trLJclur<: {4) 
intmduoe • "·•I•W<I" for "P«><ong the ••r•b,ltii<• of 11-.< 
on<.btJiLm "'d '"'~~~n~ n• u": (5) ducnl>< lhr :tl<lgr of 
tb' not>li~n in ''~""f" p:~~l<m <L•nt<>t lo tn•oi« lh< 
on< .hJr.i>m..., llr< P'"P·'"' 1> .o!J¡,-,-.-d_ 
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• ..... 6 ~ ...... "Ce"'"'"'"'" .. , ........ . 
• Hmn; o <o m .......... , 

"'"""""' ......... ....... .......... . ,.'" ....... ........ .,, •..•.•.. 
, ....... o-

'"'''"'"· 
• In ""'"o-'"•·-- • ........... " "'' '""" """' ""' ...................... "' ,_..., 

""'" .. to h>opoo ""''" ''" .., .. "'''"''"' ,.,,bto ;o out ol ............ "'" ............. ,, .............. '"" "'~ ,..,.;. 
""""· ond '""<' " not '"'"""''" lo oovolop '""' '""''"' 
.., .. ,..,...._A como'•" ""'""'"...., lo<t" .,o;obm ... by-· 

'"'"'"". P'""""'""' •• ..,..,,..,. "'"' ........ """'~ 

The•e <.ampl" <>~ onl) ""' lo il]u<l!>le the Sl;le of 
opproa<h (on a ¡><Hubo ba;is) u,.d to mah the go>l<, 
pt~ncirl<>. and par!< of the fomd,menlol proe<>5 ""fui in 
dc.tubmg and undeatandtn¡: U¡>ttt• of "'¡'"''" entm<er­
ing. The fo]l,owin' <«1 ioriS discus, the hiOJarchy, goal<, •nd 
p!inClple> in "'"'' •ptClfLo wm, bdote .,..., •r~t~ them 
jomtl)' In •n ntended e.-mple. 

Hierarchical Decompmition .. 
Th< poooe" of d.velopmg hi<r.r<h'"l "'""""'"'Y 1>e 

\'lewed wp.Jn-..~ •• '"'"'"i••ly imp<>Sin~ in<ruUn~))' 

>p<CJfoc "'""'""'' "" thc form <>f an ulllm>le >olution. ll 
m>y ol<c be ,.,,,.,d botlom-~p '' <U<<r"l'<ly .. plortmg 
the con•tr>ints .att>fied by \owor le•ol<. Alt underotandmg 
of >oft" "' en~inoenn~ h" m under>tandmg the romrroim,, 
ea<h en¡in<ermg l<ll''Í1)' pb«l On the other1-< g., ho" th< 
de~ign c~mll-''"' tho lmplernentJh<>n, >nd how the 
implemt<>totion P"'"b•lu••• '"""'"" the "de•ign. Th• 
p•o«<S of hi<r>t<hlcally ond ueoaU,.]y im¡x><in~ con­
""'"" •rpropnale to the analy.,,, d«ign, 5p<<lflcaUon. 
and codong ph'"' i> "'hat umfo" lhe p<a<tice of •<>ftwa,. 
ongoneering. 

The p•ocel! uf hi<r.,chie>\ d<c.,rnpNllion mvoh" bo1h 
:ur>l)<l.S ond •)nlllt<t•-bolh tal.ing •port anJ putling 
t<>gelher. Who\e ""' dewm¡>o"'' a suhject b) rewgnoz¡¡og 
lh< dof/<'<nl •nb·p•rt• of "hkh" "compo"d· on< mull 
•lw P'U" lo'''"'·'"' lht u,·era\1 decump-omomo ltld louk 
fm JinHI"nrk> omorog th< lowtr-lovel con<llluer¡IS wllh on 
<)"< '"""d IOcompoUng <o\l<el)on1 uf th<m inlo l:u~et 
'""m"''" For e"mpk. plll< decnmp0511Wn W<Hi\d n<>·or 
rt•ult in r<eogniotong >ubmuun" lhot ore n«ded oo 
"'l'"''"d P•!l> of the decoonposu,on. 

Fur • ¡;o-.n pr.,blcm lh<tr alt '"'"l ""wH<<L"" 
d"omp<J<lllUil>. •nd g!l<n a \,uge C<ll\et ll• •O o! "'lul '""' lo 
p11m111>< >ub pr•oblon" (e g .. J "'' ol ( 1'11 """"'""";). 

lh<~< "' """) "'""' '""'!"''"'""' ~;.,,h ~.n "'h·e a 
~iven pooblcm. Oou< . .,¡,,¡,., "''' "ocr.•<<d in •¡·nth<~i• or 

Jn•IJ"'· '""'~'''"'"" "' Ccrtlllll'"'"""'· ohe «'1''""" <•1 • 
""cun<~l" '"iulloll must be "-'-<~ up .. r >•!!n< I"<Hldon1 
''"""" w, ll'U\1 Hy lo «locl lhe """' .J,•,."bl< ,,,ILI¡,rn 
frun, ol,e "'uf'"""' •uluomn•- Fm oh!>'""'" •< be~¡n 
¡¡,.¡_ '" ""' ei•bur•""" o! thr oh.-'" d Lht> pper. loy 
1' ,,.,der 10¡: Lh• ¡o .. ls ~,f ;o(l ""e "'1"'"" '"1· 

''"""? l., ... l..._.:,.oloQn­
MoorL"""'"· 

. ... ··~·'" 
'"'" '"'""'' '"" ,, ·····­....... "" 
""""'"' ........... 
'" ........ . ............. 
""'"'" ... .......... ~ ... 
'" ...... .. 
""'" ..,. 
""'"' '"' """"'' .................... '" ...... '''""'"' '"" ""'"""" 
"'""'· 

• A""""'"'""' loll•"' loo o P'Of"'" IOtoLmo "'' dH<"O'"'" 

o! """ o ""'''"'" ""'"'' " u .. d, ond '""'"' ""' 01 '' '""" .......... '"• '"''""' ""''"'"' ........ 
The Goall of Sofm·are Eng;neering 

n,, •l.o\1 woth "hoch ~·e""" oppl) engonecrlO~ methéld• 
and oN>IS ,.,¡¡ d<pend on th< degre< to "'hich ,.. hal'O o 
d.,, iOd prc<i>e '""o: our"objeoto"'- In the l'•im of 
,.,:'""' ongon,.nr.~ our objeo1'"' ..-,n a\w>)' be nat<rl '" 
t<tm• of dtmed pr~perll<s of th< ,..,.ltanl wft.,.,e. Four 
pw¡x:rtoe• lhat are sufnciotllly gononl to bo •ccopl<d " 
¡wab fm tho <nlire di>CJp\¡ne of •of1waie e~rgonieung are 
m<>J¡{wbilir.o•. t/fidt~q. rdiabillly, •nd ,.,J, r!la,Jo~Lioto·. 

Thr gnol of moJ¡flob<[ay i• l¡i<loLi.:>ll) thr moSI 
dofficult goal 10 ''""". Modif,.bolot)·, 1nophe< """' oo\led 
chang<. on "hido wm• par1s m "P"'" o<rr"'" 1hc "'me 
.. holo ll1h<" are •loeo<d, oll in •~<h • ~a} Lh>t • dellld n<~ 
'""'' "oblaoned. Tbe char>CI<Iil>loon o( .. ,.m<neu"" or 
""""'"'" moy be "i)' subtle, >nd the effoo" of dldo~e 
m>y be hotd tu pl<diu. Thi• mú.es th< .chi•><m<nt of 
m<JJ¡f¡ability difflcu\1. Modifoabiilt¡ " abo dolflculo tu 
acho<V< becm" changes occ~r for "' man) d1ffeoen1 1) P"' 
of "'"'"'- fot uampl<. in tr>nlfeninx wft>Hte 10 • "'" 
cmn~uter ur <lfH'ta1ing <y<Oern. 1t " dem<d 1<> '-«P 
in•uionttlte lo~tcol eff«t< of the S)"''"· limitmE chao~<> 
unl) tu th< n<cess•rLiy machine-d<pendetll ••~«'U Ch•"X" 
aro >l$0 l<qnired IU remo>e erro" f¡om <Oft"-di<, to >dd 
"'" e>p>\rLhli"· and 10 omptO\'< a SY'L< m "1 perfo, nunct- In 
gonerol. different •rP""chos aren«'""')" lo '>tosfy lhese 
doffcrent 1) pe• of murl•fiabihLy. 

~lodiflabihly requues nol olol) lhe ¡bilrL) to ~-"' •n 
od>rt•blo, «ulut"'"''l-' de•i~n. omplll) Standlldi«d 
"'f'"'" ~uoldonx-blocl.>. tune f<Or prtf,•tman<t. <Le .. but 
abo tho n>li< 1ubtl• ,¡,,¡"Y lo lllain,;n pt<>J<ct sd><dul" 
aml bud~•" b) allo,.in~ dummy "" modules lo b< u"d n 
J11•crs before l>1<1 pl!l> of asystem¡¡e P"r"ed,etc. rhe 
""") .,¡ W>)'' mo><loflJhllot¡ off"'' ,,,¡," "' '"f'"'""'~ " · 
''"' uf th< '""'"' fu¡ ¡ll·m¡ ll • pnm>i) role on Oul 
d!l• '""inn "f ,,.¡ 1 ,,.,. ' 1•¡.\.oemn~. 

.\ nou,h-•b.Md ~ual" cffl<~•'"!"- usu,U) b<""" '" •n 
"''"uf,.,¡ n "pt<olroluotl! p<imimd a hi~h ~riorll)" in 
"'f"·'"""P U,rol"'lf>. fllaiJnl '"dflc.,·llq c><r<\01, ol 
--'"·"'· bo oo''"''J· h" u•u•l!.' err,,;.,,._, qurSiion< •re 
""' lt<>l<J ~ 11\•on 11•< oon;n! of olh<r '"'"'· Fot 
"''"í'l<. >C~i."•lfl0 J hi;h d<ll« uf 0\c'dll"~>htht) <00 
P'""de the t.•'" fut "''"'"'[ ef'•co•~<~ ¡oal< d~tlng the 
'""'"'>" ph>" ,,¡ ,,¡,~"'' ,~_.,,].,;·"""!. ln >ód•"<•~. on<iglll5 

--· -- ---· ~-·-~-·- ---- ·---
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"~""'"" • m"" unthed ur.d<rmndtn~ ni ' pwblom ¡,.., 
r., rr"" orr.pac< on offocrenC\ 11'1• >b>lr>ruon and 
onofurm<t; 1 thon •n; •muunl of bit h•1ddhn¡ ""hin a 
l•ull) "'""""- In ''neral. nr<pl f01 tho hoghell 
'""'"1''"'1 le>el• ol • d<"f", "'h••• '""' mdflc~<nC\ 
qu<lll~"' ~r.a, pi>; do rmnam rolrs._ !he effoc,.ncy ~oal d<>es 
nol Jumm"e th< prw K< of "'ft""' engm«ring. 

R<IJohi/UJ' " o g<1al mu<h ,., •u~ue tOd>). Reh;b,ht; 
mu•t buoh pr<•<nt foi\ur< in cone<ption. duign, >nd 
wn«ru'"""·., "'U as t«UI<r fJOm foilure in opera1ion or 
p<rfonn~m;t_ Unhl.e dr.c,.ncy. wh¡ch f•<qutntly " 
pr<m>~ur<ly apph<d, r<hab~ny o mor< oúon "'""d"ed 
loo !.11<, or not " >11. m moll softl0.'3t< dtvtlupm<nt 
dioU!. Rehabilny can onl; M butlt m irnm the Sl•rl; \1 

cannot be addtd on >1 th< end. lknct.'r<h>boht; h., o 

!"'''"""" and eructa! dfet:1 on •nft~<"ar< '"1¡"'"""8 
prat~k.,._ 

Th< fin>! goal v.h.ch should <><lt a suonf 1nOoonco m 
all »p<<IS o/ soit,.>r< <n~in<<ling ;, •mJn-.ranlalnlfll" h 
d<pends. of cour ... on rhe mttnd<d aud1<n<:<: l<<hnkal. 
mana><""'"'· or u,.r. Snt< in panorulao tha! unMn!and­
ablhty " nor m<r<l)· a p!Optrl} of l<pb1hll. ~luch rnure 
rmporlanll)". the enrirt ronc<ptua] slrU<IUr< u m•·olved. 
Aho. 10 any S'"" cucumslln« an occopubl< ]<V<] o/ 
und<r>tmdability <ilh<r is cr n not pru<n!. There is no 
mrddlt ground. AhhÓu~h un;lersrandabrlity "·m • """·' 
pt<r<qurSll< lo reli>b11i1y and modJfiabr!uy. r1 is •lw 
rmportml ., a g"al in ""lf b<cou,. r1 draws ott<ntiun tu an 
imponant barri<r tu under..,nd•biltl)"-romplt>Uy. ~Ion· 
ag<m<nl of compl<>rl)" i> a cruda! arpect of wfr"'"' 
ongm<mn~ m<lhods. and th< neod 10 m•n•g< wmplnuy 

•¡[,,., from th< goal of undent•ndobiluy. Th< only "'~· lo 
"hi.-0 lh< ~oal o/ unMr"•ndobilit) wllh regard !<> an 
1nherenrly cumplo. 'Y"•m is tu impo,. an ap~wprr>to 

'""""" md orpnization on lhe •y>t<m_ Th< "'"""" 
mu5! be r<poesonled on a <k•r n<>l>llon 1ha1 p<Lmll> 
rnethamcal tran•lalors-e.~-· compllell. erc.-to bridge th< 
¡;¡¡p b<ll«<n lhe acr~al S_l~l<m •nd an und<rmnd•bl< 
O<poe«ntation of 11. Thus. aoho<>·ing undenl•ndab!ht)" 
d<ptnd•., mmh u pon the soft,..are engin«lln~ 1001> •• on 
lh< merh<>ds. For n•mpl<. "'h<n compil<a do nol poo<luco 
><<.<p,.ol~ effit1<:n1 wd<. ••«mbl)" language may hn< lo 
be u<ed. at ' root in poogram U<ldeJStandabiluy. 

The Prin~iple• o! 
Software Engineering 

Th< P"""PI<5 of '"(L"'"' rngrn<rnn; "'· as w< 
""""""'""d e.oher. ,.,,¡.,¡""''"· oi>Jr"""""· l"'"''zall•'ll. 
¡10,¡1,.,:. ""''"'"""". mm¡>lo·r¡¡"'"· Jnd ,,,¡mrr•~ilr/_1". Th<>< 
¡•muipl" 'PPlied in \41\<>US «•mhon31n>n> ~rlhL11 lh< 
,'Lm.IJ<"""""'/ prucCSJ "''\1 "'"'" ro pwdu" /ri<rc,lrrool 
d<onmp '"'"""' "-lrrch ,,hre•·e oor t""'' Jurm~ all ~r rho 

' LJT!,LU' P'"'" of <t>ftv.arr M·~IL>prn""· n;e lrrewdmal 

. J'·""'I''''"'"'" of a >)>l<m ;!epoot> lh< '"""""'"" of lh< 
.>)>l<m •''''""'J '"'" • <truCIUr< "' lho r<lari<>lllhop> 

o:nnn¡ 11'"'" <C<l!L'lr1tJcn:S_ Th< '"""' \OLeO prmcrpl«. 
""~!) or•J rn _.,ll,O<Illll.JO. aro u,od "' d<1"m"'' ond 
•• •ntrol lh<>>< rcl.trur"h'l"· TilO) '" u,oJ '-'"""·111)' al 

.lemJun ,rol<r" W Oll\Hr< 11\Jl l~< •<>'Jil"li' d"'"''J'<'>Ílrun 

"'"'"' nur 1''"''· '"d '~"' '"" deo!• wH~ '""" "f"'" of 
1h< "IJ1i.-r•<h;l"· te. 11., or.l<rloe<> omn"¡ th< •"""'"IU-

'""· 

J.ll..-U) ~f.,clul.rrl) de.h v.ub po~p<11l<> al ¡_..,. 
orch\Cal >ofrwar~ "'"""'" h hu l><<ll ¡h<n ""~"' 
ddonnr""'· S""""""' 11 h1> bten ~<frned rn """' o( 
.. bJ<<I!L<1" 

""IOnr ol>¡r<h>< <>l mMu]., pi<•Jr.,nmlnj "!O bt .bl< 
tn tnMrnce ono .. lll uf lht ,otr<-''ln<" uf a P'"''"ffi 
m<>dul<. md<r<n~<nll) ol th< <"01<" al '" ""' on 
butldin~ l·r~<f UOU> of •Oflwaro:· fll<f<r<n<< !. p. ]~Q) 

""\lodula<rl)" d<nnl., lh< •b~>1) to .omNn< orbu••r¡· 
pro&ram mnduln rnlo ¡.,,., modul<1 """houl """""'· 
<di< of lh< <nn>tru"'"" of lh< Jnndulu."" (JI<f<r<n" ~. 
p. ~41 

""_\lodul.fJI)',. no! ••• \:mpl) lh< •rbJlr•r¡ d,,;,.unola 
1011< pro,ram rnlo >mall<l ruu ur mndu\<1 Th< 
plrm•') '"'' ..• >h<>uld "" 10 d<.ompo" th< piOit•m tn 
<Uth a "''Y that lh< moduk• ar< h>Jhl) ;nd<p<nJenr 
from on< •nolh«."" ( ll<l<r<nc< 1 ~. r. ·¡ 001 

_\lo<lulartl; ;. molt frequenl!) Mfmod m tetmr o/ 
'"""""] P'"rtrtios P"''"',.d b)- "'moJo].,"" S~"il<m\· 

··,o. rro~r•m "modullf of rl """"'"m m•n) r<l>ttL<I) 
ind<p<nd<nl r•J11 ot mo~~les -..h><h h••• ~•ll·d<foned 
1nt.rf>e<> <och lh•l <O<h m<ld•lr m>>O> no •"••nrtoon• 
oboul tbt O¡><IOtron of olh<t m~dul<> ""Pl '"hll " 
conta•n<d in <h• \Ot<thcr <pe<¡frntion•-"" ¡ R<l<r<n« •. 

' " "'~1ndu]oriuti<>n <onu\U ol J¡vrdrn, o p!o,rom tnlo 
•ubpJorr.m• (m"<<ul"l ,.hich <•n b< .ampol<d ><r•· 
nt<l). ~"' ,.hkh h»"< <nnn•<tion> v.itll Olh<r mMul<< 

A ddonition of ··~ood"' mnJulot\1) mu•t <mrhmt< 
!ht r<quu<m<nl lhot modul<> ~.a. Jos_roinl u pn,.ot-lo.·· 
(Ref<l<n« ll.p. ~~~~ 

•• A m<>dulor pruJtam " a prorr •m 1 h'""' a ¡,;""'h•col 
>Ir u, IUr<]. !R<ftr<n« l. p. :\4) 

""\(odul>r prop.raJntnin& " lh< orr•ni""' of 1 co"'pl<t< 
P'"''"ffi •ni o a nuonO<r o! •m•ll u noto ..... h<r< lh<!O" 
a ''' of Ju]es "'"h!Ch control< lh< d'"'<'l<mlics of thol< 
un"'.lC"l1<d rn Rdtttnce 10. r. )Q] 

In g<n<r•l. mudularily ;, cll<d as h<lr'"' lo impmv< 
10ft,. . .,, r<liab,]ity, htlprn& to allov. muhirle u>< uf 
common d<so~n> and pro¡¡nms, •nd h<lp1ng lo m•l.• 11 
ea~<r lo "ml'dlfy propam>. Mo>l di.cu,.iuns o/ modul>llly 
focu> on on< or on~lh<r uf l~<r.t objocti>« and >mmpr 10 
e.pl•in "'hY C<Tia\0 SIIUCIU!il con>trOLn15 mol.< lho 
01 llinm<nt of 1he,. objoctii·« .. ,;.,. 

R01her rb•n ,.leer an;· on• ob¡ectl'< as lh< mo>t 
rrr.pomnt une.""' propo"' a gener•l unil)rn~ ~eftr.11ion: 

\],.~ulmt) d'ol> v.·ilh how lh<il'l" '"" ol '" O~Jt" :on 
'"''' lh• oti;Ílllntnl of >orn< ~"'r•osc """· M<>dolarny 
» 1'"'1'"" fu/ '""""'>ni 

11m«. th< pnocipl< uf m"dul>rit;- " m•d• roncr<to b¡ 
c,p].,nrrrg lllL" ccrt .. n "'nstrain" un lh< structuro of 
'-''"'"' ron ""'' u , • .,¡., or h"d" ro o,h,.·.-e sorne 
purpco,. . 

fo• '"mplc. ~hat '~" <•f "'""""] corrmarnl> 
f"'l""" nhldlfo>briLl}; offr,l<n:;: ><ILJOoiLl)' lrnr"""~ 
>u<h c.m>ltatnll "" <1ructur<< "1/oo ''""" ol >p~!)Ln~ th< 
,.,Jul;rtl-' prtn<rpl• m .uf'""" ••·~·'''""in¡: '·' h>< 
""'"'PI• -, .. w-IÍ" 1''"~""'"''"1' fo"<> ?"·~"'"'""" ro 
m•'• r>p]i"r lh< .uoJolr<>tll ur,Jor "'hich 'p<n ""'m<nl 
".-ocul<d. >nd 11"' ,·•n h<lr ""'"' LmJe""'·J•b.luy •nrl 

P'"""' '""" 

4• 



1 h< r""'-<rlr ,,f '"''" u.'mt 1 "" b' r u;th<: ,lluwoLod b) 
"''''"'¡'""! r.Lndui"'L) '""" >rL<m¡ m ó"'dLn¡: "h•l 
rJrt!wh"l< t<!aiL,.tLihi¡» lh,uld h< con .. dOf<Ú Ln do"lupmg 
C,JotOPdl ~Cal dou>n:p< •.Oil<Lnl, 

lor""""' L!o< !m< IJr¡>c"J'""' fh< ~~~~' th< modulo 
10 lh< >)SI"" -1\rUciU«, lh< mOL< th< rnodul< 1< 

drp<n•l<nl "'' Lh< h"dw•« on Which it '""'· Thi• hdp• 
Lo m•k< >oft~ar< moL< rorlohio, l>)' "olalong "'"hut<· 
d<r<n.J<mL<$ , 
P.rfmt"L<"I ~r oriLo" ll!i'hO! L«<l mo~ui<S 'P"Ú)· 
ob¡<rLL'<> loo •om< "loon. o'·· !-'~•' 11 to b< don<. 
1.0"'<1 , .. ,h o .. .:ril>< ho"' lh< obj<"'" " ~o,ng lo br 
r<•IL><d, ''·· ~"~· •nmuhon~ »ln b< don<. Fo1 '"mpl<, 
"'""'"o h~l>rr k><l modul<. •n oJ,gin<<r m~ht <,oo;ily 
lhll • lrmpo:alur< i• to b.< od¡u<l<d ~nt>l 11 "" lr"l 
145" "- lo~·•• 1<><1 modult w~l deftr.< ho» 1h1$ 
ad,u>tm<nt " r«lotmod, t g. ~' adJu>llng •n<l mnphn~ 
tht l<mp'"'"" Urnd at Ir-. minut< inten•l!. Thi> 
conwornl helr• m o k< o J) <L<m morr u~d<r>tlnd•~le ond 
<0>1<1 lo mo<l\1}. 
Scort Qj ron:•ol ll!i'h<r 1<><1 modul<> <>11 lo»er ¡.,,¡ 

mndul« ond <ur"'"' thrrt '"""'"- Th" ""'"' lhot 1f 
low<t lt'<l rnodul« <ncnunler '""'' ne<phon eond"ion 
1•1-· o eondot,on that P'"'"h the r<GU«Ird op<"'ion 
lrom b<in~ prrlorm<d), lhis mull be r<pO;ttd lo hL¡Ih<t 
¡.,,¡module> so tlooy con lah •rpropmt< ><!ron. 

11 moy be impo"ible for a 0"'" program 10 ,.,;,fy an 
lh«< objeclt'" •imuluneoully. A program may ha-. one 
"'"""" lf moclul<J '" ordered occordmg to om rulo, and 
o d1fferen1 <lructure if a diffortnl rulo i• con•id<red. Tho 
main po1nt in ideniLfyin~ lh<>< r<i•t.,n<hip5 isto highltght 
p<rnlble ortl<tli thol '"" bo conO<JOU$\y med in wu~turtn¡ 
lh< module!. Mony of th<S< tr!l<ria .,, already u>tJ 
in<lin<il''tly: tiL< •dvonlage of maktng lh< critono explicit i• 
lhal 1ny pru~'"""""' produce! b<ll<r '"ults of he io 
<:<>n\Ciou•ly aware of <lll"i' for "'a\uahng "hat he io 
duing, ' 

Ah>ltoclion itk< modul.,ity, oh!lrotrron ;, o ,..ry 
f'<"'""' prindpl<, lll< omnoe of abm>.;tion " lo ex Ira e! 
<>\<noial l""l"tlio> wh<l< om>llmg '"""nlial d<101l•. Our 
discu<>ion of h1<nr<hical dccompo>Jtton on lh< forrn of 
"1<"1'' •huwtd oh<lrlclion m ped"P' i:< mo<t pri<llnt 

' fot m Eoch lt>d of th< decornpo11 "" n p ''"'"¡' on abmaco 
>Íow of lh< \o"" l.,el> pur<ly in lh< "'"·"' thal denil<>r< 
>ubordmot<d '" 111< IO><<t ¡,,.¡, 

Th< prrn"pl< of •bmacnon "h<n combtnd ><ilh the 
pnndpl< of curnrlet<n"' omur<< thOI o ~"'" 1.-·el in • 
d<corn?U>LILon i• und,"t.ndohl< ., 3 unit. ><olhnul 
r<qulrLOf. <Lih<r l.n<>"'l<d~e of )u,.·cr level• of d<t01l. or 
nooo•,.nl) ~.,,. ti p•rticor.o<• Ln th< <yll<n> "vie,<d from 
• h~her l<vtl. ¡n,. th" pnndpl< " emp\oy<d un lh< une. 
h¡fld lo <1b101n • d«.ripnoo ul Wtne l.,e\ of tl,e <)ll<m 
"'htclr could b< rnlrted b) •n) uf """1 mopl<m<nl>ll<>n>. 
>nd un lht <>llo<r lund lo gi>< • d<,etipnon of <m< P"' of • 
IY<l<m ><hi<h c<>uld b.< ""d JLr m•n; Olh<r 'l"''"' 
requmn;: the ,.,,., comf""""' >1 olo;t lo><l <>f ab<t:><tton. 

Th< pr>n<Lpl< <>f '~"'"""n rnt""" "'~ ,hunol) "'"h 
lho pcrp<>l< unJ<d)rng >n) p:otti,·"¡" decom¡x-'""on. Tho 
prin<ipl< i> of 11111< procrt<>l ,,¡,_, ~nlr$1 ~~nO.noJ v.Jt), 

th< prill<:rpl< gf modu!ml) ("]'Li';>"dul "·'''·'""'-''] 1<> 

'"'"" ,,._,, •rP"'r'"" '"''"-'""'' '" r .. -,,o _\o'""· 
llon< <mrlny<d tt> .chk·< Lh< ~cal uf ooéc·.:>n.l•b•ILL> 
"'"" lh>L eoü. ],;el uf •b•"•cti"n. ><hti< P'""Liln¡ moro 
ond mo:• d<t• .. 'eo! ""'' of th< '·'"''"'· mmL ;,, "''" "rm• 
><l."h "' hnJc:.:onJ,r.:, tu th< JCMn:lod ou~Lcnc<. 

42 
Loc,li,otion Th< pnn<t¡>lt of lvcol,;otion " con«tn<<i 

"'>Lh ph) mol pro""'"). liHn~> m u$\ b< l>r<mghl to~<th<r 
,¡¡ in on< plo<o, llLUI, i"<:OiLallun Ó<>i> wtlh ph)>1C~I 

'"'"(""· lfXIUo\ ><quenco. rn.<mory. ttC. Then th< othtr 
vnnciplo> can 1nl<m\01e lh< \o"l!led thm¡s lo "'"" 
P"ti<t~lar plltpO><$. {\ln>id<r '"efully h"w tnlimato " lht 
<unnectmn b<l'-"e<n luca\i¡¡¡mn of on ob<tnctton 10 o 
modulo and our •holtl)' lh<n lo und<r<t•nd ond Ó'>l ><ilh ol 

Subwulmt>, '"'l '· logicol •nd ph)·licol '"oni>, ;_, ~~n 
Oi pa¡;cd memun<>, are nompl<l of local,.anon. Th< 
.voodone< of ~~10·> '" •lrUCJure~ propammlng " 10 

opphc>tion of loxohntron lo control "'""""' -..b1Ch 
mh•n«• undenund•b•hl )' •nd ¡impltrte> conrttmabtlit)' _ 

llidrn1 Anolher prmcrrl• familia! to man; reade1> " 
ILi.:mg !'ama>.'' for eumpl<. ""' 11 u''" mojor '""""" 
lor • d<eompo<!tron ¡nlo modul<> !1 ;, r<l>l<d lo th< 1dea 
of "'ponpoomg bind1n¡ ded>ion•- in 10p-Jo~n probl<m· 
.oh1n1. ohhnu¡.h il i• nollht "'"'· The purpo" ofh1ding 
is <imrlll LO th¡¡ ol ab•lrlctloJn in that 11 "qmr., mokJng 
1'is1b\o onl)' lhol< ptopertru of a modul< ne<dtd lo 
m"'Ílct ><1\h olher moduln. llu1 hidtng dr.ffet> from 
•bm"non in <h•l the P"'l"'" of hidtng is '" rnalt 
"'aumible «ruin d<1>~1J 1h11 >l!ould nol offect oth<r 
par!< of a J)-J<<m. ¡..bmao<iun ho\ps lo ldentif} deLarl•thOL 
should be hidd<n. l~ding ¡, concerned "''lh dtfin.-"l a..J 
mforcing a,·r.Jr ;on<rramu thot, wtlhnut thc h1ding 
princtple, would olh<rwi>< onl)' b, imp\icil m •ome 
purp<>«. ct>n<epl, mechJm>m. notwun, or u~age 

de>eription. 
I!,J,ng, cnmbinod "'ilh abmoctloil •nd localr>11ion, 

fo1<·e. oupptenion of lw"' lo tmpha•ize whor. Suppr<,.tng 
how o con>trarnl io "l"rLed force> 111< con>llltnl to be 
mad< more nplictl, Lher•by[omphf)'1ng out undor~t•nding 
of lho cnn>lroonl ll"lf, L'l<cidin~ ,.¡,,¡ con>"Oint• '" to be 
e.pre~"d (an "r<<l of rnodularity-purpoS<ful constraint 
«l<ctinn)" • matt<r ind<p<ndtnt or lh< hidlng ptinCJple 
¡,.,¡r_ ' 

Unilmmity tinifor mil)' ( th< loe k of inwnmloncoe• •nd 
urmocr"ary differenc") ¡, aloo '" in,pLortant pnnoipl<. 
When •pplr<d lo no101i"n1l mallen. unrformily yi<ld• 1 

noUILOO free of confu<mg and p<rh•p• oo<tly incon51•· 
lende>. Whon •lmcombinod wilh th<ob>Lraction pnndpl<. 
unift·rrruly impiL<$ • nOtat!on thot potrmu orbLirlry 
me .. hanllalion of Lhe inl<rnal deuo\\1\g of a mech.,i•m-lh< 
nnl>non d<L<> not cun>ti>m ono"• ehmce of itnpltmcnll­
loon. And "'h<n !h< h•dorr~ rrin<rpl< is •dd<d. lhe r<>ult "1 
notati<Ln Jh., don n~l lll<ltly p<rmil """! rmplem<nta· 
tr~n .-hnic«, bot ol•<> '"""•' lhJI no ~nneon .. ry deuih of 
• '!"'<Irte impl<m<ntotion ore r<><olod b) lhe notalion. For 
enmple. if • •obroutrri< p>ram<L<r 11 lo be 1 $l><k, lhe 
r<pr<,.nUllon of ohe ILO<k JhouiJ "'"'11) be hldd<n from 
1~< ""'' of cht >obwuur.e, Thu<. lh< ""'' Jhould b< abl< to 
•llo'"" JLO"'' for >O.ck, ond P'" lhom lo <ubroolinn 
""''""' h,inl' ><«1' lo lh< ir,df\odo•l cumponenu of a 
"•''· A nct•""" r.,, "'''"'"'ing •och •l>.:rocl dato t)pel 
"¡.-or, Ln Rofn<~«> 7 ••d 1:. Anolh<r <>Amplt 11g1><n m 
• "'"'' r•r<' un ''"P''''" ~•nJI:ng method•.' '" ~h1<h• 
untf,,,, ""'"'"" 1• rr•"r<~~td "'h"" ><man:;., can M 
1< .1 'trd """1 '"'""' l! •d" i"n' l "'"hud< of b an J\¡og error 
rct": n• (HJffi •·•brnu Lino>. 

In LL! '"'""· ''''''""" ""'f•ing lh< unLfurrrol)' and 
•bltroctton rnn,<pt> ¡,., b«n collrd <ll<>•here'' lh< 
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t .• ,,..,,. kd•=<·"' p,, :.rk. n,, r'"'"'rl<- ·l'~h•d '" n" 
'"""' p: '·''""'"''' >ter• •d ¡he '"""m""'"' P""''"· )Jddl' 
"'''"""" "'" wrii-Jd'""d .,.¡ of "'""""' wn«r" Lh" 
cor. t.< repro"'"''~ ~llh o "'''¡""" o¡nln, A u~Jf""" 

""'"'""'' '~"'"" ""' P""'"l' 11 lhcre "no ,cm.uHOc 
""''"'""" ur>drrl¡n•l' Lh'· ''"'"'""· 

{'ompleten<» Cn•n¡i<l<nro< "nb•inu<l¡ on imf'<JII'"' 
pr~n<1ple. lh< P"'l"'"' uf lhll prinuple O>IO<n<urt th" ,11 
tho "><nlial> <>f •n ab<l!>.•:inn, fm eumrl<. ore <>piO<II 
•nd lhol nnthonf '"''"11'1 h" been um111od. Thn d<><<n<'l 

• r<qu10e th" evor~ Jclali be shown-onerciY lh•L lhe <el,,( 
ah<tr ocl conc<pt< <m CtJ e\Or} do.,il. Apphed 10 nnlaliun•l 
mane,.. rumpl<t<ne" •equu., thot ·, nutatoon pro"d'' a 
meon< for SJ)illf '"")'thin~ \11" ""' w•n" tu s<'. 
Cumb.ned wllh •bmacllon. U imphe• that o nol31oon 
•hould 1>< coneo,., p<rmm•n~ tho <uppl<•"on of '"'-"""' 
det••l• m fa'<ll of ho~hloghlmf oho pOI<W•IIy chongrobl<. 
CompiOiene>' combmod w<th umfoun'tt¡ ood ob.,raooiun 
and opphod 10 rhe ~o•l ol •ffocoenc¡· •u¡gem ti1Jl 
pr<>Enmmc" •hnuld be ahle '" srlocl dtffmnt >mpl<· 
noenoallon "'"'"'""m' 10 tuneo <r><em'o peoform>no:e, but 
"·uhoul chongm~ lhe furm uf on¡· •oboO:oun< col!. fot 
•~ample. A nntalton that d'"' ""' permot th" purpu" "' 
h< achi..-ed 1< incumple te. 

Conl'innability Conformahihly "a p"n<Jple thot dorecls 
;tl<nllun ro me~hod< f<'l f¡n<Jing ouo wh<th<! Slal<d ~uol• 
hove becn aehte•ed. Apphed lo deSlgn '"""· confirm.rbo]ll) 
re fe" 10 o he" rucour'w1 of a 'l <l<m so ti i< readil¡· ""ed. h 
rno01 he po"ohlo lO Sllmulal< the '""'"""'d s¡•mm on • 
conlrollod m•nn<r so '" .e<pon .. can O. <<>luatod fut 
cu,octn<"- Appl~ed lo nounonol mott<>'. confumab>IJty 
'"""' thal a """'iun <lwuld r<qutre "pliCIL 'P"'r,,.,¡<>n 
~~ mmtwno< th>l aftoel lh< cou«:tn<S> of a dtoign or 
ompltrnenoanon (<.g, dou d<d3tall""' lit" <pectfy ""f' 
of >aluo• and "'"" nf "lu< a< wcll " mnde oJf 
repre.,ntallunl Applred 10 lh< pro<li« of oufl'•or• 
tn~'""""~- conflnn•biln¡ refm 10 oh< "'" of <uch 
meth"d' " '"ucnaod ,.,Jk-lhwll¡;hs of ,l,"gn!, <~ole" 
pm~1•mmms-" and oth<1 m<tlll>d< tho\ i<dp lo en•ur< 
lh31 noo!>w~ h.; l><en o•«lookod. , 

Th< pnnurl< uf confiro,.bJIIly "" bo r<Aill<d 10 m•nY 
H><·ful 1"""'· hulh " ont11<ly lll>nuol pru<-rduoe< •nd 
<lronsl; O>J<d br th< <ool< •nd do" h•'" of • «>f'"'"' 
<ngmorung factloly C'e""" ;.md' of oypr- <h<0k1ng •nd 
'"""""'"') 'h<Ckfll~ t<ll"l 1110 p!L!lCopl< llf umf;¡m•bliJI)' 
•rrh<d "' •loe """S" .,,- P'OJI"mmm1 ''"~"'~" and 
,-,mpol<" 

fomrh·1cn«< ond <<•lllilll\JhiiU) '" <»1l¡ '""¡,,,J, 
Fm ~-.nork. iu the lntr"J"<"o"."' r•<><nt<d <''Hilpl<' 
olltl<tr•tm~ oh< tnl<rJOllnn b<-t..-reo ''""'""'- oun¡plroen<"­
""d rel,.biiH)' In""',¡ ti""' nJmrks. W<" nulc<l tnaton 
··mure ,.,,,plo'""'" nf ,.,,_, !lOO<rr.e"l ''""rol ; p~e>­

~~ •mmeo shnuiJ h• 1'< murro-J h\- the '' nto' '" •r<-~1 1 \Ool;,l 
1hnuld l¡,pp<n "h"' • ,-,,., ""'''"'"'" "'"ble" ''"' of 
•-•nge. (',,foon>hilu• -•rr:.ed ''' "" """ '"~' '-'<•uid 
101\f") O ~'"F•C.Ifr.<¡ ,jonul~ ~ '! ,,,,-J ll• >'3l< ·~b: 

•h~u!J l1qpen. 01 '"u'"· of /,o :,,,,,_.,, ,¡," ""t-.•1·""~' 
.,:Le\_,., ""' P"'"Oie. !h" luo ,¡.,,ul~ loo '''P'<I!Ihle,'t" 
P<"'"' ""r'""""'•'i"o cffo:J<n;) lo,¡,,,_ <ho ""l~<ion 
of con.pk'<"'" '" ""'() ,·,,oflloll•:-.,ht)' roquit" 1hat 
oHI,er'-'i\0 ,.¡,,,wc ""~IKJIM•> iw l'l.oJr l<> 1h"11 '" ''riJ<Il 
l11<m 

An Example ol 
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the Framel'-ork'¡ Utilny 

11"'"' d",'U\><d th< "'"'P""'"" oi tht p<u<e\l."¡o•l· 
p1111;1plo Ir"'"'"'''' io pe"" len~ ti>. v.< '"'" mt<rod 10 
1ho" h,,,. obe fr.>m<'-'"'' can l>< u .. d tu,,.¡, onJ '"""'"" 
on,igh" notu "P'"' of '"1'"'~" eng¡n«nn¡. B¡ ~"'"" '" 
<>l<ndcd "'"'pie, wc h"P' to 111'"' th" lile fram<"'"'"" 
not met<l) la"""""" but un a<tl><l) ''"" m do.lm~ Wll h 

tho eumplnll><< uf "'f'""" '"~'""""~ 
Our <>ample ~•11 shu" ¡,.,.,_ lhe f"m""'''. «n'i><lp ro 

<>r~onil< our u.,J""'nd¡n¡ of tlot "''""" of • •ubruutme. 
We eh<><>"' !h" <>arr.pl< hec>u ... ahl•o~gh "1ubruuunr"" 
fundamentil tu '"f'"'"· ond '"""" well-und""""d, 11" 
alsn un< o•f !he"'"" 'ompl<> '"""P'' ·•hen '"""Juedm 
'" 1otalll). Fo~u" ¡ ,how; oh r•11•m~ithe fu~ón><"nra! 
P'"'"" •rrlierl to •h• suhiOclln< "'"«rt. Tho "'''""'" 
P' "P""'d ll """' i>ll¡ !hal of Al GOL 60 O:h<r nol""'"' 
could ha>< b<en prof'O><d <qu>ll' ·•ell TI>< d"'"'~tiur, of 
th< •obrouoine wnccpl 111 Fi¡:cr< O L< oO<'IOml\ 101;­

~encral. Jn P'"'"'l", tho "'""'~' 10n uf "ll<OhJn"m" L< a! 

a htgh le"el uf •h•mcoion. 
Appl)in~ h><rorch•o•l decompnolll•"<, lh< med~Jni;m 

"~"'"' of >Lobrnotllte> can be dc<Ump<>'"J Lnto two 
le.,·ah<troe\ on<chono<m< for tmplomontin~ lhr <obrounne 
conC<pt-<>n< fo1 inhn< subrouomes and M< for elo'"d 
•obrouune•. Th<n, thr fundom<ntal pro«" c.n b< •rrll•d 
·~·in w:rth resp<<l w oh•"' mrdt.m•m<. ,_si"'"" m Fo~u"' 
9 ond 10. \\'e h01e tn .. rled p.,<nthoncal «•mm<nts tu oh o,. 
how 'Jriou; pr'tn<Lpl<> and lor ~o..l< "' Dem~ "" ed 

Considcr nov.. the d<1'"d sobrouline, Fosore o. Our 
• dncoipuun huido nu surpn'"'· for v.o .,, <UII ¡¡ • h>gh 

leve!. Th< nolions nf F•gu.e O eould be ro~nod in "'""' 
"'')'', hm•·t~e: Fm o.amplo, the<o '"al l<a<t twodi!l1n;:! 
\Jods of '"~"'utint !inb;:e n"eh•nnrn.: 1 ) d.,r,-r /(lfi~K<, 
wh!<h i• u.u•lly 'uppuned h¡ ' m.oh•ne omtructkm th•l 
""" ¡he rcturn •ddrm ;nd '""'f'" control to ohe 
'obrnutine hn<l•. ond ~/ md""' /ml;;¡r, o m"~""""' 
empl<ly<d m .AH> ompl<m<r.;mor.s.'' m ~hl<h • 
<ubroutJn< call 11 '"'l'l<m,nt<d not dLIWI} by ""'"f<r11n~ 
conl!<>l 1<' oh< subroullne. but 'on~ue<ll). b) trm;i<lrtn¡ 
conlrol to o "lm~·~·-- subroutin<. Tho P"'i'"'" of !hlO n to 
""' >pa<e "" m.chon" f•>t ~<hich 11ac·k ntaolJpLJI.,,on' ore 
nr'""'" •nd lo 1- '' ol•:r oL lun-lJme >11 ;ubrouo me o oH• "' 
doflcront hn~·~· '"""""con be sub>IUUI<J-~ f. o ILmlng 
link>f< lh.Jl ~.,hca wfnrm•ll"n ai;>oUI ho10. l:lu<h """" 
'1"01 in <J<h subl!rUitrl<. "' • debu~~m¡ lmbg< that 
f"<rtlt!S mtere<p!i<>n •~d "•<ong of rol!. b) • ~'"""~'"g 
r•"·'l'' Th" •rrhc•tion .,¡ th< lncaillJti'"' prLII:>pl< lo 
>uh"''"'"" hn~-'~" h" lht ,J.,ni>~e "' m:.lmg 11 "'"'lo 
sali;l¡ the <fftcienc) '""' (b) falh<tt!>F llmm¡ onfo1mo11on 
ur.purl>O! m lumng o s;"<rll/ •nd ¡he r<llabtltl)' goal (b~ 
'"'''"~ 11 "''"' 10 lrJcl. d<'"'" bupl forthotm"r<. ,.-ben 
oumpl" coll11•> "Gu<ne<• m requi10d b¡ o!-.< b~gu•ge 

inorl,·m<ntal•un. •he •hgh! run-ll¡~e eu11 <>f ent<r and '""' 
m'"''·'~'''·'"""'¡ "Id' ,¡~,,n.,.nt """f' ,,.¡,·.g• !h1oo~h 
lu«lit•t"m '"d <harin¡ o: 1he m.ohin< '"'""""'"' neod<d 
fur <o oh <•11. 

