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EA NECERIFAD DE O TWFIRMALTON,

Las ectividedes que ee desorrellen pars ¢l proceso de detos den como re—
sultsdo informacion. La informecidn £ algo Gue requerimos les porscnas
Jes snimrles, Irs oraanivaciones, oto. que sirve para quisr ol cmrﬂr*"—
miento. Fn nuestro crso, cuendo vemes manejando nuestro autorovil  estes
mos procesando dotas, pare obtener inform~cidn cue nos permits conducir
#1 Fuetomovil de 1f mejor menera. De forme similer, une orgeniescion pro-
cusa cetos pare ohtener informecidn cue guie sus actividedes hecia )
logro e sus objctives,

£n les nctividedes del procesc de detos = perticipacion de 125 persones
es orde dia meyor; en los FU se estime oue cercs del SIY ¢e 18 fucrza do
trahajo esta ocrienteds hecie ostes rotividedes, Para tener una idra de Jo
gue este porcentaje significa, en los FU solo el 2% de le fuerza de tre -
bajo esta dedicadn 2 Je ~gricuiturs. Fsto, reflele la Importencie del
procesimicnto de drtos camo vne aActivided fundroents] en Jes oraenizecic-
nes ectuales y g0 debe fundementflmente &

-lo remplele de les relaciones solw les

. . i , . . .o
=les nuevrs teonicrs do administracion{sdministracion ¢
cientifica)

-la tecnologie de 1ps corputedoras

fn le q:gmrnte fiqura poede verse Jr orntided de entidxies con les cuc
unA nrgf*nizar jen tienc gue IF‘]:“(‘jﬂﬂE‘I"(* ¥ por r-nnf:iqulenn‘ demenda de
informacidh.
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Cotro elemplo podemcs resalier Alqunos rrpectes r.;2¢ las formes de relacion
considersndo dog mediors imbicntes diferentes:la tiende de 1o esquine ¥
una cadiens de Li-:‘ndma de rutoscrvicio. Lo tiende de 1o necuine, scgura -
rente 150 relzcidn con el aohierno es sierple -go e cvates fijas- ;
p-rﬂ I~ de una cadena de tiendrs seguremente ©f conplejo —cYculos diver-
s pare 0l pego de cuotase Tor o] estilo rodzh'*mu': extonder osto hacia
ut ras seclores.,

Frederick Taylar, Fronck y Lillan Gilbreth desarrolleron tecnices que
permiticran operar on forme eficjente & Jes organizociones, o&1es cons-
tituyen le base de Jo cue fe conoce como  téenjces de administrenidn
cientifica.

Lo dispenibilidad de 1p tecnologfa de los computadorrs se demerda &
@iario prIa se uso. Informecidn cuc #ntes ers dmesiede costosn o im-
préctics de obtencr es ahors osible # mn costo rasonehle. Con esto
p crecido la demenda de este tipe de informacion.

FL COWCEPIO IF B18TEMM Y SU5 CARMCTERTSTICAD

L> informecidn, es fundemental yare el bombre, 1o femilia, los negocios
irs escunlos, los qgobiernos, ete, y cualcuiers de ellos es un sistemy;
dentro el cunl, cxiste on subsistema 1leamedo si st omp de informacidn que
los provee o informecidn rare ¢l logre de sus objciivos.

Pl hembye 2 ohservede cun o medio rmbivnto-en ol ogue vive requicie orgé-
nizacicn, interrecion y orden para funcions: sdecuadipente. Foto, no ef
una exceprion #n otras actividides donde se desenvuelve. FI desarrolle de
e partide deble on l# contabillidad es una forme sistermctics 8¢ menejar
trenseceiones on oun pegocio.

-Pefinicion. .

Fl término sistems, s refiere & un gropo orgenizade ¢'c componentes relé
cioncdos foncionalmento ontre o, In sisteps existe debido & que es Cise-
f~do pote logrsr wn ohjrtivo,

£] cuerfo himéne ee un cistem?, conpunestn de cstueletp,  mporoto respire-
tario, apsrote circelstorio, sistems nepvioso, eko. solrpente guando rs-
ros subsisters =g encuentren funcionado de pencra coordinnds, Te forga
eimilar podemos heblar de oun afsteme predectivo y de s orgenfzocion.
ToRo M Tistems compaesto de departomenteos intenielscionades llemados
suhsictomes, Mo becho,cueloulinr cosa puede congiderrrse como 1N sistcoma
r: bombre,les orgoarizacionas, 1as fahrices,rl sal, son ejomplos de =sis-
femes .

Mirguno de¢ Jar subsistemcs o5 indrpendicnte de los denes y cudndeo estin
Fropirment e conrdinsdos podemet decir cue’cl sistems funcions exitosa
monte y cumple con sy rometido,
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e o anterior, podemos decin oue on Sistems e2 un gropoe organizede de

companchtes 1lemados mubsistemes conjuntemente ligedos de scunrdo & un
plen pera el logro de un objetivo,

—Caracteristices primarics de un sistore,

Las carecteristicns oue se han obsorvedo on un sistoms son.

s ablertofrerradol cuando inlerectus con rl medio sobiento
-tiene dor @ mas subsiskemes

-hay interdejendencin entre los spbsisterés

-5 autn-#justahle

-5 autoc-reguleblr

- tiene un proposito ' .
-tiene ostructura -
-tiene un comportrmiento

~tiene un ciclo de widn .

-Clrsificavion de los si=temas

Tos sistemrs en general sion clasificsdos por el tipoe y giede de complo-
jidad, Un sistemd puede ser dererministico o probebilfstico y en coda
caso simple, complrjo o excesivements compleje.

Il sistema al ocue pucde predecirselc sus salides, debido a8 que no se es-
Fors cue sl comporteminte varie  es un sistens detroinistica. Por e jenr
Flo una sumadors.

los sistema probebilisticns, son descrites en torminos de probebil ided.
Fn ls mecida cur estos se hacen exceslvimente complejes e salida se
vuelve menos pridecible.

-Fepresentacion de los sistems g

Fn ol trebaja de) onelistes de sistemes, o) sralinte oepore joder definir
~) gsistema, Fl uso de n modela hroo feedl visurlizer 108 relsciones
entre 1os elomenios del] sisteme y 8o explorer formes gue mejoren ) on-
tendimienta del sistems. Un podelo es uno representacion para un siste-
me real o plenvado. F1 objetivo del uso de un modelo es senzler qu ole
nentos significentes y los interrclociones de vn sistemm, <
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Algunos tipos de modeles seon:

+
-roderlos cEQuematicon
-mexielos paie sisteras de flujo
-reclelos pore sistemes csroticos

-podeles pata Sistemes dinmicos

[A5 TROANTZACIOMEE COMPRCIAIES

La tendencia el homhre s crecr argenizaciones. LA rozon, ©s oue trles
orgeni zoclones 1es qrea pars alcanrar ohietivoes que de forre Individund
na lograria. Inc orgenizecion comercial tiene come objetives 1o comercic-
lizacian de productos o setvicios ouwe )i clegifice Como comercial,

L~ informecicn cue se meneje en una orgenizacion comercial puede clasifi-
varse come Pourila due Be qenerd de 1ag Fetividedes interpns de 10 arge -
nizacioniinformecion interna) vy 1z proveniente del medio smbicnte(in-
Formacion retorma) .

i~ infotmecion en una.orasnizacion se requirte por verios metivos:

Fs utilizrda para comunicarle & 1a gqunte oue on ella parcicipn
los objetivos que s¢ rersiguen e inatruirles en 1es politices

y procedimientos fequeridos pars el logro de los objrtives.

Fs usnda para determinar les porcepeiones ¥ dedurciones a sus
empl eedos: 1o forme de Servir & sus ¢licentes, responder o pro-
guntes cue surgen durante 1o epceracion normal Je 18 ermpresa, cte,

- . o : - . o
La demands do informacion en me orgénizacion se encuentrs clasificads
por el nivel dondu surge . Existen tres niveles orgenizacionsles

-nivel oreracional dondo te desprtollan las acti-
diarirs
-pnived toctico donde sc fuporviss y plancon

las rotividades diarias
- . . .
-nivel evotroteqico donde o epcnenlre 10 pdminie-

tracion é¢ alto nivel y la pia
neacion & large plato

. I = ] ’
-0hjeLivos fn oene organirecion
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Los ohjetivos en und organizacich se cpauentran glasificados de acverdo

~ log niveles organizecional rs gue existen.

~ohjrtivos del nivel orereciona)
-ohjetives 2] pivel tictico
. . . L
-objctivos del nivel estrateglce
Para estphlecor los ogjetiuos cn cada nivel, se requiare de una gran
eantitted 2o informacion. Para gsreblecor los obictives de ventye en un
regocio, se reouiere conocer que fzoclores influyen en lfs ventes y Como
-
se espera Que estos foctores varfen en o) periodo para el oue fueron es-
tablecidos los abjetives.
-Componentes i ung orgeni zacion comercial
Las crgenizaciones comercicles estan cofpuestis de personas que trabajen
en diverses actividades llemedas funciones comerciales, estes funcionpcs
pueden considerprse como suhsistemes y vonstituyen los componentos prin-
. ' = r . = =
ripales de 17 organizacicén. Mra hecor #u trabajp en forme eficiente

les personas  bacen use de eeificios, vcouipos, e,

Loy componentes principedos Jo vne ogenizecidn son los siguientes:

—rercedo
At es
~rrotuccidn
-rontral de irwentar ios .
-rantebil 1dad
. PR
- juridico
- sequr idad

= o+ '
el pciones poh] jcas
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NIJ EL LAFTRMATERICS

pidEt TRCNLO

spleEs  OPETEAC D NYL

prgenizecidn piremide]

-

+ = A ,
sEstructucs e wma orginizacion comereinl

1A estructuré e una oracnizecich comereiel o5 la forme en Iv cual I
autoridad v les respeonsebilidades se distribiyen entre Tof empleados y
los gerontes,

~omportaniento

El conpartsmienta e wma orgrnizecion ests determinado pon sus proeedi-
mirnters, los cueles especificen 12 secinencis de actividedes cue debwen
realizarse o acuerdo A les politicas de 1F srgenizacidn pore o] legro
o0 Ios chjntiveos. .

Los prococdimientes, son quias prra los coplezdas feerce de como doben
realizar sus tereas y son cntrensdos pare renlizs) eficientemente estrs
tarces. F1 entrenamienta, es une forme de transferir informacion y de
compartir los beneficios de Irs expeiiencis con los nuevos emplesdos.

Lr gener2lided de procodiniontas se dicten deptro Jde 10 empresad concuse
#aleimos =on dictedos fuer~ de 1+ orgenizacion. Comg ¢jemple de esto
tenemos cierto tifa 2o demendas el gobicino.

-ticlo IO wvide

[os askndisticss en los FU moestran oue pres 1es osrgenizaciones comercicles
log kres primeros anos de vida sen dificiles, pero duespues de esto 18 prae-
nizacidn medura ¥y rleenze sug objetivog. Tespues de veinticince #hos se
ehecrvs gue las empresas tienen foilas y que sus objetivos ya resultan
demesiado viejos,
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Fs frecuente cncontear alter costas de administracion por componentes gQue
estén fuers de su vida LIl pero oue centintan existiendo. Frra evita:
csto, hay cue tevisas constentoemente ¢slos cobponentes y cuarele Jos obe-
jetivos ban side alecrnzados drebers ¢) components scer (olido o tomerrle
sobre nuevos objetivos.

- 4 H
7ero-bhhse budgeting €5 un ejmplo de wna tecnica usads patd controlar cl
cicle de vide de un componente. + '

STSTEMAL OF TNFCRMAITON

Un sistems de informecidn es un componente de una organi zocion. Tu pro-
posito, es ohlener informreion dentro y  fuera de 1# organizacién '

y hacerls disponible o todos los otros corponenres en le forme come
#stos: 1o demanden y tembien prosentar Informecion @ Jos que se cncuentrén
fuera en 1o forme como 17 necesiten.

-Dhijetives - . :

a F N
los sistomes de infermecicn ticnen como objetiva responder a lrs necesi—
drdes de informacidn en los tres niveies organjzacionnles, 1z informecion
drbe sor preschtedn el 1o forms adecueds pora couellos que 1a recuicron
itextos, grafices,grabaciones,etc) .

- . i .
[A informecioh parn gue sea Gtil dobe reegantArse en ] tiempo sdecuado
y estar disponible # un costo razoneble.

. . -
~Componentes de un sistems de informacion

Un sistema de informecidn tiene tres lrper de corronentes, detos, sitemes
para [rocesar dates y conales de comunicacion.

Frchos,rant Idates, nombres, son P_‘]Eﬂ[‘llﬂ‘: de detos. [os ditos son ~donirides
ror ¢l sistemd de so melin amhicnte ¥y estos dotas son conocides como
enbradas a) sistema. Un tipo particular de deto es 1o rozdimentocidh,
Fretos oue resultan de a0 actividades de) sistems Jo Informacidn y cue

son tomidlos camg entradnn @1 sistone son llimedos dotos de real iment *rmn.
Lo tcal imentacidn cs impartonte pora nedir el Jxito de 1o orgend zACion,

ftro tiyo & cobponente of el sistems de rrocesamiento de drtos, con )
el ge nenipulan los datos. Lentro del sistema de informecicn pueden
cxistir varios sistemss do¢ procesamiento de Gitos.

Fn los sistemas de procesemienta do rl'uto.r: 50N 1As gontes quienes procesan
los catos, auxiliandose en 2lqunos oisos de micuinas como podria ser une
romputadors.
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Fl tercer componente son las cenales de comnicacion entendido camo ]-::-5
mecanirnes cue porniten T oo o S [l LR S -.f"IE"D
th caneles de comunicacion tﬁn »] riglirnn t+1€fnn1cn e ]l crginizacion,

0l coreec o mensa]nrfﬁ. memarandums, seminee ios. olc.

. . P
~Fstruetura 2o oun sisters o Informecion .

Lo forre eono Jifareptes sistemes de procesamicnte de drtos esten relecionados
unos con obtres ¥ con los vsyeries constituye 15 egtructure del sisterms de
informocicn,

~Compoitemicnto

F! comportamiento cue se esperz ¢e un sisteme de fnformaecion es que logre

los ohjetiives de almacensmiento Be informocion v gue proven de informecion

a l¢ organjzac idn en la forma, riempo v costo gue resulte aproriadeo. Para
lograr este comportemiente se requiers del esteblecimiente de procedimientos,

Identificar 1¢ fuente de los dotos, los componentes del processdor de datos
para scr wutilirados y cgpecificer la formz, <] coste vy el tiempo de 17
informacidh constituyen los procedimientos aue gobiernan el comportamiento
de] sistema, [0s erplerdos de 1as organizaciones sop usualmente entrensdes
en las procedimientos reocueridos por 1» orgenizacion para el menejo ée Ja
informacidn.

-Ciclo de vide

Como vna urgenlzac:nn esta en cembio rcrnanerte,l »5 necesiades de informacion
tambrien. La vida de un 51stema de informaciddcesa cuando s¢ decide cue
la necesidade de informacidn ya no existe.

Cuendo un proyecto se inicis neon un “istema de infurmnrlon,y cuando ostc

termina cuere c) sistems de informecidn., En En flgunos cfses peede morir parte
del sistemn o todo antes oue el proyecto termine,

-Ejemplos

Algunes ejimplos de sistemas de informacion son:

~Sistems do infurmacjén conteble [contabilideqd)

-gistemz de control do inventsrios

-sisteme de cuentas por cobrar
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-otros

CONCEPTRE SCRERE THFCRMAZTON Y DRITE

-Chjctos de informocidn

Fnt Idades,- Una porte czanciel pera conducir les aActividedes de ung orge-
nizecidn os ohtener infarmecich accrcs de 1os entidodes & 1o cualoes
sirve o son usrdss por 17 crgenizacidn. Son ejemple éf entidodes on una
argrnizecién comercic] los clicntes, los dwefios , los productos, los
emplezdos, ctc,, En otras palebhien une entided s une [orsona, cosa o
Twrer .

Fyentos.- Otio ospecte esencic) es el de ohterer informecidn sohie los .
rvenkos ouc oourren gursnte el curso de les orerecionss €n @ organi-
zacidn, In ovento ¢s vha cosa cue sucede on un tiemta rarticulszz. Son
ejrmplo de cventos cobrar vna facture, pagerle & on enpleadso, sseduar
iR ecuipo, modificer €l precio vnitario de un articulo, etco,

Fn les orerpciones comerciales eventos cue resulten por ¢l intercspbio e
welores son llamedos tronsscciones. F1 oregistio de toensacciones 25! como
Or ohros eventos son usidon BAra cotwrlizar 1oqistios de entidades tales
romo crntidad onoun inventario, procic uniterie de vn producto. cko.

Lrs entidades y cventos. pucden ser reconocides, recordedes, y fescritos
en terminos de sus strlbutos. Log sArributor, son bechos acerce dc lrs .
entidodes y eventas. Algunes tipes de ctributos que cxisten son:

fl

-identifiradores hechor usades para distimguir
objctes de informecion &o unes
2 otros.

-deseriftores hochos relscionndes con 10 perecg-

rion ¢c los sentidos zoerce e los
obijetos de informecion. {colar, peso
sctaturre,..]

-locel izndores kochkos auer permiren determiner el
Jugar donde el (vrnto ocurre o
resicion de 1r enticad. (direccion,
cubiculo.crsille, apartdo postal, .o}

- bempuralos hecter gue fermiten detemminar el
pmoment e &noaue oCurre Un evento,
{fuche ,hors Jdel din. ..
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~relrgionslas Perbos cue pormiten deseribin 105
rolpcjoncs Gue cristen epnkro evin-
tos o entidades. {podre,hi jo,gerenta,
subordinedo, ..}

~rlrejificedoren hoerlbas oue duererminan 12 monet o o
: 12 cual cventos y entidades ostan
relicionedos con 1o argenizs cign,
icliente.rmplesdo, provecdor, )

-condicionnl es heehns que describien o] estadg de
cvrnlas o entjdades (rerdionte,
FN BLOCeSG,MNtirgrdo, ... )

: . Ny, L '
Fatos rtoibuiros, son usados en Combinroion pars desceibic completimente _ :
un evento o entids

-Tofiniciones

Nalo.- Los dstes, son heckas que de qr:rith everllos y onticsdes, Tos dotos
gon comunicados por varion tlr‘ns de simtolos tsles como letras, nimeros
dibujos, cte, 1~ combinacidn o Arregio de p21of smbnius rerniten 1o
represent acion de un becho.

Tnformecion.- La informecidn, ¢s uns roleccion de detos significst ivos y
releventes cue cdescriben eventon y entidades. Un dovo significetive es
souel cue consiste de simholos teconcaibles, es completo v expresa une
ides no zebigus. Un dotos relevente s acue] cue puede ser usado para

dor rospucsta & una preqenta, - -

v

Registre ¢ la informecion.-E] hecho de registrar datos sel eatos pars

referencias fururas os llemade orprora de ditos. Fsencial 7 Ja ceptura .
fo datos o5 al registro det contexto, o] curl dehr ger explicito vy es ol

hembre cuien los proparciona. Fl contexto pete un dfte-item (epdens de

tarectersys o dato mimntico) o8 frecuentemente indicedo por su porbre.

Fjerplao:
[

nambre e un velar ée un
data- item et - jtem
fcohtoxto)

hd
b T 8 rescul ino
el : 25
rolor morchno

Cierts 1ipe'ér informscion t#1 como pombre, dirceridn, feche son 1la-
rdos cgruprciones Qe dita- items ya gue consisten de tne egruracion
de date—-irems clementoleos.

Fjrarlo.

Fooha e peeoimionio
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Reqistro.- Uns coleocidh @de dptp-items que comprreen un contexto comin
ccerca de und entidad o evento es llémdda un registro. ios registros

- r r L = = - -
con o1 obhjeto de failitsnrlces su identificacion se les & un norhire.

-Formatos
Lo feme cxteblecids pora Aefinir un registro es 2lemide formeto del
A s - 4

reqistre, Las cereoteriSticas de o detz—item {en orre orse tewbidn
imrde crmpo) cue deben indicarse en 1a nspecificscion de) formito
zon:

- nombr e

=rocpenris

~vnalores velidoes

-lomaitud

..!_-im

-Frehives

T 12 misms foroe coma Jos dable- items son otgrnizados en registros, rstos
se ergenizap e archives. Cuande todeos los 1eqgistres frl nismo tife sen
~gripades on una sols coleccidn de informeenidn, 1o celeccion eg 1lemeds
Frehive.

F
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-El epfooue do sistomes

F1 cnfoaun de sistemas(ES) ¢s posiblenente Yo téenics mas utilizede para
1 estudio fc los sistemss. Fl1 FS es un proceso o dessrrollo ordenado vy
ar2l ftico ove = puede utilizar contimumente: pare anslizer eveluar vy
dirgrasticar 1& naturalens doe un sistema, asi come Ins resul tados de su
dosempenc patac captar toda lo nececario a esas fines y proveer 1o cont -
run avtocorreccion del funcionsmiento fel sistemd con el l'roposite de
sicenzar los ehjebtives propuestos.

-Prsos Jel oenfocue O sistemes

Fl rrocesa de desrrrolleo ruede resumirse en l2s siguicnfes etepes o
Fesos.

-rnalisis
-diseho
-drecrrollo

- {hstruntentAcion
—evrluncion

F1 F§ o5 un metodo cue sitve pare descubrir Jes probloors oxisLentss on
el sistema rare elegir o discner mejorcs y rodernos recurses pera hecerlo
funcionar adrcuadimente.

Fl FS ¢z un punte de vista de coctunr de manera loglics,ordenads y cientifica,
Fs on este sentido cue ¢l ES se opone 2 14 conictura, intucion o 3l jueie
subkjetivo que ton A renwdo s wsrdo,

El F5 s bpsa ¢l los & pasos fundenent#les mostredos rntorirmente; las
sotividedes que =e desarrollon on cade pase jodemos resimicles en fome
gencral de )i sigquiente menera:

Fow o
Melisis

. B - f .
PnFrPSEHPPnléh o coranicrizicion 8fl sistens

- L
- g¢ deseriben depdo Aetelles concretas y atiles
= = F - =
todr 1o informecion focres del sistem?

~r¢ definen y anelizen 1os entredes
+E describen los procesas y sus cerecteristices

~les salides se definen, identificen y cusntificen
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.
-la cstructurs del sisteme en deact ibe pars relare r
les rr-1 Aciones entre®leos rm}‘nnontr*f'

13

. . .7
-el imhicnre o define pate eclerer se interaccion
ron ¢) nisterr

-0t} fluje de informeclon se r‘o*’me Y en ospecial
los mrernizsmos de rm‘l:mpnrr cion

-1intlaente se ostdia 12 relocion entre los sa-
lides ded sis items y los ohjotives y metes

L)

Descubrimiento de problemes dentro dol sistema

¢l descubrimiento de sromalfas dentro del sisteme
constituye ol cstedio minucioso dr la maners . en ol
el sistemd legra sus celides, la oficecia Cone
lo hece y el gredeo cue flornza su rendiniente,

]

. — - T
Pisefn _
1 e ' - -
Con «) #palisis 50 bon descihierta fA¥las on ) sistems
y ¢] mase sniguiente es disefar nueves pctodos para el
sistems. Segun sea 1p roturaleza el rrobicns e} disefin
rucde compronder - ! .
H -
o e ~un nuevo sistopa '
L] . L D -
-rambio de componcnten, '
~eembio en las entradas yio sal ides .
o ' ' -cambiios on los procesos .
L . .
Farr 1lewer acabo o] cisefa, £2 prepars un plen detallado
con todrs 108 ermr}fzncfcnrq :-.::rus:rldr'-; pera modolicay
al sisteme,
- - L
Fesarrello .
Sore 1+ hase de Jos dischos se fFrocwde & 1a c‘onqntrcmm
edificacion, LHF]JCFC‘]OH a lo cue sor neceserio pars el
desarrollo del nlqtmﬂ .
Tstrumentacion .

L

Iné vez cue se b destrrollado ¢ ncvo compononte, eie
rento, procero o sisrema debe incorjotarse &~ lo oya oxis-
tonte.

a = ¥ a * ] - - -
La instrimentacion 1eguicre Ael csteablecimionto de Prin
ridodes y secuencia de pogos para incorporsr el novwa
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clementa, y» ocue si se fracess rn 18 instrumentecign

los dands clementor pueden trepstoindr al sistema terpo-
relmente 2l tratar de justarse 2 los rrouerimientos o)
nueve, Ctre falls ceris vue 0] componcnte en 51 mismo fov
1lare,

* ¥

1A

Pars psogurar wna oxitond instrumentecion rs necneario
anticipor los cembioe que exijitan les érmds componcntes,

-

waluacion

Nespues de haber istiumentacdo ] noeve componento este

< debe eviluaree. ?rudo el nueveo componrnte resolver los
protlerrs pleanteados”, Tlrevecs nocves problomos?T,
La evaluacidn drbe hocerse en terrminos e los abjetives
que ge estehlecivren en 1rs otepas de Andlisis y disefo.

Congineremos el ‘siguiente cjomplo pare ilustrar los pases del enfocuc de
sigtemes. '

¢
4

* -

Ao com PROBLERAS
/7/ l MAenovnCo
. _-mmmmlm MALA "

L 1]
_ *"’l :
/I"/ 5€ DECIDE COMSTROIR NUBVA
o

L CORETIUYE AM T s Rt AL LY

e AnNCodPfora AL AoTo

o .
p  (OCaE SN Pooncedg

.

-t

. L

~E1 cnfotue e sistemas aplicado sl desrrrolle ée sisrenss de informacion

kn cwlouier plan para e desarrollo de sistemcs de informecidn, encon-
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tramos cuz los pasas del FS gobierman de forme general el procesec. Este
plen tembien es llrrmade “ciclo de vida del desarrello de un sistema®.

Ciglo de wvide

ependiendo de les diverses corrientes que existen pares el dessrrollo de
sistemds enconhtramos Que JoS pRSos son:

Para Flias M Mwad los proos cue singierc son.
-endlisis del Eistpmﬂ
#ofinicidn inicial del preblema
recoleccidn de datos
nranizanidh e los ditos
~nalisis de rosto henoficio
definicion fincl del provleme
~iliseng
discfo e snlidas
disenic de enterndes
disehe de nrchivos
diseno de procosos

.
decumentacion

“PrLeha o implrmtntrcién
codificacion de los programes
preparecicn de deres de prochys
[ruche acneral e log crchives

corrida en porelelo
Pera Kenniston ¥.lord y jomes F.Fteiner los prsos cur swgicren son:

~rnaligsig del sistems

-disenn el =istema
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. a . . - -
-selercion y ¢deuisicien el fQuifo
. -
- programacion
-rrucha y conversich
= .
-insralacicon ,
. "
-operacion
-rentenimiento

.
~eyal e ion
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Anfilisis estructurada

Cuando Ed Yourdon hahld de anilisis estructurado, la idea
fue largamente espcculadi, El1 no tenia resultades ac--
tunles sobre proyvectos completos para repertario. Sus
ideas estaban basadas de 1a simple ohservacion de algunos
principios de particionces de arriba hucia abajo [tcpldnfn]
usadas por los disenadores y que se podian aplicar en la_
fase de aniitisis. Desde este tiempe ha habido una re-

volucién en’ la metodologia del anfilisis.

f0wé ey ol anilisig?

Cartn del provecto

Lspecificaciones
funcionales.

Descripelion
de las oporiaciones
actualtes

-

Andlisis es ¢l proceso de transformar una cadena de infor-
macién acerca de las operaciones corrientes o actuales y -
de los nuevos regquerimientos a una dJescripcion ordenada v
rigurosa de un sistemn para ser‘construido. Esta descrip
¢idn cos también 1lamuda especificaciones funcionuales o es-

pevificaciof del sistema.
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n el contexto de el c¢iclo de vida del provecto para el de-

sartvollo de sistemas, el andlisis se encuentra muy al prin-
cipio, solamente precedido por el estudio de vinhbilidad du-
rante 1 cnal la carta del provecto ¢s generada. La carta
de provecto contiene consideraciones que gobiernan el desa-
rrollo, cambios que deben ser considerados etc. La fase_
de anilisis concierne principalemente c¢on la generacién ---

e especificaciones de ¢l sistema pura ser construido.

Ispecificamente la tarea esta compucsta de las siguientes_
actividades:

interacelon con ¢l usuario

catudio del medio ambiente actunl

negociacién

disefio externce del nuecvo sistema

disefio de formatos de EfS
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. estudio de costo bencflclie

escritura de las cspecificaciones y

cstimacidn _

L]

;Oue _es el andlisis estructurade? -

Fiagva ‘ o _
a:jim srbuidiveds s dd (e e eloko L vide

dd proyreds.

.
Bl anilisis estructurado ¢s una disciplina moderna para

conducir la fase de:analisis. iin ¢l contexto de el --
ciclo de vida Jel provecto su finicn diferencia uparente
cs un nuevo producto blamade Mespecificaciones estruc--

turadas. Esta nueva clase de especificacidn tiene las



siguicntes caracteristicas:

-
n

es griifica, compuesta mayormente do diagramas

es particionada, no es una sola e¢specificacidn sing

una red conectada de "mini especificaciones’.

. e5 de¢ arriba-abajo (top-ﬂown], prescentada en modo --
jerarquiceo y progresivamente de los niveles superio-
res mas abstracteos hasta los niveles inferiores mas
detallados.
es mantenible, una especificacion puede scr actuali-
zada para rcflejar cambios en los requerimicentos.

. ¢s un moedelo en papel del sistema, el usuario puede_

trabuajar con ¢l para perfeccionar su visién de las -

pperacioncs tul y comosseran en cl nuevo sistuma.

h A

- . - &
En la siguiente figura se representa en up solo preceso el

anfilisis estructurado.
[ ]

Veanos en detalle el proceso.

Qutadle e J.«M.&« 1. Ouedines sofnalonda.

1
4
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Note que la figura tienc lns mismas entrudas y salidas que
1a burbuja 2 de la figura anterior. Pero muestra las --
transformaciones en considerable mas detulle. Cons tde--
ran los autores quec esi0 figufn da mas informacién que - -
ciecntes de palahras. Bastari una definicidn de¢ los com--
panentes y del flujo de informacién para terminar de com--

prender ¢l proceso.

Proceso 2.1. Modelo del sistena actual: Hay cosi sicm
pre un sisteéma actual. [l andlisis estructurado nos - -
tendrd que construir un modelo "Pisico" en papel del sis-
tema actual v usarlo para perfeccionar cl entendimiento -
del medio ambiente actual. La justificacidon para la -
nituraleza fisicu de cste primer modelo ¢s que 5u propd--
sito ©s ser una representacidén verificable de las opera--
~¢iunes uctuales y deberiin ser ficilmente Entend]hles por_

el grupo de desarrello.

Proceso 2.2. Derivar un equivalente logico.- El equiva--
lente 1Hpico del modele fisico es uno que esta diverciado
de los “comos' de lus operaciones dcvtuales y en su lugar_
se concentra en los "™yue". En lugar de una descrip---
ciagn de la formn come sc lleva a cabo 14 pofitica so hace

una descripcién de la pelitica en si misma.

Proceso 2.3, Hoddelo del nucwvo sistompn.-  Agui ¢s donde e1
trobajo mas importante de 1a fase de analisis se regliza,
113 invencidon del nuove sistoma. La ¢arta de proyecto
yue ha roecogldo las diferencias y las diferencias poten--
ciales antre el medio ambiente actunl ¥ ¢l nuevo v el - -
mndela Tapico del sistemn existente son los clementos deld
andilista piara voanstruir el puevo modelo junto con la docu
mentacion del futuro medio amblente. Bl nueve modelo -
presenta al sistema como un grupo particienade de proce--
sos clementales. L1 detalle de estos preocesos son - -
ahora cspecificiados utilizande una “mwinicspecificacidn' -

por proceso.
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i'rocese 2.4. Restricciones del modelo. £l nuevo modelo
cs demasiade lépice para nuesires propdsitos debide a que
no sc¢ hi establecido cuanto de lo declarado se hace dentro
y cuante fuera de la miguina. Es en este punte donde el
analista establece los limites entre ¢l hombre v la miqui-
na y s¢ limita el alcance de 1a automatizacidn.
Tipicamente estos se¢ hace mas de una ve: con ¢l objeto de

dar varias alternativas para 1o seleccidn de procesos.

Praceso 2.5 Medidas de costeo v beneficio.- El estudieo de
costo-beneficio es realizade para cada una de 1as opcicnes.
Cada unc de los modelos tentatives junto ¢on sus pilrimetros
asociados de costo-beneficio son presentados en forma cuan

tificadn.

Proceso 2.6, Seleccidn de la opcidon.- Las opciones cuanti
{ficadas son analizadas v una de cllas os seleccionada como

Ia mcjor.

Proceso 2.7. Presentacién de especificaciones.-  Ahora to
dos los clementos de 1a especificacidn estructurada son ar
mados y prescntados, Il resultado es:el nueve modelo --
fisico sclétcinnadﬂ, el conjunto integrado de miniespeci--
[icaciones y posiblemente japunns tablus de contenido, ----

resumencs, etc.

fué es el modelo?

il modeln al que se ha referido para la representacidn del
sistema 5 un moedelo oscritoe. En la convencidn de Andli
s13 estructurado este modeleo s¢ logra con ol uso Je un - -

“diagrami de Clnjo de dates™ y  de un "diccionario de da--

tos'’,
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f

Diagrama de flujeo de datos.- Es una repreéseéntacion
en forma de red de un sistema. Representa al siste
ma ch términos de los componentes de lgs procesos y -

declara todus las interfases cntre los componentes.

