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ADMit!ISTRACION DE PROYECTOS DE SOFniA!I.E 

Harcial Portilla Rob;,rtson. 



. " El problema del Software" 

Estándares 

Nuevas herramientr•s Automatización 

ToJo proyecto Je Software tiene: (como toJo proyecto). 

--·· 

' 

Costos de desarrollo .. 

Confiabilidad del producto 

Soporte 

COSTO DE SOFTWARE. 

En los E.U. en 1976 se gastan 80 hillones de dólares on escri

bir software, en 1980 en probable que la cifra llegue a 100 bi 

llenes de dólares ( II-EE procedings sept. 1980) . 

• • 
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El peor 

cuesta $4,000 el corregir una linea de código en el 

'aeroespacio' ·y cuenta $75 escribirla. 
J 

POR QUE AUMJ.:NTAN LOS COSTOS UF. Sil'. (Adcmfis de la inflación}. 

• • Resulta dificil disefiar, construir, y probar un progra~a de 

computadora, que satisface totalmente al clienta o al usua

rio. 

Muy frecucntamente el usuario y el analista Subestiman la

dificultad del problema. 

La mayoría de los errores ocurren antes de empezar a escri

bir código, y esto ocurre por que se tienen requerimientos

muy pobres, y se logran detectar muy pocos de estos errores 

cuando ocurren. 
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Como se ve en la figura anterior aproximadamente 72\ de los -

errores se detectan en la construcción o el mnr.teniniento, y -

este error puede costar hasta 30 veces mas corregirlo, c¡ue lo

que hubiese costado si se corrige 'donde se ori~na'. 

Los errores y las omisiones tienden a multiplicarse con el avan 

ce del proyecto. Requisitos incompletos, el no entender el -

problema, decisiones vagas, pruebas pobres son las mayores cau 

santes de los problemas en dos palabr11s: PLIINEACION POBRE . 

• 
¿ QUE ES LA INGI;NHRIA IJE SOFTWARI:? 

• 



1 

Que soluciones 6 sugerencias tiene la industria para disminuir 

los costos de SW y mejorar la calidad. 

() MOVILIDAD DE SOFTWi\RF.. 

Compiladores compatibles con los nuevos sistemas. 
Traductores para los Leng. ensambladores. 

Compatibilidad en el dcsa;-rollo de herramientas 

(HYI y 511.) 

ESTANDARI ZAC ION. 

Nuevos lenguajes ADA, ACTOR, ACTOR, C, PASCAL. 

() REDUCCION DE COSTOS EN MANTENHHENTO Y DESARROLLO. 

Mejores lenguajes de algo nivel PASCAL 

e 
ACTOR 
ADA 
FORTRAN 77 

Maximizar la reutilización de software. 

Procurar cambiar el software de hoy por hadware mafiana 

(en PROM, PLA'ER). 

"Desarrollo" de herramientas para el desarrollo y manto 

nimiento de 511. 

() MAYOR CONTROL DE DESARROLLO. 

Programas vcrificndores de estándares (i.e, CODE cm; -
CKCR). 

Programas para seguir actividades (CPM PERT) 

Uso de ttcnicas de "ingenieria de soft.,.are" 

Diseño y programaci6n estructurado. 

Mejorar las tfcnicas de "MANAGE/oiENT". 
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' SOFTWARE DE CALIDAD ' ? 

Antes de continuar hablando de la producción de SW, hay que 

definir que hace BUENO 
SW B ONlTO 

B ARATO. 

Debido a.quc los humanos no se_ pueden' comunicar a la "pcr·

fecci6n" se requieren técnicas y r:~etodolog1as en al 'manage 

ment' y el control de calidad en el SW a producir. 

" CARACTERISTICAS DE SOFTWARE DE CALIDAD. 

CONBIABLE. 

MANTENIMIENTO. 

PORTAB!.E. 

PROBARSE. 

EFICIENCIA. 

Los programas se comportan tal y como fueron

diseñados o e ncebidos?- como se comportan -

los programas cuando ocurren vi laciones en -

la entrada? 

Se puede leer los programas? existen m11nu'ales 

y documentos en cristiano? se han aislado -

las funciones de un program'a en m6dulos di.fe

rcnciahlcs, de manera que un prograr.~ador 'pue-
--- ---

~.da fácilmente llevar a cabo el cambio o corre 

gir el error. 

Se los programas transportar fácllmen-

te a otros sistemas? son independientes de un 

HW o con O.S. específicos. 

Son los programas de estructura simple, de ma 

nera que los algori tr¡os, 1 E/S puedan fácil 

mente PROBARSE. 

(Economtn) - los programas utilizan en forma· 

racional los recursos del sistema. 



EL PROCESO DE DESARROLLO DE SW. 

1.- ANALISIS DE LOS REQUERIMIF.NTOS Y DEFINICION. 

( ) Entender el problema desde el punto de vista del usuario

y mercado. 

( ) Documentarlo 'modular' y precisamente. 

( ) Utilizar un lenguaje coman con el usuario. 

2.- ESPECIFICACION FUNCIONAL 

( ) Transformar las especificaciones del problema a DESCRIP 

CION DE FUNCIONES IMPLEMENTABLES. 

( ) De inir 'que' se va a hacer. 

( ) Utilizar una lista (CHECKDOINT) con el usu-ario. 

( ) Utilizar la lista para el disetío y las pruebás. 

3.- DISERO. 

() Cargar una 'arquitectura del sistema'. 

( ) Descomponer las funciones en módulos implerecutables. 

( ) Documentar el resultado en términos de como vamos a implc 

mentar. 

UTILIZAR. 

Concepto de grupos. 

Jefe de programadores. 

B S P 

Descompo~ici6n jerárquica. 

Disef'io 'TOP-DOWN'. 

Disef'io estructurado. 
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( ) ¡\NALISIS DE LOS REQUERIMIENTOS. 

Identificar la necesidad. 

• 

~ 00(•\Ht>~•D~l 
' ' 
1 ((;_c.!..\ID\ _j 
¡ --

Necesidad =11= concepto de sistema (informlitico) 
Definir requerimientos. 

( ) J[)F.NTIFICAR LA I~I:CESIDAD. 

Quien lo va hacer 
Se ha satisfecho la ncccsidaJ. 
Necesitamos "algún concepto técnico". 
Tenemos los elementos para llevar a cabo la tarea . 
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CONCEPTO DE CAJA NEGRA~ 

____ _J 

USO DE PROTOTIPOS O SIMULADORES. 

No se esta famjliarizando con el problemá. 

El usuario no "entiende" el prohlol'l.a. 

HAY QUE REVISAR LOS REQUERIMIENTOS. 

' Maximizar eficiencia y confiabilidad a clinimizando 
costo, memoria, equipo ER. (GUAL): 

No se entiende el ohjetivo. 

No se cuantifican las metas. 

OBJETIVO DEL PRODUCTO. 

( ) CONFIABILIDAD. 

Tiempo 1/2 de falla: 

. f de fallas . 

. Tolerancias. 

( ) PROTECCION DE DATOS E 65 

( ) DETECCION/ ERRORES. 

( ) TIEMPO DE RF.SPUESTA. 

( ) USO DE MEMORIA Y I'ERIFERlCOS. 

' ' ' 

' ' . 

• 

• 
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COSTO*, TIEHI'O*, CONTROLES" 



METODOLOGJ,\ UTILIZADA EN LA·ESTIMACION. 

( ) PRINCIPIOS. 

( ) 

• 

Oescomposici6n del problema en bloques pequeños. 

Estimar el costo y "dificultad de cada bloque". 

Desarrollar un plan del-proyecto en detalle. 

Incluir M.O, Equipo, CoStos, Admon, \'arios, Asesores ER . 
• 

VENTAJAS . 

Hay que hacer un análisis detallado. 

Hay que estimar en detalle y con 'exactitud'. 

La estimación se torna en una parte del proyecto. 

Las faltas y errores tendrán repercucioncs proventas. 

( ) DESVENTAJAS. 

Hay que gasta tiempo y dinerO en estimar. 

La actualización requiere de técnicas automáticas. 

¿ Proyectos pcqucfios ? Vale la pena. 

Si en su plan. 

1 SJ FALLA EN PLANEAR, \Jo. f'LANEA FALLAR 

PLAN PARA EL CONTROL. 

Costos. 

Calendarios. 

Eficiencia. 

Estándares y C. C. 

Personal. 

Cursos, Asesorías, etc. 



ELEMENTOS DEL PLAN DEL PROYECTO. 

l. Descripci6n del proyecto. 

• Breve descripción del mlsmo . 

Objetivo, metas. 

Ra~6n del proyecto. 

Organi~acio'in involucrada. 

Beneficios a obtener. 

•• 

' 

+ Breve resumen de los requerimientos. 

M.O. 

Duración. 

Costo. 

+ Aspectos particulares de inter1is. 

• • 
. . 

Nuevas tccnologias. 

Situaci6n de competencia insumas. 

Nuevos miStados de implementar.-

+ Entregas. 

Documentos. 

SW. 

IIW. 

+ Breve análisis de lo~ riesgos; 

·Tiempos. 

Costos. 

1 nsumos. 

2. ESTRUCTURA DE TRABAJO Dcscripci6n de cada hloque. 

Proyecto Depto. Fase 

ALFA PROG. DISERO 

Nomenclatura 

DISESO O. S. 

Descripción 

Discfwr el 
OS. del Sist 
RT. 

-0.5. Interno 
- Manual Usuario 
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6. ESTrMACION DE PERSONAL. (Ver gráfica) 

+ Por individuo. 

+ Por actividad. 
+ Por paquete 

.. llacer un cálculo de 

Hrs hombre y perfil 

+ Salarios + asesores 

+ Cursos (hasta 30\) 
+ Vi1iticos. 

. . 
7. ESTIMACION FINANCIERA. 

8. 

( ) PRESUPUESTO. 

+ Afio anterior 

+ Afio presente 

+ Año futuro. 

. . 

( ) DESARROLLAR FOR~lATOS ESTANDARES PARA FACILITAR. ESTA 

ACTIVIDAD. 

+ Desgloce de partidas. 

EQUIPOS. 

• Rentas . 

• Ca pi tal . 

• Desarrollo . 

• Cuando y donde " • Duración ,, uso. 

necesita. 

.. .... ' .... ' 

.. 
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, . ' .. ' 
CONTROL DE CAMBIOS. ' ' ' 

.. ELEMENTO 
' ' ' 

CLAVE. 

' "' quo ,, c1llllbio. 

' Costo do cambio. 

• Cambio do calendario . 

' Quien aprueba. 

' Información necesaria para llevar " cabo ,, 
(Ver procedimientos do '" B.S.P.) 

PLAN nr: INTI::GRACION Y PRUEBAS. 

( ) 

( ) 
( ) 
( ) 

PREPARAR EL PLAN DE ARRIBA·HACIA-ABAJO. 
(Implementar posiblemente mejor que Bottom-UP 

DESCRIPCION DEL PROCESO. 

SALIDAS (QUE DEBEW'lS VER)· Alarmas 

INTERFAZ HOMBRE-MAQUINA Acciones 
etc. 

{ ) RESPONSABILIDADES 

16. PROGRAMAS DE ENTRENAMIENTO 

Seminarios, cursos (lugar, costo, tiempo) 

Conferencias. 

( ) DEFINIR UN PROGRAIIA DE ENTRENA.~UENTO. 

17. PLfu~ DE SOPORTE. 

cambio. 

Una vez terminado un producto hay que soportarlo. 

+ Mantenimiento 
• Cursos. 

• Garantias, etc. 



DI SEllO. 

1. Aspectos directivos. 

2. Elementos de dísel'lo. 

3, Consideraciones especiales. 

1. Aspectos Directivos. 

Dise!'lo. 

Organización. 

Personal. 

Documentos. 

Revisiones sobre el dise!'lo. 

Control en los cambios. 

1.1 Diseño. 

El diseno se inicia una vez que fue aprobado 'lo que no se 

va a producri' y el plan de implementaci6n. Se especifica 

como se 'rompe' cada función en partes, estas partes serán 

los módulos a programar. 

Deben 'direccionar' todos los aspectos del sistema (sub~

sistema) 

Algunas preguntas que nos tenemos que responder son: 

Que tan grandes son los m6dulos. 

Como dividir el diseño y la implementaci6n. 

Como y que vamos a probar. 

Límites en: Memoria 
Di seo 
Tiempo CPU 

Hay que modelar 6 simular. 
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PERSONAL. 

+ Disefio funcional 

+ Diseño de sistemas 

DOCUMENTOS. 
REVISIONES. 

Orientado al producto. 

Orientado al sistema. 
Programadores 
Consultares. 

Con experiencia arcos. 

Con experiencia en programaci~n 
Problemas 

Síntesis 
Análisis 

Modelo 

Calendario de revisiones 

En la revisión se deben tener los documentos (sistemas) 
a revisar antes de la sesión. 

No transforme las sesiones de revisión en sesiones 
de diseflo. 

Anote los problemas. 
Asigne fechas y responsables. 



UTILIZAR EN LA nESCRIPCION DEL PROBLENA. 

1. DIAGRAMAS DE ESTRUCTURA. 

2. liiPO'S. 

3. DIAGRAMAS DE FLUJO DE INFO. 

( Burhujas Yourdon ) 

4. LENGUA.Jl: PARA DESCRif,IR PROGHAMAS 

PUL o PSEUDO (o Dino) 

NO UTILIZAR. DIAGRA~IAS UE FLUJOS 

MEJOR ó EN l,UGAR DE: 

WARNIER Los veremos un poco mas adelante* 

6 

NASSI SCliNEIDERMAN 

*Tomado del curso 'Dcs«rrollo de Si~tcmi'ls' F,,\. Roscnblucth. 



EJEMPLO DE PDL (CASI PDL) 

SUBRUTINA SCIIA EBC 

LEE Longitud del Buffer de entrada en Bufent 

$ PTR+O 

LLAMA el MGR del espacio libre para que de un 

Buffer igual a Longitud (BUF. Salida) 

SI no hay Buffer ENTONCES regresa con+ no BUFF. 

ELSE HAS HASTA todos los caracteres del buffer 

de entrada se han convertido 

READ 

LEE-los caracteres ASCIL del buffer de entrada 

un lNBUFF $PRT + 1 

Convierte a EBCIDIC (luego decidimos el algo
f 

ritmo) 

WRITE 

ESCRIBE los caracteres EBCIDIC and buffer de 

salida. 

FIN DO 

CALL 

LLAMA al MGR del espYcio libre para que 'deje' 

el buffer de entrada 

Regresa el estado ~ termine y OUTBUFF$PTR 



• 

CONSIDERACIONES ESPECIALES 

0 El SW debe escribirse para el FUTURO 

0 La tr~nsport~bilidad requiere consideraciones especiales 

• Hay que diseñ~r con la idea de MANTENER 

Veamos esto 
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Costos de Desarrollo 



En la implementación de 'grandes proyectos. se reco-

mienda 

• Organizacion Funcional por Subsistema y tipo 

) LO que mantiene modulos logicos agrupados 

( J Minimiza el 'SPAN' de las comunicaciones 

Mejora el 'inventario' 

f.c. 