Th< oall-oo1orn '"""'Pf "'"Id,¡,,, !-e oop11,''"~ funher 
~~ d"' "'""!' '""" -'f"crf~e o '""Fi« ,,¡ 1 Oe ''''''"P'- m !h< 
>L)I< ,,f FofU<O <l_ f,u "•mplt. lh< ""' of mú fo•"'" 

1< r .. '" Hd"'"''' 1~1" ''" """"" of r«urn ,j~r<>l" 
•nJ n1h<r onl"""'""" rd•teJ ''' '"'""""'•< '"'"'.>tion tn 
<>oh '"""""'"<-, "'"-''' ·~·ce ,-,n be (i>nfo<d b¡ 



CcnrtDI-' "S•milar'' b.Jt nct ''th• ••m•" omptoe1 thl1 the .. ,.,.,, .. PO•U muu bt oolt.c,.d m M• ploc•. bu• omn· 
binod '" oocn <o><""''" the ""do!f.,ont" pooa. Tno "combonouon" mu" lhcw ho-.. t~• "do!lo«nf' •no 
"••m•" P•'" onteo;><t. 

Tho ''nmo" po<t ;, • oubocutono bo<!~. lout<d in ono plorr ond rolo,.nood bv ''""'. P.>• "dol!e<onl'' 
poru oro tho ootuol pao amo\!< val u., ••«><•Oiod '" .. oh oo<e w•th tOe •ubrouMO namo, Th• poro<J>rte•· 
P>,.in¡¡ mochono•m and cod1n~ ol tht 1ubrou11no Uody implomont tho "oomb:natlon" ol 1 h• poram<ler> 
wim ttoo bo<!v at eall timo. ' 

<P•oceduroltatornent> :·• <P•ooedOoo 1dent>hor> 

<~tri "!V 

• { <o.p<e«ion> 
<or11y odentdoer> 
<..,otoh idontiloer> 

«>•<><odure dtclarotion> ·:· (<type>(pooeoodure <•dontilior> Hl<ode~tlher/;-lll :­
- ¡ .. tuo <odontof«o.'>-:-;1-
., (<.pecilior> <•dentofiet >-;--;l- -
- <.momonV 

Tho 1yntox and '""''"""' ol 1 pro¡jromming lan~uago delo<le tha contexto on ...-n ich pooeod~,., con bt 

ln,oktd. -------------·-_____ j 
Fi;uro 1 Top t.o.ol ht"K""'" ol tho Subro"'"' Cotl Con<opt 

upliml¡. np•<'<Ín8 purpo..,, cone<pt, mechoni\m, noll­
tion,ond ""~'-

h " u><ful to not< th< dtfferene< in the "l't"P<'"'" 
'"mponenn uf Figur .. 9 1nd lO Allhou~h the goal> 
inh<rtl<d by doc""'P""""" frt,m Figute 8 .,, th< 
nme-impro•< effo<l<nq-note tn Ft~uoe 10 thu inltn< 
•ubrOultn<> tan rmpooV< ofr.d<ncy in-,,..~ "''Y'' l) bl' 
<hmm•ung •ubf\>Uitne call O'<thead and 2) by p<rfc>rmong 
<ettain con>putation, 11 <ompllt-Lim< rolheo than 1t 
ron·lime. u"n& •ctuol para meter >aluu. For exompl<. of all 
P'""'""" "' con<lan", Ll ntay be r<>,..Lbl< 1<> computo th< 
,.lue of th< l\lbroulino ol <<>mpol< time "''h ton<equont 

Purp<o~· 

• To "" •P~,; b~ e>eo.l\irog tho ume bodv of 
wdo w•th d,l!.,ent P•••m•tot ••'"" 

Cone<pf: 

• C.ll •<tum topobihtY {toan•f•r control lo tho 
>u~om,t>ne'> body. romemDeri .. g who,. tne 
eall o.melroml 

Mt<hMi•m: 
• S,onol10 c.LI,ng >equonc'>. • Q, 

• dr~ec< ''"'"'l"' 
•nd,.ect ''"'"'' 

Not.Jtion: 
• :;oooHon let call >hould ""' l>< o !:eoon: !oom 

noution <Md to invoko inlino •ubtouu~e•. 
{Notot~.at lh11 i< an appl•c•lion Ollhe un•loor~ 

••v P"~• D'o. or>d "''"" ta Iom• poo~"m -J 
m<•# ""''''Y.) 

u,.;;• 

• '""" 9 

tnmmou• .. ,.;,8, U\ f<lll-1 '"'' • rrot .. n<y. ll'o;hrcn ' • 
uplorH lh" p<>s.,b¡ht}' and o<llted """m''""' dollol 

f,,, ru•po<t1 o{ 1llu>tr"in~ tht ""' .,r ouo r,,,..,_-.,...d 
fnm· ~ork, hu~"''· it "wnnh tlolm~ lt,,,. F'f'"" <> •nd 
10 h<lp in ""'"P'""~ •nd ,-ontt><ttr.¡: '"'" robO<d Out 
do{f<nng '""'P""'i""' (mlmt '"'"' du,.,dl of tho t-O»C' 

---------
Pvrpo~ 

• Tos." t•m• by ollm<natir-~ ooll o>erh, .. d {the 
ollici<""v gooll; 

• To ,.,,,,.cution :.mo by pormming comp,le­
time •impl•l•cotou" ola •ubrout•n• hodv N•ed 

' 

Conc•pr· 
• The >ul><ouline body "lulootitul>~ on pl•c- ol 

tn~ oall, wllh aetual pooometer ••'""' •ui>S:•· 
hotod lor lorm•l Pifam•••• "'"" 

Mecf•on••m: 
• Maoro •ub>totution, lollo»od by <crnp:t< tome 

n¡>t,mi••tion; or 
• Synt•ctoc <Ul>ll<lu\lon. in t~e """ th.,lncol 

"' •Ot>lf! <!oclaood w<thin th< 1Yl><Out•ne ..-oll 
nat b< tn.,nd to conll1<1 "'''" •·milorly -n•m•d 
"" iabl" in th• cunte•t ol 1h~ col l. •• m;.¡nt 
h•pp<n wolh moco o sub<totuto<on (..,~;<~~<u" 
'' 1h• lo,ic•l k•el ol• ptogram to.1) 

::""'"'~' 
• Should ""' !>< ~ofloo<~l lram ca\1 ""'"•o~ ~•.d 

la in;-oke olo><·.il<lb'o''''~"'- \Tit•>" •~ •PPI•­
ootion el tho un,fwn.:. P''~<·~··· •nd "''" to 
foster pr~'"'" f"'NH••:>•hly 

--- ·------ ----- -------~--··--·---·-·· ----------···---- --

• 



' 
~-

<uhroutone nunun -""'' ol~· lor•~ we '"" •pplroJ rl.e 
lr>m<wur• ( """g h"'"'h"al d""mr~•nrun 1 t~ oh<rnolr'< 
''\l«han,.m'' •rrd ro oh<rno:M "(un.<pf' <u<rponon" of 
rho patr<rn< m Frguros Q •nd 10. n,, '"""'" •pplr"'""" 
of th< p•ll<rn ~-uhm "'mPQn<nll uf th< p•l!<rn " a 
prrnco poi at lr>ction of u>rng 1he lnrnowor• fur undom•nd­
'"1 •ofp• "" <ntrt><tun¡; loprc<i In de prh. 

Our ;llust .. non 10 far opp .. rs ro rmPI~ tirar rho prcrce<l 
Upe<t of lh< fro""""''" i1 ol p•nmOunl imporun«. 
btrause ~• ha>< t11~oni1<d uur ""npli, prinwrl) in r<rms 
uf th" P•Tt"n Bur' e«h of the com¡><•n<nl< uf th< 
r,.moWnrk " ol <quol 'rrnrorunce, w •n anal¡"' an b< 
urpniltd <quall) "'11 In r<rm• of go•l• 111 pnncrpl<1 

Conlo<mobility: 

Pvr{Jo"": ,Te""'"""'"" rn forrn•n<J o cau. 
''' dotocuble_ 

Dr<1<ngu"h ,nput ond ournut 
paiOmorors 

M~ni1m: u .. o COIOI' or 1 .. mieol<m 10 

.. paro te rnpur and ourpur pa<amo· 
tors. • g., F(A,B:C.DI or 
F(A,B,C.DL 

Cor>t~pr: Pro., do indrc.r '"" of wh ot e>rcop 
1 'Onl CM b< ra .. od. 

M"<:Nnr~m: Soe b<low. undor Com~leteno". 

Conupt: 

Compi<!Onooo. 

Puroov:: 

Conup/: 

• 

• 

A•o•d uM.OO>IO<y d,f!.,rnc•r in 
lorm of coll. 

Enruro d~U!d ond inlone eoliO havo 

, th< ••m• """''""'' form. IThi< 
011hance1 mod,fr•l!iiLly rlorectly, 

ond offocooncv indo<o<llyJ 

T o '"'"" oil oroport•., of <r>b­
roulln., ••• reflo<1od in ti" o 
norat,on 

p,,.,,.,.,. <~ould be both , .. dablo 
ond ""'"'blo; no1111Dn• feo <>P001-
<ing relpQn>• to e.cOPlron¡ ,~ouiJ 

be '""•ble fo1 "'" 

• Foo ••odlw~or. po!im•re": 

u .. puni-IU3toun ro"~''"' 
rnp<rt •"<f ou !PUl por •m<t"' • 

Doctoro wh'<h ,,.,,,melor< '" 
input .ndwhi<h ore ourput. 

lncor"""" hndv el'"'"""''"" 
,n proo¡r•m "''"' H 11 11·le< 
,. rced iO 410~•1 o o al"'' '"" 
de!emun< w!lioh ~o"~""' Oro 
rnpu! ond "'""~' "'' O~l,oUt 
f• g .. " in AlGOl!. 

• 

.. 
45 

D•r<ndr~g on \'obOOil d""'"""" "mod, rhe <mph"" ,.,¡, 
be drflorent. h~t '"'"' on} ol th< th!ee <c•:t;;»nor.a" lh< 
domLnatm¡¡ org•""'"r C"""'P' 1> rolrd rn •rpl¡t~~ rho 
f"mework. ll'hJ<i' o( L~om >houi<J b< u.,..d dopon<J• on thr 
p~tf'OI< of th< dr<<""'""· 

To demun>trol< th< "bdrry and ralo< of "''"~ one uf 
rilo othor cotnponon" •' th< UJganlnnf prrnCrplo. "'' 
d<-i<nbt m Fr¡¡urr 1 J thr notatrun "~"''' of •~br.,uton01. 
o<¡;>nil<d in rorm> ni prrn:rpl" ,..,;,r.rd b¡ '""""' 
<ubrorrlm< coil nntati<>n'- 11-'o wrll c .. :u« '"h OrrrO; 
holow. 

Th< purp..•>< nf <>mfjrm~bilur "•rrl.od tu n<rl>rronol 
rnolt"' n lo '"'"" rh<l rmf'<'llant P'"f'<"'" ~·f • 

l<><:olourron: 

Put(H'J>~: lo <>P«" only Me< or~ •• ,.., .. " 
dund•nr •~fo•<"al•on eono.rn•no; 

'"""''""'-
Aiwcio:e hon~:oo w.t~ ,.,,., <yn­
t•cliC un.r ~~·~ •~• e.oll m•lf. 

M•cham<m' U<o nototion 1ug9""~ in Aefor· 

"""" 6. 

Cot><~pr_ 

To p<Ohibol >«e$$ 10 inform.,<>n 
1~11 r~ould h< ••·••lobl• only to 
m.,.,b,outono. 

U.o lb,<iCI d¡ro tyPt on d<eiOn"g 
an ootuol ~" •m<tor ., dota tvP•. 
but • more d<roded d<rl<~otoM or 
1ho formal po<ometor'< 1VP<. 

lo pOO«r ,o OU<ntoal ;><Oper1i<1 al 
eall in tho notalron. , .. ,;ng othor 
der•d• ro orh<r no:.r ion al do• '«' 
lhe "'"'"od loo hindhng <«•P 

''""' 1horrld not be ci<MI\' link•d 
to implecrien,.tion m< lit od.; o 
cito•« ola ,.,;.,y el ompl<m<ntl­
t'ron t<chniQuor l.hould not be 
loroclo>ed lry '"' nor.uon_ 

M~•nr<m' u,. on omplomonr•tion nouual 
noUI<On for O><epr,on h•ndlrng 

Modui11Lly: 

Por~pnU!- To ""'""lit., wntoct•c mur:tuoo 

'"''"'' •r~rOP«II< go•l•. 
E ,,mono imo•ct or IY nr h on goll 

""'"'"'""'· 
M•~:h•ni;m· Ü\00<< rhe .JOVIAL m01h0<1 o! 

d":onqu'oY,,no¡ Í"!'~lÍDUIPr>< p.,om· 

"'" ot:'.er th•n • oiecl>tlt'" 
m.,Md, 1 "" tn• JOVIAL nou 
lrOr. i"'P'O••• und"'""dobihl>, 

• ,\:oraYion• to ~.,, '"'" th< ,,,_ ¡·-----------------­
our t'y P" of e> copl ion <ondi· 

,;on•. _ >-;. 10 n Aoot, .. ¡ ,., ,,.~,~•·• to 
------------------------ s,,.,_,;,., '"' ~'"""" ''""" 

__j 

--- --



' ' ¡ 

oubroul\nt'o int01h0< '" >t>t<d Hp\klll) m o ca\1, w 11 u 
,¡.,, "'h•th<r thty h>>t oll b<<n d<olt ""h <one:tly. T100 
a_sp<m nf a col] d'"'"'" punc\t\1! mention., conoopts for 
och;.Vlng üu• pu;p<>,., Th< font " to d"ttngui>h in th< 
noutmn of the eoU whkh P"'""'''" '" r<>d.()n\y (t.<. 
"'hich "' input p•r>meter>) and wh1ch aro wmeable (i e., 
output ~'"""""")- Tho 1<:ond io to dr"mgu"h rn th< 
form of rhe ¡;;JI "hat •~c<phOn oondttiono 11ubroutiM un 
TIÍK. 

Pl/1 l! d<foden1 '" thot no inditotion of output 
porameten is m>d<. In th10 '"'1''"' JOVIAL;, supmor, 
"""' o <•11 tn o JOVIAL subrouune, e.g., F{A,B:C,D), 
sho""' oxp]lcitly thot A and B are mput potamtlero •nd C 
and O ore outpul p>nmettn. In rhu <U<, the J0\1AL 
oyntn " on '"mple of • nouuonol mochan"m fm 
impltmtntmg thls tontopl. }.r, •quaUy ~ood noochmism 
(coosidrred <ol<ly from o tonHrmob!hly ,-i<wpoint) wou)d 
be notrely lo rtquiro lho¡¡n lh< dtcllration of osubmulin<. 
(he 1nput/output Ollribule• of porarntl<rs be opocified 
uplidtl) w th< requ,-emtnt can be chtcked 11 

<OmpilHlme. Alo.o, unif<>rmity Wlth moro modtrn progJam­
ming lallguago•, " woll •• ordinory Engl1<h, m1ght oay that 
tho ";" of JO\'IAL mi~h! b<tter b• 1 "," to further 
impro•e the undtr>l•ndabiluy of in oyn!l>., 

Th< txplidt Lndic"i"n oí ••ooption conditlons io o 
confirmobibty i""" '" thal t1 permi" o•u.,ghts with 
rup<Ol to nt<plion rondtl ion< ro be d<ttned moro '"~\-. 
We Wlll d1SCLJ" this conC<pl furth" und<r C<>mplttene"'. 

A> IN unif¡>rmil,l', "'<ltst mort\y the cuncept thll inlmt 
and clooed •ubmutine Í'IHh.--atinno should )u,. the <OJn< 
form. Tim <nhancos mndLfiabohty for tunLng (dfocr<nc¡) 
purf'D"''· •meo 'han~1n~ a d<ci•i<>n •bout "'hotht! to rr<ot • 
oubroutine ., -'""d m inlm< 11.rl\ no\ tiren r<quuo chan8rn1 
"")' cal\. 

Und<r c.mrrlrf<·nf<r, "'' •t•ir, h•t thr ''''""P' th•t • 
>ubroutinr·, in"''""on not>Uon ,hould pro>tde fot d .. ltn~ 
"']th O>crpucm cond11iuno. The purJ>O>t m>cd htte" nut 
10 tn>ur< H~at •11 rond1trons "o doall wu h •ppropr13roly (., 
f~r r.onfitrn>bility) but :athet to tn>Ltl< th>< evory 
••r•brlny of 1he >ubrnutint <On<epl " rr.•pp<d mio ¡ 

sult3blt ""''' n>n for in•·okrng th .r c.!pohtlll) . TI>< ohihl) r" 
control lhe '"1"'"'' '" an <>«plion "¡o ompott>nl "1"'<1 
of 1ubrnrrtrne !ni<>O"'""· •nd nolotion •hould b• pro•!drd 
to ~"1 wrrh ti. Tho conr,•m•btlrl) purpo>< p<rhol" 
ptOI'J~o• • stronget attun><nl for "lt>CJili01 e•ceprion 
h•nJim~ "Íih c•ll>, bur we dte 11 htte bec.u>< 11 JI<O 
<>lur,« the '"'npktonr" princople ,. "'<ll. Somtl>!l), 
tntrodu<int 111< ab1hty \() "'i~n '" r"•meLOr< 11 • '"""P' 
•u~~nred by the wrr.~krene,_, principio; d,.t,gui>hing 
rnput •nd <M pul p:mmcrer> 10 the fmm of the col! orina 
ded'lation ¡, • n applitati"n n f l he con firm' b!lrr) primiplt, 
btcau>< thrs mah ir"'''' 10 derect "'"" >1 '"m rile tin1e, 

Thr I'"'P"'' nf l•"·o/o;alml! •< •rp~ltd ru nnraunnol 
'"""'" for <k.ll!lf ~ith <><<'pOion c·umliLI,'I'! m<fhl h< 
•totcd •~ · \\'ho·n the """ ''"!'""" b•hdkr i! to b< 
"m"•"d w11h <e~trol calltn.,: I'"LII\1 fno the "'"' 

'""'""(""· tlr< """'1"" ¡.,1 '''"'1'""" h . ., .. ll-.1 ¡:, ·-h""'" 
f"<mr1 th< J,,oJitr "'hr ~' '""' ''"·'· ••rl•" ,,,., •···J''•'I' r 
L1 ro¡,, ~nrt<n -" P•" ,¡ ,-,"h oll." 0-lr ""'"P' lo: 
'"ilf)U¡' 11\1', 1'"'1'"" ¡, ln ·"'"'"" h,oJi«l '-'!lh l..l,tf 
<)O!>;:\" "~'" .,¡ '"'' rh>n <h< "11 ""11 -e~. '-'11h 
""'"'''""- h•p budi••· "'· Th" r"·l'-">1 " nrl•>t<d 
furtl," m Rd«tnco 8 '"d" <t*''f" >)n<•x i• P"'l' •~rd 
thcr<. 

------------

lht h<d•n~ pnnctplt •pph<d >o !ubr~uttnt Cill n<>Ul!on 
"'""' allo..-.n¡; th< <ubroutrn< u><r """"' orrh lo lh< 
obnnct'd•t• l)p< mfmmotron needrd fm th< "'~'""" Of 
lht c>\1. Thu< dtda""""'' of fotm•l P"""'l"' (L < .. on thr 
ur<ide of th.,ubrout ine) '" hrohn Ul\o '"'" 1''"'- and o ni} 
1h< •h•tra<! P"l rl rr.•de >"OLiab\e tn th< u><r.for hrs 
d<darotron• (< -~-. s« Role« nce 1 1). 

The prmcip\e of obwoaio~ e<.'mbrned ""h Ü01fmmity 
'"ii"l' lh>t th< notat1on fm deahn~ .;.,lh •~cepllon 
oondllinn< <hvuld be nru/lol wrrh resp<<l to ~·arious 

rrr.pltm<nt Ilion ttá.niquu • for h>ndlmg <>e<ptJon•. In 
Rtforenco S, • no m ron for ""P"on h•ndhng ;, pro¡><>«d 
th" con bo implomon<rJ u•mg •tatu• 10rioblo•. t<turn 
<<>d.,, subroulln" pos><d u paramot<r<, or Pl¡l (),"; 
condnoon< n ompltmtntauon methods for dubng wrth 
,,· 0 ption•, dopending on 1h< \ogi"l <Pn!l,.inh '"""""d 
"'Lih lh< nc<pltnn. Th< f"lnl" th>t tl.o not>trnn ii1Puld 
ptn%nt • rrog,mmtr ro Jral ><ith tho •h""" runcopt of 
an t.crptiun, Wllhout b<tng tred do..., to implem<n!altcn 
dotul< unlil ht i• reody r~ tune a 'Y"<m. Th" pomt " 
nplored in 8"'"' dotail111 rh< cmd roforrnco. 

Fina\ly, •ppl_\'rnjllh< m,-,J.,/on[• P''""'PI< tu no!Oiiona\ 
mar\<" '"""' "Piuting how th< moclural consltOLnls 
impo"d b¡· 1 synt" con ho\p to achor>e 10me pur;x>"· For 
O>;¡mple, the goal of und<nlanjobih•)- " <rlhanoed b; 
JOVIAL'• S)'ntn fur dtstingu,.¡,;ng rnput ond nulpur 
potomet<r\,., OPf'D"d to dtdarir.g ~hooh p;nomete" are 
input p;<mn<l<r< but not drmngui<hrr.g in the '""""" o( 
rho call 1'-hroh P""""'" lo'" rnpul paror:\<L<r. Of C<IU'"· 
thr JOVIAL norarion de¡ndr< modrr.abob!), m th01 \hould 
on onput paro~r<lot '"'' b< <han~ed to an outpot 
r•,mcter, all e>lh would h>I'<W be moJ;fled, .,¡,,.,.., tht 
lo.,lllatron rnh<r<nl in • «paralt dtdo:arion of reod/""'' 
p<Pr<rli<\ "-ould n<)t ha~ rhio dll"-b><l.. l!um3n 
¡ucl\.omonr ;, ""J ,,, m••• J tl'dtofl deci•!Un 1n thi• '"" 
Tht ¡>Oin< " 1)111 by •omidrrin~ lhe eff<CI of "'""'"' 
"J~<ture on >Chl<•ms "'""'goal, "'• ha~t >!to .. n Íw" <ht 
"'"dulmty P''""plo >pphesto O<llil¡or.•l ;"""· 

l<l ;horr, 1-',~ure 11 ,¡"'~·• th>l it "equ•ll; P'''"b~ <o 
or~•nil< a ~'"""ion of "r<"' uf lhe >4brnulrn• c<'n«~l 
on Wm! oí pnn<lplos " U1 l<rllli of th• fund;menul 

P'"""IP'"'"•· (A• on '-"'CL", lh< '"'d" oni~hr r-un;ider 
l''h>l prrn<!ples art ,.¡;;f>td 01 dtgroded b1 the nutarional 
"'""P' of "P"~"'I ot~Um<nU_) · 

Tne >tt•ll''" on r,,u,, B, 9, 10. and \1 ¡, only th< 
be~rnmn~ of ' r-omplete "pht>lion o/ tho ;ubtnulrno 
<Uhc<pt. hut "' hopo Our di;cu.,ion hil showir 1h0\ b.1 
"""'""<1)' 3)'pl)ln~ tl.e ftdl11<"'ork. m wnjuncl!c>n wllh 
hi<wch!;:-,1 d""'"r<'""on, orgonizod oo~ rn<Lj'htfu\ "Pii­
<>liono e>n b< do~tlop<d ro occoun1 for the mt~., and 
d<frcten<t" uf '"'""' •ofl,.•r• <n;;ontertng purpooe•, 
<<>ncep.,, n>tt)-,;on,.ms. norarwm, and u<>g«. 

C<mciUI<On 

O"' inrcr.< on th1> 1''1''" ¡,., h<on '" '"""'¡;,¡,,. ond 
'"'"'""' ,,.¡,.,,,.. ''"i"'"""i' «loa; '"-"' .1 coh,rtnt ""'1 
""'"1 11.•"'''·'·''' '"' ""'!"''""~"'> d.r wlo tl<t<< id<" 
pJJ.'. 'flot p•.~.r¡-;<', r"ll<. ,<J r'<'CCI> "<¡•; Coi!Op ... mr 

rh" ''•""""'' ,,. ""' "'" Lr:·""'""': th<; h>~< b"n 
r<e,•¡·nil<'J h:. '" <f~<l "~"'' ''" "' '":' •" ,. en¡in« nn~ fur 
m•n; )~"' Wo hi'"< mere\1· .rr!tm¡;o;<d to pro><nt lhe,. 
;,1,,. '" •n "'~"\) ;ocd ~cli.Jofor,eJ ~'Y- 1\'e ~o not cla<m 
ro b10 id<ntolred oli <h• incc·nlont rrro<oplr> '" ¡oal• 
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THE MYTH!CAL t·liAN-MONTH 

""'"· J,.,J., <leal'" """') '"'" 
thror '"~''·oh< 1d«. oht lm;>l<r.""''' 
tiM, •~d th< '""'"''on ·' bC'<'O, ohon. 
nr • «•n•r""'· or • po¡tom eome• 
>nln <'I>'On« !''" » -'' >~<>1 <M· 
>l!uct, hutll ''''"idt 11mr ond >po« 
bu> '"mrl<t< in oh< mmd of th< au. 
thor. h " r<oh><J '" lime ond >P'"' 
~; ron. ,~1.. ond P'~"· or b~ ~;,., 
><b<nn. ond fcmt<. Tht """"" ¡, 
compi<IC ~<h<n ><>m«•n< rt•d• lht 
boo);, ""' th< <ompul<r or run> th< 
p<<>l"m. ohttelo) int<ro<llng ~uh tht 
mond nf lh< "'''''· 

Thi> d«<r~p>ion. v.hi<h MI<< S•¡on 
"''' 10 oll.,mono1< ""' onl; human«<· 
.,¡,, '''"''l but al>o tht C:h••Uoon 
do<<rm< of oht Trin"l· ~lltl:el;> "'in 
nur pro•entlo1> for the hum>n mak· 
'" of thon~>. !h< meom~:"'"'"" •nd 
inoonoi"'"'''' o/ out idta> be<~mr 
clut onl¡ dunng imple::><n:llion. 
Thu• il " thol """"S· "pcr:mont>· 
ILM, """"tl.LnV OLJl·• are <!>tnti>l J,.cj. 
pl1nt> for lh< thromimn. 

ln m>n)' ore•li>< acti>iti., thc mtdi· 
um o!"''"""" i> intrao!Ohlo. Lumh<r 
>Piin: P>~nt• >mtar: el«triool <Lr<UII> 
rin1 The" phy•ieal bmUilion• o! th< 
medium oon.,•in thc idr., th>t mo~ 
b< «r•"•«l. •nd thry •110 ereat< un. 
<>p<et<d do!lioulti<> in thc implomtn· 
tati<>n. 

Jmpl<menlltion. thon. tok<> 1ime 
•nd >~<•t both ~ecou" o! thr ~h¡,,,¡ 
m<di• ond he<•"'< o! lh< in,dcquo~<oc• 
of Lh< und"ILing id<>•. We 1<nd '" 
bl•me <he ph~'lcol medí• for mO>I of 
on' Ln>plemcntotJon d,ffl,ulti<>: for tht 
n><d" .,, "''' ··our>"" in tht """' tho 
~ele." "''· 011d ""' pndo wlor; our 
joJ~~'"" 

\omru><r p¡o~"mm•ns. ho~t•<r. 

"'·"'' """h '" "'"d•n¡tl) Ir.co.ble 
"''dwm. Thc rro•¡:,.nnmor h,,¡d, fr<lm 

P"" lhougl>L·"ul!. '"'"'P'' ond •<ry 
flr<thk «r,.~•·ntatinn> lhf!tof. Be. 
'""" tho med•uo!l" tr>«•N<. ~• ,.. r•" 1<'• difflculti<> 10 11"1pkm<n"""": 

honc< ""' r""'"" "P"""'"'"' R,·'""" 
"'" >d<" •« I<LLh)'. '" ha-o bLJ~>; 
hen« ""' "P""'""' i> ""Í"'llf><d. 

In·' ,;,11< '·"\. >h< ·"'"'"P""" th>t 
all "'11 ~n ~<<11 h.- , pro•l·.t~il""' orf,." 
nn tl.c <cheduk lt noi1·.>1 '"d"·d ~"" 
rt.nned. fnr '''"" ;, • probhlll) (ii,. 
uiO.,hon fnr lOo· •Id" th•t "'11 hr <n· 
'•"'""""J, .llhl .. .,., dcl.n' ha•, hnllt 
pro•h•l·d,•\' A 1.11ge P""'''""'"'"'' d· 
(nn. h·•~t<«. '""'"'' ,.¡ "''"' ''''-· 
'""'' ,o,¡ncd <nd !o •·nd Th< ~"'"· 

'"'"" lh,, '·''" ""~-·~ea ~··•'"'"' 
''"''"'">1• ""·"¡ 

Tn., ony thi~ oJ man-montn 
[he"''""~ t.di.•,'•OLI> :ht•<t¡h1 ,,~)< 

"··•rrc·,eJ '" tbo '"'! "''"ni ,.~,., 
""'" •r. """'"""'!" ""~ "l'·~olon1 thc 
m .• n "'·'nlh e,~, J,.,., ond«J , ·"' ... 

th< p11L<l.><t o( !h< numb<r "1 no<n ,nd 
1h< nun>h<r el "'""lh> P"'''"' J"" 
no! lleo<' olor '"""""'vnllo o> e """ 
lor '"'""""'"! lh "" (f[ • ,,.b u o 
don~rmur ~mf >lt<<pl!>< m¡rlr l> om. 
ph<> !ha! men and mnnth• "' onl<r. 
th•n¡•oohlc. 

~ten ond month, '" ontrr<h>n¡o. 
>blt eomm<><ILIL<• <>ni¡ >'~<n • "'~ <:ln 
be porutioned •omon¡ m•n¡ \<Ot~<n 

w,¡l, no C<'""""""alr0/1 """'"~ ,¡,,,., 
(Fo¡ 1 ). Thi< i• trur o( <<.lpÍr.g ~1'><11 
or piüong ootlon: Lt " not e«n •P· 
pt~•im>tel} lru< of I)U<m> program. 
mtog 

When • '"'~ """"' ~· r>rtition<d 

fog, 1. T"" \etm "'mon·montO"' impl,., 
Hu\ ol one mon t•••• 10 n'lOnth> todO o 
JO~. 10 mon c•n do it ;n one month. Th•o 
"'"' ~• true ol P''''"i cotton 

~'"""'" o/ ><~urnh>l <<•n<troml>, lht 
·~riiC>t¡¡m e r "'"" < ftllrt h>< no efto" 
<'n 1ho ,dwdul<. The bcoton~ ~~ • rh,lcl 

"'" nin< mnn>h<. no ''""" ¡,,,,.. 
many "<'m<n "" >«i~ned. \hn< <~lt­
""•r< '"''h.,, thl, ch•roctrrl>LL.; t><. 
'"''" of tht "~"'"'"1 """" nf d<. 
f>LL¡:g10g 

In,,¡,, <1»1 "n h< r•nllocmed ltt~t 

"'"hieh rc~uir< <<'mmuni<aiLon »MO~ 
the •uh>a-l.<. th< effon <>f comoouni<•. 
1Í•>n "'"" he o.idcd l<> thc om<>unt (\f 

,..,,, '" h< d"o< rh<rd'"' ohc h<" 
th., c•n t>t don< ;, '""""h" !'>'"'" 
'~"" '" <ven tr>d< of m<n for m""'"' 
¡r,0 11. 

\he ,,~oh·J hurdc•u ~1 ú<mmLII\i,·.,, 
""" i• m;de LLp ol '""" rm>. lloinon~ 
·">d ol\lero,•nurun;;,.;on J: .. h ~'"'" 
"'""he"·""''!'" <h< 1<,hn.ol.•~;. the 
,,.,1, ,¡ >lu dl<>L1.1ho "'""" '"·""''· 
OrHI lhc rt·n ni""'"· lh" '"'"'"~ 
'"""''' he r•'"''""<d. '·' ¡h;, r•n ~~ 
1h, .,j,kJ elfo'"""" lln,.rl> ,.,¡, tho 

"'"''''"' ,,¡ "·"'"'· 
\" ~ \')'"'""'u( 11<11 rd<rl>••no 

1 •~"""1Mi" < \lL:-1>"' lh>l i l>rit 
ro.•1.·oi '"" """''", "'"'r•'"c' huo\d. 
ur <>1 '0'< 1"'' ;,·.,, '"'" ''''" '"" 
"'·'"" ond <'<h >n>¡,hil> 11\c ""'"'"'" 
,.¡ 1h< '''""""' ir.fu•11><l ''""'"" on<l 
;,, c.>O>tnuni<oto•'' r·•• ...... ,. J. 

("or~otó o! "''' paont> ~ut \1".ot o l~n~ 

?f<>¡«t mu" '"''''P•" • '"'""'" ni 
20'", ror )<ar. and ""' r<~rlc mu\l ~< 
~Nh techm .. ll) tr>oncd <nd lnl<~tal<J 

onto >h< !o<mal '"""'"" 
lntrteummuni<>toon " ~<>r>< 11 

.ach r"' nf thr !>~k mu>t ~< lepara!<· 
ly coordm>tod """ <O<h othcr part. 
th< rft~rl tno""" •• " ( •· 1 ) · 2. Thru 
"~'h"•rcquire thr« tim<> •• mu<h 

.pai'""' on:<rcomm•Jnlcol>on ., '"~: 
!our rcq""< "' lim<> •• mu<h >< t~o 
lf. morro><r. tllerr n«d to b< eon[.,. 
enC<I omong thr«. tour, <lO ~~'~"' 
oo mol" thins• joiMI), m"'"" ¡<t 
""'" ~<t. The addcd <ffort o/ oom. 
muno<>ltng m&)' lull) oounl<to<l thr 
dL'i>ion o! lh< original,.,; and brin~ 
u> ~"k to t~< oitua\Oon of Fo¡ 3. 

Smcc •d""" comtru<linn "inhor. 
ontl~ • >)>l<m> ctfon-•n "cr<i>< in 
:ompl<> imcrrola:ton>hi~>--<:c"'mu· 

.,;c.omn rf!Ot1 i1 '""· •nd,il ~uo<kl\ 

F1¡; 2. E,.n on '"" lh•\ ,.,, no n.cel, 
o.>r! 1!10~0d amon11 peop ... t~ aCdoloo no l 
comrnunio•~;on •oquÍ!ed od<l> to tno lo­
lat .o<lr<, oncr .. oin¡; !he"""""''· 

r,, 3. S•n•• ool•~•·• cor->:•uc!lon Í> 
CO'"o'••· to• <Qmmun•<a110"> O•Oihe>O 
" , "< ot. A o:!, e¡ me·• men "o !HO" he <L. 

.,,,., tn>n ''"''"~· '~• ><he~~'• 

• 
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.;,"'·'"''"' '"' .;,·;""" in '"d'"d"•l 
,.,, """ OrN:~hl .n_,,, h) P•rl""'"' 
oo¡: Addo"~ m.or, mm th<n l<n~1i><n>. 
no:'~"'''~'· oh< ><h<du!o. 

Sy~tems test 
:"n p.rtl o! lh< >d~<du!o •« 10 oi>ur. 

nu~hl) •~<«<0 b) "~uontoal "'"" 
"'"'"" ., onmpon<nt do~u¡po¡ ond 
''"'m "" Fur1h<rmor<. th< "m< t<· 
qu<T<O dopond; on th< n11mh<r and 
>Ubli<l) Of th< <rrO" <O<OU010t<d. 
Thoorotocoll) thi> numb<r >h~uld b< 
uro Booauo< ol oplimi>m. ""' u•uolly 
e.prcl tho n11mher of Mil lo ho >ffio\1. 
or li>•n 11 !uro> Oul 1~ bt. Th<rofor< 
'"""' i> u•u•ll) th< mO<l mi>·>Oh<d· 
ufod pul ol p!Ofr>mmin¡.. 

F1>r >Ome )C>r< l ""' bocn >UCO<"· 
full) Ul<ng lh< lollo~.r.~ rulo of thumh 
foT ><hodulin¡ • ;oto~ oro tnl: 

'' plonntng 
,, oo>d•ng 
•, compuncnt ''" and e>rl) 'l""" 

'"' 1, >)\l<m 1<11. all comron<n" in 
!'land. 

Thi1 dJff<r> lrom conven,.onal 
>chcduliñg in «><rol impollant "'•Yo: 
l. Tho fra~oion de•oted \o pl•nmns i> 

l•rger •h•n normal. E\On "'· 11 o; 
b.Ufi)' COOII~h !O prod010< a do. 

43 
In '''""""·"~ t·on>emi,.,,.¡¡, "'.<d 

ulcd r••'J"."· 1 ""' lo.Jnd oh" 1<~ 
ollo,.<d <-n•·••lf ni th< pr.•i<c1<J 
>th<dLJI< '"' 1<>1m~. hui !ha! m~'' Jod 
md.,•J •rc"d 1-oll of th< .cwal ,,¡,,-J. 
uk f.>r '"" purpm<. \Ion¡ of th•·•< 
~.,. on ><h<dul< ~noil ond ":•r• in 

·~'""' ""'"i· 
fa1lUr< tn ;llnw <MUEh oime Jor 

''""" tt>t. 1n rartio"l"." p«ubrl) 
cli>>>LIOLJ> Son« lh< dd., «>m«" lh< 
<nd of lil< .:heJ~I<. no nn<" "'"'"o: 
''hc•M< trnuhl< o1ntil olmo\! th< d<ll'. 
"' dJ1<. Ead """'· lo1< and ,.;,nou1 
"Hntn~. ;, un><ttlin~ lo oullom<r> ""; 
10 mon>f<t'o. 

r"""""'""· dela¡., ohi• P~'"' ha. 
tonlhlloil) ""'" tinono10l. " ,.,¡¡ a> 

p•)<h"lo~ocol. "'P"'"'"on' no P"'J· 
eco ;, full¡ >IOff<d. and '""'P"-<!" ¡, 
m"imum. \lor< """"'11. 11>< •olt· 
~.,, ;, lo >UPP"" Nh" hu"nm el!nrt 
l>htppin~ of '""'P"'"'· op<f>Lion of 
"'" fa<>hti<>. <1<.] and tho ~<oondar)' 
OO>h oJ del•¡ in¡ lho-o ,,. '<1) hi¡h. 
for 11 ;, olmo>t '""' for >Oft"'" •h1p• 
monl. ln<locd. th<>< "'""d"~ · eo>ll 
m ay lar ow~•i•~ all oth<a 11 i> th<r<• 
foT< '"l imro"•"' tO •llo"' <n~ugh 
•)>t<m "" '"'" in lh< ori,in•l och<d· 

"''' 

F·~· 4, A~doo¡; ""·""""'"'"' •~ • r<o¡•ol •hicn i> lot< "'"' Ml "'>p. In'""'"''· •uopos• 
"'"" ~oon on a 12 rr.an·monlh p<OJ<Ct ~<·oe O mc.nlh 1otP 1: •t ,.,., on< ollhe lh•N· 
on ••"• mont.O lO 1'"" 1~0 m·~ men,lhO pto,eel ~ill '"' '"" •• t•te >' ol <10 One wa~ 
od~<d. 

' 

,.,1,·<1 .nd ,,¡,d ,r, .•. ,~,.,,,;.,n, .on.! 

l•o•t "'"""" '" 1ndo"l' "''""'d' "' 
>'~1'"·''"'" >'f '"'•11> "'~ <e.h. 

'"~"''' ''·• , .. .~. ,,, "'" .,o,J.,k d,,,,,.J ,., 
,,.,,,,.,.,,~ "' '""·rl,·r,·d ""'' " 

"""'' ¡,,~<! '"'" ""'"'''· 
lh,· r"'' '"'' ,, """',.,,.,.,c. 
• <. ,-,..J,n~ "P•<n ""1' Mo··m>h 

Gut:c•.~ cstom .. tin¡¡ 

()!""" th:ol 1"' lioe· P'">'·""'"•'' "" 
fnr ll•>" <hd.llo< '"•'"•·') "' >i>< P"''"" 
m» 1"'"'<"' tlo< -.~o·JHJtJ l''o>O~f,•>o on 
,¡ 11,.· '·"'· 1•.11 ,, ......... •'"'"" .... . 
·•'1" ,¡ '""11'''"""" '" """"IIL, 1"""'" 
"''~ on '''" "'·'""1''' '"" •PP•"' "' h,· 
r•··~"'"'"g no.<h. lhu ~h,·n" h.-""' 
'" on ><n m'""'" .~ .. · ""''"'"'' ¡,, 

l~~ <"ho>"""- Hol "" <>1 "t>~ ,,,,. 

""" «""'~"" """ noo Th< '"""' 

'""''" no "~'• h• '"~'~··: '""'"· ~· ••n 
""" ur ''"' """ ¡~, ,...,¡, 1• ,,~rcn •n 
~moktt< no1h•n~ con >a><-hLirn<O 10 
''"'pon.'"" 1n anc>th<r. 

:<~~ 1 do no\ >h•nl >011''"" roon· 
a~<r> ha>< 1<» inh<r<nl coor•g< •nJ 
'·'"'"'" th•n ohd> .. nor lh>n",,1h<r 

'"''""""• """'~"' !IJr !al>< "~<J· 
"''"~ "' m11<h lh< ;-mon\ Jo•>r<~ 
é•>< i> murh ffio>T< :o,..mon in our 
""''pl1n< 1~an olw•h<r< 10 '"~'nc·«· 
10¡; IL ¡, '"' d1ft1e'UÍL lO mJi.< > 'I~N· 
•'"' pi•"''~;,, ond wb·"''"' clo:on•< 
~= '" "'""·'" th: ;, dt:J«d e~ "'' 
G''"""'""" mcthnJ. •urrnno;J he lo•. 

•~< "'"· •·•d '""'1d eh"~' 1>~ 1h< 
"""'"'' ~r >he"'""'~"' 

Clurl; '"o >Oluu<>o• aro r«dod. 
""• n<<J '" d<>dor •nd r"~:i:i'< r•~· 
duc!J•Il) fi~ur<l, h"~·m<>don« ft¡:LLT<>. 

""""""! rul". Jnd '''""· rho ~¡.,.,¡, 
P'<'l<>uon :an ool; ~rofit 1 tO<t'. '''"""~ 

'"'"d.,. 
¡;ntil <'lllmo1Í!l~ "on' >0\lnd"' ho· 

m. ind11tdu•l m.<n.•~m ,.¡11 n"d '" 
•IJII<n thm b•d.bon<>. ond <ldcncl 
>h<ir ouirno:o, "'"h >h< '""'"'·'' 1h.o 
Thm r''N h""'"'' •te heto<r :O.ro 
~ ,h ·d<ro' ,d ""m'"' 

Re¡¡eneratove dosaster 
\\'h" d,,., ~"' d~ .. ¡,,.,. •" """'", 

,~f'"''"' fTOJ<"<I 1' Ooh1od >Oh<é.JI<' 
~dJ m>np<'"'"· n.Hur•ll>. ~~ f•¡:• 1 
thh~J~h .l '"H<ol. 1h11 "") m "'"' "''' 
hdp 

¡_,., '" cnmi<lor , " "''"r'•· S"rP•'"' • w• ;, ''"m•l<<l " 1: rn;n·m.,nth> 
.nd '"'~"«! '" ohr« m<O !m r,.,., 
mno1h> •nd '""' 1h<rc •re "''"""hl' 
nllkr"''' A, R.(', D. «h"h M<" ><i>,·J. 
o~led '" f>ll " >h>' <Od of '·"" m••nth. 