Diccionario de datos.- Es un cenjunto de definicio--
nes de las interfases declarades en el ‘diasgrama de --
flujo de datos. Se defline cada una de esas inter--

fascs en términos de¢ sus componentes.

modetlo del sistema tienc diferentes usos en ¢l andlisis

ustructurando.

‘l_-

4

Es una herramienta de comunicacidn.- Los analistas y_
los usuarios tienen fallas en la comunicacidn, el mode
lo es csencial para las discusiones ¥ que cstas puedan
conducir a un entendimiento comin. Se le censidera_
al modelo como lo mas importante ayuda para la comuni-

cacion. .

Es €] marco d¢ referencia para las especificaciones. -
El modelo declara las piezas que compeonen el sistema -
y las partes de esas piezas, hasta csas gque ya no pue-
de scr subdivididas. Los niveles bfisicos, son acompa
fizdos Je una miniespecificacidn parn completar su cspe

cificacian.

s el punto de inicio para el -disefio. Dehido a que -
¢l modelo es cl mas e¢locuente elemento que d¢id pie a -
los requerimicntos toendrd una gran influcncia en cl

trabajo que se haga cn la fasec de diseido.

Alpunas fallas del analisis clisico _seslin Yourdon.

L]

Las principales [allas del anilisis cliisico laos encontramos

cn el proceso Je especiflicacidn del sistema. Alagunos de

cstos son:
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t.- Las ecspecificaciones f{uncionales en ¢l analisis clé&-
sico son gencralmente una narrativa en un decumento_
solamente leible en forma serial del principio al --

fin.

2.- Las especificaciones funcionales son imposibles de --

actualizar.

3.- Debido a que las especificaciones funcionales no son
cntendibles por $i mismas no podemos mostrarle nada_
al usunrio sipo hastn ¢l final del anfilisis, esto no
permite la Interaccidén que podria scrvir para refi--
nar y perfeccionar el producte.

J

Come avuda el anilisis estructurado seo{in Yourdon.

Bl andlisis estructurado avuda a resolver los problemas
|

de la fase de anfilisis ya que:

—
1

Aroen el problema ded tumahe por particiones
2.~ Ataca cl problema de l@ comunicacidn en forma interag

‘tiva y con una inversidn de los puntos de vista,

L

.= Ataca el problena del mantcnimicnto de especificacio-

nes per redundancia limitada.

El concepto de particicnar o descomponer funclonslmente -
pucde ser familiar para los disciaderes como ¢l primer pa
s para crcar un disefic estructurado, Su potencial --
valor cn el andlisis fue cvidente desde ¢l principio, sis
temas grandes no podian ser analizados sin alguna forma -
de particionar concurrentemente. Lo directa aplicacidn
de las herramientas del discho como HIPO cuusaron mas - -
prehlemas en lupar de resolverlos. Despues de algunos
experimentys ¢l nnillisis estructurado fue apoyido con una

nueva herramienta llamada diaprama de- flujo de datos.- --



Sus ventajas son las siguicentes;

1.- La aparlencia del diagrama de {lujeo de datos no es pa-
ra todos espuntosa. Parece ser una simple fotografla
del elemento que csta en discusién. Nunca se¢ tendrd
que explicar una convensién avbitraria, nunca se expli
card una ¢osi a todos, Simplemente s¢ usan diagra--

LHITR

2.- Los modeles tipo rcd como los gque se construyen para -
el diagrama de fiuja de dates puede resultar familiar_
para algunos usuarios. Pueden los usuarios tener --
nombres diferuntes para este tipo de livrramientas pero

el concepto ¢s similar,

3.- L1 hecho de particionar von el diagrama de fluio de --
ﬁutnﬁ llama la atencifn de las interfases que rcgultan
del procceso de particionar. La compleiidad de les_
interfases os un indicndor importdnto del esfuerzo - -

que s¢ haga por particianar.

1 términe "comunicacidn iferativa™ csta usado para descri-
bir el intercambio de informacion en una doble dircccién -
¢s una de las caracteristicas de las sesiones mas produc--
tivos de trabajo. El periodo de dialopgo entre el analis-
ta y los usuarios debe reditcirsc y procurar realimentacidn.
Un entendimiento temprano ¢s silempre imperfecto. Tam---
bién s¢ menciona como parte del andlisis la “inversidon de
puntos de wvista', Las especificaciones ¢lilsicas Jescri-
hen que hace la computadora, en que arden fo hace, wsando _
términos gque sen relevenlas para 1o computadora vy para las
acntes de 1o comutadors. Frecuentgmente se limita tam--
hién a la discusidn de los procveses internos de la migquina
y la transferencia de dates y casi nunca se especifica los
casos que succden fuera de los limites entre el hombre y -

li mAaguing.
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pesde ¢l punte de vista de la maquina es natural ¥ Gtil
para el prupo de desarrollo pere para jos usuarios y su
grupn les concierne lo que sucede fucra de In miguina. -
El anilisis estructurade adopta un punto de vista dilc--
rente, el dinprama de flujo de datos siguc las trayecto-
rias de los dutos por donde e¢llos pasen, yi sgan procesos

manutales o zutomaticos.

El uso de la "redundancia Timitada'. Uno de los aspec
tos mas 1mportantes de esta prefesién ¥ que representa -
un cuello de betella es el congelamiento de las especifi
caciones. No aceptar cambies en las especificaciones_
porque estas no pue¢den ser actualizadas’ o' iaceptarlas, pe
To sin actualizar fns cspecificaclones resulta un grave_

peligro para c] desarrollo del sistema.

El concepto llave que cl anilisis estructurade propone -
para cspecificar los requerimientos e¢s tener poca o nada
de redundancia para obtencr’especificuciones considera--

blemente mas consistentes, .

;oud ¢s unad especificacidn estructurada?

Ll andlisis estructurade se inwvolucrs en la comstruccidn

de una nucva clase d¢ especificacién, una especificacién

estructurada hecha & basc de diagramas de {lujo de da--
tos, diccionurio de datos y miniespecificaciones.

.- Diagrama de flujo de datos {(DFD} sirve para particio
nitr el sistema. Ll sistema que €s tratado con un_
diagramn de flujo de dates puede incluir partes ma--
nugles y'uutnmatizadas. El proposito del DFD es -
declarar tos Componentes de los procesos que integran

¢l sistema y las interfases entre los componentes.
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2.- Diccionarioc de datos.- Define las interfases que --
fueron declarados en el DFD. listo s¢ hace con una
notacicn convencional que permita representar los --
flujos de datos y guardarlos en términos de sus com-

ponentes.,

3.- Las miniespecificaciones definen un proceso c¢lemential
declarado en el DFD. Un proceso es considerado ele
mental o primitive cuande no puede ya ser subidividi-
do ¢n niveles mas bajos. Antes de que la especifi-
cacién estructurada este completa deberidn estar todos
los procesos prinitives acompanades de una miniespe--
cificacidn. El métedo usade para escribir miniespe:
cificaciones utiliza: Ingles estructurado, tablas -

de decisidn, irboles dr decisién, ctc.
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Resumen

Los fundamentos del anilisis estructurado no son nuevos.
Muchas de las ideas han side yu usadas por uhos. [{ue_
cs o nuevo de ecsta disciplina epergente? Pademos de-
cir que intenta sintematizar el proceso de andlisis para

especificar requerimientos.
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CONSTRUCCTON DEL DIACRAMA DE FLUJG DE DATOS

Pefinicidn

Un diagrama de flujec de datos (DFD} es una representacitn en for
ma de red de un sistemna. El DFD es una herramienta para mode--
lar un sistema gue puede ser automatizade, manual © mixto. El

DFD presenta al sistema en términos de sus piezas componentes --

con todas las interfases cntre los componentes indicados.

Elementos del DFD

Los diagramas de flujes de datos se construyen con cuatre elemen
tos basicos;

l.- Flujo ae datos - reprcsentados por vectores

2.- Procaesos - representados por circules o rec
tangules redondeados.

3.—- Archivos - representados por lineas rectas
o rectingulos abilertos.

4.~ Datos fuentes o destino representados por cajas o cuadros.

TS D DATDS IIIIIIIII----;-Q.l

PROCESOS | D O

—M
ALMAGENES DE DATYS ;

LNTIDADES  EXTEANAS °

Is

#
3
oy
.

!
y
o,
E.‘-

1)

¥
h




Ejemplo

1 2

El diagrama de flujo de datos se leeria:
X llega de la fuente § y es transformada a Y por el proceso Py

el cual requlere acceso al archive P para hacer su trabajo. -

Y es posteriormente transformada a 2 por el procesc P2

l.- Flujo de datos -

El flujo de datos —¥ representa a una interfase entre los —--
componentes del diagrama de flujo de datos. Estos, se encuen
tran entre procesos y van o vienen de archives o de fuentes y_

destinos.
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El fiujo de datos =3 es una llnea a través de la cual, fluye
un paguete de informacitn conecida. El page (flujo de dataos
del ejemplo anterior) puede consistir gdel éheque y de la co-
pia de la factura y no por esto, se colocan 2 lineas entre la

fuente y el proceso.

En alguncs cascs si es posible ¢ncontrar gue de un procesc a
. otro existan 2 lineas, pero estas llevan informacidn que jun~
tas, no constituiran un paguete. (El tiempo podria ser una_

causa)l

Convenciones para asignar un nombre al flujo de datos:

- Los nombres estan ligados con guicnes y se usan letras mayasculas
NUME RO-DE-CUENTA : .

- No hay dos flujos de datos con el mismo nombre

- Los nomnbres no sclamente deben representar los datos gue se
muevan en ¢l flujo de datos, si sabemes mas de ellos pueden
dparecaer en €1 nombre.

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

= Las lineas gue salen o llegan a archivos no regquieren nombre.

En algunos cases, €5 necesario Iindicar gue dos flujos de datos,

deben presentarse al proceso o gue uno © ¢l otro pero no ambos.

oo
B + -



Z2.- El1 Proceso - ie

L

El proceso invariablemente muestra alguna cantidad de trabajo -

realizado sobre los datos.

PArABRAS- MAL-ECRITAS

bl

Pn.ABAAS b

agui se muestra un procesc cuya tarea es dividir el flujo de en-
trada de datos en 2 flujos de datos de salida {Palabras bien --

escritas - Palabras mal escritas).

Un proceso s una tranformacidn del flujo de datos de entrada a
un fliujo de datos de salida. Cada prccéso, debe tenar un pom-

bre.

Convenciones para referenciar ¢l proceso:

L DENTIELCALION

DescrIpCIoN DE
LA £INCION

AVEN [0 REALIZA

Identificacién: es un nfimeroc cuya funcidn es identificar al --
proceso

~
Ll

Descripeidn de
la funcidn: . as una oracidn corta que describe al proceso.

Quien lo realiza: Es el nombre de un departamente, persona, pro
grama, etc., que realiza la funcidn.
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i.- E1l archivo

Para los propbsitos del DFD el archivo es considerado como un

depbsitc temporal de datos.

Convenciones:

Lf 4 .

SpeNTIF1CADOR L/

NOMBAE

Identificader: Para facilitar su referencia y se utiliza la le
tra D seguida de un nimero.

Nombre: Un nombre lo mas descriptivo que se pueda.

El flujo de las flechas gue salen o llegan de o hacia los proce

sos es significante per ejemplo:

-

3 D{ | PERSoNAL
VEAIFICA
* ln--..—.—--llli h
Este procesc eseribe en el archive

éCEmo actualiza sin lecr?

i Es cierto, perd fdebe en el

diagrama solo indicarse el

propbsito fundamental gue
Jmmm‘m en este caso es hacia afuera.
D1 FERSONAL

Fi24
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aste proceso solo escribe gl archive.

(Si es necesaric leer y escribir la flecha puede ser_l )

4.— La fuente o el destino

La fuente o el destino es una persona o una organizacién situado

fuera del contexto del sjistema, es el origen o el receptor de los

datos del sistema.

Convenciones: Uﬁnﬁd NngﬂE

s Al

UJENTE

TWPLIC AOOR.

1dentificador: letras minfisculas asociadas a las entidades

axternas
nombre: nombre de la entidad
muplicador: indica que el simbolo se repite en el diagrama.

Diagramas de flujo de datos jerfrquicos.

Este ¢oncepto se refiere a explotar un diagrama en la modalidad

dea TOP-DOWH- Establecioende una relacin padre-hijo por cada -
proceso de explosion. Por ejemplo:
" Diagrama 0 Diagrama 2

S

O _ -
oY *



Ciagrama 1 - in Diagrama 3

Diagramas de flujos de datos balanceados

Es un concepto cn el que al hacer alguna explosifn la entrada y
£

la salida en el nivel inferior se mantienen

Por =jemplo

El diagrama 2 es desbalanceado y los diagramas 1 y 3 son balan
cizados. : '
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Guia para la claboracifn del diagrama de flujo de datos.

1) Identifilar las entidades extcrnas involucradas. - Hay que re-
cordar gue los flujos de datos, son creados cuando un avento

se desarrolla fuera de los limites del sistema:

(Ina persona decide comprar alguna cosa |

Un camidn llega a la terminal.

2) Identificar las cntradas y salidas. 5i la parsona decide --
comprar algo las entradas pucden ser: Una orden de compra -
por teléfono, una carta o pedido por COrreo, presSentarse per-
sonalmente a comprar alge., etc. Se¢ sugiere hacer una lista_

de las entradas y las salidas.

3) Identificar las preguntas y los regquerimientos de informacién
gue puedan presentarse. Hay que especificar un flujo de da-
tos que defineg la informacidn dada al sistema y otro para in-

digar que es lo requerido.

4) Hacer un diagrama colocando las entidades externas y el flujo
de datos gue se origina de cada uno de ellos, los procesos y

los almacenes necesarics.

En aste punto, no hay gue pener mucho énfasis en las conside-
raciones de tiempo, exceptc en la procedencia natural de los_
oventos. Hay gue dibujar un diagrama que nunca inicia y nun

ca termina. Ko hay gue poner degisiones.
5} Bl primer diagrama puede ser heche a wmano libre

6] Es posible gue se requiera al menos 2 variaciones del dibujo_

inicial. ¥Ya gue ¢l primero a lo mejor no os claro.

7) Cuando se tiepe el primer diagrama, verificar que todas las -
entradas y salidas se han incluido. Excepto aguello gue re-

syltan salidas de error o excepciones.

8) Ahora producir un nuevo diagramas
- Tratando de minimizar el nfimero de cruces de lineas de flujo.
- Duplicar entidades externas si es necasaric

- puplicar archivor si es necesario
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9) Validar el diagrama con alguno de los usuarios, mostrarle el
diagrama y pascarlo por el y cxplicarle gue e sclo una apro

ximacidn y si tiene alguna cbscrvacifn que la haga.

10} Hacer una eXplosidn de cada uno de los procesos incorporando
errores y salidas de excepcidn. .
Es posible que -esto pueda hacer gue se modifique el diagrama

del nivel anterior.

11} Si es posible, construir el diagrama final en una heoja de --
36 x 48 pulgadas. Que servir& comao ayuda invaluable en la
presentacifn a los usuarios, disenadores, reviscres y a todos
los gue tengan gue ver con el sistena.



Ejemplo

Consideremos el caso de automatizar ¢l proceso de ensernanza-aprch

dizaje tomando como punto de partida el modelo de Anderson y Favst.

Zste modelo sugiere la aplicaciln de las siguientes etapas:

1)

2}

Especificacitn de cbijetivos

Los cbjetivos son entregados al profesor por el comitl de carre
ra come la entrada principal al sigtema. El profesar los re--
visa y establece en definitiva cuales serin los abjetives gue -

gujiarin su proceso de E.A.

Elaboracidn de instrumentos de Medicidn
Tormands a sus cbhjetivos el profesor elabeora los instrumentos ce
medicién {(cucstionarios, practicas, elaboracidn de programas, -

axdmenes, ets.) y establere las siguientes clases:

- Evaluacién diagnbstica

- Evaluacibn formativa

~ Evaluacifin Sumaria

La evaluacidn diagnéstica es la que le permite saber el estade ini

cial del alumno, la formativa es complenentaria a instruccidn y la

sumaria l¢ permite establecer en gue grade se lograron los cbjeti-

VS,

3}

4)

Aplicacidn de la evaluacidn diagndstica.

Antes de iniciar la instrucci&n el maestro aplica la evaluacién
diagndstica al alumno para conocer el estade inicial, de este -

resultadoc el maestro puede optar por lo siguiente:

Ho se le instruye porgue ya conoce el matexial -
No se le instruye porque no tiene los antecedentes

Se le instruyoe

Flancacidn de la instruccidn

El maustro de acuerdo a sus obijetivos selecciona y/o elabora el
método de instrucecilim y las técnicas de ensehanza, la sele¢oitn
de las actividades de aprendizaje y la seleccibn y/c elaboraciin

de los materiales y modios educativos,
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5} Aplicacién de la instrucgidn
En este punto, el maestro realiza el acto de enseflar a sus —--
alumnos.

6) Aplicacibn de la evaluacin sumaria
Ccuanco se ha concluido con la instrucci&n el maestro aplica -
una evaluacifin sumaria, la cual le permitird establecer el -—-
grado con el gue se lograron los objetivos. Ahora bien si -
se lograron los cbjetivos podemos dar por terminados el proce
S0, 5f no se lograron los objetivos hay gue investigar las
causas en las etapas del modelo.

7) Administracidn del proceso de E.A.
La administracidn del procesc de E.A incluye una fase de ins-
cripcitn, dec seguimiento y de emisifn de una calificacidn pa-
ra 1 alunno. Otra, en la gue se inscribe, se dan ahtecedeg
tes y conseguentes, temarigs, gulias de estudios de los cursos.

PROLESD DE CONSTRYCCLON DEL FD.

1} Identificar las entidades externas involucradas.
COMITE DE CARRERA '
ALUMNO

2} Identificar entradas y salidas

ENTRARDAS: COMITE DE CARRERA
- OBJETIVOS LE APRENDIZAJE
- DATCS DEL CURSCG

ATUMNC

- DATOS DEL ALUMNO

- CONTESTACION DIAGNOSTICHA
- CONTESTACICN FPORMATIVA

= CONTESTACION SUMARIA

SALTIDAS: COMITE DE CARRERA
- RESUOLTADOS SUMARIOS

ALUMNG
- RESULTADOS SUMARIOS



1) Preguntas al sistema
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COMITE DE CARRERA:

LQUE CURBOS ESTAS IMPARTIENLOT

ZQUE ALUMNOS TIENES INSCRITOS EN CADA CURSO?
iCUAL ES EL PROMEDIO DE CALIFICACICNES?
SCUBRNTOS ALUMNOS ABANDONAROM EN CADA CURSO?
SQUE CAMBIOS SUFRIERON LOS OBJETIVOS?

ALUMNO;

¢ CUAL ES MI PROMEDIO?

cCUAL ES5 MI CALIFTCACION FINALY

JDONDE PUEDD ENCONTRAR MAS INFORMACION?
cQUIEN ME PUEDE ASESORAR?

atUﬂLEE SON LOS OBJETIVOS DEL CURSO?
LCUALES SCN LOS OBJETIVOS DE ESTA LNIDAD?
{CUALES S5ON LOS ANTECEDENTES DEL CURSO?
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En los
flujos
ra gue
do, la

diagramas de flujos de datcs, les hemos dado nombre a los
de datos, a los almacenes de datos y & los procesos.  Pe-
significan exactamente los nombres que se les han asigna-

respuesta se encuentra en el diccionario de datos (DDj.

El diccionaric de datos as la herramienta con 1la cual, documen--

taremacs cada uno de los elementos del DED.

Para documentar los flujos de datos y leos archivos es necesarioc

establecer que soniun dato elementai y una estructura de datos.

Dato elemcntal. -

Cate elemental, es sintnimo de date-item, campo y elemento.

Cualguier dato elemental, toma valores atémico o qgue no es

posible su descomposicidn.

El patren de unos y ceros gue lo representa debe ser conside

rado como un todo.

Estructura de datos. -

Es un agregado de estructuras elementos o de otro tipo de da

tos {(agregado gz datos «¢lementales, grupes de repeticién, e

[ &

o de una mezela de ambos.

Ejemplo:

ENTIDAD: FPERSCNA ATEIBUTOS: MOMBRE

EDAD
FECHA CE NACIHIENTD
HISTORIA DR SALARIOS
FECHA
SALARIO

HismAIA DE SALARIDS
FECHR,. SALARIO
FRCHA { i T

WO M ILAT cbaAn  NAIMIKVTD r i . -
|

f\j;' | Y | -

—_ A W e == Rime - mnlrras T e A e — S b = b . ma ama -

DATA- 1M DATLS AEPETK 108

c.

)
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Convenciones para especificar las estructuras de datos:

= es equivalente a

+ and
L1 ar
i% interacidn de los componentes
{ ) opcional -

- s
para mostrar como sarian utilizadesg definiremos la estructura de

datos PERSONAL

PERSONAL = NOMBRE+
EDAD+
FECHA DE NACIMIENTO+
HISTORIA DE SALARIOS

FECHA DE NACIMIENTO = DBIA+
MES+
ARO

HISTORIA DE SALARIQS = FECHA+
SALARTO

HOMBRE = DATO-ELEMENTAL

EDAD = DATO-ELEMENTAL
DI A = DATO-ELEMENTAL
MES = DATO-ELEMENTAL

ARO = DATO-ELEMENTAL

DATO-ELEMENTAL

FECHA

SALARIC= DATC-ELEMENTAL
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Para documentar cada uno de los elementos del DAD se sugierc -
' .
glaborar formas para describirlas: Las siquientes son un ejem
plo en las gque se muestra los atributeos gue deben definirse on_

cada caso:

La forma F1 25 utilizada para especificar las estructuras de -

datos elenentales dande para ella una qucrlpclén el tipo, sind
nimo, valeres discretos o cnntlnucs etc., la forma F2 es para -
especilficar estructuras de datos considerando una descripelin,

los componentes o atributos, los flujos y almacenes en conde sé
utiliza y los volumenes de dates gue involucra; F3 es para espe
cificar les flujos de datos especificando de donde y hacia don-
de fluyen los datos, una descripeci&n del contenido del flujo, -
las estructuras gue fluyen y los volimenes de datos; la F4 es -
para describir los almacenes de datos dandeo una descripciin ce

los flujos que llegan y salen y el contenido del almacen cn ter
mino de las estructuras de datos y la forma FS para especificar
procesos dando en este caso una descripcibn, las entradas y sa-

lidas v un resuman del proceacf
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CONSTRUCCION DE MINIESPECIFICACIQONES

. - . - . T
Miniespecificaciones -
* -+ ) *

Una miniespecificacibn ¢s un documentc en el gque se da la des-
cripcifin de la politica que gobierna la transformacidn de una

© mas entradas a un procesc a sus correspondientes salidas.

Las herramientas gue pregsenta el anidligis estructurads como —-—

una alternativa al texte clasico son las siguientes

o g
1. Espanol estructurado

2., Tablas de decisibn | N, o .

3. Arboies de decisidn

Espanol cstructurado
La figura principal para describir los procesos cs:
31 Condigidn 1 -
entdnces Aeeidn-a
o bien (no sa cumple condici&n ~1}

hacer Accifin-B

+

Ejemplo: Sumar A con B siempre gue A séa mayor gue B si A es -
mener gue B restar A de B.
51 A 05 menor gue B
entonces restar A de B
g bien (A no ecs menor gue B}

hacor suma de A con B

Existen una gran cantidad de politicas en donde e¢s necesario os
pecificar rangos. .

Ejemplo: hasta 20 articulos no existe descuento mas de 20 tienen
el 5%



Si £l nimerc de articulos es mayor que 20
entonces dar el 3% de descuento

o bien {el nimero es menor o igual gue 20}

hacer no dar descurnto

En la especificacién de rangos los comparadores mas utilizados

s5an:

Mayor que
Méyor 0 igual gue
Menor gqus

Menor © igual gue .

Fn algunos ¢asos es necesario establecer mas de una condicidn,
los cuales deben satisfacerse todos o algunos de ellos para --

tomar una accildn.

Ejemplo: -

Clientes gue nos han comprade mas de 1 000 000.00 en el

aro y tienen una buena historia de pagos tienen priocridad
en el servicico y también clicntes con mas de 20 anos de -
antiguedad. -

("mas de 100 000" y "buena historia de pago™) o "mas de 20 alos”

"mas de 100 000" y ("ouena historia de pagos” o "mas de 20 ahos"}

Arboles de decision.

En algunos casos, resulra ser mas clara la especificacidn, si -

construinos un arbol de decisién. POr ejemplo:
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En el ejemplo anterior cualguier otra combinacidn implica un -
tratamiento normal al cliente, todas estas posibilidades gue-=-

dan en un arhol de gdecisidn de la siguiente manera:

haberta Pﬁm&iri
Vuma.
-
Mo qu 10 < g e 22
k'*mnl. "=
s

e

_ ‘PﬁuﬁalfJ\

20 0AAn ©

. (08¢ veves evmed

Espancl estructurado

si gue 1000000

entences si1 buena historia

entonces tiene prioricdad
¢ bien (mala historia)
hacer si mas de 20 ahcos
entonces tiene pricoridad
o bien (20 a menos}

hacer tramiento normal
o bien { 10000000

hacer tratamientco normal

Tablas de decisidn

Una tabla de decisidn se forma, haciendo una lista de las con-—-

diciones ¥y al final una lista de las acciones.



Ejemplo: 3

e

para’el ejemple anterior tenemos

.1 mas de 10Uu00D s1 5 bl 51 Lo no no 11+
C.2 buenos pagos si 5i no ne si s1 noe no

C.3 mas de 20 anos 51 no s1 no 51 nao si no

2.1 prigridaa X A A
a.z2 normal X X X X by

En algunos casos, la accidn cstd determinada por el valor de
una o dec dos condiciches sin importar cual es el valor de las

ptras. Esto hace posible reducir la tabla de decisién. :

rara reducir es necesario observar lo siguignte:

1} Enceontrar un par de reglas para los cuales
- la acci®n es la misma
- los valores de las condiciones son los mismos excepto --

una y solc una condicidén que es diferente.

2) Heemplazar el por por una sola columna sustituyende la con-

dicién diferente por el simbole (-} que significa-"no importa"

3) Repetir este criterio los veces que Sea necesario

Resultado del ejemplo anterior

1732 3 4 S/6/7/8
.1 51 51 51 WO
Lo s ND NO -
¢.3 - aT HO -
ALl P X . .
A2 x X
Recomendaciones:

1} Hay que usar un arbol de decisifn cuande el nlmero de acciones

es reducido y no cualquier combinacifn de las condicignes es
posible.
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2) Hay gue usar una tabla cuando el nCmerc de acciones 25 gran-

. de v muchas combinaciones de las condiciones es posible.
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Software Engineering

SOFTWARE ENGINEERING Boenp

=
STRUCTURED ANALYS1S For

) I. Intreducilon
REQUIREMENTS DEFINITION floss & SCHoMAN

The snnval cost of sofiware in the US. Iy app
mately 20 billion doflars. Ity rale of growth is cons

PSL/PSA: A compuTER-AIDED TECHNIQUE Lbly greater than that of 1he ecunomy in gencrsl, £

FOR STRUCTURED DoCuMENTAYION AND C ' pared 1o the ctost of compuler hardwatre, the cos

. . ] soflware is conlinuing 1o escalate along Lhe lines pred

Anatysis OF INFDHFATN“— PROCESSING . .in Fig. 1 [11.* A recent S1{ARE swudy [2] indicaics

SYSTEMS ’ TelcHRoEW & thee thal sofiwate demand over the years 19751985

HERSHEY - - §row considerably Master {about 21-1) pcrcent per y

. than the growth rate in sofiware supply at currens

Hmuled growih rates of the software labor force am

STRUCTURED ANALYSIS AND SYSTEM , ) productivity per individual, which prosjuce a comb

SPECIFICATION LeFarco ) growth rate of about [1.5.17 pereent per yeas over
years 1975.194%, .

fn adduion, as we continué to autoniale many of

processes which control our life-style — pur mes

, -equipinent, air traffic conirol, deflense system, pers:

records, bank atcounls — we ¢ontinue 1o trusl maore
mare in the reliable funciioning of this picliferaling n
of soliware. Seffware engiucerag is the means by w)
wgoatempt 1a produce all of this sofllware in a way 1he
both cost-gilective and reliable znough 16 deserve
. trust. Clearly, it Is a discipline which is impaoriant 10
. . T lablish welt and o perfurm well,

i ————— .

Anuiher wend hat beca added o kg | It oy ol gl arl mARIE
i o] e dwbad langr, “
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This popce will begin with @ definibon of -
then survey the cuirent state of the art of the Jisc
wsseysmng of hikely Tuture 1reads.
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) Let us begin by detining “sofiware engineering,” We will define sofiware
in m_nuuc nal Waly caninoier poograms, bul elso the associaled documentation
rmullr:d fvdeselop, opente, and mainkan the mograms. By delining sultw an g
I this beoaddr sense, we wish 1w ciiphasice 1he necessity of conyileiing Ihe
rencration gl lilflk‘lj ducuniinlation as an integral portion of (e, sofiware
d_cu:l.fpntcm Povesy. We win then combine this with & definilion of “en-
PIacerig™ o produce the following e finilivn.

Safiware  Engimeersmg: The  pracrical apphicauen  of  syemilic
Lnowlzdge in the design and consiruclion of compuler prograngs and

the sssuciated documentation requited to develop, operate, and
maintgin them,

Three m"i". peamts shoukl be wade abour this definition, The first con-
Ly the pecdsaly of coesidering a broad enough mierpretation of |h:|unrd
"dc_:.lrn': o cover the exremely importent activity of sofiware reguilements
cngingeting. The second [kunl is thal the Jefinition should cover the entire
sultware hfe cycle, thus induding those aclivilies of redesign and medifidusion
qﬁn:- lermcd Ysofvware modnterance.”™ (Fig. 2 inddicaies the overall ser of o
tes thus eavompoessed in e dcfinition.? The final point is that our Shire of

hos ledye abne soliw are which cun reafly be called *sohentihe Llh‘mlcd;‘.:‘r s 3

bl e A Sy R e o o g - o B il

£
sufllwdt e engincering ’l‘ i1 wil purher smatl buse upon which 10 build an engineering dl_scnp_hn:. hBUI' af m:u:::i
pline. and conclude wilh anypat is what makes software enginecring suth a fascinating challenge 2
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Figure T Seftware Hir oyele, .

The remainder af this paper will discuss the stu:_nr tl'fr. ar of it;l'l'ﬁl'llru
enginzering alony the lines of the mflw.l.fc ile cycle deltlfd in I_’Lg, 1. “::1:::
I contiins a discussion of sallware requirements engingcnng, wilhi -.r.mn_'.lD n
pan of he prablem af derermining uv:ulj,:yit:ml fequirenments. S:;t r'n.5 1
discusses both prelirminary dusign arad detailed dcilsn.lcfhnﬂluu? trends. TL
yon ¥ cantains anly a briel discussion of progrumming, 8s thig topic “b“.
covefad in a companion arlicle in this issue Ill_. Sectian ¥l .m'."l‘?“ Smcl
soltware tesnng and the overall hie cycle cuncsrn with soltware rclmh; H:ﬂw:r
pion WIT discussas the highly imporanl bul targely neglecied area o :d !
miintenance. Seciion VUL surveys software manu:mgm foncepls IE l.!v:c
prques. and  disfusies the $latus and trends of .'m“m;d Ih:i: [r‘s(n t::
management approaches $o software development.  Finally, Seclion Ii
cludes with an 3sseusiient of the currenl stale of the art of aoliware enginecy
ing with respect 1o the definition above.

Each sectrion [somelimes alter an imroduction) conlains 1 short summnq
of curreni praclice in the aged, followed by & survey of cuuc.m_. _fjuﬂ'tlcrr.l:ch¥z
oyy, dnd concluding with 4 yhoi sumlrmrr_ol' Likely ncn_ds .ul: mcl‘a;hiiu "
survey is onenied primarily taward discyssing the doman o 'lpp:in d:ui
echaiques (where and when they work) suther thar? hnw_lh::r wOr ; o
An cxtensive set of teferences is provided fur readen wirhing |a pursuc Ih

iy mp——— Y
Latter. . -
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N Sofimare eequirtmenly enginrtlng

A Criwal nature af sofinore QIO CINCIES Panny i)

Soflware sequirements engincening is the discipline four deseloping a tom-
rlewe. consistenl, unambhigueus specificstion — which can serve at 2 basis for
rommon agreenient among afl pathies concerned ~ describing whor 1he
soltware product will do {but sar 4ow it w)ll do it Lhis is to be done in the
“desipn specification).