SISTEMA DIAGNOSTICO HERRAMIENTAS 

os • COMPONENTES • TRADUCTORES 

DRIV!CRS • PERIFERICOS • INTERPRETES 

UTILERIAS • EMULADORES 
DEL SISTEMA 

• REVISORES o• 
CONTROL CODIGO 
ARCHIVOS 

• SIMULADORES 
DATA BASE 

GENTE ( El mayor problema) 

Fijese usted: No hay un tipo de programadores 

+ Administradores 

+ Informaticos 

+ Ingenieros 

+ matematicos 

+ Actuarios 

+ Psicologos 

+ Musicos 

+ Artistas 

COMUNICACIONE~ 

( SW) 

• sote 

• BISYNC 

• ASYNC 

• AUTO 
ANSWER 
PISTL 



~ •1 . 

META: 

Construir un sistema que funcione 

• Por pasos/Etapas 

• En cada et<J.pa "hay que demostrar" 

FILOSOFIA PARA IMPLEMENTAR 

T~O DEL PROYECTO 

+ Los proyectos pequenos se pueden imple-

mentar con mayor facilidad hoy 

que romper en modulas 

+ Mejor control del personal en proyectos 

pequeños 

S¡ PODEMOS ESCOGER 

+ Tener el HW Corriendo 

+ Tener el S.O. Funcionando 

+ Tener las utilerias y herramienta de desarrollo 

HAY QUE 

M1nimi~ar el tiempo/costo de desarrollo 

Minimizar utilizacion de HW 

Maximizar el mantenimiento 

CODJFICACION ESTRUCTURADA 
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COOIFICACION ESTRUCTURADA: 

Genera modules que 

1.- Son relativamente pequeños 

• alrededor de 60 a 100 11neas de codigo incluyendo 

comentarios 

• Se puede 'pensar' en todo el algoritmo 

2.- Relajadamente acoplados 

• Una sola entrada, llamadas simples a rutinas 

• una sola salida, pasar parametros en forma simple 

i.e. MAL 

A A 

.L 
B 

e 
1 
D 

' 

BIEN 
1 A 1 

• 

, 1 1 Q R 1 

~ 1 Rl 1 



4.- Funcionalidad 

"Los modulos deben ejucutar funciones simples y rela 

cionadas 

"Se deben poder definir en termtnos de una caja negra 

(caracterfsticas extcrnus) 

5.- Codigo documentado 

• 
• 
• 

• 
• 

• 

ENCABEZADO 

Nombre del Programa 

Fecha 

Programo 

Fecha 

-Objetivo 

Entradas 

Salidas 

Logicas 

Externas 

eoL 

Rev1si6n 

Reviso 
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FASE DE INTEGRACION 

"Desde el punto de vista de sw la manera idaal de integrar 

SW es hacerlo en HW totalmente operando (Versi6n a utilizar) 

DIAGKSTiat_ CBTENCICN 

"" CERTIFICA- ¡ ""' "" """""""' CICN DEL 

LW "" J ·+'; "" "" ¡ 
SW 

ew 

SISTEMA ' A N 
T 
E 
G 
R 
A 
e 

SISTEMA ' o 
R N 

SISTEMA 

e 
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TNTEGRACION, 

/ 
SlSTF.Mh A SISTEMA n SISTEMA C 

PRUEBA > l \ / \ 
CONSTRUCCION A CONSTRUCCION B CONSTRUCCION C 

La integración involucra 3 aspectos principales: 

( ) El proceso do integración (do acuerdo ol plan) 

referenciamiento de lo unidad probada o lo librería 

hacer link' do l"' modulas para tener una nueva construcción 

preparar lo transmisión documentación do liber<~ción 

( ) El proceso de prueba 

• 'correr' lo construcción do acuerdo o lo 'prueba' 

+ hacer diagnostico y ~atrapar" errores 

+ Generar un reporte de la construcción 

( ) Proceso de evaluación 

+ Evaluar los resultados de la prueba 

+ Decid1r si se acepta, para llevar a cabo la siguiente construc
ción 

Que pasa si hay errores de diseño o 

la integración 



+Recuerde que por razones de 'magia' los errores salen en 

la demostraci6n al cliente y estos son peores si se trabaJa 

en lin<:la 

Por lo que 

( ) En las pruebas de diseño, para cad_a elemento se debe 

utilizar una matriz de prueba correspondiente de prueba 

indicando la funct6n. 

+ La operact6n de cada funci6n es calificada de "correcta" 

si cumple la prueba cuando se corre. 

+ Los problemas se deben reportar en la forma adecuada. 

( ) La matriz de correspondencia debe incluir 

+ Operaciones as! como rangos 

+ operacion con entradas anormales o cursos extraños 

+ operaci6n por actividad 



Se deben tener 3 modos (cuando menos) 

MODO 1 'ALLA El sistema "" • tener prohlemus 

MODO 2 PREDICCIDN El sistema puodc tener problemas 

MODO 3 o• El sistema deberá correr OK 

Cuando falla sucede lo quo '" conoce o=o 

LOCURA DE CAMBIO 

Hay que justificur todos los cambios 

no existe el cambio p~queño 

cada cambio da lugar a una nueva construcci6n 

los errores deben eliminarse 
cambio 

hay que hacer 

LOS CAMBIOS SE HACEN A TRAVES DE LA BIBLIOTECA DE SOPORTE 

'DE PROGRAMAS 

LEY DE BLOCK' S 

Si su proyecto esta atrasado y contrata mas personul 

para salir adelante, mas tiempo se atrasara y 

esto se cumple como que 1+1 = o y llevamos 1 



t:''l 

Mejor organizar por equipos 

JEFE 

D' 
~ 

SECRETARIA COPILOTO 

-
' 

1 
ABOGADO 

ROGRAMADOR D' PROBADOR BIBLIOI'EC'JI.RI EDITOR 
LENGUAJE 



HAY QUE BUSCAR EDQUIPOS DEMOGRAFICOS O ADAPTIVOS o una 

FAMILIA DE PROGRAMADORES 

Hay que buscar el cambio 

'ARTE PRIVADO EN PRACTICA PUBLICA' 

'Buscar un ambiente en el cual existan discuciones CONS-

TRUCTIVAS y no criticonas' 

WALKTHROUGH'S o PLATICAS ESTRUCTURADAS 

El lider natural 

Diferencia entre el equipo cl~sico y Mel otro~ 

NADIE ESTA AL MANDO (lo cual pone nerviosas a muchs 

personas 

no existen los superprogramadores 

trabajo de grupo 

WALKTHROUGH 'S Libro de Yourdon 

ESTRUCTURED WALKTHROUGHS PRENTICE HALL 

YOURDON INC 

VEAMOS 
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COMO SE LLEVA A CABO UNA PLATICA 

0 se deben sujetar a un calendario, y repartir a los asis-

tentes los documentos 2 6 3 d1as antes de la plática. 

0 LOS JEFES NO ESTAN INVITADOS .. 
•se nombra un coordinador-arbitro que evite que se torne 

la sesi6n en una sesi6n de box. 

• Se nombra a un 'escribano' quien toma notas, hace una 

minuta y la distribuye entre los asistentes-

o El autor puede o no presentar su trabajo 

° Cada revisador comenta en los bugs omisiones, debilida-

des, etc. 

0 Los problemas son encontrados pero NO resueltos duran 

te los waklthroughs. 

0 Debe durar entre 20 ~in. y 1 hora máximo 

• Se termina la sesi6n con un voto de: 

0 se acepta el producto 

o se acepta el producto con pequeñas revisiones 

• Hay que reunirse de nuevo. 
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DESARROLLO DE UN PLAN DE PRUEBAS 

Punto básico.- Sin un plan organi~ado no se pueden tBner 

pruebas 'decentes' por lo que 

1.- Responsabilizar a una persona/grupo de las pruebas 
• 

2.- Establecer los procedimientos y los STD'S para llevar 

a cabo las pruebas 

3.- Describir los casos de prueba. 

para aceptación 

y verst6n de arriba hacia abajo 

4.- Criterios de terminación de pruebas 

5.- Calendario de actividades y recursos requeridas; para 

llevar a cabo las pruebas 

MANUAL DE MANUAL OF. MANUAL DE MANUAL DE 
ESTANDARES ESTANDARES ESTANOARES ESTANDARES 

VOL 31 VOL 32 VOL. " VOL 3 

COMO CONSTRUIR COMO DOCUMENTAR CONVENCION BASB DE 
CASOS DE PRUEBA Y USO DE XXX OE DATOS 

NOMBRES 

1 
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• 

.• 

GENERACION DE DATOS DE PRUEBA 

-Para generar datos de prueba 'inteligentemente' debemos 

considerar: 

que aspectos del sistema (comportamiento) son los que 

vamos a probar 

funciones externas 

eficiencia 

logica interna 

etc . 

' 
Esto nos determinarli:.Olos valores de los datos de prueba 

Que ~combinacil'in" de los componentes del· sistema. estamos 

probando. 

modulas 

colecciones de modules 

modulas con E/S 

modules con acceso a B.O. 

Esto nos determinará la complejidad de las pruebas 

+ ¿Como podemos utilizar herramientas automatizadas para 

mejorar la eficiencia y productividad del proceso de 

prueba? 

·¡ ' 
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PRUEBAS DE ACEPTACION 

ESPEC. 

ES'rRUC 
TU RADA 

EL SISTEMA 

Hav que involucrar al usuario 

EL USUARIO 

las pruebas deben salir solamente de las especificaciones 

(RPC) 

Si al sistema no pasa las pruebas de aceptaciOn, segura

mente hay una falla en el Análisis y no en la Codificaci6n 
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UN PROYECTO DE•SW TIENE 8 FASES QUE SON: 

I INICIO 

II DEFINICION 

III DISEnO 

IV PROGRAMACION 

V PRUEBA SISTEMA 

VI ACEPTACION 

VII INSTAlACION (vru OPERACION 
VIII OPERACION 

I 

FASE DE INICIO.- En esta fase hay que contestar: 

Cuales son los requerimientos 

Que se debe producir 

- Quien es el_usuario, cual es el mercado' 

cuales son las ventajas/desventajas 

Que caracter1sticas y efectos va a tener 

Es factible 

Se pueden hacer en tiempo/presupuesto 

DOCUMENTO QUE RF.S:f'aiDil. A LAS PREGUNTAS ANTERIORES 

DESARROLLO 



!V FASE DE PROGRAMACION 

En esta fase 'se t-oman las d"siciones t~cniCils, as! como se 

hace un d1seno detallado de programas de computadora 

La fase de programación produce modules codificados que se 

pueden probar. 

El Co~trol de calidad del producto empieza en esta fase 

Programas fuentes, objeto, notas bibliografía,_ papers, 

reportes de problemas, documentos etc. son.en~regados a 

la Biblioteca de soporte de programas. 

' ' Esta fase termina con la programaci6n (escribir codigo) 

de todo el sistema integrado y se tiene una 'primera' ver-

si6n de manuales. 

V FASE DE· PRUEBA 

Esta fase asegura que' el produCto Cumple con los requeri-

mientes funcionales, adcm6s verifica que no se tengan 

errores 'significa ti vos ' • 

Las pruebas las lleva a cabo un grupo diferente del grupo 

que programa, y utiliza el documento de 'diseño' y el 

manual de usuario para llevar a cabo sus pruebas 

Todos los errores/solicitudes de cambio se hacen a traves 

de la Biblioteca. 
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ACTIVIDADES 

1.- LA ACTIVIDAD DE ANALISIS (inicio y defini~i!'in) 

El proposito de esta actividad es el desarrollo (y bases) 

para el diseña. 

se debe entender el problema 

se deben conocer los requisitos 

tener en cuanta factores humanos, ingenieria, documentos 

llerramientas equipos, etc. 

Lista de verificación 

( Libro de bitacora 

( ) Definir las necesidades del usuario (Hay que estar seguro) 

( ) Comunicaci6n con el usuario 

{ ) conocimeinto de HW existente 

( Analizar la, necesidad de simular/modelar 

C ) Investigar proyectos semejantes 

( Definir y evaluar alternativas 

( Revisar los documentos de definici6n con el cliente 

2.-. PLANEACION, 

Se debe desarrollar·un documento base que· sirva de punto de 

partida entre el cliente y el diseñador. 

Calendario 

Recursos 

f'isicos 

Humanos 
Economices 
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CONTROL DE LA CONFIGURACION Definir responsabilidades y 
controleS en cada fase y 
actividad, asi como control 
en los cambios. 

OOCUMENTACION Definir que documentos se van 
a elaborar (WP, Estilo, etc) 

PLAN DE ENTRENAMIENTO 

REVISIONES, AUDITORIAS 
Y REPORTES 

PLAN DE INSTALACION Y 
· OPERACION 

3.- ACTIVIDAD DE DISEnO 

• 
Definir los requisitos internos 
y externos de un plan de entre
namiento y los responsables de 
llevarlo a cabo 

Definir revisiones en los docu
mentos y prOductos indicando un 
avance 

Describir la forma y requisitos 
de instalaci6n, asi como un plan 
para llevarlos a cabo 

OISE~AR BIEN "' BUEN PRODUCTO 

• Diseño General 

• Diseño Detallado 



Al final de esta fase de deben tener: 

la producción (lo qua sa va a producir) 

la descripción detallada de cada unidad 

pruebas de integración 

pruebas del sistema 

parametros de control de calidad 

calendario de laticas estructuradas 

UN MANUAL DE LO QUE SE VA A PRODUCIR 

ACTIVIDAD DE CODIFICACION 

Una vez que se ha diseñado en la ·forma correcta y apropiada 

se procede a codificar de arriba hacia abajo. Cada progra-

mador debe tener una tarea .bien definida del, diseño detalla 

do y al terminarlo lo deberá probar en forma unitaria. 

Se deberán tener encabezados detallados Qe cada modulo 

platicas 

e. e. 

'" plan 

reportes 

reportes 

reportes 

reportes 

' estructuradas 

detallado de pruebas 

de progreso 

de cambio 

de control 

de problemas 

c.c. 

manuales cuando menos en cada encabezado 

Al final se tienen MODULOS CORRIENDO Y MANUALES 
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LA NECESIDAD DE LOS DOCUMENTOS • '" 

Los documentos resuleven problemas de comunicaci6n 

3 tipos de documentos: 

TECNICOS.- registros de informaci6n·de como trabaja el 
sistema y lo que hace 

USUARIO.-

CONTROL.-

FASE 

INICIO 

DEFINICION 

registros de que hace el· sistema y como usarlo 

información acerca del desarrollo del proyecto. 

DOCUMENTO 

especificaciones de marcado 
analisis do los· requerimientos 
analisis de factibilidad 

Requerimientos funcionales 

descripción de los requerimientos 
del SW 
marco de referencia para el diseño 
eficiencia y restricciones 

• 

TIPO 

TECNICO 

calidad TECNICO 



reportes de cambios 

listados de programas 

PRUEBAS • reporte de pruebas 

• reporte de acepta e ion 

pRUEBA DEL SISTEMA 

OPERACION 

+ STD'S De pruebas 

descripción de las pruebas a 
llevar a cabo en el sistema 

+ Reporte de fallas y problemas 

+ Reporte de sugerencias y mejoras 

+ Bitacora historica 

TECNICO 

TECNICO 
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TITIJLO DFL PROYECTO: 

NJMrn.O DE PROYECTO: 

E!JIBORO: 

l.BI:l!A.JE DE 
PRo::;RM-JACION 

LfSil.JAJE DE PPDQW>!ACION 

EVALUACIQ."! DE REQlJERHITENTOS DE SOFTiqARE. 