-,;,,~ "'PI""' th< fi,, m!lcr<"' ¡, no•t 
"·" hc<l unlil 1~ o mnn!h• ha>< o:a;-•<d 
ll'h.11 ,,.. ohc •lhTn:i1"<> ''"'"~ oh< 

''"""'''''"' l. .~'"'"'' oh>l >he la'l. mohO h< .l>n< 
<•n ""''· '"""'' oh>t """ •ho fir>l 
P''" ~• n,, '"' "" "''""'""""J 
lhon '' lhon-month' "' c·tl"" ,. •• 

m•>n. >nd '" ,, "'''"'"'· >O "' ' "" n 
"olll>c noc<kd AdJ : mcn '" >h< ' 
,,1¡:nod 

'"""''' th •• t ,¡,,. '·"' "'"'' ¡,, "'""" 
on ""'' .~ ... lm< th>l oh, ,.¡,,,1,· 
<'llm.M "'" uniiNml> 1<>" 1 "'" 
)' m.on·mM1h• nf oll "' ""'""· 
•nJ •~·• "''"""'· '"" ""'" .,,¡¡ ¡,,. 
n,·,·dc·d ~~,¡ lo """ '" rh, '" 
"'""1 
~,·,,!"'·J.ok In'"",,., .. 1 ¡,;,. ,¡,,. 
• .. t ... ,. ,.,.,,. ¡,, '" nr-'""····1 
"·"'' ... , ' d•¡: ''" "' .. 1 ,, l.,. "'' 'o·o.ll 
,¡,r,· 1~ ... , ,, -~•··• '"""'" ''"',' 
'"11» "'" ,,¡,,J,.k ,., '"""'"' '"" 
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ohor·.-t,hh .Jo•nt, •n<l tl.•t rc"hed­

uhn1 •111 ""' ••~• w Ot """" ., "'" 
4 T"m th< "'l In ¡>roooi<< '"" 

t<nd• w ~"Pr•• •••~•\, .. neo lh< 
"•m """"" •<herl<M <lopr>g<. 
\\'!>oro lh< "'~"d'"' ""'" nf d<l>~ 
'" "') hi,h. ohi, "tho ""') loa>• 
ihlo wonn Th< m,nogor"> ""') •1-
t<rn""'' "' •~ tnm ll form•ll)' 
>nd '""foil). tn !<d><<luie, or 10 
~"'h '"' .... r•• >ilontly uirnmcd 
b) ""')' ~"i~n and moomplote 
I<\1Ín¡ 

In th< fif'l '"" <»<>, in>i\1ln~ tllot 
the unohor<d t.-l. ht <omrl<ted in four 
month1 ;, d"""'\L" Com~<l<r the ro­
gen<""''' <f'«"- lnr oxampl<. for the fi"' •ltornoti•e 'r.~ ~ r<«edong poge). 
Tho •~o """ men. """"" compeoenl 
•nd """"'' qoiCOI) I<CJ<lltcd. ,.,¡¡ ro. 
qutre uoining in lh< '"" h1 nnc ni the 
n¡><riencod ''""-U rhi< lile\ • monlh. 
J mon-monlh> "'//ha.~ h"" a .. m.J 
l<l ~orl no< m ,¡,,. ""~oea! "''"'""· 
Furtl>ormc>r<, ol>o "''· on~onolh part•· 
oioned ohr« ~>)'•. "'"" be ;•r•rt•· 
oioned into ~'< r>tl>, henco >Om< ,.ork 
•l«•d) done ~•11 b< lo><t •nd ')"'''"' 
'"""~ mu>t hc lc·n~lhcned, Su al tho 
ond <>1 tl>e •hord monlh, >Uh>tanto•ll)' 
more than 1 m>O·month• ol dlort re· 
m•in, •nd 5 '"inod ¡>eupl< and one 
month ir< •v•ol;hl<. A, fog. 4 <ugge<h, 
!Oc po.-.l"'' io )U'I " la!< o• il no une 
h•d b<tn add<d. 

To h<'p< lo ~<t don<'" four monlh,, 
""""l'""f <><>1> l!aonoog ""'' ,nd nol 
r<p.rhoi.min~ and "'" 'l'"'"'' l<>l. 
"ould «quite addin~ 4 meo, not 2. '' 
th< <nd nllh< •«ond monlh To cov<r 

""'"'"""'"Y ,ond '·"'""' 1<>1 cfl«l>. 
on< "nuld ""' on odd >llll nohor meo. 
:-<ov.. """''"'· ""' n,, ,, ''"" • 1. 
noan «•<>•. MI, l·m.on ono; oh,., >uch 

"P"h" '""' "'~'"'"""" •nJ '·"' 
J¡vi>inn ate doffo «nL in \,ind, no o ffi>"«· 
l; in do~«<. 

:-<"'"' ohat h> lh< <od of 1he ohird 
monlh lhin~\ ¡;_,\, •cr) hlack. Th< 
\I;!Ch 1 mi¡..""'" ""' "o' hcon 
'"' l><d in •r•IO "' all 11>.· ''""'~'""al 
<floro. lh< ""'P'-''""" ><!) ••1nng '" 
"'P<·" tho qol,·. e.ldon~ ~<1 mnro m•n· 
rn~·"· 'llwroon '"'' m.•d"c" 

Th< IN<~"'">"'""'<~ !h.t onh lh< 
fir<l noile\lon< ~., m;,.,,·n,.l<d. 11 on 

~Lord> 1 ''"'' ""'" lh< '"""''"'"" 
"'""'Piion lh>l lh< ~nnlo •chcd<llc• 
""' "P'""""" ·"'" "•"" '•' oJd ~ mcn 
¡n\1 lo lh< ~"~•n•l o a<\,,("" •I<Lol.u,m .,¡ 

'"• "·""'"~· ••r·"'"'""'"~· "'""' 
"''""! olk<l• "kll "' "" ''""'"~' '"' ,,, "' "'"· w.,,.,,., " """~'· lh< le• 

'""""""' d'"'"' "'"' ,,.,.j. P'~""' 
P'"J'"' '""'· lf,,o """'d ,.,.h,.,¡,¡,"' 
~"" ''"' ""'''"'' lh«"<• """· ,,,,,,:, m,·ni(·J, 

n.,.,,, 0 hll,~ '""""''"~'';. "' 

50 
"'C:I<I•'-g rr.C'>OD,-,€' 10 d iate 

ssft"' .,.e '"'"e e t "'"'~e~ : "'ter. 

lh" lhLn "lh<' .J,."'""'''· """~ ol 

'"" """''""'""· lb< """'~" "' 
"'""'"' ol , rrn¡o" dcr•·•·"' "P"" "' 
•oqucn\\•1 '""''"¡"'' lh>· "'•""'"m 
numh<r ni m<n ~<r•·nJ, upnn tho 
numOor ni <nJopcnd,nL ,.,o, . .,,, fo<>m 

'"''' ,.,.,. q ... oti•··· ""' '"" d<Oi>e 
><hodulo, ~•in; ''"" mm .nd m<>re 
month' 11 h< onl) '"" " rroduco <>h­
'"'''«<nt·c.) ()no'""""'· hn,.e~·<r. ~<1 
"'"<l•bl< ><hcd"l" """~ lm•« O'l<n 
and lt~er monoh,. \1<>1< ·~Ir~.,. 

P'"i"" h>-o gono .l~f) ¡.,, );,\, <>1 

""'",¡·" umo oh.on for all "'"'"' """'"' 
c'Oinhinod. 

C"ll•n¡¡ the shot 
fl,,., long '"" • 'l""" r•o~"m· 

"''"~)Oh"'"'¡¡,.,. nn"h dlnrl .,.¡¡¡ 
n,. ttquorod? Ho .. d'""' ""' """'•'<? 

1 ho>< <>rlltl "'g>"''d """' •hao 
'""'" '" •;oply lo pl•nn1ng tom<. '""· 
ong, '""'i"'"'"' 1«1 .• nJ '."lem '"'· 
foN, ''"' mmt "1 lh>: """de><> nor 
"""'•" ohe '""" IO>k h)" <'hm>lln' 
tho "''hng 1""''"" onl¡ ond ohen •p. 
pl)On~ lh< roli>" The ¡·ndtng ¡, only 
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Pn<·'"'h no .~ "' '"' r••·~km, onJ 

"'"" '" '" '"'"'"" "' '" '"' '"'''"' 
"'"'" ''"" '" """""'"' , .. .,¡,, 

~<<•>nd. ""' "'"'' "' L~•' J.o. lor 
h,u)J¡n¡: .,,.¡,,.,¡ ,rnoll Prnp•nl• otO 

""' •¡•rl•<•hi< , •' r•··P ·'"'"''"~ 'l '''"'' 
r"'"""'· hr a pon~~>m '"""pn¡ 
•hnul .1.~00 '""d •. fm "•mrl< .. ~"l. 
mon. Eroh,n. >nd <or•n~ !<J'Orl '" 

"'"'!' cnck-ph"·dcbuo• ''"'' "1 """"' 
17~ h""" lor • •in~l< r•··~""'"'"· • 
fo;u10 "h•<h ""~Id "114p«)OI< 1~ f'" 
•n annooal rt<»!""'"'·' ol Jl.'OO '101<· 
noonh P" )<01. A pro~<•m h>lf th•l 
'"' ''"'' '"" thon ,.,<-fo,rlh"' l"nf. 
anO ntr•p<>IOird rrodu<to<ll' "•'"""'' 
"0.0<l0 •t>l<mcnr, por ,,.,,1'1, Plon· 

"'"~· ~'""""""'•'•on. l<>tonr >)•'<m 

'""<""'"'"· .,,¡ """'"~ '""" """' ~' 
od~od. fho ''""' <•ltor"l•'ion nf 
'LI<h 'P"n~ fo¡me. ;, mo•non~l'"· ¡:,. 
'"r"l;•l~<on of '"''"' ¡.,, lhe Ound'<J· 

).rd d ... h •h•·~· '"·". """ "''" '"". 
""'' on unJ<r '""' minuL<> 

~dore d<>mi'''"f ohom. h""'""'· !<1 
"' nol< 1ha1 th<>< nHmbc", ,¡,)l,,,~h 
""' lor <lrirll)' c·ornp..r•hlc r•-•hlcn01. 
•ugr<>l lhat ollort ~""'" • po~<r <>1 "" .,.,n ,.hen "'-' e<>mmuoi<•l;on " 
in•oh<d "«ptlhal ola man ""h hJ> 

""""'".' 

lncomplete 

t 

/ 
/ 

_•J._•_...J ___ J _ __¡ _ _j ___ L_._j 

100 200 300 400 500 600 700 

Thous..nds o( machine ir"tructions 
loo ~ ~' • t••nw<r> <~mp"<-"t) '""'"''"' lh• numb<-o r.l "'"'"·"""'"' •eouo«d te 
<•""~''" ,, ..... "0 "' """·' ,,.,,. 

----- ~-----·--- ---·--·--· ~ - ·-
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rr,: < "11' thc 'od >1!>rl, lt IIIH<l!Jlt'O 
f<-,ul'> "'P1'"<C l<~m • •tUd) d""' hy 
:-,,,.,, '"~ h:r'·'l at \)>'<m 1}<•<1"¡>­
mcnt C<:>rp Tht> >h~"" on c;,p<m<nl ol 
u.,~.,"· 
<!!O•I "- lconltO"J• !""""" ol m•lr.o<!IOOII'' 
Ant'Lhc¡ \IK >Lud; rcpo>rtcd by Wetn. 
wurml•l ,¡," '"""'' •n «p<oncnl nur 
'-'-

... !<"' \\udoe• on prn;r.mm<f pr<>· 
ducto"l) h•« hecn m•d<. •nd '""'.J 

• 
1"" """' 

o,,.,,.,,, 1 
, .. ''""" 1 
Co"'"''" -

T""''""' 1 ,o.,, mom!>l.,¡ 

"""'bo< ol 

~· """""""' 

"' 00 

• 
" 

'";"'"""f "'"'"~"" Oovc t><ero pr"­
P""d. \ioM ''' pr<pared • '""') ol 
tht· puOI"hcd c.~a 1•1 Hcro 1 >h•ll 
~'" <>nh " ''"' t<em> thot >e<m "'P<· 
<••lh tllum'""""~ 

Pcrtman'5 d"t" 
Chorle• Portm>n. m•n•~<r ni rn·, 

S-oli"'lr< DI' .. C~mputer Equtp:ntnl 
Or~mi>auon (¡.,;¡orth"c>tl •1 ).\an. 

eh'"''· .,ff<r> '""'"" ""lul per.on•l 

1 y,,., 

• 
• 
2'1. 

..... 
'"" 

'"' " 
" 
" 

Progr>m 

""'"" 

'" 
·~ 
"~ 
2210 

hbl~ 1. O..ta !wn BPII l•~• io~•<•t•• ~rO<lu<i<vtt' drf~eren:.• oe:,..,en eomp;"' 
probl•mo ltt>• !~rst h•o "" t>a•i<•ll, control orogram• w¡(l\ "'""' mOOul~>l •nd le;, 
comple> une> No o•>< '' oena.n hD~ mi>Ch o! lhe drllerence ts duo lo complo"l), how 
rnuch lo tho numbe• o! people '"'ol,ed 

¡ 
' i 

¡ 
' f 
< 

r,~ l:'neW> P«d•<trons lor O<bu¡;¡¡¡n¡ ""' on • ,,r;::o pro¡e<:. co"'"""d ~·th 

«'"''''~"'"' 

'""~ht 51 
He louo>d "" r'"~"mmto~ "'"'' 

"''"'"~ oohtdul.- '"J '"""' ,,,,_~,.11-
e.oh ¡oh k•• '"''"E •rr•o"""'"l' 
'"'" -' l•'"f " N•mot<J The <>1>· 
"'""' '"" "") c.telul. do>nc h1 <1· 

pcneno<d le>m• '""'"""¡; IJ'on-b~ur' 
IM ><•«•1 hundrcd >uhu•l • on , •• , t 
don Whcn tho •i•~P·~• P'""" •?· 
pear<d, h< »l<d 1hem tn l«p <>«1<11 
d.ol¡ log• oltim< """' Th<" '"""''d 
11\ot lh< "tim'""~ "'"' ,,,uld 1>< en· 
IU<Il a«nunled IN h\ thc (•<tl~ot h¡, 
lnm• "<« <tnl¡ r<al1z.n¡t .10", ol lh< 

"'orlong ""'' ., """"' r•"~""""'"~ 
•n~ dobu~f'"~ """ \lo<hln< d~~o· 
lome. h1~h"·pri~'"' •h~rt un"l.r.O 
i<>l». m<elint-. r•;><f'lotL <or:~panl 

hu"M''· >i<l "'"· P•'"nn.J U me. etC. 
""ounted IPI 1h< '"'- In lhNI. lh< 
"""'"o',.,,,_¡, ,o""""¡;,,;, """"P· 
""" ahout thr """'~" ni ""fmjc•l 
~Nl. houn p<r ;m~·)<•!- ~~~ n~n 

•.'P<rt<nor qu11r <.>nl¡rm• h" cnnolu-

"""' An 1>npuh:,,n,.J 1 ""' ""U' "' E F 
llard .. n •ho,., pl>l¡:,.mm<" •<•lmn1 
onl~ 21o;¡. pr<><luctl'< IJmr t'l 

Arc,.,·s dat" 
J.•d Arnn. m>n>¡:<r ni S"'""' 

Te.·hnol<•g> al '"" on CoiLh<tÓUI~. 
M·r~l>rd. h" ><udoc-d rro•gran>m<l 
prnJucl"lll ~h•n "orl.tng on nint 
111~< s)>l<n» (hricfl~. ¡,.,g, me•n• 

"'"" lh•n ~' r••'>'""'"''" ,,J _lO.· 
111)() ,Jd~<r>hl< imtr"coion•l. He d'•· 
1iJ., ,uch ""'"'' •oo~rd•n~ •~ int<l­
.ction> '"'""~ progromm<" r.nd 'l" 
l<m part>l ond finrl> produ<tl'""'., 
l>1llo"''· ' ... , ..... ,,, ... .......... ""'' ... , ,.,, . .,, .... 'l·% .................. ,..-

'~ 

Tho m•n-H•" do""' ,nclude >ur· 
p<>rt •nd >)'~l<m_ "" "";'""'· onl)' 
d.,ign ond pro~rarnmmg. \\'hon thc;< 
fiiUIO'I ur dolu'<d b> a la"<'< ot '"0 lo 
co>er >j>l<rn "''· rhr¡ do-el; mmh 
Horr'• data_ 

Hllrr's da t .. 
John H•rr. m.on•gcr of pro¡:ram­

min~ l<>r lhc R<ll Tol<rh•'"' L.oO..>ro· 
tnr«> ElcCI"'";' S~tlehing 'i)''IOm, 
"P<>r!<d hj' ;otO Nhm' •·•rcrionce 1n • 
r•r<r "lh< IQ69 Spron~ ¡";"' C'om· 
pul<r C.mteron<< r•r The" dou oro 
'hn~n rn Ta~lo 1 and For> b and J 

uf'"'"· rr~. ''" 1h< mo•r "'"'l<d 
>nd rhc mo~ 1Miul. n,. n'" 1v.o '""' 
... "·"••11) '""""' rm~ .. m.; '"' "'· 
""d '~" .rr h.,;,.U; t.ngua¡¡o "'".1•­
IJI> J>rt>ducl<•it• ;, "•'cd in""'" ol 
dchu~r<d v.ord' pcr "'""'~ ,.,, Thll in­
clu.l" P'"!'""'"';ng_ '''"'P•'"'"' t<\1, 

ond '!"""' t<>t. IL " ""' cl<.r ho,. 
much or !he pl;nnmg cffor:, or rff~n 
ir m>Ohmo •or:>o'"· "'"''n1. ond th< 
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l 
! 

1 

1, 



1,', '·" '"~'"'"'~ 
lh< rroJL'""''"' l•lc~L" !•il in"' 

h<> d~"'~o•"~,, :C.<>« lo•r '""""1 
P'~>'"'" ar< ·~~u: !>fi(J ~nrd< r« 
''''"·)<a<. ti""' lor '""'!·""" ·•" 
•l."ul ~.:;!C){I ~ .. rJ, r<r mon-¡o-.,, SL•L< 
L,',at >11 looJ: P"'l-'"'" or< ,.¡ >imLI>I 

mt-Lh< '"'"'"'" i' on "'< ~~ Lh< 
~•>rl. E'"''P'- :., ph "1 ""''· •nd ncm­
hcr ol m"dul" \\')u,·h " '""" •nd 
~),,h" .r.,,L' ll·d ,¡,, conw>l pro;o. 
o••m> requir< moor< r<orl< bocau,. 
Lht) ~••• mo•r< H>mphc."d~ Or d1d 
Lh<y r<quiJ< mor< mnduk• and moro 

m•n-monlh< h''"'" '"'Y "'"' ••· "•'·•d m~:< r•-•rl•~ D•d •h•) ""' 
lono.r P<oau" n¡ Lh< ~'"'" com;-1"· 
L!). 01 l><<>u" mor< ~<oplr "''" ••· 
oi¡n<d' On< c.n·r ~· '""· fho conLrol 
PL<~r.rn> "'" •<rroly mol< <nmple<. 
Th<>< uncon .. n:i" ••id<. lh< n<Jm­
~'" d"mb< Lhc r<>l prnducLJ•lll<• 
.chio;cd o~ •l>~f< •l"<m, u•in;: pr<>· 
<nL·da> P"'¡;r.nanmg Loohni4uo. A• 
<U<h Lh<) '"' '"' conrnOuri.,n 

fog•. 6 ond l >hPv- ;om< mO<rc>Ling 
dall on ,•ropommoo~ ond dcbu¡;~mg 
'""a< <cmp•«d Lo prodicted ,.,.,_ 

OS/360d"t" 
'"" o> 1l60 "P<rirnco, "-hile nol 

a .. il>bl< on Lh< d<roil ol Hon'• doLo, 
confirm> ol PtoducLo•iLi<> in r•n¡< o/ 
(,OO.wO d<~"H<d in"niL:Lion> p<r 
m•n-)'" "''" «rcri<n«d bl' coo<ro! 
pr~¡:ram ftOUf" p¡ndu<Li•uo., on 1h< 
:.000-l.OOO dd>uHrd inmucoi~n• p<r 
rn.on-'<" v-<r< a,h,.;cd hy language 
"'"'loroc g'""P'- 11L<>< ¡,<hod< plan· 
"'"f done by \he group. codmg com. 

1"'"'"' '"'· 'Y"•m "''· ond ><>m< >UP· 
p<!ll """·i:i" Th<> ar< compoTable LO 
ll•rr·, doLa, '"lar a> 1 can t<ll. 

Aro"'' dali, Harr"> d•"· and Lh< 
OSI ~60 dar• all <<'nfirm "r 11. ing d,ff.,. 
<n«> 10 producuoit) T<l>lrd 10 tho 
comp!niL)' and dofficu!Ly o/ Lhe tU~ 
ih.l(. ,\ly guidorlmc in Lhr- mora¡¡ ni 
<llimaLin~ c~mrlc>i!) i> Lh•L cnmpil<"' 
.,, lhr<< lim« •• bad •• no•mal hoL<h 
•rrliconon P"'~'''"'· .nd "P"'""II 
•Y''""' ar< Lhr<< ''"'" "'h•d :u com­
pilo,. 

Comat6's dal.ll 
lloLh Jl,,.·, d,,, and "'' -'~.0 d•l• 

•« /or "'"m~l) lan~'").' pr··~"'"· 

"""~ 1 ""' ,1.,,, ""m '" ho>< 1-«" 
r""'"I"J '"' "''"'" !''"1'"""''"' 
produ<"'"l u,;,:,¡ hi¡ho-k•d l>n­
~u•&<> Curh••6 DI """ ""'i<cL "'r 
«poH!, ~O~<>rr, a one.n P""'"'"""Y 
ol 1,:[)() ionn L•l "'""~'cd rL11 >1•'<· 
"""" pe1 n~on·)<>r '"' Lht lfl'lTL<> 
>)>L<m {b<t~«n 1 ond l mollu.>n 
.• ,,d,)''' 

n;, numO" i, "'' '"'""g 1 il.t 
!hr oLher projc·cL>, •our 11<> In< ludo> 
"""'rol r·~~~ •m• , nd Ion¡•" 8< 1r •n•l•· 

'""- Lll< 11., ~,~,,,., "" ,.,:,""'"'1 • 
'""m prn~'""'"'"'' r•••'~"- lc>l<d 
ooJ docurn<nLr<l fh< d•t> •<rn> !~ br 
t<·mr•"hl< '" r<lml ul '-tnd ni c~ort 
in< luJr~. Ar,d rt .. · ~r"J"''" '" nun<h<r 
¡,a~""~ •'<"1' hcL~«·n •he '''"""1 
pr<•¡:r.m on<l "•"1"'"' r•·'"""ioit><; 
o! oth<f ptOI<Cl>-

Bul C"r~.r6·, numhor i• ¡,,, 1"' 

·"'""')"•'· ""' ~"'J'' [.,,h '"""""' 
in ho; ll'"<m coUOip<•nd> !o •b<'UL 
L.~rr<·LO ¡,., ~o•d> ol h•ndv-rili<O 
c.-odc: Tho; '"&&""'"o im~~n>nL con. 
cl•>ion.: 
• ?rodt~oll>¡\< >tcrrio <'""''""in lrrrn, 

ol c:orn<nL~r) "'""'""· • <••nrlu. 
,ion oh>L i• r<><nn.~l, '" L<<m> of 
th< thnughr • >!>L<m<nL "~""'' and 
lh< '"~" 1! mo) ondL<Jr. 

o Pt<>~rornmin8 rr•HI«<L!'or) m•)' b< 
inot<O><d u m"''· " fll< Lime, 
~n<n • '"'"hl< hi¡h-lr'<l l•nou•¡.e 
i• L<ltd, To b.c~ up Eho<< <onclu­
,ion>. W. \l. T•b>ff«o al<o r<¡><>rl> 
0 CL00\1,\n\ pH~\•,IOIL•HI ~~ )__400 

'"""""'''Y<" in ,..,,.,~hl<r, >o•­
•••~. ond cooot.<'l E. -~- :o.-el-on 
h .. >h0"0 O J·L(>-) productioiL;' 1m. 
pro«m<nr lm hi¡h-lc;cl hn8u•~<. 
alrho<J~h hi; >L•nd>!d dovi""'"' aT< 
w•dc.L•E 

Hotcl-oin¡ "cotntrophe 
V.'hcn on< hca" .,¡ dl!.,l!ou• o<.h<d. 

ulo •lippo~< on • pro¡ccl, hc om•~in<> 

thaL o """ o/ moior co],mih" mu>L 
h•>< l>dollcn 11 t:.uoll), ho"""· Lh< 
d"'""' i< due lo '""'""· nol Loma. 
doe.: •nd rhc ><h<dulo hao ,lippcd im­
p<rr<pLihly bu! int"'r•bl~. Jnd«d. 
maj<>r col>miü<> ,,. ,.-icr LO hondlr, 
o~< r<<p<>nd, "iLh mojor /or<c, r>dioal 
rcor¡.niallon, Lh< rn•<nLion of ""'" 
oppN«h<>. TI>< wholc team ,¡,., Lo 
th< nccnion. 

But Lh< da¡·-by-do~ •lip¡>o¡< i> hord. 
cr Lo r.oogni«. hud<r Lo pr<nnt, 
hardcr Lo mal:< up Y«L<rLlay a key 
man ,.., oicl:, •nd o m«:ong '""Ido·, 
b< h<ld T od>} Lh< m><hin« ore all 
dov-n, l>«•u" li~hlnini- "ru<k Lhe 
hmldir.¡.'• r""'" lr•n•formcr. Tomor­

'""' Lh< d:or ""'''"" won"L ''"' \<>!. 
ing, h«oU« rh• [,,, di~e" a w«l la!< 
lrom lhr lacL.-.ry. Soov., ¡ur,- dul), 

[>mil) rroN<m'. '""'~'"" m<<""~' 
-.L!h '"""""'"· """'"' •udLL>-<h< 
li!l g"" <m and ,.,; -fhh onc onl\ 

r"''r""" '"'"' """"l ¡., • half·<hY 
'" • .!>). And th< •<h,-J.,¡, •hr•- on< 
dd\'•LOL!m<. 

Ho•" <!"" "''" , .. nrrol o ~'8 prü)<<L­
"", 11~1·• ""'~"k' H.<¡.,,, >l<p" •<>"-.. 
!-."" o ><h<dul< F.ch ol o l<>! of ~ 
'""" <>11cd mil«!on<>. h" • doto 
P,á:nl] rh< da«>;,"''"'"'''¡"~ prob­
l<m, d"'""<d •lr<ady .nd orucia1Jy 
~,·ren<lcnL on <lp<ri<n«. • 

h>r r">ong lh< m;l«l .. n<> Lho;c " 

-

onl~ "'"' o ci<1 ""' m le. ~1 ·,:""'"" m u !1 

Oc ,-~"'""· -.~oo.~c. ""''"""'' 
e>OOL>. dcflntd wiTh '-'•l<·<d¡:< ''·''l' 
"'" ('<'<Jm¡:. ~~!. \0LC.'<t<>Om9]<," 
-q~~, r.n .. hd" lor ~;1! r<f lh< ,,,.¡ 
L'!>JIIl11Lrtl<. IJc\ou~¡ong" "q~"i CO!Tl· 
pkL<" mo11 ,,¡ lh< <=m< "Pl<nn•nl 
cnmo:r<<" "on "'"' onc <o o pr~d .. m 
olm~•L ., ~ ill LI•J 

Co•n<re!< m•I<~!OO«, on thc orOu 
h•nd, aro IOO'l '""" ""pc<ik'!r.•n> 
<i~nod ~; '"hll«L> ond ,,.,:crronL· 
«>." "•ouT" '-<odtn¡; 100""< cornr\cLO. 
; <) FLin<h<d, <nLrtod tolo d"< l<h<.r¡ ," 
"d,Ou~¡:,d ""'o" P'""' all "" 
'"'"' · Tht<< ""'''"" nLil<,10n<; d<· 
mor'- '"' ••ou< r~"" of rl'""'"~· 
«,.J.ng. do~q~on¡: 

11 ¡, mNe omrNunL lh>L mil'"""" 
~< <hocr-eJ¡"I •nJ •·n•m~;guom rhan 
Lh>L !hO) bo ""]) "rif .. i>l< b) 1h0 
h~<> Ra:ol)' "'''11 • rr,.o he ~~~ul mLI<· 

Nor.e lo,·e 
e • 

the be'"'" of b~<l new• 
'"'''""' 

"onc prog""· 1/ tht mo\c>Lon< i• •a 
•h•rr :h" h< ~n·t docoi'< ""'"'11. 
Hur 1f Lh< ""''"""' i• /uo~. LIL< ho" 
~IL<n und<r.,.nd• a d¡ff<r<nl T<p<>r! 
lrnm Lhat ~hi<h Lhr mon ~i"' To 
•uprl<mcnl _<;.,~ho.-li,, no ""' <no"f' 
hrarin~ b•d n<w>. <llh<t, >o iL gm 
,~ILoned v-ithn<l! any roal mL<nL Lo d<· 
' .... 

T ~u inL<r<•LLng >'udoc> ni .. ,,;;.,in¡. 

!><h.-¡.,, b) ""'"""''"' "'"'""""' 
«O lor~<·OCOI< do«LopmonL r•n¡O<Is 

,n., .. '"'" . 
]. E>llm>EM ol Lh< lcnglh olan """' 

ol)' m•de •nd r<>i><d c•<<lull) 
"ery '"O "e•~• h<lo" Lh< "'" 11} 
''"'''do nor "gnific.nll¡ ch&n~c., 
rbc oLaTL rime drow> n<ot, no' mal-
1« ho" ,.·ron¡ lhc) ullim<=<l) turn 

. out lo he. 
2. Dun•g Lhe o<Li'>l)', 0>'<''""""0$ 

~/ dur>Lwn oomo •lead<iy do .. n •• 
Lh< ><Li•l!) prn<<cd• . 

), Undnw•mGI<! do noL rh•n>< "'' 
nifi•aml¡ during Lh< """'' un\11 
•h<>u! Lhr<o Hrk> hcforc rhc 
.ch<d11led "'""plr11on 1"1 

%•rp n>LinLon<> arc in /ocL •-•<r· 
•i« io lh< L<>m, ond ""' !h<) c.n 
r«'!'<fl) "P'" /rom • '',."'~"· Thc 
/uH) mole.ron< "the h«d<r ~urden lo 
1"< "iLh. Ir;, on la¡·L O m•llo!onr LhaL 
i''"d' dn~ n m~rol<, lur i1 deo'""""' 
•h""' lo11 lime unhl u ;, irr<mcdL· 
•hl<. And <~roni< \Chr<lul< ,Jopp•~e " 
• rnoroLio->•llor 

"The othO>r p:oce 1• lote• 
A •chod.,lc ,¡;~, a do). <o "h>l1 

Wi'.o i<L> <<OL!<d oh~ul , ono-<fo¡ •lop~ 
w, c. o müo il up I>L<r. An~ rho oth« 
P'"' "''" fm •n!o" :.<e Ór.)-..oy. 

·--- ---------·--- ··- ------- ----
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•• 

• ,_,,1',.11 r,.ro.¡:<r '"'"P"'' • 
o ·"P~·l"''l r,:cnr. """''· "' •• <•­
"'"""~ ¡;rll ni !'""·'' pl.r)r'f' •nd ;n.r1 

'""" 11 ,, r!ro '""'·'''"'"'" ol "'"" 
"'"!' 1••'<1 th.n nr'r<'""· "'"""' 
"~'"'' lh.n """'""· U)in¡: h.,~« 
rh•n "'''"""·Ir" '""'-""'1 f01 ~«" 
r""P"'".,'"!' "'"'"· ""' llrL'1lr r•n­
riJ.-. 1he ru•hron,lh< ""11< ''P"I", 
lhot rn>hle• • O<•m tr Wl'< ~•th IOU· 

""' mhh•r•. 1n '"""~-•1< •nJ ¡,,¡, n~ 
mino'l ,-.¡_,,,"" lhr• ,-,kul•led r<"· 

'r""''- the '"'"'"''" otl<lrt . .,, rhc 
"-<l hl•n>ot> 1hor a.mp<n hu"l< '" 

"' ""' "''"· """ """1 g.: "'''''d 
'~""' ' ""'' d.o) •hr. ~uoh >r< ,¡,. rl<­
mr'"'' ol '""'""rhe 

Rrrt nnr •11 Pn<-<l•l" >ILP' '" <QU•il) 
""''"""'- ~n '"m' ,,J.;ul.rion <>1 r<· 
'f'<'"'" ;, n<<<""-'). lh<>U~h hu,llr ho 
d .• rnrr·nr·d. Hov. ,¡,,,, ""' 1<11 v.hr<h 

•l•r• "'"'": 1 herc ;, "" '"h''""'" fM 
• ., " ch>l! ~~ • oririt.l·r••~- •d•rd· 
,¡, ~uoh ' nolv.ool- >h~~~ v.ho ~"" 
[.,, ~hot. Ir'"""'' v.hn" no thr· <OLir­
<•1 r-·•h. ,.¡,,.,, on) •irr <M><• th< 

en~ d:rr, 1! ,¡,., '~"~' ""~ mu<h an 
''""'l <dn •hr l><f<>r< '' mo•<> inro 
,¡,,. «"'''' r>th. 

lh,• •·••• l•·tl•ni~'"· '""'11· •r•·••· 
'"~· ¡, .on doh.or.tion o>( Ctrli<•l·r•th 

••h<~uhn~ '" ~hroh ''"' """'"'" 
lht«" lime.[,, <''"l "'"'· ILm<• ''"1· 
I<>P"LIJrLo~ '" obtfn<"OI l''"h>hrh,.,., ul 
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"'"""~ <h< ,.,,.~\>!<<! d'"' 1 "" ""' 
t,nd ''"' .. -hncn""' !<' he ~urrh Ur< 
, . .,,. dhrrt, hui ""OrO\ U) l ~tll e>ll 

'"' ""'''"1 r•1r. '"'""''. ,.,., '"""-
n, P"P"•""" o! • "'"' •h•rl '' 

thc mn" ~>lu.hl< r•rr nf '" "''- L••· 
rn¡ nul Li>e ,_.,,.,,,)., tdon!LI)rn~ lhc 

dop,n.lcncre>. :rnJ "''""·""'~ lh< Ir·~, 
•11 !uta • ~·••• Jeol o! '<1' •roorrrc 

rl•""'"' "" "'" m • p1"i«t l/1•· 
hrlt d'drl l\ JIV.d)> lcrllhlc. •ud nr< 

'"'""" onJ '"""'' '" '"·'''"~ lh< "'\• 

""" ""' 
"'' rhc r'"'"'' r1u;,-~ •• thc "., 

'h•n p1n•iJe> lh< '"'~" lo :he~ •. 
m<rr,<iriLfr~ """' "] h' ,,h<"l pi<ce '' 
r." .rn¡hn~." 11 '""~' ""~ h .. ,,, ,. 
noodoJ '" •«r ""'"'""'"pon ofi th< 
mlr<>l p<1h. •nd n "'1~'''' ""'" 1~ 
n1<h up Lh< ln>L lrm< tn lh< r>th<t 
p.rrl, 

Uncre• th<> ru¡¡ 
1\hcn" fo!\1·1Jn< m•n•~" '"" h" 

,,,_,¡,,."m •l•ppin~ hohiml, h< ;, t.rcl• 
.rndin<J w mn oo'lh< h~" '"1h tht\ 
.~""· Thc l<•m mr~ht t.< .hl< '" m••< 
n ur. 01 h,· •hr>r<ld ho ohlc w m>enl '" 
"'''~"""' "' ,,¡" tho p1ohlr-m Th<n 
~~·; ~""' '"'' """ ~ith ,., "" ¡_,_ "' 
P~·J <,,¡, '"' ''"h p~r•f>l<m• "''·"''~ 
v.hol th,· 111•1·1""' n>•n•~<l '' lh«< 
lor. ~-,o lh< h,,, J,.,., ¡,,,. <'"""~h 
rcol ~''"'"' d""·"'""'~ '"' """" th.LI .......... ,, ........... ., .•.. ,_ .. , .......... ~ .. , .. ,. "'""' ....... . .. .. .. ...... ... . ... 

~-' d'"''" t m • ""·'" \ • oh '~' "·" 
~·" '•<r< ""d'' 1 hr '"' 

l«<t ''''" "''" ""'"' '"'' ''""· "' 
'"'''""""""· '"'r""""' ¡,,. "'""" ... .: 
• '"'"' r'·""' 1"' cJ·•·•'"'"'' J,.• 
'"•' ru!p••>< h< nrcdo '" >n·•~ ,¡,. 
"·''"' o•l oll l>r> """' l><tLrr]: • ""'' 
P"'"" o! tt"1 ''"'"' 11 hord 

rn, ¡,.,_,., "''""'"·, rr.«·•·•· 
•nd th<»< n! 1~< 1• .• ho>< '" '""""" 
o.•nflrcr hero ¡¡,, ILc•L·I•nr· '·"""''' 
k•n rhol rl he :.·r·'"' h" ¡ol,hi.rtr 

lh< """ v.rll •<1 o>n" fhon '·" '''"'" 
~•11 r1«m;>t !h< m.n.¡er·, !d~'"""" 
drn;on"h ¡,., o<Jiho•t<l\, foul <lp C.r• 
orllret pi••·• \,o '' :<'n¡: " "" r1on· 
.,,., thi"'' ~' '"" ,.,,,. rt JI""'- ~.­
J,,,.,,., tdl ;he~><»> 

1 ~n "'f·hfhr~ '"""'"'"' .ro o;-<n 
!o !hr· "'"' Jl,•l.1 mu\L 1>< <r•<d 1 be 
r,,, ,, lo "d"" thr· ,,,. ,.,.,,~ •• -, -'"~ 

<noriro ,¡,'""~ of "•1~' h< •'"-',<1 " 

'" ~""' ,,, IU!' ~"·· 

'Reaucir>g tha role conflrct 
1 h< ¡,,,,. mrat !<1" "''""~""'· h<• 

h•<<n owon onform01"'" '"~ <t>hl> 
onlr~ln>olwn He "'"" d""r""" h,.,. 
wlf ""' to a,r "" p!<•OI,·t"' "" 1·><n .• ¡. 
"' c.n •<•h<. •nd ,,. . .,., ro "' ~" 
r•••~I<J'r.> ~~'" h< ;, "rlttorl• '"'""" 
'"~ ... ,,,. 1 ''"" ;.,,-~ • ~-"' '·'·' 
;,,,.,_,!,1> r,-;,,,r "P th.· ¡-h.•n·· '·' ~,.,. 
,.,dcr· hdr•h' th< ,..,,,,, ''"' ["'' r.r•-

... ~ .... _ .. ~ ............ "" , ........ , ., .. ,. '"" ,,.,, ......... ''"'"" ,., " ........ .. ...... . ....... . ..... .. ... ' "" .... ,," 
_, ........... . ... ~ ......... '" .......... , .. "" ..... " ....... ""'" '""" ""'" ....... ••• ''""'' ... ,. .. ""'" "'"" . .. "" ......... ....... ... ,. .. ....... 

""'" ""'" 
... .... ....... """" .... ," 

'" "" ....... 
""""" ""'""' .. , .... "., ... 

"'"" 
"" •o• ", .. " "'"" ... "" 

'" " " """' 
"" ... , ... .- . 

"""" ""' .. ""'" "'"" ... .. " .. """ . .. ''" .... ... "" " ..... ..., ... .... '" "'"" ....... 
"""' ......... ....... """" '" '"' '"""' ... "" ... -...... .. , .... ''""' .. , "" 
'"" 

,_, .. _ .... , .. " ..... '""" '""" " ... " .... '"""" '""" . '"'" ... "" .... .. .... " "' ... 
.... •k. .. ....... • o. . ... 

'""'' '""" 
....... ... "'" .. .. . ....... ... -·"". .. .... , '"'"" .. .... ... ... , ...... .... , .. 

foO 8 A ''00~ >hO~oo;_ mr0•>100i'> -'~ \'.>!>' •1' >o fdOCU• 
ment '" <''OJ•OI cor.1•cl l"'' N'• or,,~, '""'' r•oc;,,.,, '" 05 
je.eiOp-r.e,r.t '~"''''•oolooe• '"'''•''" l;le or >'m• '"""' 

' 

o 
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P'l''' '" ,, •lO"" "'~·''' 1 ¡,,, I<•P<'Ihl' 
• • ~" , " n• , c.l , , , ·~ ,.,. : , -" "' 11 ~ .,.;~, "" "' 

¡·""'''"'"· ~n,o ''"' "''~"~"' 
<e•'"' ¡,, '"'" ~•11 '""·rr ""'"' ,. .. 
r""' "''""'' r·'"" ,,. r'''~'~'"'"· "'' 
"'""'' '" ~" < """<'' .... , '"·'" 

)h.,""'''" P""'<" •· hdpcd ol 1h< 
¡,,, .. 1,,,,.,, ""~'''"f''· "~""'· '""'''' 
,.,,,,, "' ,,,,,,,,,.,, .• Oll'c11n,. '''""' 

1""1./' '"" """" nl<>'lor.p, ,>n,i '''"""'' 
""'"'" "-,,.,J,n~l~ ()~"''"'') ''"' 
"'·" ,.,11 , pr,.hlcm·•-'""' m••et<ng" • 

"'"''~""'"' "'. ''"''" ""'''""'· ,¡ ¡,, 
",.¡'''" • P'"~'''"' " ~"' ,.¡ h .. nd Dul 
... '''"' <<<1\"'"h '"""' """' lh< 
""'' "· '"" rhc ¡,.,, rhrllh •~•·< n,·. 
'"''' ¡•tohhrn> 11\1' h.oll 

Yar~kin¡¡ the "'1,1 off 
"<•·•··nho·k"." ""''"'"•'l '" h;>< 

''"'"" IC<hn·~"l'l h1 ~h01h 1hc truc 
''"""" m•dc '"''""· .. h,·lhc¡ «'<•r<r· 
•1J«l; "' nnl 1 h, ,., •1 1h.r1 "rlh '" 
Ir.-~"'"' •h .• rr nlli<''l"'"'' '' 10< h,,,, 
r .. , ""'',,,;, .... o .. • t •• ,~, r••'t''"' ""'' 
"'" ~'"' "' ,.,.,,~ '"""' 1'"' ni u 
"'h ~ce<. m•lon~ lh~ '"""~' on« • 
ll'<lnl~ "'>O 

A IO'I'•'rl 'hn~i11~ rnrlrllnll<'\ >'Id a<• 
""' '""'rlott""' " lhc <r; d<>cnm<nl. 
f,~ ~ •r•<o<Jon~ r•f<l. •h·•~· '" <•· 
corpl IH•m "'"h • repo>rt, f h'" r<p<>rt 
•h""' '"m< lwul>le• ~r•·ciil<,,.,,n, dp· 

P"'"l ;, """'"' ''" '"""' compo­
nen!•. ~l.nual l"ll •PP'"'"' "'"''" 
duo nn •n<'thcr .. <nJ one " l•tc t«ung 
""' ni lhe fi1<1 ''·"" 1" ,.,, 1 ,,f o he 
rn•i<r<ndentl; "'nJ11ded rrnJuc/ •e•l. 

-"" "''" • "1'"'"' '"""., •n a~cod• 
for lh< meo<Jnf "' 1 ~'"'"•r> .. E><')· 
o•nr '"""' the ~'"''"'""· •nJ thc '""'' 
r"""" ""'""~" ,¡,..,¡J .,,. rrcrMcd In 
npl•on "hl 11 • lote. ~hen " "'11 "-' 
f,ni•h<J. """' •'<r• he-, 1,\.on~. •nd 
,.o,, 1-clr. rf '"'· he nce~l• from tloc 
""" "' '""·''"·'I¡:Mrr•. 

\', \''""""~ ni llell hk~h,.ne 
1 •"'"'"'"'' "M' lhe foil<>,. in~ oh•<r· 

""""' 
1 n.,,,. ¡,,.,,¡" ¡,,.,.d, '" ram bh!h 

--.,¡,, <1"/cd" unJ "• """"''d" ,¡~,_, .,1 

lior "lllo''"'"' '''''"'' 1 ho· oc/~¡•d,./cd 
J,,.,., "" oh, 1'"'''"" .. ¡ r!" ,,,.;,.,, 
"lo,n<I<CJ d"J "'l''<'l'ol ~ <'U'IOI>,.O/ 

~~,¡ {>ion,.,., rh~ 1''"1"' ~•" .¡,,.¡~. 
tln.l '"'r ,¡,rlr '', rnon" ,. .• ,,,.,,.;,¡, 
•"'"" ¡¡,.' """''"" d""'' '"" ,¡, i'"'l'• 
,.,, "' ,¡,, ¡,,,,., le• el'""""''''' ,/w 
lw• < ,.¡-"""~''' u o , ' rh picce ,. • ",,¡ 
'" q< .. ''"'"- "' ,¡ ,.,.,,,, "" ''" ~ .... 
""'''"" "' '" ... "'"'" " 'd.' "' .. .,,¡¡, '"'rl""· ,.,,,. ''"',.-.,,,.,,,,he''"' 
a-~ilu'l, ., .. ,¡.!,,., 1,.- ,.,.,.,J,,., ¡,,., 
'""'"'""" ,., , ... .I..r .. '" ,.,, ''" """ 
"''"""' "'""'' "" !''""" .. .,,,,,,,.,., 
;,,., , .. 1,, 1• '·'' ,,.,.,," •• n ,¡,.., '""'"'• ,, 
.Iao.- "''.! pu• ;1,. ''"r'·'"' <·• ''""'"'' 
"'"""''· .,,.,,,,.,¡ ·'''"""" 
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'"'"' ,,,,¡,,.,,,¡, """"""" '"""""' •" 
,., •. , .. ,.,, '"' ' ' .... .,,.,,,' """- o ... ' 
lh/1 " ''""'' '"""'"'''''' "' ,, '"""'' .,,,,,¡, ,¡,. /"""''' "'"""''' '"" ,,.. 
"'"" " ' '"' """ ''" '"""' "¡, ,, ,,, " 
,-, ... ,. '" "' '" ''"""' •! ¡,. ,¡,,..,"' ,¡,. 
"'"·' ,,,.,. 