The exlveme imporiance of such a specification is only now becoming
" peneaally recognized. s imponance detives from 1wo main charscleristics: {1
Tt as easy to celay o avoid diing theraughly; and 2} deficiencies in il are vens
difficult and evpensive 1o carrect laier, - ]

Fig. 3 shows 2 summary of current experience at 188 4], GTE [5). and
TRW on ihz relative cost of correciing sofiware errors 95 a2 function of the
phas_: i which they are ¢corrected, Clearly, it pays off 10 invest cffont in finding
requirements errots early and correcnng them In, say, T man-hour rather than
w2iling Ig find the ertor during operations and having to spend 100 man-hours
carreching il,

"y
Hiai
H
b
P
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iy ) LIFE"] et "‘l;l-:.“"' lﬁt;;:ufl Ll RIRN ) *
) . LA LLEL R B P PRI
Flpure 1. Suftwuie valldatlen; itr prict of prafrustiantlen,

) Besides the cosi-to-fix problems, Ihere are other crilical problemsy s12m-
ming {1um a lack of a pond requirements specification, These include {6]: 1)
!m:--:!mn desipning is impessidle, for Lok of @ well-specified “op™ 2 teyting
15 iMirswble, hecawse thete is nothing do lest gpdinet; 1Y the user is fraren oul,

becawaz there iy no elear shacimient of whar iy Peing produred for B ond 43

4

toareds.

v r :
Matlagement is nol in conlsol, as there is 0o Clear alatement of what the projec
lesnr is producing. - O
8. Current peaviice -

Currenily,. salvaare requirements specifications -{when they exist at all)
are generatly expressed in free-form English. They wbound with ambigvous
terms (“suitable.” “suflicient, “real-time,** “'Mecible™) or precise-sounding
terms with unspecified definiiions ("optimum,** *'99.9 percent reliable™} which
are potential seeds of dissensien ar lawsuits once The sofltware iy produced.
They have numerpus efrors; one recent study [T indicaled that the fisl in-
dependent review of a fairly good sofiware cequirementis specification will Bnd
from opne 1o louwr nontrivial errors per puge. .

The techniques wsed for determining sofiware tequirements are generally
an ad hoc manual blend of sysiems analysis principles [B) and common sensc,

(These are the good ones, Lhe poor ones are based on ad hoe manuel blends of -
polincs, preconcepiions, and purs salesmanship.) Some fermalized manual tech- .

nques have been wsed suceessfully for determining busingss syslem reguirg.
mems, such as accuralely defincd syslems (ADS), and time swomaied grig
(TAG). The book edited by Couger and Knapp [9] has an exceilem summary

“of such techniques,

€. Cureent froater technology: Specification Ianguages end jysiemy

-y

. 13 15D05: The pioneer sysiem for machine-analyrable software require-
meals is the ISDOS system developed by Teichroew and his group at Lhe
Uriversity of Michigan [10). I was primarnily devetoped for busingss syslem
applications, bul much of the system and its concepis ere applicable 10 other
ft is the only syslem (o have pasicd & marker and aperalions lesl;
several commercial, acrospace, and governmenl organizations have pzid for it
and are successfully using it. The U8, Air Force i3 currenily using and spon-
soring £xiensions (o 153D05 under the Computer Aided Requirements Analysia
(CARAY program.

-I5DQS basically consists of a problem statement linguage (PSL) and 2
problem siatement amalyzer (P5A), PSL allows the analysd to specily his 5ys-
tem n Llermis of formalized ennties (INPUTS, QUTPUTS, REAL WORLD E5TITIESH,
tlagics [SLTS. GROUFPS), relationships (USFS, UPDATES, GEHEMATES), ead other
information on liming. 9ata volume, spnonyms, Allibules, cie. PSA operaicy
on the PSL statements 1o produce 2 number of uselul summaries, such gy foc-
matled pradiem staements; direcories amd keyword indlzes; hiersrehical strue-
lure repoerts;- praphical summuies of Mows and relntianhips, and sraiiical
suminarics. Some of these capabilitics are wgivdlly maore swiled to supparling
System desipn activities, this i wlien the made In which I5THIS &5 beed,
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Many of the rurrent hmitaticas of 15105 stem frony its priman nncnu
Hon lowarfd Busingss sisioms
frimanie reguitcments wnd inan-machine inlerattion regmirements. far eoam.
ple. Other capahilidicy are currenily missing, such as suppori {ur mnﬁruuimn
control, trectabilily 1o desipn and cede. detsiled consistency cheching, and! {2y
winahe stmubabion geacration Mher hmitaions refllent deliberale, sanqm:
design chowsest the oulpul graphics are crude, bul thkey wote praduced in s1_.n.
dard 8% = 11 in size on any standard lice prigtze, Much of the curaen -...ms,
on ISDOS/CARA b aricnied towa:d renzdsing sech hiniziions, asd £x;pding
the spstem 1o further support soltw are desiga .

1) SREP. The most eqensive and powgrful system for software raguire-
ments specifization i evidencs aoday i 1har heing develepsd wnder [the
Suftware Reguirements Logincering Program {SREPH by TRW for the U5,
Army Batlatic Missi'e Deflense Advanted Technalogs Center {OMDIATC 111,
12, 13]. Portions of this effor are derivative of ISDOS; il uses the 1SS dila
MIAIEeMaht syslem, wund i5 primadily ofganized inte @ languaee. the feguire.
ments stalement laepuape (RSLY, and an analyzer, the reguirements evaluation
and walicanion sysiem (R EVS)

SEEP cunging 2 number of extensivns and innos ations which are needed
(i regquirementy engpincering in real-time software development projecis.| In
odder 1o represenl seak-tune performance requiremenis, the individuzl Tungion.
al requuements can be juingd into slimulus-response newsorks cabled K. Ntli
fn order to lowvus estly atiention an sarlw*c testimg and teliahiling, there!are
Capablities for designaling “"vahidarion paints” within the R-MNets. Tor early re-
quirements valulaninn, there are capabiliies for automatic gencralion of func-
tional simulnoeg ftum the reguitcmenls staicments. And, for cdipuation o
chanting tequircments, there ate capabalitics far confizuration contrad, wrage 3.
ohy b desiptr, ol et maivg repa ) gengiation sl conshaensy chedking

Curtent SHLP hniathons apain mustly reflleci-debberate dovign decisions
centered argund 1he awtononious, highly realdime process-cantrol problem of
Ballistic missile defense. Capabihitics 10 represent large file prosessing ang
mun-mraching inleratians ate missing. Norlabilily 15 8 problom: aithough weme
parts run wn severs) maciones, other patis ol the system run only on a2 Tl ASC
computer with 4 very pawerful but expensive multicsdor inleractisg graphics
teominal  Mowever, the system hus been designed with ihe use of Compiler
generalens and exlensibilitg features which shauld aflow Ihese lintitanions 1o b
tomedied,

Y Aviomate progeatomeng s saher appeoeches, WUiider Ahe spannshigp of
the Defense Advanced Rescarch Projects Agency (DARPA)Y, several resegtihe
ers afe allempling 1a deselap “amtamalic programming® syslems 1o replye e
Cungtinns o rheer currently pedbonneed By oo by

|
I osta ewful a g
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be the nieed to determiing whal software the syvten should prodtuce, thd
suftware tequirementi. Thos, the methods, of ot least the forms, of eapluring
saltware reguitements arg of cemral congern N sulumdkic programning
resatch

Twa main dircclions afe being 1ahen in this sescarch. One, eazmplified
by the work of Balrer al USC-IS1 [14], is <o work within a genesal problem con.
tent. relying on only gencral rutes of information processing lilems must be
defined or received before they are used, an 1" shoutd bave balh & “ihent
and an Telse.’” ec) 10 resolve ambipuities, deficiensiss, or incunsivtzncies ir
Ihe problem siarement. This approach cncounters lormidatle problems in nal
ural langudge processing and may reduirg Tutther restrictions 19 mahe T tract-
ahle

The ather direction. svemalified by the wark of Martin au MIT {15], is 1
wark willip a particular problem ared, such a4 inventoty cunirol, whete there i
envugh of & general model of sofiware requirements and pcoephable terminalogy
10 muake the prablems of resalving ambiguities, deficiencics, ond incansistencic:
redsqnably 1raciable,

This second approsch has, of muls: been wsed in the p:nl in wariou
form; of “progromming by -guestonmiire’’ and spplication gengillorg i1, 2|
Perbaps the mast widely used are the parametcnized application genciator!
develapsd far use on the 151 Sysiemf). IBM hes some more dambitious ellosn
pn reguirements specificdlion underway, aotably one called the Applicatior

"Software Enginerring Toal (18] and poe called the Informaion Autemar {11
"wut Further informaion is needed 1o n3ssss their curront status ond dircctivns,

Another zwanLe involves the formatization end specifivation of reguires
prapertics in a sofware specifivation {relabilny, muintaaobility, pottabiliy
glc b Some susooss ha been ewperienced hore for stoabdo-mediam sypslemi
using 4 Regquizerients-Properties Matrin™ o help analysls infer additignal re
guiremenls implied by such consideranions (18],

n rn"rh.lr:r

fn the atea of tequirements statement languzges, we will see furthe
efTusiy either to extend the ISDI05-PSL and SRLP-RSL capatilities to handl
further arcas of applicalion, such g man-muachine interactions, of Lo develo
Langusge variants specific w such aress. [t is shll an open gueslinn &g 1o how
genersl such a language can be and shill rerain il wiility. Cahor wpen question:
are thasd of the matere, “wlich I-.|:1u.a-.nt.1linn scliceie iy b
quitements in a certyin areal” HADIATC n spennsnmg S and woilk heie g
represeniing gercral data:processing syslem recreImenls I'n* thie IMD preh
Tews, insodsipg el nets, wlade Aty diagians, ael predicate vaboulng, It

var Jdesribing f

. - T T *
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A pood deal more cun oand w3 Be done w :\ftnd('l)hc vapambuy of pp.
qum:lrn:nls shalemenl analjcrs. Somc estensions are fuirly sllJ!}'ht.fr-:u,,:d
cunsisienty ':_h:cL'rng: glhers, involving the use of 1elubieaal cperaiors 1o deduse
d:n:n ed 1equirements and the deicciion Land perhars yenerapion? of mis:ing re-
Et:::m:nu ate morg Qillicul, ending 1oward 1he aulmans pnu:r.;mmin.;

improve subsequent pens af Lhe sohware hWle oycle.  Evamples include
f!qulltmfﬂl?'dtb;fﬂ'f?\-ff gonsislency checking (ane initial eMan s underu g
the autgmnalie peactatton of 1est coscs lrom requirtemenis stnements. and Iut:
tourse, the mdvances in aulomatic programming ‘nsvolving (he gen-miunl af
eode Tram requircmenls, T -

Frogress will nol necestarily be erolulionary, though, There 15 alwais 3
gr-cuq thance of a bresbihrough: some hey concept which will simplify and fof-
' Mmulize large regiuns of the problem space. Even then, though. there will al-

wiy s remain diflicult repions which will requite humasn in'sighl and ensitinag 1o
come up b an avceptable sel of sofiware requiremenis, .

I.lu.nn!h:r irend invehves the impact of having faemal, machine-analy zahle
Fequirements fand design) specifications mn pur overal] invemory of sofiware
code. Beswdes inproving sefiware reliabiliny, this »ill make aur sofiware nwsh
maore pitlable] wiwers il net be tied so much e & parliculac machine

conliuretian, 11 is interesting 10 spevelate on what impact this will have on -

bardware vendors in the fiiyre,

IV, Saftware deylpn )

A The eegrcresientsd fesipn dedvimma

*

Ideally, fine wild fite 1o have a counpleie, consistent, salidated, wrambi-
tuous, mxchine-independent specilicavion of sofiware requirements belore
pro{::de Tn software desipn. Mawever, the reguirements are ned foally valis
dated until il is determined that the resulting sysiem can be buill for a resson-
' able rost - and 1o de s reguitgs Jdevelaping one or more sofiware Jos.pars tand

any 3aockaled hardaare dosipny nceded),

_ This dilemma is complicated by the huge number of degrees of frecdom
avaibable 10 sofiwgrefhardwere shstem desipners. Inothe 1950s, a8 indicaied by

Other advances will imvolve the use of formal requincinents stslemenis Ip .

Takle |, the dovigner had only & few slieragtives 10 choase figm in sclecling 3 -

tennal pratetaing unil (CPUL, a set of periphersls, a grogramming language,
”,d,“ endemhle of support suflieare, Inoahe 1915, with repidly :m]u-ng
mini- and micrecounpuiers, frniware, mpdems, smafl lerminals, data manage-
meonl sysloims, £, the designer has an encemous Aumber of alietnative design
companents 10 surt oul {possibilines) wnd 10 sericusly choose Tram (Likely
choied), Oy the 19805, the number of possible design combinations will be
{uemidable.

. specification )

-

. Takle |
Destgn Degrees of Treednm For Nom Duia Procesatng Spatems @
(Raygh Ealimalrsd .

Likek;

' Tl b Per kil un Chou o

Elemdnt . LINEY ) LELRL Y] 117040
cru i o0 10

Op-Coder mord wat bbbl walubly
Pootpheraly Tpuer Tupcisont t 00 100

Frogrammeng anguag? | ] =10
Crreising wbiem =% 1 1] 1
b 100 W

Dhafd Manspe MenlL L3y em

The foliowing are some of the Implications for the designer. 1Y IS exnier
for bim w0 do an gutstanding design job. 23 §u is easier for him to doa terrible
design job. - 3} He needs more powerful analysis 100l o help him sofrl gut 1he
slternatives. 43 He has maore oppottunilics far designing-1o-cont. 3y He has
more opperlunities 1o design and develop tenable Systems. &Y He needs 2 mote
fexible requiremernis-tracking and hardwire procurement mechanism lo sup-

parl the abose Nexibility (particularly in government systems). 71 Any ravianl

standardizaion e g., in programming languages) will be a big help o him, in
thal it reduves Ihe number of alicrnatives he must consider,

8. Currerd proviice

Solware design is snill aimaost comipletely a manual process. There is relas

- lively lntle effort devoled 10 design validation and risk analysis belore commil-

ling to a partivulat software design’ Most saliwars creory are muade duting the
design phase. As seen in Fig. 4, which summarizes several soltware errar ana-
lyses by 1B (4, 19) snd TRW [20, 21], the ratia of design 10 voding errors
genetally exceeds 60 4. {For the TRW dava, sn crror was called a design epior
it and only if the resulling fix required a change in the delailed, aesign

Most sofiware design is still done botwom-up, by developing soliware com-
ponenis belore sddressing interface and inlegration issues. There is, hawsver,
increasing  successful uvse of jiop-down design. There s “lithls o ganized
knowledze af what 8 software designer does, how he does il, gr of what makes
2 good solware designer, 3lthough some iaitidl work along these lines has boea

done by Freeman |22} .

1 -
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C. Currens fromier technoloyy

“Relztinely Litle 135 available 1o help the designet make the ovenali
harduare-soflware lradenllT analjses and deyisions o yppropnalely narrow the
farge number of desipn Wegrees of Mrecdon available 1a him. Ad the micro lexs
el seme formalisms such as LOGOS [2Y] hive been helpful, bul 3l the riusto
level, not much is available hejond genenrdl sysiem engineering lechniques
Seme help iy provided via improved techaiques for simulating infarmigtion sv's.
fems, wuch 3t che Fraendoble Computer Systein Simulaor LECSS) (24, 27,
which mate i postible 10 develop a Dairly theteugh funitienal simulation of the
sp31em Tor design wnalytiv in a considerably shutier pime then it 1ales lo
develnp the complete design iisell. -

11 Tup-donn desear Mest of the hetpful new lgehaiques for sofliwarg -
desipn fallinto the catcpary of “lep.down™ appraaches, sheie the “lap™ is ale

CFesdy dssumied 1o be a firm, fixed requiremenis specificanion and bardware ar-
chpeciure. Ofien, # is alyo usauried 1hat the data siruciure has also bren es-
labbshed. {These assumptions must in muny coscs be considered patential pie
Tulls in wsing such tup-dawn (echniques)

What 1he 10p-dow n approach does well, though, is 10 provide a procedore
lor Drganifing and developing the wonirel sirptiute of a PIPET4T B J Wy which
fncus.::l edarly siention on the ¢rihcsl jssves of fnlegtation and inlerfece
definition. I bupins with a top-level expression of a hieryrchical centrel sirus
“ture foften o 1op level “eagoutive® touline costrolling an “‘iapul,** a “pro-
cess,’” and an Teulpal’ ragting) and procecds 19 mecatively vefine cach ducccy-
tihve lowcrdevel vumponent untit Nie canee spulemn g spediflied. Tie succesae

N

@

retinenienli. shich mJdy be comidered as *lesels of sbstraction® or *“virtusl
machings™ [Ia], pronide a number of gdsanlages in improved understanding,

pcommiunical’za, and wverification of compley desigms [27, 28] In general,
thogeh,espssience shows 1hal seme degrec of eatly miiention 10 bottam-level
Jositn isius 18 necessary on most projects [29l.

The 12 oty of 1op-daown design has coniered on 1wo mLin lssues. One
imvolves Estealizhing guidelines for how fo perform suciessive 1efinemenls and
o group furidons it medules: the giher involses techniques of repreacoing
the design of the contral structute and its interaclion with dala.

2V Mol taecaran: The technigues of structured design [30] (ar composite
design [J1} snd the niodularization guidelines of Parnas [32] provide 1he most
decaifed thisiing and help in the ares of modele definition and refinement,
Swuctured disign eslablishes a number of successively sponger fypeg of bind-
ing of funciicis inlp modultes {coincidental, logicel, ¢lassicel, provedursl, com-
Mmueicalion;, ini‘ormniom!, and funttional) and provides the guidating thi a
functivon shesld b grouped with thos: functions to which its binding i3 the
sirongesl, Same Jesigners are able e use this approach quite suceeisflully; oth-
ers find iy wisful for reviewing designs but not'Tor formulating them, and oth-
ers simply fzd i 0o embiguous or complex 10 be of help. Further expeticnie
will be needed 1o determinge how much of this is $imply a Itarning curvs ¢Tech.
Jnogenerd!, Prrngs’ modularizaion criteria and guidelines are mafe sirqighifor-
ward and wilely-used than the levels-of-binding guidelines. allhough they may
alio be becoming more complicated a5 they address such issves as disiribulion
of responsitiny for erroacous inpuls [33]. Alang these lines, Draper Labs®
Higher Qrder Seltware HIOSE methodalogy [34] has pitempicd 1o resolve such
ixaurcs %ia a3 el of six asious covering relulipns between meedules and data, in-
Celwling fesponsibilig Tor erroneous inputs. Far example, Aviom 5 states,
“Each mee’s conttols Lhe rejection of invalid elemenis of it3 own, end only ils

o n. inpul et "
. .

1 Deygn represenioton: Flow charts remain the main melhad cotrently
wscsf far design representatian, They have a number of deficiencies, parlicular-
Woan tepresealing higedechical coniro! structettes wad dara inleractions.  Also,
their free-form natute makes it oo eaty lo conslrust complicaled, unstrugiured
designs which are hard 1o understand and maintiin, A nuraber ¢f reprcienta-
lion sChemaes have been Jeveloped o avoid these deficiencics.

ey e  ——
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The hierarchical inpulprovess-output (HI'Q! techpigue [15] rcprﬁ?m
_surmrc in & hieratchy of madules, each of which is reprasenicd by is inpuy i
15 ouipuls, nd a summary al 1he processing wlhivh connedls the inputs .-:_-i
oulpuls, Advamarss of the THPO tcehmigue are its ease of use, ease of I:a;n,
Ing, easy-lo-understand graphics, and disciplined structute. Seme gener
disadvantages are the ambiguily of the eonirel relitionships {are succesgin-

lower level modules n scGuenge, in o toop, or in an iffelse relationship?), ne

lack of summary information 1boul data, the unwicldiness of 1he graphics op
::rg: sysiems, and the manudl pature of the lechnigue. Some aliempts hasg
con made 1o auicimeie (ke represeniation and gendtation of 11PO° {

) ! = b £ Sud
Univac's PROVAC Spuiem 36~ wime me—mr =77 T uen

_Thlc slructurs chelts used in struciured design [30, 31] remedy some of
these disagvantages, althuugh they lose the advantige of representing the
processes conaecting the inpuls with the pulputs. ™n doing so, though they
provide i mafe compacl summary ef & module’s inputs and outpals uh'i:h i
lcss unwieldy on large problenss. They alse provide seme exira ssmbolngy 1o

r:mu\'cral. teast same of the sequencefloop/branch ambiguity of the contrgl re.
Ixnonships,

) Slucul cther simi}:r conveations have been des sopedt 117, 18, 39), each
j#llh dlﬂlcrrni $ONg poinls, bul one main dificuly of any such nanual syslem
is e dilficuliy ¢f keeping the design consisieni and up-1o-gaie, especially on

terge protlems. Thus, 8 number ol sysiems have been developed which siore '

design |nFﬂrmaIi|_:Ln in machine-reatdable form. This simplifies updaring fand
rcduch update \_::rors]l and facilitates generation of sclcClive design summaricy
and simple consisicncy chething. Eaperience has shown that even a simple sex

al autum_‘lcd cnqs':m:_ncy ¢hechs can caich dorens of porenizl problems in &
large design specification {21]. Sestems of this nature that hive bheen reporied

include the Neweastle TOFD sysiem M0}, TR's DACC and DEVISE syslems

1211, Boeing's DECA sysiem [47), 2nd Univae's FROVAC [38] several mare *

e under development.

Anoiber machine-processable design representztion is-providsd by Caine,

Farber, and Gardon’s Program Design Language (POLY System {421, This sys-
tem accepis €onsitncls which have the form of hicrarshical struciured pro-
Erams, but insicad of the actual code, the designer can write some English 1eul
desenbing what the segment of code will do, {This representation was origingl-
1y ;al]::i shructured pidpin®™ by Lhlls [43]) The PDL syslem again makes up-
dating mudl’: gasier; il absa provides 2 number of useful formanted summaries of
the desipn information, abthough it s1ill lagks soune wished-Tor fealaies 10 sup-
porl lerminclogy control and version cunurel. The program-lihe fepresentetion
makes [1oeasy for progremimers 10 read and write DL, albeil less easy for
nonprogrammery.  Initizl resubis in wsing the POL sysicin on projects have
been quile favorable,

Lt mpa-g— v o= o4
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Opve s 300d deal of design information i3 in machine-rgadable forny
there is a fait amount of picssure from users 1o Jo niore wilh QL2 to’ grnctsle
core and lime budpets, software cost eslimates, Rost-cut dala buse desctiplions
ele. We should continue to tee such added capabilitics, and penerally v Tuithe
evolution toward computer-aided-deaign systenss for woliware, Beyides in
pEoYEments in delermining and repfeenting control sirugiurei, we shauld s
pragress in the more difficull ares of duia siruciuring Some initial alienipl
have Been made by Hoeare 144} and others 1o provide » datw analay of The bais
conirol Struclutes in Sleuriured progtamming, bul with leys graciical Impast &
date, Adduioniiy, theore will be more inlegfation and traveabiliy borwesn 1
tequitements specification, the design specificalion, and the code — again wilk
siznificant implications regaeding the imprased partatality of v uscr's yaliwire,

The pecliferation of minicompulers and fnicrocompualers will continug it
comphitatz the d:s[gncr"i job. It is dificuli enough Lo derive of usc principle;
for p4rli1'uning software jobs an sindle machines; addiional degrees of Mesdom
and gondurrency probtems just make chings 30 much harder. Yicre ggain
though, we thouls expecl at least some inilial guidelines far decompesing inflor
mation procesting pbs inlo separdle CONCUITENT Provesses.

I is still not clesr. however, haw much ane can formalize the sofiwdrd
design provess. Surveys of sofliware Jesigners have indicsted 2 wide ¥erialior
in Their design styles and approachied, And in Lheir £eCeptivensss 10-UsINg formud
design procedures. The hey to goad soliware design still fies in geuting 1he bes
aut of good people, and in structuring the Job 5o thal the T¢ss-good peaple ¢ar
stitt make a posilive contribution. -

¥. Programmlng -]
This section will he briel, because much of the matcrial will be covered ir
the campanion atiicle by Wegner on ""Computer Langusges™ (1.

"A: Curren praciice

Many organizalions #re moving loward using slru:nfrcd code 118, 4)
{hierarchical, block-oriented code with a limited number of control stragiure
— generally sEQUEINCE, IFTHENELSE, CASE, DAWINLE, and GOUNTIL — aod fule
For formatting and Limiting medule size). A greaf deal of ternbly unslruciure
code is still being written, though, eflen in assembly fanguage and P FLigulatl
for the rapidly proliferaling minicomputers and Microvompuiers
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Languages ate bocaming aveisle which suppon sbhuctured eode anid od-
ditional valuahle features such s Za1a ping and 1ype checkhing o Paswal
4513, Exicosiung such as concoriinn Pascal [46] have Bron dosclopad 10 sup-
potl Lhe progranming of oncurrenl processes. Extensions 1o doa nping e
\-ull.-ing more exphifn binding of privedurces and their datz have been crubodied
in fecend l3nfuapes such a3 ALPIARD [47] ard CLU HEL Melacempiler wnd
com;rulcr wriling ypslem technplags conlinues 1o improne, shihough much moie
“slowly in the code generalion area than i Lhe synidy analy iy ared.

gramraing such as-the Program . Support.Library [49]. Process "Conslruttion
(30}, TORD (a0}, ang COLUMBLUS [51]. Another nove! 2id is the Code Audi-
tor program 30} Tor aulomaied miandards compliance ¢hecking — whith
guilanmices thal the slandaids are more than just words. Oopod programaning

. praclicey are npow becoming codificd inte sty ke handbooks, ie.. kerpichan and
L Plaugee (32] angt Ledgara |53]

-0 O Teends _ -

\
" 1

'f Lois giMicult 10 ¢lean up old progranming languages orf 10 iRIrodure new

i'!

i

ones inlo widespread praciice. Perhups the sirongesl hope In this dircOiion is
ihe cutreal Depariment of Delense (DoDY effort 1o deline requirements fog its
fuiure higher order programming languages [54], which may ¢ventualiy lead 10
the deveiopment and widespread use of a cleaner programming language.
Anothee trend will be an increasing capability for aummmnlly generating md:
" from design specifications. y

VE. Saftware testing snd sellabiliny

1.
|
in{. l‘:'urrr:r: pracsce

-1 - Surptisingty often, seltware Lesling and reliability aciivities sre still noy
cansidesed until the code has been run the firgt 1ime and found not 1o work,
: 1a pencral, the high cost of 1esting (still 40.50 pereentl of the development
efforid is duc to the high cosd of reworking the cade al this stage (see Fig, 31,
and 10 the wasted eMorl resulting Mrom the lack of an advance 1¢st plan to
" eficicntly guide Lesting aflivitics.

- pang inilsell. There ure Tew effective criteria used for answering the questian,
o ew muech 1esting is enough?' eacem the wsual “'whea 1he budgel {or
" schedule) runs put' Hlowever, Mare dpd more Ofganizations Zre nuw Using
" dindiphned lest planning and seme objective criteria such 45 “eagicise every ine

Cstruction™ or “'exercise every branch,' ofign with the 1id of aulomated qes

Ll ]

tn #0Jditicn, most testing is 5ill 2 tledious manual process which is errof- -

Automated $ubs nclude support ayslems lor lop-down siructered proe

I
|
i
:
|
|

i
{

murilering 1ealy and teat case planning aids ot awher echnalegics, sudh .

mathemariwd prool 1echniques, hsse barely bugun o penclraie the world «

production suliware, C
/e

1Y Sofare rehabdity oindicfs omd pheaonwsobags Initizlly, sanempis o
predict safiware reliabilty {ihe prabubility of fuwwee satislaciory operation of 1h
saftwarg) were mede by apphing muodels derived from hardware teligbidit
analysis and fitting them to observed soliware eoror rales [531. Thewe spdel
wothed at Umes, but ofien were ungble to explain woiwal gepesicaced o
phenamiena, This was primerily becanse of fundamental dilfoicnugy belwes
software phenomenolopy and the hordwarg-arienied assumplinont en which b
models were based. For example, solivare components dao not degrade due b
wedr o faligus: no imperlection ©f variations aie intidJuced in mahing adui
lioral copics of ¢ piece of saliware foacepl passibly for a cfass of eay-lo-cheel
copring efrons}; repair of & sofliware fault generally resulis in o dilferen
sollware rnnﬁ;uuhun than nuvluuslr. unhike most hardware geplacemen
Iepaws. .

&, Curecut fronticr technolagy

Models are now tn:jns desgloped which provide explanations of the previ
ous ¢iror Rislories in lerms of appropiiale soliwals phenoendlogy, They an
bascd on a wiew of 3 soliware program as a mapping front a spaece of inpuig inte
¢ space of outpuls [94], of program pperalion a4 the proxessing of & 1eguence @
paints in the inpul space, disinibuled according to an opesational mofile [§7]
and of 1es1ing 23 4 sampling of pawis from 1he input space [36] fiee Fuy. 5}
This approuch encaunters severe probfems of scale on large programs, but gar
. be used conceptually as a means of approptiately conditioning rimic-driven relia
bility modets [S8]. Snll, we sre w long way off higm heving 1ruly relisbl
reliabitity-catimation methods for sofpwgre,
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2} Sofrmare eeror dara: Additionat insights into reliability :sli@mn ha
eome from analysing the increasing data base of sofiware ertors, For ewm t-'=
'-I'_t: l:!l.'l .lhn the disizibutions ol serious soltware errars dre l:!issimihr from Pu-,
distiibulions of mindr errors 1551 means that we necd 1o define “errors™ “_-;‘t
carefylly when viing relabiliy prediclion models. Further, snathet siuds If\ﬂ'}
found thai the raies of fixing serious errors and of fiaing minor ereons \'.n';' with '
manzgement direction, [ Clase out oll probiems quick!y'” genershly pels minlm

+ :I h L - -

t . -
Ouher insighis afMurded by sofiware dais collection inciude betler 235245 -

menls ol the Etllliﬂ‘!mﬂﬁ' ol. various solitwere reliability techniques 13, |9
é0], id:ﬁllﬁFattDﬂ of the requirements and design phases as key feverape p;:inli
‘rur €03l 3avings by ehiminating errers earlicr (Figs. 2 and 33, and guidelines r;r
oreaniHing 1851 efMTorts L'[I'nr eazmple, one recent analysis indicated thal over halr
the errors were < eperiznced when the soliware was handling "data singularinies
and ealreme points 160}). 5o lfar, however. the proliferation of definitians of
various 1tims ferror, design phase, logie error, validation 1es1), stitl mahe it cx-
mme_ly diMicu!t 1o compare error data from diflerent sources . Some eforis
eslablivh & unified sallware relishility data bisc and nssucin:d.slandurds u:ne'nl't:l
nology and dana collection procedures are now under w2y al USAF Ru;n: A:r :

Developinent Center, and within the IEEF Technicat Commitice 03 Soltware

Engineering,

i ]:. Awgmared oidy: Lt.' us skeich the main sizpy of lesting b:li!tt;l the
zt: nl ¢ tdtnd:'hn been writien and the gains §1 is prongunted acceplable for
¢, #end describe for each step.the main trpes of automated aids which have

been found helpful, More deluiled discussion of these &ids can be found jn the *

surveys by Reifer 161) and Aamamoorihy and Mo [62) which in turn have

refe

rences 10 individuzl contriutions 1o the feld,

ljl SFGIIJ'I‘ code enslynis: Aulomaied aids here include the usual com-
piler qjagnuulics. mus extensions involving more detgiled data-type
checking. Code auditors check Tor standards compliance. and can
also p:lr{a:rn various type-thecking funclions, Conirol ‘I'Iow and
reathability analysis is done by siruclural analysis programs (Now

chatiers have been used for some of the elementary checks here,

T . []

' ll;utlun!tri' 3n alw b:' helpfull., Oiher wseful sianic analysis
tools l\crfl:!rm §el-use Irjllﬂli of data elements, singularity enalsis,
anils .mnsustcntr_nnﬂym. data base consistency cheching, and datas
versus-code consistency checking, )

b} T:'H foie preparation: Eatensions 10 Struclyral snalysis programs
provide essistance in choosing dala values which will make 1he pro-
gram execule along a desited palh.’ Attemipis have been made 10
aviemate the generation of swch Juta values; they can generally
sucteed for simple cases, bul run nio dificully in handling loops or

+

at '

rl

branching on complex galvulated valugs [ g . the fesultd of nun??r(-
cal ingegtation). Further, these programs anly help gencrale the an-.
puti: the tesier musl still caleulne the expecied owipuls tamisell,

Another sz1 of 1ools will aulomatically insert inslzumentalion
lo verify that a desired path hes indeed be¢n esercised in the lest.
A limited capabilily exists for automalically deiermining  the
minimum aumber of lest cases required 1o exercise 3ll Lthe code.
But, a5 yel, there is no tood which helps 10 delermine the most ap-
propriale sequence in which to rua o serigs of wests,

¢} Ten monioring and output cheching: Capabikties have been
developed 1nd used lor varigus kinds of dynamic dala-1ype theckhing
and assertion checking, and for Uming and perdormance snalpsis.
Test auipul post-processing akds include outpui rompardlaes and ox-
teplion report capabilitics, and lest-oriznled data reduction and re-
parl generation packIges.

a1 Fault isofation, dedopeinr: Besides the raditional loals — the cord
dumip, the Irzce, the snupshel, and Vhe breakpoinl = several cape-
bilities have been developed for interaclive reptay or backiracking af
the program’s execulion. This is stilt 2 diffcull srea, and only a rels
atively few advanced concepis have proved generally useful, .