ESTDIACION OPTIMISTA 

NIJ.!ERO DE INS1RUCCIONF.S 
f,.JEOJTABLES F~"! EL LEN-
GUAJE A SER USADO 

FECI\\ 

SUBPRrow.lA 

Ati1DRIZO: 

RAJO INCffiTill.JMBRE 

PARA E.'ITE LENGUAJE llAGA OOS 
F.STDIACHll\'F.S DEL NUMERO DE 
r;,'STRUCCICl.\'ES A UTILI?.AR UW. 
POR DEBAJO DE .lA F~STDIACION 
OPTI~'ISTA Y OThA POR ARRIBA 

• 

-...... " ' } ' 
' ' 

PARA ESTE LENGJAJE 
IIAf.A OOS F.STD!ACIO
l\'ES ESTJIDlA.S UNA EL 
MJMERO DE INSTil.UCCIO 
Nr:S I'JEctJJ"AB!.ES ~UNT 
~t:J Y O'JRA Wo.XHIJ • 

• 



!'REPARADOS P~ ~A EL TRABAJO 
• ' 

í NO '\ 
FI\CTO~ES SI NO ·PARCIALMENTE APLICABLE 

SE DEFLNIERON LOS REQUISITOS DE HARDWARE 

SE SELECCIONO EL PROVEEDOR 

SE SABE DE RESTRICCIONES DE RECURSOS . . 
HARDII'ARE/ SOFTI'IARE 

SE CONOCEN LAS RESTRICCIONES DE LOS .. 
PRC RESPECTO A HARDWARE/SOFTWARE 

SE HA DlSEí>ADO LA FUNCION DE INipALIZA-
CIOS 

SE HAN DESESADO I'ROCEDHtiENTOS DE ERROR/ -
RECUPERACION 

• 

TIENE EL CLIENTE CONFIANZA EN EL DISESO-
DEL SISTE~!A 

-
SE TIENE CONTRATADOS A LOS SUBCONTRATIS-
TAS DE MA?.'ERA QUE SE CID1PLAN PLAZOS 

SE HAN DEFINIDO METODOLOGIAS Y TECNICAS 
( ¡e_ PLAN DE DESARROLLO TECNICO) 

EXISTE UN JEFE QUIEN ENTIENDE: 
EL PROBLB!A TECNICO 
EL PROBLEMA ADmNISTRATIVO/ORr.ANIZATJVO 
EL A~1BIENTE DE DESARROLLO DEL CLIENTE 

LOS JEFES DE GRUPO o JEFES TECNICOS ES-
' TAN CONCIENTES DE LAS TAREAS A DESARRO-

LLAR Y SUS RESPONSABILIDADES 

. -
-• 
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/ 
INTELIFENCIA 

BASE DE DE ARTIFICIAL./ CXMJNICACIONES 

' ESTAOO DAIDS CCJ.lPUTA!KlAA REC, FOI~'-11\5 

3 

FAR l'ffil:A::,A;DESAAROLlAOO UN 
sisrn.lA oocrA.'-!E.'ITE ruu ES 
TE, SIN I?>:BARr.O SE lWI DF..sA 
ll.ROLIAOO SISTL>.IAS SBlEJA."l-:-
TIS Y EXISTE AYUDA TEGHCA 
EN L4. FAR 

FAR NJ!'a\1A DfSi\RROLIAOO 
UN SISTI!-1.\ EXACTA\!E.\'TE CO- . 
~10 fSTE, SIN P.-mARGO EOS 
TE.'I SIS1P.-t-\S SL'-!E.JA.''ffE'> Y 

. . . 
SE mEO!: OBTh\'ffi ASESOO.IA 
TECNICA FUERA. DE lA FAR 

FAA ,\lJNC'.A \~\ DF..5AAAOLlADJ- . 
UN SISTil'.t\ EXACTA'-!E.\TI CO 
~10 ESTE Y NJ EOSTF. ASESO 
RIA TF.CNICA FUER.II.. O DE'i-:-
11l0 DE LA 1','\R 

SE CREE QIIE EL 51511-.:0.lA PRQ 
llJ!:STO RJEIJE srn DESAMO-
LIJ\!X),S!N 1~-nl;.Rc;Q UN STS-
11~~\ CON LOS RD;XJISI1CIS . 
QUE PRESE.'ITA ESTF. N.JM"~\ - . 
!J.\ S IDO DESARROLI.AOO 

.1~\ FACTJBIL!!lNl DEL DESA-
1.1.1 m: IBTE SIS'IHlfl DE . 

'1 
'IE"~f. ~J.A SO!JJCION TEC-

llE P\R,TOS CLAVES E"l 
AREA 

' ü\llA /\Rl~\ TIDHCA 
· · H POHCEN!A.TE 'ID-

lt~~- IJE ALGORI1NOS Plt1'1E- . 
. 

'-



COMPLICACIONES INHERENTES DEL PROBLEMA -. 

í SI NO 
PROBABLE"·· PROBABLE· ~ FACTORES ~iFNfE . SI MENffi NO 

EXIST!rn CARGAS ASINCRONAS 

HAY QUE NEGOCIAR HARRDWARE/ ' 
SOFTWARE ? . . . 