1 Oc• 1': < p.ll .11 '"" "' rbe 1' 1 " 1 'O.ort L\ 
• ,,,,.,,.,, "' 1'1•' ¡,,.., .. ,,, ,,, ........ ,.· 
'" «P""'"~ 1" 111~ 11• u;-.l.ol"'-' ""' 
>O~n- ,>lld «-p .. lllll¡r "'~"'"' Lh< ,>lt<n· 

11(>0 "' ""·'" '""''"'·lh"''-"''"' 
,_.¡¡ >""'P "h'<h •««• >• .ro c\t<'n• 
"on nf th< h<><• 'iuch • "l'l•n• ;nd 

C.•ntr••l·-- "'m"'""'"'~",,.,''"'~' 
rr,,·,r. Ir h ... "" ,,,h,•ri1• <>•<r• '" 
"\ .111 rhc· 111>< "'·'"-'!'<'" -•ho·n 1!11·1 

"'11 ¡,, .. '"' "' <honr,·O ""''"'""''· 
.00 ,.h,·ll•« <miN""''' h,,. h•·cn mcL 
'""< rlw PI."" •nd e,.,,,,.¡, 1""'r 
h.0101ll" ,,1j lhc r.r)'cl"l11l, Lho hrrJ<II 
"" In,· IHt< nldn'f''" " rnJ,.,·J In th< 

""''""''' -mo\ m~ 1he d'' ""'"' 
Wc h,rd :o ,\olkot. ,·niiHII;,,.,.,, JnJ 

drplnnr.rto< p¡,,, ,nd <'ll"lll"l' '"'"1' 
nn lhe "'·1M 1'"'1"'- '"" h• ~ \l. 
Po<ll .o>< ni•. "hn dCI'Ot<d O ,,.;oJc: ,h1< 

'"'''"'"'' r.lent lo d"i'"'~ cflc<ll" 
hllt orronhlnt>IV< <'<l<t1/o1l rtll·ohnd\ A< 

a •<•u11, 1 fnuud h" !"""P '" ho ,.¡J<I~ 
IO•p<.t«l •nd "'"" 1hao l"lcutod Fnr 

• ~""'r """'' ·~tc "·,"""'"''' 11>.1 
nf an """'"'· Llri•" qLll1< .rn 8Ccc•m­
plr>hnocnl. 

n,. imr•lmcnt ,¡. "'"''"' '"'"''", 
of <l1llcd '"""in, Pbn• 4nd '""""" 

'"""""" ¡, '"'' """'·""'"g. 11 "'·''"' 
f,., '""" Joff"<'n" on P"'l<'<'l occ.•m­
plhhn>o'nl lhan ¡f th<"' f'<"••rl< "01\od 
d~<octh "" "'"''""~ 1ho r«..Ju<l r«•­
~'"'"" ¡-,., rh, P1.rn• "''J Cooll"h 

\'"'"1' ;, '"'' "·''""'"" "h" '""J"' thl' 
omr<r"puhl,· d.-l.o)' ,¡.,~1,· •nd """ 
¡>o•int• ur 1<"- ,,,,.¡den""'' h ¡, th< 

'·"'' ""'"'"< ')'"'"' ·'l'·""'l ¡,.,¡n~' 
,,._,,,.,,, d:O) ... ,, ''""" 

Epiko¡;:ue 

fll,· '·'' prl ,.¡"'ti~"''"~'"'''""~ 
~;11 '""""''' '" he ""'' ¡,.,a 1ott~ 
lim< In como Onc '"" '''1'<<1 1ho I>LI· 
m•n "" lo'""""'" >lt<mphng ,,. 
l<m< J"" l'ollhin or JLIII t'"""d '"" 
ro·,"ll: .nod "'''~"" <)'""'" M< p<r· 
h•r> thc oM" rnlriC.I< '"" , 0mpl" ~! 
m .. n·· ho«dl"OII.I. Tho onan•f"l•cnt 
of tOi, cnmpl<> ,,.¡, "'11 ,l,mand "'" 

he11 "'< .,¡ "''"' '·'"~"·'~''' ""'i '""""''· 
our be<l ad-'P""~" ol !'"'"" '"8'' 
"'"'"'F '"'""'"'""'"' ntttfo,,j,_ h~or•l 
'1'"" "' ''""""'" ""'"· '"d a G.><t­
!'''''" t,,,,.,;¡,,, ,,, "•'''''"''' ,,,,, falbl>rl­
"' ,¡nO li11LLI"""''' 

f-C¡·f<·ll·n<-r-' 
1 '"'"'" "·" 11'"'"' ''"'' ' ...... . 

'1 >pi"'""" 1 '1<' "'e"''""'".,.,,,.,(.,~ ...... ""'"~ .. , ... ,_., ,, '""~··· ... ...... ~.-- ... -................. ''" ,, 
•1~ ... '" 

- . 

'···-" '"'' ,,., ,.~,,,._.,,~,. 

""" "' L ''•' \,,' ' ·"'·-· '''" ,.,. 
... J .... -'"' ,, ............ "' 

""' •••m (, 1 '"'""' '" ,., ""~••-
"" " ... ' ' '"' .... ' ,. ' ' ' . ' "''" '' "' ,,,,, 1 ~.< >• '"'" 1 >'> ei"O" o .O ( ,,_, • '-"" ........ 
"'"" ' ". J , ....... ~ •• ~-~~ .... ·--
' ••• ,, .. _. ,, ., ......... , '"" .. " " < ''"" 
L "" "' ~ "" '''" "" ''"'' "'" ,.., 
'-'~"'' ,, , " """ .. , ' " "·"·'" 
'""·""" '"" 1 ......... ,., (' -,-.,.- .... . 
~~'"-" '"""'""" ... "" ( ....... ~. 
, ... ~1 

L'.r•e< """ " o < ,•0<1 """o '"' 0," " 

''"''''""' ''"' ,.,_,.,, .. ,., 
'"''···' J .. ' '"""'''""',,'"'""" ... "·~·-t" ,,.,.~, 1 ...... •' '" ...... . 
o•< '" lhm"""' WP lo,oool,•,. ~"'" 

'"" ,,,, ....... ~ "- -. ........... '"' ..... . 
'· ... ~ ""'"" •.. '"' .. " ........ , ' ',,.,' ,,. ,., 

' ~.~ .. ~ . . .............. "''""'"" ..•... 
¡ '""'"'"'" "' (' "'''-;" '" ''""'"""' (o•" 
•el" 11 l" o;;< \,o"" "'"'"' _.,, ( '"' 

''''• \l,co,. rP •-'-
10 '""'"' ,. ,, • ,..,,' " •• ~. """ ( .-~ 

••·•• ¡·.,-......... , ........ ~'"-~ ...... . 
"·'"·'""""' '' ''.' ........... , ., '" 
,, ...... , .... '"'"""'"' '""''·' 
'"' "' "" " "" "' ...... ' ' "··~·"- -,,. ...... ..... '"'~"'" ............. ·~···"<-• 
'"''m'""' '"''""- "·'•"-'"' ''"~•·­" ''"" ""·'-'" '"'' "'"''· "· ... , 
n >1 ""'"'""''' ""' • n ~'"'·o. 
""' •.. ,,. .. ·,., ''"'"' ... , ··-· ""~····· ....... ,_.. "·-··~'"' ··-~"- ,. """-.... 

" "'""" F r' '"' ' ¡- 1><"00 <•••-.on 
1
'"'" ''~"""' '""'""'" "'""" Nro 

O< "•OOk• '' o•os~""' • o•c•e-.oo 
oo '"" l)n., ~· '<o"n Co·oo.-o ot 
0·•~• H•"· o no e no •~•• e< '"• 
~0"''""' •<••no• do~•.,~ont 

""'"· Ho •• Oo.t '"D~n o- '<h• 
lotn•• o> to·• lB M Sy"e~·,GO,' 

~···"• •••••a .. ~·o.-< o ~•"•••• 
<cr '"" ""'~~••• "•·•'~"~•ot """ 
oo onaoooor O' 11• OO••o<•c• Syo­

'""''360 ~·o,o« ~"""" '" o••·•" 
0'"'"·•- Eodor >'o •·•• oo O•«•·l•<l 
~· t"< •~'-' s••eOoh -'d HO•o .. t 

A t C' ~e•• ~" •·• ~" vo•• <•<>4<0" 
oh ''CObl•"•"• hn~ "-''""' l"'O T<o• 

"""'" L<n'·'"'"'-. c"-''"'"''On 
C• "'"' •"• "'• "'"''" ~•·vr ·"tu~· 
~M·O~•• C.<" P•<-"• $••••<o ~. •O 
"O ""'"00' O' 'M> •<M•O"• o• "A.t.,. 
~<>t < Da" u,'"'"'"'""- ••·~ "Tho 
'-'>''"'-" '"•o->Aunlh E•.,.,, on 
50 1'hh0< Ce···•••·••" '>o~>OO­

y,,.O<r .··~·~ "' o• t•·•••o••c• ·• 
'-"•" 

-------

¡,\ 
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In contrastto Dr. B·c-oks" pre'"-t-:"1ti!l•on. 
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PROJECTS • 
0'-"1· OF 110: I'IU~!,.,~\ ~"""' lnr • "FA 1 L 
tho ILul,.ro nf d>1a Pr<'<o--iiO~ pmjo<1> 

¡, '"" """ projoo" or< nfo.n not '"'" 
"11•11• JofinoJ. '"d th<td"« !nO)" lod. 
Ol>c-fonnin~ ,nd •n <n(. On<t • prnj.ct 
n., ~.¡:un. m• ""' "''"'' Lo >no~: . 

0 0·•~ lht• l""t<"<l ~al ll.lrfod; 
• "h" rho •tolhns ;,. "' ""· ,1 '"Y 

""' r<>int in lome; 
o ~~.1 acll•iti« ha•< t><en r<<· 

fnomod; 
o. ~neO Lh,· rwioct "ill end; 
o "h.tr 1hr prnject ~di oocompli>h 
['"'" rr•fl ¡. t><cau>e projem ue rore. 

ly lnrmally dennM. th<)" "" ra.el\ 
<runple'<·d~ ("Omplelion '''""'' "'""lh 
"1"'" tho Jo.llh-or rr•i~n>1LM-<'I 

rl>< ,.,cf lhr prnjo<t ""'"""'· M "hcn 
Lh< '"'""'" d<ic lor '""""''''"'· Com. 
plrÍ<ot> 11 >hn o "rrorrqul"l< for ""· 
«'1. hut a projc'ro ¡, '"'"iJorod ""· 
<<<.lul nnl¡ 11 cn"rnrk'<J ""hin lh< 

""r•n•l tin1r or hudf<l ''""'"''· onJ 
h¡ ""~ ~dlu <>ll'fiO< thc ·.,,,,., n<"~"''· 

"'" ""'"".'"'"1 rr•>Jc<:l. ho""cr. 
'"" ho iJonrr~cJ Quim~ •••orol ph""' 
o( i1< ILio ndo: ond 1 ,hall hor< lf) In 
1'<""' '" •h"'' 1011 1ndrcator> 

1 "~IC.oll). '"' p«>iocl t>n ho fimO· 
.r .. ;J,·d •nln ,,, ""''"" phaLc-.·: 

al l'rc-•niti•tion pcri<>d ("""IIY 
m<><ur<d in "'"'h or month<)l 

hl lnubuon p<tood /me.,urtd on 

"'"'"' ,• 
el h~joc¡ d"'•''"" (•n mLO.ilh< or 

)I"Jr>) 

di Pt"L<O! l<rmin•tion p<r>od (in 

"'"'"" mNOtho) 
el l'<"llt·l<rmÍn•lion prrocod (ocror· 

rin~ '''~"1 n>o~ntl" .lllff pL•IJ<<l 

1 '"'"'"'·' ''"" 1 
In e.<clt ni 1hr ,h.,,,. ph.l'«. "''"'ni 
'""'"'"'i<>n N nmi"i~n '"" h•>< m>· 
ÍN in•r•<l u pon rno '"'''"ni tho tn••l 
rr"l'"'l. 

p,.,.;,, !ialoor> po:rood 

., 

,nhi.L'h l.olll,· ,.,,." "'"'"" "' ·' h"'"" 
¡,¡,. ,¡ """l.or pr<"j,·,t< ·ILIII ·"'" ,¡ '"· 
''" '" '1' "·''" ',, '"'"' ,,.,¡ ,.,,,., 
:'t '"'"'"·'""" ,, ""' ·'""'" h) 
¡h,• pr,.h.oi>l,· pfL•,..o"tlc.<Jor. hui r.lllorr. 

h) "'h'~"·r I•·•PI'<""' '" 1x- '"''•hk al 

''""'·"'"¡ ''"". 
1¡ 1 l•r 1"''1'"" ;, ""' .,d,·~u.!Lol< 

"""""" '""·•lh 
"11«" ''"4"'"" lor ·'" ,·,r.m.n< 

L.oh·, lh1· '"'"' ''' ··J,hn. ~~··f< 

r''"'"'"t '" """" •h< r .. ,..u ''"'"' ll"l••• ,¡p ""' th•n> ,, ,.·,u ,.~""'·•· 
·"1'·"'"'1 .. "'·') ,,, .• ,,. ". nnnlh,·r ul 

"''""""' '~'"1' '" Lllll"'"'" ""'~'""· p.,,.,,, i .... .,,,. '·''"" Jhi<Lhllll•"'. ,.,.,. 

"""""' "''~'"'·"'""' ka••· ·".''""'"">." ,_,¡_,.,_ hnurh 

·'"'ni 1hr .,r.,,., '·'" '"'"·"'''·'"'\ •m· 
P"' oh.-'"'''"'"'"""' ti><" P"'l•·•·t. 
41 .. , . .,,,,._.,, """' ... ,. ·'11""'" 
''" '''"" '""'· ~ uh """"'P"""'"~ '"•~· 
'"''"'' ''·' """'"· 

l'<"'~"'"d ·"·ul.oh>hll lnl lh< 

" ""'"·"'" ¡:,,;"'·''"' ... ,. 
'""·'lh r«'r·'''.r ''"'r··,,,..,. "' "h" 
~•11 re·•'""" ,,,. ~"''· llo.<l" "'" "" 

1' ..... ""'"'···~· '"'' ¡,., ,.,,.. '"""''" "' l.j "·"' "'·" ,,. "'·'"'· h011 
"'·''"'~ .,,._ lo•1~ th,· 1''"1•"<1 ~Lill•lc • •'LII) ''" '""'"' P•''""""·l "'·" h< 

1 h.ol "· <"•<h r'"l" 1" """'~ "• "'"'" ~ ·•'·"' ,hk: 1l .. • oll "'"·"•" th•· ·"'"•1 ""''""el <<<l<m ""1' «•mo •nJ,.,¡.,,¡ 

"'r""''"'~' '"' ,.,,""'""'" 11" """'·'" 
"' 11 ,.,. "·"'" "rnn "" '"' n unJ,·,.t.<n<f. 
•o~ "!ti.,· pm¡e<l •nJ ;,, 1••<•. •nd on 
h,.,. qmd 1¡ ~- <•n •""'•mpl"h oh o 

'"'"" lhh,.;och rtw .,.,.,¡,n~ r'"'"· ro· 
'"'""·"'"" '·""' "' ') ho· 1"'11-11>""'· Lh< 
""''" ,,, '"' 1'"'1<"<1 ,, ',,,.J "' '""" 
,., ....... <1 '•"""' ,.,,,,,,cd ''"""· ·'"J ,., 
'"''h ...... ,h,· 1'"'1'"'"' '""' h,·. '•''""· 

~1 . ·""" "'"""' """ ""'' '"" "' 
ii«•icc!n"" ho ,..,. -•rr•·>!•··~ '" ""'· 

.... rr """'""· ""' '"P"t"""' '" ••· 
olhcr. In ¡.,.,¡, e ••« <h< O<\Lo>l """' "oll 
f><" ••Fc.:L<d f"~n"~'""'h. tl.c ''"'""" 
\1.'"·'1'•"' """' ""J'·"'·"'" <iall J,·"""' 
'"J '"'~" r•··i•·<" """"'"'~ 1 • "''"'" 
r••><•hk 

lnitiatiOf' of pro¡ect , 
1 1 l.utk J"'""''"""'"'" ,, 
.,.,~;¡.,;, lnr '""'""f··,;milor. <'1 '""'"' 
l.,t:in~ ,¡ . .,.,.,.,,., prO•iJc !11< rr<>t<'c• 
loado, ~Hh' Jo<a i'o<.e In h,u[J ur->n 

!1 Prn¡i<t k•J<r "'"''""~''"' 
i< unJd•ned. lh~·k.odcr h.o<"" •JN 

~h.ll "nr•·<Lcd ~l,h1m. '" ''"""" h' 
>h,· r~<·jw ,,, lh•· rc'"""'"I·'"'""'·J ,,, · 
~"'' on U ~h .. .,ld ho f<<O""'IL"nd ol· 
l<rn.o!r« '"'"'";"'' Can ¡,,. ••«•m· 
n\L·nd torn•in.nrn~ thc 1''"'"'' C.n "' 
""""'"' P<"""""'·llr<•m 11! ("•n he rr<· 

"'""""d J"m"'·'l' 
.11 r,,r,·r 11""' " n., .. rr,·.J r'""''' 
(or " non''""·ntl. Doc"""""'"""" 
""~ . .,J 1 ng "'!'<'"'' ~,¡, "" . • <"« ~'" n<e 
unon •• ''"'"' ,,Ojeo•""· etc """' 
dc•d"r'·d R.uhor. ~'''""""'"'"" " 
luollh"J tn 1~< tOcho,,,¡ "'P'"'" of th< 
rrore<t. 
41 Kn.."l,·d~o nl"""~·l,"" ,,, ;.er· 
Jnrm th< r•nJ<<I mnoc cfl,.><ntl; " 
l.o<>on¡: "'" '"'" m,•Jorl<>. ''' "'hr<><o· ,¡,.,., .dr<ad, ,_,¡.,~;, ~n,.n '"" f><" 
U><"J 1 11 lh<r< ... 00>1 d.IIO fi"OL"r.hH 

·" .ul.oOI<' ll'har ""'"" '1 '""' d<"~" or 
Jncumcnlath>n a id>"? 
~) D<hnitoo>n ol !he P'"j<CI i•, 
•·•¡:IIc. mi<IL·•Li<ll¡:. '" lnloll¡ ~ rnn~ 
~1 lhc rr~i<«. h,·•~··on th< 

lif'oo o( tho ""~'"·•1 """'"" >nd 11' 
Hhl<.ltion. h" ch.on~od "'"h''"' a cor· 
•«r-mdmo <'h•n;< '" tho <•t"'""'"· 
71 1."!1< '" no torno i• •r•·nt in 
rl·'""'"~ tho pwjcct R•thrr. ""''"" 
Jo"~" •nd/or ,·nJILt¡: ;, hof"" immc· 
"""'' uron Lh< pro¡"' •rr"""r Th< 
prnJ<<I i<>d<r " nnt r«"""'J th< 
··¡,.,,,··uf rl_,,.,;~~' ~., .. he "'11 .,. 
'·"' rhr P"'"""'· ~hat .,,,, .. ,11 h< 

"""' r""· """"" "' olmd". ,.h., ar· 
p«»<h he ,.,¡¡ '"'· '" ~h.>l ,;m,lor 
projo<O• h< .. ill '"' <•tr~.,,· or "' "~. 
Rl p,.,t>knt ••oiJ>n« " "'" 
undcruo<'><ol '" '"""d"<>l Oddl) 

' 

1 
' 't 
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WHY PROJECTS FAIL 

'"'"'¡Ir, oll prni«ll h<¡;rn "'"h tho 
r'"""" -,,., ""''"'"" "''1 e~ 
·,,0<'1~.1).' '"~' ""h " ''-~ ~1 l<'l 
"~'' du' lo""' <ro~ <lr~ing >r< nr•l 
"'""~"'d •·~11: .n" lh< r•o~kn• h>• 
''"UrJ<d H~ l~>en, rho- P'"l<'l 1,,,, ol­
«>d• '"" '""'"¡ ~'!'·,,,ir;, wo lote 
~~ pf~"d< >n >IO"notr \Mr<<. 
9) ~<ro.·" tequirem<nl\ .ro 
nol "h'd"l<d lot rhr prot«l- Cortrcol 
""'"· <rr<h " 1 <) po~n<h 1<>1 timo, '"« 
manu•l t)r•n~. '""""'!. and rrrno. 
ing l<qu.romon" bttome a prohltm. 
ond '" •ddre"<d onl¡ DIO" lht¡ h••• 
affomd lhe proj«t, 
101 Tho pr~j«< "'~'-' ''""'¡" 
"" nor olo.rl¡ rr<>Onl<d lo ohO md 
"'"- Only l<><> ollen. tho mull il • ,.,if, ol •¡ thou¡ht •. :· "l '"umod 

.• "hn't ht' .. r• <ommtnl1. 
J 1) Projt<t eompltt.on tlt· 
monl\ '" nor def1ntd. lh•t i•. tht 
p<n¡<<t I<Od<! ¡, nol '"'" o/ "h>i 

_ <<>niiUul<> ~omplttion ol rht pro¡tet. 
Whol " lht tnd produor? \1-'hot ""' 
o<<tpton« cru<rio .. ,11 b•,-u•«l' Who 
muil" "~" off on prnjocr turne»"«' 
Wb11 «>nllilut<• rurnover' 

Ouration of the project • 
1) Pool1n¡ or reporrin¡ of proi­
ect onlurmoriun io nor ptrformod, tt· 

• 

•• 

... 

"''""'" '" ,¡,,. P''"'"' """'''' o,-,,.~ 
'""~~re :.r ""·'' ¡¡,,. co•nrrk<~<·r. r«· 
""'"~" "· ... ~tire"""""""""'·'~'" 
,¡ 1ho onrp><l ~1 '~""F' r•pr>n lht 

''"$'"'' ''"'"' '' '-
ll _J''"I'" ""'"'~' ''"' I)P''"il) 
'"""''"' ,¡,¡, lh<· '""''""". 
""H"""-" ~·""~- hcl.' ~") rrr•hl<n,; 
~0' 1 on,.J~ ~~-· \nu hnl ~od.,"" lh< 
~<>~ ')•lr"n" m>O.IE<f ~"'"' hr>l """ 

rr"h'"f- Jct .. l<-d q"'""'"' He 0<><>, 
"'" "q""o-rn,, "" r'"''""'' ,,,;".· 
r-•1< pmhlon ... n,;, ;, ptin>afOI) c~n­
<«n«l ~ ith i<l<nllf) '"~ prPhiom• "hlth 
h" projtct l<o.ter ahud~ h01 reeo¡. 
ni•ed ~ ' 
)) rh,r>~< ,¡ pcrro•r>n<l " onc 
nf tho m>iN "·"""' "h) i>«•ictll lorl. 
rot~Únntl, <n<h•drn~ rroi<<l k:odm .. 
• .. r<morod hom tht r·~···"- r<ith "" 

.>d¡n<ln><ntl '" tho ''~'drcle ¡,,,tomo 
1<><1 ,¡,,, In rhc <h•"~'' \1'1><"""' • 
l<>m e1cmhor ;, aJ<JN '•' • pro¡«:t, 
th<r< i• • !c>rnin~ '""'" "~i<h ompoin 
hi1 <l!ici<n<) <>n 1h< pro¡«L 11 •~•) b< 
o day. <><o mo~rlh. 1>111 unl<•rlunaroty,' 
pooplo mr>v<rn<trl ;, <<>nrid<toJ lo ho 
lran•por<nl ro th< projoet <~nrpletonn. 

IH¡I"' inrl;<II<Lr""'· lh<)' •• ~J"" dn<· 
""'''·"''M toohno~""· loh<hn~. file 
"'""'· <1<. !lo"""· """ •" ,nurol 
ond~ctronohun ;, rrorodod loro pi<>­
lrommor lon•ll "· full"" -ur ¡, i8norod. 
Tho mo<l t>poclirn1 '"'""""'a« fol· 
lnr<od, multin8 on ,.,.,,¡ '"P' (mod· 
ul" 1 in the umt P'"''""' "~'""" 
odJ''"'"~ tho identr<•l filo ""Ir dlftt<­

"•n• mncmonin lt r«Ul11 loe t<>mple. 
' in >i.el<h)' ''i'"'""'m ~<'<umcnoatron 

"llhoul tMI'dotot•on lor '""" pro--
r«lut<O. M>1ntonon<t lhtn l>e<MltO o 
mo¡or p>rt o/ pro,ocr dt•<lormtnt. 
S) 11<"'"'" roquir<mont> oro 
noo antioip•ltd. -The m•¡or offtndtn 10 

lb ...... "'" 
o O>U ontr). lnodtqu>l< rime " 

pCim<!l<d for turn>found 'of 
'"""' c<'dt pttp•r>ti~n and'or 
1<" file op<ration. W~"'· •orifico­

•'toon "'")' noo lre porlormcd, "hith 
•lm<»l 1n>oria~ly orld•" ¡,.,, om 
doy ro 1ho pro¡rom de«lormut 
<y<le. ' 

"4) Adhori'nct 10 \la~d.rd> and.; 

o C"omputcr Toot Tomo. Th·, l•d ~~ 
>doqulle tO" lim.:_. boi~m<> <<· 
lttmtl) <nti<:.llC"otd tho cnd ol 
• proi<<l. "h<n only on< or r .. o 
pmgrom• ore boing finaliztd, ll ' •p<~ofrc>Oiorn i> Oith<r not dtfrntd or. il 

' dof•~<d. not f<>ll~"'td. M<>i< olton thon 
nnt. •lan~ord• rlo <>irl. <•recoally ,,; 

• .. 

•• .. 

• 

• 

~ tu"rnor~und ;, o.;<rnighl. oaoh mi­
nor chorr~< to ·, pro¡ram addo al 
loo.r one fui] day ro thO durotion. 

• O..i¡n lovtl ~"''"'· Wbtte01 
mou ol the trme thn< art comid­
orod in projc<O ~lanntng. 11 ¡, rote 
thal •n¡lhrng lon~tr thon • m•n­
"" ¡, '"umod lor durotion be· 
tr.cen •ubm .. •i<>n or d<>i~n •peci­
he .. ion• •nd oppro .. t. 

6) "htul< Foroe"" Appro•<h lo 
lhi< l)pe <>lo•hop. e<trythrng,,. do­
"~ntd •nd implomcntod lrom >crotch 
""h M thou~hr gi•<n ro lh< u« o/ 
po" pr~¡tca,lools. or "Ofi •imphfioo. 
""" m<thnd• •va•l•blt lo •horten th< 
J~c1"rm<fll cyd<- ,, 
7) Lack o( o prnjert mano¡¡<r. 
lt '"und• "range. hul mon) proi«IO 
nc.u~dtr through 10 <ompl<tion with­
oul • rudder. Tht ""OP M•nogtt" " 
normally tho projt<t ,lo.Jor and he 
pro>rd., " much altontion "' he con 
con>ldtr~n¡ hi• olhtl dutin. In ¡tnor­
•1. "'Y low in.,ollotion• havo one man 
•«ounuble /or an <ntnt pro¡ocl, but 
r>thcr r .. jlmont lh< ft>p<:>n<ibo1rtin lo 
tho point r<hore no one penen " 
otenuntohlo. , • t 

~) l.ock <>1 o' Projocl \.o¡. A 
prt'¡Oc! lo' .. n bt on in .. tuabl< 1<><>1 in 
p<rlormin¡ po•'·nwrtom•. Funhtt, in 
'""'P'"¡" "hich d>3ti-<·h>e\; to lho 
"'" rho Co>l ol "'""''" o~•td. it e.n 
~. rhe m.,n,uy oo iu•Hiyinl oucb 
<hor,<-booh. • ' 
9) 1 ,<1, of • pr<•i•<t atrdll uorl. 
n.to "'d" lr.rrl• >I< ,.,.,.,Gercd t~< koy 
to th< d<r<h•rrnonl ol on) f1oondoll¡ 

' 
• 

' 
1 

' •• 
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:~ 
• 
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ohw ah1lll). lnnfl•hl), ohi< r<<ull> on no<>nin~hol in•i~ht into to,hniqu<> mu>l ¡,0 altored. or t«min•l<d 
proje<ldel•y. <rl<d- o Interno! and '"emal rore« ~•11 
l J 1 llto111.>rion Pholn>ophy.. A • 1 Por"•oncl .u< n~l· ~~ ,,¡,.,,,ed. >11<« o projcc" lh<) mu>l he id<nB: , 
mo>l f•mdomonoaJ poohlcm "hiCh Thor<, .on i<k<l ''""· ,,nd o11l~ :"''·In f1cd 
off .oh man) IHg< <>•n•r•nl<> ;, ~'" "''""'' por("'"""« ni .1n 1nJ""""l • ~ r<<'¡<et ;, a ~roup of '"b'P"'I""· 
~ hich de m• nd< muim11 1ng lh< uo.lu•- nn , r' •j« 1. •nJ 1~>1 ¡, on>mo.h.lld~ -" o ."<n r«•¡e<r ;1 o>noque. 
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"1 ·,,.,fui" (lho! i•, de~i~n nr pro-· P""'l., ;oor ""~ h,<VO l,op-oJ n,,_ 

!ll"mmin~l "Nk. r,,,,~,entl¡·. ""'" in¡¡ lhor <-.r ho h,,. hoJ rhe, r""""'· 
lh< proj<<t '"'""· Jhe '""' r<<>rle t¡ tn P"P'"'·"' m""~" '"r" .u; m>de 
m•) nol he ,..,¡,hle. '""""')<J. >r< 12 mooth• ·~o 
"'OIIohlc p•ll Llm<. Thi• "a dOI><I!OUI 5) ¡,.11 ], "1 l"<nldl lll"'"''''· 
apph•"h. h«><ll< wh1lo 1\ '"'"" thot T<pic.olh." rro¡cct h'rmill.lliO<n" r,"' 
¡><opio'" >l~oy< "';~nod lo' pr<>J«< J.n""" h• lh< ·'PP"·""'« n! ·' O<"-
aod '"''"'"<>" " hi~h. it pi><" on repon. 11M< ",¡,.,¡,,_JI)' .. 1 l.•rm•l 
l:mpha>i> u pon ollar!, no! rooulu. 1 pre~<nt.o 1 ,,.11 1¡, 0.,¡d 1,11. 0 pi." 1. ,,d.J """· 

Te•mi'lation of the project 
In 1~< ~"' rt•o•. 11 ¡, m¡ «pini«n 

lhaJ r"'l'""" """' teonoin"' R.01hcr, 
1~<) !~·<nrne "'• Mo•c,, ,,,n,Jen>noJ 
lo ~•nJ<r hll ohc <nd of >he" d»< 
~ioh~ut «·ton~ ohe P"'"';"d l,,nol 
Jfo•ncr. 1.-r "'"'<p .. ,.,,"'·'' J" 
.. ,,,,_,_,,,_.. "" 1~1111~10~ '" lq 

J<~'"'"''" 
11 11"'"') ""''""'' "'""'Jo­
'""'""'d "r ,.,,1 "r•f:.I<J 1 '" o-.mplo. 
11 P'"J«l '"'"'"''"'"· Jhe ponj<~l 
l<>deo '~"uld rn>>o '""" "''"'P' 1o 

'"$' 
•i '"'"·'' nh¡o.:!tc<< ni Jh< ronj,·ct 

r"f""''·'"" ·~aln<l oh"'" nhi«· 
'" ., 

< 1 rcoi•·~ lll Lh,- ''"''I'"'J'"' 
d 1 J,-.,~o;Ji"" uf rruo.·op•l """"'' 

¡,., "'"'"""''"". <1<. 
hl ~ ....... ,, . .,,,_111•"" lo•r ,,_ 
h,.,,..,.,,. 1 :.,, "•'' """'"'""'·•1 \1 ohc 
'""•']"'"'""' ',.,.,,,, ,,, ..... '111•"' 
rhc r•--~.t "·'"' •· "' ·"' "''·'' r•'''""" 
r .. "'"'"""r"l ,.,,,_,1,""""" '" th< 
')'"'"• 11 olo,·,.· ·'" ""' 'l"'""hod 1"'· 
rn<J,.Id). th') "'11 he¡,,., fur<"<'-
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ton( -•<n ... ~ct~"<'• Ono .. o ~~~·~· 

lbnd "'"'""'"" '•'"', '-'•. «••<>•• n .. 
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o•o,~n ~•"·'~'~'"'· H~ no•n po••-
t "'" ,n ,,,,.~. o•• "~~ .. ~ •. ~~u• 
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Perspectives on Software Engineering 

MARVIN V. ZELKOWITZ 

¡,.¡"~" fcr Comp~l<r &i'"'" wod T"<Mo~. ~· "'"'""' El"""" o/ Slwodordo, w,_.h...,..,on, ll C. 20ZJ4, 
and V.pw<m<nl ,¡ Comp•ltr &i.nh, Uni..,mr¡. o{ Mo")'l<uod, Coi~< Por*. Moryland 20742 

Softw.,.. ·~• .. rin• ,.¡,,.. l<l tho P"""' o/ n .. tm_, .. ,nwo,... •Y>l<mA h 'P""'I.-,Iy 
Lo t<'Chniqu .. wluch ro<lu«lu¡:b "'fl~ott «>01 ond romplnot-'' ,.hi), "'«•"""'& .. hohiloty 
ond ....,.w¡,b.Wty. Tiua popo-r outl<net tho pt»<od~ .....:! m tho do"lopm<ntol 
con.pul<l ooflwOR, cm,haaonno WJo.a<&lo o.oft,._ d .. <k>pm<nl. ond _.,........, '"'"" 
wh ... p!"'hl...,. oZlS! and ooluU""" havo booo J>rn,.._.,¡_ Solu<>O .. "- botl, th< 
....,,,,,.., ond th• prol(nmm<r po;,t. o! "''"'.,... thon ~'"" for rnony o! U... 
l""'bl•m ,,... ~ 

• 
K~ and p¡,.,..~ «rtifiuuon, <hit! p,........,.r INru. procrarn """""'­
ptop-om d..;.,~ H'OL), ooftouo r<b.obi!Uy, ooftwor< d....,lop,.,t tifo oydo, 
,.,ft,..,.. t"P' .. ~ ollu<t>.ln<l p~. top·do""' d,.,gn. top-d"""' dovolop..,...,t. 
v&luiotoon, -.nfora""" 

• 
INTAOOUCTION 

Softwue deve!opment usually proc~ in 
one or two wayo: eith~r th" programmer 
worlc.a alone in dosigning, implementing, 
and U.oting a wftware S)'AU.m, or he ;,. a 
member of a group of from three up 10 
severo.! hundted, working tO¡ether on a 
Jarge ooftware s)'AU.m. Although ooftware 
engineering embraces both approaches, 
here we are int<'rcs~d mainly in large-ocalt' 
pro¡;n.m development. 

V.'h~n !he \'~rro.u.no No.rrow• Bridge in 
N ew York City ,..., st.arted in 1959, officift!. 
estimated that it would cost $325 million 
and be comple~d by 1965. h;,. !he largeat 
suspeMion bridge t'Vet buill, yet it was com­
ple~d in )';'ovemb<-r 19&4; on tacget and 
wtthin hudget {ENR61, ENR64]. No simi­
lar po\\t'rn hllll bt•en ob-'"'tved when we 
build llOft,.·are ay¡lctnll largt't than thooe 
,.-hich had b.-en built previoUAly. 

Software is often delivul'<ll•~- lt is fr-e­
quently unreliablt' and usually npensive 10 

maint.ain. The IBM OS projecl, which in­
vol•·ed ovd 5.000 man-yean; of effort, w·.u 
vean; l.o.U. {BROOi5). V.'hy is bridge en¡i­
~eering so nact while o.oftwan engin...,ring 
floundet'l! oo? 

Pan ottlle a:nswer Ji es in,the greRU.r eu.. 
w~tb whkh " civil <'nginHr can oee the 
added complelity t>f a larger bridg<' than a 
ooftwart' engineer the complelitv of a larger 
program. Pan of IOday's "O<lft~are prob­
lem" s~mo from our Rtl<-mpt to exltapolat<­
from penoonal e%¡wriences with ~maller pro· 
gramo to Jarge •Y•~ms programming proj· 

~-We bcgin here by uutlinln¡ thc general 
approach use<! in developing pro¡:ram prod· 
ucto, unph"-•izing UJ>f'I:IS ,.-hioh au still 
poorly unden;tood. Later, we enwnoral<' 
the u.chnique• whirh have been use<! 1-0 
oolve the•e probl~Jl\8. We do no\ allempt 1-0 
ro'er all of the relevant topiCil in deptll, but 
we giv• manY referenres for futther r-elld­

m• 
Software engineer~ ""' currently otudy· 

• 
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ing th~'causes of !heoe problema and the 
mechanlarns of llOftwan de~elopment. 
They oe<ok both conatra..ints on program· 
ming which "ill render sof<ware le"" UJit'll· 
SÍ\' e and more rcliablc and also the theoret­
ical foundations upun whieh pru¡¡rarna are 
built. Soft.,.are engineering il; not the 68me 
as prcgranuning, ahhough programming la 
lln importllnt compon~nt. lt is no\ the otudy 
of compil~~ and operating ".""l~ms. al· 
though wmpiler wrol~rs And operAling •.vo· 
Lem impl~mentors """ similar l.ffhniqueo 
lt i• no! elettri;al en¡¡jn~erinK. o.lthough 
~l~ctronir .. dO<"s ptuvidt• the ba.•ÍII for imple­
m.,nting the compuU:t [J>:rr77]. 

Software en¡:ineering is intetdW;iptinary, 
lt ""'S mathematics U> analyze and rertify 
algorithna, engin...,ring Lo estirnaU: costa 
and deftn. tndeoff•. and man•gement I!CÍ· 
ence l<l deftne t<·quiremento, ......, .. ruks, 
ove...._.., pt't11<>nnel, and monit.or progr.,.... 
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1. STAGES OF SOFTWARE DEVElOPMEJH 

TI,. complexity of a larg~ sofl\<·ar~ "Y"!cm 
attt¡>H"-"'" the eomprehen.•ion uf any une 
in<li,idual. To ht·t«er control lhc rlevelop• 
ment of a ptoj'-"'L,II<lft"are manag~rs have 
identified silt separa! e ~tages thruugh which 
software rroject.s P""-'; the.., sUI.ges are col­
leetively called the softu•ore det'elopmmt 
life cyc/~: 

• Requirement.s analysis; 
• Specification; 
• Desi¡:n; 
• Coding; 
• Testing; 
• Operation and mainwnane<o. 

Figure J, a pie chan, shows !he approl.i­
mate amount of tune each •UI.ge takes. The 
slt!g~.s are discus.o;.,d in the foUo"ing sub­
sections. 

RPqulramanlo Analyolo 

This ftnt oUI.ge, euriou.Jy ah..., m from m.sny 
proj...:t&, defmes the r<"t¡uireinent.s fot an 
aceeptable oolution t.o the prublem. The 
statemenl "Writ~ a COROL pto¡:tam of no! 
more !han Ml,OOO wotd! to produce payroU 
check&" is not a requirement; it i.~ the P!ll· 
tial specification of a romputer solution t.o 
!he problem. The computer is motel y a tool 
for solving the probl~m The r~quiremen\3 
ane.lysis focuses on !he interfaoe between 
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the tool nnd the people who need to use it. 
For example, a cornp~ny m•y ronsidcr sev­
era! mcthods of p¡¡ying it.o ••mployees: 1) 
pay employees in cash; 2) use a oomputer 
to print payroll ch...,ks; J) produce P") roll 
ched ... manually; nr 4) rlcp<>oit pa_yroll di­
rectly into employees' bank uc·,·ount.•-

Other aspe-cta. such ru; processing timP, 
C<>st.<, error prob.ahility, and e han ce of frRud 
or theft, must be considerl'<l am<>ng the 
basic requirement.o hefore an "ppmpriat~ 
,olution may he chosen A r.·quirem<•nt• 
Hrnl]yG!JI can aid in understanding both the 
problem and the tradeoffs among conflict­
ing e<>nstra in t.<, then•by contdbuting !O t he 
be.•t solution. 

Hard rcquiremenL<; and tbr optim,al fea­
tures must be di.tínguished. Arethe.-e time 
or space limitations? What facilities of the 
system nrF likely 10 <"hange in the future? 
What fBcilitics wil! Le need~d to maintain 
differenl vcrsions of the system 8( differont 
loeations? 

The '""'urces n~C<led to implcmenl the 
system must be detemlined. How mueh 
money is a\'aÍ]able for thc project? How 
rnuch is actually noO'dl'<l? Ilow many com­
puten; nr computer &ervices are affordoble? 
What jJersonnel are HVail~ble? Can exislin~ 
software be used? Alkr the tirst questinn• 
ar-e aru.wered, project schedu/ea must be 
planned. How will progress be oomrolled 
and monitored? What has been leamcd 
from previous effort.<i? What rheckpoin4 
"ill be in&erted t.o measure this progn$? 
Once all these queotÍOrl5 have ~n an­
&Wer...J, opetitication of a computer solution 
to the proLiem may hegin. 

SP&CmcaUon 

While r"''uircment analysis ••eh t.o deter· 
mine whether \"use a compu!<>r, speci{j· 
cotion (also call..d de{initio11 [Fln:77)) 
&eeh t.o define pr<><:Í&ely whal the cornputet 
ia t.o do. What ar-e the input.s and output.s? 
In the pnyroll example: Al-e cmployee roe· 
ords in a disk file? On to.pe? What is the 
formal for each record in the file? V.1lat is 
the formal for the output? Are chech lo be 
printed? b another u.¡w t.o be written con· 
taining informauon for printing the checkll 
"llline? Will printed ~porta accompany the 

checka? What ~lgorithm.• .. ;u be neoded for 
<"omputing rlNluctioru~ SU('h as tax, unem­
ployJm•nl and hcalth insu;nnce, or pension 
payment.s? 

Since commercial s}'SiemB proeess con­
siderable runount.s of dat.~. !he dal:ibaS<e ;,. 
a central concern. What fil~s are nr•<•dod? 
How wiil they he fonnaued, accessed, up­
datffi, and deletM" 

\\'hPn !he new syotcm super>.edt•s an 
old~r ¡>t<><'úSS lf"r e>ample, wh,•n nn auto· 
m a tic payroll>y.<tPm repl~•·•·• 8 manuol ~ys­
tern), thc con•·en;ion of the eJi><ing dato.· 
¡,,_..,!o the ncw formal mu~l be pan uf the 
deslgn. ConvPr•Ír>n may r<'quire a sprrial 
prugram which ~ di.,cardpd aft"r ÍL<; flNlt 
and <>nly use. Sinte the ~ompany may be 
using the older system in it.s day-lo-day 
operation, brin¡,~n~ the new syslem online 
presenlll n pro!J]r,m. Can the old and the 
new oyst•ms run gide by >ir!e for a"hile? 

The answers 10 these questions arf' se! 
forth in the {omctiono/ speci{ication, a doc· 
umcnt deserihing the propo~ed cumputcr 
solution. This document u; import.ant 
thtoughout the pr-oje-ct. By defining the 
proje-ct. the spedtication giws both the 
purchaser and th~ devdoper a concrete d€· 
•cript1on. The more pre~ioe th >pecifica­
tions are, thPie .. likely "ill be errors, con­
fusion, or recriminations later. The specifi-. 
rations enable test data to he developed 
early; this m~afl.'l that the JlPrformance of 
the s~t..m can be tested obj...,tlvely, oince 
the test dato. "-i)J not be influenced by im· 
plementation. B...,auS<e it dcseribes the 
liCOpe of the solution, this d<>cument can be 
used for initial estima tes of time, personnel 
and other resources needed for the project. 

The$e specifications define only what the 
system i.o lo do, but not how t.o do it. De­
tailed algorithm.s for implemenl-lition are 
premature and may unduly constrain the 
designen.. 

Deolgn 

In the desip> stage, the algorithm. called 
for in rhe spedfications &rP developed, and 
the ovcrall structure of the computer ays­
lem takc• .hape. The sy8tem must be dt· 
vided in lo small parts, each of whtch ia the 
rcsponsibility of an individual ot a .un.all 
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t.e~m. Eac·h such module thus dcfinPrl must 
have its con<traínts: ji¡¡ function, si•e, Hnd ....... 
~ submorlules are opeeified, they are 

repre.>ented in R tree diagram showing lhc 
neding of th" •YSI~m 's tomponcnt., FiKute 
2 illust:ra(.,s th;, for a typical rompiler. This 
iUustral!on, sometim~• called a bá•dine 
dltJ¡Jram, is no! by itself an adequate •pec· 
ification of thc •yslem. 

Because the solution may not be known 
whOn the design stage starta, decompo•ition 
into small modules may be quite difficu!L 
For older app!ic.ationr. {6Uch ru; cornpiler 
writing) this proc~¡;,¡; may b~comi. standard. 
lz,d, but fur new oneA ('!lch aS rlt'fe......, 
aystems or spocecraft control) _it m&y he 
quite difficult. 