&) Reiwsiing fonce @ presumed fix has been maded: Tent dala manage-
ment systems [[ar 1he codeg, the input dats, und the campartisan oul-
put data) have been shown 1o bz masi valuable here, along with
comparalots 16 check for the differences in code, inputs, and putputs
between the crigingl ®nd the modified program and lest case. A
promising experimenisl ool performs & comparslive sltuciufe
apalysis of the original and medified code, and indicales which it
cases negd Lo be cerun,

1 Iawegration of routines inio ystems: [n general, aviomaied 3ids lor
this process are just larger scale versiona of the lest dala munage- '
ment 5ems above. Some additiona! capabilities exist for interface
consistency checking, €.g., on the lengih and form of parameier [isty
pr datz base referenves. Top-down development sids are also help-
ful in Lhis regard, .

g) Stapping. Some parlial criterid for thoroughness of 1esting can and
have becn auipmatically moniiored. Tooly exist which heep » cumu-
tative tally of the. numbes or percent of Ihe instruclions of branches
which bave beem exerciszd during the lest program, and indicatz 10
the lesler what branch conditions must be satisfied in order 1o com-
pletely eaergise all the code or branches, OF course, these arefar
frarm complete grileria (or delermining when to sigp lesting: the
compialensis queslion s the subject of the neat section.




" ,:J}“I:H 1;:&?“':'?0;:1:111 progrgm proving: I3 program’s inpul™yace and o

re finite fwhere the input space ingludcs nol onl e 3
§ 1 g 3 all posidle incom.
ing inpuis, but alsg all possible valoes in the program’s data base), then :T
sn Lonsitudt 3 421 of “'black box' tests fone Mor each poind in the inpu irucc';

which can show conclugi i
; sisely 1hat the prigram is omr i i
mm:h:s.ns arecificarion ). ' et {3 D behavior

Fl
L]

- 'gne:;::rrz:;;tl-?:n}" a p,mu.“m" inpul space is infinite; for example, i
mus Bencialr It“: :: oF refecling unaccepiable inpuis. Tn this case, » finile
Yer of black-box ext | not # suflicient demonsiration of the plosram's correets
A .; o c::a: tput}.r. ofg st d5sure |ha1_|hr progiam Jdoes npt wigng-
P lear i as 2 firm:r ::c ~Thus, lhe dtmnnsu:atrup of correciness in 1his vase
e some o ':g:.lmtl:il fe g ., 3 proof wsing induction? thal 1he dy namic
ot ipace. Indicared by 1he foromsl smecihesion. Tor Mhe. ptogeam. Por. e
! i ication for the program. For Goit
p_mnuns of 1the inpul 3pace, a sucgesshul c:lnh:uﬂ'w: test of all cases can o
:;dr:td';'s'. m.ufat!nrr I_'urmﬂ argument, Same good initial woik in !urll?:j::::t
£ conditions wader which 1231ing 1y equinalznt 1o prool of a program’s corrects

ness has been done by Go . J
work by Wegnet II.':J.I.,lr Goolenough and Gerhart [63F and in a review of their

e £ Sljwnbp:..::. u_rf:n'on: ﬂrn eliraciive sntermedizle step between program
:;:'ulc?-.: ;: ; r;ruvnn; is ;r;‘nbﬂlut erntculion,” a menual or awliomated procedure
erales on symbolic inpuls (e g., variable nar '
- 5} 10 produge v nibo!
cuipuls. Sepdrate cates Are genefated | ) . i M hare
_ tar diTerzal eaeculion paths. I 1her
i ’ e
:Ir::ﬂ: :I:rl:::?:m:" Pr sur;. faths, symbelic execulion tan be used to demons
ctness, vsiag a inte symbolic input space and | .
" culpul space. In gen-
::Ih:?ﬂ:;:. o:: cannot :ruaramcc » finiie number of paths, Even sa n-m:nhc
i +n be quile valuable 35 a0 aid 10 &ither ' t . i
_ frogiam lesichg OFf praving.
Two faily powerful sauigmared syslems for symbolic execulion n?sl Igt EFFII.
Gy system 63} and the SELECT system [66). ) '

o &) Program proviag fpr!:';'!m!i 1rr?ﬁra.'.-'nn.!.' Frogram proving (incraasingly.
eried 1o 85 pongrim venheation) invelves expressing the program speci-
ficalions 23 & Ilugrcal praposiiion, expressing individual program enect on si:n:ﬁ
| ;-::,-;n; I.i Togical proposiligns, ._t:.pn:ssing program branching as wn expansion
e T-r;':tif?:m:;jmﬂ pcr!’armin;ju;iui mngmmnmm on the proposiitons
e ¢nds by !J:m:_:bmlrtlms the equivalence of the program and its
petifization. Pofenlially infntte loops can be handled by induciive redsaning.

o p"::ith;n:rl.;;.r;uf:trwlll proprams mie very camplicaled and lime-contuming
it re L;'m:qi , 5 it was estimaled thil aboul one men-month of ¢xpert effort
cnrrmqm :lm:u :n:r;n]c%n:Jt:nn::qu?rﬂc;nd‘;tlﬁﬂ. Tlh:[lslrfm prugram 1o be proved,

h Adut statements . Again, aylomation can’
; ::If. 0::):: “:;T ofrih: romplications. Smne adtomated verification systems
untlul T:}{ : se of Good er of. [69) and von Jlenke and Lpchham [10). 1,

. such systems do nal work on prograin In the more common |-"‘-I"!-11'r5!

' r " '

such o5 Fortran or Cobul. They woik IR0 TJREUILSS $RA A% Do 175 - 70
ket funlike Fortran or Cobull 3n aniomatic delinilinn (1) allmwing cleen e8-
pression of program stalements 43 togical propasitions. AD eviellonl survey of

progrdny veification technolegy has been given by London 1121

Besides size and language limifalians, there are olher factars which limil
the utitity, af program proving teshniques. Computihonts en topat™ varisbles
involving truncalion and roundoll ercars afe virtualy impossible to enalyze wilh
adequdie CCuracy far mosl npnieivial progranis. Frograms with nanlorntalie-
able inputs (e, from a sensor where cae his just a rowgh ides of its bias,
signal-lo-noise Fatio, eie.) are impassible 10 Randle. And, of coufs¢, programi
tan be prosed to be consistent with 3 specificaiion which 15 sell incorreet with
tespect 10 the system's prope! Funclioning. Finslly, there is no guarintge thal
the proof is correcl or camplee; in [act. many published "'proofs’” have subses
quently been demonsirated to have holed in them [B3].

It has been $aid and afen repeared that “lesting can bc used 19 demon.
strate 1he presence of ersors bul never dheir shsence® 1731, Uafortenately, if
we must define “ercars™ 10 include thase inturicd by 1he two timitatons above

{arrors in specifications and ¢hrors in proafs),
pram proving can be uscd lo demansirale Lhe presence of errors but never their

absence.” . )
7) Faulr-iplerance: Programs do ned have 1o be ctrat-free 10 be relinble.

a i L r
Il pne could just detect erropeous computalions as They oucur and comipensale -

operation. This is the rationsle Behind
schemes far faul-tolerant soflware. Unlortunately, bolh detection sng ¢oMm-
pensatian are formidable problems. Some progreis has been made in the case
af soliware derection and compensalion for hardware errars, see, Tor example,
lthe articles by wulf [74] and Goldberg {75). For sofiware ercots, Kandeil hay
) i lormulated a concepl of sepirately-programmed, alizrnate
176]. It appears atteactive Jor paris of the error compensation aclivily. bul il iy

! 811l 100 early to Llell how well it will handle Lhe errgr detection pioblem, OF wha
! the price will be in program slowdown. -

|

for them, one could achieve reliable

1 €. Trends ) ..
3 : :

Ad we continug to callect and analyze more and more Jats on haw, when,

twhere, and why people make soflware errars, we will gt added insights an how
I avgid making such errors, how to organize cur validation stralcgy anl luclicy
{not only in testing bul hrougnout the solbware life cycled, how 1 desclap of
ev2luate new aulgmated sids, and how lo develop uselvl modiendy [ predicting
soflware reliabilty. Somie automaled aids, pathicularly for s1atg codo checking,
and for soime dynamic-type ar asseziion chiecking, witl be integrated inle futurg
peogianmmng Rngudges and compilers.
=iz and associated ails for 1eal compleleness, parbicuidrly aleag the lmes af exe

vrecosery blocks™ |

We should 1e2 sumec added usiol €t

it must be admitted sha Yprgs -
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“sre based on highty appravimale definilions.

]
ercrsing 2l dala glemenis™ in some appropriule W, 5:-'mimht £atuulinn
capabilities will probably make their way inlo aulomated aids Tar tes) vase gen-
eralion, monitoring, ¢=d perhaps relesting.

Conlinving work inlo the theory of sofltware 1en1ing should prenide some
tefined concepis of tesl validity, rediability, and completoness, pius a betler
thearelical base for supparting hybrid (est/proal methods of serifving pregiams,
Program proadng technigues and zids,»Ul become more powetlul in the size
and range of programs they handie, and hopelully easier 1o wse 2nd harder 1o
misuss. Hul many af wheir Dasic limitations will remain, pacticularly those ia-
volvink feal variables and nonl’urm:lunblc inpuis,

Unfoiunately, mest of lh:s- h:lpful npabnhlics will be avadable only 1o
peopls working in highet erder lanpusges. Much of the progress’in test 1ech.
nalogy will be unavaijable to the increasing nuember of people who find them-
schves spending more #nd more lime testing ass2mbly language spliware writ-
ten fof minicomputers and microcompulers wilh poor 125t supporl capabilities.
Powerlul cross-compiler capabilitics on lacge host machings and micropro-
grammed disgoostic emutation capabitivies [77] should provide ihese people
some relisf aficr 2 while, but a grest deal of software testing will regress back to

carhier peneration "dark ages™ .
- st
VIl Solivare malnienence

A, Srope of software maaltmance

Sofiwire maintenante is an extremely important but highly neglecied ag-
tiwity, f15 importance iy cdear from Mg 12 abouwl 43 perceng of the overall
hatdware-sofiware dollar is gaing into software maimierance ioday, and shis -’
awinbgr is likely to prow to abaul 63 percent by 1985, T4 will continug o grow
for a teag time, ay we continue 1o add (2 our invenlory of code via dc\ﬂon-
m:nl af & {aster rale than we make code obsolels,

The figures abowve are only very aprroximalz, hecause our only daid so dar
It is hard 10 come up with an
wrexceplional definition of soliware maintenanee, Heee, we defline 11 85 (he
process of modilying existing aperational software while leaving its primaty ;
funclions intact' To s vselul 10 dividz sofiware nisinlenance ino 1w cate-
tiarics: soltwire prdore, which results in o changed functional spesification far
the soltware, and safiware eepger, which leaves 1he Tuactional specificzion ins
1ac1. A pood discustion of selware repait iy given in the paper by Swanson
173}, who divides it into the subcatepodies of correclive mainienunge {of pro-
cessing, performance, o implementation falures), adaplive maintenance (tp
changes in the processing of <ata emvitonment}, and perfective muintenance
{fut enhuancing performunce of maintainabitig], - .

——-
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or repair, thtee main luncimn, afe invols :n.] in ,.nnu.u;

For cither update
maintensnce (79,

Urmibertiwnding the exitting suftmare; This iniplics the need for yooud
documentation, good traggability between requirements snd cade,
and welb-siruciured and well-fomatied code.

ModSinp the evrtiag sofimgee: This implies the need lor sofiware,
hardware, and dalp struciures which are easy to envpand 1nd which
minnnuze side efTects of changey, plus fasy-1g-updale dowumenie-
Lon, .
Revalabinng the modificd saflmore: This implies the need far sollware
sirustures which facilitave seleciive refest, and aids Tor making retesl
nigie tharough and efficient.

Following a short diseussion of cufrent praclice in software mainenance,
Lhese three Tunctions will be used belaw a5 @ framewark for discussing current
fronitier techinology in soltware maintgnance. -

B Current pruaciice

) .

As indicated in Fig. &, probably aboul 10 peecent of the ovessll cost af
sofw are i spent in software mainlcnange. A recent papet by Elshof [80] indi-
cxtes that the hpure for Genera! Mowars is shour 74 percent, and that OM B
faitly typical of large business sofiware activilies. Dhaly [$] indicates thal aboul
80 perrent of GTE's 10-year-tife cyele costs for reul-time sofiware are devated
te mainttnInge, On two Alr Forge command and cantrol sofiware sysiems, the
mainlcnance portions of the 0-year Lle crcle costs were about 67 and 71 per-
tenl. Often, maintenance is not don= vely ciliciently, On @ac aircrall compuls
ef, software devclopment cosis were roughly $758finsicucifon, whilp mainle-
nance casly ran as high as 340007/ instruction (§1).
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Despite its sieg, soliwure maracnange o @ highy neglecied acinms In
general, loss-qualified persunnel wre assipned 10 mainlenange tashs, Theee arg
few good general principles and few sedies of the plovess. maost af them incon-
clusive. |

Further, dat2 processing praciices see wsudily optimized aroead other cri-
teria than maintenar ¢ efMcency, Optimizing around desvelopment cost and
schedute criteriz generally leads to compromises in documentation, (esting. and
sttucturing.  Qpiimiring around hardwars efficiency crileria genctatly leads 10
use of assembly Mapusge and skimping en hardware, both of which zoriclae
steongly with incieased seftware muainienanee cotts 1) -

C. Current fronpiee fechnofogy

1) Understandig the eaisting aofimare. Ajds here have larpely been dis-
cussed in prowinous sechions: structwred programivng, dutomalic formaning. and
cimde auduary Fip standaeds comypliance cheghing 1o enhkange code readatabily:
machine-tracable requirements and desiza langusges with wrazeadbility suppori
e and Mom ihe code. Several systems cxis: for amomatically updating docu-
menzlion by £ scelpling infurnation fram the revised code and commem cards,

2Y Afod fing the rxoanieg safingeer Some of Putnas? medularication guide-
lines 132] and 1he data a2bsiractions of the CLU [48] and ALPHARD [47]
lipguages mahe il casicr 12 minimize iSe side clMects of chanpes. There may be
2 mainienance peicc, howeser. In the past, seme sysiems with hiphly coupled
proframy and associaled dats siroctures have had difficuliey with date base up-
dating. This may not be a problem with 1oday™s daty dictionary capabilnies, bul
the inleractivng have nol yel becn investipaizd  Oiher aids o medification are
siruclured code, confliguranon menagentent (echpigquas, programming suTport
hbrgries; apd process consirecbion 5y slems.

3 Revalidanng the mod fird suftware: Afds here were discossed earlier
urder Icsting: they include prinvarily et data MANAREITIENE 5y5LCMS, COMMra-
Q! progiams, and program stivcluts andyzers with some limiied capabiliy for
selecine retest analysis,

4} General aidy: On-line inferaciive systems help 16 remove one of Lthe
mzin bottleneehs invelied in software muintenance: the long lutparound iimes
for retesting, Mo eddilion, many of these systems are prowviding helplal capabili-
ties for wext ediing and soliware modute managerient,. They will be discussed
i omure detsil wnder UMaosgement end Intepraled Approaches'  below. o
gencral, ¢ pood deal more work has been Conc on the mamtainatiliy aypects of
data hases and data sirucfures than for progrem struclures; & pooad survey of
daia base tcchnoipgy is given in n recenl special issue of ACM Congpeing -‘El-rr‘-
veys [§2], ) y
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The increaszd concem with dife wpte coals, parlisulatly within the U'S
Doly [43], will fovws & good Jeal maore atientien an software maitiensfe,
More daa coliection and analysis on the grosih dyaamics of soliwiie $patemy,
such as the Delady-Lehmuan siudies of Q52360 124, will begin 1o point aul the
Brgh-leverage areas for improvement  Explicl miechanivns for confrgnting
mmbainubility issues early in the deselopnient cycle, such oy the feyuires
ments-properties mutfix [I8] and 1the design inspection [4] will be refingd and
uvied more evensisely. In facl, we may ewolve 3 more generst concept of
sefliware gealig assurance {ourrenmily Tocussed Yargely on reliability cuncerns),
imvelaing such aotivities as independeani reviews of sofllware recuirements and
design specifications by evperts 10 softeare praintainabiliy, Such &otivities will
be enhanced considerably with the adven: of moie powerlul capatinnes far
araly ring maching-teadable requirements and design specificaliony, Finaliy, 2d-
vaies in automatic programming (14, 15) shoutd reduece o ehimindle Some
mainienande activity, at leasl in some problem domains.

YL Safwaze management and lateprated approaches

A, Current praciwe !

b —

There ate more opportunities for improving software productivity and

quality in the arca of mansgement 1han anywhere eise, The &iTerenoe bepween
softwate project successes and faifures bas most often been traced 1o good ot
poor praciives in software mensgement. The biggest sofiware manigemen)
problems have genetrally been the following. ’

Fovr Piarmng: Cenerslly, this leads 1o large emounts of wasted
elfort and idle time because of 1asks being vnnecessanily performed .
anerdane, poorty synchronized, or poorly intetfuced. 4

Poor Coarrply Even a good plan is useless when it is Aot ket up-to-
date and wsed (0 munage the praject,

Foor Resaprce Esnmration; Withoul s firm idea of how muoch tme
-and effary 2 1ask shoulit wke, the managet is in o poor positian o
eneicise contral.

s UVmnirable Mutavenenr Perionael: As a vely general statenienl,
software peesonnct tend 1o tespond 10 problem situdtions as

devigners rather than as managers.
*

Foor Accounrabdiy Sticture! Prolects are genersily LIEinised and
run with very diffuse delineation of responsibilities, Thuy gxa.2iSal-
ing all the above problems.

Ly



sofiwire lesting,

" daching in 2 ronsistens,

software manarement,

" Inoppropriaie Suecess Creria Minimizing devclopment vosty gnd
schedules will generally yield & hard-1e-muintain roduct. Emphai:.
irg "'perrent codad™ 1ends 1o Bel peop'e coding caely and o negheel

- suth key aclivites as requirements and cesign vatidatian, 1est plan.
ning, and dral} user documentation.

FProcrartination on Aty Activines: This is especially. prevalent when
reinforced by inappropriale success critetia a5 above,

B. Currenl fiontier fechnplogy ,

of uselul mat=ria) 10 guide
In general, it takes book-length reaiment 10 ada-
A number of beuks on the subject sre now availablc
reasons they have not stronghy influenced soliware
manafement praclice. Some of the books {e.g., Brooks [8£5] and 1he coliections
by lNarowilz 188), Weinwurm |47}, and Duxion, Niur, and Randell |§51} sre
colleclions of very good advive, ideas, snd vaiperiences, byl are Mragnicntary and
integraled Ofe cycle approsch, Some of the bools e g,
Melsger {89), Shaw and Arking [99), Hice o1 af, [M], Ridge and Johnson 921,
and Gilderslzeve [93]) are good on checklisis any procedures bul fexcepl 10
some exieal the lastzr 1wn) are Tight on the hunian aspecls of manugement,
such a5 slaMing, mealivatian, and conflicl resotutipn,
Ihe mosi help o the human aspects, along wilh Rrooks [35] and Aron [95),
but in turn, these thiee bogks are light on chechlisis and procedures, (A
second volume by Aron is intended Lo cover sofpware BiOUp and prgjrel con-
siderations.) None of 1he books have an adequate Ireatment of some ilems.
birgsly becauss they aic 30 nosrly undersiood: chisl among these itcms #re
sultware ookt and resguice estmaned, and sofiware maintenance.

) Manapemen puidelinest "There is ne- ek

qQuiicly cover the issues,
[85-95), bur for various

In the ates af softvare eoyl tsifrmalion, the paper by Wolverton 19§
remains the most usclul source of help, 11 is steongly based on the number of
objecl insiruclions {malified by complexity, type of application, and noseliy) as
the delerminant of sofiware tost. This is a hiown wedk spol, bul nol one for
which an acceprable improvement hus surfaced, One possible line of impros ¢-
menl might be aleng the “soflware physicy™ lines being investigated by 113l-
stead [97) and others; some interesling initial resulis have been ollainegd hene,
bul Iheir wilily fof practizal cosi eslimation temaing 1o be demonstraled. A
eotd review of 1he software eost eslimalion ares is conliined in [98],

2) Manogéwment-sechnology decolphng:  Another: diicully of the above
books is the degree 19 which they are decoupled from sofiware itchnology, Ex-
cepl for the Huruwitz and Aron boaks, they say relavvely lijle about.the pse of
such sdvancedwechnology aids as formal, machine-readable Fequitemenis, op-
coan design approaches, struciured programming, and euwipmaled aids 1o

-r L T oA .

o

Weinberg [94] provides

i Unafarunately, the aanggenienbtechnolagy decoupling works the pther
way, tlen I ahe design area, for gvample, M i aimends of mp-..:rnun.
sofiwate design are presented as logival exereises indejiindent ol ,"":".I:I:'r
economic considirations, Moal autonualed ads 10 :'.c:-_n-::: desiyn p:uuj.t- t:ni“[:
suppett Tor such mansgement needs a8 Euqﬁgulrslmn mJinugernenl, I”L.“ hﬂ:
1o code or tequirenionts, and resouie estimation aed connal, Clearly, 1 N
reeds 1o he 2 closer coupling between 1echnology and mansgement thin I‘hl .
Some current elferls 1o provide integratcd numgcm:_nl-l:chnalolr apnroaches
are presented ned,

1) imtegeoted opproaches: Several major inlegtaled systems l'ni'ar sul’l::l:‘:
developmenl are gurrently in ppleation or q:mdcr dncln‘pm:nl. ndgt:\ - ’:
their abjeciives are simifar! Lo achieve » hgmﬁv:'.'ml boaos! n soltware ; tl;'i-
ment eMcency and quality throush the synergism of 4 unificd mpmuh.“u '
amples are the uiility of having a mmplt_mcnury duelu?mcn: _Irrfmf “Pd
down, hicrarchical) and sel of progeaciming standards [hu:t:r:huf.l. illu;:ll- 0
cede ks the ability to perform 3 suflware update und at 1hlc same Lime per mmlc
se1 of umely, consistent praject slalus upidates {new version nun1t3c: of module,
closuts of software problem repoit, updated shitus logs), of simply Ihe ime

prosenignl in sofltware sysiem inlegration achicved whza all participants are us- |
ing the same develppment concept, ground rules, and supporl sofiwars, :

siruciured programpning with chiel programemer tesms” concept, A good ﬂ:.uf:
.dcicripliun of 1he concept is given by Baker {49], 2n entensive treatmen ll.t
available in a 1S-volume scries of reparls done by [INM J’o_r the 1.5, Atmy ;;
Air Force [99]. The 1ap-down struciured appro_.ub‘ was discusisd cr:uhcr. ul
" Chiet Pragrammer Team centers aound an individual (ihe Chicf) \ﬁh:.'l 11
respansitbe Tor designing, coding, and intcgrahnF the tap-level contral $1H'|.rl: ur:1
#5 well as ihe key companents of the leam's p!‘n-dutl: (nr_m.:rn.:png ;n_
melivating the wam personnel and persanally reading #nd H:'-'Ithml‘i“ lr :.u
eede; and also for perfarming teaditional menagement and cuslu_m:l interlace
functinns. The Chielis assisted by o Dackup pragrammet wha is prepared al

canylime to 1a%e the Chiels place, a Librarian whe handles job submision,

configuration conlral, and project status afcounting. snd |Jdi|io;:¢| progums
meis and specialists as needed.

ta general, the overall ensemble of Icchz‘uiqu:! has been quite lqccn:ﬁ-ﬂ.
bul the Chiel Programme; concepl has hed mived resulis |99 uig :Jnill"n:u LG
find individuals with enough energy and l,al'-‘,ﬂl 10 perform gt the shove fune-
lians. If you find one, the project will do quite welll othetwise, you heve cnn;'
centraled mosl of Lhe project risk in a single mdmi.iu_.:r, ur-nll:uul 2 grrmd uar_ﬂ
Anding oui whether or not he is in rouble. The Librarian and l‘mi“""m'ri
Suppoct Libeary convept have geacrally been QUI!: U“itful, althoogh t? dale & H-'-:
concept bay been orignied loward a balch-processing development envitanment. |

.

The most (amiliar of I1he inlcgraled approaches i3 Ihe 18M "“lop.down ,
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Another “siruciured Inlegtated approach las been develaped and o

es

Ted o| menlition, compiling, axeceting. and pusiprovessing of outpul daty, Currenily

al 50fTech 138]. N is oriznied lawgely around » hietarchizal-deconipnsings A" DIl venion of the Works Maniger is operational. slong with a few tools
1 but it s too early 1o assess the likely poicame #nd payolls of the project.

q:s!:n apnioach, suided by formalited sers of rrinciples fmodulzrity, absir

lion, localitalign, hiding, vnifermily, compiciencss, :unﬁrmahilityl'.prnce.t::;
fr!yrpusc. cuncePl, mechanismy, notaiian, usifel, and goals fr}mudu!urm
gn|:1:qry. rr.tlEabililj'. understandabilig). Thes, il accosynndanes SOMme t-.'nnun;‘
I considerations, although il saps Jeile aboyl any mkee mandgemeni cumr*r.u.-
tions. It appears 1o work well for SolTech, but in general has no been quc1x'

asvimilaied elypwhere.
L]

A more manaremeni-intensive inicgrated approach iy the TRW gofliwarg
deseleprent meihodoldgy eaemplifi-d in"the paper by Williams [3G] und the
THPW doliwate Development and Cenfliguration Management ?sT;;nuaJ 1)
which has been used as he basis lor sevetal recent gorernment in-hl_'l:.li.
5a1’|:~4r: manuzls, This approach fealures a coordinated sel of high-levr] .m;
deialed Management abjeciives, asseciaied aulomared aids — s1und‘:[.}s conpli.
ance-checkers, 1e%l theroughness cheehers, FIOWEsY Consirudtion ai&s e m‘l:gn
sp312ms for cost. scheduls, core anyg lime bodgers, problem idtntiﬁ;'ali:_:n mg
clmurcl. €ic. — and wnificd docornentation and Nunagemen! devices such oy
::sc lrJlrlnt D]:xulunmtm Futder, Purtiuns of 1he approdch are snill latgely nuang.

., althou i i i § i i
Slaun'.:n[gl,;:::;:;:'}alljfummn“un it unulluua;. £E. via the Reguiemenig

ThtISDC Soliware Faciory {101} i3 & highly nmbiliﬁushancmrﬂ o auig
mazie 2nd inlegrate sofivars ge tlopnier bethnoiagy. M consists of an inrerface
cunu_ul componenl. the Faclory Access and Control Enecurive (FACE) hhi::
pruvrd:!’: USETS 4cChES 10 various tools and dala bases: a project p!anr‘li.nf and
monilering system, & soflware desclapment dala base and module mana cn;:nl
yslern, & l:;!p-dul-rn gevelonmen! suppon 810y, & sel of te1l-100ls l-:ﬁr Al
the systlem is i uadergeing descicpriznt amd preliminary t'.'afu:llinr; il i.s log
earfy 10 161 whai degree af suceess il will hawve. ' . }

Another factory-type appioach is 1he System Lresign Laboratory {SDL)
under developmentl at the Naval Elecirpnics Laboretory Cener Nod.
currenity consists primarily of a ffameworh wilhin which a wide tange of aid.s 10
| tan be incorporated. The inilish insialimeni conidins 1ol
:.d"”"’ compulers, assemblers, and mictoprogtamined ¢mulators Later addi.
hions dre envistoned lo include dasign, de velnpmeni, and 1e41 :

Manspement aids as progross repotling, cus reportng pnd user profilz analysis,

SDL nscil is only & parl

1 r - !
of 2 more ambilioys inlegrated approach,

4

1
4

aids, ang such

ARPA's Nattonal Solimare Warks (=5W) 11021 The initiat cbieciive here has

::tm' |:..+I:1:».-:Iop a “er.rhs hfanap.r.'r" which will allow & saltware develuper a1 a
triine ":f octesy & wilde varicty of software development lools on varipus come
pulzss nm_l:bl;-: aver the ARPANET, Thuy, a developer might log inle the
NSW, obuin his source eode from
perhaps mr:runue ta hand the pregram 1o sddiiona] tomputers for lest insiry.

ane computer, ext-cdit b Bn-enalher, and |

. b

. Treads *

in the area of management lechnigues, we are probably entering » consol.
idation periesd, particulatly as-the US, Dol preceeds o implement the up
grades in is standdrds and peovedures called Tor in the ezcent DoD Directive
$000.19 J104), The resulting gonetnment-indusiry eforis should produce 3 set
of sofiwarc manasement guidelings which afe more consisient wnd wp-le-date
with 1oday’s techinology than the ones curreatly Inowse. Tuis likely that they will
25z be mare comprelicasible and less encumbered with Dol jargen: this will
make them mare useful 19 the sofiware figh) in general,

Gllorts 1o develop inlegraled, semiaulaomaied  systems for soltware
development will coatinye a1 a healiby Wdip, They will run inlg & numbes ol
challenges which will probably 12ke a few pears 10 work oul. Some pre techai-
cal, swch as the lack ef @ pood lechnotogics) base Mot data siiweiuting aids, and
the Turmiidable problem of inlegrating complew seflwoee Supporl tiwils, Some
are tounomic and managerial, such as the problems of pricing scevices, provid-
ing 10al warranties, and conteofling the evolution of the syslem. Others arc en-
virgamental, such 85 the prodiferation of minicompoters and miicrovompulers,
which will strain the copubility af any suppord sysien 1o keep up-to dute,

" Esen if the various inlegrated sysiems do nol Bchicve 91 Lheir pouls, theee
will be a number of major banelns from the effort, Cne i1 of course [hal o
targei nuwiber of suppott 1ools will become available 10 o latger number of peo-
ple fanother major channe! of 1oels will still continue 1o expuand, though: the
independent software products markefplace). Mare imporlenily, those iystoms
which avhizve o degree of conceptual integration [not just & free-form 100! boa)
will tliminate » great deal of the semantic confusion which currenily shows
dowa our group efferts thraughoul the sofiware fife cycle. Where we have
learned how 1o itk 10 eath other sboul cur software problems, we tend 10 da

prelly well.
IX. Cancluslans

Let us now asscss the current stale of the st of 10015 and rechnigues
which are being vsed 10 salve soliware development proslemss, in tev s of our
aciginal delnaition of soliware engiacering: the practical applicotion of jcenndfic
Anowledge inothe design and consiruction of sollware. Table 1l prosents 3 sum-
mary assessment of Lhe extenl to which cerrenl selivare engineering lech-
nigues arc based on solid scientilie principles (versus empirical hroeristio), The
SummMary asyessmen covers four dimensions: the extent Ip which existing

sienlifit pelpciples apply across Ihe entire software life gycle, merae ye optire

¢
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For p-::spr:clivé a sinnl
ror harr tive, Har summary assessmenl is presenled |
o s prjrriﬂf:-:cflr:r:lll v s eleat from Table 1 1hat sgrmnp: cdn;?ng:r?l:i: Ei
n 2 veny pimive o ruur:j rrfmrurcd In h:ut:hut engincering, with respect (o
e e 12 atinns. Those scicniific principles availuble tla ju
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INTRODUCTION Y

The neat article, by Hoss and Schoman, is one of thrge papers
chosen for inclusion in this book that deal with the sutysct of siruc-
wured analysis, Wih Qs cOmpinion pIpers — by Tewhroew and
Hershey [Paper 231 and by Dedlarco (Papet 24] — the papef gives s
good idea of the direction that The soliware hetd probably will be fol-

loaing fAr ihe et several yedrs.