DURANTE LA OPERACION EXISTEN 
CAJ.IBIOS OINNHCOS EN EL A~l-
DIENTE 0 LA FU~CIONALIDA!J 

SE REQUIERE QUE EL SISTEMA- ~LIDAS ESH L!BRJ: IJE FALLAS PARA: 

~~~~~CUPERACJON --
. 

~'~~N E PO E 1 
REQUIERE EL SISTHIA NIVELES 
DE SI:GURIDAD 

~ 
SE REQUIF.RF. CLAVES ESPECIA· 
LES DE SE!";URIDAD 

. 1' 
EXTSHN RESTRICCIONES EN LO ' . 
QUE RESPECTA A: 
( F.FICIENCTA ) F..C 

LA ntPLE~tENTACE~.L DEL ~~s:~~jfrt&( 75\ 
~lA LLEVA ALAS . ,. 1 ' 
TRICCIONES DE RECURSOS ~~ 

··-
,•( \"~;~/ U:S.DB. 75$ l'l:RO EL SJ!i 

Wl TOTAL HWOR DEl. 75$ 

" 



. ' 
PERSONAL ' 

. FACTOR DE CALIFICIACION PARA USO 

POCO MUCHO 
DEL 

• 1 2 3 4 5 ANALISTA 

__ EXPERIENCIA EN LA APLI· 

CACION ESPECIFICA DEL . . 
.PROBLE.\IA 

EXPERIENCIA EN PROBLE·· 

~lAS SH!ILARES 

• 
. 

EXPERIENCIA EN EL DESA-

RROLLO DE SOFTWARE 

EXPERIENCIA CON EL 515-

TEMA OPERATIVO/SOPORTE 

SOFTWARE 
. 

EXPERIENCIA CON f;L (LOS) 

LENGUAJES UTILIZADO (S) 

RESUmN GENERAL DE LA • 

CALIDAD DEL EQUIPO 
(PERSONAL) 

' ' 
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"''1'' llll<Hl lOlth pcunls~ion frum ((l~II'UlER, 
Fcbruary l97B. Copyright ~ The 
Jnstitute of Electrical and Electronlcs 
Engineera, Inc. 

lHr: NEED FOR SOi-Tllt#IRE ENGlNEERiNG 

\Vare Myer• 
Conlrlhuting E<lit<>r 

ln!roducllon 

F.orly in lhls ®code o ..,t nf progromming proctif'ell 
bogu 1.<1 op¡><ar that ,.,.mod t.o nffer o way nut nf 
the1<1ftware dilfioulties atonmpanyln¡t the develop
mont of lar¡te ayot.emo. The.., praoticeo. developed 
by DrMh,• Daker.' Dijkttro,' Millo." ond ot.heu. 
iiKiuded otructu.-.d progromming, t.op-dnwn d~vel
opment, chi•l pr<>grammer t..amo, JI 1 PO (hieror<hy/ 
lnput-proce••·nutput) documentatlon, development 
oupport Ubrory, ond otruotured wolk·througha. Dut 
deopit.e !he incre.ooing amount o/ software dove!ol'" 
menl ond it• doing coot "'!oliva 1.<1 the d•fenoo 
budget, corp<,otion upondituroo, ond oven the 
gro., notionol producl. lhe new programmin~ !Kh· 
niQueo hove nol lwen odopt.ed by ocdamalion. 
McClute,• ourveying !he .c-ene 11 COMI'CON "76 
Spring, oaw "'the greal mas••• o/ pro¡;rBmm<'fo 
conducting lheir busineoo uactly 10 they cl1d live 
yeoro ogo." N01 .... lhore the oli¡¡-ht..et oi¡¡n In 
M.Ciure"o ~-yur proj«:tion of "olr011g windo o! 
chongO." Hi• inluition woo loto.< oupport<od by o 
ourvey of mojo< Los Ang~les a<eo co<porationo,' 
wbich conduded lhat, for oll the lonfart<, "'tho !Kh· 
niquoo ue oimply not widely uoed" 

Why ore modern progromming procticeo pn>p•· 
gating oo >l<>wly? !n tho judgmont of oomc seosonod 
ob>crv~ro. tho reuon li~o in tbe comp!uily of lho 
l«hniqueo ond the dillirultieo monojl"<ment ond 
progrommero lar. in imp!<,menlin¡¡- them. Ao with 
modern monogement J>tO<ticeo. modern progrom· 
tninK pracli<e• oro inton¡:iblco thot havo t.o be dio· 
oeminot.od by "1011" meono ouch ao eduoalion ond 
troinin~r. 

l'artunate!y, there ore pooilive force• ot work
the !leputm•nt of Oeleno•. NASA, IBM, defon>< 
ond opo<e rontrortoro, 00ftwore houou, ond uniV<T· 
oilieo The profoooiona] ,oriolie• <o•·er the oreo in 
lh&Íf <"Onf ..... n<t!O, !Uf.<lrialo, lftd journolt. The ÚOnt'fOf 

'- ,_, 

Art·uunting Ollioe ¡, otudying the UH ond volue o! 
ooft-..are devolopment !Khniqueo. The .. ;,.nuenrn. 
l<lg~t her with the crowin¡¡ •••liution thol pmi•-<t<"<l 
><>ft.,..nre dHel<lpment '""'ore be<mnm~ o ~11·ulo>r 
fsctor lhon hord~<·o.e co•to in deoidin¡¡ tn d<•v••lnp a 
•y•tem, are litonlly forcing pt~b.,."" 1<> 1,. "'"d~. 

The software predlcament 

Th• gon~rol <haroct.er of the <Oftwor• ¡or<-<liram~nt 
can be- •~•n deady, although <<>n<Í•<•nt nu<nl~·ro 
witl1 which t<> rhotorteri•• it more prec<>ely ore 
harcl lo o01M Ly. !lec•~•• IHs e>p~Mi'" ~••d""" 
io brin¡;ing more opplicoliono "itlun KOnorrur r••<h. 
lbo amount of ooltwore lo be devolnpo-d " <<><r•U 
ing. Aloo. be<:ou.., more oollware ;., ol«••ly in 
••ioten<e, lhore io mor• nf it tobo n1oi<llo<no.l 11,.¡ 
the pm:lurlivity o! prOb'TOmnl<ts i• imprnvin~ •o<lo<r 
olowly, e<peciolty by !he ollndordo of horol,.ore 
prit:oll"'rformonro, with th• «•u!t thot the u-.rall 
coot oloaftwore de\·flopment is tendin111o <ncrt••••. 
Or. lf lhio in<fl'"'" is be~ng limiled by ¡,.,J~etary 
consideulions. OPJ'<>rLuniti<s f.<l •pply •·om¡>ut•r 
W.hnolagy more fully lo b<>th old and "'""' ~Pt•h<l· 
tiono ore bein¡; po,,...d m•er. 

S<>ft,.ore gro,.rh. E>~imll•• o/ <he overol! <<>•1 o! 
ooft ,.aro dt-•·eloprnent a M mtin<en.once in the Urút..d 
Stoteo nng• lrn<n '15 to 125 b<l!ion.' At !JOil<t ia 
running in th< SJ loillion ¡><·r·;••• rango- ll "'1"'""'"" 
~ ·5 per<ent o! lh< A ir l'or<'< bud~el, 6 p«< •nt ni t ~e 
NASA budgel 

Accnrding to Wolter R. lleom,• deputy !01 od· 
;anc«< <<•<hnology to the .,oiotonl oe1·rNily u! tbe 
A ir Force for r<'<·O•<h. do_.lopment, and lo¡;i,.i<>. 
tho number ol funrti<>no- "'"'' of them """' . l,..in¡t 
don~ b¡· ooft,.or• io growinK ot o prrxligioo• rol<" 
lleom. whn J:"'" <h• •oltwore technirol k<)'n<M •1 

COMPUIER 



COMPCON 11 Fall in W .. h!n¡t.on. D.C .. llot 
Srpt~mh<r. ~·timatod thio ralo to he a factor ol 2 
,,,·ery thr"" y<•oro Th~ rol<! i• pr"b.b!y grootor In 
defen.., than in industr_v. l><'<"ou .. DOD io movlng 
rapidly from anol<>g to diglt.a! w ... pan oyst..mo. For 
uomple. t<'<"•ntly purcha>ed oir<roft are heav!ly 
ooftwar~ <"Ot\troll.-.1 l><><"au.., thne new oystemo aro 
more ell.-ctive than !he old hardware •ysu.mo. 

In anothor •••• Gno•ti< C<>n<~pu•• proje<to dota· 
pro.:~osing spending. exduoive uf offico outomotion. 
lo increa..e 11 about 15 p<rcent 1"'' yeor. whlle lnlor• 
mÓtion ,systemo buoineos [(l"OWI at betler th.on 
:10 l"'teent. 

Ol"'taliono·type oyot..mo lar otee! mino, rt'!.oil 
sl<>reo. banko. •l<" .• ore growhoK ot about twioo the 
ra'-" of .other OI>J>Iic"•tinno. •r·curding to Joe M. 
Hen""n. y¡, pre .• ident fw tn~trket planning ot IDM "o 
Dat.a Proceuing llivision. in anothu technlcal 
keynot.. addreoo given at COMI'CON 71 Fall." 
Uecouoe !hes@ oyo<~m• ""' inherontly complu. they 
requlre more pmwammin¡ manhuuro tha~ slmplor 
oyotems. Hen><Hl projeetod the n1nnber of on·line 
•Y•l••mo"' ¡¡tow from 9500 in 1975 lo 23.000 by 
1980. Mo.-e sy•temo are comin¡¡; in the u-ea of manap 
ment and te-chni<-ol plannin¡¡. such ao forteut!ng. 
model!ng. ond dnÍif". and they wlll demond more 
dot..o. Meeting thio n.-ed through large inl<!groted 
dot..o hase• wil! ·~•in add lo th~ volume of ooftwara 
dovelopment. 

L .. t Novemher !he computer Jndu•try wu r• 
mind..S th.ot not only do buoi,..l oyotem m&nu· 
lactureco no1. agr ... on otor.dordized progra""': UOIOtO 

aren"! .. ttling for them anywoy. ""We"re goinr the 
othcr woy •• cu;¡..,,,.,~ d""""'d ''""" tl\01"1! di""'oity."" 
Jay R. llo•ler. cmnputor >ysl<!mo consult.ant. lold 
Tnll!rface Weot." Small buoineoo oyotemo are only 
a perl. ol the t<>UI ..,ltwate pi<turo, but they eum• 
pUfy ooe ol the woya th.o pro"'"omming worltload 
growo. 

Mol,.tennce ratl1>. lle<auoo o ¡¡reot deal of ..,¡1.
wore lo airead y In niotence. ...,.,... ol !t of low qu.Uty, 
....,.... •nd mox~ t-flort. of """"'•ity. hu lo be devotcd 
"' moint.enon"". llensan. for cumple. eotimated 
thot up lo 80 pern•nt ol his company"a applicot!on 
development reonurceo are d evot.ed lo moin~<enanee. 
Similar fi¡¡ures woro repor!od by Elohoff." who 
no!«! th.ot 75 J!<•n·en! of Gem:rol Mo'-"ro" cornmerclal 
saftware elfutl wu '~"'"! on maint..nance. Thlo 
rolio. occordin~ 1<1 F.l•holf. io foirly typieel of lorp 
induotry sofL'"O"" OC!lvltieo. A o moro ..,flwore mao· 
powor goeo into maintenance, leu io avalllble for 
new dovolopment. 

Pfo>ductlvity. P.;limat..• of the lonr·term ptoduo· 
ti vil v imprm"""'""' •••• ni pro¡¡-..mmero ranK• from 
~IM>nl l P"ttOnl '" 7 P"ftonl. f'or uompll. lFJP 
l'""ido•nt Ric~o<to\ l. Tanaka Mtimnt.ed \he t"urront 
r•l• lo hP nhm>l ~ ¡»•rnnt l><'f Y''"'·" tlrn;un ~ave 
• i pe~t•nt In 7 r<·to~nl roLP. d<•pendinJ( nn tho 
""umption• mndo. fnr th<• ~O·ynr P<"•lod frnm 19~6 
"'19M. 

Within IDM. oo llrse programmlns pr<>jt!Cto. 
""productlvlt~, m~ .. u....t In t.!rmo ol thu nmnb.r ol 
lino• of rr>do produced per pmgrammor. hu inopmved 
al about 20 percent over !he ~earo. duo in pur! lo the 
incre .. ing u"" of highorlovol U.nguagea."" according 
loTed Climio of lBM, addrDoing !he hynoll! """oioo 
of COMf'SAC 17." CUmlo, a vke·pr .. ident of hio 
rompany"o G"neral Ptoducl.a Diviaion. expeeted 
thio rall! to continuo. but noted that ptndurtivil)" 
d11t.a on programo of under 20,000 lineo o! codo lo 
more variable and ;eemo to dop<nd lar¡ely u pon !he 
individuo lo involvl'd. 

fndoed, aa Climlo"llot ol.at..ment ouggooto. mea o· 
ur!ng programm~r produclivity Íl 1 romrhca!Hl 
undertokln¡. For "'amplo, one inv .. tigotnr. finding 
Lhot <eporl.t.od productivitieo ronged from one line of 
oode per hou< to 30 <>r more. condudod that moro 
ptffise deflnition• of o progrom. 1 mandoy. and 
even 1 Une ol code ltulf wero noeded. Uoin¡ hio 
own dofin!tiono Johnoon•• found o p,..,..¡u<tivity 
renge on !6 commerdol oyot.emo·program<ning 
pro~ucto ,.,.,¡¡ing lrom obout 9 lin•·• of codo per 
hour Jav<ra¡¡o of fin omoller proje<tol to aboul 
3 line• ol code per hout (ov.roge ol 11 larger proj· 
ec!ol. In general. hio r .. u!to -..ere dooe 1.0 thu..oo 
publiohed carlier by Fred Droolto. • 

S~ftwotelhardwaro <Olla. Deeau .. lho coot of 
hardware !1 dropping rapld!y-on ordu-of·magnitude 
improvement in t.h< hordware pri<e/porlormance 
ratio every ]0 ycoro- .. hilo ooftware produotivity, 
improvol only olowly. !he <Ool of ooftwore r~t.tlve 
to hatdwnro lo lncreaoin¡. Thlo ch•nKO hu beon 
noted by mAnY observero. Tanaka, for uample. 84W 

information procesoing beeoming the moot lobor
inu.nolva of all induotrieo by 1985, il better method1 
were not uoed. Beam ch.orocWh<td it 11 1 ••cottap 
indusuy··-hard!y oo imo¡e eompaUble with tho 
notion of tomput.!ro u typify(ng modem t<>:;hnology. 

In NASA the softwarelhordware tallo wu about 
2:1 five yeors ogo. Wri!lng lor Dala~mttio~ In 1913.' 
lloelun project.ed the rotio lor !he Air Force u goin¡ 
lo 1 0:1 by 1985. On one nlot!ng progrom. the World 
Wide M;t!t . .,.ry Commond and Control Sy•t.em. the 
retio wu olroody in tl10l vidnity-$722 o~illinn for 
eoftwaro to 1~0-SIOO million for hordworo Thio 
>yst..m. wlth 35 locotiont. tleothe Pteoidenl ond tho 
Pent.agon ,.fth commando In tite Un!t..d St.oteo. 
Europe. and the Pa<ilk uointi" olrbome command 
pooU In port." 

ReUob!Uty. The enormouo olze of WWMCCS nllera 
a dramatit lnoight inlo onother di'""noion ,.,¡ tho 
software predicement-tho need for corree! ope<· 
otion. Thio n•ed .... hlghll~hted by o rK•nt nowo 
roporl by Clr•11 Ruohford. who -..r!too on noli<mal 
•ecurity ouhject.; ""Tho n•r«rd el milit.ory communl· 
•·ati<lnl Jo r~plete with fo<lureo. ol<lmmlng in no 
•moll part lrom tho oyolBrn"o comploo!tloo. """ Ho 
altt<but..d to communi<alluno dlfficultieo ot ¡.,._,¡ 