A romrnon problem is that the buyer of· 
a system· of\en d<>es not know ex.actly "hat 
he wants, especially in state·of-thc·ait 
nreos such ,.. defense systems. As h~ sees 
thc project c,·olve, the buyer often chongeo 
the •pecifkationr.. lf this <><-.:urs too often, 
the project may flounder, We discu,.. thia 
problem la[<,r, 

Codln11 

Coding is w;uaDy the e""ien •tage. Hi8h· 
leve! ·langu,ogea and otructured pro~tum­
rning ;imp!ify the task. !n one study, 
Boehm [Bom7S] found that 64% of all 
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errors occurrcd in dcsign, but only 36% in 
cooling. Hamilton and Zeldin [HA.'-U76j re· 
por! that in the NASA A pollo proj...,t about 
73% of all errors were de~ign ~rroJO. We 
ha ve rnastne-d ~nrling better t hHn any oth<:r 
A!.oge o~ software develupm~nt. 

Te•ting 

The te•!ing st.og~ may require up to half of 
thn total effurt. lnad~qua!ely planned te.•!· 
ing nften resultJ< in woefully late deliveries. 

During testing tbe systcm is pre••nlfll 
with data rcpre...,ntatin of that for the 
finisbed systern: thus t<>st do1a cannot b~ 
chu•~n at randum. The test plnn •hould, in 
fact, be rlcsigned <•arly ancl most ofthe test 
data should be ~pecified during !he d.,..ign 
stag~ ofthe proj...:t. 

Testing is di,~ded into three dis!inct U)>· 

era U o na' • 
1) Module testing subj~cts Mch module 

to th~ test d111a suppli.,.f by !he pto­
grnmmer. A le&! driver simulatcs th~ 
software envimnment uf the module 

, by conu.ining dummy mutines to tnke 
the place of the aetulll oubroutin.,. 
that the tüt.,.f module calla. ~fodule 
t.,ting ís sometirnes call<•d unit te•l· 
ing. A module that pass<'S th~.>e te•ts 
ís rele....,d for inte¡;ration testing. 

2) /nlegration testi.ng teato ¡¡roupo. of 
componento tugether. Evemually, this 
piV<"edure produces a rompl~ly 

tested sys[<,m. lnlegration [<,sting fre­
quemly rcve"ls enors mi.'IS<'d in mod· 
ule tests. Conecting them may ac· 
count for about a quaru:r of the total 
effort. 

3) Sy•tema le.•IÍ"'J involvee the test of 
the cumpleted sy•tem by fth outside 
group. The independen..·e of thlll 
lfrOup is import.o.nL 

The buyer mav also insist on bis own 
syaterns test, or a'r:c•plance test, bdore for­
mally accepting the producL Comparison 
ofthe performance ofseveral systeJns (su eh 
as th0$e of a given software product airead y 
available from scveral sourcc•) is called 
bcnchmark tesling . 
• During lestin¡¡, n•any criteriR ar~ used to 
de~rmine wnect program ex<"CUtiun. 

l'>cuou:2. ~-lme~o"'l"''""mpitor, Amung othet imponant crit.eril, the pro-
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6.4 

f'cr.pecti<•es on Software Engineering ,, 
gram Lo considered oorrect if: 

1) every •tatemenl has been neeut.-d at 
least once by the test dRt.a; 

2) every patti through the program hllS 
OOn n""uted at l~ast onee by the test 
data; and 

31 for each opedlication of the program, 
test data demonstrate that the pro­
gram performs the particular •P"cifi­
c.otion corn:ctJy. 

Thesc three different criteria show that 
there is no aingl• acceptahle criwrion defin­
ing a ·-...·eU-tesud" program. Goodenough 
and ~hrut [Gooo76] proposed a ~oet of 
consistent definitions for "testin(' and 
showed that sorne Of theoe d•finitinnA of 
testing are, in th..,ry, in..uffici~nt. We re­
turn 1<> UU. su bjK"I la t.or. For a ourvey • of 
good testing tMhniques. su [Hu.-.N7[>}. 

C!osely rela~d to testing are nrification 
and validation (V (V), A syatem is va/idolrd 
when tesung •hoWII that the •ystem per­
forms .O.tt<>rding to ita spKllleations. A oyr.­
tem ill terified v.·hen it hu been prov...:l to 
meet Íts &pecifi<:ations. Currént te<:hnolov;y 
is inRdequal..e for sohleving both these ob­
jective•. A valida¡.,;! sys¡.,m may misbe. 
haw for""""" not indod...:! in the test data. 
A verilied ay&¡.,m is corren Nlative only to 
the inlli&l spedficstions and &SIIUmptÍoll! 
ahout the opcr~ting envifonment; formal 
proofs ¡.,nd \.O be lengthy, making them 
subj...,t \.O error or incrcduhty. Certifico/ion 
oometimes Nfen to the o•·erall p.....:e"' of 
crcating a corree\ program by '"alidntion 
and vurification. 

In certif~~ng a program. thr~e ¡.,rnu; must 
be distinguished. A fai/urr in a ays¡.,m is an 
event ""llich m.o.rk.o a viol&tion or the ., .... 
tem"~ •pecdio..otwns. An "error is an item" of 
inform.ation which, when prore....-d by the 
normal algorithma of the ayal..em, produCi'S 
a foil u..,. Since error re<:Overy m.ay be built 
into the prognm (for example, ON uniu in 
P L/11, not every error .. -ill produce a failure. 
A fau/1 is a m«hanical or &lg~rithmic de. 
fe<:t "hich genera te• an error (for eu.mple, 
a programmin¡ '"bug"") [DE."<,.;j6e.). 

Rehability U. a concep\ which muo\ not 
be ronfused w!th t•orrertnoas. A rorTul prn­
gram is ene that has been preved to m ... t 

'¡t.¡¡ opÓ.cification•. In contrast, a nliable 
program need no\ be corren, but gins ac· 
ceptable llf\Swenl even if the daUl or envi· 
r~nmont do not m""t the "-"""mptioru; nonde 
nhout them. We wnuld like R •yswm W he 
highly tobust, thot is, to accept a lnrge da.'l9 
of input data and 10 ptort'IIS it con...ctly 
under adnrse conditions. Pamas [P MH<75) 
d<·•cribes n corr"ct svstem IUI one that is 
free from faulta and ·has no errare in ita 
intemal d.au. A program i:; reliable if fai). 
ures do not ..,,;ouo.l)" impajr it~~ !<8tis!actory 
operation. 

Operating systerru; with ""fail-soft'" pro­
cedllf"e5 illustrate the diffe,..,nce b<>twe<:n 
reliability and conectness. A de\<-"<'ted error 
causes the ·~-.tem 10 ,hut do..-n "'ithout 
losin¡ in!ormation, possibly restanin¡: after 
error recover)·. Such a sysl..em may no\ be 
cene-<;\ because it i!; subj.-.:1 to error"$, but 
it io r<-liable bo<:ause ofita coru;il;tent oper· 
ation. A real.time program ma~· be <""Orre-<:t 
as long 8!1 a sensor reports correctly, but it 
may be unrelioh\e if bad !-enser reodings 
have"no\ been coru;idered. 

Oparat\on and Moln\enance 

Figure 1 shows the disposition of software 
c<>S\.S in developing a new prcject. But tilia 
can be the ""r<>ng chart! The acti,,ties noted 
in Figure 1 "'""only 25'1: \.O .:l.tlofthe •ITort 
requifed during the life of the oystem. Fo~­
ure 3 ülust.ratea that maint.enance costa ul­
timat.el)· d"'arl dewlopment costs. 

No computer O)-.tem i:; immuUtble. Sinu 
a buyer seldom knows what he wants. he 
•eldom ia .atisfied. Prob&bly. he "-ill re· 
quHt changos in the de\ivered ay.,em. Er· 
roro miss-e<~ in ¡.,sting ..,.;¡¡ later be discov­
ered. Oifferent in&t.a.llationa wlll n....-.:1 ope­
ctal modification& for local condition&. Th~ 
mana~<· m en\ of multiple copi~o of o •Y•«m 
is ancther diflicuh problem that rnuot be 
handl...:l early in de~elopment. Once the 
finlt lino of cede iA "Titt.en, the 6\ructure of 
the "'"ult~ mointenance operation rnay 
already be fllled, 110 it ia best to plan for it 
~ .. 

The di•ision of tffort indica¡.,;! in Fi¡ur-e 
3 grutl)· affecu aystem de,·elopment. S..­
co<JAe ol hidden mainl..enancc coota, t.-.:h· 
nique.o that ruoh de~elopment and providt 
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PI~ u""~ TJ\o• .aon..., mo.n) ~ oo~~ ..... ,_ 
for very early initial implement..otion may. 
b., tradin¡ early ur.:ution for a much more 
eitellliÍ•·e main(<,nance operation. 

The maintenanre problem C. sometim~• 
referred toas the "pllit.S nwnbtor nplosion." 
For example, a ccrtain S}'&\em <"ODt..o.ilUi 
componento A, B, and C. lnstaUation 1 fin<b 
and reporb an error. The developer fue& 
the error and sends • eo~ted module A' 
to all ins!allations wing the ayot<:m. 

lnst..ollations !llllld 111 ignore the repl8ee­
ment and cominue with the original&ystem. 
lnstallations 1 and 11 d~'!Cover &J'IOther error 
in module A. The de•·eloper mu&t now de­
termine whether both of the<o crrors are 
the same, &in<:<: diff.,rent ven;ions of module 
A are invnlved. The rorrection of thi& erro• 
in•·olns corrP<Oti<>n of both A' ~for IJ a.,,d A 
lfor 11¡ yielding A" andA"'. There .Ve now 
three ve.-.ioru; of the •ystem_ 

To a\·oid this growth, systems often re· 
ceive updates, called rel~ases, at fue-d in· 
un;als. A """fu! too! for dea.lin~ with myr­
iad maint~nance problema ;. a ~.~um. 
databa«"" Rl.aned during the •IJ•dfit.otions 
~l->ige. Thi• datob~ records the thorac~-er• 
istks of thr differ~nt in.•Wlation& lt in· 
dude~ tht· procedur .. for reponinK. tft;ting, 
and re¡oainn~ rrroro b.fore di.otributing thr 
corrcctioru. 

Thamn o! Sol!wa•• Engl"..,"n; 

lt should be den tha¡ uch ooft,.arr de•·e!­
opment •toge m.oy innuenre earlior atages. 
The writing of s¡><"dfiralioru gi•·•• feedback 
for evo.luating reo;ource re<¡uirement&; tbe 
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do•,jgn often reveals nows in thes.• specilí­
,.~,;oru.; rnding, testing, and opermion re· 
-.-al problcm.s in desi~n. The goal• of roft­
""are engineering are thus t.o: 

• t_j.., t...:hniques that manage •y•tem 
complexity. 

• lncre1100 systern rdiability and correct-

"= • Dne!op techniqu~ Ut predio\ soft .,...,.. 
e<>sts more accurat.cly.· 

fn the foUowing s•ctions, w~ distuss ap· 
proaches to oome of tbese problems. The 
list of toochniques is dividod into m.onage­
ment and programmer i.-.sucS. Management. 
issues concem the e!Jertive organir.ation of 
personnel on a project, Prugramrner issues 
concem the tecbniques used by individuo.! 
pro¡;rammero tO improve their perform­
ance. 

2 . ._.ANAGEMENT ISSUES 

A mgnager eontro!s ¡,.o major ..,soucc= 
personnel and computer equipment. This 
... cuon su....,.eys techniques for opt.imizing 
the use uf these tesourees. 

SI .. and Coet Control 

A project m-" Y fa.il when maña~cm~nt is not 
awa:re of dcveloping problerns; a ycar'• de­
lay comes "one day at a lime'" (BRoo75J­
Face-d .. ;th catastrophk failure (for eum­
ple, need...:l ha:rdware ts delaye-d m 
month$), a re-'Ourceful manager can usually 
find o.ltematives. However, it is O"-'V tQ 
ignore day-Ut·day prohlerns (sudt u'sick 
employeu or many ~rron; during tutin¡;]. 

M05t problerns occur U the intuforeo nf 
modules wriuen by different programrnere. 
Sinre the rlmnber of such interfoce• ;. on 
the ordei of the SQul!l"e of tbe numh~r of 
individuals in•·olved. the prohlem beromes 
unwieldy when the numtwr of porr.unA in .o 
de,·elopment group gro,..,. to four or more_ 

AA an uample of the eommunirotioruo 
problem, ..._.ume that a single progr.ommer 
i> capahle of writing a 5,000-line pro~ram in 
1 year. and that A programming "-"""m 
requires about 50,000 lines of code and ts to 
tw compleu.d in two ytan. Fiv~ program­
m~ro would ~ern Ut be ou!Jkient (OH Fig­
ure 4a). 
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However, tht• five progr~mmen; lllLJSt B 
communicate with un~ anotber. Sueh t·om­
rnuni,.ation tak<-s time lilld alsu caus~s wme 
lm,, in produnivit}' sine<- tinding mistmder· 
stood .o;pect.<." ill ret¡uir~ a<lrlitlnnal te_,ting. 
For thi• simple analys!S, a.<Sumc that t•och 
communica1-ion pat. .. ''cosU'' a ¡¡rogrammer 
250 lin., of oorle per year. F.ach of th e lhe * 
progrnmmers, tht•rcfore, con produce unly 
4,ú1Xl lines per .V''"' and onl_,, 40,()()1< lines 
are t·umpleted "ithin No yca"' ( "'" Fi¡:ure 
4b). 

This means th'lt eight pto~ramm~n; pr<>· 
duo·ing 3,250 lineg per yenr nre a<lu¡Jiy 
n<•t·rl~d in ordt•r to produr·~ the ""'l"ired 
50,000. A mana~er is requirerl for diu-t•tinn 
of th~• large effort. Therefore, in ;ummary, 
eight programm«r" and ll manager, <•ach 
ptothH:ing an avt•r•g~ of 3,000 linos per .v<•ar, 
are actually n~eded (see Fi~ur~ 4c). 

As we shall see, slmply cnunting lines nf 
code Í~ nota g<><>d ""Y to ~stimatc produc­
¡j,-j¡y. The ligm~• in Ud, eXHtnple are mtly 
given to illustrnte " point, lout tht•y are 
repr<·S<•ntative nf the )Jrobl<'m. There are 
a]so techniquf'S designed to liml! this com· 
mur!Ícntions "ex¡rlusion" Hnd lo inc"•a>e 
pro~rammer prnductivlly. 

Pro¡ecl Personne/ 

Software can u•ually be di,·id••rl into threc 
categnriu·. 1) control prngrams (su•·ll "" 
nperating systems). 2) systenlS progratnll 
(wch as compilen;), and 3) applicatiuns 
programs (such e.s file mnnagernent ~y•· 
temsl. A ,jngl~ prngrammet working <m a 
cotttrol program cnn produce about 600 
fines ofende pcr year, whertu he can pro­
duce about 2,000 lines if working on a sy•· 
tems program and about 6,000 if wor~íng 
un nn HppJ ¡tations prugrarn r WnLV74J- 'J'ho 
typt• nf task ccrlainly •fftcU< the productiv­
ity thu tan be PXI""'Ied ftom a gÍ''en pro-

how<Y. •t•l Stn<l< p«>j.-ct. ~.IJOil lin•• 1*' ... ., • 
:;o,(l(.ll ~- on lwo ~...., h><> <"om<nunuo•<w.t t... 
,.,. ... Provommr,..¡_ 

<<G<'K>: <lbl- '""""""'''"' g«>up <.W.J ho .. "'" 
y<., • <O.<XlO(>n"' u< l•o '"" 1« n "'"'"'" n'«o<>un 
p•m•l 

e 

f"<G((R<: <Ir l. !'<in•· OH ml>er kam Ji-<>0 lin., "'" Y<'"' 
• 5/J,Il<X) hn" '" lwo y•an 136 «>mmuni<o<OOll 
poU.i. 

grammer. Huwr\~t. as th~ prt•,ious ""'m­
ph· dernonstrat~s. lht• organi<ation nf per· 
sottnel A.Lw alTee~& performance. For t•xam­
ple, v.ith the Hppr<>Rcb uf dt•Adlin~s, docu-

• 
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mentation iA ufun given low~r pnonty. r••ponsibilities "" budgeting time, •·aca· 
However, ~ince 70% of !he toi&IB)'Slem eost tion.o, office apoce, and other r~wurns, and 
may occuf during thc maintPMnce state rt·porting tQ uppcr-level m•n•gement. The 
(where the ~octun<•ntalion ia h~ovi]y u sed 1, ndrninistrative tnannger ofl<'ll nrlmillisten 
this m ay be a false '-""<>norny of cffort. •evNal pro¡¡ramming teant5. 

Use of a librarian is one way «> &void this The backup prograrnrnet works ,.;,h the 
problem. A libruillll provideo th~ interface chief prograrnm.cr and filia in details as­
between the prognrnmer and the com- signed by the chief prograrnmcr. Should 
puter. Programs Rte coded and giwn to the the chiefprogrammer !«ave the )Jruject, the 
lihrarian for inscrtion into the online pwj- bnckup progrnrnmer would tah owr. This 
ect library. The actual debugging of the rnenns that ~~~ a.L.o rnu.st be an e•cellent 
module is carri<•d out by !he programrner, programrner. The backup programmer also 
but chang0>5 t.o th~ official module in the fulfills an im¡JUrtant role by pro,;ding the 
library are mode by the librarían. TI1e use chief programm<r "~th a peer with whorn 
of " libra¡y is further cnhanced when an he can diseuss thc design. 
online dat.a rnanngt•ment systern is used_ There are aloo lwo or thrce junior pro-

The use of a llbrarian h!l.'l another bcnc- gr8mmers a._.ign~d to the team to write the 
fkial effecl AU rhanges in modules in the low-level modules defin~d by the chiefpro­
proj..,tlibraJ)' are handl,c¡ by one individ- grammer. The term ''junior" in this comen 
ual and are euy to monitor; theY are often means '1e!IS experienced," not "less capa­
reviewed by the project manRg~r befote ble." As Bo~hm st.ates, the b<•St results oc· 
inoertion_ This prevcnt.o "midnight '''" with fewer and bettor pcuple. 
patches" from being quickly int<>rporated Using the cumpl~ illustrated by Figur~ 
into a system and forces the programmer to 4, 8 ohief programmer team of five individ· 
think carefuUy about eaoh ohange. 1 t also u do has only ... ven corrununications p8ths. 
gives the miU\.ISet diseiplin,.¡ pr..duct con- and !he chid programmer, b<-ing that tare 
trol and hel¡>ll with audit trai!&. individual, can produce more than his 

On larger projt•cts, a technicol writcr may quota of 5,000 lines (•ee Figure 5). Thus 
perform much o( the docum~nt.ation, thu• productivity 1''" progranuner could b<­
freeing programmenfor the tuksfarwhich greater !han 5,000 lines per year, instead af 
they are most skiUed. !he previous figure of only 4,000. 

The "Uimin.otion ofthis trend is the chkf The te8m hu 8 lihrarian to maJill!:e !he 
progrrunmu team concept developed by project libraJ)'-both the online module li­
lBM [BAKE72]. The concPpt recagnizes, llrnry and lhe offline pwject documentation 
that prograrnmo•rs ha'"e different !€vela of _ .(also called the project nutebook). The 
campetence; therefore, the m~t curnpetent pruject notebook containa, among other 
ohould do the major work. while othen¡ thinp, ro;rord¡ of campilations and test 
function in supponing roles. M !he earlier runs of aU modules. lt is importan¡ w the 
eumple showa, interfacing problema t.<·am structure, since all development is 
great!y reduce prograrnmcr prodl!ctivity. now accountable and open far inspe<"tion, 
The chief prngrnmmer toam is one way of und code i• no l<onger !he "privniP ¡)roperty" 
l"lmiuog thUI cornplrxity. of any indi,idual prograrnmer. 

The chief progrflmmer, an e>cellent pro- Programm~rr; ha ve tradition•lly been re-
grammer 8nd ~ <reat.ive snd wrU-disci- luctant to nhibit their produ~t.o until com­
plined individuo.!, ;., !he he•d of the team. pletion, •Ínce diM"overed en-uro h1>ve tradi­
H~ may be five or more timoo noure pro- ti.,nally been vi<·w•d as a pc,-,wnal failure. 
durtive than th6 lowest mem~~r of the '!1oe ahsurdity uf this opprnach is dear 
te Km [BnEH77]. He functiona ""' the tech· enuugh. lf thc ogo dernent is removed from 
nkal manager of the projecl, designs the progt8mmin.g, progrrunmerr; may • openly 
oystem, and writ~a the top-level interfaces aslt otherr; for ad.,;ce when they need Íl-, 

for all rnajor modules. iruuead of trying to sol ve all problerns them-
lf a project is large, a tea m may aiso han sclves [WE!N7l). 

an administrativo manager to hnndle such The tcam may indude other supponing 
• 
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FIGUR< 6. ,.....,, <'<>"""~nlootio"" potho m o dUof _.,.,.... '"""'-
pe!'!IOnnel such ""III'Ctetarie• and technical 
"Titen¡_ F.xperience showo th8t ten is the 
upper bound to team size. 

This struct.w-e, however, will no¡ sol ve aU 
problems in development. With a smaUer 
number of individuah; inYulv.-.1, compo'· 
t<-nce U. cruciaL lt ÍA nut possible UJ ''work 
around" a nonproductive !ndividu~IIUI one 
might do in a hu•ge ptoject. There ara 8\so 
utremely lar-ge projects where a J¡roup of 
ten is ~imply too omall to tackl~ develop­
ment, Larger teams are not effici~nL 

A mo.n-rnonth, or the amount uf work 
pOrformed by one individual in une rnonth, 
is a de<eptive meuure for estimating proj­
ect productivity. A project n-quiring four 
programmers for • year caimot be rom­
pleted by 48 programmern in one monlh. 
The eumple of •the &0,000 line A,Yiitem 
needed in two yean Ahowo oome of the 
probl~ms inheff'nl in l:)ing to euhange 
progrounmen; for time. "Adding maopo,.·er 
to 8 late ooft...-IU'e proj.-rt makea it later" 
(BRno7.S). New pofi'Onnel dinrt e•isting 
perwnnel needed to tr8in them; they re· 
quite more sup<•rvision; they complicate 
commonication and interfere with the de­
sign aince they ll1'P urúamiliar .. ~th the proj­
ect otructw--e. 

Howt\'er, man-montM do ""'"'" a put· 
pose u a u..,ful me011w--e of pruject ro•!& 
By adding more data, ou'ch u the rste of 
using mo.n-montho, 8C'CW'8te root estinuo­
tion techniqueo can boo utilit.ed. These ar.­
explAined in the foUowing oui>M-ction. 

E&l•m~lion Techoiquas 

or:. of the most importaot IUip<'CU of engi-. 
net"rin& io e5timatin¡ !he resourcea nH'<IP<I 

1<> oomplete a project. As previously men­
tionod, lhe Ve,.,.uano 1\'arrows Bridge in 
¡,;, . .,York City WIUI completod atthe pro­
jecled time nnd within the e•timatad 
hudget. How wru. ""rh acfurocy arhieved? 

Most engineering dtscipltn~• haw hi~hly 
d~nloped melhodo of estimating "''"""'" 
ne..ds One such technique is !he foUo,.ing 
[GAt.L65]: 

l) Develop an outline of the requiro· 
ments frum the Reque!'t for Quotation 
(RFQ); 

2) Gather oim.ilar information, for ••· 
ample, dftta ftom >Ímihu project.s; 

.:l) Select the blll!ic relevan! dota; 
4) Dewlop estimates; 
~~ Make the final evaluation. 

Ahhough this approach h& bet,n adv.,. 
eated for software de,·elopment, soft"""' 
projocts have dtffimlty pa .. ing Step l 
(WOLV74). En~itwcrs have ht•t•n buildin~ 
bridges for 6,000 }'Par.; buuoft ware systems 
for only 30 y~an- Prior uP<'ri~nre to de­
velop the true requitements m.o.y not be 
a•ailable_ Moreover, -..1th very little back­
ground l<l build on, the developer has liltle 
koowledge of similar systams to use in eval­
uotion (Step 2). 

In de•·eloping the estimslell (St<-p 4), the 
fo!Ju,.·ing IIUI!u mlllt be underta~en: 

4~) Compare the proje-ct to similar pre· 
viou• ptojects. 

4bl Divid~ lhe projeet into uniu and 
rornp&re each unit ,.,u, similar uniu; 

4rl Schedule work and e<tinutt<- re-­
,¡mcces by the rnonth. 

4d) Deve!op otandards that can be ap· 
phed to work. 

f.;ol-<' lhat for Step ~8), the lack of p,.... 
viou• nperience pr-e.-.:nUI a rontinuin¡ 
problem. Also, for Step 4dl, "" adequar.e 
..,¡ of ~tandarda doeo not yet nÍAt. 

F.1P<'rience is the key l<l accurate eati- • 
mation. E ven civil enginceringprojeetsmay 
rau b.dly when e~~tablished whn)ques are 
not foUowP<I. Allhough the Ve,.,.az.ano Nar­
rows Bridge wu the world's largeat suspen­
aion bridge, ita engin~t·J'8 had much e~pori­
ence with other ~imitar •tructures. On the 
othet ho:nd, lh~ Alaskan oil pipeline wu · " 
ntimat.ed to <'01\ 1900 million, yet by rnid· 

• 
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1977 the ~ost h~d ri<en ¡>AS! $9 billinn 
j E.I'Ri7). In thi" cu,e, lh•• ¡)p,ign was nl­
lered <'<!11!Ínoou•ly ns the f'"h•ral gO\'<·rn­
menl imposerl new en,ironrnontal ~~~n· 
dards (lhat is, ch•nging >pce;r,,-Mion>), ~nd 
new l<•rhnolugies \\He nt•Pci<-d 1~ rnf!\e 
large <¡unntities uf nil in a {'<li<l ~ <•allwr 
envir<>nrm·nt. Previnus experient'e wa< only 
marginallyhtlpful. , . 

Re•ultA from comput~r hAnl\\are rdta­
hility th<-ury aro 1ww ,tarting tn play a H>le 
in software ,.,timntion [Purr-:77J. Thc (U• 
mulative expenditun.,; o<·er tione for larKC· 
•r.ale projects ha<·~ b,...n r,und to a~ro·e 
dosely with the fo]],,wing e¡¡uarions· 

~: • Kll-•-w't 

whtre f,' is the l<otal hlnUunt 5¡><•nl nn the 
¡¡rojee! up lo time/, K is the total n>.« of 
the projrrt, and r< ''" H mea.<ur~ nfth~ m~x­
imum expenditnr~• fur any one 1 ime p~riod. 
This t~l~tioru;hip is "'uaUy expre.'-<~d in iuo 
differ('nlial form, cal!t-rl a Ra~kigh t·un;~: 

where E' is the rau. of ~•penditures, or the 
Rmount sp<nt on thr ptoj~rt during year 
number /. Sirlce 70~ uf the cost of n f>toject 
occui"O during the maintenancc stage, it i• 
not -"'"Jlrising that the ma<imum expendi­
tures will ocrur iu•t hefore tht• prorluct ÍA 
rdea.•ed, a time wlwn it ís usuolly n<>umo·d 
that th~ effort ts wituling down hofore ¡er­
minatiun (see Figure 6). 

'fbe Hay\eigh rurw has h•G patllme\et11, 
K and o; howe,·et, a syst~m can be de­
'rribed by threo gefl<'tal chara<·teristics; l) 
total cost, 2) tale of ~xpenditure, and 3) 

, , 

¡/1~ 
- ........... ~ '• ~ ........... -

'""'"" '"' ""'""' 
Ft<;uR• 6 Yurly "" of ••l~n<Ltum. •p¡no>;,,.., .. 

ll"lo Royloioh <lln'•- TGial """' (Mo• u<><le< m"'•) 
• K," • liT.', '""' - 1Kuk "'. 
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compl<·tion rl"le. T"o nf th•··'" charac!cl'io· 
tic!<""' <-nough tu detcmtÍlO<' the <on.''"""' 
K ami n. When ~ projecl i.• initiated, the 
propo-M bu~get is an estímate of K, ~nd 
the ••·oilable pet'<mnel po<rmit.s o to b~ 
colt-ulntcrl. A.<"nning that re<¡.,in·ment 
armlysis r!etcrnoin<•S thal tlwse figun•s t('P· 
re>enl an accural~ """'s.'m••nt of the cum­
plexity of the problem, the ••stimatcd •·om­
plction dat~ lthe rlnte wht•n the expenrli· 
ture.< J c·ach a max imo¡m) c•n bt• <:omp!!l <•rl, 
and thus cannnt he set IU"bitrarily during 
the t<'q.,irement~ or <pt•dfication stRge. 
This n1<"lhorlprodrl<·< th~ ha.<ÍS for" <OSI 
e>tim:01inn qr.1l<·gy that h"' hcen applir•d 
to ~mallt•r proj<·ct.s '" th~ 100 man-nwnth 
range [RM;r;S]. \\'~ may be d<><O lO a m.1th· 
e!Miical lbeOt)' of r<»l r·~limation whirh 
11ill gn·~tly rerluc·e our n<·cd tu "'gucss" 81 
project t"usts. 

]" Mileslanes 

A mih·.•lone i~ the "P"'"Jficat ion nf a den,.m­
s<rable •·>ent in thr• rlc"elopnwnt of a proj­
eet. Milt•stuncs are scheclul<•rl by manage­
ment lo <nea-•ur~ progress. "f;oding is ~ 
complet~" is not a milestone becau,;e the 
manager cannot know when 9IY;, of <h~ 
code io completo until the project h>df is 
complete. 

There 1tre many candidat~S for mil~­
<tone,· publica! ion uf the fum·tion,.) sped­
fication,, •nlllng of individunl module de­
signs, mndule romp<l!ng without erro,..., 
units that have been tested ouccessfully, 
and so on. ~lile•tones are seh••duled fairly 
of!en \o rl<·t~CI early slippage.l'EHT eh A tu< 
may he m~d to ''"lim;ne thc t·ffccts of slip· 
pagc in one stage on [ater stages. 

Reporting fortnS can give infomuuion 
useful for estimating When a future mile­
.<tone 11ill he reachecl. A g<•n<•ral pruje~t 

'llmmary, descrihing such overall eharac­
teristfcs "" system •i•e, COM, completion 
dates, or complcxity, can be r<•submitled 
"ith PUch milcstone, Cb•ng~ rcporu; ca!l he 
.<ubmitt~d each time a modul~ ÍS altN•d. 
The use of a librarían probably me""-" that 
such a form altead}; ~Xl'l-S. \l'eekly person· 
ne\ and t·ompuiN n•port!. monitor e•pend· 
itures. Alt hough t he y atlcl a minor uverhead 
to thc )ltnjeél, the infnrmation helps man· 
agement kee¡J abrea.<l of progre"" [BAstiB, 
WAL-'>>7). 

11 
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Developmenl Toals 

CompiiNs and cert.ain debugging facilitÍPS 
ho,·e bePn avl!ilsbl~ for sorne time. In ron­
trll.St, other pro¡:ramming aids are n~w and 
experien"" with them ~• lt•.<;S e>lt•n.aive. 
Cross rderencing, attribute listings, and 
•;'Illh<>lic st.orage m&!" are eumples <>f au(h 
•ids. Audit<>rS or datab""" sy•tems can help 
to control the"órKanization uf the develop­
ing system. The Problem Statemem L.o.n· 
!"l•ge/Problem Sunemcnt Analyur 
(PSL(PSA) of the ISDOS proj""t uf the 
Unh·ersity of MichigM is one of the flrst 
dntabiiSI• systemJ; for providing a module 
Líbrary for 5toring ooun:e code, and indudes 
a language for speoifying intufaces in s~ 
tern design which can be checked automa\· 
ically [Tl:1C77]. R.'lL/SSL il a similar sys­
tem deoigned lO spec>fy requitemenl$ and 
to desi¡:n interface• via a data manogemen< 
system [0~>~77]. • 

An alt<-mative approach is the Pw¡:ram­
mer'o Workbt>nch developed by BeU Tele­
phone Laboratorios {Dow76l- A PDP !l 
bosed ¡;ystem provides a""' of •upp<>rt rou· 
tinos fur module developmo•nt, hhrary 
mainten!ll1ce, d""umen<.ation, Snd tening. 
Proper use of the¡;.e facilitie~ allows acc~ 
in¡: informstion in !ll1 euier, cuntrolled en­
vironmrnt. 

Re!iablllty 

Concepi~Bi ln/<Jflrlry 

Conuptual inl~f1nty, uniformity of alyle 
and simplidty of structure, ..,-e usually 
achi~ved by minimizing the number of in­
dwidunlll m the pro¡ect. A chief program­
mer !~am gr.-at\y enh8n<es c<;mceptual in· 
<-egrity. 

A smoll group minimius contradictory 
s.spec\.11 of a dr>ign. ln the PL/1 language, 
for •·•~nople, the PICTUHF. ottribu~ dec­
Laration nuoy be abbre,-ialrd as ~ithor PlC 

'or P. but in fomuot •rerifica<i_ons 1t moy 
onl_v be P {Af'S\7G]. In fol<TR.'N, the right 
>iM of sn a.'l.•i¡;nmen\ sU.t<"tnent can be an 
arbitrary ..rithm•tic npre.sion, but DO 
loop índice• mu.o;t be inu~er co,.,.tanuo or 
vanable.•, !ll1d oubscripuo toar-rayo are hm· 
i"'d to ..,_..;,_ bu1c form11 {AJ'Sl66]. Theoe 
are diffitult idirn;yncracieo t.o remember. 
Thoy illustr8te • lack of <"<!nceptual integ· 
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''" 
ritv that can nriw "ho·n many peo~\e "tth 
dofferent obj~ctives beoome involved in R 
P'"Í~ct. A coMiJ;tem de~ign;,. less prone to 
"''""' becau..- the user c~n follow a simple 
""' of rules, 

Coi>Mual System VaNdalitm 

A walklhrouRh is a management r•'~cw W 
dt"'<>wr errors in a ~}'M~m. In ooe stud)-', 
THW diSCov•red that the cost of fuing an 
error at the ~oding stll~e 1> about tv.ice that 
of fixing it at the design otllge,and cau;hing 
il in testing costs about ten timea a.s much 
as it does in design !Sm;H76}. 

A ,.-Rikt.hrough il; sche-duled periodicaUy 
fot aJI p<:n<Onnel In ~ttendanco are the 
proj~ct n1ana~er (chid pro¡;rammer), the 
;wrson revie"·•d, and ..,, .• ,.,¡ othet>' knowl­
edgeable about the project. One M"ction of 
the "'-,;tem is .. lect~d for re,;.,,.. and each 
individuo] is v;iven information about that 
st"ction (for ••ample, dt•"tgn document for 
8 de•ign walkthrough, rode for a coding 
""8lkthrough) b.efore the re,iow. The p<:t· 
Mn b.eing rov\pwed then descnbeo the mod-
ule under •tudy. ' 

The v.·alkt.hrough i. .. intended to deu-ct 
errors, not w rorrect them. Alw, the 
wllikthrough il; brief-not more than two 
hours. By hplamin~ the de•ign W othe,.,., 
the person revtewed Íli likely W discover 
vav;ue opeciticatiotlll or missing ronditions. 

An imporun< point for mana~ement is 
lhHt the w8lkthrou~h iA no/ for P"TSOnnel 
evalu8tion. lf the pen;on te,~ewed perceives 
that he is b.eing evalu•ted, he may alt'-'mpt 
t.o rover up proble!NI or p,..,..nt 8 rooy 
¡>icture. 

M informal yet v~ry eff~ctÍ\'e vers¡on of 
tb~ walkthrough is cod~ r~oding. A Mcond 
11ro¡;rarnm~r re'-i""" th~ rod" for u< b mod­
u\~. Th.i.& U'chnique frequently tums up ~•· 
ron when !h~ ,..cond r•ade<, fni!ing «>un­
d~ntand oome aspec(s of th~ co-d~, asks lb~ 
aulhor for an nplanation. 

3. PROGRAMMER tSSUES 

Ea eh M ... ge ol the ..,r,"are de,·dopm~nt lif~ 
cyclo hao i\.11 0 ,.·n ..,¡ of probl~ms and o<Jlu­
!ions. Th~ mo5! adv!ll1Ced !e<:hniques apply 
t.o the las( ~Utges; the finlt ~Uiges ar~ th" 
l~aot doveloped. For e~ple, te•ting and 
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dcl>u~glng prohl~m~ are ap¡o.tront 10 ncry 
progrnmmt·t; 1 ho•>e tn<ol' '"'' th~ ulrle,¡ and 
rnu.<l adt·an<.-<1. THhniqu~, tnr 1mprot·i11~ 
eodin¡: "~re dP1dnp~d ¡1{"\L Tht• n>u>t ,, .. 
u•nt dndupm<•ll<S haw rt'lmo•d '" rt''llMt'· 
mcnt> an<l spt•tifii'"IJon> Ah]loo~h '"""'' 
terhnical )Jrnhlo·tl" hat·~ not he~n 'oh e< l. 
an dfect ice merhodulo~)' ¡_, emergln~- ='ume 
o( the>e tethni~ue< are w••o•med in the 
fflll<>wing su h'"' tion.<. 

VcrltlcaiJM on<l VaiJ<lat•on 

\\•rika1 i<>n a¡l<l <·ol~<la:wn (t,.,.Jole anrl in· 
1<-~ratiun leMÍil~l oi a ,,·,u·m ""'"!>'" alff,ut 
half of the det·t·l"ptllerit 1iuw <ola ¡,ru,.., t. 
Mnny rl~bu~~~n~ ,_,¡, b.ne il<·t'l> <if·\l·l<•i•<·<l 
1<> fn('j¡¡.,,¡,. thi,, ..lfurt; m"<l "'" unplt•· 

nwnled ·" l""~'"m~ to "''' -'"'"'' tealu" ,¡ 
a -•)'><€m. 

Automm~d Too/5 

'fh•• o•arli<·>t awl """' pJÚl\ttÍ\<' ,¡,.¡,,~~lJig 
1 ,,¡, "e c.• 1 h<' rhnn¡> ~n<l rlw "'" ,. __ \ •lum¡> 
i; a li,rin~ nf lh~ ,-,nlelrl' ,.¡ rlu· n:;«hin,; • 
n><•ll""''- Thi_, jj,¡jng '''" <>Íh-!1 fl•\"l"otl un­
Ínl o•lligil>lo_• olal" "' ,., row L: ntm ""''" •·1 ,-. " 
dort"l' :na_~- ""' 1><· Lnkr•n UIHil ¡,..,~ ",rl[<•r 
ti•<· l.<et" Ml<ith" ··~u><· of Lhc• "" ••r rna-. rwl 
tlu•n hr• ap¡rMt•nr. A /r<ru i• " priniuut 
~h""·ing 1hr• ,·nhn"' uf <ele<.tr·rl \'aflaiJI<'' 
aft<-r ""'-h w<lo•nlt·nt '' <'\<•ttllr·d. ll m.<.< 
IH•Ip "¡.rog•mnnwr lu tli'l<l'<'f '""""' 

"l'ho·.<e t<-rhuio¡<H•S un• '"" U<ualll- , . .,,_y 
dkt'li"• be""""' tho•y "'fll'l.' unot'io dota 
~ 11h linle "' "" interpr~lallo>ll. ~furo ad· 
,-arw,•rl nwthu.J_, m" noNiod h• "'du<'<' 1his 
dat ;¡ W M\ inr t•lhgiblo• for111 , 

Fl""l!'raph anaht<'" ""' o·:op.dole ¡,f do•· 
u•ciÍng r<·ft•r"'"''-' l<> I',OJÍabio'> 11hieh ""' 
nr'\'l"r init,.,¡¡,~,¡ '" "'''''' '"""',¡ aller r<'­
~~i"in¡; n •ahw: ,¡,,.,,. tr'nall,l' ind,.-ah• ,.,. 

ror>. To-<t da1.1 ''"'""'·"'"' ""' ,,¡,.., n<·ail­
alrlt•. ,h,"·niun d11•c kt•o, 1 alid,h· 1 h.ll g¡;-,•n 
em•dioj,,.., ""'''''".u ;.,,,;,;n,•d p .. inr.< «! ,, 

prn~ra111. Aul"ln.oli,· \t•rilic;Lti''" •.''>lc·n•• 
loa< ,. ho·t'll Í<ll¡>lo•nh·llt o•d 1<>1 <m.dl Lur~ua;•·• 
[K 1:0.• a;~ [ '"" 1 •-' !lll~•lu· , x;~·uriun ha, ¡,,.,., 
pr<>iN"<'d a. a ¡11 ;" 1 ;,-,,¡,,.,,,, torr ' .,¡ irlatin ¡_ 
JH<'¡!I'Unt' in""'"''' tornpl<'l l.u•~•lal!'<' '1'11<• 
I'SI.rl'.~.-\ "'1''"' ¡, an ,.,.,nplo· ,,¡ " "".¡ 
foo ""i<l1ng 11< ,¡,.,;¡;., a11d •J••·•-,Iio·ati.nl 
s_ll,¡,,.¡,,. duoup< .¡11<1 lr,ln•• ;lr•' ¡:o·!\o•r,,¡,.,j 
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""" ,nm¡ril•·,-... l!k~ I'LtC J<":<>-"":.1) or 
1'1.(-~1 )Zt;l,r;;5J H'""'""'"""h_' ano! lln 
j ]( ,\_1\,, ::,) '"" 0_1' m o tl_\- 11f l h•·-": tliOb_ 

l'r .. ¡:rano_< can lw •enr.<·d al -"-l'erallt•Hk 
( "oom a.' [ C<>.' ~<: ~) h.<t < o·l¡!hl ol!if~tt·nt 1 o•r· 
1f<o·•nion wndni<~n•: 

• A 1''"~'""' comain< n!l <,nn~nr~ t'r· 
ror>. 

• A program "-'"'""'' n¡¡ <"•m¡r'oLuwn er· 
ror; or f.oult.' rluron~ pr<·~r~m r·wcu· 
non. 

• Ther<· ,.~;,, t~sr <id<" r.,, .. n;,¡, th<· 

¡o '"~ ,. ·"'' ~ i "'' ,. " rr• ., t '" " " ,. r .< . 
• fN t\pl<'o11 ,..,, ol 1<-'t d.Lla, th,, 1""" . . 
~rwn ~¡, ,., ,.,., ~•·t ,\ll.•l< <·r·. 

• ¡--,,. <11/fl< uli >'"'-' ol to·-1 oi.Ha. tia· 1''"" 

¡;ran> ~Íh• t·urn•n ~"'""''-
• fur ~11 i""'il>le '"'' ¡,[ ,¡.,¡,, "hirh <<1•· 

lali<l ~,¡¡, H·,jlnl lll tbt•jll"hlt·no •I'<"C'• 

iflt·ati<oro, tbo· )'J<r:<'''"' ~¡,,., '"" e<t ·"'' 

"' ,.,, 
• l-'<11 alll'""'¡,¡,. '~"o¡/,-,.¡¡,¡ <•··; ol:n" 

mt<l all ¡,~,.¡,- eo•miiti<·n' .,¡ ,.,,.,,,.,", 
inpll!, th<• ¡;,.,~r,un )CÍI<" C'nlrt·cl .ti\· 

"'"'-'· 
• l'or nll ¡rn<_,¡¡,¡,. input. tll!· j'l<•¡·r.tm 

,;,~'«""'' """''"-
:'"""" pt•uplr• ;¡1<• optnni-ti<· tirar'""" <la\" 

,,.,,.,.;,.,.. autnm.<li<- ¡m•~r.un ,,.,;f..-.Hion 
"di ¡,.. pu,,,,¡¡,¡,._ "j",,¡,"··, 1<"'1• ")"'"'"'a 
!''"'''''""· d<•nwrr.•li',Lilll~ tl•at ,, ~Í'<H !'"'' 
¡:o:un "'"k'- Tottl""'"' ·, l<o<ll• .,¡¡¡ ,\1.•<' "1'' 
<'f,Lf(" ~ 1"'""· hd¡>ll\•t '" ,¡,.,,.¡.,/) )lr<>~'"'"' 
" hio h ar~ o·<rrr,•r·t h<-toro· 1 h<'Y "' <' "' ,., ""'· 
_..;,,..¡, ¡uol_, .-;''' ro·<lmo• 1 IH· "'"'""" ,¡,,._.¡m~ 
ro·qnio•·~ lllr a ,.,,,,,,Jet•••I¡JI••.wot /Dirl;;<;[. 