The . paper, addresses the  problems of uaditional systems
analysis. and anybody who has spent any time 2% 2’ syslems analyst
in s bege EDIY erganization immedittely will understand the prob-
et and wedhnesses of Tieduiremenis definition® 1hat Hoss and
Schomuan relate — clearly apr ibe sofl of problems wupon which
academicians lihe Dighstra, Winth, Knuth, and most other guthors in
this hook have focused! To stress the importange of propee requires
ments definiton, Ross and Schoman siile that "even ihe bt sifuds
tured programming code will not help if the programmier has besn
1old to solve 1he wrang pioblem, Of, wiric yel, has becn given &
correct description, Hut has not undeisiood 3L

In theit papet, the authors sumnnrice the problams assocviated

with consentional spstems analysis. and descoibe the sieps thal w

tpood” analysis approach should include. They advise thal the

"analyst separaie his fogreal, of Jureigapl, description of 1he sysiem

Mrom the physical form that it evomually witl akes Ihis is diiTicull oe

miny analysts 1o do, since they assunic, 8 priori, that the physical
_implementation of the system will consist af 3 compuler.

emphaisize the need o achieve 3 Cune
genaus amand Lygically disparaic partics: the wset liaisun persannel
who nterface with the deszlopets, the *“profe wCpsat’ sritems
gradyat, anmd munagsmeant, Since all of these pogy’s have delierenl
iniercats anmd diffecent viewpuinls, il becomes ali the maore impoftant
that they have a common [time of relerence - & Camunén =iy of
pocdelony e systemiedn-be, Far this need, Ross and Schanan pro-
e thein solutlion: & propricidsy pEchage, Knuein ds SATT, bt
- ke mametie s Brmy of 5ol Tesh Fee whch 1L eu-

Ross and Schuman alse

el

N
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i The SADT upproveh widizes 3 12p.dawn, partnicned, :-'r‘fﬁjhir : RGS5s & SCHIOMAN :
3 model of 3 sysiem. The riglel s presenled in o2 logicab. of absiract, @
Fashipn that allows for eveniual implemeniion as a manual s} S1CIm. - ;
& computer system, of & misfure ef both. This emphasis on graphic
models of a system is distincyy 6iffereal from that of the Telzhrpew .
and Heishey paper. It is distinctly similar 10 1he approdch sogcested S tructured Ana!}’SlS fﬂr
by DeMatio in “Structvred Analysis ang System Specification, the . .
finat papsi in this collectiva. The primary diference belween Req Lirements Deﬁnlthﬂ
Dellarve and Ross/Schoman i Lthat DeMarca and hiy collegues 2l . ) t
YOURIDN ine. profer circles, ©F “bubbles,” wheicas the SpiTech ;
Eroupn prelers resianglzs. ' N . . . .
Ross and Schomea peint oul that iheir Eraphic mealeling ap-
| Prosth can be tied in with an Maulomated documentalien®’ approach . '
= of the sart descrived by Teichroes end Hershey, ladeed, 1his ap- o
!_ Ploach gradually is beginrming 10 be acdupied by large BDP oreaniza- I. The preblem . =
i lions; but for insallnions ke cen't alord the ovesheod of 3 compu- . '
) lerized, auli:'!rn.'llfd BIEMS anahais p:ch:ge: Rass 4ﬂ-_d Suh:::lm.m . The abvious assection thal *“a probleas unsl:n:g is &
1onegleel ons imporiant 2spedt of systems medeling. That is the “'daa _ groblem uaselved™ seems to have escapesd many builders
I: distionary." in which off o the data eiements peslinent 1o the new of large computer apphication syatewns.  All 100 ofien,
. system are defined v the some logical mpddwn fathon as the renr af desiga and impleracniaten begin before the real necds
g the medel There also is a need (w formulize mini-specificatians, of and ;J siem funciions are fully known. The resuns arc
1 “mir,i-spccs:' as Deliirco catls tham: thet is. the “buyiness policy*" . skyrocketing casis, missed schedutes, wasie und Juptica-
- associgied  with each bottam-t=s ¢! functional process of ihe Lhslent tion, disgruntled users, and an endless serics of paiches
st be Sescribed I w manner far more rigorous than currendy is ! ) and .rr:r-*.:irs euphemistically called **systam maintenance.”
bing done, . Compared Lo other phases of system devclopiment, these ”

A weahness of the Hess/Schooran paper is its lack of 2enail ) o symploms reflect, by a large margin.l the lack of aa ade-

*bout prodlcm solwions: Mare 1han hall ihe raperis devated oo a quite approach to requirements delnitien,
| descripiion af 1he problems of conventional analysis, bul the SADT :
o package 15 described in orather sketchy detail. There are addilion.l
7 documents on SADT aviitabls from SofTech, but the reader spufl
©owill be Mt with 1he Tervent desire 1hat Messrs, Ross and Schoman
» And their colleagues ut SofTech evenivally will sit down and pul
thetr idsas into a Full-scate book. ' '

Given the wife range of conmiputer hanl-:t.r: now
evailable and the emergence of saltwace engineering s A
disciplineg, mosl problems in $ystem d:u:l_cpmr:nl alc
becomiing leas tracesble to eithet the machirgry or the
programming [} Methods for handling _lh: l'mdu_:.rlc_.
and suliware components of systems are highly soalisli-
tated, but address only pant of The job, Fm_‘ crwample,
gwen the best strociured programmang cesJe will nat hieltp
. if the programmice has deen 1old 10 3315 the wiug p{ﬂb-
lem. or, waorse ye!i, has been given a correct dn::tcnpnun,
bul has nob uaderstoad i, The fexulis of iU irements
T definition must be buth compleis a0l vndenlandatle,

By RTUN Mo e oan mr
-
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tn ciforts 1o dead will Iheses noeds, IR capreasiims aialent ats e |
ture.”" Uspatem davipn,”T sy atem anatisis, and TR ST LN TUT: (U TT (TR TR
be accepied terminelngy. Dot i truth, there o ne widel practiced methodon,.
gy Tor Systems work (hat has the clutily uad discinhinge of the e Jeacio )

'* techniques used in constfuction +at munulactuning cnierprises  In marnlasiur.

ing. for gaample, 2 suecession ef slueprints, drawings, ard specficsiens cap.
tures ofl af Lhe sglcvant regouoemenis far o modecr. This complarg bl

- delinfion ond implenienlasion plan allows the preduct Lo by nude aloest 1opu.

tincly. by “'business as eswall™ wnh ne sutpases. In g peod manufactusing
O raliEn, e Iroutie s LFE asindo] PecHEsE even the firse prsduclorm fun
disg MO0 creute an it for the fiest nane. The Qe was ofviicd and 1he saepg
of Torming and Ssyembly worg 11:rn._-'m::nl_11|}_ in the minds of Jdesiyagrs snd
coginters, long bufore the set af bluePtinmis und specificalions ever arrived i
the produciion shop Thal simulation is msde possible only because the apta.

Nions and discipline of the biueprinting meihodologs are so comalele Jnd sa

1 ' . - -
ronbislenl with the desired nem chay diy abseeat represeMalion contging ol 1he
information needed forils imaginaey preconstruclion.

Sn_rn-.urc sypstem dovieners anteipl w do the same of cowrse. bul teing
faced wilh greper comiplevity and less cvadling micthods. theit suceesses form
the surpriszs, rather than their falures!

Capericace Mas dughl as tha systiem prabieris «fC run'npt:\ amd il
defined. The comptesity of Luge sysiems is an inherent f301 of Ie with which
cne must. core. Faully deflinitiont bowever, s an artifocr of inadequie
ﬂ?tlh:ldi. I tan be :Iinninaliby the inlradusiion of well-thayghi-aut iech-
niques 473 migans ol canressien,” That 15 the subject of 1his paper: Sysizms cun
be sunufactured, bieg ather thirgs, if 1he right approach is used. Thal ap-
prosch must slan at 1he beginning.

Rogquetrmenin Jofoslan

Requiremnenis definition includes. but is not limited 10, the problem
analysis 1hal yiclds & fundlionyd specificalion. Tt is much more than thal. Re-
quircmenls definition must entempass everplhing nocessary 10 Ly the ground-
work for subseguent sloges in system deselopment {Fg. 11, Wihin the touat

peocess, which consists largely of steps in & so'uiien 1o 2 peablem. only @oce s
Lhe problenn ilsell stated and 1he solution juslificd — in rcguircments definiion.

Hueguirenenls defininan s a carelul assessment of the aceds thar 2 sy
fem is 1o Sullil v migst ey Ay d 41 slesn 1 needed, based on ourrenl af forg-
scen condilions, which miay bz intcinal epecations wr an externa! market b
must 53y wihat sysiem Meatlres will serve and satisly 1his conteal, And il musi
say how the system is 10 be construcied, Thus, cemqmrements defipithn musl
doal wilh thice subjors, :

v e e =

- L T e

definitton,

)

Coatend aoefioey Thie peasens nln the syarom s he e K|
dnd why cetatin tochnioad, spwtatmal, and coomuaitiy feasctulie
Lics are the oriterie which taim barnfenn coanfitnirg Toe the sy s-
Len.

2V Funcponal specfivaton: A desonplion of whaet 1he shatem is 10
be, wn termis of the Functions 3 miust aocaniphish, Soce ihis is
part of the prablem sisiement, il aosl gnly prescol Boginefiey
oty o comidetabans laler to be (akCn up 0 gystem
dusigm,

freanpg cuasirori s A suningaty of conditions specifying Ao the
fequired s3siEm 15 10 be onnstructed and implemgnied. T his
duts nob neccssanly specily which things will be in the spsiem,
Rachier it identifics bunmbiry condibont by which those Lthings
My later be sefevred or created,

kY

Esch of these subjects must be Tully documented during sequirementy
Bur none that these ate sphseors, nal documents. The conlenis of
fesulting dovumengs will »ary according (2 the necds of the deselapment organs
Trarton. Tnoany cuse, they muost be reference documenis which justify abl especis
of the required syatem, not design or detaded spedifivativn docunients.

Flpurr L. Sienplifird rlew
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Toquirerients ate olten eageviive, incomplcle, and infonsisiont.

wy

Each of 1he subizcis has a specific ond lmuezd rofe am o pestilving ke e
quired systeal. Coblesiively, Lthe) capiure an papzr, al the appropritte time, ol
relevanl hnowledgr about the Systemn probiem in o conplele. condise,
comprehemive farm. Taken 1egziker, thess suliects Jefine 1the whele nes
Separately, they say whatthe system is 1o b2 pan of, ohr e Sysiert s 1o b,
and of wiat the syslem is to be compodsd (Fig, 2. The prosdss hagwn as
“‘analysis’t must anply 3 ot three.

Descripions of these subieols just frame the problems they o noy solv e
it. [deails ate postponed, and ne binding implemenistion Jécis'ory afe el
made. Excn derailed bhdgtl and schedal* commitments are pul o, €acepl
thove for 1the nexi phas: syslem desiza, beciuse they depend on ths resulls of
thar design. Requirements definition un[_‘r’ LIPS rumpk':h] prosices Macenfarn
condioas Tul the substguent Jdesign and implementalion stages. A probiem
well.stated is well on ils way to 3 scund soivtian,

The probdles revisised .

The gucstion still remaing: w4y is requirements definition nat 2 standard
part of every syslem atoject, eipecially sincs no!t cdoing it well has such dises-
trously high ¢osts {17 Why is projsct s1art-up semelhing ons muddies through
and why dics i1 zeem Lhat requirciments sfe never completely stated? MWha

pocs wrang? . 7 "

. /

seems 1o be thal juit 250Ut everything goes wrong. Stated re-
Communication
and decumenlation ate roadbiocks, 1o Becouse they speak with dilferent vo-
cibularies, usess and developers find it diflreul 10 complerely undzrstand cach
plther, Andlysts are aften drawn fram the ¢evelppmenl qrganization, and zre
unable 1o drcument Leer requirements withoul simulianzousty sizling a design
apmpach,

The ensme;

GCood requirements are wm':h.u: ct:m Slent, testabls, tracgabie, Teasinle,
end fMeoxible. By just slating necessary boundary conditions, ey beaie raum Jor
trag=oifs duricg svstem desirn. Thus, & good st of requirementy dosumoents
can, in cffcct, serve a5 a user-deseloper contraci, To attain these sninbutes,
- simply proposing a tabie of conlents for requirements docaniendalion i ool
engugh. To do the job, one musl emphasire |he mrans of defining require-
menis, rather than prescribe the coatents of docemuntation lwhich would, in
wny cate, be impoosble 1o do in 8 peneric way)

;.. Even in oiganitaiions which do stipulae some documeat or anuther, the

 process of defining requiremenis remains lubionous and inconclusive.

Laking a
*contypleie definition of the jub 1o be dune, the ellecl of o contract is lacking, and
) he desigacts will make the mining assurasiions and gzcisions hesawse thay
Cmist, i ofder 1o gel lhe fob donc. Evesn when the aaiue of reguirtmionty
i dcrln'lﬁtl*.'; Hopecopnidrd, W Libes mrate tran durerimiaation o have an edlecise

]
' RN

: -Lr
Ippivach To deling requiremats, @02 must gndesaland: 1) the fatuee of 1hat
which is (o be described, 24 the Torm of the description: amd 11 the provesy of
and!ials

Many remedies to these problemis have beep propaaed. Exch project
mdanagement, analysis, or specificatinn wheme, whether “structared’ or nat,
hus s own adhzrents. Mos? do imtead ofTer somie improsements, for any pasi-
tive sleps 2re beuer than nane. But 2 significant impacd has not been achieved,
bocduse each partial salution omits enough of the essential lngredicnig 1o be”
vulnerable,

The ey 1o successlol requirements d2finition lies in remembering that
people deitne requirsmenis.  Thues, any uselul discussina of reguirenients
defimition must combine: I} a generic understamding of syyi2ms which is
scientifically sound: 2) a agistion and struciure of dovonsicating specific s, stem
knewledge in a rigorous, easy-to-tead form: 30 a2 process for Joing analysis
which includes definition of people toles and inlerpeesond] procedures; pad 41 a
w3y to lechnically mapage the work, which coables allocstion of r:qulrtn:nu
and posiponemend af design.

Acatenic apprazches won't do. A pragmalic methodology must itsell be;
I wechnically Teasible, i e., consistenl with the systems 106 be developed: 2}
operationally Teasible, i e, people will vse it 10 do (he job well; and 3} econami-
cally Teasible, ie, noticeably improve the syslem development cycle

This parer sheiches such an approach, which has been succcssful in bring- -
ing order and direction (0 2 wide ranze of system contexls, ln §vén Lhe Most
ieying of ci-zumstanees, someihing can be done o address the aced lor re--
quitermenis definition.

11, The process of requirenients definlilan

W) H
The rature g7 13 sienn ne I
One fundamental weakness in current approdches to reguirements

definition is an inability Lo see clearly what the problem s, much T35 measuse
il, ensiyion workeble sulutions, or apply any sort of assesament,

{1t 15 common practice to think of system archilgciure in rerms of devices,
languages, transmission binks, and revord formals. Owvervicw charly of conmtpul- .
£ LEslemy Ly pically contain references by programs, Rles, lermindls, on:d proges:
$0T5. At the appropriatt time in $pstem development, This is quils pry per. Bul
a5 30 imial basis for system thinking. il is prematore 400 & bl s Trom vigw
previsely the ey jdes that is casential 1o sutecaiflul requirements Jifiniion —
the algorithatic nufure of all systems. This imporiann cancept can best be £0-,
visioned by givieg It a new nante, e foactional arghareciure, a3 distingt fiam the
syalem architertuic. Co




Systems Consist of Things that porform acivities Bl jalotegl with i.?:h.;[
things, cach such interactivn cumtituling @ happening. A Tenctienal 20 it -
tere ¥ a rigorous loyous of the achivines poifurmed by o ststem femparasily 4
disregarding who or what does them) and 1he things with which those ativilicy !
interacl. Given this. a desipn process will crcale a sistem archneciere whih
implements, in food order. the funciions af the Tuastional arehilecture. Reos
quiremenis definitian is founded on showing what the Tonctiondl architeciuse i
(Fizg. 1}, also showing why it is whal it is, and constreining how the wsiem 4r.
chitecture is 1o 1ealize it in mote concrele form.

ENIATInG DY ATEM o
T AMCHITILTURE
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Fleure X Functional srehlircturr 1o enteaered by anslinli,

L]

_ The concepls of funetional architecture are unjversally applic2ble, 10
maciral as well as aulomaled systems, and are parfectly suiled 10 the mulniple
needs of conieal anzhysis, Menclional specification, and design constraints foend

+ in requirements Uclinition. Suppose, lor example, thal an pperation, cutrenth

[ beirg perfurmed manually is 10 be automaigd. The manudl operation has z 535
tem archileciure, camposed of people, orpanizations, forms, procedures, and in.

cenlives, even 1though no compuler s invgived. T alse has a funcrional arehi-

lecture owtlning the purposes for which Ihe system ¢sisis. An automaled s5ps-
lem will impiemen! the functional architecture with a drfferent sysiem 2echilec-

: ture, |0 requiremients dehnition, we must be able 1o eslfact the funstivngl ar-

chileqiure {furctional specificutiont, and link il bovh 10 the boundary condiions

for the manual operation {eontext analysis) and (o Ihe bounqar}} conditigns ot
the aulemaled sysiem (desipn consiraints).

'
.
]
]
I

Funcnional erchileciure 5 founded on a penerie universe of wigs and
harpenings:

abyecis apcidlipns
dan N 1chivilies
AOWNg verby
| inlorenation \ pracciving
' tuhsiangey evenly
I | Pettive achive

-

- . R . {Lf}
Thiegs and hagpenings ale saombnnigl sobaled that they van enly esdin foy zth-
er. A functionat architzoiaee alwdys by 2 vers strong sipudtars msking £apiri
theve relatiomitans. Punciiona! archilecure iy, perhaps suipeaingly, both ab-

Islrm and precise. (:r'r-"-' L

Precision ine Tunctinnal archilecture is Best achieved by emphasizing only
one primary structorad relationship eser wid over — that of parly a5 wholes.
Parls are celaled By inteelaces 10 constiure wholes which, in turn, are perty of
still larger whoies. IUis atwzys »2lid 1o express a functional archilectare from
Lhe EEné-w wiew fhat 3ysioma dtc made of Sumponenls (paris and interfacesd
and rel are thenmia2lv4s campoaants

L

. -
£l

So Yie all other architectures, the siructure of funcliond architecturs is
bath modalar and: hierarclie {even dealismen and walihmakers wse “fop-
down'' meihods). Like ather architeciures, it can be 1een from ilferent
vigwpoints (even the construchon trades use distingt steuctural, elecirical, heat-
inz. and plumbing blueprinis), And e aither architeciares, it may nol Neces-
saeilv be charted 35 2 physical syslen: weuld be (2ven a ciecuit dizgram doey not
show Lhe aszust lasout of componends, bul every impartant elecincal charats
terislic 18 represenied).

This universal way 1o view 2ny syilem is the key 10 successful reguite-
menis Jefimnan, Fram our experience, people do not 1ead 10 do this naturably,
and nat in an organized fashion. In fagr, we And that the mosl basie probiem
in requiremenis definition is the fact thar most people do nol even tealize thal
1 such unisversality exists! When 1 s explained, 1he usual resction i, “that iy
P fust common sense.'” But, as has been remarked for eges, common sense i an

uncanumen commedily, The need is (o structure such goncepty within & disgi-
, plice which can be learned.

|
| The furm of docusmentation s
] -
To adeguaicly defing’ reguiremenis, one must cectainty reaiize that fung-
. uongl architecture exists, ¢an be measurad, and can be ¢vilvated, Bul w0
| deseribe i, one necds a communication medium corresponding to the blue-
I prinis and specifications that allow manufeciufing o function smoathly. In Fact,
'the form of documeawilion is the key 1o achieving communication, "Form"'
includ=s pazing. patagraphing, use of graphics, document arganizitian, and o

" forth. Because the distinclion between form and contort 15 s3 posely under-

stood, muny adedquaie syslern deseriptions are unreadalle, simiply becduse they
©are sn hazd o follow. When Manskall Mclohan ssid, "The medium i3 the
mieSsage,” he was apparently ignored Dy moesl sysidin anszir sl

toe
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Analysrs of Tunctiona! atchiteeivre tuml deaign ol wvsy
cannci Be exarcssed both concse) -
Bu by imbedding najurat fung

|I'H'.'|.'i:15-'ll1' relationships cant be shown ey and riporoesle Wl choaen

Yeraphic eomponenals pormil repdesentation of bl
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A arhingial Language which s nawral for the speci

that srchitecur e,

The universsl najure gf srslems boing holh w

pressed by @ graphic siruclyre which

- Because parts ace constrziked 10 be wh
Jnaterface nolaion mus; a

. bodes and parts van e gy
15 Dovh medular snd biersschic (g 10,

low ane 1o distinguish inpur from oulput feom conlrol
. [ﬂ'}c concepl of “eoniral™ will rot B delendad here), Mostiprpenany. the na.
lation quII‘ must distinguish the things with which actisities inlela
things which pc:!’prm The acuivilies.
for the gescriptive abilities of naty
eseryihing. ©

A lrom the
And becauss the gruphics ate a framewark

fal languzge, one myusl be able to nime
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Flewie 4. Physlcal structure 1y seldan Wcatical e fozlonl sbiuciute,

Te achitve communication, the farm of 1he diagram
_Ii.ji_‘nhﬂii appear is alse imporiant. They muast be bounded — 10 a single pape or
pair of [acing pages — so thal 2 teader can sce 3t onee ¢herything uﬁirh cfn be
said aboul something. Each \opit must be carelully delineated so a 1eader cdn
grasy the whole message, A reader must be sble to moentall wilk Throsch Lhe
archuteciurat sfruclur: which 15 porirayed, jusl =% hlucp;inu.umh‘.: a m..:ml'ac-
tuter 1 cg™ the parly working Logciher. And fkaily . evervithing mat b ir

in which graphic

aspevts of e arehitegiure an
i Tuniion of cemmunwating

of2s - iRICTTICEs must be shown exphicitly,

T T N — PAap—

, . : @
p desed o0 that the whale set o divveams will Torm 2 complowe madsdof the ™I
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| Thi~ appears 1o be 2 wll ondsr, but when Jdone elegantly, it pields doue
meniation that is clear, compleie, vancise, consistent, #nd convincing . In addi-
tion. the hiacarchic structere of the dovumeniation ¢an be ¢aploiied both s0 do
dnd b A the peoess of analysis, Dy resvicwing the emergent decumenta-
Lo inefementdfy, Tor example, while requirements are being defineated, ol in-
teeesled parhics can have »voice in ditecting 1he prosess. This bs one of the
Mealures LHatl feswlts in the andardiced, busingss.a5-vsue!, “no surprises™ ap-
preach fovnd in minulaciunng,

4

"The anatvns e

When thinkicng abowt why requiremenis are neithet wellslvuCtured naor
well-dewumented, one miuss nat forgel thil any praposed methadology musl be
people.orientod. Technicy] malters matler very much, bul il i3 the wishes,
idess. needs, concerns, and shills af people What delermine the "oulcpame.
Technical aspects can only e addressed thrgugh (he interaction of all poopie
who have an intereit in (k2 s stem. Qne of the cuerent difliculnes in reguire:
pients definition, remembes, is thay sy51em developers are ofien chirged with
dovementicg fequirements. Theit design background ledds themn {howeser
welb-intentioned they may bel 1o think of $ysiem architedlure tathet than Tong-
tomd! Trehiesture, and e define regquirements in lermis of splutions.

Consider & bpical s2t ol peopic who must sgtively paruiZipate in reguire-
ments defintion. The cosiomer 15 an Geganization with s need lor w syslem.
That custaner auvihanizes 3 eomldionre 19 BKguite @ syslem which will be
opstated by wts
probutdy knows 1ess a%oun s stem technology than the develzpert who will con-
stroct the systemr These foul parties may o niay nal.be within one oiganica-
gn, For each aéTinistranse stouciore, there is 3 praaggement group. Require-
ments definition caust be undetstoad by all thess parlics, Answer the quasiions
they have aboul the system, and serve a5 the basis Tor a development coniract.

o Yach of these partics is a pantisan whose conflicting, and vllen vague,
desire; must be amalgamated thrgugh equitemeniy defiaition. Therc is 3 need
al the cener far wgined, professiona) aaufisis whoe aol 35 a catalysl 10 get the »i-
sarted informaten on papar and 1o Wtuctute from it adequale requircments
documeatation, The'mental faclity 10 compichend zbsiraciion, the abilay 10
cuinunicate 11 with personal wct, along with the ability 10 acep! 2nd deliver
walid coiticlum, aze 2V haltmae s of 2 prufessionsd analyse,

An:lysts, many of wham muay be only patl-time, 318 nol expecled 0 sup-
ply expertise in al aspecis of the prodlem area  As professionshs, they are ea.
pevied 16 yeeh cul teguitements fram experls amang the ollier paries gons

\
|
|

cerficd. To sueatdd, the vk of a0alysis must be pioptrly Miandged 2hd courdi-
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The commussioner, although pechaps (echnically orented, ™



nuled, and the icyuitcinents ehineben ol qiust catbens el

These vitw puints may Be uverlapgiog 2, thaanitalls

coninadienon

Mawaginip the gaaglysn

Bucauss many inleicats arc imooleed, teguitements definilion muv worve

A — T ==

1 31 Wihout a plun for assembhing $he iz

mubtiple purpases  Euch subjes ~ connew wtialv sty Junelondl spedn, 2o,
and Jusign consirainls = minst be evdnnined Fromy il deas three peant of veows
lechnical, wpefavopal, and ecunomic. Technical o3scssment o feasiahy von-
¢erns the archileciure of a4 system, Operational 3sitssmient cancerns the peelor-
mange of that sysiem in & wOrkang environmend. Fconomic feaibilng conerns
the costs b inipaers of aystem implemzniation-and Use. The peing s sinply
thal a wide variery of topics muyt be considered in requiremems definiiion tFig.
cey B0 cohercnl requitenicnu, 1 i

casy fof the sralysis 12am o lusc their semse of dirzclion and Merstep (heir
fesponyiihity, '
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Figure 5. Xuliighe vipmpnlnd, of trygultrmmsnty gelipflinn,

Requitcingnis geftnition, Wke all spsiem des slopimenn stages, should be 4o
o:d::r_ry rregiession. Each 12sh 1 g lgical suicoeysor 1o wWhat has coime Dol s
#nd s coinpleted bclore pracoding 1o whal ronies after, Threushom,
miusl be able jo anyweer the same ey UL s
Why arc we duing 17 3} Now do we peovced fiom
ment cumey fiom asking these guestions, deratively, ab esery puing o the
devglopmient prwess, And af Management is nol 1o be & chamelion-hbg af1.
the same body of provedural brawledie stwonbl e appficabe Eudry e,
shihaugh the sutject 3t Daged wlt itk ) ‘

LT

I} What are we dong® 1)

L= . ‘ ]

[
s Ly

NI

hore?  Adeuate nanage. |
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I prewa2ty the Lok of guldamee abeyl 1he provoss of anatysiy that
Moy eeduiremanty doelwitiun such o “hob e wedags Peagbe need oetnns
abuur oruly analyring  problents [idiede apd  cunguer™), tecure in the
haawtedye 1hat postponcd decisions will dos gl bovause the praeas they wie
enforees consisteney, Analysis is an arl of consideting exerything relevant ana
given pminl, and nothing s, Adeguate regquiements will be comptare,
without Ceee-spoofication, and will postpone certain dedisivag o laler sidgey in
the sgatem tevelopinnent provesy withowl artifice. This is eypecislly importanl.in
the deselepment of those camplex sp5lems whers reguiremernts are iniposed by
Righer level considerations {Fig. &) Decisions must be alocered {ie., pusl-
poned) beciuse 100 mrny Lhings inlerrelate in jo0 many compliated ways fol
peaple to undersland, i at once, what is 2nd is nal being said.

e anaal ani
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Controlling & system deselopmient proieel is nearly Tnipussible without fe-
s wicws, wali-throughs, and configutaiion maosgemend, Such techniduey be-
cconte workable when the need for syniliesis is revndnized Quite siinply, sy5-
tem archilechures and allovated requireiments awst be Justitiabic in bt of e
viowsly stated requirealents. One may choose, by plan or by Jdelandt, nof 1o ¢n-
furce such taceabiliy, Hewever, validation and verificatiun of sut 2 juend peey-
Bob vhages tithel ot L piecluded by il shiostrjed and anfarfasaobts tegaiee:
nignks .
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Obvitwsly, decisiuns on paper wre the only Gnes thak coun, h‘.nuuL.'.iL- Ihat o

i : T o seauchve 0 diagrans, Bach with concne

3 unalicrnative was considercd and rejeuted, and why, may offen be ok inipusrypy | - A0 SATT madahivan f'lr"1“_'“-"!:“::;“.:':::._ h-,.;::‘:.cmq the whele subect,

1 s the final requitement. Full documentalion becomes doubly necessary whep pufaatiog 1ok A !‘lsh'lk“ nu.ruul_ ,.‘.I{j .;znuunl of detail abuul 3 well-

the many parties involved are gerzraphically sepataied and when s1af turnoy e E&B 1'{’“‘” l"“." d;::sr-l:mr “:n?,: :u“l::,l ;ﬂﬂ .,ji_uiu‘rn connedls exaclly inta
at eapantion may occur balpre the project is compleled. * ronsitaingd - lopes,  Furiiucl, ean . o i :

w3 ¥ ore el L] 5 tcompleled '1igh::r levch portions ol 1ne andel, 1hus preserving the Yogical relationship of

. The features fust discrssed ot length — functional aichiectiure. documen. Loy, campangal 1o the total sysiem (Fig T

fation, analysis teamwork, and the ordetly process of analyzing and syninesicing
muitiple viewpoints — a1l must be integrated when preseribing a methodolog,
i for requirements delimion, )

Anihg GresER L

I
1 *
UL Stroctured ,n'”“h . 1 \OME BETALED . .
' ]
. ' ! ' Mgt cin = ey '
; Ourline ¢f the aparsach s = o
H . v . Adiger = leupafmd
! For several years, the senior author end his collezgues at SofTech have
: been developing, applying, and improving a general, but practical apptoach 10 . ::1::::;:‘“.-'[. '
_ hendhing complex sysiem problems. The methed is called Siruclured Analysis : -
snd Desipp Technique {SADGT) {31, It Ras been used suecesslully on o wide
* rangz of piuhlems by both 5efTech und clients. This paper has presented some |
of the tzasons why SADT works so well, whan property anplied, Shared il
. wllqrhn by Mo -
SADT evolved naturally from earlier work on the foundations of sofiwate h N
engineering. I contists of both lkechmigues for performing system anais $is and : 1t =3
deiign, &nd & process Ter applying these techniques in requireaicats definilion Figure 3. SUBT proaldes pracilaal. rlgaceus Ereanipusitio-

and sysitm development, Both fratures significantly increase she productiving

end effectivenzss of teams of people involved in o spstem project, Specificably, del is a graphic represcntation of the hierarchic struciur: of
5ADT provides methods for: 1} thinking in & structured way aboul large and _ An S&:E:mr:scii .:,;ms; firm puipose in mind. A model is slruclured 30 °
complex problems; ¥) working as 3 teatn with effective division and covrding- 2 system. iy ses mate and more denail. Bulits depth is boundcd by the
tion ol eTort and roles: 3) communicaling inlerview, analysis, and desiin ‘.'lh” !"_F”du;-:s i,:f;?_,g.: poinl and 115 contenl is bounded by @15 slewpont, The
resulls in cleat, precise notation; 4) documenting curcenl results and decisions | FEoienon of o e determine the liyering of the lopdiwn decons
in 2 way which provides a complete audit of history, 3) contrelling eccuracy, ’pru:!r!lu:s dictated by “i F:u';.ni;rﬁmod.n: both multiple vigwpuints «nd the vari-
comzpleieness and guality (hrough (requent review and approval procedore; and PO 0% h;F]:IpslznT?::“;“Ean. )
&) plinning, managing, and assesting progress of the lezm efoit. Two aspecis s S15Es d

. : : A : ek . . ; is ¥ conalraint f¢1anon.
"of 5ADT deserve special mention: the graphie lechnigues and the definitian of . The atrow siructure on an SADT dl?y::::zrf::::l:u'l or ;:‘qutﬁft as fur
I peesonnel roles ip among the baes. 1L dugs nol represtn . .

’ - 'i.h'T' among 1 ORAYLTAiAL 3rfows shuw
E .. example, on a flowihait for 2 CORpUICT QrAKTIM. Cons
+ Giraphic technrgueg . necessacy condiliony imposed on 2 bot,
v )

. . . e sther in Lhe game of
. . . . resent imerfuces between busis, wh}l )

The SADT graphic language provides a limited set of primitve consiructs | Most .:f;nrs ,Ezm: anows represent noainicrlace inteflovking between
Fremm which analysls and desigrers can compose orderfy siructures of any re- ditferent mace . ! concepts achichve bath overlapping  of  mullpke
quired size. The nolavign is quite sirpple — Jusl boxes and wrrows, Soaes “!Mdlﬂ.' 1““’1{:‘ J::t:cbh: artributes of good analpsiy dnd desigd prujcdls
[epesens pacis of & whale in 2 piecise manner, Arrows represcat inleifaces - R ;'ll'lf-: 1 f?c\iLiii:r and so facth 141, The interlaie sitaswste, paflicits
“hetween patts. Dvograws represent wholes snd wre composed of boses, BIrows, le.g . modulanity. h sr.v-:r.;l tevels of diagtams, cresling & web thal Intcgrilcs
| naiural jangusge names, and cerfain other nolatiuns. The sime graphics aee ap- IJII[L p“i;IEm:.I:"::*Eompn-‘.ition and shows the whole sysiem’s Envirunmenial ine

s - THH ' H 15 . .
Ficabic 1o both sctivities and dats, at pr
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Clearly, requitcmznns defimiion  figuig coupafalav e santwpth  [roam

alany peeple, This noture demanids o clear defininoa of the Sids oF Arerar-

tigns which should ozcur heineen the penuan manbed  SADT anteipoags

1his aced by eswablishizy wibes wnd fonouens of appropriate reles tFig. 81, In .

sequitements cefinnion eort, fin caemple, the “authars™ would be wrals sy,
rrained and #apensaced n SALIT. o
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~ The SADT process, in whici these roles interacl, meets the needs of re-
Quirements definition for continuons and ¢llective cummuenseation. for wnder-
standable und currenl Sovmpentaion, und fur repular amld critica! revies, The
prokess caplonls the sttucioig af an SADT muwdel sn thar Jecisions cun be szen
in conienl and can Be chailonped w bl slicomnis gy are shifl i bde
r
Theoughow a prajeet, draft sefsions of disgrams in evolsing models are
disteibuled 1o projecl miembers Tor fesvicw, Comatoniory male 1heir TR
Loy in writiog dicecHy o vepies of The diagams, Wi reconds of detisiens
anc alecinalivey ar¢ Felained a3 iy wnluid, As changes amd curetnions are

4
L)

v

LA ] ., . ' 0]
et 2 d v sy e entore il the proizan ik

L requiremients dogumenldlion

CoL L)

APyl B a Al ity
"t hedniharinn, amd feennd Keopiteg supg ot anels A an agndeakglly o ahn
gty wonfiguration vonipul *

This provesi documents 21t decisinny amd the feasony why dednithy wele
pradc. When comimtenters Jod Juthory teach an understanding, the woik 4 re-
vicadd by 2 comrmittee of senior rechical aod managemeal peesennel Duaging
the Mot incorect of snoveeptdble eesolls are wiwadly yputicd-edrly, and
‘owefaighli or errons are Jolediad before thoey con cayse madur disrypiions. Singe
everyithing is on fecord, Future enhdanccment and $islemt nuUInIERINGE Cad
refercnce previous analysis and desipn devishms.