por\ of tlw blom• fot ouch oorlouo inrid•nl• "' tho 
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GuH o! Tonkin rri•i• in th~ Vietnam w~r. thc bomb- · 
in¡¡ of a U.S. wOr>hip u U thc Sinoi ¡><'OÍnou\o by the 
loro•li•. the l'u~hlo offoir off North Korca, and 
oth«•- Th• ... hreakdown. in communicationo occur· 
red be! ore the tww comput<:r-<<>ntrol!ed oyotom wao 
inolllllod, but they undcr!oeure Lhe cri\ÍO-RI Ímp<><l.o""" 
of j¡, corred o¡wr~Lion. 

Before mod!"rn programming carne inlo use, pro
grurn.!i were brge, cnmplex, neither modular nor 
portuhle, almust unrcndablc, and expensive to 
maintuin. 

.. 

Progrom c¡uallty. What "'"te typicol pro¡:ramo 
~ke belore m<><lom pro¡,..,.omming pr•chcc•' ~;¡,¡.,.,¡¡•• 
anoly•od 120 I'UI pwgrum• co!lo·rt<•d !ro m General 
~oiM> <·omm<•rciol «>lupuling inotollHtiono in lo<e 
IS73. He condudod that the in<li•iduol prowom< 
,.,,.,. not rnodularlzed a<><l "'"'"quito lar¡,..-.-1153 PI JI 
«•temen!• on the a.er•B•- They were ~•ry com
plt·x. no\ port~hle. olrtm•t U"r<·•d•hle by nU>"'-'· 
ond ••xpen>iv~ 1<> maint•in • Fro>n lnt...rvie"o witb 
(;M pro¡¡rommera "'h" hod "'orke<l ~l>ewh<ro. he 
bornod thoL thio o\.11\.e of otlair> ""'""""' t.o be typic-&1 
uf .,¡h~r lnstnll~tion• •-• w~ll··•·•podolly (;,1,.>1 
inololb.liono l'<·rhapo lh>o "'"' rou~hly the oto~~ 
of tb~ pro¡¡romming or\ when modt•rn prograrnming 
proctic~s oppeort-d on tho o.<ene. 

N~ted for discipline 

The notion \ha\ a more cllSdplined opprooch lo 
pr<>w•mming would olleviot.e the •<>flware proclka· 
menl hu be-en curren\ for ot lea!l 10 yurs lt wos. 
in fort. t he belie!thol syslem.otic •nh""""ring m~thr><b 
cnuld ht• opplit•tl 10 tht· •nflworo J>r<>«"-'" thm l•••l to 
\he "'inmg o! the l.c<rm ··.,ftwore engineerin11"" in 
1968." 

TI•• •n~ino«in~ woy. Tho very ter m. engino.•dng. 
imph•• ""th•< tho entire development of a pr<><luct 
lrom tnniol conception ¡l.,ough t••ting ond mom
tonon<<' is or 11• ni>e<l in an urderly. m•na~~oble "'"Y_ 
Th• r¡uohLy. perlormonoo. ond <<>>1 o! the prOOuct 
'"u" bo pt<•l.r~.«bl•. ond on appropriol~ compronU~ 
l>o•t"' wn <O>t ond r<liabiht v mus\ h. o<hieve<l.""" 

f;o~~o.-.,ring devclopmont ¡:~nerol\y pr<><<-ed< 
throu¡.:b a ••m•• ni ota¡.:e•. wl>durl plan ning. s¡w•·•fi
< otinn. desiHn. do><" u m<nLotion. fabri,·otion. Bnd tos\. 
wnh •n¡:in.,:,nn~ ch6ng• control runninl< lhr<>u~h 
\he ...quo·n<•. The de,-~]opment o! anv parlirulor 

pr<odurl mav P•" through thi• "•quen<e """"'"' 
""""'· "' mrodcl. prol<>lvp<•. on<i li11ollv prl>d"'""" 
f:nl<in<t" ••• tr•ined in the<• •lo~ .. from od,n<>l 
onward 

.,, ......... , .... '"" ..... '""""·~· ...... "''"'"' """' ,,.., 
t "' ••· moO• moo• ""'""' ,,....,, 

A serie• of ""dro¡:nno"" onfnt<e Lhe di,ciplint-the 
machini•L"' l<'thnicion wonto on o•ocl prinl he ron 
huild t.o. lh• drafting manager""¡," th•L drx un<cn· 
tation follo,. \he rulo•. N>mpnnent en~in, ... ro try to 
"' ondordir< 1 he building block\. ond manulo<tutin~ 
en~inet"rs pour over tho drawin¡.:• to ••lohli•h '''"' 
they are rum¡rlet.... 

Th .. ..,¡,., . .,. '"".1'· The so!l>nore proc~ .. drllero 
hom the hord,.·are P""""" in m•ny woyo fm nne 
thin~ lhe fnhticalion "'"P· in the ,...,..,.uf n•pro•lucin~ 
th• pr"l:'""' IH¡><•. i• ino,~mficonl- Abn. lho hahit 
.,¡ gcin¡: th ... u¡:h the ···~·· .... v.·rollinw• n., n<>l 
, ou¡:hl on in •pit-e o! !lr<ook•" .,,¡.., .• , ""l'l~n l« thruw 
rn1<· riWHY. Y"" wil\. auy lww . 

In addition. posl f>to<lice hoo \enJ<·<I tu ''"'' 
with inslruction writin¡¡ ond then work ho<k to the 
o•or\i•r olo~eo of dooi¡:n ond ICQUÍI<·rnonto Thio 
utethod wmkt•d well cn<>ugh on the relal""'•l)· >nrall 
1""~"""'" lhot oharocterized the eorly hi•t<>ry of 
prc¡:rammins. but il ran out of ot.·om on larjle 
dc,•e\opm~n••- • 

Anothcr [.,ctor in the prognmming ""Y io the 
loackwo>Jndo of ita pra<"lilione,.. Th<:y t.end \.11 
come lrom mote va<iert oourceo thon do tke hard· 
""'" engineero. "'ho are u•uolly lhe prod•cto ol o 
•Y"cmatic 4· or ~-y•or currículum. Pro~rammoro 
nuty hove clt'b'f<'<< in mathemHti.-o. F.ngli•h. hi•tmy. 
J<><!rnol,.m. or whotever. Wholev~r tl<ey Juove 
lo·orne<l-anrl it may he 8 gtcol deal-it prol>obly 
,1,,., not ;.,dude en¡:ineerin¡: m<•ihOOo Thi• l•ck el 
.-nmmon b"r·k.,rouncl rnoy be pttrl o! th• c•U«• fur 
Brook•" cntnpbint lhat ""'-<'chniqu~• pmvon •nd 
rouline in other engineering diociphne• ••• ron
&id<•red radlcol inno•·ationo in ooh ware ong;mt·n"'( ·· 

A cmnpori.,rn. lt """"'' intuitk•ly thol >Y•
Iemoti< d..-olopmenl pr<>cedu<eo w<>uld load t.o 
brti.c<r r<>ulto Daly" otl.c<mple<l t.o me .. ure the 
<hllor<·nc• in the ro•ullo ohtaim·d by th•· di,cipl>ned 
•·n~in<"orin~ opproad> ond lho 1, • ., diociphnod pre>
~romminll opprooch fi,.fure modero pro¡¡ummtnll 
P'"' tites)_ Fnr thi• pur ¡>O>e h~ >tudit-d th• t•·«>td.d 
•l~tislit> of o lor~t· rool-lin>e oyotem con•i•ting o! 
lfiU.ntiO in,tructions oncl 170.000 logic K•'-"• Lnol 
<"<>unt>n~ ~"tu m duplirote-d drruil•l Ho fell th. 
,;,. aod ,-nutplexit_v In •·ach •roa "'ero .toout the 

!lt•re" wi<llt helouncl: 

• ¡wicP oo much •flor\ had b•Pn requir.d lo 
M'·e\op an in,truction •• 8 lob~< ¡::o fe_ 
• f<>m ""''' •• mHny dt•>Ígn m"intenonre corree· 
tinn' ¡.,.,¡ ¡,..,., <nnd<• P'"' >n<lruction •• 1''"' t>•Le. 
• lr.ur titt••• "' murh t<.ol hod heen incurr..U for 
dt·,i~n moiut.non,,. o! ,oftwor• &• hard"u• 

llnl)" tl""'~ht h• rt•N>gnu.t-d l>ve underl_¡·in~ 

"""'""' 
• m•n·~~m•M techniques ond d.v.!npn,.,nt prD
rr-tlure• ,..,.,.mofO oth·on<ed in hord,.oro thon in 
>Oftwore; 
• ht<td"a<•· ,¡,._,~u•ro were mnr• e>p<"<><"IH"ed and 
.•mployotl o mure ""•trmlmed de•iKT> · 
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o the buk building blocko uoed in ooltware de
oign ¡;_._, dillerent \n~e• of oource otatemento) 
wrre mcoro numerOII> and <ompt .. thon the "ND, 

<>11, and NOT conrepto u !M in hardwa"'; 
o hard,.oto ¡;ot • double do .. of l..eotlng and 
evaluotion. one by it .. lf ond the •econd u a 
noturol byproduct o! ooftware l.eoting. 

Software englneerlng proeen 

In recent yearo the oUoge> of the ooftwo"' P"""'"" 
ho•e been onolyz..d by many r .. earche,. ond prac· 
titionetO.n Thio work io oummari.ud in Table l. 

1 R!OtliREO,O(qfS A~Al VSIS 1~0 Df.ii"IIIO"" 
1 S~WIICAIIOqS ''AS A 

o C~!CM'OINI fO~ AGR!Eioll~T &V USER ANO OEVtlOP!.R 
ON THI FUNCIIONS RIOUIP.!:Q_ 

o REH Rl~CI 1'{)1"1 FOR OlSIGN OI~HOPIIIIN1; 
• COioOPARISON P01~1 1 OR PROGI\AIII VIRIIICATIO~. 
o PLANNING POIN1 FOR PROGRAIII HSIING 

l O!SIGN IIN 1HIS SIAGI: UAAV Of THI NfW PIIO(¡RA~MING 
PAACIICES ARI USHUL! 

• !lA~ CONClPT CHoH PIIO(¡RII.MMER_ SUPPORiliBAARII.H. 
ITC. 

• TOP-OOWN OESIGN OR STRUCTURIO O!StGN. COM!'OSIII 
OlSIGN SIIPWISE RHI~HLI~l. H•EAARI:~.CAl O~ 1,100-
ULAR lllCDMPOSITIO~: 

• PROG!U.M OlSIGN lANGUAGIS. O~ PS!UOO CIJO(. OR 
PIOGIN fNGtiSH ¡IHISE ARI "01 PROGRAM~ING lAN· 
GUAGI:$1. 

• PFtrul~l WOR•800•. 1)$1 U~IT DIVHOPt.IENT fOl. O!~. 
• FOR!.IAt REV•!W. Pl!RREVI<W. ET~: 
• OOCUMINTAIION-1 G. HIPO 
II,IANI 01 IHISE PIIACIICIS CARAY THROUGH 10 OR HOVE 

IHEIR COUNHRP/d\1 1~ lHI N[ll SUGE 1 

' PIIOG!U.MI,IING 

• VARtOUS lEVHS OF PROGRAI~~ING tANGUAGES_ 
• SlRUCIURfO Pl!()(;f\AioU~I~G iOR COOtNGL 

t~I(R'IAI ORSELI DOCUMEN!Al~. 
• S IRUCIUMO WAt~ 1 HR\lUGH OR COOt REVIEW. 
• 018UGGING 

~ V(Rifi[AIION ANO IESII~G 

• CORRfC'"ISS !TO SPI C1ftCA IIONSI. 
o ~[tiA81liTY IIN USER fNVLROt<!.IENTI. 
• 10P~OWN HSIING 

AUTG•.IAIIOAOOS 

6 PERFOR1JANC! " 

• HfiCifNCI. 11~[ M[MORY Sil E 
• OUALIIV 
• OO.PUB•ti!Y ft(l>81l11Y I'{)RIA81UTY 

OPEAATW• ••O loOALhi[NlNCE 

• ~(SLGI [IR PROGRAM~'"G [RROR CORRECTION. 
• .. INOR UP0A11NG OR [ V•AN[[MfNJ 

! CON>IGUI\AhON .. ANAG!,.tNI 

• AASfii~>•G Al VM>nUS SlAGlS AfoAI~Sl fiJAIH[~ 
fi!A~f.l S 
"'"IB(I '.1 ~1 PI IR liNIO 
rlt••¡rJ 1 11~1 AIM I•IAI<II .-u ... H-IIH1111 S 

1 ••1><vo<y IQ/K 

whkh preoent.l on ordcrin¡¡ of tM eight main 
stages of oofn•ore development ond • oe<"ond -o<der 
li•ting of oome ol the manogement ond d~•ign 
practiceo cborocteriatic of cath ot.lgo. 

Tbo ccntept of a deoign st•ge in ooltware and ito 
~tlon frnm t.he pro¡;rammlng stal'" is Rlotively 
new. In the dulgn otago tbe inl..ent lo to .,ork out 

Manogers comr,lnin thnt programmcrs rcsist the 
new ideas, whl e progrnmmers returt thAt man· 
agers don't underslnnd the problcm. 

r.ompletdy ond unambi~'\lou,)y the •oltware •Y•lcm 
n~ to rooet Lhe s¡x•dfir-lltinn.. uoing F.ngtioh, 
pidgin F.nglioh, or o progTom deoign languo~e. No 
instrurtiono or codo ore wtil~n in thio stoge. 

The purpos• io \n creote o logicol o\ruc\ure ,.,·hicb 
ton he checbd bork againot the OpKiricationo ond 
int<ornolly within il• 0"11 otructure helore proc...,d· 
ing \o tho odditional lobor of wriling lnstrurlltmo 
in 1 high· or low·lovel pro¡;uunmmg lon¡¡uaga 

Thote may he c<eeption,.. howenr, to the wt!t.e
no-inolructkmo rule 0... io when oome novel pr<>blem 
muo\ bo oolved al the pro¡;ramming levd to """"'" 
that !he dc•ign lovel >Lructure b "'orltable_ Anulhcr 
'" reitcntion. in whlch probl<m• occumng in a 
]M_.,r ola¡¡e hove to be fed bar~ and nKe>>&rily 
rause thon¡:e• in en earHer ""!:"-

Modon> progromming pra<tl< ... Ahh011¡;h theu 
practiceo hove h<-L>n widrly dL<eu•oed in the lil..er· 
ature, Hnlton' hod \o drop nn~-\hird ol the o·om· 
panieo he atart<od out to •urvey benu.., they had 
nnt even conoider..:l u•ing them_ At panel dlo
cu.,iono, managers complain fmm tho podium that 
progTammen rcsiot the ncw ideao, while p<OL'l'•m· 
mer5 retort from the noor that mana¡:ero oro Loo 
r .. from the nitty ¡;ritty \o understand the problem. 
One con only condude that oomo p..oplr nt•ed 
lurther infonnotion obout mOOern programming 
procticoo. 

Toble 2 defines the core prarticn brieny cthe 
moin purpooe o! thio orticle, •f"'r aU, ia \0 eoublioh 
the nt~·d lor ond the valuc uf theoe t<"<"hntqueo. not 
1<> duriclate tbem in deta>ll for lhat purpose the 
pro<tices ore rderenced_ In addition, freeman and 
Wa>Sermon havo annotau-d lO fulllength btxJ\10 
on vari<>uo oopc<U of oufrware dc•ign in lheir 
lutorial." 'l'hey obo repdnted 2~ el tho more u"'ful 
popen_ 

Severo! booko ore 1-00 new lo be b>i-<l by fn-eman 
ond Wo.,orrnon. Tou•wl>rlhe"•" volume. pr~><hu·rd 
ot \he Jet Propul•ion ¡..,¡,.,,al<>ry under a NASA 
'onlrocl, e oven the devel,.¡><nt·nt •U~•· of Toblo 1 
ond the programrning pra.·ricr•• ol Toblc ~ lund 
'nlhero) 10 " •V>It•mol1< '"""'"''· lhtght•• ""'' 
Mi,·hro.n" , . .,,.,., • .,,,.,.,.¡,,.1 """"~''' h..l,t l»r
"" .. n , ¡,.,.,.¡.,1,, u•nt . "" • " hu " l t>r "~· • • "'" • i " ~ . •< ,-r 
"''"' "''""'""""1, "'"' "lfLu'hU•··I , .. t~ ,¡,,.,,~¡., 1><>1 

• u 

1-1-4 " 



S-l -I 

--··------,--
'"" •~•u '" """" ,.,.,.,,.,,.,, "'''·"~"oo"' ''""' ''" ...... '" ""'' ...•. ., ""' "' ,, """'" "' "' '"''el"'" '"1 • 

ufloooou¡ 