\"o·('lii<'Minrl lo•o'llllHII'<" llfl\<· ril<' l<>il•0\1• 
in~ ~pm·r.ol .<lJ<I<-lLrr<<, .\ l'l'"~l.ul\ ¡, H'lll<'· 
'"'1\t<•tl b_,- ,1 11m< dl.•rt. •'"'-''<';,, .,.,¡ "uh '''" h 
¡11 o· in lht• tlt>\\ < h;tr< 1• ,1 1"'"¡,, .o[,., ,-all t<l •111 
"·'"''·tinll, lf .-1, ¡_, rlw ~"'''""" a..-..-..,;.,.~ol 
""¡, ;Ul M<' o•nio'fln~ -t:oit·n~o·rn S, .wd .L 
i< rh,• ~"elli"n '"' ,¡,. ""' lollomi•:c ;h,­
'''"''""'nt. IIH·!I tlw •t;<ll-m••lLI ")¡ .-\, j. "'"'· 
;mol <l ·1'"~"'<111 -'' l• ~wruh·d. ¡ho-n ,,,_.,.,, 
ti u u .l. "ill ¡,,. m ro•" "'"'' lo" l'""''••ti ,.,.,. 
Fl~Uio' ~1 

Tloi' 1"""'-" ,·an ¡,.. '''l"',lh'd f,,.. ,.,,.¡, 
"''"'''"''"' '"" pll•~nom Ir .1, ;, ,¡,. ""''1'• 
¡¡,.., ¡,.,,., . .¡,,,:.•11 ¡rrt•c<'<hu" ti•,• Í"l'"' ,;,.,¡,. 
«' 1!~o· ,;,,,. h.ort nh.LI i·. :lu• ruitul _, .. ,.,. 

---·--
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' ......... 1· --1 ' '""''" . 
FI~L '1<1. •, "'"""'""' ,(, on<1 ,\, '""""'"' ''" h •toL•·· 

m<nl o! • P'""'"m 

tion), and i[ A, i& th~ a.<-~ttiom at the t•xit 
node lfor example, thP tina] a.'>crli•ml. th.·n 
1he st;ol••ment ··jf A o ¡, '"""· and tbt• pro­
gran> is o·xec·uted, !lwn .l.¡_, ma•' '"11 he 
the tht·"n·m that •tot.-s that th<• '""~""" 
mecb its opec1focati<m< (..1 1 ami A,¡ ,,..,. 
Figure MJ. Thio appro.u·h ..-·a• fomo.Jiite<i h;· 
l!uale [H<J\Fd;~l] co.lw de!Íno·d a_.., <>fa\· 
ioms f<n <l<>t<•rmiJ(in~ tlw di<·<''" up••n <iw 
a.~<crtion.• l¡m•c,todiiH>n' .1wl i"""'<><Hli­
tion•l bv •·ach stmo·mt·nt t Y!"' in ,, lan~"·'~"­
Thu• nrif) in~ ¡orogr~m ,..,,,.., 1 "'"' r.-­
dU<t'' 1<> ¡mwin~ atht•urem <Jitlw l"''dit.tlo· 
cal< ulllo. 

Ct•rtifi<·Mion l<'<"bniq"'' ,¡,.,,)optlWI\1 ¡, 
.•till in ~ ¡n~lunin,,.,- "·'~~ .¡nd ,¡,.,., nol 
tntN llw <hallen~<·.,¡~ mmiPrn l;¡rg•· ,,,. 
tem. ¡., ,oddition. '"ioon.otic t'<-rtlli•·'niun ¡, 
\Hak Íllllll 'l"l'-<'1h,tl1ho <llo;¡nll .l'>t'llÍ••n 
;., f'H'-''<•<1 u m• .. ul;· ll Lho• 1"''~""" H·rmi· 
tlalt''· ,\<iomMÍt' mt·thor), aot• ;,,·apablt· "' 
!'""·in~ 1 ~rminat ion. llO-"<'-'W. t<·rr\\Ín:n ""' 
can nflPtl be )>r<>'<•ol inlnrmally by tht> pro­
~n\llltll<"r-

.-\ typit·al "l'Jl"''"'h L<> pro,·in~ that rr"­
~rdtn Ion¡" tenninato• ¡, the lullm< in~: 

1) Find "'""' numhu !' that ¡, ab•-a_,., 
""""'~·<IÍ-'e -"Ílhin the lwp 

2) Shm\ thm f,n o•ao·h '""'''llti"n nf tho· 
loop, 1' ts ok<T<'tn<•toted hy al lea'' ,, 
f~>t•d amuunt. 

lf hot h ,.,..,,¡¡, ion• are ah<-::t_,-, t nw. 1 he l<onp 

mo<\ '''"nin,no· hd"r<•1' lw~""'-''' ""~'""'' 
A pr••J:ra"""~'- 11h•• "'''' ""h ,.,¡..,_ "'''" 
inlorm.ol[_,-. 1vill ,e[,¡,, \1-titt• """''''"''""'' 
¡.,~ lt>n¡>.•. 

Cot>;idt•r thi; pw~mm lm~m<'tl\: 

whol>· '''·'do 

' - .. ' 
¡_,., '1"""' ill- 1' 1><· 1 !w ,.,1,, .. ,.;., ... '- , _ ami 
lo-1 }'lil n•lt·r 1<> ol"• \',oh~<• od 1' olllnn~ <l1<· 
llh ''"'t'<Oh<>tl ol 11"' 1""1'- ]!,., ''"''' .1<1 ""''' 
l><" t<U<' l"r <':ot·h ,,.,¡ ilt'I';!\Í<>H, .'--' '';o[-
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v.a;-• nontw~atÍ\'t' nnd t'<>ll!lninn IJ j, ,,,¡¡,. 
r,ed for ent'h 1'\<"<'utwn of tht· hop_ .~,.,p 
the loop "<nlnÍn• tlw -•<Oidl\l'nt -' :-•. 1 • 1, 
/'11-11\ ~ 1'1<1-J. ;ati>I;'L<'.~ UJrHI"Í•HI ~l. 

Th<·refon· th~ 1""1' n""' "''"'"""''-
C~nifo~mion <~ill ""' _,,.¡". all "'" _,.,(¡. 

"''"" problenl•. ahhou~h it """ i:lLI'"'""" 
¡.,.,¡_ l;Nhart ami Ydo\\ÍI'. [l;c:><H~<;[ ¡,,.,,. 
_,¡""'" lhot th,·ro• ""' tn:.ny puhli.-ho·d .. , o•r· 
:itic·d' pm~rattl-' thot'('()ntntn ('lf"'-' 1~"'" 

'''P"" ··rr. 

c,,olt•nou~h .ond C<•tlwot [1~"''"~:,¡ h."'" 
danlied tht• , <Hit <·¡>1.• nf t<•>l i ,g, .\ '¡.,,.., ¡,. 
'" th<• <ti ol¡~t·niiÍ'-ihl<· '"1""'"' ~ 1 :··~J".Im. 
ami a ,,.,, ,, " -'"h-·d 'ut th·- n .. ,,_ "" .-\ 
r,-,,riu{! u·a,.;.,, ·'1"'"1"·' «ho; •· ,,, ¡,,. 
tt•,t<·d 1 for t·>:O IIO]'k ']•C'\'Iilt d LI<H\', .111 >I,Lt <" 

""'"''· ,,11 pat ¡,,,_ 
-~ '"" "''""'1'1''" 11 ,¡,. ,,.,, '"""'' .. 11 •he 

r• <¡'<ln""'""'' <>1 ¡¡,.. t ,.,, inc t ntt-ri""· .,,.; ,, 

'""'1'1"''' 10--1 ¡, '"'-"'"["/ it liw 1"""'"'" 
~¡·_,., COIJL•ll LI'>Olb i<JI ,.,,¡, '''""' oll \1,,. 
1' ·l. 

\\'11h tlu"-<' olt•lu\L\Inl\'. l<t• • ;\LL "' l~llc 1'1• 
~""" rdiahiht ,- a tul ,-ali<iu-' - . \ 1""~"'"' •­
' o•lmh/e il "' ,.; v luuml "'' ,;, 1- ,.., ,.,.¡,.,1 1\\ 
"''"'-" cumplt·U: ,.,, A pr<>~Latn '' mlrol lt 
<'lt'n- '"'"'' i< r~-'l·nlo d h;· ""'"' <'tllllplt-u· 
1•·-t. 

\\' Íth t]ll',... <il'i'IIHIÍ<>tl<, 'l'\ <"O al Í:J.] "'" ,u\L 
"''"1!,; <'att ¡,,. prt'-'t'<i- .\mon~ ,¡,,.,, .. tn•; 

• lf" pro~tatn ;, h<>th to•h.doit· "'"1 1.1ILd.' 
dwn it ;, <UlLl'<'l tf .\ILtl ,.,.¡.- il ""'­
c·onlplt•L<• '''''"a),,, >ll<n•ocltil 

• Th•· •Tito·ri<>n ""•·"·•·uto· t -'•-<_1 p.llh" i­
nn: -,li•l: thl'r<' t'\l-1 !''"~'·""-' atl ul 
" h· ,. l<'>l .-~te "" tn•d, hu\ "I<L• h 1 '' "­
¡1\Jl'(• ,,,. \ltllltg "''"1¡_, .-,, ''""'' "'i"" 

1\'hilt' ,¡,¡, ¡,_,,,,.,,~ ;. ,.,,,.,.¡," ,,.,.,,_ 
ní,·;tl n:ul ¡_, not 3pplio·.tl•l•• :n.o!\ 1'"'~"'"'' 
mito~- tt ¡, "" ""1'""""1 '"'1' ;., ''""'·•lt:m~ 
lhi> ""'''- \\',• """ lo""' d lo.L•t• lur ,,,¡;,,,~ 

"' ''-;,-.. -:----. .. ' --,--·-· . . ... , ... 
\.__,__ .... ' .. ···t .. .. '· .. , . 

·,.,, ,,, • ,.,.,,,, ,.,,_,, '"·'.l.']'<''"' ... , ... ' ... , ... , 
'" ''-" "" ... ·' '"""''"" 
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gr~nlmr•<'< l~<k is rn~ol~ ~,,¡,., 

«>mp<~ler <ioc' """'' wo1 <. 
"~'"" tlw ¡,,., hoo·U ,,,¡,¡,,¡ <•• rlw ,,.,. l'ui!l!<\".-;: 

<r;m<l;<r<l. .r!tbnudl ,, ¡;,·uo·r.rt wt.ilo• ¡, -ritl 

"'"'¡"~ ''"'" ,¡ ... ''"'~"·'~"· 
Slructu!~r1 P1ogrammmq 

A majr.r dt·lol<opnlo·ll' '" f-•<"illl>lin•.t lh<" 
prngramm>n~ la<k i.; '"""" '" -•lmo"il<l<"d 

prowwwn111¡:, "hid1 ba, """" -'""""'""""'' 
~all~d '"¡;otul<·'"'" ¡•ru;:ratnnuue. Fu<lol· 
na1ely,1he debato· al»o~• ·•w ¡:utu <lt nu: '" 
¡:oto'" ha; mo,th- di ... ,p~t·aro·<l. ,ond ·"'""' 
rlear id>·~< ha1·r· r•mo·r~t·d Tilo• !"""''"" of 
MIU<:1llrt•rl prOJ~f.lrnnHng h lo"-""" ;nLoll 
••t of 'impl<• rutLII•JI ar.ol rl.t<.1 '""' ""''·· 
with •implr• l"""f r<llo·· A !''"~""" tlw11 i< 
built he- n•,(on~ ti«"-<· <ta\enwnr- ¡,_,¡,. 
t·ach otht-r_ Ttú< n<r·th<>rl ,.,,,.¡,.\, llw """'" 
¡.,., uf ~<>nner t ¡,.,, lu ""en PH•~t ""' ¡~n" 
~~~d therr·¡,_, iml'l"<!\<'.• tlw <""'"l·n·lo.·lt.<lhil­
ity ""'1 r..lialriluy "1 t!n· 1"""""''" 

Thr· if-thr•11·•·l"·· whil<•·rh,, ,,,¡ "" 

<¡<><'JI«' ,¡.,, '"''"'' '"'" a "'"'"'""¡, '"~­
~o·><l ..rl •<·J .,¡" < <11<1 1 •:1 •1 J LJo 1 11 n·' 1())" 1111' r ·. 1"' 
ol ll'"l"'lllllrlin~; ¡,,," ,., ,.,. t ht·l ,. j, '" •< !!in~ 
.,.,.,,.,¡ ,,!~'"' th<-m. 1\innh ¡¡.;,,,-,:~¡ h·t· 

HtKrJo·rl lh:n tlu- r.ulu '""'"""""' ¡, ¡,,..¡, .. 
,.,,,, '" rhe """ ¡,.,.,¡, ,.¡ -''""""'"d j<IOJ-

1'' """' 1 "'~-·¡·¡,,.,,., ,¡11 oplr· < n1111 • .1 ' ' l"«<"t « 1 "' ltr•l¡ • 1" .,. 
~ranunc·r> r·on",¡"_, 1""~'·""'· "'''"atan¡,. 
lom>al lo·"•l. Fr" ''"'"'1'1<·. " l''"g'"'" <"llll 
l>r• teprc>.lll<"<l Jr- ~ futwti<>U fr,.m '" illptll 
dnl~ U• iti' ouq>tll olm3. ,.;uppr.o,... (1\1 rr•¡o­
,~~Pn!' a '~l(lllt'lt' o! a progr .. m ~¡,,., h;. 
tho• fol',,"-¡"~ jf.th<'n·t·l•t' ''.1!''""''"' 

' lf pl>l """" KL< o o·l«· lt<o ' 

Hec·,niH• f, mct ''"'" ¡.! Hnrl h at<' .•Hnplo·t 11 tan 
futtot•on f. lneir >l><·o·ilir-,uion' •ho>r:lrl ~ •. 
.•inoplr•r. I1 olu•ir ;p,·tiht\HÍ<>n< ·"'' ''""'"· 
!lw <"o"lall fmwtinto f;. rlr·r"uwol b.' 

{Loo • V•<" •• •'"" . o-,,fo 1 •• h"" 

TJ,. i""f:'"tlll<<' ,- ,.,,, '"'!"""" n,. ¡,,.," d 
<h•fttoitic.to ,,¡ /11' l•·tlll• t<l ti><· >illqt!t•J rl• IÍ· 
ttil~o•ll• "' ~ and h. 

[""'~"·'~''' '"' h ,,, .\r ""'. 1' ho" \1 .r<tol 
«"tt,lin .,¡,_,,.,, ul loL ·[ ,.,.,lr,huh• '" "''•'d 
l""~'~""'·"'t 1""''¡,.., h< l''"'trlm;. 1\co-><· 
l:u·ilni,._ ¡,,,¡,., '" "'!'·''' Fo•1n" ,~·, ¡,,,;, 

t¡f '""'"'""· '"'"'" :>11 l•f•l'"'<"O"""'' '"' 
H!lll•Lrtir:~ 1\<·ii·"I<Hiu,,·d 1'·''''"¡,.¡:,,1< 

'1 <lA:< l""fl",lln• <lll" to·n•· J-"o¡¡¡-J 111\ lt·llt• 
ht•r•n rlo•H·I"I"'d !lll.ll·':·\]_ ,\n ·,r.,¡,,.,.,.¡.,. 

s,-,¡~o· O.•;:r¡.o 

.\ leclto<H;u.· rd:n•·<llo. ·rr•<1 ttJr< ,¡ i''"""rm· 
"""~ ¡, 1"/' """ ;r ,¡,"'!'"- :~ "llicil ~ .,;~­
~r~mn'<-; ¡¡,, !orm"hw·" ,ubToJu:m~ .;.· ~ 
·irode .•tah-!1"-nl. 11;,1,-h 1- thett <\1'1:0~<·<~ 
inw ""'' "' '"" ,r ,¡,., l!,,·ir <0!lltt•·! -:r·:c-­
,,-~, IIH'Illl'>lh·rl e.lll;,·r .• ~t ,.,,lt ¡,._,.¡ ,![ .. 

¡,,or-tÍt!ll 1• o•\panolv<l Íll lll<"!<•,t•Lil~l:. ;1< ,,.,.,­
•'~tail ur<Lil tlv· re·u]IIO,'~ '(•·,.·tipt>••'· :><-­

<"O!ll(" tll .. """"1 ·'•"''-'' la1.~"""" ll""":"n' 
\1\ ""'"""'""""'"\1\itt~ b:.~•'·'~"· 

t;,;n~ lhl> '~1'1''"'" h_ a).,.< ~llo·r! ·le¡oo.-'·< 
'~:; ,..,,,, 111 ¡ 1\";t¡ ¡ ~!. \\"t>< ,.; ; ]. 1 h·- ¡-., .. ~, .. '" 
" hi• ·• "' ,.¡,;,·.dh ,, nn-t •:' ·.-·~ .11 1<i •· •:, ., .,¡., ,! 
IJI ""'''"";,,, l<·linc·"·' ,,,. ¡·,., n ,. :i·,,._,.,, m 
¡_, llll<•ljtlt ,,.,¡ ¡,_, <• 'LIJtl:c ¡,. ,,¡,,. l•li•l 

,,,.,.,. "1 ..,¡,;,.¡, ¡, ,, ·• '""·'"'"'"'"· ' ... ,,._, ,.,_ 
111~ 11<i; t•wlh"•l. ',\"oltil -;a·, .. 

1 ·h·•·l•l h~·-<" .o,. .. rlo.o" •• .¡.,,,;.¡ n ,, •~ J. -.. 

"'" , L lo.o< ·" h<.o 1 t , o "' _, .• " . .,, , ; , • o··" , • · c·-o - -•: 
-" ,, .• "'" ......... , •• t_ _.,,,o,.l··"'-···1 .. ,, '.; .•.. 
'""""o. 1 .... 1 '' '''" ""' .... ,,. 1·•·•· ••1: ... , .¡ .... 

'''"'' o ,,¡,.0 ''·' ,_,, .... 
'" ,,.,-....... ,o·•··' l<·•<'lo<-•··· '1'''••'-'"'"'" 
,,,.,, "'" •·~·"·"" .,., .... ,,,.,,_,,¡, ... r: ... ~ 
,¡.,. ,,.¡, '"''·'' ,,,,[1,,., "'-·· ,_ ..... ·'·' ,.,,,., ""''. 
"'"'").-, "' "'''·''' ,..,. 1'~'" "'• '" '" .o•.o'hr~. 
•mi to '""~11 .... r-o.- <h• l.o•l "'o.,.,,;.,,,,,-,._ 
the 1'~'"''"'· ·'"" '" n•ndoo; .,.0,.t{•;.,· _,,. , :.-· 

fo·m•-•1 ( ' "''' "' '"' """' -· 11 ,. ,.,_,, t ••• - ' _ ... 

ol.""' ,. , .... lt.·ol..•l• .... 1 ... ,.,. ,, ,.,, .•.•.•. ; •. ,. 

'" "'' ·"''"'""'' 1" ' ...... ,. ,¡ "' ,., ,..,, 1• " _,,. ' "'' ' . 
• ¡ .. .,, )\\lnl:<.l• ;;,¡¡ 

Ppt•Jaliu~ >l•lOil\' .110 <•llo':O :tlvo!o·[, .. _L :'.> 
hiH~r<"hi, < <>l .r!.•:rrr.-: nr 1 u:,,,¡ ::· ,,,.,,¡., .. , 
!Bm,.;~;J_ o\1 llto·lm'<·:; ¡~,,.¡ •'' lho• ,,.;,·:n 
¡,. tht- ploc<it.ll h.mh<.ll". E.•. Ir n,:'l ¡,,,.: 
i'"" ir!o" ;oddn ¡.,,,¡ < •'1 '· < ¡,,¡,.¡¡, •. "' .<11•> • ·'­
¡,¡,. lt".h ,¡,,, "" d ,, '- ·""'· ],",¡,., ·<'111" "' 

Li•o•oio·,,<LI• "' .1 '""''' 1·.•.-1. ¡·,,1 • \.Lil:¡•:, .1 
"'"' ¡.-.,.¡ .,, ... _ .. ,., rn,- i'·'~""' "'"'"'·"• .. : 
,¡,, <"""'1'"''"' _,,.! 1''"'":'- ·' i.tt~< ''""o: 
,,.,.,,.,, l"r .tli ,<tho•r pro•;o-,.,·,<, o>0:h·l _,:­

'·'·"' r ... u llitto" ,<1 lo:cbo·o"l,·"·~· • .<1\ ;,, ro::· 
1 ,[,-m,.,;,-,[ .t.• ti t !,,., h,,,¡ uro:.::, j:, • 1 , .. ,.,,,,o: -, 
,¡,". ,:,.. rl"l.nl o.- ,-.. ,,;,,.11,.• :., ""''' 
In PI. 

T!..- ,.,.,.,,,1'1 ,¡¡ .< !""''~:;·,.,., ,;, -·~·" ¡,,.., 
;-:''"~'·- 11°<}1.• ,,, ai,l "' rh:· ,;,.,,.¡,.,,,,.,.,, 

,, 
1 

i 
l. 

! 
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at>ou: such cum~p~' A" reliaiHiit)' and cor­
rectn~ss. 

While useful ¡,., '"""·""~ uur "'"'"'""'· an­
alogios with utkr •·n~il.eNJII~ lld<l' tnUM 
M u.wd with ca re. lleliabilit.- i< ""'' ""'" ot 
incompleu analo~j,._,_ The t'<ll\tt·pt ol "'"'"' 
ti m<' betuet·f! fu¡/¡¡¡ P (.1/TJJ<'¡ ,¡,"'" '"" ap­
ply <lin·<tl)' <o .YJI[\\',"e altlo<>ll~L it >Umc­
IÍilll'' ¡, u'ed "-' if Íl d"t'<. 

Sy,H·m-' huih lr<>JIL pP>)''IUol t'""'l"""'n\' 
tnar out: !rall>Í•UJr' 11111. mowr. Lurn """ 
""lden•rl joinl» la•·ak. Th1s ¡, al<" ttue fm 
the hard"'""' <>1 <h<• t'Ompu!t-r. ¡¡.,.,,."'''· 
tia• lu~ieal ,-~ILLjn!!u·nh <>1 _,.,n,.,;uo• ~tl· du­

t ·' ¡,¡,._ ,\ ;;"en 1" "~'"'" \1 111 « lwa'" 1 11 udm e 
¡j,.. ,,,nw "'"'"'' i<n· lile'·'""' "'1'"'· '" lnn¡: 
1<' tlw hor<h'""' ,¡.,., not fail \\'ho·n a..,,¡,. 
"""' mo¡c[ul<• ''f:til•." it h:t-' lt<•t•ll pr<·•t·llted 
"''llh "n input !hat fiuall;· re•-,."¡,.,¡ t>ll t·ttur 
prt'"'m frtHn tia·"~"-

Tloe M"'!'IJF rnc.L•UI<" tlll' Ulll<· ht'l"-<"t'n 
r<·>dat ion' 1 ,f ''"""· Th "· "' t '" 1 ,, ti 1•¡u·n<l, 
"" tlw kindH "' '"1'""' ptt--•·ttl•·d. ,\ '""' 
pil<•r u-t·d oJtl·.- f,r .•h•·ll Jnh,. !runo .•L\Hh·nt• 
may h~w· n Ion~ :0.1"1'1\F; hllt il it ¡, ,.,,¡,¡, . .,h· 
,,,.,¡ l"r otlu·r ap¡.li,.o:tuth. i\, :O.!"f'!W ,Tk,­
do·<·n·a-e 'h:orpk ,,_, ""'U-•ji<'UHI '"""'' "'~' 
t·M·ro·i"<•<l. .\ br~•· :O.!"I'IlF' < ''" tlu.- 1><• int.•r­
[lt'~Leol utol.' as un IIHihml<>ll .ol l"""hl<· 
tl'ltahdi;,, '"'';>;a ['rt•uf of" 

Eun1 De¡~ 

~¡,, ~ lorm:tl rt•fl ¡r¡, Hl ion uf l.u~o· 1 1,<<.-r.< uf 
progr~tn• i< •flll tlnattam:dol,., \t•tlu>it;llt" 
!<•t <'>1 iul" LLI <g t he• < ulicltn· ,,¡ 1" • og1 ''"" a,-,. 
~lilliJ<•ill~ tllll•i<II'I<'LI. ~IU>l 111 lho·'<• kc'h­

lli<¡l«'- '"""'"''" ,¡,,. ,,,,.,,- <>l ,.,,,,." t!b­
("10\'IT•d. «1-idt ""'""""'"'!:u 1>1' repr~· 
"·m :u i .-,. ,,¡ tl ,,. "" " 1 ''" " d ._. r " f ~ rrnr• 1" ~- -
<'lll i11 the >,<>\<"m. nml ¡,,.,,. a 11\l':l.•llrt' oi 
ti:.· rdi,lloihl< .ol tlll' '-'''''ll\, 

~1111- l ~lll. l.: \0 i ddi "~' '"' ,., 1 lll' ""·' "" ~ 
n "'·"u ro• >1 at::>¡: tic.« '""' <'IJ "' , , •m,oin' """ 
J,.¡,.,.,.,¡ in.o >';·.·••'"' ¡,,. "'"' d.11. 'l'he t•>~ct! 
mUt.i"" of •·rr~r da1~ ;,, ~ -'''"'"' ,, •·om­
l""''d by -mnttnn1~. !m , . .,,.¡, •·rrnr, rhe 
l1'll¡\lh "' tiu>t· tho¡ o·rro•r "·'• m tlw ;v,tt•m. 
A hi~h •·m•r <l.11· '""'" m,t\ '''"'al· nl.u\1-
t•rror., lp<>u• d,.;,~.,, ,., ¡,,·,~-li< 1·d ,.,,,,, 
{)""" d,.,-,.¡,.1"'" "'l. 
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Tht• a""'mption i• •n~d•· th:!l ti ,1 J"U· 
~rom ¡_, d.liHred ,.¡,¡, :1 I0\1 errur 1bv 
rounl, lh•·n th~r<· L• ;o ~'"'d chaun· tha: 11 
1111l J<•m;oin In" tlunn~ fllllor•· ""'· 1!'""'"'' 
1110 mnj"r rm•hl··n>- rt·nc;oin ¡.,.,.,,. rhi· 
""'"'un• c:m he ""1,•1•· ll•<·d f'ir•l. 11 ;, 
riifiirultto rii••·"'"' ·.lh<:ll a ¡>'Ut<t'lll.or ..rrm 
f,,-s¡ t•nter~tl a •,\''"'"'· :--=,..,,,!, it """ ht 
.hllkult lo ob.-nt .<mh :,r,•rnJOtÍI>n ftom 
1 he de< t•loper of a J,.¡,' <·red pr01lu, • .. 

Programm1ng Tecnn,Quco 

,:;:,.INttl ~ll!h<>r, h•«· IOll'l\tÍ"Ill"d thal th· 
n<Jmb.r nf h: ,., ,.¡ 1·u<l•· ptu<!ur .. t b~ a 
prn~rammer m a ~i~<•n :in:.· ,..,,¡, I<J h­

IJ'd"l''"llll<•nt ol th•· 1 "'~"·'~' ... , .. l. "l'hi< im­
p!ic•, lilat loid>vl' h•<•l Lt:h~lh1éc"- <':\hall<<' 

JI""'"' ILL!II [11'<"";:, il ,,_,;;] 'l'loi- 1· 

"'"" ''"'" •lwowh ·'-'" tnhi, l:in·:t.:'~~ 1'"'­
~t'am~ :or<:· ¡••H-fl\1"11.' "'"'~ ••IIÍ•'!• :n: <ill'lr 
1"-'""'"'"¡,_. •elduno "' oli«d iu i'"'' ""'• 

Th., C<o,ol.- in,¡, .. , ,[.,pil<~ < ,lfh-1" :i,, l l•_·l el 
I.H\~ll""''' "''"' '" J,.. ,¡,¡,.tu t''l"'"·' ,.¡,.,!-, 
·'" .olt:•"ith•n ,.,,]tt.ll,•!.,,. ,, ''"'' • ,·,, ,, '" 
""" h ¡,,. 1""~"·' :<· 1'' • ·~1'. ""'- 1 iw 1 ' 1 1• 1• 1 L< .' 
,¡ ti11· I<"LLIL::IC • '•<le· .1 a• .111 j;¡,¡•· ''"""· '1 h:• 
1· ti'"_...,,,.~".,,,,¡\<"_ in fl>\:1''·'-" aoi.-<t:¡: 
lwm th~ >ltutlL"' "' rh,· IB~l ;.,: t<•\ 11h1,i: 
U~~'"' de1dnpc.l d.o: '""lf\:pk lll~ tl\lt'<" 
IIH,I' bram·i1 r¡j tlw Milhll'.H<t IF• .. \!<'·••1 .. 
"lw·h \la.< dl'l'ei<•jll'd '" ~ nc,H·hi"<·Llll!•• 
penJo·ul 11 .• .- tlÍ '"'''',.,.in~ o]¡:," "hm•, <'''"" 
tain.·d rottn·pt; "h"'" tltt]!letn•-•ua:Í<•tL ,,, 
~on ··~u liuu.ll hart! 11"11 a • '"' • i,; '": t -" "'"' 1 " , , __ 
r~Cu"iun. ,-~11-h;-·n~:m·>: ,h;, '"~' •·'llh•t:l 
llh_,·,\¡,;o¡, r• ""' «i<l,.l; u-,·d_ 

B,l' the ],He' 1!"'"' it ll,L• ,,,-<c•¡•l<'ll t!t Ll 
tl11• btl~Ün<· '"""[,] f;L<iiiL,lL<' "l>lllt~ 'lh• 
pro~I'Hnt .md tha' 11~<• ,,,,.¡,¡,,. -i~<>c:lol !•,· 

ú~t~tt,.d 'u "l'.ll ,. ·"' ,.¡¡¡, i, ·n: run-o "'"' ""­
dnmnl(•uL To~ia.'" tl\er<' Í< ~ t!c·ll:tih· ,In!: 
'""",..¡ u-in~ ,¡,,. hn~"·'~·· '" rna\.,. 1''"­
gr""""'"~ an<l duo'LIIIII'LLt.ni~n , . .,.,.., _,,,¡ '" 
¡\ T ud IJ\'<" 1<' )¡ ,\ hl<' ,\\1,[ < 'MI<'C! • .O i l 11 ll r<' 

"l'hi' ,¡,,._, n.ot lll<'Jill, i;U'I>'I'<'r. LiL!I <·lt't­
< ,.,"._.. ,, '""''"'n ,,n,"·. Wh,., . .,, 1'1.. 1 1 .,., . 
mtt> llw "t "•n; "' •imp'•· po "~'"'"-' "¡,, '"' 
1'\<'t'lltinn tim~ 1• <)lnh• lnll>:. f'_l-<"\1 ''·'" 
,¡,.,;~m·•II<J ndud,• <'<'II>IHICl• .. ¡,,..,. u;:o­
l'hil"' ,,,1,• ¡, in•-lli• i,•rot. :'tm·~ h ttdll,\1•' ,. 
lc•,"''•,\1"'"-'"'' tlun 1''''~'·""""'''• r•·li.tl•li 
i1;· h:" ho·t'"""' .1 "'·')'" !.l!\<>J Th,• !"" 
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ha' ¡,..,.n tlefolu•d {C.\l~;;,¡_ •¡·¡,;_, 1\f'<' <O! 
langu;o~c r""'~¡.,, 1w" '1"'''"''"' "ouoo·¡" 
sm<;" <•f 1"""" ,I.Ho-rno Jr< ''1"'', ,,,..h '" if­
tht•IH•I"'. wllLk .mol '<'<ill<'nt't' ¡,, .,,.,_ 
net·t in~ """'!"""'"'-'· :onrl . '" "¡,,.,., · '' "'"-' 
thal ''"'"''!"""¡, 1" ~ht• "l'!'lo~:"i"n ¡.,.tn~ 
dt•.,i~no·d_ Tht• inu•·r '.'nt"' '' En~li·h ,,,,,._ 
menl orlt·tHo·d, :OILd h '''I'·OIHit·<l, ''''P b)' 
Mtp, mttil JI '''!'"'"''' ti"• al¡:••nthm :n 
SOn\<' pro~rammÍ!l~ lai>~\Jo):"- f'l~"re CJ rq•­
re>o•n.- an e>ampl<· ul" 1'1 JI, ,¡,.,;,m_ 

h ,¡,,,¡,¡ ¡,.. IH>\<·<1 h<·to· th." l'.~l.<l'~A 

and l'llL '""'PI•·mo-nt o·ad1 ,,¡,.., 
l'SL/1':-:,\ ¡," 'P•·ulitatioro> ,,,.,¡ """ <,oli­
dat<-.< <no¡ o·n ,¡,,¡,. u_<;J~t· t."¡""''" t"" "''"¡. 
u),., (intt·rf<Ou'.''· ,\ ,_,.,,,,,, hk" I'DL 1' ,.., .. 
flll f,l <lo,, roltill;: " ~;"'" ,.,.,,¡,,¡,, at ,.,,.. 
¡,.",¡ ,¡ olt·t.til. ¡¡,,,¡, I'SI.ti'S,\ "'"1 l'ltl. 
'''" o·orLI<LioutP '" 'IL< tt'"-' 111 a br~o·¡•r••i•·<'l 

¡-;.,.,. th<tu~h ,¡,.,i.:n•••l frum ,¡,.. top 

,¡.,,.-n, many '' ,¡ """ ar<· iulphowrLI•·•I 1 "'"' 
tlwiHottnm up. 1.•>1<'-lt•<•·l '"'";,,., alt' ,¡,,, 
,.,,¡,.,¡ 1\ilb ,¡,; ... ,, '" ,,.,, tht•JJl, ,¡,,.,. '"'" 
moolult-,, u.-illC 1 J ... _,. '""-lo ,.,.¡ "•UI ;,,..,_ ,.,.. 
.,,¡,j,.,J. ami,¡,.'·''''"'¡, ho111\ up. 

'!' .. p """" ,¡,.,.,.,,,,,.,,.,, ;, ,,,,,,¡,., ,,., h­
ni'IL"' lor ttnpl• 11 ... ,, 111 ,0 ¡,,.,,,,.¡.,, ,111< 
''""'hll<il (II'<Jt:J,'IO,· llo-1<' tiJt• to¡•·l•·<"l 
,,,.;,.,, ,.,.,, "Lit:•-ll (j¡_-t auol luLHr ¡.,,.¡ 
'""'¡"'''· ,-.,¡¡,.,¡ ,,,,¡,,, "''' "'""'" IU ,,,, ,-. 
¡,,-,. 11i:h ,¡,,._,., 'l'lw ''"'" ";.,,, '""""¡ 
afl•·r prinlirLg H '""PI"""'""~'· ;.,,e!"'·'.'' 
r< lllnl ·"'""' ""',¡ •HtnjJJp \<'•1 ,;oiiLL'' 'j'¡,,. 
""b j, <•1 L'IOIUallt• t<-pl;on ol hl' 11"' )ull lll< .,j. 
ul~ "hid• n<>ll ;,,.¡,,¡,., ,._,u, '" "' "''' ".,¡, 
In this "'·"''"'' ,,,, •·nlil'<' "'''''" ,._.,, l>t• 
gr ,,,¡.,,.¡¡_,- • ¡,., '.¡, '1 ,., ! 

lf tl'<'li <';<TI·iull)·. lhL< lo·•·lnL"I'"' "'" l>t· 
\'3]u;oblo•: hu«,., .-r, 1 ho• '-' '1<'111·, , «TI,., \ILL·• • 
¡_, a"unu·ol. ILL'I jllm~d.mllil •he• I.H '-1111• 

""" I'H<>n:D\'1!1: ,¡,.,. 
/' l'm 1 ""'"'"'"' • ,, ,..,.,., ~· _, ,_, .. 
1 11-:l • LA 1< ;: ""-" '"""'' , "' . , u , n• ''"" _ 
I>U': __ \1<1: ¡,,,; ., "' ,,,,,.,., 
'"''""'""'- ,,., ,.¡,,,, ... 1 ';¡,,, 
1 ., , " 1111 f: ''"""' ' l. "" .,., In 1,., ,_ 

·~-" - '" ,, '1.- .... -... ,, .... . 
"'""'~ .... ~ 1 ....... lll ... -". '"· """"""" 
f:'<ll 

111: ll-1!~ ''''·"""'""' 
1:.'1''""· 

f',._,.,,.." l'to;, ·• , l''""·"" 1 • '""' ,,,. 1 .• .,.~, 
....... '" .... lo-• "~···' '""·" ,, '" ..... -•. , • -·~ '""'' 
""1"' '" ¡,.,.' ' ,_,., ' 

.... "'1'""'' ,,.,,,., .. ,,, '" ~ .. : 1, .• ,.,., 
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ha• ¡,,,.n ro·pb< '"1 [D.:."'';,;,,). Th,- ,¡,.,-u. 
nwnt.ouon •J><·•-ili<·• tlw a .... wu¡>tiun- un 
,.,,¡, ,¡ .. ¡, ¡:,,, ''"""~''"·'[ 

1'"" o/¡•'•' <ho·n >"'1"'"''"'' 

1• ·' pr<t~ram tra~n\t·!H talliLL~ .tuh, /! aurl 
h.,¡, .. , (11lll bo• rotrt·•l .,,¡. 11 lh<· nw<iult, 
,.,,.,¡,J.li],- re¡,ho<·tnt; tht- ''"'''/! on<l h ·"'' 
''""'''t. 

\'1,1 lUJO-d"tttl Llt•ll'l"jllll<•L;t. •' ll'l'' ,_,,_, 
t!w top-1.-•d inl<·rhr~- 1n th~ •<•lt·tll ~<·r~­
'''ul\', lh· ton tlwn m,,,., han~•-- ro-1.<1 l\ ,•1:: 
t·~·ti)' '"'d '"'"'· .\nolhL'I "~'~''''•'' h 11 it h 1he 
'"tl\L' ~u al j, o/o•J {j/Jf <' o•dJLUJL • /<JPIJI pi": 
;;;¡_ ¡;,¡,~ thj, ,., hni<¡llt'. a •uf,.,., ,.¡ tlk 

¡mohi<-:H i• lir<> ,¡,._¡",,.,¡ an<l "'1pl~n1o--n:.-oL 
Thi, ~¡,,., l111- n-o·J JI nmnin¡: ·'.''•<•·n, ,.,,,.h 
'" ,¡,.. ¡,r,. ,.,, ¡,. ,¡,,.,., h,,.,,,,., '"~ · ,,, , '" 
IOlak". '¡'¡,;, 1'«" ('" i- H l"'.H•·•i li> ,¡, . .,loop 
"1" ··~·i• t•l,<' l~r~· r .ul.-o·t• uuül th• lÍt;a! 
pro<luo 1 ¡,do l11•·tt·<L 

]j,,.,~, jHil""~;,¡¡,.¡,"'" llu< ;1,, :i1•: 
\'('1-'""' ol a -''·'" "' 1- nlw.«- "thiL·IIll 
,~,o\·," l)<•o•:¡{,,,.'\h<• <OilLTti<' •j;><_¡lj,,Llj•of[• 

l<>r ,; '·'''·"'"' '"~ oll•·n ,..,, <ldio.e•l •mnl •h•­
_,.,,, .. ., j, • <Hllpl.·•• •l. _, IÍil\t' \1 lwn t!•o Jl'll 1.11 
!"'"'' Jll•·el, lb .... _,,' IIÍ ',Lli))JJ• ,_,¡,..,. 
!"'"''"· lt ¡, ""' t: 11• •'1'' 1 ,.,,¡ ,,,.,., '" 
,..¡,,¡¡.¡;o,,,,, .... '"""_,,.,_.,,¡, th:Jn '" to:-' 
'" """1111' "'' ,.,¡,,¡,"' ,.,.,,¡,, 1 1., ,,, .. - 1¡, .. _,. 
'l"'<'iflt·o'l ""'' llu\1 L'l ,., , " ,,,., ,.¡,'!'' :- •,, t!l 
"''''" ,¡,.¡"' l '"''" " .,,,;,ll:i··d ,,_.,, "' '" o 

"pl•'·rt·l,-,,_,, ... ol , ,[,·:odluJ.- ¡, "'''' ·"''' ,:1-­
pur.·ha _ _,., ¡, <l.-t:1.111<!ine <o·-uh '- í!:-- !>ttt o·r 
1 lwn' ;nt ,.,,._, " it h 1 hi· ",.,;,.,_ ro·p!o·: o- "i;: 1 

''"""· lltntl ¡,, llu'"" :o"'"'.'"' l1.o; 1111' 
jl!O<dt!t'l l~l1111l;, jt¡·l:olO\<' o·lll"lLU'ell>"l,( ,',Ltl 
~,,¡,,. ,,.¡.,.,¡,¡.,,~ i"' -.h,\o:i,· -inn· ;ho'll' ¡, 
a no:,ninc '--'•1<'1'1 1~n: "'''t'll<:.' all lh< ,. .. 
<¡<111 ''"" lol•l t•,orlv tn lht· ,¡,., ,.¡, '•Ln"lll ''' ¡,., 

1'),,· < lto"<'ll :11,,,,;, hm.- a:o,l <l. na ''"" :t:•<­
hat,' ;¡ much ""'·"''' ini\L><'L"''"" f"•'i·"·"" 
1'''' 1 "'""""''' 1 '""' ''0''''-' """"'" ·'""" "' 1 ¡, .. 
l""~"'"""ln;· :.11 ·~"·'"'' n,.,,,, · , 1" '"''"~ "" 
al~urithm. ,¡,, l''"P~""'"' '·"'" lht"<' 

''"''''""'"· • (.'Jitl )'IL'"""'I_< l<tÍH,•IO "'11''· ,.,. ho· 
,.,.d" 

• lf a"' 1• "l'·•l<tl,· ""1-1 l•o• -• _,.,,le,"''·" 
:tl~<>lllhn" ,ULol d.Ol.t ,,,.,,.,,,., "'\! 

~"''.no <'!\1•-Í<''" '"h•IÍ"''' 
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Pmgromrnin~ langun~e.< usn,,lly indtHIP 
st~ndard nomh<'mRIÍc:ol tumtiGI\' 'Ht'h "-' 
•ine, lugarilhm, and ><¡uur~ root. Tbt•;- ""'' 
thP pro~rarnmer rea<k ,1<'«'-" to hhrarJ~' <>1 
standard M>ftware pncka~~-- Thi< dllull< 
th<• ¡mo¡;ramnu·r to u-.· f~>ul" ni 1"~' Í<llh 

work. In prepanng ¡mo~ram; for .•tandard 
librarie<, anal\'" ha 1 e indude<i mam· ~p­
Uons in a sin~·lc pac·ka~~- The ,.(f,.,., can h1• 
a lar~e cunrlwr~urne I''Ol'i<a~e 11h1eh '" ono•f­
fici<•nt btcau;e only a "'Mil ¡>an .,¡ 11 ¡, 
appli~ahle al an,- one time. Thi.< <an h.­
avoi<l~d by in;talling nouhi;rlo '""'ion, <Jf 
tlw nwdule for eadt <pt·<'"'l ''"'" 

Many oppwtunuit•,, remain fM m""' 
packapng anr! u ..... of exÍ>IÍn~ .-<ofrnarc. Ptf­
ficulüe> in at·hie•·ing thh indurle. 

• hiPmif;in~ v.hich <lamlard al~uinhn1 
tu pacb~e- Thi• " <·a<lt•r i11 lnadw· 
matl~al Att·a< >Uth ~-· .•l.tl I•<Ít al <e•tin¡:, 
inte~ra¡j,,, dilfer.·olliation, an<l m.ttrlX 
C"nlf'Ulotlinn' lhottL lll lltaJt_l' ll"ll·llll• 

m<·n<al nn•as •uch ;" Lu<ÜL<•"-' "1'1'11-
eanon• 

• Tr~"'l"''"""g an<l inlerlacill~ '"'h 
p;!<·b~t·d ·'"'1"'·'"'· Somt• plu~n-,_ ¡,,,_, 
ln•en m.L<Ie with 1""~.-am.• •loro·d in 
r~nd-only mt'tnorit•< "hich plu~ omn 
mirt"Jli'UC<""'"'"'· "' " il h Íll!Hr;" e 
pruces:.oo< un l'o¡¡n¡;uter ""'""'"'- .-\ 
m11jor l'<'<d>i<-m "'""¡;,,_,in imeda!'Hlg 
•oJt"-"''' 1iiro><otl;- 111 oti•er ><•fl""'''· 
sine~ !ho·re are no cum <·nriuJ>•. ,.;,,;n~ 
help ¡, ,[lm<le<l IJ_,. •ud1 c'lllH-el"' .h 

thc "pipc•linc•" ¡, I:NIX, ll'hid1 P'"' 
VÍ<ic-• a ~c·¡wral ''"""'"""·"tiono rhan­
nel l;w:twet•n pru~rdlllS [Hrn·7~]. 

A/9oromcn An,1ly;os 

Sunwtimt·~ the pii>J:Inm >p<-<'tfi<"alÍ<>Il i.• 
nor drange~hlt•, an<Í ,¡,. nn,.h_,l ""'-" find 
lht• heol P"""ihlt• <LI~.,rilhon: :;onwrinte<, 
ho"''"•i', tlw "I"'<'Íii"""'"' <'nn ¡,,. nlt 1·red 
1<> J><'ltnit ~ "'''"' t•ffit·t~ou ><•iuw•n In"""''' 
inslnm~s "~ c·:tn ~hu\\' that ¡h.-re ar~ nu 
al~uritlu•" J:lWrJt111~<·d '"he t•ltk1<'111 i11 all 
"""''; lwr~ appro,itnal ,. ni~"' itllltl< 1 hat "'o' 
.¡¡¡, ¡,.lll in "'''"' , ... ,,., hnl ne...-l '"" ~l\e 
'''·" 1 ><•hni<>l"' '""'' ¡,, . .,,,.¡_ 

Th<· lu-•1 r,,,;,., ,,.,,,_,¡, •1 '" 1llu•t r ,\1<·• t h .. 
n)<>>[ d(L< ¡,.,, )pi lll ¡,' 1 ' 1 ,, "1 ""in~ ' 1\{· r·.,m·· 
i" ll;m•l<orm. ,, ltThntq\L<• u,cful i11 '""1" 
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form '""'"''" jl:onl o;:; 1 Th ¡, 1 r ,m•l'>nn i, 
¡,""',.¡ "" ;, linll" _,,,, nf po11nl' ,;nhc•r oh.111 
nn a com1rl••' into·~ral "¡,¡,¡, i• hdHit·r w 
('():npuu·. I .. tn~un~,· '"'"¡~,¡, '~""'in~l ;, a 
"""1"1,-r ¡IJu_,lral<•, lw« 'h,1tt~on~ du· '1" , .• 
Jiitotillll t'olll l'<'rlJLil " 1)\<Jf<" .-111< io·n< -•<>Ju. 
¡i.,n. ,\a;· •trono ol .\' >-'mh<>l.• in Jll arhi­
lrary tMI~•t-lr<-e !.m~"""'- <-all 1><· 1'11'<·<1 
in 11m~,¡.,,¡., ()1.\'••.ll [Y"'"";~[; lt•J\1· 
,.,.,,_ ,, l""~r;ttllm'rtl~ bn~u~"~ ,,., d ""' itt­
llud~ all lo•,uure.< ,.¡ an arl>nmr,- "-'"'''"· 
lree l~n~ua~··- (•,,,, . .,, ;, dll <"lrl<upl<· <>f 3 

h'ltl(lla~t· l<hidl "'"" he pa,.-.o-11 1>_,- n 1lo·Lt·r· 
tntt\Loll<' '"l'·du« n 1"1""' in'", . .,,~,, 1 1111•· ,¡ 
<>r<lt·t (J1,\'o [AIIIl;~j 11 11~ •11'<' In·•· l<> •U 
lnrt~u~••· •J'I't"!licati<•,,, .,,. <:In dh~•'" ~¡,,. 
lan¡;ua~t· allll lw r~11ar<l~•i «olh e!lí,·io-ott 
,-,mrdN<. 

~bn;· pr.t<lÍ<·-•1 t>Johlen'-'· ,<uch ~- ¡.,¡, 
•< ltedulin~ •>r n<·l" nr~ t·omm•~liw IJ.,.,-, in­
,,,¡,,. t•num•-rati•on ol ~ <omtmw<••oi;tll·.-
1.11.;'· uunobc•r ol alt••ni;ni,-,._ ollll -~lo·<:l••!l 
<ol ,, ¡,,.,, ,,)uti""· ltt 11><-•· ''""'' 11 '""' ¡,. 
1>< llo-! J<¡ TI'>IIIU th<· ><'RTI'b ll>f a _-tJI"'JilÍ· 
mal hut ~""dan'"'''· ll'o· I<'I'PULIH<·Illltht· 
1'·'1"'' ¡,_,-11',-1,¡,. [ll't:rto77j ¡,,,. ,, dhnl"i"n 
<ol the '"""' and ,, >tal<·-ol-lh"'"" -""""' 
ol uleonthm :m~l_\''" 

Ell•<•ency ' 
¡, man; ,.,,,,, tho· ll·.•ulo- ni ak"n<hnoi•· 
'"'"¡,,,,:Ir<' 11<>1 c·,len•il~ '""'ll~h lO ho•lp 
l h,· "'"~'"'"'"''L 1 hn< "t' no·•·d ''' u!t..r <•·<·h · 
niq"''·' ~thid, l'"n )h•lp ¡,,,'<<' .•n<l••·m•"<' 
.«>Uh<'' ,fjtwlfll'l<'IH'\', (),..,,.,,J.'"")¡, an 
<•piÍmilitt~ t'<tm¡Hid ·,ludt. tnr '""'' ¡_.,,. 
~~~ü~C.<. ~"11 vi..J<i ·Í~IIÍIÍ<"ll.)LI Ílllllr<><~ll«'lll' 
/Ltlii'I<~>Jj. Tho• ,-,lJm• nf ,ud> wol•. ¡,,,.. 
CH't, i_< i<ll!ih·d [r\:-.L"I~Ij >UH) 1\\0l\ lu• 1<•· 

nhi!·d only ¡,,. 1""~"""' l'hh·h a·le ,,. . .¡ 
<>ht'll ,.,wn~h I<J Ju•<tl\- !ltt· int'""""~'" itt 
<lj)[ ' "' i ¿,, 1 io " 

Oow ut' the '"'"' i''""'rlul "id, i, ti .. • 
/<t'l{ll>'/11'\' hi.•IIJ¡_'I(!I!I, 11hich H-l,•,ll• hnll 
Ull<'ll ,.,,,.¡, >!~l\·111~111 ul a ¡>r<>cmrn ;, ''"" 
<"UlPtL h i< lllll llflll•t!.d l<> fn><lth,\l 1•1'. ni 

th,• >lalt•ll«'llh """'"" lor ,.,,·; "' tht· ''"" 
('1" ¡.,, l in><· 11'''. r7 1 [ .. 1 1" ""''<tll\\\ lo'\' \\ lt·' 
''"ttlo·:ttr.ll•'' "" ,~¡, .. ,. "l,.tolo·l><'<~-" iu ~"' 
nl.:omiHth ,.,,, r.·;dllo' ,¡""i'"'"" p•·rt;,.,,. 
·""" ""1"1''''""'"'' ·" '1 "'"""""" ""'''i· 
lll.'lll 'l'lu, 1< .-itlth)LI•' h.L.• (,, 1 11 <H•d l!t .<OIU<' 

illt<'"""''' "!''''·'""~ ''-''''"'-'· ,,-}¡ '" 

, ...... 1 .. ""'> '""'" ,,.1 '"· '"' ''""' 1.,-, . 
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.\1. \'.Zd/,utnrz 

t:t'l:\ nnt! ~.n:LTtC'-'. "hid• >larwo! ''"' 
"" hirh-l,•HI l.!n~"''~~ uper.11i~" "~''"'""' 
Ho~t\t·n<·t·b haH· ¡.,..,.,. f<·pla<t·l\ ¡,, a•wll<­
hly \~n~uag~ mutm•·• in lt·" th.m ~tfi ul 
tfll' "yotem. 