When dowementdlion is produced as the mode! evolses, the slatus of the
proiict hecomiey highly viabic, Mapagemennr can stody 1he reygirements [or
the deaignd In g “repedow 0 muner, boginning with an overview amd continu-
ing o any felevgnt level af Jerait. Alhough presgntabions 1o upper mapsze-
tmenl viually fottow standird summary and wali-throvgh methady, €ven senior
ealvltives somelimes bevome diecct toaders, Tor the bBlugprint laoguevge of
SADT is casily learned.

g
~J

How the Tdeas discussed fn dhis paped are employed =il vary 1tording Lo
orgsniranion needt and the kinds of sysienm vadee consideratiun - 7 he mucthod -
olagy which Mas been deseribed o5 aol jost a theary, howeser, and has beon op-
plicd 10 2 wide gepge of complea problems fram real-time communivations 1o
provess control o comnsrdial EDP fo ofrganization planning. 1t iy, in fact, a 1a-
tal s¥stems methodology, and npt meicty n sofware fechnigyue 1TT Euroepe,
for example, has wsed SADT sinee early 13 for anabysis and Jesign of bah
Ratdwarefsaltware systemis GOelephonic and telegraphic switchesl and non:
safiwere people.-orienied probloms (progect managemanl amd customer cn-
gineeringl,  Oiher  users cahibin simibar dosersity, Tramn nenalscuaring
s(AFCAM |51 10 miluary araining (TRAIDEN [6D). Users repart that i s 2
tcommdnications vehicle which Facuses attenrion an well-defined apivs, Lhat
Incredses AuAdgsmint conleol through visibility and slandardoeation, 1that i
Cregtes A spstomatic wark breakdown siiecture for project 1eans, and (hat i
mEnimizes ertars thrauels disciphined Qe eikility,

fipiesicatng the approach

There is no sel patieen“wmong different arganiracions for 1tz conlents af
In gash case| (he necds of the wsery, the come
rmissionzs, and the developiticnl migd 00 must bE 3N unnmimted. Garern-
“menl Arencs tend 18 have faved standacds, while othgg ur:-u.;;::tic:-n; en-
courtge Degibilite, a2 Bupeicd] contral apglicanien, ey VE wdsly wpng
genefated o requiremizaty defimition (SINTER, Universtiy of Drpadlhicim, SHoc-
warl, Al leawt one supplicr of largo-seale compuier-buscd spaicna fiandees

cansieation of syaleenn, Landfware, silflvaare, codnmedod, ard SFunfisl: . e
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! nel acquite ways of understanding e Soneric nature af syslems,

. B
constfaifly Among 41 distinel viewpoints, the o6l comaion greutl iz Er

vantaie peinis of contea analysis, funcnonal sprofication, and desien Jra.
strzints, Eapedience has shoan Mt use of wel-sirociured nmilels o attar
wilh 2 well-defingd process of unslysis, when properly carried out, does pigyigs
& streng fouwnddation Tor actual ssetem deagn |7,

Recavse Incal needs are divpr. :, implemsntaiion of the approsih Jiscuyssd
in thas paper canpnal be aveomiplizhzd selely by the publicanon of polivy o stup-
datds. 1t is very miuch & “learn by doing™ ewperience in which project Porsgn-
: One must
resoy%i2e 1hat 3 common sense affioach 10 5350em manufacuning is not now
wilely appreciated, A chante in he ways that people think abaut svsiemy +ng
abput the syslems work that ther themstlves perfarm wannal be Iau;m ot
divsenvinared in a short perigd of teme,

Furtker deelopanenrs

a

In manufaciuring enterprises, blueptinting and specifivaiion _metheds
evolved long befgre design support Wonh, 1o contrast 1o that analigy. a number
cf cuttent efloris hasve produced $ysicms far aulomaling requiremenis infurma.

: tign, independenl of the defininion and verification methodology provided by

58T, To dae, SATT appiivatiuns have been sucecsslully carried oul manuil-
Iy, bul in large (vOicis, where Many onalysts are jnvolied and frequent
changts do ocour, the question is nol whether of how 1o awtemate but simply !
whal 18 autotnale,

Enisling computer tools which whelly or partly apply w requirements 18} ; r
are churabierized by & speolanun for a desien) dulabase whh, once inpur,
May B2 manipulaled. AH such atiempls, however, bepin with user reguire- !
menms ftdarded in @ machine reedsble form, Two impediments immediaely
bregrme evident, The first s that requirements staked in prose 1515 canpai be
trerslated in a2 straighiforsord mannet 1o inter{zce with an aulemaied problem i
bamguage. The sevond is thul no compoter (ool will ¢y ee parform the procgss of !
tequitemenis definition. Defining and verifying tequiremunts is 3 13sh Jone by
uszes 20d analysis 9], ‘
I
Given the right Lind of infunination, hewever, compuler 1068 can proside
capsbilslicy to ingure cansislency, Wraccabiity, and ailosation of teguitements.
A goud evzinple of 1his malch 10 3ADUT s PSLAPSA, @ system fesubing from
servcral peacs” effurl in the 15DO0S Project ot the University of Michiean 110,
1], The I'SEL dagubase can represent alaions esery reluticmship which appears
on SADLT dugreams, and the inpot peccss fron disgrams 1o database can be
dane by « prcicel libratian. Nut wnly dosy SADT enhance human commanica-
ton (between uder amd abcaly sl amd Lgvweer iyl and ..I.'_\'lf,rul}l Lot thie di-
aptams bovoine maching resdabde ino 2 very sitaighifors atd wainer.

4
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e e

The 1'5a dary grabesir and repedy ganeralad v wa2ful Tan s m;'m.gﬂ-bu-
Labass Conleals and ven pivdide o sicdns of cesliatling sevisins  IF ihe o ta-
Basc hurs boen derived by SATIT, enduncementy lo exisling M35 wapatliiics afe
possible 10 further enplod the structure of SAGT madels. For evample, 5ADT
dirgeants are nol Now disgranms, but the intetlace constiainhsy Jie diresied
Thed prevedence rebalions, sostepidically pursued in SADT ta spedily Yuanlti-
s tvolumies and cates) dnd wequenves, permit any Jdesired Jdogeee al simulas
tion of 2 model (whether performed nmdntally or otherwised.

———

Compuater aids are eteated 35 suppoil wouls, SADT provides o Lol con-
ted, within which coiain avlumared prevedures €an pliy 2 camplemeniary 1ole.
The result will be a compleie, systematized appoaach which bolh suils the nceds
of the people invelved 2nd cnables automation Lo be wsed in 3nd calendet
beyond cequirementi defivition. Such comprehensive mglhods wil! enabie arbi-
brasy systems work 19 atnin the Mutfilfment than biuepring techinicuey deliwdr in
traditipnal manolacturing.

Canctusipy

Requirements definilion is an importan) source af custly oversighls inlF

present-day Sysem innovativa, bul something ¢an_be donc Jbwul o, None of
the thewghis presented here are meds spoculation. ALl have praduced real
pihicrenients, The methods described have been sucvesslully apaled (o o wide
range of planning, anslyii and design problems iselving mwen, maching,
sefiware, hardw ore, delabases, comimunicaiions, proceduecs, and fioanegy. The -~
significunte of the mcthads 1eems 1o be that a well-slruciuigd appivach 1o dix-
umentiig wlal somdene thinks aboui 3 problem or & sysice ¢an rsagsially wiad -
bulh thl person’s thinking and his ablity to convey My undentandmy to oth-

“Properly channched, the mind of mun is indecd furmiidable  Lat gnly by
cumEJ.:ring all aspects of the 1oak ahedd can camw ok be miare produdctine and [
manJgsment be meors elfective, Communicarian with nantechnical 1gaders, an
undersianding of the niture and struciure of sysiems H2), and indeed a
thorouzh kndwladge of the process of analysid el are the ewmenial i
gredients of suceessful requiremients definitian.

Appendis
elaLiecy the eight yeeseang

The basie difliculiy Jn requirements definition is nol une of seeing ‘he
woods inslead of the crecs. The redl need & fof @ methodatugy which, in ang
Eiven cifvunmipiance, will enable an analyst o dishingund one from oy vahet, Ty
is alwyrs more impoliant to 3vk the nght guesdians than i o 2o pastibly
wione dttawers, [0 iy said that when a fimwces fabbi was ashed, “Habhy, why -
Focs 2 falill alwsys aftaw el o gueshion with a gquestian? he replled, s (thete o
bedrer war?™ This iy e Tatoous dialectie melinnd wred by Sawrcagy -0t by

-
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studznis o understunding -I"hl'!nt..lll"" Leandny will Gt I,.:'-..‘ R
epen, and has the paluse of blwklr‘lg hu; Sudnling g d Lep-desn Mruslury ol
sMsller qussHONS, Basier amd Coriel 1o wilivgs L ho widweis, wlon oy ars yje
tirnately sopguicd, arc tuch keva cnilical and more reactable, and el telateany
wilkh othor vmdl anseers are weliondrognred * .
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{ Tris is the focus of requitement defininan, The appropiidle QU Ay -
RAp whdn Aae = applied sastermangcally, il thistimeuzdstt (Hat uhkh Mkl hg

Deossalered fronn than which must be pasiponsd. A seduence of sush quostions,

,uhoa plubal, spstemewide stale, will bresh the complesing of various sspedis of

Pthe syaiem o intd sirmpler, relitsd gueslions which can h: wmalyfed, davchopsy,

i and dowumented. The conazsl ans'ysis, funsiona) spevification, and disign

: Consirainls — Susjecis which are papt of requitements dxfinilian — aze miesgh
pefin of an-overlapping chuin of resnonses to the apnroariae whs, what, how
Guesstions (F1g. 9L In different circvnnsianies, the subjects may dilfer, but he

. thaining of questicns witl 1emain the same. Wy some lealtre 15 needed molds
mhatsi has 1o be. which in turn mulds Agw it iy 1o Be achiesed.
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Flewre 3. Sywrean develepaient [o o thalu of gxcelappbug qurstluns, devyinenied ot ench step.

These guestions furm an s orfappung repetition of a cammon pakiern.

Eact ming, the varigus aspects af the sysiem wre parlitioned, and the wnder-

_ Slenching which 5 deseloped must be docemented oo form consistent with 1he

, Fallean. I0is nul suthgient metely 1o bivak big probloms iatg linle prablems by

shatlcring thein. "“Decompess™ 15 the inserse of “wompose™ a1 cvefy step,

the jans being considered must reassemUle 1o fahe the whole cumten? within
whivhione is wothing.

The English werd “eleave™ cattures Ihe concepl eaactly. It is ong of
those rure words thai has antitheticsl mieaniogs 1L mcans bolh 16 separate and
o chicg wal Thus, in the ardorly procesy of top-down Jecoipusilion wfhich
Cisties the deaired syrstem, meliipdc wlevs gl interseer in onler 16 spply
s whale vantest for the neat stepe of syaten developmean (5. 10).
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Piobably the miost importanl aspest af this paper i its emphisis gn g cofir
moen approsch 1o all phases of system deselopment, slarding wilh requiremelils
Jefinition, Kaowing how paelponcd dediniony will be hamiled in luce phases
(by the sunbe methads) allaws their essznce 10 be estublished by baandary con.
ditigns, whele details are lefll open (Fig, 11} The knowledge thal all s¢uite-
ments must wliimately be implemented semehow {again by the same melhods)
allows Their comiplzieness and consisiency (o be verified,
quece of guesions enfarces gradusl eavpasttion of derdil, Al infonuation is
presanted inwet-straciured dosumemation which sliuws Rryl-hand palivipaiion
by wsers dud ¢amnuasioners i regurements dediiliue,

The w2y ta 2chieve such coherene is 1o seek the right bind of anawers lu
eveary sei of why, what, how gquesiions. By this s meant 10 establish (he
viewdDint, Yantlde point, and putpese of the imincdisie task bcﬁ.u: writing 4ny

dovarael e coanduiling any dndlysig,

The initia! prepone of the ssstent developmcal effurL 75 eatabliyhedd by con-

!lnl :n.n].;is Proper cleasing of subjects and descriprions then takes 1wo
dnllq.ru.hl. [Grimy, the exdcl paturey of which are governcd by the overall pm,c..l

“putpuse. One cleaving creates partiat bul overlapping Jdelinestons acvmiding 1o

vew ot o VICwRaInt Jnahes flear whal aspents’ dre conaiioied iclevant o

achicving some Compoenznl of the avorall purpose. The oibet {learay vicates

Liporaus funcliona! atehiteciuoes aceording Vo bgihIss pural — bafd -8

level afabsicadtion bt gelutey the wigwpainty and camgmneal purj «acs which

tapeiher devoibe 2 giveqa whote subpzo (g, 120
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Poohime g vaulage pranl albavs absteadis g Qo s sicinteonare, h'ﬂ?
mut g oy kinealagon-glined dypos o the syatem andeiione The plaa -
mizal of o santaze podn? wilkhen 2 vigw paiil @stablodies an allamguriant b bl
vartiy — 4 sutnel of purpone which thea goveins she decaiipailion and ¢ wpu-
siven of o particulir subject regarding 1he system.

T e e A0 Bt

Requitements definibgn, beyginning with comigar analysis, €40 ovouf
whengser thare i 3 negd 10 defing, redefine, or Turther delinedie purpune,
Conteat analyais 1rgs the mwst impurtant, highest level guestiong linst, wning
the vondainns Tor fupgher guaestinning cach pary in torn. Each subsgquent gues-
Hen g gabat within the buounded goplest of & powr respanse, S dvopling
esurys that ealh axpert ¢f any question iy covered by evactty, one fuither gques-
won. Gering startgd is difficull, but hasing done so succeslully, one i inlte-
duced 3 3 “inp-dgan’™ hieraichy of leading questians, propetly scquenced,
vampletely decompoadid, and suoessively answered.

Whether eplicitly $tated of not, vaniage poinly, viewpointy, and purposes
gurde the activitiey al gay analysis team which approschey 2 requifenmicniy
elnion task. With the global undentanding oficred by the above discuysion,
anabsty shoold reakize that 2 place can be Tound for every item of infod matien
gdthered. Struciuting this muss of infaemuiion 10l musy b2 Jong, 63 papct, in
3wy that ensures compleieneys nd cOTEeCIness, wilhoul overs, saficslion snd

conluyion, That is (he role of 5ADT,
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Far thent, at thae paint, it should be pohsible I.|..‘|1 mehamcafly .;:n-
crats the code. Hasving been in the Jomputer .“"'I'] far only . :c-
pedty, buds profoundly worried  Maybe 10 was imc 16 abandon data
processing amd bevome o darieer?

Thasz early iiless of Professor Tcichmc:'- perhaps were ahdad
of their Lme = after afl, there slill were 3 sirable numb_-cr‘u[ pra-
EEANENSTS n evislance in 1977 = bul some of l'I_Ji p:cduuunf n.lrc
begiamang 10 1ake concreie Torm tm.l":"" The rﬂl!{.‘-ﬁ-lﬂﬁ_ nalw!,:hnur.n
by Tewhtacw and Haraliey aml cnpnal}r puhlnh;d n Ihn.,. m"':u.'.r
V91T HFLET Feanan Houd u Suftedee Engeceiig s (he I:urL:I single

‘suﬂ?:c ul i|1|'u{f|1,uu.:;:1._pn 4 apibem for autemated JnJI;s_i_s, rn_ﬁwn £
“ISTHS or TRRLAPSAY ¢
E ] . .
' Tt;c 'F-:.‘chm:u!llcnh:y- p;p:r't_i-:_.lli s sifically with struciured
Jnalysis, 4nd, 2t such, s radicaly difesent Trgm Ihclnrhc} p;u_'n:n
on programpavng and design, Throughoul the 1960s, it 'h.n 2 unn‘;
“atle 1o bizmie 2l of our ELIP pmhllcms CN Jrugrdarging: ?Hu{lul‘t
pragramming apd the related disciphaes Wi Id.:;:mcd the 1;1’..'11 slu-
"tion Then, by the mid-t1970s, emphatis shified tward devga, a-:
povple Begaa la fe dize than brdtiam ffnl: would not -..4.'»..: Jlmc.l.m._
desien, ol now ouf cmiphasy bt Hnlih:l.l even Tuillietr: "u:u il ain
adestirate sratement of the user’s Tequiements, the h‘.“ dewgn m_.l
the best code in e world won't Jo the jab. Indq:i_:d, wilhoul ltcnchl
of proper requircrnents definition, sirudtured devign ch sirudiured
Cprogramiming oy Ssimply helpous 3f0ve a0 2 sysicms Jivasier fasier

1

FS:J whil ¢an be duans (o implose the requiremcats defininon

" procesi? There are, af course, the methods praposed by Kuys and
LY - L]

Sehuman 0 the previcus paper, as woll us thuse il furth by [J‘: '\!.u-
co in 1the paper that appeary aflter 1his one | In_ Ikis paper, Te o
and Mershey cancenirate on the decimeniilion dssocialed wiin re-

L i = sme ow =
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quirements defianion, apd on 1he dilficuliy of produsimg and Mahag-
Ing manzally peneraled desumsniation,

The piohlems 1har Toicheoew wnd Herstiey wddres, Ceflainky
are familar ones, alibiugh Many s stoms Inalials probabh hyas
tome lo the 313 conchusion thal things alwass ware meunt 1o be like
this. They obszive, for cxemple, that much of 1he documizntuen
associdted with an EDP system iy not farmally recwrded uniil the ¢ ad
of the pigject, by which 1ime, as Deblaren points out. the final dosu
ment it “of histerical sipnificance onk ™ [Papar 23], The dovunien-
lation geacraled is poluioesly smbivucus, serbose, and fedundant,

3 and, worsl of ali, iy s a2aually produced, mgaieath svamined for
" possible errgrs and inconsisiencics, and ozt updated and re-

vised as uset reguitenienis change.

So, the answer to all of this, in Teichroew and Hersher's opin:
iun, 15 3 compulet progron 1hat @lews The spsleeny aoalysl o inpul
the user Fequireinenis in a languace that can be reganded a5 2 subact
of English, those requirements then cun be changed, wsing Faalities
simuar 1o those on any modera lext-editing sys1em, throughout the
ralisis phase of the profost = amd thectghont the eatre anrm e
fpele! Perhaps most imponant, the requirements-definitlon con be

- sehjected 10 avtonatcd wialysis 1o determine sich IHISES 1% conirc
Tdictary definitionstof Gaia elernents, missing definmigns, s Jdata

clements Whal are penzrated LUt never used.

Thz coneept for PSL wus decumented by Teichroew more than
Ien yCars a0, but §t is-in thes 1977 paper thay we betin 1p gel some
idez of the impact wn the real world  Automated wnalysis slowly is
becutning an oplivn, wilh 2 Aumber ul lirge, prestigious organicas
Lons using I'SLAI'S A

Ons would evpeor continued giuwih: iranically, thuugh, a fa-
purled prablem is mrghene rucfliciency? PSLIPSA apparently con-
sumes significsnt anmunts of CPU fime and  other compuler
resources, alibugh Teivheoew and Hershey maintain that sueh (un-
ible, visible costs prehably are snvaller (han the intanvible. hidden
tesis of fime wasted dwiing “manual” snalysis, 11 appears 1hat
PSL/AMSA is most swvcceasfelly used in organirslions thal slreacy
kave vast compaler anslalldiuny amd several hundied for thowsand}
EDI' people, A sighilanl drawbath 0 widespread sdopliva of

PSLIPSA i3 the fact that i1 is written in FORTRAMN! Admintedly

this hes helped mube it partalle — but FORIRAN?

Sy
CTEICHROIW & TELRSUILY Z_j

a5

PS L/PS A a Computer-Aided Technigue

for Struclured Documenitation and Analysis
al' Information Processing Systems

1. Intraduetinn

Qrganirations now depend on Computer-based inl'ri:r:
e _nmiun‘pu&“ing syslems for many of ihe L5k m»na;
ing datas (revonding, sloting, relnosving, I.'IID-C}.'.-IHI., cn:...

Such 3pstamy alc ni.m-m.:dc._ vhe plwcurtuﬂait.s a
©  pumber. ol sciivineslopersdivingtaenend FoL - paslent,
T Mrd:icnninm; what it $hould Jo (or Ihr,l ur.;muuuun:
designing it, consiructing  ams ns:mbt}ni I.I]: :lf.;fn
ponents, and finddly 1esting the syslem pnur"m mml ni-li
i, The process foquites o great deat of eford, ususlly

) aver a conyderable penod of time.

"I‘hmughuul ihe life ol 2 sxsiem it exivty in 4 u..:r.n:
diffecent “Tooms.™ Initiglly | the spviem cmlr ol ccmcp‘
or a paoposal at 2 very high level c:tf T LIURTIL :t_ Iﬁ;

d point where il Devames apsrananad it evisty 1y a col L.Llll.nr
' of rules and carulably Ub]u‘fl pragfatiey an I. pal‘.h..uLj.F
compuling s ItGnnpaL, Tnis ensdonmenrl tnj'l'l.l'ﬂ.'l l.:
hardware and hatd soltware such 34 1he ¢perating 1p3len :
plus otleer crmponeals such a5 ptaselulgr whh fr: CJ[‘
fed oul mesnnaly In benween the sraiafa evasty in van

— - -

: wus e cdiary forne

The pruceys by which Lhe sl condeld f\u-ﬂ,:.:_t
co ' into an wpetationat syatem consii of - rumta v af.ul'»l_
Lew each wf which anakes the conce, @ Raes -...I.u..u.lt.
Tach 3ctivity tahes the resulls of same of the ey Gus a.
Gvilics amd gkl gy mes fpanten wd Looh e grdgievhin
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t'-':'rjl.ualh' _I‘L‘_sul!i. it an operational system, Stont of M ow iz are aty
r:-.*..dng_aﬂn'ni:s, in that’ they use data and infurmiation o preduve mher dela
"".‘1 informarion. Each atiiviyy can be pegarded 3s LT STRTL T SR TR T A T 8
Quire menls from precodieg anivities and produving data whish ate fepatdd at
speiifications or requircments by one o more succetding achisviies

Since many individuals may be involved in the svsiemt desclopment pro-
133 over considerable periods of time and these or other individualy hase 1o
Manlnn e 5518m once il i operdlipg. W i5 Necessdry to fecd duseriptions of
Ihe system as it evolves. This is usually relerred 16 25 “documenipion,””

In praciice, the emgphasis in documenlation is on describing ihe sas1em in
the final form so that il can be mainuained. Ideally. howeser, each “activity
thould be decumented so thap the resuts il produces become The specification
for sru:cctdlng sitivities. This does nol happen in practice becsuse the com-
Mmudnicanons lrom one aciivily 1o succeeding arlivilies is accomplished gither by
tm.n-.g_lhv.-T famt pérson cafrying out the agliviies, by oral communicativn
:I;I:'-nl individuals in a preject, or by netes w hich are discarded Jfier their initisl

*

This cesulls in projects which precesd withoul any real possibility Tor

Mansgement rewiew and conteol. The syslems are nol resdy when promised, .

do ot perform the funclion the users expecied, and cost mote 1han budreied.

Hm} _nrgar!.it:lliuns, therefare, mandale that the sysiem develapment pro-
£e5s b divided snlo phases angd chal certain documemalion be produced By Lhe
end of cach phast so that progress can be monitored ond correclions made
whea necessary. These alempis, however, leave much 10 be desired and most
Ofgsnizzhions are 2ilempling 1o improve Ihe methods by which they manaee
Their system development |20, 6). )

This paper is concerned with one approach (o imarosing sysiems deselop:
ment, The apgrosch is based on three premises. The Rrst is that mote eflorl
#nd antenhitn shoeld be devoled 1o the front end of the process where o pta-
PGSed syslem is bring described from the vier's paint of siew (2, 14, 3). The
!tmn:_j premiss is that the compuler should be used in the ﬁ:u:‘lnpmcnl ni-
£ess since s}Stems desclopment involves large amounts of (nformation HIOCE
k. The third premise i3 thay a compuler-2ided approach 1o s3siems develop-
MEnt must Yan wilh "dgcumentatien.” .

‘This raper desciibes 2 com
cunsigy ol the folluowing:

1}

pul_::-;idcd Lechnique far documeniation which

The results of cach of the acrivilies in Ihe $yslem dticlnprr;tn[
Pricess are recorded In compuier provessible form 1y they are
produnead.

[ .

}

) . !
o anadnban all The Basid Jal

S AP A RTAR T SPEN B T T S TI
atout dhe wyabm, .
31 The eomputer i% vicd 1o prod..d hard tupy dowumenlativn

. when reguired.

[
1

The part of the 1echnique which is ne - ppedational is known as PSEZPSAL
Sevtion 11 is devored 19 2 brigl deseeiption o7 spalem development av a frame-
work in which 10 coripate manual 3nd cons Ser-vided documentaiion melhods,
The Problem Sutement Language (PSL] is described in Section 11l Tha re-
poits which cun B¢ prodused by the Pratism Sualement Analyzer (P5A) st¢
described in Secrion IV, The statues of (2 system, resuly of caperience o
datg, and planned develapmenis are guitined in Seclion V.

]
i, -

1. Loglecal sysiems devign

 The compuici-aided documentation sritem described In Sectiony Ll ane
1V of this paper is designed o play 8a iniegrs) role during the initial s13ges ir
the systems doselopment provess. A generalized model of the whole tyslen
gevelopmenl provess is piven in Seciion t-A. The final reaull of the inli

" siage is a documenl which here will be cilled the System Definition Repant

The desited contents of shis document ar¢ discusacd in Sectiga H-fl. The ac
tivities required t0 produce this document manually are Sescribed in Seaninr
II-C and 1he changer possible thraugh the wse of computer-aided methads an
pullined in Se¢uan §1-D. :

Lad
o

The basic sieps in the life cycle of infermarion systems finitistion.

A, ncdel of the syltenr develupnent prate1r

" pnalysis, design, construction, tesl, instatlation, operation, und l:rm@n:tinn} (T

peated n the earliest applications of compuiers (o arganizationst problems (se
for enample, [17, 1. 4, 71}, The necd Tor mote focmal and comprehensive pre
cedures for cairying qur the Life cycle was recognited: carly examples are Lh
1831 SOP publications {51, she Philips ARDI method {B], and she 5DC methe
[23]. tn the tast few years.'a large numbe of books and papers on this subjc

7 have been published |11, 19] :

Evimination of these and many othee publications indicate that there
no general agreement on whal phases the development proveds should be divie

. ed inw] what docuinentation should be produced sl cach phase, whal it shou

conlain, or what ferm it should be presenisd jn. Each organitation devielops

. own methads and standards,

In thit section 3 generalized system devélopment process will be desceity
as it might he conducied 1A an orginizstion which hiy & Systems Depanime

" responsible for developing, Gperuliog, and fuiatiheag cumpuier baged nfo

evalinn processing systemin. The Srvicm eparsuent belongs w some high
pnil it the organifation dnd jisell hds soree qubomity, gach wilth cedian fur



livns fsee o example, 124]0 The S3stem Depariment hes 3 el Sovzlops

mehd slndard proccdure which includes o ofert Managemenl stslzm and Jeas
sunrenlation sfandards. ' R

A request for a4 new sysiem is indliated by same wnil in the organitaion
or the system may be prepesed by the System Depatimant. An initel diwcy-
ment is prepared v Rich contains information aboul why & new $3:1em by roeded
and cutlines its majar funclioas. This document §s reviewsd and. i apyroned.
a senior analyst is assiyned o prepare 2 more detailed document. The A5
colfeCls data by interviewing wiers and studying the presenl system. e then

pridules 3 repord describing his proposed syaiem and showing how il will satig.
My whe requitements. The report will also .centain the implemeniation plan,
benehifcost analysis, and his recommenditions. The r¢porL is reviewed by the
various organizationgl units invalved. Wil passes this review il is then included
with other requests for ihe resoutces of the Sysiem Department and given a
priofity.. Up to this poinl the imvestment in he rraposed $rstem is relaively
small.

Al some point 2 project 1eam 5 (ormed, & project Seader and veam
members are assigned, and given aulhority 1o proceed with the developmens of
the syslem. A sieering group may also be formed. TRe project is assigned a
sthedule in accordance with the project management system and given a bod.
gel. The schedule wilt include one or more targel dates. The Fnal target Jate
will be Ihe dute the sysiem {ar i1s fiest part if it is being done in parist is to be
operational. There may alsp be additional targel dales such as beginning of sys-
lern lest, bepinning of programming, elc.

8. Logical sysrem degiva docianentation

In this paper, il is assumed thal the sysiem develppmient provedure e
quires Iat the proposed sysiem be feviewed before a major ins esiment is made
Jin system construciion. There will theiefore be another (argel date as which
the "ogical™ design of the proposed system is reviewed. On the busis of this
review the decision may he 10 proveed with 1he rhysicat design and consiruc.
tion, 10 revise the propossd sysiem, of 10 lefminale the projecl.

The review is usually based on 2 decumeni prepared by Ihe praject team.
Someiimes it may consisl of more than one separate docement; Tor example, in
the syalems development methudology used by the U5, Departmeni of De-
fense 1211} for non-weapsny systems, deselopment of the life evele is divided
inlg phases. Twao documents are produced at the end of the Definition -sube-
phase of the Development phase: & Funcliona) Creseriprion, amd » Dala Re-
quirernénts Diwument.

Examination of these and many Jocumentalion requirtaients show that a4

 Systems Definition Report comiains five major types of informalion:

- w an - ' [

B B T P I TY I { P T AT CR I T Rl 1] T LT T | [TOR Y I YOI | -.,...'\—-’

e g, sheosing bow the proguaal waodome will inguus g the
Tundtivanng of the ufg mizaaem W outher g mest he aels
which lead 1u Lthe progecl,

9 dewiption of 1he opersting of the propmed sysiem in
sulffivient detsil 1n ablaw the waers ta vendy that i6 will in Tace
Secomphsh iy ubgectives, and 1 seive as 1he speification fog

T the derign and consructian of dhe peopased spstenn i dhe pro-
Jecl continuation is suthurized,

3} a description of WS pioposed  sysient isipleinentation in
sullicieat derail 1o ¢stimate the time and vost tequired; -
) 41 the implemeniaion plen in suflicicnl detsil to esiimate the cosl
el the propoed system and the time il will be available:
$1 3 benefiZeost analysis and recommendations.

In addition. the repore wiually 2ha eonlaing olher misccllanecuy inforniation
auch ai glodsaries, g,

C. Creenr hagivel 1 stem desipn provers

Daring the Wnitial stuges of the project the ¢fforiy af the 1eam are dirgcied

——

gy e —

e

10w ards producing the Systems Definition &epazl. Since the majer ilem thiv re- ©

porl vantsing is the dewription of the proposed systent from 1he wser or fogiva

.. poimt of view, 1he activities required 10 produce the cepott are valled the logic s

syslem design process. The project team will slart with the infoimalion alieady
_available and then perform a2 ser of activities. These may be grouped into five
Cajof taleyoties.

| 11

i

Dita caftechipa. Infurmation about the information Bsw in ihe
presend sysiem, uwier desires for pew fonmanon, poieniat
new Syalem arganizaiion, eic, i collecied and recdided,

3 Analsis. The dais that hive been collected are sunimatized
and anslyscd. Ereors, anvissions, and ambiguitics are iennfied
ind carrecied. Redundancies are idemiified. The resulis are

prepared for revicw by IPRIOPTisIE groups, '

Loxival derign. Funcions 1w be perfurmicd by the syslem are
selecied, Aleenatines Tor 2 new sysiem o madifivation of ihe
preaent system are desefopwd and caamined  The “new’’ sy1-
learis dewribed, e '

n

4} Evafuariea. The benelits apd costy af ihe proposcd yslem are
delermined (0 a sutable level af accuracy. The operstionat and -
functiona! Teasibilny of 1he aystem  are  examined and

ewaluared, - -

-
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5
ol clcfllricm‘i.:ilin e proponed ssaicir will e i orod, Al
etnatives r{:-f g ziient are idvapded amag cvadianed el
ﬁ:ulhcr rasyibile imipsoemenis wre pou judeed 1o b warth ad-
diunal elfar, 1 mujor changes ate made, the e allabiog vieg
) May b ropeated; fuither dara colleciiun atal analysis may abve
J be novessary, :
r .I" Palice the Lpe of wrliatics dulliped abose may nol be Cloarfy dise
|m|;uufncd and iy be Cardied vul it parllzl oF Beraively
of detail. Throughout the papegss, bowess i1 9y @
o and diwumienred,

with incecasing tevel’
arficd oul, roxilis ot Fegadd-

I_'L i3 widely 4:-:;.!-I-:¢ thal ducuticiiabion 1s 4 weak ink in sypulem Josehip-
tnenl i gensial and in fugica) sy stem design jin particular. The repeescatlanion

e the ducwisentanian IMal is giadoied witdy presend manual meiheds iy limaed
lu

" . |} ical i|1 a nalutal ].Jnsli_]ﬂc': .
‘ 2} Iiﬂh. Ll-tﬂl:;. AFSrs, STLas 'cr;lfll\f:i;
| '1.} Erephical repicsentariun, figures, flawcharts.