.... ,,,,. .. "'. , ................. , ... ,._ '""""'"'""'" ............... ,,..., .................... "'"'"' ........ 1\ • 

..... ,.,,.,, 
'''"""" '"" ' ,, .. ,. ..... , .. '•"'" """'" '"" ...... '"'"""''""" '""" 11 '41 '"'' 1'"'' Ul'l'l 01 "'lfO!ILll '41 "'' 1 •OMO">I 041 • 

'"'""~''"''' '"~''"""' "''"' ............ ""' '"' ~ ........... ""'" ·-·-..-,.., ... ~ .... ,,.,, .. ¡ 

'" H~OOHH 1 ·' 1rM OJHO!JOHIS 

''"''" ~"''''"" "'" ""' ""' '•"" ..,,, <UO'Illl"L >oóo¡ "'d""'l ¡o""'"'""'' ·NI 01 ""'!lo,wur 11 U 

'' •• oo ''" "" "'"' ~ .,. 1110/S ,.,.,,.,,. "''"'" ""' •rw 
"""' "''"'""''.., WJ '"' ... ""' '""' ""' 01•• w••Oo"' '"' 
''" W""" '"' oo omo •• "'""""" ''" llll•u>Uroo ~""""' I"CLJI'M 0<" O¡ ''"'""'600 <CIOI! '110»0)Id MOU "!lo¡ '41 '"' " 

"'·"""'''" .... , .. ' "''""''"""'L'W .... ''''"l"''"" "'""'"' ., 

ob"'" "'"""'".., "~"" """" doll""'""lOil 'n"·~~"~. 
01 '''" oo '" ""U'""'" 041 ''"'""" •'" o•!uwr u'"'" wouo "''"' (lo!<H >ui ¡¡ W><!l llu•u"ol m<oxLJd 141 '"' ""d¡no 

,., ""<l'" "'' '"""' ul'noo ~!ko"' '""'~ ·-..,, 01 """"' 
'Ah• ,,,.,., ¡!l(l ... <<>JO<I .-•• -... -P" ... """"'"~ .,... 

JO¡ '""'"'""'""' "'"' ""'""'""' ""'"'""'''"'., .. ~;u,.,,, '"'" UOq•ttu!'{ioo ;t o¡ IOIIW" <1>01'1 10 10' f " \1"4> !4>JrJ~U "'ll 

"''""' oodL"" "'''"~ L"d>~ llu•ovool""'' 0111 ""' '""~' ~""""" 
,. "~'"'' oobo04>01 I"J"'"" "'" ""''"""'"'""' utll ""' 

" "" Hld!ll(l S~l)(l~d JlldWik:JijVIIJI" -Odl" 

"'" "" ,., ''''''"" SO Our MOU; 0¡ ''"' ... ~ 11• <><!l1'01 10 ..... i01 01 .. 0< 
' .,,,,,,. ..... ,,,.¡., •• ~ .~ .. 1141 ""'"" ......... , •••• ,.. •• 

'"""' "" 10¡ """ '"' 411" 1"<101>'>0 >!1 "" <wo"~' """"' 
OIQOIJOd ''' '""IJOW ¡uoporod,¡puo o~o Lr4! lllOI•,¡ "' 01 "'""'~ 

•~·'4 ''"''"" ""' ~''""" Por ' '"'''''" ""'""' !rM "'" u• 
, .. ,. ""'"""'""") ..... ~. '"''' ..,, " ..... ..,. ....... ""''""' """""" "''"' ~"""'" '"""'""'' r '''"""' ""'" "'' 6oo<ooo .,.,, 
01 OOIIJW<J!ooJO IUI """" ""'" ""'"'" "'M IILJ1!10/o\ ............ 
I"OOUodOpUo OILll W04I ~"P'"Ll "l <U .. ofJood M•u O~"l ,. '''"'' 

WOJ '" !IIJ""'"" 101 ""b'"4"1 '" L" t <• utlo<•o """"""~ 
,.N9osro oJ•nnn•¡s 

"'"""w '"'"""""" """' ""' oO"'" '"~ 
'"' "" "'"' .. '""' """"'" '"""""' '"'"""''"' '"""'" '" "'''"-'' '11"1"" ""'"'"' ~·-'""' UI'M '"""""' ""'" 10 
''"'""'" ........ _.,., ..... ,. .............. '"" '"''""" '"" .... "'"!lo<"'"""' ....... ,. ···~ """ ., .. ,.,.,,., " ~·-
"" '""'"''..:1 "'"""''""' "'"' w"''' '"'"' 041 "'~" o¡ 

,, ~ -.,NGilt~Od"UJlQ •v1n001'1 

..... ""' .. ..,.,.,. ... , .. , '""" '""""""' "'' "'~"'"'o,''""'""""'···~ <Qnl< ~"'" 1<"! 00!1>1 '"''"~"~"' ""' popo> pooo~"'P """' 
"1""''' "'~a,, '"l u~op ~UL<IOM ""' ""' '"',. lloouu•6>q '~'" 
-1"'4 f "'~ .. ~ ¡o IOIIo< r Olll' W>l'<< -·"' >41 """""'"'0 
.,.,.<1 _., "'' ·c~o """'1 "' 'IUOOU>onDto O>u() 

dN:!no01lhJO ~/o\00 ~01 

.. ·~·Jtod ~"'"" 01\ll' .,,, .. el.""~·· ~~u .. 
......... Id w .. , ... , .. ~ '"""'""'""' , .... , ..... """"'' """"" 
""' ..... ,.., 41011 .............. , ....... , '"'""Id ~~o ....... tio!LI ... 

"'' 9J'l"""""' •1 OH """"l'l '" <o "><lwOW w"¡ 041 10 oua 

... ~,. "'""w ""'"~ ,,.... '"""'"' ,.,,.,..,. """'' olhoa 
.,. .. ""'1'" """"'. "'""'""""""""' '"""" " po.¡OA" 'P'J"" ¡o "'l''"" o~¡llt¡pnpoo '"" """ ,.ww.,Oo•~ 

'"'' ""' ~ ''"'"""' ,,, oq "'"""' "'"""'~'""~ """ ,.,.~ ••• 
illOl OOO>!d 10 411¡~UJ UI!O•d OOijfl "'"""""' 4"L!UJ ¡o""''"" 041 " 11 .. ,,1,.,041 '"""6 ""4 poOOn• 01 po .. •u ''""""1 

"'""""'" oo '"""''' '"'"" "'~ ''"""'""""' u& .. o ""'11"' ,,.. "' .,,,.,,.,. .lq '""''.,' '" I>I""M ~"' ''"""''!lo.<J '"'' ... , ¡o l!l»LOOJ ... ""'""""""' 01 '""' .. ~&ori U0..00 lluow t¡q""' ....,., .... "l ...... ,... <wt>L ¡<; ..... , .. ,.;e¡¡, 
...,.,¡.,., ,,. •• ...,'" .. ,.,..,..1M 01 OOQfmW».., 01 """"""'' '~~'" . .,,..,,.¡ o&Jn .,. ""O!QIIIIl '""''"'"""'' '"' ""'"" o¡ 

1, oc "l~Yn~IIY1 N~ISJO i'll'll~0~4 o¡ ,SI'Irll ~l~l'lYi~O~d J]IIIJ 

----------------------

••1 uo>¡>(• ·~~o¡ '•rl•'l'·"' ·•o 10•"\ •! ·~~~~~~ ouo 
t¡>•• 1~~1 w~¡•.\• llu¡JO.>U~u• •••-"•1•• ~q¡ u¡ ••• 
.\•~1 aJ·l'! ... UlOJj S<o•J!oJd 01 I<O!JOJ}UOJ l!u¡n•ll 
¡o ""l'l"'d 0~1 1111• o¡ •••~J. -ul'"''' '"''1'1"'.1 

-.(fi>''l <d<<>JOJd xoq¡ JO '"1"·' 
1''"""'~ >ql UD ,_ullo•¡p Ál(UnWWUJ i>Sl,.J•'P '41 
u¡ o¡dwd .(uow lON •.(o., •nouu U( oa>po"'d "'"" 
••ti ¡u ·'~"l""·'P~ lluo~"l '""""·"''<! ¡uawdni,..,P 
l'""'ld'"'P P"'l"·"' •~~~ 1"'" ""'!1JOJd l!u¡wwo.lllu"l 
••·•puw ¡u o:tu"'l"'l' Ot¡1 <n p;>¡ru<Kloo; •~•'1 U"1JOJ1 

.,.,, ''""''1"' Jofow ¡o •;oqwml o 'Á]"l"""l"'J 

·~1uaw~•¡nbaJ pnpo11lpu3 
'l•!l'l"l'·' O) '! aJ04d• J."ldOJd •11 'OJOMI''"'I "'J 
"" up "' ¡.Juo.>no '"" ""'P 1[ -"""'""<! 1uowdoi"'"P 
puo "~"•1' ~'11 'l~noJ'(1 o:l IL"" ...,_,30J¡UOJ -"'~'1 
,.nt "'"·"1' n¡ UOU J~j 11""JJ\P '11! ·•a~aOLOJ1 

., --.apw oUJn¡oA·~ 1 
• U[ p.ol[nUi 1i0JIO '!'1,1. ",(liO[OUt¡,.., l!UfUJW•Jll 

-<JJd p.:>~npru1• ¡ooqv ""'""~ '""' 1•41 11•!41-'•••• 
1"""'"""P <11 ""l'l"!U '"'·n•.ts l"'•'P•.{ \';lll 'lll"' 
1:'~i1U<>J • po•o<Uod< Á[lU!III i01UO;) IU·>WdO("'O(.] 
i(V OWOU O>JO,i '!Y "'11 pu• puoWW<>:J <W<>ItÁS 
Z01ndULo:J ~WiV 041 'H61 4"'1~ u¡ '-1~!1'"3 .,-Bu! 
.J..,u¡llu• 3••"'1)•• ¡o au¡¡d¡.•"P o a¡~aJ> 01 p>pu>1"! 
'""!l·'P!nll l"'l'!"'"d ""!l-'<'"1' 9L61 • 'a1du,.u 
.1o,.¡ ·~u¡;:mu(lluo "'""'1)<>' ••11 "'JI" ;uuw •Momu>U·• 
<11 od•1• ua~01 •"1 """"l~l ¡o ¡u>U<liod-•(.] •<u 

Mil[~ 00Q 1114.1 

"lrJd pu• "UOiUOj ·¡oq<>'J oa:Jo~uo¡ 
uowwo:> ""11!1 U! 2u¡¡uwu,'l<oJd p.:>~nvru1• 1""'1 oo¡• 



•• 

thinko the gov~rnment .. ou\d lik~ him lO u•• And 
o .. uming modern pwwamming pro<Lires so • 
gtv~~p ,.,. ef!edivo. there io <be furLher probkm 
of de'-'rmining juo\ whith proctkco are moot 
sultah!o in portkulor opplirotron•- And ln~'mu<h 
ao modern prognmming prorticeo coot t.udgel 
money, ther• is the problem of findin¡ out which 
'"'"" ore ..,..,¡ =t-elfectin. There ;, t.ho problem
¡, ~oftwor~ Mginc .. ring suffidently moture Lo bo 
roody l<rl otat>dnrdizotion? Mony ub .. rv<r> think 
th...e io •Lill m1w:h Lo learn ornl organiutions ohould 
, ontinu• ID< so<N> time yri to uperill><nt with """ 
lt-<hnir¡ueo. 

Soflwore analyolo_ One <Icor n....d 1• for more 
dota un the ooftwue denlopmPnt pro>cus. To m .. l 
t!oi• n....d, the Aio ~·urce ;, oottin~ up through tho 
!lome A ir Deve\opment Cr•nlt•r o soflwore onoly•i• 
.enler." lt io lo gother prn~ram deve!opm~nt 
o<ali•tko in ord~r t<> det.onnino the foctbro th.t 
inOuen•-~ the prOOucli•ity o! pro¡;r~m""'ro and the 
CY>I uf "'ft"'"'P d,·v~!upmenl ond mointenanoo. 1\ 
·.,..;nnd Laok is lo urnle .. tand the nalur•. causco, 
and e!f~ct• of >H>flwore failu<eo_ To a<complioh 
th~"" purroseo, it •PI"'"'" thot •ome delinili<>no 
"ill havo lo be hommored out l<> mAke dal-a lrom 
-.riou• or¡:nniuli<>ns cumpar•hle. 

Cutl<latiuno. One way lO utobli•h the value of 
modero prn¡:r~rmnin¡¡ prarli<·es i• todo rwrelotion 
>ludies. S<~rh >ha!ies alternpt to correlal.<l one or 
•n<>re pro¡¡r~mming practiceo o¡;amst vori<>uo m~u· 
•<res of the eff...-live,...o of tlu, oolt .. ore de•elop· 

n>ent !'«-"''"""· surh ao co•l. ""'""· and pr<>l(l"a""""r 
¡•mductivity. lt wuu!d be int<•t<•>IÍng lo know if 
""me ol thc pr••·tke• are"'"'" oll•aive thon othero. 
In an altt>mpL 1.<> onower thi~ kind o! queotion, the 
Rumo Ait De~elol'menl C..nl.<lt commiaoioned a 
numbet uf oLudieo, three of which were !eporl.<ld lo 
l'OMPCON F'oll17. 

Cuot rel•tion. The lirst otud~. by Ro<hel Black 
nf IJoein~~:. me••or<..:l the eflecto of m<>dorn pro
~ru<nmin~ wact ,..,., ''" soltw•ro de~elo¡HnenL co•L• 
for five ¡m>jP<to <>f R""in11 C<>mput.or Sen·iceo.~ 
l!owever. twu uf the pt<>j""t• .. .,,. '"'~ omoll • .O 

in view ol the b··lcrl thot pt<odoctivity nn smoll 
pru¡ee" " h1)\hly <h·p<·JHient ''" the inrlividuul• 
in•·ulv..d. th~ ,..,ult• lrum ti•••• tw<> pruj<'<:ts llave 
l><•.n elimin•ted '"'"' <h•• dolcO oummari"..:l heno. 

The k<•\ ,-omp~t<oon """ mode between tnlln-
"""''1" lor th., pruje<ts •• lme•·•"ed by B<teing'o 
"adlliunHI •·"i"'"ting procodure and m•nmontho 
... tuo\1¡· "''"''..,¡ The tr•diti<>nol proc..dmes • ..,id 
'" l""li.-t "''" .. nlun _t 1~ p..~«'fll. luid not O>.<.u""-"<i 
¡¡,.. ''"" .,¡ n•ud«n pm¡:rommin~ prarli<eO. l!o;o
'"'"'· !he p«•J<'<'I• a> Ht"<U!t-d. d1d ompluy D voriNy 
uf""" jlto<<i•·~• 
Th~ ¡~.rn<·rAI elh·<t <>1 u.ing tnuJ~rn prn¡¡umming 

¡>r><.-ti<Po ""• pn.,ti-.·. a_, •1""'" in F'<K~JfP L The 
,, • ,.,.,~,, <U•J" .,,.,.,,.,.,,. <ti tlw 1 hf<<" i""j" O<. « <"l~hl"l 

'"' ,¡,.._ ~·" 1.1 1" "'""' ·¡ h" h~m·· ""!'"""""" llu• 
ohll•·"""''" ln·l-..""" tlw '"''''"' "'""'"'~"h' ««<1 

''"'"'""' ,.,, .. 

Bocing found modero progrnmming J>rtlctires 
redu("l'd Pctuol costs over forC("IISt ~u~ts b:y 73 
perccnt. 

th• o<tual manmontho. dh·id..d l>_v th• fofl•cut 
manm<>ntbs. 

The proclkeo ~mp!oyed" "" tho: thr .. project• ••• 
listed In Tablo 3 in the o•d•r ol m .. ·k ·, e•limut.o 
of their impo<l on coot. lt Joes •PI"""' that >ome 
practic .. ""'mor~ elfo<tiv~ thon o! h., o on th• coot 
dimt·Mi<>n 

Tho•• tlu-ee proj<"<·to. •• well u the two ""aller 
proje<:t• previ<>Uoly diocord,-d, oloo utiliz..J lop· 
do"n d•·•ign «-cl<niquoo, •Uuctur..J pro~fOwming. 
ond wogromrmn~ >«ppurl tuolo ond 11\,.arin. 
llecoo•e the twu ><nall<•r ptoj,.,-¡, ~.d shul'on I1Hie 
in•ptuvement u•in¡c the,~ to<hniques. lllack hod 
•l<minoted th~m •• <untnbutof' lo tlu, benehlo tlu, 
three larget proj" ts arhit••·•..:l - probobl~ un Yo i><IY. 
l\ow•vP<, her inl<•'"iowo "ith pf<Jjocl P''"unnd 
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Toblo 3 Modom pr011rommlng proctleoo un.: on lhroo 
Doolng pro)ooto PIOiod In ordor ol lmpoel on <COl~ 

I'!IACJICES ASSOCLAilD WIIH PR()(¡IUW WANACI~S" I.!Aii.G(. 
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ONl Yl 

OASWNING 
PROBl!l.l AIPORTINO 
CHANG! CIII<!Aot 80liiD 

rev,..led universaL p<>•itivo feeU~go obout the 
effr-cliHn~u oll<lp do,.·n dooign t.e<hniqueo: 

Prohobly the impru•.d cusl.Qraor/proj""t ond 
intu proj""t communic.otion cited by our inler· 
•i~w••• •• o ~•n••~uence ollop-dawn deofgn hoo 
il> pritnory b,•nt"!it in ••l•bliohing o oound b.,io 
for formol <••<ing. In particular. two of tho pra-
1¡nm monog.ra intrrvoewed lell thal lhelr letl· 
(ng ocLi.olioo W'"''""~"'' moro amoothly. ond lhol 
1~"'"' eiTGn w•r• rli•cover<-d durln¡¡ tesling ao o 
di""""' •~•uiL af tho top·down deo(FO te<:hnoques 
thoy empl<>yffi. For lock of oupportlng doto in 
thl• oludy. wo •·•n unly wnclude that the ro.l 
bonof<ts ollop<luwn dr·siHn may not be evlclent 
untn o "''"'"'" oyskm lo in opüOtion ond 
moontenon<o. 

On the oolhe< hand. Lhe obsen« of a pooiL"o.e 
ror<o·lotion h..•t"""" mocloorn pro¡,'tamming proctke. 
ond <<>OL <>11 the Lwa •molle• projer:U woo more 
likdy the ,..,ull uf the idiuoyocrocibs of omoll 
projocto tlum ol "'"' uf the emp!oy""'"t of l.op-<lown 
de•ign procures. Tho po•ilive co.,..,Jotiono fourd 
en lhe thr .. Lorger proj.cto. which oloo used l<lp
down d,.,;~., and lhe olher t.e<:hnique•. io more 