Oouo att·~ of ,,(¡"-""' t·ngin<-<·rin~ th:ll i• 
nuw uml~r .,.,,[)' ¡, ')'''''!\ •p<":itinHi,n< 
The nhjt·ct;,e ;, !<> ·'''"' the •P••tif,<;oti<n» 
o•arlv "'in~ a tiW\HI,,,~u""''· Thi< ¡ol.ut•• 
"""'''-ltlm• ••n o\w <i•··i~n and ""'·'' ],.¡p· 
¡·;tuh!;,)¡ \O."hetht•r tho• >f•t·c·t\L<",LtÍ<>IL• nro· 
ffil'l. 

An ~arly """"PI•· ul ""<h a •[><'t'ilio .11 iom 
""a< the -''"''Hlleol ''l(nlol•·-- pr"~"""·'""~-· 
i!l11K1 ~. K.~t'l7-il li " l''"l"'lh ,-.,]],.,¡ 
""trut·H;rt•d IH"C'""""i"~:· ]t l't·•1t"" <h• 
1.-rm ,,¡ -·'·'"'ll"'"" ,, l"""l.m,ln•-f '""' "'1·. 
~,,, thi-- "''lrÍI'\Í•In l"l\tnlHI11•< '" '"'"'"'' 
twn~1hility ·•tt•l <tthan<e• a '"''''' Lll<·~­
¡>1'xlf. 

A ""'·nnd ..,., ot ''"h ,.,¡, __ ""'t'l"'' o:, .. 
,.,,,.,.,,, 111 le,,.¡, ul ,.¡,_,li,«\Í«II. ittluoa .t­

tilln hidin~. Hl><l n,,,¡,t[,. "'''''·"'''" Lu ,,. 
,¡,¡,., ;o••<-" tu ti,. llllo'tll.d ''""'""- "' 

<1.11., 1'.""'" 11'.\t<\~21 1"'"'·''"''" 1i11·oo· 
;,,.._., v,lwh "''"' ,,,,.,,1,.,,1 i'""'tic-<'' •ti ,._,. 

p<·rt l""~'·'"""''l' H•• <!u""'-' dat.o •1-' a , ,,u,.,.,;,,,"' ¡,.~¡, ,,¡ ,¡,¡,,."- ,.,,..¡,,.¡,¡,a""' 
ui a 11<>11' .1 hl ' · <t;<t ' -, 1 ' r«n-< h "' ., , ·;n o 11 ,. n 1 .,. 
\\li:•o·n to hi•h· Lh•· 1'<'1"'"-"'·"'"" ni.¡,..,,. 
,¡,¡,.,.,_ in-id•· ·'"i'·"·"'' llt••·lu].-, Th•· 11'<·1 
'"""'IHtl:uo·• Lit•· "'')'_,.,_ io·. ··:dii<1~ lh<' 'i"" 
,.;,l¡•f<>ll'lltii'I''-

St·'<·l"lla"~""~··· 11"11 i,,.·lltt;ol•· lbt• .,,,. 
ot ¡¡,..,... nttl<t·¡ll• h."'' 1~-··n ,¡,.,,.¡,1""'[_ 

• ,, "'"''" 'h'"" ,.,.,. ! :1 • '-'" 11'• w1 ~~ 1. ' ·u -
ILt-¡;7~). aiH! ,\1.1"11.\111> 11\"n.o;iij, •¡·¡.,._,. 
110:•¡:••""'' pt'tllll1 l"'"f'"""'""'"' 1•> oll'lin, 
;ol.-"'lltt d.ot.L '-'1"'·' lo.L\Íil~ :111• l'~'"i"'ll\' Lt> 
''""'lJ"Ubl<·th .. 1<'1'""'"1"11"11 "' ,¡,,. lo~i­
e~l ohjo·<L• ll.t•l·:·;:,¡, \\'helt 1'101\<Ufl< lll) ¡, 

~" ¡_..,,., th<" '"'' "1 oh-lf.<ct .,l•i••o·l· 1111<-1 
1~· '"'""'11.-.1 111 _.,ndu,.,,;,.,,; .. ., ol•" ,.,. 
;om¡ok. h·k,_ -i~tt.oi<l: in <hi• '·'"' th·· :,h­
<lr.<l'l ''"'' ;n_,,_.,,,.,., ,,.,.<.,;;,.,¡m,,.,¡,,.·, 

¡\1tn11"'' ,,,,¡ "' '1"'''11''·<11"" '"'·'"'' .,¡ 
''hi~lt<·l' <•l<l··· '"''"·"'' '''""'" tlillc'i 
111.1 \U ~1, 1. "ltio lt 111 , .. 1 -. 1 ul '" ·"" •< ll• t h. ot 
'l>l'<'lft• .lll<''lahl<• inl<"f.o•'IÍ"II> ::11\uttl: ¡•!'<,.-­
,.,,_.., in a lo•nl-titl«·•.<•l•'"' tltw ,!\;,.,., l'n•­

htbit.< n p:o~·o•,< ''"'" "'"\t-,llin" "' """ 

'"'"''"'"' """''• ,,, ,., 

··-------- ...... -

•-'l'CU\1<11\, tfot·fe o_,, rot lill~ <IILl f< 1 Lto'-i"t. Íl 1 , 1 
<lo·l~tl- o\1\:olho-r ,(1\UI!( •l.ol<• <ha< !lum<~l­
,,!,· <••ntr,.[, "' """ in¡o11t o!.11a -p:u ,, .mol •­
:lwo ,.j,.,·,. tllt.thlo• to .dlo·r "' "'1"" nri.oh:,·•, 
\\"lotlo· lh,.,,. ;L\1<111" .tn• ""' '""'!'i··:o·. tlw< 
"'"a rir<t ''''1' 111 i"flltaliwt~ •¡•• Ltli.,<Lt•lll• 

tnr '"·"''"' dt·,i¡:n_ 

SUMM.O.Il~ 

B,,,.¡.,., b:o- -:.n···l •C.-.·11 prin<ip\ ... .,,.,, 
h:o<<' lldpo·ol '''~"'"·''' tlw ,,.,.¡""'1'''' ,¡¡_. 
''"'"'d in 11••· 1'·'1"'' i 11, <1:11~''1· 

1> ,\[,,,.,,_,,. '"'"''" '"'1'" .¡,¡¡¡¡,• ,.,, ,.,. 
¡dutl. '1 hi- "''"'"' to !tollo"' th· •ult'""'' 
de'l-hljllll< "' ¡,<,. o'\1 ¡ .. nOli[Ío;o··l ,-¡"\i,·r. lt 
,>lln«• ¡,., ¡,, o:l,,,;-;. ,, 1,¡, h u¡u!"''" ¡o,,.,'""' 
"·'~'" "" t 1o<· ''"""''1"''""'' ,,¡ pro·<iou• ,¡, .. 
• -i-1'111' l,., .. lll<- '"''""'·'"· 11 '"''"'"'"''" 
mtlt"'""'"' '" ,. '""""' 1"'"~'''" 

~1 1'<'1("'·" ''""'""""" ,.,¡,.,1.,,•, .. ¡¡ t'• ,. 
<il< ,.,,,¡, t"'" '' lliL• <rL< tll <•1 .1 lll<"it,Íc•.' ><' 
"'d~.<lo<••••,;h· ,,.,ti,.,,¡,.,. ... ,¡¡""- lh ,,._,, 
• ... ) .. ·····"' ¡,¡,,¡ •11\IJ llll\' •·' ,h.- _,_,, .. ,, 
, ¡, ·" h itt .o!l ']," '"' ""'·'' :, ,, t, 

,;¡ .\l"i"J"'" .¡,., ¡¡,¡¡,,.,¡ !""'" '' ,.,,,. 
¡,.,¡, ,\11 ''"'1"" ul ""'".1•·•1--<1• .;,., •J. ',1 
IILI 111-<, 'C•UI'<<' <odo. 11'1'1 ,¡,, IJ,l.• lllol"""' 

,,.,,¡ "' tnrth-·h"cri<l '"- 1.,1 '" tlh· ""''"'' ,.,,', 
n'""~"' ''' ,¡,,."""'"'' "'"1 1"''"1·'"· ¡,¡,,.,.. 
i ,., 111\1 '' lw " nn h "'"" 11 " 1 , , ! ·"'' ! . ' n<l ;o ,., :. 
¡;,,¡,. t<•:o<IÍII~. ¡n<>,i~tl l<'f'"''i"o l<•1: .. •. h· 
lot .ni.m,, 11 ,¡,.,-,.¡,!"'"''" lth1.L1 ,-_ "'"\ .1 1 '"'.1· 
t•(( ll<>t•·l"'"k .lii,-,,:;ÍhLtl•' '" Lht- ~· ,t[, 

-11 ¡·,,, ,.,.¡,,,,.,_1 fu¡¡,{""" ·'"'"','<"•·.r 
¡¡mpnmmi!J~ 1'1. '1 :Ht<l p_,_, "· h·o" 
~,,.,,¡ ,.,,,,,¡ _.,,,¡ d'"" --m..-;•n•·· l'rc-. 
!""' . "' ,,.,. . -,¡,, ";,, h ''"~""""' F• ••n '' , " 
'"' ! ¡,,._,, ,, 1 H< t !:fo" IJ,.,..- rtjl\ Ío 1\ L ,,., ), "Í.ph'• 

-ndt a• '"'1'""'' "''""""'Ltl. "'''"'" o!.•l,; 
"''"' "' ,;,,,,,_ ,,,,¡ .l.;i:t ¡¡,,. ... '"''""'k-,¡,,"~.! 
¡,,. ""d. 

_-,1 ,\lu¡n,'llil! ,.¡, ,,,- '"''''""'/t.·i•d~t·. ¡·_,, 

mdt•;\nl\t·• tu Hl<'"''"'"l'"''~'•"'··"'d ;o 1''"-'" 
"''..,,,.¡,,,,In'"""""' •.. , • .-11 ¡,rl;,¡,¡,._,¡', 
, flni 1•-

o;¡ ( ·,,. !n·llo•< IUHI /•'.'< • 1 1'''"1'1•· -;l. o 
,.¡,¡,.¡ l''"•:<.<ll\tll\'1 '''·""· ;,. ,¡,, ;, ,.,,hin­
tiL<·odu.tl L• ,;,,H,d ·ul ,LI'•"liiL'I\:"<' 1<~;' ILt• 
'" 1 io:t•. ,,.,¡ )""'' 1 ' .. ' 1h, ·'" ,.,.,.o; 'i,·d. ,.,,¡' 
in <ho• ,.¡,,,,_ 

;¡ .1/,.,;,,.. .-,.,,,,,,_.,.,,.,. :.· "''!"•''' 
!"," , . ., "· ',¡,. • •nh- ln1 1 ¡,,. 1~--1: •1 t :, " , .. , 

""!""''"'"''"' ¡;,. •'1'<'11 1" "''" ,¡,.,,.¡,'!'' 



·~·-···· 

.. c-.----

mPnrs in MJf~"'"~ <·n~;,,.~.,n~. ¡.,,, d<> not 
sacrifl<·e ro•haln!uy fnr rno<hf.allllity ..,-hil~ 

pursuiu~ them. 

f'ro~t•!<.• ha.> bten m.~d,• in und~"'tandin~ 
how largt•·•cale ,oftw:tr<· _,_·,tem< ar<• huolt, 
yet more '"'"d' tn ),., <ioloe Mana~enwnt 
aid.< m""' he imprn\'NI an<l prowct ,-.,nwol 
teehm4ues do •·elopo·d. Tht• role uf sol\"''""' 
mans~emenl ¡, <oming more lO re,emhle 
that <>f en~ineHing mana~em~nl in uther 
disciplint•>. \\'e ~an no lon~•r affoul ro,tl\ 
mistak.> when sv.<t<·ms are"' large and ,."., 
dep~tlfl ·"' rnuth "'' th<•m ~lo>l ÍIIJP<>t· 
tan<ly. ""m"" Le pat;<·tll; w<·tw<-d to ~"LJ' 
cxpcrio·net• un ~>hirh fUlure theorie• can 
r~ly. 
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JNTRODUCC ION. T 

> 

COMO UN EJE1·1PLO t'>E APLlCAC!ürJ PPo1CTICA DE LAS TECtliCAS 
ESTUDIADAS ~· r•E LO QUE PUEDE LOGPfWSE ·C\IIJ LA APLICACION SIS­
TE~IATICA DE LAS 11ISMAS., SE F.NALIZARAfl LAS CARAtTERISTICAS DE 
LOS PROGRAMAS GENEP.A[•OS POP Ur~ GEtiEPF!DOR DE APLJCACW11ES. 

EL DIAGRAMA FUNCIONAL [1EL SISTEMA ES EL SIGL:IENTE: 

OBTENER 
'E5F-EC IFICAC l OttE·~! 

! ESPE.C IF !CI1C 10NES 

' --------------
! >~ENEFADOR DE' 
! APL!CACIONES 1 

' 
GEIIABC ¡- DEF. '-. 

/ GEIJPEF! APLIC. ~--------

' " --------· --
! 11ANEJO DE' 
! ARCHJIIQ$ ! 

' ' -----. -------- ·----. ------
!GEIIEF',.:.Dl)R DE! 1 l"'1AL·:"J':0 (>.:.'.:! 

"IO:P(•,;'"rí':S ! AFLfCi•<;iú'>ES' 

' . --------- ---. . ------ -- ·---- ·-- .. 
!DH. r•E 
'•FYORTE 
' ----.------

!C.I-~11'\L_()G•) l,oF.::• 
pr,pr-IRT'.:S ' 

' . --------------

EO:::PEC!FI•:H'~ l•:•tJES. 
f:'._ IJSIJAF:IO !"triO,!_ H!1Eí'C.CTU!•. l.•<i'E_I_¡,:,,-.:f.NF: ,· . .-· ~- ,,., 

PPt.•PQh:CI•:·t<RF: Lt;S 'iSPi:t!"'!•:h.i•-'i-'f:O: C·>~ ¡_:, ·1- 1 •·· !~'' .'~:·:, ,, .. 
El! I.A FIGS.· !. Y;< S!:: •·:L•"":-rF:.'-'•• ¡:, f-~'~'·i-r_:¡ i" ,·:~::·; ,,._,L_ · •. _,~ •. 
5f:;R'._Ilf.' f-'¡:lf<P [\fOF!;;r~· '.'U,-; >'ri''.T- ·~.'-'·''o~ '"·'j:,•._,. ''~ f.Ol• -_,~, 
Co!"""f<tO•.' ~ 1'0:: o"'L·N':Pl!!. l·l: í~t'~t:..::·~"'' 1;•.- ~:: ,_ •., .. ··i''-:·.i-< 
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' 1 ,, 
J 
1 
' ¡ 
1 
i.' 
1 . 

{ 
' 1 

CAMPOS 

CAnPO • 
' 2 
3 

' , 
6 
7 
S 
? •o 

2 
PAü. 1 

SISTEMA: SUSC:RIPlCJF<I::S DE LA REVISTA 
ARCHIVO: SUSCR 
VOLUMEN: SUSCR: 

10: TIPO LONGI TUO TJTULO: 
NUMSU N 6 NliM. " SUCRIPCION 
TlPSU A ' llf'O 
NOMa ' 25 NOMBRE 
OJREC A 25 1HR!::CC:ION 
COL S 20 COLONIA 
CP N , "' LOC A 25 I.OCAL l OAt! 
PAIS A " PAIS 
FE VEN F 3 FECHA DE VENCIMIENTO 
TELEF A "' TEL. 

POSX POSY 

o ' 
:~o 4 

3 6 
o 7 
2 S 

7 " o 11 
5 12 
0 1.5 

20 1 (1 

OESPLEGAOOtSl 

DESP # 

LLAVEtSJ 

LLAVE *1 

' 2 
3 

CAMPO 
NUMSIJ 
FE VEN 
CP 

POSY 

I=!G. / é""j'PEC/f:JCflCioNES i)E UNA APL!C;JOON 
(PARrE 1) 

' 



' ,, 
,1 
1 
,¡ 
' • 
1 
í 
• 
1 
1 
' ' l 
t • ' 
1 

1 
! f., 

3 
PAG. 

• 
NUM. DE SUCRIPC:ION:~--- l !PO: 

NOMBRE: -------
DIRECCIUN• ----------

COLONIA: _______ _ 

' ' 
CP: __ TEL.. : 

LOCAL !DAD:--- ·-;-·---

PAJS: ,' 

F.ECHA DE VENCIMIENTO: 

' 

,F/6. 1 ¡;SPEUFICACICNt;S fU U.NA API.!CAOcN 
(PAPTE:z) 

• 

! 

1 

! 

1 

1 
' ' 



• • 

¡ 
l 

! 

CAMPOS 

CAMPO ' 1 
2 
3 

' • 6 

' B 

4 
PI\(;. • 1 

SISTEMA: REFERENr::r AS BI !3L IO_ORAF ¡ CAS 
ARCHIVO: [<lB 
VOLUMEN: BI8LI: 

l lll TJPO LONt•lTUI: TITULO: 
TI TU A '" AUTOR ' ' "' AlllOR(ESJ 
EDIT S 30 • PUBLICADO POR 
FECHA F e FFC. DE PUBLIC. 
TIPO A 2 T !PO 
DlSP e 1 DI SPONJ [-<l. E (~'IN l 
PAGS N ' NLIM. "' PAGS. 
TEMA S 20 TEMA 

DESPLEGADO (S l 

DESP 11 
1 

LLAVE(S.l 

LLAVE 11 
1 
2 
3 

TITULO 
AAMMDD 

CAMPO 
rnu 
TEMA 
AUTOR 

PCISX F"OSY 
o 5 

17 . 14 

POSX f-'Q~;y 

o ' o 9 
o 1 1 
o 13 

2' 13 
o 16 

20 1 ,_; 

o lB 

' 

' 

',c¡G 2 
{PIIRTE" 1) 

E5PEC:.Ir/CAOON~S Dt~ (!NA API-ICACION 

• 



'• 

• 
• • 

' • 

1 
\ 
1 

5 

T 1 TULO 

'----- -----------

AUTOR(ES.l: -----------

PUE<L 1 CAfiCI F·Of.:: -------·----·------

FEC. DE PU[.;LIC.: TIP(r: 

AAMMtr[l 

01 ~P(INJ fiLE (SIN) 1 NUM, [Jf:: PAGS.: 

TEMA:-~--·--- ______ ---

'F!G :l, C)f-'EO¡CjtAOCW.fS Dt UNA APLICA C!Oiv 



1 

• • 

! 

' ' 
1 
j 
• 

1 
1 

' ! 

¡ 
• 

¡ 
" 

' 
'' 

1 
' 
., 
•• 
t· 
1 
! 

MENUS: 6 

Pfii-'H OPEYFII': EL 5l!.TEMH flO S~ PEI•I.il>-:F·I: A!'PEr<(l¡oo::- O::.:•:·ltt'l[<o:o; 
SitiO QUE El SISTEI~H VA GIJHlNI!IJ 111. IJSI!t'IP.l(• "Hl,-IL f·•.•k [•JI-'.-­
(\10 [•E NENUS ·~LO U~H>~"(I (•IJE S>: ~·t::I•IJliCI·:E t~-~ Sl·LECCl•"•r<~l~ 
Ui (11-'Clüll [•ES[::t'll•FI Et< l_l!l H<•HUU•~• lq;[·r.o. 1051(• Sfó li.l.!::ill''tl [10 
LFI F!GUP~I 3 

PROGRAr1H•.S> GEI~ERH!.>OS· 

A CCirlfftlliAClüN SE PF:!CSEIHH IJII LISIH[•It [•EL F'RC•üi"r<P-, •~IC~Jf:;;,[.,_. 

PRPH L>1 FrPL ICAC 10/J DE U•lll ~:l•L VE F.Eí"EPEI<C 1 H::: 81 !3L i 0GP~•F I•~ .:.:; 

7 



' 

. 
PA~CALr.EN/LI: REFtfiENCI AS Bl [lL 1 OGRAF 1 CAS 

----- -------- ----------- ---·-·-----~-- -------
BANCO DE DATOS: 

A. INCORPORAR REGIStROS 
B. f.llM!NAR Rf.C>ISH~OS 
C. MODIFICAR REGISTROS 
[), CONSULTAR REGISTROS 
E. IMPRIMIR FORMAS 
f". FIN 

SELf:CCiüNE OPCJON [A-FJ: 

• ' 

,..-------------·-
r·,sr·:/\1 .GUJ/U: REFfRENCI AS [rJ [ll. J OGRAF' 1 CAS 

-----· ------ ------------- --- -· -·- --- --·--·--·-· 
CONSIJL TAS F'DR: 

A. TIT 

8, TEMA 

C. AUTORIES) 

D. FIN DE LAS (IJNSIJLfAS 

SELECCIONE CJPC/üN rA-I•l: 

----

7 

! 
1 

1 
' 



C R O S S R E F E k E N C E 
= = = = = = = = = = = = = = = 

#5~GENAI:IC.TEXT 

PRINTED IN 18-AUG-83 

" 2: ( ~-------------------------------------. ,, 
4: f'ROOilAI'IA ESCRilO POR: ,, 
" " ,, ,, 

PASCALGEN/U [2,3) 

"" 1 0: ( •· ------------------------------· -----· J 
11 : 
12: (*fS+U) 
13: (•fV-~) 
14: f'RC(;RAH Alltll!B: 
1:!: 
16: USES 
17: VHEOCTRL 
18: - , ISArl 
19: ,RI:::POOTU 

"' 2 L : 
~~; UJNST 
24: 

'" 26: 
27: 
2e: 

"' "" 31 : 

""'AC:CfSS.fJATA'• 
= 'Rt::f8lEN::IAS klfjl.!OOf<,.,!CAS': 
= 'Bifll.lt'l 
='BIB. DATA': ,, ,, 

24: 

32: TY?E 
)3: CATRfC = f'AC».:D RttOR!l 
34: 
35: 
36: 
:n: 

"'' "' "' 41 : 
42: 
43: 
44: 
45: 
46: 
47: 

"' 49: 

"'' 51 : 
:;;>: 
:!3: 
:-4: 
S5: 
56-: 
~7: 

"' 59: 

''" 61 : 
62: 
63: 
64: 

"" ,., 
67: 

"' 69: 
70: 
71: 
?2: ,, 

TITU 1 STRlNGt40l¡ 
AUTOR 1 STRINGI30l: 

EOIT : STRlN&t3<ll¡ 
FECHA : DATE: 

TIPO 1 STRINGl2l: 
Dlst' 800L.EAN: 
PAGS : /NTEOE:R• 
TEr\A : STRIN&t?oJ: 

END: 

BJT\IECTM ~ f'AC~Erl AAAAY [0,,7) CE BOOLEAN¡ 

""' BVFILE FILE CE ll!T\II;(,TI.Jl: 
CATFILE 
RtAT 
NflicCS, 
NAXrAT 
KEYITE1'1, 
SECHV 

FILE (E CATREC: 
CAlREt: 

lNJH,fR¡ 

STRJNG¡ 

Of'f_Nf!LES : FOf<'I,IARD: 
CLUSUILES· Fffi\MRO· 
JNSSEC ( 1: l Nlf!if~¡ RCAT: CATRECI : 
OEUEC ( 1: INTEGER¡ RCA T: CAfRI:CJ : 
STATUS (f<'l['NO: !NTEGE:RI : 
D!Sf'LAY <.JJSTDISP: BOCl.EAN J 
GETKEYITEM : BOOLEAN: F~D: 
PCI-1AJN : FORWARD: 

SEGMENl PRDCEDURE INITIALJIE; 

'"' Rl INTEOC~: 
BV:BITVECTOR: 

' • 

• 

' 

• 
,. 
7 



74: 
75: 
76: 
77: 
78: 

"' "' 81 : 

"' "' 84: 
8~: 

"' 87: 

"' "' 90: 

'" 92: 

"' 94: 

"" 96: 
97: 

"' "' 100: 
101 : 
102: 
103: 
J 04: 

"'' 106: 
1 07: 
108: 
109: 
110: 
111 ' 112: 
113: 
114: 
115: 
116: 
Jl7: 
1 1 B: 
ll91 
120: 
121: 
122: 
123: 
124: 
125: 
126: 
127: 
1~: 
129: 
130: 
1 ~~ : 
!32: 
133: 
134: 
1)5: 
1 36: 
137: 
13B: 
139: 
140: 
141 ' 
142: 
143: 
144: 
145: 
146: 
147: 
14S: 
149: 
150: 
1511 
152: 
153: 
154: 
155: 
156: 

f'ROCHIURE CREATE: 

"" 1: Jt(IE(ifR: 

PROCEOORE CREATEISNI; 
8EGJN 

9 
lf NJT JSI:RrATEti.CCWCAWJ(OWIL 'ISO! 'J,I'I.Mú\1 ,NCf"KEVS-1 J 

-ASORTC'ISCREAT~'J: 
ENO: 

BEG!N 
f'RCWTAHOLI,'~ACION 1.: ARCfllVOS'J: 
ctEARfR!J1(J} 1 
I'IAXCII T: "'0; 

Tl.f:rl 

GETVAI~T(5,15,4,'NUMER0 DE REGISTRO&: ',MAXCAT,O,XAXJNT,FALSEJ: 
MI..LRfi:C; 
REWRI TE 1 CATF !lE I.~A T 1 VOI.NAI'IE¡CA TNAME J J : 
PROI'IF'TAH5 115, 'VI:J(if JCANOO REG STRO: 'J ¡ 
FOO 1:"'0 Tu I'IAXCAT DO 

BEGI~ 
CATFILE•:= RCAT: 
PUHCIITFILEJ· 
CAPTAINTI 15, !6, 4, '', 1, TRUEJ: 

· END• 
O..C!SE IÚITf !LE, LCICI;J 1 
I'CSA\IE II",.IUCA T, CON:A 1 1 \ICt.~ CA T~J l 1 
FOR 1:"'0 TO 7 00 BVI!l:=FAL~: 
ROIR 1 TEI B1JF ILE, CON)U( VCUWI.', B\INAMEJ J : 
SEEr. IBVFILE, OJ ; 
B\IFILE': =!lV: 
FOR 1:=0 TO MAXCAT DIV 8 00 PUTIBVFilEJ; 
BVIOl:=TRLEI 
BVfllE':=BV¡ 
SEEK 1 8\IF !LE, O 1 ¡ 
PUHBIJFJLEI; 
O.. OSE 1 8VF !LE, LOCXJ: 
CREATEISNI: 
E~O¡ 1• CREATE *' 

BEGIN 
SCREf!KR¡ 
lf t<IT I'IOUHTDI::Ieflt(;AH'2,',\1Ct.HAI'IE,'/'Jl HlH 

f'tHAIN • 
R: :=f 1 LEC..: lttN:.A T 1 VOLNAt'C, S\INI\I'tE J J ¡ 
IF R:!(l THEN 

!FE~~w 
11ct0Alllf'VI~CA T, CUIC.A T 1\ICt.NNE, CATNAI'IE l l ¡ 
EHD; (• INlTI.AL!lE *1 

stt.IIENT PROCEDIJRE ADDREC; 

"' l: INTEC;ER; 
8: OCO.EAN; 

SE:AACHSV: INlEGEk; 

INTEGEk¡ 

TO I'IAXCAT DJV 8 00 

FUNCTICW Sf'AC.{¡ !lOOLEAH¡ 
BEOIH 
IF NRECS < I'IAXUIT TitE~ 

SPACE : = TRU:: 
El SE 

BEGIN 

(J < 7JJ Jl{l J:=J+I; 

EAAHSGI'NO HAV ESPAt!O !"ARA l'tAS Rm!STROS',Tiru~o; 
Sl'ACE : = f.AL'Of.; · 
E~D· 

END¡ ' 



' 

!57: 
!SS: 
!59: 
160: 
1 611 
162: 
163: 
!6~: 
16~: 
166: 
167: 
168: 
169: 
]7(1: 
1711 
172: 
1731 
]7(: 
175: 
176: 
177: 
1781 
179: 
180: 
181 : 

'"' !Sl: 
1 a..: 
JS:i: 
tU: 
1 S7: 

!!Ji 
190: 
191: 
1'12: 
193: 
1 94: 
19'5: 
196: 
197: 
1?8: 
199: 

'''" 201 : 
2(12: 
203: 
204: 
205: 

""' 207: 

Jlj; 
210: 
211: 
212: 
2!3: 
:l!4: 
215: 
216: 
21 7: 
218: 
219: 
220: 
z>l: 
222: 
223: 
224: 
225: 
226: 
2271 

"'' "'" 230: 
Zlll 
:<321 
2:<3: 

¡jl; 
"'' 237: 
238: 
:?:;9¡ 

BEC.!N 
ldR ISAri~J 
1 F SPACE THfN 1 Ü 

BEGIN 

&.EM:~S!f~~, 
""'" STA TUSVf!fCS+ J J : 

......._LREC: 
DI >H.AV i\RUE 1 • 
IF ~T GETKEYhEII THEH 

BEGIN 
IF 8 TIEN 

BEGIN 
UOSEFILES: 
OPEM' !LES 
ENDJ 

EXIHAODRECJ\ 

""' J:~ JSfiND!J,I::EVITEII,OJ¡ 
IF DO THEN 

f.Rfd!SG('VA EXISTE ESE HEGISTRO', TRIJEJ 
ELSE 

BE61N 

"'""' UEAAFRCI'Il23J : 
D!SPLAYIFALSEJ· 

UNTJL YES(0,23,'fSTA CORRECTO 15/NJ? '1: 
1:= SEARCHBV· 
JF NOT ISINSÉRlli,KEVJTEJ1,J,OJ THEN AI!(IRll'JSINSOCI'l: 
lfUTERE\lilL.~ 