\ Avnalbyats OF Lwo repurts showod ihe following pnupibar of page,

L ; for cuch e of
. infurmarion. w

P e T S p—

Form Reparl A Kepuri I

LE NI an 113
levis o 1ebley by 163
charly and Fipores, n BT
1afal * 1% il .

"The paldnn huing e linsnied ate very Conpier and ihese nacihods of
fepdeseniiion ure not copabde of sdequanety Cosenbing all the nevessary aspects
of o aysiem Tor all (hise whio s, o skt el The dovomienld v, Do
gueally, decumuergalion is

1] arnbiguouy: naruraf Mopguages are ml previe cpough

o deseribe wypsteroy gnd adlurent readers may e epeel o sen.
lence in Jitferent waps: )

2} incunsistent: since syslermy are large the dpowmenldiion is

large and il [s very difiull 1 cosure thal the deceancntation s
consistent, .

e tert 4t ora s e e m.
[ A -

. . Ly 8 ..
upwrovcmyan, Usuglly 38 o result o the cvaluanon 4 ety l
1

bt 1 thore iy avaadly o g salbosed memad of wme v
Ao st Tl dunitenb iy arel wille w Lieg o cmnpley sgstenn iy
el 16 dederinme e il Wl ealica) s Missing.

i

The deficiengies of muanudl docarent thon Jre campounded By the Tast
ot sy s ars continudly changing amd ol o wedy dillicull w kesp the diww-
M niaiinn wi-tg-daid,

. Recently there hieve Boen slientpls Woiniprove nwnuet documentdtion by
deselaping more furmal meithodelogicn 116, 47, 1), 31, 15, 25l Thew
medledy, even though ey are designed 1o be wsed manually, huve o Tornal
lapguas s Gf fepresenlation scheme that i designed to ollevine the difliculiigs
lated ubuse. T mahe The dosumsnlation mocs bsefu! far human beings,,

miany of Widsd mcthads ube a graphizdl aguage, ;

D Cuspracr-aided togcol systeen Jeagn peocels

. .
. *

T compuier-aided togicyl sysienn design Lhe aticllive, as in the manual
provess, iv 10 pradute Yhe Systedn Delinition Repart and she provess followed is
evsenlially sinnlar 1o thit described above. The comipuicr-gided design system

hay the Mollawing capabilities: |
1} capalility o deseribe information syatems, whether munual r .
computctizzd, whether evisting or propdsed, regardleisy of np- '
plicanion ared; .
2} al:nhl} 1 record such descripeion in 2 compuicrized dala baic; * "
I abikiny 1w ieccemenially add 1o, modilfy, or deletg {1oan the )
. descriphon in Ihe datg bass ;
- [ ]
41 abilay 1o produie Vhard copptt davurmientation for wee by the !

aivalyal ue the other wagrs.

The Copabifity to desctibe systeins in compater priessibile furm results
[ram the use of the syadern Jdescriplion language cabled PSL Thne ahility 10
record such dgscripian in 3 daia base, incremsentally snlily i1, and on deniendd
perform 4Ralysis and produce reparts tomey fTom the soliwere pachage culied
the Problem Staterment' Anabpser (P3AL The Anabrzer i conmrallcd by a Conl-

mand Language whizh is dewribed in dztait in (9] (g 1), ,

The Froblenr Stutement Language is autlined in Section 1 end deseribed
in derat in (101, The usz af PSLIPSA in eomputer-aided logical systam dnign'
is descrived in detalin [lal - . .

-y

-
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Frzwre 1. The prubdoin stalpmenl annlyirr.

—

The wie of PSLAPSA docs nol genend on any panijovlar struciure of :h;'
suftem deselopment process of any slandards on the fermze and vonteny of
hatd copy documentstion. Ip B therefore fully compaiible wih Cufrent pros
cedleres in mosl organifations thal are de¢veloping and mainitining s:.su:ms'_
Using this sysiem, the daia cellericd or developed during all five of 1he acnivi;
lics are fecordzd i machine.readabie fonm and enicred inte the computer as i
iv coflecred. A dule base s buill during the nrocess. These duta cun by
analyz2d by compuer programs and intermediale dOCupIEnidion prepaicd © ‘
ecquesl. The Syslems Definivion Report then includes u lrge anmouni of nh

The activilies in Jogical system design are mddific

Clerial proadared automiaticaliy Trom e dacs base,

used a5 fallows: .

I}

)

PR T el

Data collectina; since most of the duta must be ebuincd
thraugh personal coniacr, imersiews will slill be reguired. The
da1a collected are recorded in machine-readable form, The in-
icrmedialz outpots of PSA slo provide corveniom chiovklisty
for decwling what sdditiond) mfoomaton 15 needed and For
recneding it for inpul,

Anatysiss & number of different Linds of analysis can be per-
formicd on demand by PSA, #nd theiefore necd no longer be -
done manually,

.- - -r - - . et FlT
. ¢

d when PSLAPSA ip

|

n

1)

1)
The

mate, the

i}

DIzvon, desizn gy o WRIY TS By angd vaniigl he
Ayttt Haw s, Fadotan niabhe piurg data availalil; Jo
e desizier anad Sl Bagn 10 qranieelne i Aoy exleitsbeely,

The resulty of hiy Wevizion, ate ol enicicd iniug the dals Base,

u . . o
Evaluanion; PSA providey some rudimeniary fetilitics for com-

puting volume or work messures fium the dala ia the problem
slale mient. )

Improsements:’ idemification of atews for potaible invprove-
ments is 150 2 crgative task; however, PSA gulpul, particulary
fram the evalumion phase, may be wiclful 10 Lhe analyst.

Syatem Definition Report will contain the S3me material a3 tha
dcwribed since the dovumentation must serve (he saMe purpess, Furihers

same genefdl Tormab and representation is desirable.

Narrative informalion is necessary for human readabiliny. This
is slored 33 part of the data but is nat analyred by Lhe Compuls
er prggram. Iowever, the fact tha it is displayed neal lo, or
in conjundion with, the final description improves 1he shiliy

" of the analyst to deredt discrepanvies and inconsitencics.

i
Ifl-! H PEL-

 PSL 05 a Tunguage for describing systems. Since it is inlended o be wied
to descnibe “propdaed” systemis it was calfed & Problem Statement Languiyge
because the d2scription of 2 proposed systent can be considered 2 *problem’ 1o

Lists, rables, arrays, matrices.  These representalions are
prepated ftam the data Byse, They ar¢ upoig-date snd Tan be
meig casily reatranged in aay desired order,

Diagrams and chatts. The informaiion from the dale base can
be reprgsented in varicus graphical forms 1a display the rels
Gonships beoween objecis.

0 prublern stalement language

*

be solved by the system designers and implemeniars.

L

Pil b iniended 1o be uted in sitwations in which anatysls now Jesoribe ¢

systems. The descriplions afl sysienns produced using PSL wre wied for the
$IME purpuse 3s that produced manually. PSL may be used both in baich and
inleriilive environments, and therlore only **basic™ informanan sboul Lhe
spflem pecd 1o be sidled in PSL. AN “derived™ information can be produced

in hard capy form as reguired.

The mudel an which PSL is besed is deaciibicd in Section HI-A. A gon-
etul description of the sysien and semantics of PSL is then given in Secchiun
150 1o Nusirate the bioad scope of 3p3KEM 3Pl 1N €30 be described using

PSL. The dersiled symtan af PSL in given in 10,



— A, Afedel ol fararala e whsien - - - - Y . o T
| o ' P The Dama Spenzraee aspedt ol gpatem gesoniption includes all the relet

tignslips whick exisl among dale wied andfor manipolaed by lhc

The Problen Suatement Language 15 based first o 1
BilE ed Brat o medel of a4 yenerl $3s1em a5 scen by the “wacts™ of the syalem.

sistem, and secondly on the speciatization of the inndel 10 2 particular clasy -.:r
systems, namely information s)stsms. | . The Data Divseyagion aspect of the systeny deseriplion speciher which
data abjecis are involved in particular PROCESSCS in Ihe s33¢m. Dy

The model of 2 genetal 1ysiem is relatively unple. "= merely s1012s 1631 4
syitem consisis of things which are caled OBILCTS. These obj.:{'ls mias have ;um-:;ncd \:jllh uhaltj rrnf:muon is wied, updared, nnd!u: derived,
PROPERTIES and cach of Mhese PROPERTICS may have PROPERTY YALUES. The ow [hi fs done, snd by which processes. - ’
ahjecis may be conpected or TnierreTaied in v arious ways. These connesiions - Daw Derivation relationships are internsl in the sysiem, while Sy
ar: callzd RELATIONS|{IHS, . R tem InputdQuipat Flgw relanonships geszribe The iyslem boun- !
The g¢ 1 madel r r datigs. As with other PSL facililies Sysiem Tnput/Quiput Flow need '
gencral model is specialized for an information sysiem by allowing | nat be used. A spsiemy can be considsred us having no baundary,
“the wse of only 4 limited number of predefined abjects, propernics; and relation- )
ships. : The Ssystem Size and Valume aspect is concerned with the site of the .
- ; ; . . Caysiem and those faciors which influgace the volume of provessing
B An overvicn of the prablem sratement lanpiagre gy ond senrzanes which will be required.

e N . The Sysiem Dpnamics aspeet ol system descriplion presenis the
The ubitaive of PSL is 10 be able to express in syaractically analysabte manner in which Lhe taggel sp31em "hehaves™ over lime, .

fo:m as much of the -nformmun which comtnonty sppears in Systzm Deifinition . . . A
All objecis fof a paricular wype} uved to describe the 1srget 1)siem

Feoponts as possible, - . h MR
. . . - . have characieristics which distinguish them [jom ether objecis of Lhe
System Dmnpnuns m:;,r be divided Tnla cight major aspecls: ' same typg, Therefore, the PROPEATIES gl particular objects in the
system musl be descnibed, The PROPERTIES thomicives are objecty
Y Sysiem !npulfﬂuipul F].|:|.w|I i and givcn unique names,
4 System Syuciure, ) ! The Project Afonegeniens aspeci tequires thal, in sddition 1o tha
31 Das Sircoivre, - !l descriplion of the 1arget system being desipned, documenlation of
4] Daca Derivation, ) the project designing {or documenting) the largel syslem be given.
OS] Sysizm Size snd Volume, I Thh involves idcabficalion of petple involved and their responsibili-
. , ties, achedules, el
D &) Sysiem Dynemics,
7} System Propeilics, I, Keporis

BY . Projrer Mamgoment, , \ ) . . .
: . ) A informaiion sbawt » particutar spsiem i3 obiained, Iuis erpresscd In

FSL and cntered into v data base uiing ihe Prolilem Sulcm:nl Analyeer. Al
sny time Standird puipuls of feporls may be produced on request. The verious
irl:porl.‘. can be clasvificd on the besis of Ihe purposes which they serve,

r " - r
FSL contsing 2 number of 13pcs of objecis and retationships » hich permii thae
diflzrent pspels 1o be Jescribed, '

The 5y steen faprdQuntpit Flaw aspeet of the syitem deals with the in-
teraciion belween the lurgel spsicen and its envirenment. ' 1Y Dapr Bare Modfiration Reporir: Thest consiituic a fecord af
changey that hawe been made, topether with diagnoslics and
warnings., They consutute @ fecord of changes for etror conice-

lion and recavery.

System Stenctuse is concerned with the hicrarchics saimong objzcis in a
syslem. Siruciures may also be introduced 1o fagilitale n particular
design approach such ss “1op down.* All information may initialy

o — e .

be Brouped together and culled by onz name at the highesi-level, ' 2} Reference Reponis: These picsent the informalion in 1he dau
and then successively subdivided. System slluciures cun fepresend base in various formels. For eaample, the Mame List Kepan
high-devel hicrarchies which may no Actually evastin the sysem, s gresents all the objecs it Ahe data bese with theit 1ype

well a5 those (hat do. . gate of last change, The Formatcd Protlem Staterment Keport
TERITTLE T TTARA TS a4 ey m et e shuws all properties «nd relidionships for o panicular abject

T —— et e

¥
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Summary Reports: These presenl coilections of ml‘nrmal:nn in - PP P A
= . " - ' o LI LE] 1
suminaty from, or gathered from several dilerent relation- TR SR AT
—_— - - — = - [T . . - wurdainr Lo
_ships. For ::amp[c the Dara Base Summary Report provides | 5foume=  e=batios  aeebiiess i o smiaes s s L
project management information by showing the torals Of vari-  {rwmtetunclume ™ buosfetsppesbnlotisne 4 R
. ous lypes of objects and how much has beea said aboul them. e L ST et - Ph LLE— 1
The Structure Report shows ‘cemplete or parlial hicrarchies, |- o - Pt S e
The Exiended Picluge Repart shows 1he tala Nows in a graphi- : . ' o e rerare,
cal form, - . . G - r 1
Analysis Reporis: These provide various types of analysis of the :
formation in the data base. For .example, the Conlents . ) ‘
Comparisan Report analyzes similarity aof tnpuls and Ouipuls. i
The Data Process Interaction Report {Fig. 3) can be used 1o '
delecl gar v the information flow, or unused data objects. $igure £. Example of 0 Paciess Chaln Repors,
 The Proce.  “hain Repor shows the dymmuc behavior of the : - : ]

eurtarm (o Al o .
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_ing systems, 10 is also being uwed by acedemic inslitutions for educalion and -

- e———

C Nation amony analysis iy gredtly sinphificd sioce caelr can work 1 bis uswar area "

Afier the regairenienty have boen vomplerad, the Pl dae amentani re
guired By the oigunizanion vall be produded sembatbonnatically 1ooa preawicd
(armal, € g., the Tural toduited for ihe Fuaciona) Descopuon wnd i Ree

quitermients in 1210, - .
@

¥V, ConcloMag rerarks

The currem staus of FALAESA iy described briely in Sectien VA, The
benefits (hor should acirue 1o wsers of PSLAPS & are discussed in Seowan V-1,
The information on benelits aziusily abigined by wsers is given in Seotion Av-O,
Fianned evicnsions afe ocuthned in Secion V-0, Some eonclusions reached as
v result of the developments 19 da1e are given in Seclion V-E,

A, Cureent sfams -

The FSL/PSA system described in this paper i$ operational on mest larger
.compubing envirgnments which Suppurl interactne wse, insduding 185 370
series {OS/VSFTS02CMS), Univac 1100 series [(EXEC-H), CDC 600071000
seiies {SCOPE, TSS), Honeywell 60074000 serics (MULTICS, GCOS), AM-
AL 47045 (MTS}, and POP.10 [TOPS 10). Porlability i5 achieved 3l a re-
latjvely high level; almost all of (he sysiem is written in ANS! Foriran,

PSL/PSA :'_5 currenlly being wsed by 4 number of arganirations including
ATST Leng Lines, Chasc Munhattan Bank, Mobil O, British Railways,
Pelroleos hlexicangs, TR fnc,, the LS, Air Force and oihers for dogument-

rescardh. .

o Beaeprifoosr analpsen of cnnputer-dided donancsiaign

The mqjor benefits claimed Tor computer-aiged documenmtation afe thal
Lnplentimiadion, and maitiensce will bg reduced. The “quality’ of ihe docu-

!ucnt:iiﬂn, meatured in lerms of precisencss, comsistency, and compleleness s
rcreastd because the analysis mnsl be miore precise, the sofiware performs

cheching, _md (e QUIpL feparls cun be reviewed fur temaining ambiguilics, ia- !
. cansisiencics, and  oipiisions.

r While cumpleleness cap never be
Euaranleed, one imporiant feature of the compuier.aided meihod is that el 1he
ducumentalion that ""ealsis™ js 1he daia base, and therefare the caps amd cinis-

hag, und docs nol have 1o depemd un Imlividuals whe may not be aviilable
when o specific ilem of data about 3 spsicns iy needed, Any analysiy porfenned
ang repirts produced are up-ta-dnie ay of ihe thne b is perfunncd. The conkdjs

and st luve 1he system dpctificalions be commislent,

B T .

Yy . 0w -

the “'quakiny® of the documentation is improved end that (he cost af design, .

fully r . i
* would anenipl (o quaniify the benehits, Fufthermaons, comunercisl and jovera.

¢ mienl organizatians which live inveatlgated PSLAISA huve, in some cases,
sions ure more obyious, Cunsequently, the orginizalion hnows whal date il U ostartey 1o wse it wishuul J format cvaluation;, in other Cusey, 1!|¢r_h.nc slarfel
+ ¥ I an evaluniun prgect. owewer, anpce i evaluatn prijesi yy compdened

Doand the dednion is made 1w use the FSL/APSA, theee in linnke tine v malivalion

G
Selnty, whivh uagt-

I,J:'.:l»._-pnu:llt will fob 2 s g ard oot e badmsg
Mo

B aie ont tiared Eod wntd piegd ennaing op Wstiog lase beon omnimized
teagrided IRan one redsnn for tie Bigie vl ol sy doselopanant is the Faat
thal ertuds, incChaistencics, and ominiony in speahvalions are frequently not
detected until later stages of develapmient: an Josign, progranuming, sysiems
I¢als, OF even operation. The use uf PSLAPSA during the spedificanion sidge

feduces the numiber af errurs which will have 1w be corpecied dater, Mainte-
nince v0ils are cansidersbly reduved because the eflect of v propod change '
s1n ¢dsily be jsolned, thereby redwiing 1he probabilily that gne correction will 3
Cause other crrofs,

The vost of using a compeict-aided mcthod during logicel $yslem design
At e vamparid with the cunt of perfutming the operations nwnually. in
practize the cost of the sativus analyst Tunciions of inlerviewing, recording,
analyring, etc., are not recorded soparately. However, it can be argued tha
direct cosl of documenting spevifications fat a propoied sysient uving PIL/MSA
should be approaimalely €3ust 10 the cosl of producing the documenlalion
manuilly. Tre ¢ost of 13ping manud dovurneatation i roughly equal 10 the
cost of entering P3L starements into the computer. The computer cost of wiing
PSA should not be mofe than the cost of analyst time i L3reping out the andi-
yizy manually. {Computer cosis, homever, ar¢ miuch more visible thin enalyats
costs J Even though the total ¢ast of logical syslem design i aot reduged by ui-
ing compuier-aided methods, the slapsed 1ime shauld be reduced bedause the
compuler <an perfarm clericul lasks in a shorter lime than analysis requlec,

€. Heaghlifvons evafuaan in pracice . |

Ide iy the adeplicn of 3 new methodolugy sech as Thet representod by
FSLASA shaoid be bused on quaniiiative evaluation of the benefily and conty -
In practive this s seldurn possible; PSL/APSA b5 no caceplion.

Very liltle quantitding infornidtion sbout the eapeiicnie 6 uving
PSLAPS A, espevially concerning munpowcr cequitements wnd spstem deselop-
flent coits, is available. One rzason for this Jack of dats is that the project Tus
been converned with deycloping the melhodology and hay nol Tehl i Becesyary
or worlhalale (2 insesl resdurces in cartying owl conitolled caperiments whivh

(0 Jovginivat the reasons o deiail,

Otz ot tations Carrying tut e alustlons naimatly do not have the compaia-
Bic date [ piesent mugifiudy o sifdbile and yu Tar nofie have 8100 BECEsYary Lu
fun cutballed eaperintenils Witk botls prcibdals beeng used 0 pagallel. Even

(e



when evibuzions ware made, 1he pesulls hate Mol booh made osailably (@ 1he
PrOjerl, Bevausy 1 organisitions repuard 1Re data ay ML

The evidence thap the PSLAMSA is worthwhike is (Ran almust withoul os.
ceplion the organizaliong which have sennusly considered using il fase diided
16 adupl it exther wilh of withoul an crvaluation. Farheimare, practicatly ol -
"anitdlions which starieg 10 use SLAT'SA e continaing their use Ghe chavem
uoAs havc boen causad by futiors other than PSLAPSA iisell) and in o panita.
tions which have adopied i, usage has increased.

B FPiavard dielopmncurs

PSL 2¢ 2 yistem deseripiivn lunguage was inlended 1o be ramplele” in

thal the legical vize of 2 propused information syslem cauld he dheserjbed. te..
all ihe inforinamion necessary for Tunclional requirenienis and speciliciions
cauld be stued. On the eiher bund, the language should not be so vaniplivaied
that i1 woutld be difficul for analysis 10 e, Aljo, deliberately omined from
the lanpuage was any ability. 1o provide procedural code® so thal whalyens
wauhl be enfouraded W concentrale ¢n the requirements rainer than on low-
level Now charie. 11 is clear, howewer, that PSL must be eviended 10 inclode
MG¢ precise staements aboul logical and procedural informasion.

use. This includes providing mure efleciive and simeple dune oy and

. omedificenlion comnands apd providing maore helf 12 the Users, A srcong mapor

cunasigeralion is performance. As the daa byse grows in side ohd the Pumbsr

ol usgrs incecases, perfurmancs becomies maore tmporiant. Pecformance s very
© beavily influenced by factors in the compuling environment w hich are pulside

the sunltol of I'SA desclopmenl.

Mesenheloss, there are improvements thai
Cart bt e,

PSLAPSA s claurly only oae Siep in uving coputer-aigded methids in
deselomng, opetating, and maintaining information poCeysing Spatems. The
Fesuliy achieved 1o Jaie support the premise that the same genecal approach can
suctessfully be applicd 1o the cest of the sysiem e ¢3cle and that the dolg base
coneepl can be used 10 documznr the resulis ol the piber aziyities in InC 5y3%-
tem Wfe ©ycle. The resuling data bases can bs the basis Mo dsvelopmient of
meihotology, generalized syslems, educarion, and research.

E Conrfusions

The conciuvsions resched from the development of PSLASA 18 dae and
from the eMort in having il used aperationatly mdy be greuped inle fve Riaar
CAlzfurics. .

- s -—— PR . "

I

21

3

4]

Frobudly the atost important imprasement in PSA s 1a nahe 11 eagics 0

1)

-

&

The deretmnin i amd s v, Btavii ol h-.'-_-.'-'ll-u-lv witl
Funie vl ap Bl e San be s By oot ot uss o gl
piinagnnkdf Tur qecnnding and analysing e vddlzaal de andl
stald e m s abgul the proposed sy slam,

Campuieroidad documntalian v ilaell 2 sysiem of which the
saftware i anty a part. 1f the syaem i3 10 be wsed, sdiquate
atlention mus! be given Lo the whale migdhodulogy . II'II;IEII.I.[”".
uter docunienlanion, Jogistics and mcchanics of used, aiming,
methudritagical suppont, and Alanagenenl eAciutagsinent,

The basic spructure of P50 and DSA 05 correcl, A syslem

“Uescription language should hé of the retalional 1ype in which 3

desceipiion consisiy ef Wentifying and nuning obyecls and rla-
vonships smiong them, The solisare 1) ke shouwlhd be dala-
baae oricated, i.e., the dala gadry 2nd modilicition FtDccdu{tli
should Be separaied from the guipul repart and analysis faol-

by, . .

The approach lotlowed in the 1$D05 projevt had succecded !n
bringing PSLIPSA into opermional use. The same appidsch
can be applied to 1the reat of 1the systam Ble cpele. A parivw-
larly impartant part of this approach i5 10 tuncenlfale firy an
the dovumentation and Then on the methodology,

The decision L@ ule 3 CoRtpuier-diged dnl:n.l'n.!n'm"mliun meihod
15 only partly influenced by 1he cupabilities of Lhe sysien,
Much mose important aee fagiors relating 10 Lhe argancesinn

ilsell and system developmen procedures. Therelore, ¢ven -

though compuler-aided documentalion is upc:atiaq.ﬂ En wme
organizetions, thal docy Aol medn Lhat all orgamiraiiony ate
ready 1o immediately adopd it 35 part of sheir syatem Nle gpcle
methodology.
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(¢ Marca's oSeruciuted Analysis aad Spalem Specification™ is
ihe final puper chosen for inclusion in this baok of clisis articies on

CINTRODUCTION

*the siruclured rewolutian, 10 is Jasl of three on Lhe suhjen of

17

analysis, and, logaiker with RowfSchoman  [Mapec 22 and
Teichroew/lershey [Paper 21], pravides a good idea &f the direction

that siructured an<lysis will be taking in the nesl [ew years.

Anr campetent sysfems analyst undaubiedly could pruduc‘c J
Rve-page essay an "What's Weong with Copventional Andlysis.
DeMarzo, being an exv-3natyst, docs 50 wilh pilhy remurks, describ-
ing canventional anshysis 3s follows: '

1
"

“Insieadt af a meaninglul intericiion beiween
+analyst and yser, there ds-olten 2 pericd ol
fencing (ollowed by the two partics’ sludiouily .
. ignaring each aiher, . . The cosl-benefit stwdy
- is performed buchwirds by denving ihe
development budgel as a funclion of expecied
savings. {Eapecied savings were calgplated by
prorehierg cosi redugiion largsis handed down
frem On tHlighd™ -« N

In addition 12 providing relreshing prose, DeMareo's 3pproach

—

differs sonzw bl in eerms el gniphasis {from tha of
Teichioew/Hershey and of Roxs/Schoman, Unlihs his. colleayues,
DeMarvo siresses the imporiance of the ‘mainidimatbin: ol'l' Ehc
specification. Tale, for instance, Lhe case of on¢ fysleny £ONshling
of six mufion tines of COBOL and writlen over a period of ten yelrs
by employces ao longer with the orgqnization, Today, mpbeds Kagns
what the iyirens dors! NGt only have the program listings and source
code been losl — 3. relalively minor disaster thal we all hive seos

-—

! oo ohien — bul the specifications are completely out of dale. More-
| over, the system has grown so large thil neither the users nar the

data processing people have the faintest ides of mhat the $yalem it

* supposed 10 be doing, let along hew the mysierious job i5 being ac-

complished! The caample is far from hypathelical, for this is e
Trm—— A e Erm: B owe . . . -

—_——— s e w— e T ke = =

+

. .

Fald that )t |.|lﬂl.: sypatems eventeally wall sufler, wnloss WP Al lahe

en An k!.‘-.‘p e apwe offisdues AR cufient and urndirdandabile aurpyy
renctations of users

The approach that DeMano BUFECSIS = an apiioach penerall;
Apown Ioday 35 Sirutiured analysis — Bosimailal in form e el prp-
p_:u-n:l:l by Ru_ss end Schoman, and emphaizes 2 epdimn  parg-
Loned. graphic madei of the sysiem-1o-be. Hiwesgt, in contfaui ig
Ross und Schomun, DeMlarca also slicsses 1he inpaian eole wl g
dai2 dubonare and the role of scaled-dosn specilicalions, of num.

ipeCs. (D be writlen in a rigorous Subser of 1the Fngli
Nglish Lin :
hnCwn a5 Srriciured Enghih, i gL

Dc.‘uhrm afso explatng carefully how the analysl procesds from
F ph}'_mal description of the user's curient syytem, throwvgh a lngical
dcs-‘r!mfun of that same sisiem, and eventually inio g ;
description of 1he new BYSTEM thar the wasd wanls, Iatcrestingly
D;_:."-i.um used lop-dawn, purtiioned dajallom digrams 1o ]Iluslm;.-
this par of the so-calied Project Life Cycle ~ thus veafitmang thai
sut}l a graphic mode) can be used 10 ROy vitlually any syalem.-

il

for cirrying ouwl DeMurco's approach sfe mnsing or are deal) with in

i sn:!pcrﬁcia! mannef. Foriwnately, the derails con be found: Lisied
41 the end of the paper are refercnces 1o thiee full-lengih boots any

' : e
enr ¥idenlaps training course, ali deahag with the Ling of analyuis

1ppioach recommended by DeMarca.

P

— -

L e ey o e

i,
As in ather shatl papers on the subject, the Jderails ncc:n:u ’

=
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Structured Analysis ' -
and System Specification ,

The annlssls ansfuipatlon

Analysiy 1y e piotess of wamsforning ¢ stresm af infurmation nhf:ut
Cuirenl operalipns and new reguitaments inle seme sofl of ngorous deseripnn
When Ld Yuurdun first coied the 1zray Siructeeed of & 33stem 1o bo bull, Tha descriptien is ehen calted 3 Functanal Specifica-
Anatysis (1), the Thea was Bargely specutanve e bhad 10" fion or System Spevification.

actusl fesulls wf compleied projects 10 repurt wpon, His |

pipef way based on the simple olsercalion that some of -

. the principles of 1ap-down partifoning used by deaignery
coull be made applicitle 16 the Analyais Phass He re- ) .
paried sgmie fuyetsy 10 Redping dacrs [0 work Odl ) 3den I
details using Lhe graphuvy chaeagieristc of strugiueed dech: |

Fori b Lo e WTT .
i.

Rijues. . . Hedua
-d-u'!
i - e L
-~ v i oL g - LY
Sinve that by, blere has Leen o resalulian in e iRy B
methodolasy ol analyss More than 2RO cum;uulir:i! .o

lidwe sent epiplaydes Yo Stucierad Aamilysis Weining 15
inary 23 YOLRENGN aluse. Therd are nuicsiaus warking
tewig and japers s the sebjecr 120 3,00, 50 I respwnae
to the UL 1937 Protucnivity Suevey 16, T mord Tl
thaty 6ns guarnter ol 1he respandents afawerad 1hat they et
wote Alakang st e af Stravtured Analysis, The 1%ty | G g SRR

survey [3) shuws o clear inctease in that treod, ‘ '

In thiy papet, | alial] make o cypyele preaentation of
the subicer of Swuctured Analysis and s etfect on iha
busineys of wriiing specifivations of to-be-developed ays- -
tems, | bogin witli 4 set of delininons: "

The Arefysbs Pliase Lo denbned al tled paacgacl ule gycle.

i the cuntear of the project life ycle T spsem deselupmenl, afbalysis
{0 pakes ploce aear the begoang, Ttis preveded only By « Sufoey W Feantohly
Study, dufmg «LIch a pradest chanler falats et uf (hanipes Lo Be tumid::cq.
coms iy e erning deseliganent, el bois poaeraad, The Andl s Paase 18

b I prrndieally centeoned with pencrating spctadivativn of the senizm L b budic

. s A LR ' o oy

arn PR R e i —a e on Ll e - -
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But there wre numinogs tequited by-phadacls of (h plaesd, i, ot - - 2

schedule and phesizat requiramenty informsgion. The Al it sk e .._“r_;:

puanild af the Tollawing kinds ol aukisines.

" wser interaclion,

- sludy of 1he currenl ensizonmenl,

» negodislion,

- ealzenal design el the now apstzim,

. 1IFQ farmal deaign,

] cost-benehit study,

& specification writing, and '

L] exlimating.
- L] LI"

N Well that's how it weriy when it works, In praciice, sume af theae 40
Bvrties whe sunis Nat shorichanged. Afier all, EXCIYOne 15 4820 40 vl £y D
he real work ol the prigect (nnling coded, Inasicad of o meamineful inlerscion
Dtlﬂ:ﬂ:n analyst and Gsee, thess Iy eftan 1 period of fencieg lollow el by the iw g
parlies’ sludieusly ignoting cach oitier. The sudy of currend operations is fre-
Guendly bypasacd. ("Welre going 1o changs 3l that, appway.") Muny oryaqizs
Hans Rasve Ben up onbitely on wiiling speaificaions. The cosl-benchiy slizgdy 14
poitarfizd backwards by Jerising the deselopment budgzel 35 & Tunction of ¢
pected savings, (Eepenied savings were caleulated by proating cost reduction
afgcls hanfd:d down from On High.) And the difficul gslimating process can
be conveniently repliced by simple tegurgilalion of managemaent's plropogd
figures. Sa the Analysis Pliase often 1ieny aul 10 be 2 sct ol largely disconnest-
4 and jomelimss Acinious processes with Lile ar noinpat feom the user:

Ayl Plve airialela,,

2, Whar Is Structund Analysis?

Tk
[ o 3§ -

Flgure b: Sirugiuied doalpebe dn contect of the profeet His frele.

Siruciured Andlysis 15 2 modetn disgipline for conducl of the Amlp‘lu
Phase. In the contesl of the muoject hfe oycle, its majol apparent difference is
its new pringipsd prodact, called o Structured Specification. This acw hing of

specification has these chatacleriztics!

. I is praphe. made up mostiy of diagrams,

) . 1 is puritioued. nol a single spectlication, but & network of ton-
nevied T mini-specifications.”