l><"""''ve. 
lilac~ also ott<!mpu.d to m""""'' the itDpoct of 

mod<•rn prolf'"'"ming practico• on the perc~ntoge 
di.trilout1on of CQsls rwer tho four moio pro¡oct 
pho..,• u•ed by IJ.oeing; 

• do·lin1tion je.sentially rcquiremenu •nd o¡>«:i· 
fu•uunot 

• dr•Íb'T> 
• <""""" ti<On lmrl«d<•• e<>dln~~:. lnl.«~ration. ond 

funnonnol to••lin~~:! 
• clr·.,~·n•Lr•Li<>n '"'"'"'1''"11<" L<••tin~ on<l inoL«Ll· 

ot"'"' 

"l"h< ro•ulto. •umnooriz...t lor the throe ¡o:o)O<h 
in Fogure 2. oho"...t lhot rooto were ohihod lnto 
nrlwr ot.ogeo by lhe uoe of modero pto¡¡romming 

p:aclir:eo. Unfortunotely f<>r the otudy dr·•ign. 
1\oeing included both coding ond leoting in tht 
third ot<ogo, conolruction. Cr>noequenUy. the ohift 
lo the Ioft wuleu marked thon il mi¡¡ht ho•e br.~·n 
lf le•t casto were broken out •eparolely. 

" 

Proxrommlox ot<oodordo. In lhe lito< ol ¡wo 
relat.ed otudie•. Urown" intervlowed o cro;s scction 
of menagemeilt o nd perf~>tmer peroonnel on TK w· o 
very lorgo ballioLÍC·missU....defenoe pto¡;rotnmÍILI 
projoct, oo well as key oto!f peroonnel nut•Í•I• tho 
projoct. Th.i• ourvey covered the lmpoct uf Ja d• 
t..oiled ptogtomminx olondardo (o.g.. IL<uttured 
codin¡) on 30 rharoct~ri,.ko of ooltwo•• or tho 
developmont 1"""~" le¡ .• coot. ochedulo. or pr<>
gnmmer productivity) Tho\ modo • motri• o! ~·o 
relationohipo. ooch of whk~ woo eole~ori:ed uvor 
oomo ~ine lev~lo of comblned innuenco otld .,..,. 
Uon otronglb from very ''"'"1 p<>Oitivo 1<> vary 
otrong neptivo. llowever. •s per<'Onl of the MO 
inte..-tions wore lobe\.d indilfero·nl or iru ""' lusi•·•. 
imp!ying oith~r thol thcro reolly wos "'"'Y litlle 
rdotionohip betw•M theoe varioble• 01: that tho 
Lnterviewees ""'" ignoront o! them. 

Aoo btief summoty of '""'" of llrown"• fi,uliogo, 
four of the mor• significan¡ rowo lr<pr<.entmii 
•orious coding stondordsl ood ~ven of lhe m<>ro 
m~anin~Tul colurnno (re¡tto•entin¡ varioouo ouflworo 
chot•~lor(oticsl havo hr•cn braught to~dh<r In 
Toble 4. llrown"o tatinKO lotrong p<>•ÍLÍve. fot 
uompla. """"n• otrong .,.....,ion. ¡>Ooith·o innucncoL 
won convort.ed Lo welghto.-d in,..~oro lott<on~ pool• 
tive - +3), hoth fl>t ,;"'plic¡ty ond lo perttoit tho 
>olues Lo be oumtned oe<Ooo the rowo. Thu._ tnutino 
oito or modularily ;, reloo..-d ta the ""v•n snhw••• 
<horocteri,t>Co tu the d<·H••e of 51 per<·cnt o/ lho 
moximum ¡>OsoLOYe roting. lt io :elat...t Lo oll 30 
ooftwore clt&ro<lctiotic• lnot ohown in Tobll! •1 
<mly L<l the dogrr·o al 28 ¡ocrcent. This dtup is not 
•Upri•in¡. ''"'" the >r•oo•n columm•. woth une 
O>t<plion, were ocl.ct.d Lo ohow the >lrung•r 
r..Jatiun>hiP•· SttucLuted «odong. whirh ~•• not 
otr<ongly correL<~lrd. ""' inducl.<l os a m•tt•r of 
in'-"teot. oinco it is ene vf tM coro proctíceo. 

Structurod cod•ng e~oko-d •lrong feelin~• on tho 
¡oolt of the int<>rvicwee• (herall il hod IH Jn••itivo 
rotingo lovoroge + 1.71 ond .. wn n•gative rotingo 
loverag~ -~.861. Ao lltmon puintod out. thi> woo 
"'""" oul of o lnloL o! only 17 M~"'""e rotin~• in 
the wholo surv•y. !le felt that il ••indi<oh·• • r•Lo· 
tinly dim view ol otru«nred coding on th• ¡oort of 
lpraj..,l) ptorsonnol •• 

""llowever."" hr• wenl ""· ""th••ro ore '""'" ~·ood 
reooono for lhis lo be the '""'· Firol. the •tondord 
woo n<tl uplir<tly do•ron<"<l and ~nfor,..d until olnoo•L 
lwu yeor. alter ILhr- prr>JI"< lll<·~nn. and tlw rr 'l""'" 
mront tu ,.,lruo·tur• c>i,ting •·•~lo· wo• h·lt '" be 
<uunl.'"'l"'odU>I""'"· Murr•«·<·r. ,.,;¡in~ .uu,ourrd 
<'d<" in •t.ndord Fror(roon ¡, '"'~ ~ otJ ood inl <• •luo o<l 
•nmo in •fiLdeno ·,.., in '""''" '""' o>o•o·uliun t"1 .,.,. mok· 
in~ it doffkult t.u •oLi•fv dr•mondinl< ""~'"""'"'""" 
Lo•iod. on the <rol time .oft,. 01e. rrnoll¡. Jtho 
projecq hos not ycl rcorhod th< pho>r· Juring 
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Figuro 2_ F<>ro'"ol cool dlotrlbullon obl!to lo oa~lor pboon who~ mo>dom progrommln; proollcu oro omplo,.,. l•,.,.go ol 
lhrn pro)O<IO~ 

Toblo 4 Rolollonohlp ol ooloctod pro¡¡,.mmlng olondordo ond 
oollwO<I thoroelorlollco lllrol TRW otudy~ 
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whL<h Lhe mojor b..·,.,filo of olruttuml prob""'n
mln~ (i_@_, impr<>•·...:l ,...,dobil.ity ond mainl.&inobi~Ly) 
w.re ~'¡>e<t•d lo br· reo['<'d."" 

On thc rd•tiun,hip• Lctwcon c<>chng •tundardo 
ond Lhe chM•<lui•Lico ol <o>l, othedulo, and P'"' 
.. 'T&mr.>er ptooluctiHty, the >Ludy wn tw<>lhitdo 
mrondushe •nd un .. third ne~ative_ Thot i•, about 
twn Lhlfd> ni the i~otonccti'"'" ¡,, the"· t•oW¡;<""'·' 
wer. luiK•I<·d int·<>ndu>iv~ <>t indillen•nl. The ,.,. 
moinil>¡.: un~ th<rd <>1 thr inL.rMt<lion• w•r• mo•tly 
nt·H•'••c. •ho•tn~ tho h>llowin~ n•t r•rc.·nta¡:<·.: 

Schi'du\• 
l'ttogrommer 
Produrtivity 

f7JM'<CORI 

,, ,, ,, 
' 

" " 
,, • 

" ,, • _, 

" " " " 

Perhopo th" «UOno lor the poor sltowio¡¡ on thooo 
chorocwriotica oro oimilor 10 tho•• <juol<>d obove 
on slruct.ured cuding. 

In >UtnllliiLion, the onr•ll weogbt«l retmg• for 
Ul progrommin¡ ot.andard• ogainot JO ..,1!..-ore 
characl<·ri>tiro were 59 JM'<«·nl po•iti.o, 33 pcrccnt 
ondill•r•M or in,on<lu•ivo, ond ~ pern•M ne¡¡otive. 

In odtlt\inn. twu hy¡.,thc••• ""'" «•<•"<l. 'l'h• 
fif't Í> thot l""K<olfomon~ (o~ .. d•..,UOK'nL•tion ond 
codinKI •<•ndotdo. i! ro~oruu•lv d<•fio..d. 'Y'~•·•n••· 
ic•lly ,.,.f.,r<..d, ond .<upp<>rL<<i by <•~•t.. hdp oo 
nooko po.,ibl~ Lh< pruducliun ol ooft""'" of loi~h<r 
than u•uol qua\it~. To thi• pr<>¡x,.iti»n tho.., int•r· 
vio"i'd o~rc..,d 85 pcte<nl. d,.•¡¡r..r·d • ¡"·rcen\, otod 
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d;dn't lmow ll p.rcent. To \he ....,.,nd hypotheoio
h, !hat thel<' standard o he!p t.o make posoibla 
the pmduction ol ooJt,.ore ol lower than uoual 
root-tho.., int"'vi~wod ogNed only 28 per<enL, 
dioogt<'l•d 50 ¡wrcenl, ond didn'L know 22 ¡wrcent. 

MPP impoct. ThB II<'COnd THW naluation '""'">' 
g•n~rol.<'d o matria ol ll modern progumming 
vr•clke• againot 12 oultware problemo, mokin¡¡ 
132 inlen"<lion• In oll_ In thls otudy personnel 
'""'" a•ked lo respond on both an ~~ll•ol and a 
l~•or<tical buio. Tha theor~tlcal reoponoeo ohowed 
a higher do¡¡-roe ol r~lalionohip \han !ha actual by 
o wei¡¡ht-ed margin ol be<ter thon 3 t.o 2- In addl· 
tlon. tha "lndifluent'' 0<r "in«~nduoivo" lnter-· 
tiono dropped from 40 t.o eight. 01 the 40 indifrer• 
ont or ineonclu•ive inu,r..,ctluno in \he actual com· 
poriaon. 26 were involved in col\ 01 "'hedu!e ovot· 
"'""o.- inefro<'oe-nl UM o( '"""'""""· again ouggestin¡¡ 
tlut inu.r~iewoeo wore cutrently dubiouo In theoe 
arell- On o theoreticol boois, however, tho lndil/er· 
en\ and lncnnclusive interoection• t.o theoe thrH 
aoftwore prob¡,ms dropp<'<! t.o !ove, implying that 
with more nperience, modern progromming prar· 
t\c~l would hove a """" lovorable impacl on theoe 
problemA. In faet, the ratingo !01 th .. e throe prob-
lemo inereued lrom "incnncluoive" t.o "mMium" 
or "atrong pooitive." 

The average impacl of ""'h m<.<lcm progrornming 
practi<e on <be r .. e!ve ooltwon problemo io grapbed 

,-~ 

in Figun 3 Tbe theote\ical ralint,., ""' con>ldcrobly 
better. thi• tlm~ by about 2 t.o l in "cighi-<d terms. 

In Brown'o own wordo, "There •• o<rong "b'"'""
menl Mmong lprojecLI p<·r.onncla• lo <he lnur M!'P 
of gtt'Oieot lmportanco ond imp•ct and otrong 
agreo.ment on theit teloti•·• ron~ing. 

• Requiremonto anoly•i• ~nd validotion 
o fl•••linlng .,f requirem~nlo o¡><•cil~<·•tion 
o C"mpl•t.e preliminory deoign 
o }>coceos dul¡¡n 

Thete io otrong ogr .. meM on the i'"P""""'" •nd 
po•itive impaet of lhe n~xt thr. .. moo\ highly 
ronked M PP, bu< the rolative ton~ing omon¡t th•m 
io looo <loar; 

o Incremental dcvelnpment 
o Unit developmen\ lolden 
o Software development <oolo 

There io otrong 't."<~metot on the importonrc and 
pooili~e impoct ol the lour lower ronked MJ>P, but 
tho reLotive ranking omong them io no< 0\ oll c!ear: 

• [nd<•pend•nt teoting 
• ¡.:nforco·d pro~romm'ong oLondord• 
• :;.,ft,.·ore ronfig<>ralion rnan"g,·nwnt 
• F<><mal ino¡><o:tion of documenLalion ond code." 

Ao lo <he ¡¡on~ral Ml'P hyputh<•>io. the query 
ond the re•ulto were •• lol!ow•· lluloo ¡¡ovorning 
""'"""'" devrlopment, evaluotion. ond documont.e-

O!GAH Of NEGA li~E OR POSil IV( ~El~IIO~~IP 

·• -3 -l _, o +1 +2 •1 .. 
• 

1 

N-'1. YSIS ~ND V.I.UO.O.IlDII " 1 

"- -~ 
VE<OPMENT /',? 
IN~RY D!SIGN " 

PROC!.SS OESICN 

I:O,_Pl E TI" PR{ l IM 

1 
~~ FOllllAS ---" ~CJUAL 

""' 1 
~1.1 SIA~O.O.ROS 

IIHEORE!IC 

<~lliPE~DENIJtS !ING " 
SOITW•RE CONFI GUf<AIION MANAGE,.ENI 

1 

" EOUIR!.,.ENIS Sf't"CoFICA!LON 
1 

" ION OF DOI;UM!.~!ATION ANO CD[t[ j 
OPUENI IOOlS 

1 

il;~<ol n.. t<><<olollanohlpo t..t•ou l~o modo<n P'"''l••mmJng j>(ocllcoo on~ \~o oummotlon oll~o \wol•o oolh•••• pn>b!omo 
Lo ol<onvo< In lho lhoo<o\Lcol cuo thu In tho oetuo{ cooo br obaut '"" ta ano. 
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tion, il ri¡:orouoly delm..d ud appli...J and oupport· 
0<1 b_v modem prngumming pra<li<., lt«hniqu~• 
and U>ol•l. make P"»ihl• the production-

T~ Fa he ' -o/ higber than u•uol ~ • " <Juoht~ '"[("'~"' ]><'rtent percenl ¡>ercent 
-<lf !ower !han u>~>al .. " " 111~ cyd~ "'" p<rcent p<ranl p<r<~nl 

l':nur ><lutiun Oporotiunal tt•liohility, dU<·umen· 
lotion ettur lm¡uency, •nd c<><ling error lm¡_uency 
"<r~ tlu:'-"' ol the 30 Sült..-are ct..&uct..-istico t•mploy· 
ffi h,> llr<>wn in t.;, for•t otudy. Tl>e weighltld positive 

rank1n~' ""''"'"' foll"w•· 

Opdatiun.ol reliobihty 
IJ<>eum~ntalion error fr<-quenty: 
Coodon¡.: ~'"'' ftt•4uen<_Y: 

JI p<r<ent 
14 IJ"~Unt 
31 percont 

In loi• '"''ond ""dy, h.- found o more positivo rela
tion,hip b<·t .. ...,n elev~n modem ptOf{tamming 
po "' tic o-• a nd ro-h•hihty, u lollowo; 

A!'lual· 
Thooretit·aL 

51 percent 
13 p<rrent 

llelford. llunah<><>. and lleard~ u•.d ;oftware 
error ••the "nly coitt•rio" in thdr Btudy uf~~ l•<h· 
nical •nd ¡¡,.~ '"""·~··ment •<>11-..aro en¡¡ineering 
1<• hniQU.,._, 1 n the ab>t"""' o/ firm h.i>toric.ol ho<:otd>, 
d•la wo• oloo•iuod loy inLor>icwo ""h •·•¡oerienccd 
per>•>nn~l. Tlw ],,,.¡., d•U wao in 1 wo calt•g<>ri~o: 

• the p<t<~noa¡:~ uf toLa! ~rror~ eslimated lo 

<><Cut 1n , .• ,-h o/ ""'"" pha.._.• of tho •nfL,.·are 
¡,¡,, cydt•: ¡,""'""'· <>nlv the d"lriLuLwn ,_,¡ t•rron 
in lhe code and chKkoul pha"" wa• t•rnployed 
in thi• •Ludy; 
• the prohoholity ol deto<:tion o! each ol the 
Lwefve error lypeo Ly ••eh o! the 26 ooftwaro 
en¡¡in<t"rms U-.-hniques. 

Thio in~<o" ""W data wao pnx:en<.-d to obtain indu 
numher. ron~in¡¡ from O to 15. 1'hese nuon\oeto 
iodica"' lhe <fltdioene., ol ea<h ><>llwor• eng;,..,... 
inK l....:hnique in r..dudng erron, 6• >umm~riud 
on Tahle 5. 

The outh"" rogard their pre•ent methood •• tho 
~rot<>lype of • •l111 unpm•·e-d P'"''""" tlul "can 
re-du•·• the id•·ntihcation and ,..f,..-tion o! optimum 