fm~ ¡~:¡, 
~~~M,e~ATJ: 
UEAAFROI1 [231 : 

l,.l'jllLE¡jgf SPA(E: 
ENO; 

EHD: 

Sf.GHENI f'ROCHJURE I•ELETEREL: ,.. 
1: HITEGER: 

BEGIN 
<•IR lSAl'I~J 
QEARFRCJI(JJ: 
JF NOJ GET~HIW~ THEN f.HHDflEIERECI: 
1:= JSFINDU,KfY!TEM,OJ: 
1F 1~0 THEN 

BEGIN 
E~C'NO EIJr.JE ESE REGJ$TR0', TfrtJEI: 
EX 1 l ( DELETERECJ 
EN[!¡ 

' ' 

STATIJS(JJ· 
REA!f,:[C(J)¡ 
lliSf'LAYOfit.EJ · 
JF YESC0,23.'ÉSTA CORRECTA lA El!MINACION ($/NI? 'l THEN 

BIOGJN 
IF N01 !SDfLETEU.~EVITEI'I,!.Ol TI-EN ABORH'JSDHETE'J¡ 
Ot(IFH.!V( 1 Fo>LSEJ: 
Dfl.SECU , kcA TI : 
NRECS: = JSJ'(J>U J: 
CLOSEFILES: 
a>Etf'JLES 
ENll: 

END¡ C• DELETEREC •J 

!'>CGMENJ l'f!OCítlLM: CHANGEREC: 

'"' J : 1 NTH•ER: A'CJ : CATREC: B: BOCl.JAN¡ 
BEGIN 
( lit.R 1 SM., J 
&:~FALSE¡ 
flfPEAT 

O.EARFRa'I(JJ¡ 
IF NOT GETK.HITEI'I THEH 

BEGIN 
JF 8 THEN 

BEGJN 
U.05EFILE!'>¡ 

--- ----. .. -------. 
1 ' 



240: 
2411 
242: 
243: 
2441 
245: 
2461 
247: 
24a: 
249: 

'"" "'' 2:12: 
253: 
2:14: 
255: 

"" 257: 

""' 259: 

1 ' "'' 261: 
1 262: 
1 263: 
' 264: 

1' 
26.5: ,.., 
267: 

' 
268: 

1 ' 

2691 
270: 

' ~1: 
1 ' 

,, 
' 

~3: 

" 275: 
276: 
~77: 
278: 

~; 
281: 

'"" 293: 

""' "'' ,.., 
287: 

. 2'89: 

"'' ""' 29lt 
292: 
293: 
29~: 

"'' 2'96: 
'2?7: 

""' ""' ""' :?;(11 : 
302: 

~· ' ' JM; 
"'' 309: 
310: 
311' 
312: 
313: 
314: 
315: 
3"16: 
317: 
318: 
31~: 
320: 
~l: 
321: 

CPaFILES 

"'" EJIHC!WilER!::CI¡ 11 
END· 

1:~ ISf"INOIJ.KEYlTEM,OJ: 
JF 1~0 J~N 

[RRI'IS(l( 'NO EXISTE ESIO REOISTRO' , TRt.E: J 

"'' BEOIN • 
STATUSUl·¡ 
REAMEC(J • 

. OlSf'I.AY<TRúf:J: 
RCJp RCAT¡ 
PROI'IPTAT<0,23¡'0PRJ~A <REILI'!N> PARA NO CAM!!IAR'l: · 
DlSPlAYIFJ'ol.SE • 
IF YESI0,23,'ESTA CORRECTO !S/Nl? 'l THEN 

SEOIN ' 
[ElSfC(!, RCI l: 
INSSECI l, RCATl ¡ 
W!UTERECIJJ¡ 
8: =TRI.E:¡ 
ENO: 

END• 
ltHIL FAi.Se 
ENO: <• OW«JEREC •J 

SIT.riEN1 PROCUl.RE JJIGI.IIREREC: 
VAA 

I,KIIHTEGER¡ 
C: CHAR¡ 
PICONS: l'IENU¡ 

!NH/ICCWS¡ 

!E lA'; CONSULTAS'¡ 

FIN:T ICW GETSOIIEKEY IK: 1 NIEiltRJ 1 OOCUAN: 
BEOJH 
GETSOPII);ty:: TRUE¡ 
CASE K OF 

I:GETSOPIEKtY:= &ETK[YITEM: 
~~ BECilN 

RCAT.TEM:: "• 
CAf'TASTRIOL! S, 2o, 'T81A: :_.. RCA T. TEMA, FJOoLSEl : 
lf RCAT.TEM"" TtEN l>tTSCtiEKEV:ooFAI..Sf: 
END· .. 

J1 BEGIN 
RCAT.AUTOR1: ": 
CAPTAS TRI 0, 9, 30, 'AtJTffi( ES J : ' , RCA T. AUTOO, r Al. !:.0 : 
IF RCAT.NJTOR: " THEN GETsctEKEY•:FALSE: 
END: ' 

(N[l¡ 
END: 

FUNCTICN lOClv.f"(IRH V ( ~: 1 NTfGER J : JNJ(~(R~ 
VAA 

I:JNTf&ER:l:liNlEúE~¡ 
B€0/N 
JF ¡.:,¡ THEN 

u:O:FOOKEY: :¡ SF INDI l, KH 1 TOI, O 1 
nSE 

BEGIN 
CASE r. OF 

2• COHf'ACH RCA T. TEM~, SECKEY l ; 
3: COPIPACTIRCAT.AUluw,SElKEYI: 

8<0· 
l ijj'Jom:n :: ISF fNtl\ 1. SEUiEV, r-11: 
ENO¡ 

ENO; 

SEO IN 
IN lTMC:CfiS; 
REPEAT 

PROtiPTATIO, 3, 'CU!Sll_ lAS P(JI: ·· l ~ 

f't "~~~!I~Viu ~~m~~l;, 
O..EAAFJl0:113J ¡ 
NlltlREC; 

• 

• 

' ' 



• 

323: 
324: 

"'' 326: 
327: 

'"' lló: 
331; 

"'' 333: ,., 
""' ''" '"' "'' "'' ,.,, 
3411 

'"' 343: 
344: 
34~: 

"" 347: 
348; 
3~1: 

"'' 3:!1: 
352: =· ,.., 
'"' "'' 357: 

"'' 3:!1: ,.,, 
361: ,.,, 
"'" 

'"' 
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([$(:} 

"''"""' i ' ) ) f 

FAlSEJ THEN 

:-sé-4: Pf\OCECURE CLOSEFILES¡ 
~~ BEGIN 
366: O.USHCATFILE,LOCIO¡ 
367: CLOSE<IM'ILE:,Lto::J; 
368: JSClOSEOJ: 
361: ENOt 
370: 
371: 
372: 
373: 
374: 
37:1: 
376: 
377: 
378: 
379: 

""' 381: 
38~: 
383: 
334: 
385: 

"'' 387: 

""' =· '"" 391: 

"'' 393: 
394: 

"'' 396: m, 
""' 319: 
400: 
4{¡¡: 
W2: 
403: 
404: 
40:>: 

,¡) lf.EN ABr.:.lTI'ISINSERT'.I; 

2J THEN ABORTt'ISJNSERT'l: 

f'RüCHUR! rf:LSECt •1: l NTfGERt Rt:.AT: C.ATR:EC• J ¡ 

'"' L:LlNTEGERt 
BEGIN 
COI'IPACHRCA T, TEI'IA, SEO' .E Y l ¡ 
IF NOT ISDF.LETfi!,SE~EY\I,ll fHEN A~T!'ISDELETE'l; 
COIIPACT tRCAT. Al.lllt{, SECH J J 
!F NOT ISDE:LETEU,Sf::Cl::'EY, !,2J TrEN ABOflH'!SOElHE'J¡ 
END; 

FU~T!ON GETKEYlTEllt•:JlOOLEAN•l ¡ 

'"' l:LINTEGE/l; 
BE!liN 
RCAT.TITU:" "· 
CAPTASIRtO 7,40 ':' RCAT.T!TU FAlSEJ¡ 
lF RtAT.TJtU = ¡, l~N GETKEYfTEJI::f LSE; 
~EYITEM:= RCAT.TITU; 
END¡ · 

PROCHt.f!E S1ATUS<•RECMh lNTEGfR•J: 

'"' S:STRI0014l: 

• 

<I>'J; 
!MPR!JIIR' J ¡ 

.. 

. -- ------·------ ··--· ---~---------- -------



1' 
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1' 

i 
1 

""1 4071 
4001 
409: 
410: 
4111 
4121 
4131 
414: 
415: 
416: 
417: 
41~: 
419': 
4201 
421: 
422: 
423: 
4241 
4201 
426: 
427: 
421<1 
429': 
430: 
431: 

mi 
4341 
435: 

"" 437: 
438: 
439: 
440: 
441: 
442: 
4431 
4441 
44:'.il 
4441 
447: 
4481 
4491 
4'50: 
4:511 
452• 

m: 
4:5':1: 

''" 4:57: 

"'" m; 
461 : 
462: 

"'' 464: 
46:'.1: 

""' 467: 
468: 
469: 
470: 
471 : 
472: 
473: 
474: 
4»1 

"'" GOTOlYIWIOTH-II,IJ; 
FORM(RECN0,3,0, TRUE,Sl¡ 
WRITEtS '/')¡ 
F~t!SfoPttl,3,0,TRUE,SJ; 
IIUTEtS '/' )1 
Fll'llltMkAT ,3,0, TRlE, SJ: 
WRJTE<SJ: 
END: • 

OISPLAVIlJUSTCISP:BOOLEAN~J¡ 
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LOS F•F:OG~·H~1RS 13Er~EF'fl['ÜS T lEtHOIJ LHS SiljiJUi)ITES th~·Ao.:;-rf::~·E:-­

TICFIS 

+ Lll4tl ESTPIJCTURH TEF·H~'G!Ulf.H PEF""EC'Tti~IEI~fE [·EFlNII'><_ 
•• 

+ UN BAJO >1COF'Lft11JEtJTO EtHPE LOS C0!1POt;EtHES C'El SI::E~-IR. 
PUEt•EI~ ELif"IHtr'WSF. CO~IP(tttEr.rTES ;_PMF·H PPUEE'HS P•Jf.': E-JE'·iPLO 
O PH~:R !''EEI·TPLA<:APUJS FO:J~· t:•TF:O:O NUEVOS;• •; El. "ESTO [•El .. 
S! SHCMA POCRA OPF'PRP. F·Af. •:-IHU·1HHF.. 

+ LA UTILJZfiCIOft (>E LA t:s;;;oJCTU·~-A r·E E;; .. L<•~'-'E~ OUE POSE~ 
PASCAL PARA Uttf< MEHJP UTILIZA(10N C•E LA t·ICJ1r:•P;JA. 

+ USO t'E H•EIHIF!CH['OF:ES t~Di::CUAúOS 01JE H~·I_I['Rit A t~UE EL 
PFOGRAI1A SER RtJTODOCU11EtHAI)0 

+ USO [¡E CONSTAN TES PAPA 1-"A( !l.l TRP LOS CAr~E' l <)S Et< Cf< ;r:_, 
lll:CESARIO. 

+ EL USO t>E i'JUCHF6 FUtJClOIJE$ l'E L!8FEPJH 

-+ FACIL [>E MODIFICHF-_ 

-+ UN DESHF:R•~LLC! ruP-::•OI·lN 
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t1DDI~ICH,:·lr.n: (>E F-Ef,JS".IP(LS• 

-~ o_;tiSUu ft I:•E <':l•.; ¡ -; r.~:,.·i- < 1:' r F ('f ·r·tl• .-to':'-'":1•.: J AL •, ¡: ·•trt·L)t·L• 
I_ITlll::HilC•(J LAS I.L~!\1":5 Pi>E'•'IA<·IUHC [•E~'j,'lll•i•·,_ 

• 
t·IAIIE.II.' l'•E C:)!li•l•. [0:-l·ll~ ;:·;,~·•·t S[LE('.'l•-,!1 :·~~ .""E:I~¡·;o:-r~~-··,~ 

+ l•lHr<E lrl [>E LO:r.; ~·¡:;~·r}~~TE':i 'r: ,-,~!TC<i.•r."rF' 1 •fO l_ll ,¡¿;;. '· "!riC' '·' I.>C: 
F·RGU!f"¡, ETC) 
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Li-1 ESTRUl'TIJPH JEF·HF·C•IJl•~H lA: ll!l(o !'·t. L(•<ó:- ¡•r;o)o_,~HII"'5 0:.!;. ;:;.·,,¡_,_r:=. ~t:. 

PUEC•E APPEClftl'" Ol L>-1 STGli!ErHE UWTH f•E 1::~-1,.1JC"ri•~·H_ 

~I'!AtiEJO l•E H~~CHl'./0"5~ 

' . ---------------- -----. 

' --------------------- ---------.-- ---------·- ---- ---------- -- -------------

! HHTIRLIZE! 
. ! ----------

! ! -------------.: '------- -- ------' -
! -------- ---- ( ------' 

---! ---- --,-- ----

' -----.--
! •:PER1'E ! 1 ~JSSEC 1 'r>ELSEt~·' 

' --------. 
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i •ELETEF·EC 
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ll !SJ.'L"<',' 
•~EH:;-;,•¡ rr~~ 

t•<:C-SH: 
!!U~ L~ '- • . 
'-, 1-1·:··· "'" t< ",1 
( ?~~<t l LE~­
SEAf''o:·¡¡<;:'i 
SPHCE 
STATUS 
~IPITE~·F.•~ 

CL•): •.:F;Lt¡ 
( EI.SEC 
C•!SFUW 
roE 1 ¡·,;o·,'~ ·1;: 1 ·• 
HJ~S~.o; 

n~·~.r<r-: L"::­
;;·uü~'Fr: 

::-Tf!TI_IS 
fWTTE<-•Ec 

r:-t.ost:F H. F.::. 
loEL'O:E( 
[• l SF'L r•-,' 
r,En_E~·rn.:: 

O!lOFFE::'•' 
<.tr't::t lF 1 L 1::: ;e: 
l·!::HiH'E•~· 

SlHTU~-

CLOSEFILE~-

1•1JT!f<I.I2l'. 
('P~.RTIO: 

Mf;IH_ISf'LEC! 

PP 1 NTFü¡;.'M 

1111 T' ''~r•rJ;:. 
OF'Et<>JI.E:S 
SCI"EEt:•<r>¡. 

[• ISPLtW 
G.:. rrlt:::-t11'~·,­
ut::rsor1E'T'? 

l. '")i :;- •:•k;;¡: ·' 
11[!11 I'OU.f.:C 1 

tli.ILL!' E . 
¡;•f::fi( · F ! . ~ 
SCfCEE• 11 ¡¡:.~­
S:IHU'O 

·~ETS"PE·:-~ 

FPIIH 

:::-~·F ;n E E'•;t· 
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Pf,~·i1 C ,-,.~ fROLf1P I_H Ul' .. l t•fl[• NC L'.l''i f ·F:o .. "~~ >oll~'~o-. ,-,u iliH'IL•• .. ·~· 'o' 
LOG~·HIO. lltJ~i HL'fA Cf!!l~ l H~;! '- 1 f·'"[' l· r t."H>:•·-~ F·~:Cn' -~ i<1·'-~!-;, ,-,'-,:;;)t<U=­
l•E LC•S C:Lt::t·IErHUO UT!LE"'DOS SC·!~ 
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(EJ. •;PDSS f'-''OFEH': 1 K!:::. t HIHL 1 .;);L·~•c-' !::·:; 1 F".''~ 1 ' r1; F-L. 
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~1( (lf U-1!·1 JC:::I!TO 't' '-'~ IH Al. Tf·l C •!• líO~: l (IIJ 

L..H ESTF.UCTU~·M ES·¡ iH !( H C·EL P~'GGFH11t• SE I+Jt::S·r~ H ~IJ L >< 
f'"lt~URH ?· 

LA FOI";PJA EN LA CURL LAS ~-UI 1/J~:O- F.:Sícl/1 r-r-:LH•_ Cürl-'11•,'•:0- E•~ 

CUHitrü H OIJF F.l•UtiAS UTILIZAr! Fl •:U8LES SE FU::C•E. 'J"'F 
t:.!l Li"1 f'IGUPA 6. 
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I:·~·EtiF !Lt::S 
CL•)Sl::I-ILES 
t!IJLLF:F.C 
'Jtle<FF8'·' 
!tlSSE•: 
DEL SU:: 
FEAI•f-'EC 
~!P-ITE~.EC 

STATUS 
DlSPU<',• 
Sr:P!::EtJH[!P 
<;.!':ARCr'8V 
.::-?AtE:. 
1""iE ·¡ ;;E'•' 1 l'F.r~ 

•:,E'I I·Jió)':'t f E', 
Gr::l'SOHOf.:E';' 
L.:•t•I'FOI':f'EY 
t1Et~USELEC T 
HHTlAL12'E 

PRlll1FO:OF:rt 

r<Df>PEC 
l•ELE:TEPEC 
CH<=tt ••lEPEt' 
1 NrAI J FEREC 
FIIHS 
SCI':EErll-l[•"'' 
QPOJFILES 
CLOSti'"TLES 
tJI_ILL~·l::(' 

OtJOf'FF.<'.I 
:~':0.8RCH8V 

H1SSEC 
[•ELSE<~ 

rrn Tr"•: ,-_,¡ ;s 

tJE:,:l F '"~E 
ttE:•nH_tFtl•! 
.-:-,ETS"PF. t .·s 
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PPOCH•IJRE: 

~18(818 

BLAII!<S 
p~· 1 ~n 

CHAtlGEF:EC 

CLOSF.:F!LfOS 

(¡;-E_ATE 

At>Gr,EC 
CHF!NGEPE~ 

C•El.El EI':EC 
~'"ltHS 

IIJITIHLIZE 

e Rf''' n:: r sr:tt·J 
CPEtlTE 

C•ELETEf<EC 

C'ELSEC 

FINIS 

CHHtiGE:OEC 
L•ELETEPEC 

HC•C>REC 
CH>1ilGEPEC 
f>ELETEREC 
JtJQu¡¡;'EREt' 

FtBC8l8 

GETKE'iJTE!·I 
f'IN'EEC 
CHAI~GEP.EC 
DELETEPEC 
GE_ T·;ot·l El; E_•,• 

GETI<D;1Ft.Y 
lilQiJJí·:Eio:EC 

GEl ~;:t)rtf'.:VE'T' 
1 /IOUJ f.'l:f>F.f': 

GETSPECS 
r-·¡;· l 11 1 F t'JP/1 

ltliTlALIZE 
f•IK818 

Hl!TlALJ;:E 

!NQUIREPEC 
~to('OT" ·- ·- -· - - .. - ~ . 
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·••.J-""-" 
AC·DPEC 
CHHtJGEF'!Ot 

LOOI<FOF:I<E~' 
I~lQIJI~·ERE( 

ONUSELECT 
HBCE<I8 23 
I ~~~''-' ¡ FH'f' '~ 
t1EWJ~~i::LE.C f 

NEXTFOf<"M 
PP.HH 

NULLREC 
AN,REC-
CREAlE 
ItJOU!PE~'EC 

ONOFF8V 
R[•DP.EC 
f•ELETE~EC 

OPENF'"ILES 
R[>[¡f'-'EC 
CHRttGE~'EC 

L•ELETEFF.C 
INITIALl2E. 

PPHIT 
F'PIIHFCIF'I·I 

• 
• 11 IHF•:IPI•I 

f'o8C81B 
!NGIUlFEFE(' 

' PEADPEC 
C HRNGE,·EC 
GELI.'-.Tl::REC • 
Hl•XIlFEREC 

SCPEErtH[•P 
IW Tli-1Ll ::::F 
rrn•ur~E::I·'E'( 

~IEIIII:;::t:t.E•:· f 

:?EAPCHS\1 
t-+l•f•PE·~ 

SPRCE 
•)[•DPEC 

STATu:; 
F<f•[<RF.C. 
CHFI!lGEFEC 
l>ELETi':r•'EC 

t¡;:ITE~:Ec 
l ~WIJI REPEC 

<l[)['•f.'EC 
CHRIIGEPEC 

F!G (; {ONT 
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Programming Standards 11 

COIOL 

1 

11.1 ......... -··~- ·-... ... e a, 

~~';,.:',.~~ pina ... lw tfw pro¡rammin¡ la,.:.;.F uscd tor 

.. " ' 
A...:m~ >bou\d be oncd only for p¡obkuo !hit 1~ Ímpo>.>iblc !O tomiui~IC 
UIR~ 080~ ~~ ~llld <eqUÍn: a IJ'Cal dl"or1 to tormubu.asin¡ COBOL 
tluot mvohc<;:rlloc;d l~nllnp or tho;t miiSl .. 1is!y porticular requii'CIIIC'IIt• bo:cau>e 
al !be wa)""\f\cy are unpkmcntcd fe.¡. otancl~rd IO(t,.~rc) 

ApprO\Ial inust be giva~ for tho: ~"" o{ A....mblcr. Whcn '..sm, Aannbler 1M i 
•mcnommdau~n:rulesapply . ..,fara•""'.;ble asforCOOOL •· • d 1 . ~-- ' ......... lt'f .... 
conUllnb should be~ •ymbolocolly ¡.,.¡,.1 EQUI. 

• 
11.1 Sena ... 

Sma.:turÍIIjl con\""liolh for COBOL P"'F"""; 

111 ~ prosr;om orpnÍ>'.iltiUfl ¡, "lrial) ddincd. 
121 IJpp:r k>och •hould cont..oift ""'"''> control funcliotb. 

• 

. i 

,.,._- l 

¡ 

' 
ITOI) . Z02 

Ul•hfy ..,~~po...,. ..... 

""' ""' ·~· 
F ..... \1.1 P<op_orpftiD.._ 

Cl) '"'- ohould bconl)' -STOP RUN Of RET\JRN (in O.tripoll stnoallh: 
bloct.). -

1•1 Thcruhould tw oaly onciNPLiT « ouTf'liT ·~~cma~t ro. txh dala lile 

aad pnl · 1-*· 
(S) oS..hpopUDSmóodd Wca!W~ ..W, PUFORW ad 116 c.ly by EXrT. 
(61 AD aobposr- Jo.oc """' nlr) aMI - ait 16J . Ullll u.Uc: ia lile _,._,_ 
(7) Subprc>pllms INY oal)• lw ea&d at dinaly ....totw.tiiuou: k..a (co.ccptooa: 

ulility subprosraal). 
(1) 00 TO inotruc:tíoni m11y not kad out o{ thc subprnrram. 
(9) 1'b: ~~ames oftM Wbprop'aiiB llhould iadicaM: tk poUlioll •-i1hi11 t~ 

lritnn;by (á. Fillln: 11.1). 
( 10) 1'b: OCQbtn<:e of ..,topr...,-.- sbou1d be tistcd i11 tho: ordc:rc:orrespondint"' 

lhc propalll orpaiulioa. 
(11) loop< .... y-~-
(12) Whm ~led pphlc21ly. a otruciU« block should JIO\ nceed onc A4 --

11.3 F.,...liaaelSintt....,B1oob(F~1·1.l) 

SIJ\Iet...-e blocn are buih ..p uclwiuly by ad.din& onc io anothcT (>«¡ua>oe) or 
by ~ ..... buic: c:lcmcut iDto ...othcr. Whcn addiaJ oac: suut\W"I: blo<l."' 
anotho:r, tK lo-a ~ oC ~ Jll"C"'Cdi"'! ttJ\Ieturc bkd. muR II"Citt thc '"I"J'CC" 

"' 



~· 

P22 """" 

CASE 

• 
ELSE 

P23 Na"" 

1 WHil.E -··- • 

1 
[J] C"'loO .... __ lPER!'ORfllor ~PASS] 

Fopr< 1 l.! F"'"""'""" el "ruct""' l>krl• 

•• 

1 

~~ of thc foll<•"ln~ str uclulC ~lock c·.•·aal.•. Whcn in\l'r'Un¡ tkm< 
r!ement (m !hr ,~q~t"'-r of tbc inMr ckmtnl>l m:." fin th< nutto 

rampln~h 

.¡' . 

Fom,.l cotr\C1rlion• 

~~ rmmbe" should be a \local~ in 1rour~ of fiw oo that it i~ ca•icr tn mal< 
btcr addition>. lndcntalions should follow the fuiddinc~ in !be COROl form. 
A11 PICTURE cntric> s!an in !he ume eolumn (ptcferably 41)_ 

01 Zl-EXPEJ"SE-RE.CORO. 
OS Zl-ACCOUNT. 

01 ZI-ACCOUNT-1-6 
01 ZI-ACCOUI\'T-1·9 

PIC Xt6l. 
PIC XC3l. 

Pangr-~ph names~kl be"'-riurn on a •cpualc\one. Tbereohould be onl) onc 
statcmcn• pc-r line. In ,....,-al. •tal<mtnt• •hould llan in column 12 tcoa:pt IF 
tomm;;mch). For IF comman<h. ¡ho command< thal au ueeutc4 fortho YES 
and 1"0 ca>t<. shoukl be incktol<:d tuVnJ 1M 'uiokh.,.. U. tho COBOl fonnl: 
"ELSE" >hould be ""riucn on a 1oCJ"'ratc linc and uan in thc u. me column ••rhc 

ptecedÍnJ 'IF. 

MO\'E EI-CUSTGP ,TO ZI-CtiSTGP. 
1,;230-0~. 

IF El-TYPE--320" OR -330"' 
ADD EJ-VALUE TO TI-V ALU E 

HSE 
ADD El·PRICE TO El-\'ALUE. 

n.. hcadin!S for data dcfmnions and sub--progr-a..,.. sl>ould be darl¡ indJCal<:d 
usi!lg ... can:ls . 

"""'" This should ncord a11 mod!flcations to thc J;rolfa.m. 

Frut~~: 

"'" Ven: 
Namc: 
Modiflea1ioa: 

Oa1e of 1bo: applicalion for amc:ndmcnt (clc.r crou •~fncDCCI 
[)a~ of !he prog<;IDI modifioc:a\ioa 
Numbcr of the versi011 01 modifrcatioo 
hUúak o( !ho: -pr<>&<ammo:J 
A brid sum,_ry o( tbc modif>ca\ioa 01 !he Jd'anc< lo • 
c1oc:umem JI>Ot<l be ¡iven. 



SECURITY MODIFICA TIONS CARRIED OUT ~,-
FROM ON VERS.NAMEMODIFICATION _ 
09.01.7-t !)01.14 00~ Bl NAME OfCOUNTRY.Ol7 BELGIUM 

PERMITTED 
¡g_06.7~ IOOU4 OOJ K El -\DDITIONAL FILE ISSUED FOR 

CO!"FIR~IISG DEADLINES 

RnnarL..' 

Tbi> ti'"' a br~f de.cription of the compon<nt•. AbbrC"\iati.onl that are u,;ed 
lattT •hould ~1-.o be indude<l ~re. 

E.wmpl•· 
"The eumplt: i1that ,¡,..., on P"l< 121. 

Rnnark•. 
lbis p<Op-am listl a!l order transaclion d:ua ao:ordio¡ to lb< crileria !iven 
im <be paramclcr card•. V.r,thin <hesc: <:ritcria, tbc summane.. and bstinp are 
ia \M ~uer.;t sp:cificd b) <be u= on tht line pan.mtter canh. Tbe lisun1 
of order U'"lnsactioo• comprises tbo dau for orden al>d tun>oYC"f and tb< 
u.!ft stati•OO li•ting priuts tlK dau for hlnln'o-er i&Dd npmditurc. 

Ea\ iroa- dh-ision 

S,lr~l 

The name of the data file is allocate<l in tb< Spe<ifi<:ation pha...,. 

·CONDITION 
f'D "'{f'7S20! 

FILE 
RECOft.DING MODE !S F 
BLOCK CONTAINS 1 RECOft.DS 
RECQft.D CONTÁINS Sl3 CHARACTEJtS 
LABEL RECORD rs STANDAJ.D 
DATA RECOft.D IS U.CONDITK>N-ItEC"<WI.D 

U.CONDITION-RECOft.D 

In. BS 1000. columru; 73 10 SO co.n be: -=d. lar: 

(a) date ot tb< modificati.on; 
{b) number ot the application for ..odifica<inn. 

fe) pr<>Ff~m numbc:t: 
td) o:h<:r idcntifoca1ion. 

The u.C of \be.., colull)n> mll\1 be tor.$istont -v.illiin a 5yn~m. 

Kote 

1~ BS 2000 tlru "'~ rn~lt;, Joto~:;'""" <par< .....t m lb<..,.,. P'"P.,~ bbnf) 

II.S Struclure of • COBOL Pro~ram 

ldrmlific:atÍDII di1i.JM 

Aulhor 

Thi> ,.¡,ould inc1udr thc namt, offia:. localion. and 1ekphon< pumbc:r of lho 
membcJ of staff. 

E;wmpiL 

/AUTHOR. MEIER. !>." DD VE 15. MCH·HIBR. TEL. 4~~ 

( 1) u.., condilion 1Un>CS (8&-kvd): 

(a) to ÍDtaTopto codcd &Id (IF MALE in$\c.&d of IF EI-SEX -11; 
(b) to interrople wo1us ,.,riabkl (s-..itcbc:s .,.;lh mon: than "''"su ~e>). 

{1) Swilch names oho111d <kscrilx !ho pr<><>=in¡ ou.ac: 

(H1G-DATA·F1LE-OPENED, HII-F!RST-PASS ¡,<lad ofSWITCH-1. 
. SWITCH~1) 

(3) Swilch va1un ohould deocribe symbolically tbe otate of thoe swil.cb: 

(YES. NO i11<<ead of 1, O) 

(4) Cbrif~ the COBOL coóe ad<q~t.~.ttly llling commans (" cards). 
(5) Subpro~arm ,.¡,ould 1x • rcaSOCLablo: sUc ("P w 200 iagruo:tioJIS) 
(6) Pro~am ltstin¡• cbrilied by oepotnttintdívisi.oa.s..cLo•a arca>.. and­
(7] Dala &lds numbercd ÍD a>ttnd:inf order and ...-rine>:> Ílltho corrCCI ""!...,..,., 

(au>.ilw) 6eld~ constan!S. nc.). 
{8) Ddinitive data namc~ •• ddined iD !he spccific:at.ioPs. 
(9) Con•lanu in the WORKING STORAGf:·SE:CTlOI" ddined b) 'alooo: 

~-- . 
{1 O) ldentifyint conotanl with JII"OJ!Rnl """""· -..::rsOon DUJnbc:r. and ~ 

dallt at tbo: ou.n of tbo: WORK.ING STORAGE SECTtoN; tlús c..-­
sbould appcat in thc pro¡m•lft \o&. 

(11) Ddinitiw: tcCti.on headinp. . · . 
(12) Paragraph namao on a scparatt line ltfld ......bcred in asctndt"'l! .,. .. 

within a ooction. ,, 



T abl< 11.1 u .. of COBOL in<tn.u:lion• DATA DJVISION 
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' . ' . ~. 1 }'. DIRECTORIO DE ALUMNOS DEL CURSO "METOOOLOGIA PARA EL DESARROLLO DE SISTEMAS 

DE INFORMACION" IMPARTIDO EN ESTA OIVISION DEL lo. AL 29 DE JUNIO DE 198~. 

1.~ ALARCON DE LA ROSA EDUARDO 
HERRAMIEIHAS TRUPER, S.A. 
ANALISTA FIIIANCIERO 
CALLE "E" no. 20 
COL, MOOHO 
NAUCALPAN, EOO. DE MEX. 
345-23-99 

2,- ANAYA DURAN SAUL 
ELI LILLY Y COMPARIA 
ANALISTA PROGRAMADOR 
CALZADA DE TLALPAN No. 2024 
COL. COUNTRY CLUB CHURUBUSCO 
DELEGACION COYOACAN 
549-Jl-40 

).- ARREOONOO ISLAS FABIOLA 
ELI LILLY Y COMPA~IA 
CALZADA DE TLALPAN tlo, 2024 
COL. COUNTRV CLUB CHURUBUSCO 
DELECACION COYOACAN 
5~9-31-40 

4.- ARAN DA PASTER ANTONIO 
PETROLEOS MEXICANOS, S.A. 
SUPTE. GENERAL 
AV. MARINA NACIONAL No. 329 
col, veronic~ anzures 
531-60-46 

5.- ACUILAR BOJORQUEZ HUMSERTO E. 
GRUPO ICA, S.A. DE C.V. 
AllLAISTA PROGRAI-IADOR 
1'\INERIA No. 145 
COL. ESCANDON 
OELEGACION MIGUEL HIDALGO 
51b-o4-60e><t. 489 

6.· ARENAS HERilANOEZ LUIS 
CONASUPO 
AYUOA:HE EJECUTIVO "L" 
AV. JUAREZ No. 92 
COL. CENTRO 
DELEGACION CUAUHHMOC 

VICTORIA No. 3518 
COL. ARAGON INCUARAN 
OELEGACION GUSTAVO A. MADERO 
07820 ME XI CO, O. F. 
5 5\-36-77 

PLAYA CORTES No. 389 
COL MARTE 
OELEGACION IXTACALCO 
OB330 MEXICO, D.F. 
590-76-9 7 

SUR 17 A No. 408 
COL. S\NATEL 
DELEGACION IXTAPALAPA 
539-82-50 

SANCHEZ ASCONA No. 16St-801 
COL. DEL VALLE 
OELEGACION BENITO JUAREl 
03\00 HEXICO, D.f. 
688-68-48 

SECC. SABINOS No. 1-202 
UNIDAD INFONAVIT-IZTACALCO 
08900 1'\EXICO, D.F. 
659-80-38 

AV. DE LAS TOR~ES MZANA. 6 LOTE 6 
COL. LA NORIA 
OELEGACION XOCHIMILCO 
16020 MEXICO, D.F. 



' ¡ ' 



,, 
7.· ARZU8JOE ARZUBID€ LUIS ANTONIO 

aANAHEJI 
ANALISTA DE SISTEMAS 
FRAY SERVANDO T. DE MIER No. ~2-llo,PJSO 
COL. CENTRO 
OELEGACION CUAlHTOIOC 
588-?Z-8~ 

8.- ARREOONOO FAVIOLA 

9.· BAEZ IW~EZ ARTURO 
MULTIBANCO MERCANTIL DE MEXICO 
AUO 1 TOR DE INFOP.HAT! CA 
URUGUAY·No. 66-So. PISO 
COL, CENTRO 
DELEGACION CUAUHTEMOC 
06000 MEXICO, D.F. 
585-58-46 

10.· CALVA CRUZ CARLOS A. 
BANAMEX 
ING. DE SISTEMAS 
fRAY SERVANDO No, 42-llo. PISO 
588-72-84 

11,- CHAVEZ ANOERE MIGUEL 

12.- CEIHENO PEREZ LUIS ANTONIO 
INSTITUTO MEXICANO DEL PETROLEO 
JEFE DE OFICINA 
COL. SAN BARTOLO ATEPEHUACAN 
DELEGACION GUSTAVO A. MADERO 
5~9-66-oo 

13.- COLIN MANILLA AUGUSTO ARTURO 
OIRECCION GRAL DE OBRAS 1'\ARITIMAS 
JUE CE OFilA. INVEST, Y ESTADISTICA 
PROVIDENCIA No. 807 

.,: " 

COL. DEL VALLE 
DELEGACtON BENITO JUAREZ 
03100 ME~ICO, D.f • 
523~48-53 

14.- DE Gi\IITE SANCHEZ MARCOS RAUL 
OIRECCION GRAL OE INGEIIIERIA CE SIST, 
ANALISTA DE SISTEMAS 
AV. MICHDACAN S/N 
COL. TEPALCATES 
OELEGACION IZTAPALAPA 

'Ü921U MEXICO, D.F. 
691-76-01 

EMILIANO ZAPATA No. 50-101 
COL, CENTRO 
DELEGACION CUAUHTEMOC 
06060 MEXICO, D.F. 
5~2-32-64 

RETORNO 6 DE AV. Q[L TALLER No, 11 
COL. JARDIN BALBUENA 
DHEGAC 1 ON VENUS T 1 ANO CARRANZ~ 
15ZOO MEXICO, D.F. 
552-61-12 

DILIGENCIAS No. 46 
COL. VILLAS DE LA HACIENDA 
ATIZA?AN DE ZARAGOZA 
EOQ. DE MEXI CO 

EDIFICIO 50 OEPTO, 3 
UNIDAD LA PATERA 
DELEGACION GUSTAVO A. MADERO 
587-87-09 

SAN FRANCISCO No. 6~4 
COL. DEL VALLE 
DELEGACION BEtliTO JUAREZ 
03100 MEXICO, D.F. 
523-87-86 

AGRUPAMIENTO 6 EIIT. 1 OEPTO. 12 
COL, U. VICENTE GUERRERO 
DELEGACION IZTAPALAPA 
09210 MEXICO, D.F. 



1 5. - DE LA TORRE RENTERI A RAMON 
INSTITUTO DE lNYEHtGAC IONES 
INVESTIGADOR 
DANTE No, 36-So. PISO 
OELF.GACION MIGUEL HIDALGO 
11590 MHICO, O. F. 
525-6 7-39 

16.- DIAl RAMIREZ CARLOS ALBERTO 
CQSA DE BOLSA BURSAMEX 

ANALISTA 
I~ABEL LA CATOLICA No. ~3-801 
COL. CENTRO 
DELEGAC 1 ON CUAUHTEMOC 
06000 MEXICO, D.F. 
518·3~-20 

17,- DIAl ROJAS ENRIQUE 

ELEC. 

INSTITUTO MEXICANO DEL PETROLEO 
PROFESIONAL ASOCIADO 
EJE LAZARO CAROENAS No. 152 
COL. VALLEJO 
OELEGACION GUSTAVO A. JoiAOERO 
07730 MEXICO, D.F. 
567-66-oo ext. 20518 

18.- ESCUllA ACOSTA RAUL 

19.- ESTRELLA IGNACIO \ 

20.-

21.-

OIREC. GENERAL INGENIERIA DE SISTEMAS 
ANALISTA DE SISTEMAS 
AV. MI·CHDACAH S/N 
COL. TEPALCATES 
DELEGACION IZTAPALAPA 
09210 MHICO, O. F. 
671-96-01 

FLORES MAS TACHE VICTOR JaSE 
TELEFONOS OE 1\EXICO, S.A. 
ANALISTA SISTEMA INFOR. Y CONTROL 
PARQU( VIA No, 190·9o. PISO OFNA. 
COL. CUAUtlTEMGC 
222-52-09 

FLORES ROMERO 1\A. DE LOUROES 
OIREC. GRAL. DE GEOLGRAFIA 
AUALISTA ESTADISTICO 
SAN AIITONIO ABAD No. 12~ 
COL. TRANSITO 
588-~~-02. 

1 i 

"' ' ' ' .. 
'i 
•• ,, 
·' ' " ' • 

1 

RIO CAlONES S/N-~03 
FRAC. PASEOS OE CHURllBUSCO 
DELEGACION IZTAPALAPA 

COAHUILA No. 92-10 
COL. ROMA SUR 
DELEGACION CUAUHTEMOC 
06600 MEXICO, D.F. 
56~-61-00 

CALLE GRULLA No. 8 
FRACC. TERRAZAS ARBOLEDAS 
COL, CO. LOPEZ HATEOS 
ATIZAPAN OE ZARAGOZA, ECO. DE MEXICO 
5~020 MEXICO, O. F. 
379·96-50 

NORTE 54 No. 3719 
COL. EMILIANO ZAPATA 
OELEGACION GUSTAVO. A, MADERO 
07850 MEX!CO, O. F. 
517-12-29 

BENVENETO CELLitll No. 171 
COL. ALFONSO XIII 
OELEGACION ALVARO OBREGOr~ 

0\-60 MEXlCO, O. F. 
563-21-18 



22.· FUENTES MARTINEZ MANUEL 
DIRECCION GRAL. INGEIIIERIA 

DE SISTEMAS 
AV. MICHOACAN S/N 
COL. TEPALCATES 
DEL~GACION IZTAPALAPA 
09210 MEXICO, D.F. 
691-76-01 

23.- CARCIA ARENAS EVELIA 
S. P. P. 
TECI11CO Hl SISTEMAS DE COMPUTO 
SAN ANTONIO ABAD No. 12~ 
COL. TRANSITO 
S6'8"-n-oo 

24.- GARNICA HUITRON GONZALO 
OIRECCION GRAL. OE INGENIERIA 
DE SISTEMAS 
Al/ALISTA DE SISTEMAS 
AV. MICHOACAN NNS/N 
COL. TEPALCATES 
DELEGACION IZTAPALAPA 
09210 MEXICO, D •• F. 
691-76-01 

25.- GARZA VALDES LEONARDO 
INSTITUTO MEXICANO DEL PETROLEO 
PASA! /TE 
EJE CENTRAL LAZARO CAROENAS No. 15~ 
COL. SAN BARTOLO ATEPEHUACAN 
OELEGACION GUSTAVO A, MADERO 
567-91-00 ext. 20~9J 

26.- GASTELUM OROZCO RAFAEL BALTAZAR 
1 I>ST 1 TUTO ME X 1 CANO DEL PETROLEO 
ASESOR DEL SUS DI RECTOR DE DESARROLLO 
PRO FES 1 ONAL 
AV. LAZARO CARDENAS No. 152 
COL. SAN BARTOLO ATEPEHUACAN 
OELEGACI ON GUSTAVO A. HADE RO 
)67-66-00 e~t. 20007 

27.- GOHEZ CARRILLO ANA MARIA 
REPORTERO INDUSTRIAS MEXICANA 
JEFE DE IIIFORMCION 
GOLDSPUTH No. 38-306 
COL. POLAIICO 
5~0-05-05 

TAMAGNO llo. 187 
COL. VALLEJO 

TENAYUCA No. 96 
COL, VERTIZ NARVARTE 
DELEGACION BENITO JUAREZ 
03600 HEXICO, D.F. 
575-37-37 

PLAN DE GPE. No. 56 OEPTO. 4 
COL. TOCOAAN 
DELEGACION GUSTAVO A.MAOERO 
0]]30 HEXICO, D.F. 
586-59-5~ 

CE~RO DEL OTATE llo. 233 
COL. SAtl FRANCISCO 
DELEGACIO~ COYOACAN 
0~320 MEXICO, D.F. 
55~-35-43 



28.- GONZALEZ DURAN NORBERTO 
SEGUROS OANCOMER, S.A. 
JEFE DE SISTEMAS OA~OS 
AV. RIO MIXCOAC No. 63-13~r. PISO 
COL. SAN JOSE INSURGENTES 
03900 MOICO, D.F. 
598-~5-23 

29.- CUERRERO ELIZONOO SERGIO 
LABORATORIO DE C.F. E. 
COORDINADORA DE SiSTEMAS 
CALLE AI'ASES OTE S/N 
CO. 1 NDUSTR! Al 
IRAPUATO, GTO. 
7-27-27 ~><t. 242 

30.- GUZMAN ALVARADO ANGEl 
l. M. P. 
INGENIERO ANALISTA 
EJE CENTRAL LAZARO CAROENAS No. !52 
COL. SAN BARTDLO ATEPEHUACAN 
DELEGACION GUSTAVO A. MADERO 
569-66-00 

31.- HERIIANDEZ ROBERT JAVIER 
ltiSTITUTO MEXICANO DEL PETROlfO 

32.- HERRERA GARCIA FRANCISCO A. 

33.-

. ' 

MITUTOY.O MEXICANA, S.A. DE C.V. 
ASEOSR TECN 1 CO 
~ALTER C. BUCHANAN No. 236-A 
NAUCALPAN DE JUAREZ 
53500 EDO. DE 11EXICO 
5 76-8 7-99 

HERNAIIDEZ GALICIA VALE~TE 
ELI LILLY Y COMPA~IA DE MEXICO 
ANALISTA PROGRAMADOR 
CALZADA DE TLALPAN No. 2024 
COL COUIITRY CLUB CHURUBUSCO 
D[LEGACION COYOACAN 
549-JÍ-40 

34.- JIMENEZ RIOS ADRIANA 
DES C. SOC 1 EDAD FOMHHO IIIOUSTRI AL 
f<NALISTA DE SISTEMAS 
BOSQUE DE CIRUELOS No. 304-8o.P!SO 
COL. BOSQUES DE LAS LOMAS 
DELECACION MIGUEL HIDALGO 
11700 .~EXICO, D.f. 
596-34-11 

ANDADOR 30 tiANUELA SAEIIZ No. 221-8 
COL. CLULH U A CAN 
OELEGACION COYOACAN 

COLOMBIA No. 278 
COL. LA HACIENDA 
7-78-76 

ANALISTA Uo. 27 
COL. LOMAS LINDAS 
EDD. OE ME.XICO 

CORDILLERAS No. 17 
COL. U. 1 ZTACALCO 
DELEGACION llTACALCO 
08'.)00 MEXICO, O. F. 

ANDRES 110LINA ENRIQUEZ 
COL. ASTURIAS 
DELEGACION CUAUHTEMOC 
06850 MEXICD, O. F. 
538-46-75 

No. 2909 

AV. REVDLUCION No. 314-30!-8 
COL. TACUBAYA 
516-89-59 



35.- LEMUS LOPEZ JOSE LUIS 
SEDUE 
A:IALTSIS SOCIOECONOMICOS 
REFOR/'\11 No. 77 

· COL. TABACALERA 
OELEGACION CUAUHTEMOC 
546-03-30 

36.- LOPEZ OMERO ARMANDO 
U. N. A. H. 
JEFE OPERACION Y EQUIPO 
CO. UNIVERSITARIA 

37.- LOPEZ SANCHEZ MIGUEL ANGEL 
CEIITRO INFOR. CINETIFICA Y HUI\ANISTlCA 
U. N. A.M. 
L 1 OER DE PROYECTO 
CO. UNIVERSITARIA 

)8.- MARTINEZ LOPEZ RODOLFO 
COMIS 1011 FE DE !\AL DE ELHTRICIOAO 
JE.FC DE LA OfiNA. DE ltlf0RI1AT!CA 
APARTAOO POSTAL No. 612 
IRAPUATO, GTO. 
72.7-27-125 

39.- MONDRAGON ESPINOZA ROBERTO 
CENTRAL DE CONSTRUCCIONES EN ING. 
JEFE DE IUFOR.I1AT 1 CA 
AV. JUAREZ No. 187-105 
COL. TABACALERA 
DELlGACIOU CUAUHTEHOC 
06030 ME.XICO, D.F. 
591-13-~~ 

~0.- NAVA GUERRA RAFAEL 

41.- PLATAS FERANDNEZ ALBERTO G. 

~2.- PIEROANT RODRIGUEZ ALBERTO l. 
UNIVERSIDAD AUTONOHA METROPOLITANA 
PROFESOR ASOCIADO 
CALZADA DEL HUESO No. 1100 
OELEGACION COYOACAN 

594-¡8-33 

PLUtiBAGO No. 69-1 
COL. RECREO ATZCAPOTZIILCO 
03070 HEXICO, O.F. 
561-86-61 

LAS FLORES No. 25 
COL. LOS REY ES 
DELEGACION COYOACAN 
04330 HEXICO, D. F. 
5~9-74-79 

AV. SAN BfRNABE No. 101-CASII 7 
COL. SAN JERONIMO LIOICE 
DELEGACION 1\AGDALEUA CONTRERAS 
10200 MEXICO, D.F. 
663-25·68 

lULA No. 1429 
IRAPUATO, GTO. 

CALL SAN SIMON No. 444-0-401 
COL. STA. KA. INSURGENTES 
DELEGACIO!l CUAI.tlTEMOC 
547-830 

PASEO DE LA HERRADURA No. 142 
FRACC. LA HERRADURA 
EDO. DE HEXICO 
294-19-67 

AVENIDA V No. 35 
COL. EDUCACION 
DELEGACION COVOACAN 
04~00 MEXICO, O. F. 

5 1•9-7~-17 



\ 

4).~ RODRlGUEZ BEJARANO SERGIO J. 
PETROLEOS MEXICANOS 
ANALISTA PRINCIPAL 
AV, MARINA NACIONAL No. 329 
COL. ANAHUAC 
250-26-11 ext. 23566 

44.- RODRIGUEZ LOZANO OCTAVIO 
BANCO NACIONAL DE MEXICO 
A!lALISTA 
FRAY SERVANDO T. DE MIER No. 42-11o, PISO 
COL. CEIHRO 
OELEGACION CUAI.}lTEMOC 
06000 MEXICO, D.F. 

45.- JWIIREZ VILLALPANOO 1'1, DOLORES 
LABORATORIO C.F. E. 
ANALISTA DE SISTEMAS 
CALLE API\5(0 OTE S/N 
COL. CO. INDUSTRIAL 
1 RAf'UATO, GTO. 
727-27 

46.- ROMA.'1 AYALA JOSE ANTONIO 
3 11, MEXJCO 
II<G. INDUSTRIAL 
SA;l JUAN DE ARAGON No, 516 
COL. B. LARDIZABAL 
07070 MEXICO, D.F. 
577-01-00 

47.- RAMOS RUIZ J. ROLANDO 
PEMEX 
JEFC -DEPTO. 
HARIIIA NACIONAL No, 329 
COL. MIAHUAC 
11320 tti:XICO, O. F. 
~54-26-11 ext. 2-26-30 

48.- REYES RETANA DAHL GERARDO 
SEQUE 
JEFE DEPTO. SISTEMAS INF. 
DIRECCION DE TIERRA PARA VIVIENDA 

~9.- RU610 YEPEZ ESTEBAN 
ELI LILLY Y CIA. DE MEXICO. S.A. 
A11ALISTA PROGRAMADOR 
CALZADA TLALPAN No. 2024 
COL. COUtiTRY CLUB CHURUBUSCO 
DELEGACION COYOACAN 
04100 MEXICO, O. F. 
549-31-~0 

CALLE JARDIN No. 30 EDIF. "O" No. 103 
NAUCALPAN DE JUAREZ 
05300 EOO. DE MEXICO 
358-~D-87 

AV. ZD DE NOVIEMBRE No. 114·24 
ssa-n-84 

COLOMBIA No. 278 
COL. LA HACIErlOA 
1 RAPUATO, GTO •. 
778-76 

CAMitiO A BELEN No. 85·1·183 
COL. CDVE 
DELEGACION ALVARO OBREGON 
01120 MEXICO, D.F. 
515-48-91 

TEOTIHUACAN ~o. 371 
COL. ROMANA 
TLALNEPANTLA 
54030 EDO. DE HEXICO 

H. OCARAilLA No. 168 
COL. HIXCOAC 
595-84·96 

5 OE /'\AYO No. 253 
COL. SANTA CRUZ ATOYAC 
DELEGACION BENITO JUAREZ 
5~9-31·40 e>< t. 251·270 



• 

SO.- ~ANCHEZ fUENTES ENRIQUE 

. 
51.~ SANCHEZ VALDENEGRO KANUEL 

PETROLEO$ MEXICANOS 
JEFE DEPTO. 
MARINA NACIONAL PISO 32 
254-45-68 

52.· SANDOVAL OCA~A HUI"VlERTO 
C.F.E, 
IRAPUATO, GTO. 
727-27 

SJ.- SIERRA HENRIQ.UEZ HARIA LUISA 
ELI LILLY Y CIA. DE HEXICD, S.A. 
AIIALISTA PRDGRAHADDR 
CALZADA DE TLALPAN No. 202~ 
04240 HEXICO, D.F. 
549-31-40 

54.· VALEIICIA OSORIO MARIO 
3 H. HEXICO 
GERENTE DE ING. INDUSTRIAL 
SAN JUAN DE ARAGON No. 516 
577-21-00 

55.· VAZQUEZ SALAS ROBERTO 
FACULTAD DE EST, SUP. CUAUTITLAN 

56.· VELAlQUEZ MENOEZ AOALBERTO 
DIREC. COMP. AOHON. 

57.· VELASCO VEGA VICTOR RAUL 
VILER, S.A. 
INFORHATICA 
CALLE MANUEL LOPEZ COTILLA No. 934 
COL, DEL VALLE 
DELEGACION BENITO JUAREZ 
03100 HEXICO, D.f. 
559-01-00 

58.· VELEZ CALZADA RODRIGO 
,l. H. P. 

INSURGENTES SUR No, ~~11 E·)7·S04 
COL, TLALPAN 
OELEGACION TLALPAN 
14000 MEXICO, D.F. 
573-19·36 

PUEBLA No. 316 
COL. ROMA 
OELEGACION CUAUHTEMOC 
355-92-38 

CALZ. DE LAS BRUJAS No. 30~ EDif. B 
OEPTO. 20~ 
COL, EX HACIENDA DE COAPA 
14300 MEXICO, D.F. 

CALLE LUIS DE LA ROSA No. 256 
COL. JAROIN BALBUENA 
DELEGACION VENUSTIANO CARRANZA 
15900 MEXICO, D.F. 
552-01-30 



,. 

59,- VERTIZ VANA JOSE ANTONIO 
PETROLEOS MEXICANOS, 
COOROINAOOR SIST. INFOR, 
11ARIIIA NACIONAL No. 329 
COL. AUZURES 
250-26·11 e><t. 4928 

60,· VIORIALES GARCIA MA. PILAR 
INSTITUTO MEXICANO DEL PETROLEO 
INGENIERO ANALISTICO 
AVE. 100 METROS 
COL, SAN 8ARTOLO ATEPEHUACAN 
DELEGACIOII GUSTAVO A, MADERO 
567-66-00 ext. 20)92 

EDIFICIO 8) EtH. "8" OEPTO. )02 
COL, LOMAS DE SOTELO 
11200 MEXICO, D.F. 
557-02-60 

SAIHIAGO No. )6 
COL. TEPEYAC INSURGENTES 
OELEGACION GUSTAVO A, HAOERO 
750-19-51 