. v is fop-down, presented in b bierarchoca! fuyhion with
smcalh progiession Dipm Ihe most absieesn upper level 1o the

mgsl detailed bonam lewek

» Il is avwintainable, a speoificatian (that can be wpdaied o ieflea
change in the reguisenmenl,

] Iis @ poper mpded af the Spidea-ta-ber the wsef Cani-mOth wilh
the maodet to perfeet his vision af business operstions 1y they
witl be wilh the new system in place,

VI Mave miare 1o say aboul the Structueed Speilication in a Taee ~ccnen

In the preceding fgure, | have fepresented Siruseured Analy iy o5 8 single
pracess Gransformation af the projest cherler sud descriplion of furient opetas
tomy inno cutpals of budpen, sihodule, phyadcalh reduirements and Ihe Suiug-
rured Speafication), Let's noa lunk a1 iht delafs of ihat proccsy

»
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? Figure 10 Leiails af Batble 2, Stouaured Anylysly,
L4
1

Mote thil Figure 1 poctiays exacthy the same Innf.!’umulinn ai Bubale 2ol
Ihe previous figure (same inputs, same cuiputsl, Bulii shows ihat transfarma.
Lon in considerably more detzil, It deslares the componenl procedscs Lhal
mahe up the whole, ay wefl as ihe information Nlows among (hem.

. U won'Limsnbt your inletigance By gi-in_"..; }'uu: l‘r-u-T Lhous:!:ld wn!d: thal ihe
. pwiutz in Figure 2is warth, Hather thin discuss it d_m:nly._t I1I1Ic| it ypeak for
. self. AL thar 13 requited o camplemaent the figure is 2 definitiagn of the ¢om-
- ononcnl provesses and infuratation Rows tal i dedlares;

-
| Fraceny 20 Madd e curreal deei” There 3 sbrosl zlwars 2
current sparcm (sysiem = ntegrated el of manual :-m} P»-*tth:; au-
LHILIEY plovesses, Used fu accampish some husincsls sim). h iy the
enmrfuciie i Ll1at Ehe e 33312 il Be dfupped nio S:ru.."lurcd
Analysis woubd Bave ws build 3 Fapef mode) of ihe curfens sysiens,
amd wse i1 to perfedt onr undeestanging of the present ensironment.
1 teemn il neaded Uphpuical’ i rhat iU mdkes uss f:l' the used’s
lefnti, flocedures, 10031ions, persunnel names ond puhrul::r wiyy al
catrying ouL business policy, The pustification For :'r_ic phyaical nature
of this Arsl model ia that jis putpose is 10 be 2 werifiabie topresénts-
Gun of eufrent aperdtins, su it must be easily upderstoud by user
siafl,

Frocess 1.2, Derive logieat eguatens: The legical equivalent ol the
physical model is obae that is"divprced fiom the “huu:" of 1he
cutrent operstion. |L cancenirales instzad on the ‘.i*h‘"."‘ In place
of 2 description af o way W0 Carry oul pubiey, i1 stnves o e 2
description of the policy iscll.

e WAL T TR s e ST e e
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Prowcis X0 Wodel e aew 1owoye This as whaye thie mngjur wioth of
the Afshosis Mose. the “invenion® ol the oo s:siem. ol oy place.
The prodeft chartar revurds the difoiznees and polential fiTerences
betwzen the cufrenl chvitonmenl und the Azw, LU'sing thes whalter
amd 1he togical medgl of the cxisting sr«lem, the arsdrsl buailds g
e model pne that dozuwmenss Gpeeations of 1he Tululg énsittn.
ment fwith the Lew srstem in placel, just oy the cutiens misdel dess
wmems the presentl. The now Mudel prosents the system-ja-he s u
partinoned  sel of  elomenial pricesses. The datails of 1hese
proiesies are now speCificd, ORe NIR-SpeC PET prowEss.

Frocess L Conszsien e el The pew logical medel is wow logical
lof our puiposes, since it Jdoos not ¢ven e3lablish how mugh of the
doclared work is done inswde and how much owiside 1the machine.
[That is physical information, and thus nal pary of @ logical miedel)
At this i, the analyst establishes the mun-machine booudary,
and henee the scope ol auteination. Hefshe ypically docs this mre
than anace in ander 10 wiesie mcamnglul ablernanises for the selectian
process. The physical considerations are added 1o 1the mude! as wne
nolalions, -

FProcess L3 Measnee ooss and benfitis A cosl-benelt sludy iy naw
petfonmned on cach of the nptizas. Fach of Lhe eatatisely physicals
feed muels topother with il 2nseiaizd cosl-bonefin patameigts, 1§
passed wnoin the puise of o “Quantified Opien. ™

Peoreis L8 Selerr opioa: The Quantificd Opiony sre now anety red
and ane i seleored a8 the besl, The Quanie sssegjared with the ap-
ton are Tehipalized 2y budger, sthedulz, and physical requirgmenls
and 3re patasd b (G managemnent,

Frocess L2 Pucbape the specifivanon; Now alt the etemenn of the
Suuctuied Speaification are assembled and pochaged 10gcther. The
resull comsists of the selecicd new phiysical mimdel, the integoued sel
of mini-specs and perhaps same Gverheod Nalble of conicas, shorl
abislract, g1,

YoWhat Iy a model?

[

e

The mumlels that © hase heen relomng w throughoul afg puact ECpfaen:

o — e oo e e o

Lations of systems, A System is & 3! of monual and sultimaied pieeshurcs
wigd 1o <fTedr wnpne businesy goal 1o Lhe consention of Struciuicd Analysis:
model w mude up of Dot Haw fograins end & Poia Dievonary, My delinilinn
of 1Nese bwo leraly Tollow!

1



" derivation of lapcal equivalenls, 10l

Csecnndeesel Data Flow Diagrams,

“ 0 was the parent-{top of the hicrarchy}, snd Figure 2, # child.

CE g — g e *

LA Rt B L L EN AL TR B
proicrts the system in teemis.of ns femraneal ;'nm. a6, and e
glares all the inlcrfaces amang the cofipenenls, Ak al the Bguecs
susad o [urin (his paper have peen Dats Flow Pdiageams,

R AR e BRE,ETTR Tl L L

& Darm Micreuary is o sel of definidions of jnierfaces dedarsd on
Duts Flow j]uE“ms I delnes pach ol these interfuces TdaniNows)
“in werms of i romponenly. If | had supplicd an catire mosdel of 1he
project lifs oycle timstead of just an incomplels Data |-||:m {dirgram
portion), you would turn 16 the Data Dictionary of that mode! 1o
answif 30y Questions that nighl have arisen in your study of Frigure
O and Figure 2 ahove. "Forinsiance, il vou had paziled over whut
. the Duts Plow Diapram refeired 10 35 3 Queniificd Optien, you
would 1ook it up in the Dats Dietionary. There you would find tha
Queniificd Option was mads up of Ihe physicalized Daw Flow Di-
agram, Data Dictiepary, purchass cost of equipmenl, schedule and
budge: for development, manthly opzraling cost, risk facters, eic,

[7ata Flow Duageams are ofen construcied in feseled sets. This aliows 3
wep-dow n parlilioning: The syalem is divided into suhsysiems with 2 wop.lgsef
Data Flow "Disgram: the swbsystems are divided inwo | sub-aubsydems with
and 3o on. The Dawn Flaw Dagrams
deselibing the pioject Wie ovele were presented as part af » leveled set. Fipure
Il 1he model
were complele, there woubd be other child Rgures as well, siblings.of Figure 2.

. Figure 2 mighl have spme childeen of ils own (Figure 2.1, desctibing 1he pro-

cesy of madeling the currend system in more d:url Figure 2.2, destribing the

. The svsiera mndel plays 2 Aumber of different coles. in Struciured
Analysis . ) S

E .
™ I a1 @ cammunicarion ool Since user and analyst have 3 fong-
slanding histary of failutc 1o comMunicate, . ot 35 essential thal
theit discussions be canducied ovet same workable negnlisting
instfument, sorielhing '@ poinl (0 35 they libof 1o tesxch 2
comman understanding. Their disgussion conceons syslems,
bath psst and present, so a uwielul sy sicnl model n 1the mos!
imporianl nid 1o communication. R

&  Jrua g frameworh for specfication. The mud:l dectares the com.
ponent piec_s of the syslemt, and the picces of those pieces, all
the wiy down to the bonam. Al that remains is 1o specily the
bottom-lesel processes (those that are nol Turther subdivided),
This iy sccomplished by wrving ovne emini-spec for each
bounm fewel process.

- g " Fo oA g — - —

il

.l specification protess,

!
'||'
|

L] feis @ gtavnn: poca? fie dovga, To jhe exbent thal the model 1
the most elegquent sislement of tequirement, s het & $reny
©shaping jnfivence oo work of the Design Thase, Toare eaten
- that the resubant desipn refllzers the shape of the medel, u wil
oobe eonrepiually easy 1o undorsland Tor maintainers and ue)
T ostall. The nuatutal relationship heiween the Analisis Phae
model and ;he desipn of 1he sosiem (i inieinal sicucharel gy

. ahif 1o The idea that ““Torm evet Tollows functian.”™

So far, ol Pve done Wy define 1orms, terms rrlevant 3o the analvsis process
and 1o Siruttvred Analvsis in parniculat, With these terms defined, we tyn tein
our allenbon 10 Tw g specidl quesuans: What hags been witng with our |N-|mch
1p compules s;slcms aralysis in the pssi? and, How will Strutiuted Analyin
h:lp‘ L.

e
=

-

4. Whal ls wyong 'u.lll': classical analssla?

Withowt foing imo » lang litade apainst classical mertheds, the majo pob-
lem ol analbysis hay been this: Analsts and wscrs hase nGl mansod w com-
municsie will enpugh — the srstems delisered 100 afien hace nol been ihe
sysiems she wsers wanted.  Since analysis estzblshes deselopment poals,
faiiures of analysis sel projects moving in wigng directions, The leng sanding
responics of mansgement 1o all deselopment dilficutuey dd=laranion of the
M0-hour work week, eic.) do no help, They only foad & projech 110 moving
more quickly, stil] in she wrong direction. The more munpowser and dedication
added, the Tarther she project will meve away from ns s peals. Poegiesn
made is jusi more work o be undone lpier. There is 3 word fha apily
describes such a project, one that is sct off in the wionp divesiion by eaels ot
and cannol be rescued by doubling snd redoubbing effari. The wwid i)
“doomed." Mosi of the Greal Disssicrs of EDP were projgany doomed by
events pnd decisions of 1he Analysis Thase, All The encegics snd Laleniy o
pended theical1et werc for naughi.

© The meor failures of classical

Yore these:

brea lailwicr of

analysis have’ 1he

The inenicditlir gppenoch. Classical Functional Specificaiony 1ez2d hke
" Victprian nevelss heavy, dull and endless. No piece has any médn-
~ing by sell, The documeny can oaly be scad seqially, e front g
beck. Mo one cver reads (he whole thing., 150 no pne 12ady Lhe
end.]

The poured-in-comcecte effers. Funguonal Speafications are impessible
o wpdaie, 41 actually had ont analy st Lell me thil The (hange we
were considening cowid be mare cebily made 1o the sysrcin daell,
when il wat fingtly delivgred, then 1o '-]':cds.p.:.'iﬁ::liun.l' Sinzc they
cin’l b updelcd, they are ol a3s owl of dae,

_— - W R m ome &
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h L . . @
The back af feedftack " hoee pieces of Functinnal Specilicimnny ate
uninpllizible by themsavey, we have pathing 16 shaow the w2 nnti
1 the cond of analyyrs, O pothiar-gcader fyclz Ay be a4 Radh 4s 3
yed3r. Theiz is no possibiluy of iteration Dbzt (s, fieguenly repeated
! anempis 0 fofine and peddest the product). For mest of 1he
' Analysis Plage, there 19 no freduel 19 werale, The famous wsei-

analyst didlogue is no dualogue 51 3T, bot e oacrics af Rionalpguss,

ol e

The Classicsl Funcifonal Specificaion s in unmuinlainatie monaliuh, the

fevult of “contmonmicalivn™ wifhawl Lenedi ..}r leedback, Nowonder il is neither
Jurctiawaf nor specgfic o T e R .
5. Mow dees Slructured Analysis help? L

f L1
! wauld nut be willing this if | did not belicve sirongly in 1he volue of
s Siruciured Analjsls 1 haye teen hnown 1@ wan luquocious on {13 many viflues,
Butin a lew wairds, Ihese are Ihe Fain ways in hhu:h Siruciured Analysis helps

1o reiolie Amalysit Phase problems: . ., .
- Lo attachs the problem of firgeness by poriiionimg. i
L] Iooatbachs the many probleens of cumimunicslion belween user
'_ and ln:!}:l bf.urramr i.'wnulnmruuun ey ln imiersian ef
|r.|pu.ur Lol T , .
. I au:.:lus Ihe i!mm:m of spmﬁulmn nulnl:nmc: by loded

. redundancy, . '

S atl ol fhiese w3y aec pather hew in helr applicalion (o enatysis, | prasice
S ATy nlJey on cash;

The comsept af grarmiiay or Y'Toncional decomipositiogn®™ may be Tenoifiag
o devignery a8 1he fiesk shep i orgating o« sirectured design, his poiential value
oo aralysis was ovidean Nomg the bepinning = Clearly, larye sysicms cannol be
wreaty oy withon) sumee form of convutient partitianing. Mo e diredt appleca-

!
!

|

uan of Design ¥hass Tunciional decomposition tools fstructure charts and

HHFO) cauyed more problems than o salveds Aleer same early successhal o

petiments [9], negative user atliwdes tow 3 e uie ol hicrarchies became ap- -

parent, and the approach was largely ghandopsd, Svutiured Analysls teaches
use of levgled Dawr Flow Diagransy Tor fanitianing, i place of the hictareny,
'The sdsannypes ate severals

Tie spperaone uf o [Rava Flowe (Do iy not g1 ol frighien-
. iog. Ioseemy to be simply & piciure of the sulrcct mdtigr Le-
ing Jiwunsd, You neve! have o enplain 2n aibilcary convgn.
i 1o the warr — yeuw dun’t eaplain snythiog ac el You g0t
ply wse the sleaprunny, t!ni precisaly that withe you in thiy ps-

TR AT — aEE -

Pl

L aalied

res 1 uscd Dag Flow Dy rams as 0 desctiptive tood, tong be-
fure | Lad even delined 1he Lcim,

Netw ik mitndely, tike the uncs we buitd with Dan Flow Ol
aprams, are aligsdy fumilar 1o tome useis. Userd muy have
tifferent numes fef the varinus 10014 wsed — Fewri Retwarks or
Piper Maw Charls or Dnrumcm Flow D'iptamy — bul the
_CONCEPS #1€ Simular.

The set of paniitioning »ith » Dag Flaw Diagram enlls slitn-
tion 1& the inicrfaces that rosull frem e panilioning. | be-
licve this |5 impartant, becante the complenity of imerfaces It

o valuable indicaor af 1he yuatity of ke panmioning efare:
the simpler the fnnepfacey, 1he beties dhe partitigaing,

1 Use the (GFM HEOIE COulInMeat:on |0 describe the repid (wo-wy nler:
change of ipformanon 1het is cheraciznistic of the Most produrtive wurk pbEs-
sions, The wici-analyst dialoguc has pot 1o be o dislogue. The period over
whith romymunication is turned wound (ratled she swihor-reviewer eycied needs
10 be reduced fiom months @ minuley, § guite Lilerslfy mesn that Blheen
minules inte the first meeiing between user and enelyst, there should be some
lecdback, AT the 123k 01 hapd requites Mhe wser 1o dessfibe his current apeta-
tiort, then ficen moauies jnng that sessian bs not (oo edcly Tar the analysl Lo 1y
leliing the user what he has learned. “QK, let me tee i ['ve got it right. e
drawn up this linle pictwic of what you'se just explelned 1o me, wnd 1N cxplain
i bact twypu. Stop me when f go wrong."!

OF course, the celly wnderstanding ls abways ipetlect, Hut o carefut wnd
precise declaation of an imperfect understapding [ the Loyt tool for refincmen
eid Codregtiun, The moust infuttant cadly product on the way o deselishing &
peed (ranbuel is an lmpeifeer wersion, The haman ind by an Horslive Proceye
sof. Moncwer doues anything poecisely tight the fistime. Wha o does consung
ialely well iyt mshe o shght improvernient (o 1 lawed product, Thit ' Cen da
ersin and geuin. The ides of develtping & Nawed catly version srd then
relining wad tefening to make It righn is & very obt enc, Ly eslled fuginepeing.
Whit | am propasing is wn cng-ncmux appigith ln -m!;m «nd to the um‘
wnelysl Tntgrlace. :

The preatucy that B dicewied is the emerging tystem meadst, Whea the
used firsl sces ity it (s mo reore han & 1oufh drawing made iyt in fent af pim
tuting 1he distussiun. A the end, i1 i an intepral puil of the Strutluigd
Spevilation, By the time he se2y the Tual specfication, caih o003 cvery page
e boshould Lave been sefpss Dy Jdesk o Dl doren HINEs Gf mure,

Fomemticned hat Siroctursd Analisis celly Tor a0 duicrsion &F viowpaing
This povnt gy seem olbsiuig becawse it s nat b ol abriouy what the vicw potal
of Coysical wnalysis by Yoo, Yrem ony beading o hondtedy of Cloniet Fonge




M )
vinnal Spevifwations ovel the past fifieen years, T e wome 1o the cancdusion
that thait siewpanl iy, most ofien that of the wanpmice, The chissial
spoahcanon dessribes what The compuier does, in the aeder that it dog, o, vi-
ing terms that wre relevanl 1o compuaietd and ranpuigd people. rr;qu:ml;.
imiis izl o o dissesyien of mocewiing imaide the muchine apd data
transferred inmand oul, Almost never does [t specily anything tha happeny pat-
! yidz it man-maching bouncary,

e inside fthe deselopment $1aM), and 1ofatty fareign to those whose conceras
lie oursids (ke wser and his-siaff),
rirwroint, thal of the ddla.
Teser they lead, Huvrpuph manudl as well 35 sutomaied procedure. A cosfectly
P dtaw n s)stem medel describes the oulside &5 well as 1he insidz of Ihe aytomat-
ed partion. In fic), v describes the aulomated portion i the coaical of the com-
plece nyem. The view poinl of the daia has two |mpm‘:m1 sdvantages over 1ha
tof any of the p:m:uurs

i ’ . -

1 The mchine’s yiewpoil 5 nelural and uselul for 1hose whose conceins
. Sirucidree  Analysis adupes g, Gilffsreng
1

}

. - ' 'i.-l-'n'-,.hq L .\ . o .- .
. L . .

| . .- & Wy . et ;
. ipac Copian L .
r »  The daja goss :s:r}'hh:r: ST ilY witw Is nH tnclumt
' ¢  The viewpoint af- the daty f5 cemmon g thos eencernzd with
f the inside a3y woll a5 those concerned wills the eutsids of the
! man-machine bounddry, 't o ,
j - .".I-'L-' . '.',I:.a'.'.';l" rr
i The ude of hmned H.:iundam‘y 1o creale s hishly maintainable product 7a
Lot new. ARy propramides workh his sall Knows that @ patameier that is likely
i... be changed cught 1o be defined in one plage and one place andy. What s
crgaoan Srechured Analysis B abie idea that she specification ought 1o be miain-

4

jrafatde 3l all Aler all, aren’t we going 10 “freces™ (17 W we hase learned
pabntfgag OveEr e pasl Iwenky yeuds, il i3 1hat tht concepl of [free2ing
i srrodicaliang is one of the gieal ppe decams of pur profession. Change cannot
Lo forestalizd, only ipnared. lpaorlng.change assures the building of a prodect
I thar is oul of dale and unaccepiable 1o the user. We may endedsor 1o hold off
Uieteorzd cheniss 1o avoid distuption of the development eferl, bul we can no
lotezr lolerate being ablped 1o ipnare change just Lecause owr spegification is
iimpouihfc 1a vpdate. N il equazlly intoleiable 10 accepr 1he changr, without up-
|dating the specifivation,  The speclfication s aur mechanism for keeping the
prajzon on tagel, lracking & meving goal. Failure o heep the specificanion vp 1o
datc iy Irnc firing 3wy al &2 moeving targel with your eyey €losed. A hey concepu
of Suuctored Analysis it develepment of o specification w»ith livke e no redun-
lgane;. This s » seripus depariere from the classicyl methed that cally for
1;;.:;'.ﬁnuon of everything a1 least eleven limes In eleven plices. Reducing
1rcd.:ndmcy. L5 0 by-product, madcs the resuliam specificalion comyiderally
Ifmore condise,

A Daiz Flow Diagram lollp=s the data paths whee-

——a

b ek T N LI ] - DL

', What i w Strariund Spovilivatina? @

Siritcldicd Ansbsts is e dscipling Tor conduci of the Analoaie Phase, b
intludes procedares. Weehniyues, dicoinentalion dy, ope and poly dovnps
Garn 001, eslimannp heunsics, milesiones, checlpointys end by -predurty,
Some nf these arg wmipurlanl, snd the ictl inerefy convenicnl, What I mow
o et i§ 1his simple idea. Struciused Anabigis invglvas buitding a new biad
of specilication, a Sirediured Specification, nled: up af Dae Fos [Higremi.
Crawa Diziionary and mini-spegs.

The tolss of the consicent parts of ihe Swwetured Speobouiion sie
presented helow:

Ths Dura Flon D.agrams serve 10 pafiition the srilem The siuem
thal is wreated by the Daiw Flow Diagram may intlude msnual 2%
well as rwviomaied pans, bul the same puliiiofing luol 15 wiid
thrpughout. The putpose of the D Flaw Dugram s am oo specis
{v, bui 10 declate., W declares comnponens fioresies Thal make &p
the whote, and L doclsres inferfaces #mong the compoenenty, Whete
the taiged sysient is farpe, seceral surcessive parliiionings mas bhe 14-
quized. This is accemptishea by lomerdevel Dng Fles Diagramis of
fingt and Miner detatl. AN the bevels mie combined inlo w leseled
DFO sz,

The Dz Duwtipsan d:fines the inteifeces that ware declyed an 1he
Cera Flow Deagrems. W docs his with a nondignal cons cniion Hrat
allows rcpresentalion of dalallows and stores in teims of ther ¢om-
pancenis. (The companents ol & datallow of store may be Jnwer-des ¢l
datallows, or they may be dara elemems) Qefore tng Siracioted '
Spedificanon ran be called complete. there mwit be one deliniiion n

the Nata Dignondry fof cach datalow or dave sive declared o0 wny

of the Dara es [Jiagiams.,

The ahecspees deline the clemental prisessen declaied on ihe Nata
Flow Diagrams, A process iy censidered ehemental for Y priminne ™)
when it is nat further despmipn,ed nig & Jagr-ten) Dty Flew e
aptam, Brlore the Suuciuied Sperification con he callcd complere,
thore rudl be e rinbspec Nof cach primitise process Jeclared on
any of the Date Flow Diagrams. '

The YOURIDN Swructured Anulssis consentinn indudes 1w of
rules and mgihods Tur wriling iniapsoy esing Sutuciuggd Lnglih,
deuition tables and nees and ocHsin pogn-hppuiviis 1 lnigery fof
specification, Fut ihe purposcs al ihis pepet, such fonsideraiinng afe
Wi e donail levet — wnde you have paftitened 10 the poinl 21w hich
cath of the meini cpecs can he wHRER 10 o pugs b Lo ot duesn’l
Rl toa erribly musle s ynu wede Shom

)
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Srructured Analysis is hare o sty | ::u.i-nnr. Al Aheay we u:‘":h_
onify now ipcludes more than 800 conipanizy wprhdwide. L_Jscr: u; 1“-1Jur .
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1.0 EL DISEN -

. Ev los 4ltimos a®os, se ho prestado crociente atenciom
1 yna ndeva filosofia vy a un  grupo de técnicas  wara =1

desarrollo o Software. Téenicaos « coma s Frogramacion
Estracturada, Frogvamacidn dortdular,.  Diseho . top-down, etco.

Ser han utilizado frecusntemnente com vresyl tadon
soligfactorios en la mayoric de los cosecs, . :

Bin embargo, uno de 1os problemas Jue mayor confoasadm
geneirdan es el de terminologia., como lo demuyesira &1 usc-del
calificative "Estructwradn”, Moy Progranmacidn Esbeucturada,
Andlisis Estrycturado, Misefo Estruciurade.: Imploantacitim
Eglrycturada, Pryebas Estructurados, etc.,  uw, aangue &6
tignd®s n  una mayor esStandarizocidn en €1 significado de ia
berminol oggla, es necesario aclaerdar cudl es el significodo
que daremos al Disefo Estructurade.

Uisehn Cstpracturado &5 el - prefeso e
transFormgr dthecdidir) Lo gque se ticne que hager fel
quéd  =n 1la manera de hacerlo (&l comc}  parn
resolver un problama hien.especificado, v

Una definicion mas precisa:

I'i sefin Estructuradn es’ la elnboracidn
tutd limawdn herramientas de modelado e sistemns)
#e  upa  solucidn jJerdrguica del sistema, con lusg
wism0s componentes e interrelaciones AT el
rrohiema gue se intenta resolver.

Far tanta: el Disefio Estructurads s una octividad que
seorgulize despuds de decidiv lo que el usuardo  desgens
antes de amplenentgr  estas necesidades an tavmings de
eéiligo. : .
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LRG0 ) By,
1.1 Ohjelives del Dicseto fstractuarade :

-

Evigsten una serte de problemas comunes o Lo mogorda de
Tosw praoyectos de  decarvollo de  gsof luars, los  gque
contdnuncddn se omenaioman s debesa a™la falto de téenmdcas
apropiadas para sl dezarroilo: T

i, ifdecilen de Admindctiyeor,

Lo pvdnchipal  temseousneda de este  problemo es gue
cysndo  se detects  an o retraso o i desviacdnon oen 1o
presdposstodo,. w8 demasiado  tarde para covregiclo Ademdos
Tos soluciones  conveacionales aplicables a7 peongecihos ge
atyas direus no 5o aplicabies al degnrrollo de Softuice,. Bors
e qemplor atadiy  veoursos  hupanids  tiene  na afecto gus ep
pucde predecis oo la Iew de Brooks (1),

Add ing manpower to s late  Soflware srogect
mabes Lt later,

+

v fhen Satisfactorio.

Cowmpocade oom otras cdisciplivas de Ingevierin, el
desarrollo de Software es pocd profesional, FrecuenLemay o
los gigtemos terpinados  degan pones  cotistfacsiones  a
vsipr los i d geteddoees g oecchas Prastraciones Tsto Tlava a
que el desarrollo de Software sedr @n general s oo actaviadud
Yorzizon pecaelipe Lo )

A, Foro Coafinhle,

Cs oy Freecuoents  goe it way o a1 sdghema e
*riberaty Falle anwa y 2bee wvez Las fallas posden na tener
PO e G AN Y I, se pneden proaduacir yesaitardos
ancorrestos gque pasen anadvertidos

A InFlarsinle,

uendo un sichers 1lego a  dreabeyor gs womsidern an
L I s N '
Thoc g DCaden sipome gne 6 podledn, realivar Tatmeos combilog

Ll oprmh e ?
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AL BiAfLedl de Movrhener,
Fayg modifacar an sistoma, o regquann

— Entenmer cfad braka1a el sistema actual,
=~ Concebir ] cambicoe
= Caloulor los voamifFicacinnes del cambiico.

YA Trgfioientes, .

La  ddeo  generalizadn  de elficlencin seld inflaenciada
por I foocs e aue el nosto Ael procesador central era sy
supsrio: a  los otros  cosleos, de oqud oque se considave
P ictentos a  log  presgramns gque aptimdicon 21 as2 el
precesadLr central en lugar de aquellaos gue hacen usn
=1 Cgente.de TeCUrs0s ¢ECNSOSE

Cor vl Disgho Fstenoturado s preetends bacer s2gtenas
muyas norncierfizticas eviten los avohblermas anles mescionaacs
ty vtros no wencinnaidosh, .

EF1l objetivo del, Tisetio Estrugturado &8 honer Sistomaz
e AN’

~ Utiles
- Mantenihles ‘
-~ Modiricables

- Flexible=

- Efieietles ‘

- enerales

Tardiry &stus 2lementos son cosponentes de an ob jetbaivo de

ot oodad .
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1.7 Filosofia Generol.

Fodewmos rusumily Jos objetivos del Disefrs  Estructurardo
en unne s5oios Feadgcde sislemas acondmicamenths ctnvenisantes
tharatos).

Un ddigetn eritosn se pasid én gn princioio  conocdidn

gosdn los diane de lie Désc: §
Dawdde y vencerds .

Yedamos  Coma este prAncipio S5e aplica a los Sigudentoes

(n 7 NUECE e Nk Y=
1. Implementociém.

] roasta de implementar aslstemos e cornputo
cord minimizodn cuwandne Ias opoetes del problemn
Sean:

ogudaakenlenonty peguedng
< oHolucionnblen  Gepara et
2. Hanterimiznto

D mapers Siwmilar, =3 costo de  aanbenimisento
Gerrd minAmrzado cuneader lots parktes del sisteme sean:

- faciimeants relocicnadans a9 1a aplicocidan
- suficdentemnente peguefins
= gorpegibles separadament e

Vi M4 Flrasgomees,

Finalnente. 21l coste de nondid ooy 0 si8img
Fevh minimiTzade Ciendd ses o pavros seos

= |l'|'i L _:i_ 1 Lyy v r"|1'_, ka i"L']. il riYiny f_],u' Y I :“"ﬁ.ti l [N
~omndaficabhles separ adomeile
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L Fog. B

En resumen,. podemos ectablecar Lo sdiguisnte 7ltesolfior

it

Implenantacion, faptenimiente o Modidiococilag
goran dencralmente  pimindidados  coaande codo parte
del sistems correspondd 0 exachoments g parbe
bien definidn  y  pogueta del  wreobklems, oy oadn
ealacidn wgntre parted del sistern corresponda Ssolo
a relagiones entre poartes del problesa,

sigrificg  vque o baen diseto o8 oun egercicdo

ronsdetente en ddvidiv oy orgeniiar lus partes ag o sislzma.
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2.0 LAS IDEAS CHUMFLEMENTARTAG

Parr aloanzor los obgetivps del discfo esbegchorade. e
PEgULE T '

4 1
~ Una herramispta  ile modelodo para planear
el mistenn, ' ' '
+ L]
- Alguna manera pava controlar 3a rnm*?pjidnd
Yodagrwisbenns no Lirivinles
[ ] i
. ‘ e
a1 E1 Modein,
L]
Un  modele 22 sisolements  an cuerpo avdenado A

hiphtesdis  neeven de an sistema compléaog sg un intentno pae
s entender algan aspecto de la intfanita vardedod de ollos  guoe
prasenta el povdo, selocoionondo a partic de ﬂEPEEpEiDHEEiH
Ao BRperLETIIAgE Toyheods, " g e it vy sbhservaciones
gaveiralas anglicables ol probloea @o wires badm, '

- H 1 .
wls o mode s Se pregentan de varies Lanevas gomg S0

IR Y T e L, mode o A Mazoala, Moy bee s,

aimulodores, =be.  Las  modelos son amportoantes oen 1og
) P ' . \ s N .

discinlinas de  dngentevia o sy sglecoim deocade ]

poterbe Ve i Cipersld v,
1.
Sara aleoonTar 10s ohgetivos del Bisedo Bstreooinrodos
veguerinns de uyn modelo o las sighdentes carncluclsticus:
~ Brdattion i
= Niviaihle (inp=ddunl.
- Ujgurnmu
= M e peerlegay ol conmortardent s el cdisdena
s M se0 e conseTaencia anhoaes! o deld
Andligiy Fobvaniage vin
= (e sopn s ewvhrdila waiueral para o
Tmolemeniow oy Eg sl ararlo,
= Docimaabovaroy Doy oen del sisbenns,
= fguan pard rendbener o/o wodifioar o1l Fistemn
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2’2 El Control de Complejidan.

The hasig pnttern of my ﬂppmuuch Wwill be to
compase  the prugram in minute steps, deciding vach
time at little as posible. #s the problem anolysis
proceeds, so  does the Further refivement of my
pregram: E. W, DIJKSTRA :

'.. - - . H
Lo herramienta mds dtil para el control de  comple jdidad.
én vl disefio de sistemas es la Coja Negra.

¥ -
L

Una Cata Regya es, un mecanismno del cual ce conoce: y
. ' :
= Sus gntrandas - ) e
- Buzs salidas
- Lo gue hage -~
= NO % tevesito saber como 10 hace
. o y
Cuandao las disefos se hucen con ©ajds negras peguedns e
indesendientes  égtas  son facilmenls entendidas: probodas,
ﬂurregiduﬁ,;mnnténidnﬁ Yy modificedns,
El usa de la Caja Hegra pava controlar » la comple gidac
Hel o sistema,  vadico en dividir el sistemn en Cajas Hegrua
conectadas de Lal forma que: '

= Cada  Cajga  Megry Lnrrampuﬁdu_a nv parvte bien
Hefinida del problema,

« Cada Daga negra sen FACL] de entands=r,

- a3 coneccigres entrve g 4as Neygras correspondan
da monececiones del penhlema, .

- Las  conexaonys entre Lo jas Hegrus sean lo NS

simple posible, de tal mavera quw las Cagjas

Hegras sean indeperndientes entire ol

"
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