.,,rtwat• """""'•.ring k<hniqueo t.o o otraighL!or
wanl. weff oh·linffi pt<K"t'<lure." 

To c•rry tho procedure lurther. better hiotodcal 
do<.a i• n..-d.-d, u well "' inf<>rmation on other 
ph•••s of lht• ltfe cycle. 

The broader communl1y 

S<>. mo•ml.wro of tbe dden.o indU<lry are making 
ho•odway in tho eiiO<t LO embroco •oftware develop-
menl in en~in...,rinlt d"eiphne !lut what of the 
hrnodor data po<><t•"in~ uommun1ly-the b•nko. 
in<uron<~ o·nn>p,.nie•. ond commt•rdal e\loh]i,h
ments? Nu1 Ion~ OJ{O. lla,]an Molb l~lt ololl ohle 

LO .. y: "The idoa o! o ri~"""''" ralh« thon a 
heuriotk progra,_ c~•i¡¡n method i> new, ond i> 
stilllor¡¡ely unkn.,-.-,:; in pco~rammin¡: os ¡>to<liced 
today.''•• 

The IBM approo:l:.. Many of the omproved pro
¡:rammina lechnc-~:,r:eo wore d"volt•ped by lllM 
;cientioto-Millo lO<' one. Tloe big coonpu"'r maker 
ha• been a ludH ~ <heir opplication, both within 
the company ande~ ito c"uotomero. One ta>k the 
indu.try fono, a«·"~in¡¡ Lo une lB M ""·uolive, is 
tho n....! fw- o ro·...:o•wd effocl by oll elomt•nto
lhe manulo<tur~rt. <he """·ic• bureaus, S<)ftwore 
huuseo, schooh, L:<! univ~r>ilieo-to bnng within 
t he<t own ttaininG ;"' ¡¡ron•• or cucrinola imtruction 
in 1 he impro•·od p·: • ..., •rnming tet hnulugie>. 

The incru•e-1:..0 -~<lta-ol pro¡¡r•mmero bein11 
~·ldo-d 1<> the indu>'-'Jo oan t~<n be a<!d!"''"',j through 
the d .. ,;,-,.¡ ...Juo.·.i: ~ chnnnefo_ A bi~l:''' pn•hlem . 
..-ilh kno.,]...;l~o ic t~ •• li.!d moving so r•pidly, ;, 
te<)ding o•\abli•'-é ptof~'"ional•-l"i"~in¡¡ their 
>kills up lu th~ lc:.•o lt•>ol• ol knu.,·l"l~"- 1 n thio 
oreo fllM ha• i- • .;_d~d the new pw~r•mming 

practices in i,. .-d. :.:ional olferin¡o;• to cuotumers. 
lt i> al>o "0rkin[ t.o insto\! a kno-..led¡:e of the•e 
proctic .. into iu •·•=- oery nkn•ive P"'~onmming 
populoll<>n. 

labio 5. El! .e\,. ~•u o! ooltwO<O onglnoo<!ng 
tochnlqun In <1..-oco!ng ottGto (buo<l an codo'"" 

ehockoul phon "'1 1 ,_ lachnlquo• aoo llotod In ardor 
ol oflaell>onon ,. 'h monogomont toehnlqu .. In 

.-O<onthulo. 

V[RV HHClM 11',()[• '.JdS(R ·~ 10 1~1 
PROGIIAt,l R[/,[,\'S 
CHitf PROGfW._,.H 
CHIH PROGf--'~~[0 !~U\ 
BULtO 1 [AO(R t< ct ~''-' HR SCttNCf C()RP 1 !CH~IOU!J" 
Sl RUCTUR!O "'q" ·~ '·JUGHS 

HftCliV[!?! lll 
INOlPENOO•li!ST ._; [VO\UAIION 
[X!CUltON ·~•e vs·; 
PROGR!SSov¡ T!Slt•G 

IESS !fltCII'IE 110 1' 
PROGJIAUM''•3 lEC•• : JES 
SlR~lURD Fi' )(;'.• V I,IING 
lOP O(!WN f'JG'V-t.~ •.:; 
V!Rif iCAliO', PROCl:c' ES 
SUPPORI PRlCO•II! 
rlOP-OOWN ~iVH0:-.~'11 

LEAS! HHCT1<¡ t t)-1~¡ 
tiNSP(CHO~ T<•U! 
lOP OOWN COS,GN 
SIRUClUR[O GESLG• 
BUllllS '' es~ ttt• , ~ Jf\ 
1 THR(OOS "'''.A ~E• ;, . S.Sl! MI lA CSC llCt<NIOU! 1 
PROGflAMUI'.: r!S·:~ -•"GUAG( 
AU!Of.UIEO ',( ~"'";!'' l 'IAlYSIS 
tPIIOJECl A[.",[W$1 
tMANlt;!"'E'l D.,, C~·.lEC110~1 
PAOGRAMUI',ü 5VP''>'- liBRARV 
SOFI\HR( (:iM IGl''>. •JN t,IANAGEM(Nl 
PROCi••~ MI',¡¡ UB'-'' •~S 
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the te~s cre~n•u people can be assogned to 
omptement ta>k.s th~t M•e been ~~~~~~ well su~c 
\~red_ Th>e suuctu•cd melhods atso unat>•e man
agers lo ooento!y the real lncomoetowls soon~r 
IMn otdar melho~• dod 

Arhontages. Tne p~yoll lrom the adophon ol 
moder" progr~mmon11 practLces nas come In 
terms ol sognollcanll~ ompro•ed sch~<lule por• 
lotmance and manpower produC10olty. Tnere ls 
no dOubt thal thna tecMtQuei. ha•e r ... ulleol tn 
drama11c ompro•llmems In cost, ¡¡uahty, an<l 
acnaoute ror e'arnple, one ol the programs lor 
the Voy.tger pro¡ect-severat hun<lre<l thousand 
hnes ol nogh-le•el l~no~age-was recenlly com· 
pleted ""11\ lat>or e.pendnures wllhtn bu<lget and 
computet tome al aome\hong """ hall ot budget. 
The redLIChon tn computar ttme tmptiu that tho 
program• were ol cener ¡¡uallty, because tr>e 
programmer~ hat:l todo much tess oeb~¡¡gong ano 
testong In the ent11e Voy"'ler sollw~re Oevetop
m~nt progrdm, JUSI ltntshed, onty one '"li~er 
team" na<l w ha s~t up That was In the data 
r~coro~ ar~a .. n.cr. hM to 1>e done in assembly 
l~ngudQP oecause a nogMr tevel langu~oe was 
r\ol a•ari~I>Le 

A r~cent Deep Sp,.ce Nel ~ro¡ecl. one tnal had 
t>e~n butJgeted lor twc ~ears. carne tn two weeks 
o•er buoget. t>ut thos o•er~g~ had been Oetecte<l 
ól year ahoac and appropttole readjustments h&O 
b€en mdUu In th•• CdSe, too, debuggong and test· 
ong too~ hal! the ltme orrgonally budQeled. The 
reason '"'Y le .. """" In tact, there were J!oO 
e11ors. oncluorng tnose tn Oocumentatoon, on 
300,000 Iones o! c~oe-a rate ol onty 20 percent 
ol "'""''"' ~'perrence. Perhaps ol equol rmpor· 
tance to tho~e onty too accuslomeo lo nef\'e· 
.. rac~ong "toger t~.om" ellorts lo mett lhghl 
Odies. thrs Irme tt•ere was no toger team There 
""'" no hds>tcs and no one aggravated hls 
utcers 11 ••cm•·u th~l soltw~re man~gemeot wa~ 
comong ot age 

Moreo.et. the lult exlent ol the u"ngs hotn 
the ust• ot the nP"' prar:-llc~s ~111 ontv beLoma 
appaterll s~•tr~l ~e·"• tnto IIH' nratnlanancr phase 
lhos ph~•~ os Cleatlv goong lO be much mote 
P!lrcrent. lne otog<ams wotL ~e mme rehabte.tllev 
,..,,, De easrer to cn~nge when necessa<v Tnesa 
ompm,em"n" tollo" trom Hoe e>perrerrce on llor 
11nprernentalron p~.l5e WI1Pn thos pnu~ rs com 
P~< te<l m<>r~ 4UI< 'ly ~M wolh !ev.et eu~s. there 
·~ more r:-ontoa~ncc tnat IM program otsell os 
ctoseo to lull correctn~ss 

IPL rs lrn<lrnQ o qr~atcr percentaQe olthe o•er· 
a•t >oll'"'a'<' <le.cl~t·rroe·u ~11<>1"1 berng concentraled 
,11 \tof to:"'' eno un~, .. th~ ne .. ptactrccs Coaong 
» ''•L"'"' <1 to '~'"~"' rl sn••" traCtron. e•en a• 
""' r•·~'•h<ld,l\ <•' lo•;nurtt·' Oc•oQit~ t<l IOSttnl( 

'""' '"·""''' ••nc~ "''"'"''' 111~ ~o io ~o po•c•·nt 
"'''" lnr ""' ,¡,.,,.,,., .,¡ ""'"""'''' h~I ... C~II ~ulrno 
'"'" ,,,,, "''"<1" . '"'""'- ,,,,¡ •ftsto.,~ rw•~•.olly 

<• ''''"''"'' ·''"''·''"''·""'> • r"•l•~•·onc, 

''''"''>"''S 

Still, thetP io on delnf"flt of m~n·~•ment tn the 
prubl.m Tho·r<-" Ío ~ nr•ed loo d"cíplrned thinking. 
Rather than lot:~• On th•• lo,·t Lhat,nwre "'"""Y;, 
beíng apent on IIOitwar~ dndopmPnL, tite big uoel"lt 
hho lended lo rrnphuiu line tuning l.ot.ely tbrre 
do., aoem lo be on tnereaoing ""'"'""""' by man· 
agomont ol Lhe dichoLcmy bet"""" the prlcel~r· 
forma""" imp•<>•ement ol the bord,..,.., ond the 
J.oclr. of that k1nrl of impfOVI!ment in 110ltwanr dev~
opment. In Lhe fin~~! onolyoio the """" thernoelvu 
hove got to b< willin¡¡ lo devou. '-"H<lrt and mcney 
lo lmproving the¡r soiLware development proce,._ 

Pruduetlvhy relation. Although Brown lound 
little relation•hip 1+7 pcrcentJ b.tw .. n hlo 18 
codJog anrl dO<:ument..otion atan dardo and ptOKfl.lD· 
mer produr:tívity, onother oppruoch showord k 
olgnUioaotly high oornolatlan. Wa\oton and Feli•" 
""' up a ooft .. are "'""'"'""'""' projer:t in the IBM 
Federal Syot.emo Dl\·i•ion m 191~. One ol it• 
ourpooe• woo to ••oe•• the ertecu ol "'"'otured 
prOKf&mmin8. then juot beg<nning t..o be uoed, on 
the 110ltware d•~elopmenL proc••• !lota lrom 60 
oompleled pr<Jjocto •• now in the~r da¡~ bo..,, repre
"""ting ptojecu ran¡¡ing from 4000 t.o 467,000 
sauree lineo ond 12 t..o 11,578 rnanmontho. Soun:r 
lin"" were d•fmed a, the input t.o • lan¡¡u•g• pro
ce•oor. 

U•lng thi• data brr•e. 88 variablu were onolyud 
ond 29 >howed o high rorroL.tion "'"h productiVlty_ 

The ovcrull judgmcnt is: 
modem progtamming praclices 
ore ready for use. 

The dota av.lloble enablo:d a O<ltnporioon to be 
nutde betw..,n deli~erod oource lrnoa ~~ m.onmoMh 
ond the pen:rnt..oge of ct.od• develop<'d u•ing ~•<h 
t.e<ltnique. The"'· relalion>hjp,, vi•uollzt<l in Firure 4. 
olrtowcd o rote uf produtLtvtty irnpro•emenL uer
•lrin¡;¡ 70 percont betwe~n "htLI~ U'><' ol tho new 
U-chnique. and "much .,.., " 

llool·timo d••igo Th•• Adv•m·,..j Tedomoln¡:y 
Centcr of the i\.rmy·, !lal\r>tl<' ~~""'" Jlelen•• h•• 
bo. .. n engu!l"(( W><1' 1912 in odenUI)ong ond rehzung 
1.<'<hniqueo to improvo tite solt~oro de•i~n•r'• 

abtltty to prowom lar/(e rr•ol-•ime \"'"-'"'"'" ¡n 
wloith the '"''"'K and ordor of •••·n¡, ore crillcol 
l"h• result of "" ~flor!>. rolf<.d '""""" o,.,;gn 
nll•tht.odolo¡:y. rrnbr .o«> •trurtum:l ¡>ro¡¡rootonotng. 
Wp duwn d<velupment. o.nd o! her rnt·t hod• 

Ooulrlrng and Low,on~ .onAI,Vte<l u d•t• bo.e 
<ollut•'<l durin~ '"'l''"'"'"nt~l d, '' \.,pmen• wntk 
cnntoinon¡¡ m.r 10,000 l•~'" ond ,-o>tnpot~r·r~n 

""' m·• 1'"' <1 oli•ln>< l ad'""'"~"' rrl L he "'""' d•·"~" 
111.-t IH•.lr>l<~n ''" r • ""' ,.,,¡,,,.,1 "1'1" • "" ¡,,., ,.,,.., ~"1 

• " ""''""" "' "'""•'" ''""" ~"' .¡,.,,.,,., 
,., .... '" ,,,. •,,, , .......... , .... ,,,, ...... ,.1.-t .. "' '"""'· 

''"' "i'l'""''' .. 1 ',,,.,.,¡,,,,,,(. '1" '" '" •.. '""' 
'1"'"''"'""' "'" ,L.L '''1'"'·"' "' ,,,,.¡,..,,. 111 

' ''"''""" ¡n·r "'"""""'· '·'"' '" 1 •. """"""''""" 
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01 Slllq A~D CtlOi <NSPltHO~ • t--.. 
IOP OOW~ OlVllOPIIIE~l , 

SlRUCIURfD ~()(¡lllt,I\II"G 

,. '" '"" OH IV[RED SOURC¡ ll~fSI"'A~ MUMN 

Fl¡¡uro • Pr<><luctlcn oppun ro ln<Ouoo d<omo11oollr wllh t~o uoo al 
lmpra•od p•ogoommlnlll•<~noloqloo. 

" 

bt-tt.er'' lh~n lht re•u!U on <ompurohle re~l-timo 
pro¡erh pwgrommed by eon.onuonal metltods. 

!loto monogemenl. Hsioo" r<porW th• <l<>elop· 
m~nl'of a hi~hly ... cure dot.a mononemcnt iY>lem 
rompooed ni 8(1 module• wlth 40K words ol todo. 
Th~ to1.11l des1¡¡n ond implemenLotion Wt<C rom
pi<Led In~ munyeuro with on elopoed Linw olle .. 
than JI months Uoing a rhief propommrr t.eam, 
;trutlur...:l prow~mming, &nd tht other <unrepto 
ol modem pro¡:ramming prorl<<<•. he foh lhot th<· 
dlort e<>old nol hooe lo...,n compl•ted in •uoh 0 
•h<>ll po•ri<.d uf limr .. ut.oul tht> u .. <>1 th••• lerh· 
mqu~• In oJd¡!wn . .,.;,j Hoiou. "''""'ion of tht• 
>pl<·m "luo> ¡,....n ~'Tt·•ll¡ locilil•lcrl h¡ 11><· wm
pl••~ d•••l•>t>menl-•upport library, dear HsLen< 
>nterloro, hi~h pr<l¡¡tom m<odulonly, ond ""ll:,lr<><· 
lUJo·du>d~." 

Jopato- finWn~o Tho Ntppan El..,ltioc C<•mJ>BnJ 
ha• modihed it> dot~ b~•e munn¡¡e<<ccnl ''"'""'· 
pro¡¡t~mmt'd in Cob...l. <.o "'"• od•ant.a~~· ul lh• 
< omept. of olructur«< pru¡¡tommin~ " 'fhi< "'1"'" 
•n•·•· plu> """" ••penmenl> '" L>lll~ th<· nt·~ <<"<h· 
O<~ u•·•. ¡,., eon•irocod th•m th•• !he metf,.,J, con 
t.. •U<'<t·,.lull.• opphed <o tho fo<thromto~ do·• .lop· 
mem of • '"'J lar~• un lin• l>onkuo~ •J•'-"m The<r 
•••r•·nmont• induote tho futluwmw 

• numt><r of •••P• ¡><o¡:rornm...t JN'' "mk•n~ llou< 
doublt"d, 

• numl,.•r ol sleps l''"¡¡r•mm<•<l pN "'"' h1m· 
huur u-.d tropl..d: 

• numt...r of dotoho"' hon<lltl<g '"""''J.,""""<! 
.10 P<"'< r•nl, 

,, 
o other type• ol progromm1n~ '"roro decreaoed 

li!t peJUnL: 
• ov~r•w•• lcn¡¡th uf o hu¡: find ond·fix C)rle hoo 

hoeo rtduced LO &l>oul one-third Lho «mven· 
tinnal time. 

The.., impmwmento "'"'" aecnmp•med by omoll 
Je¡¡radation• rn pro¡¡tam perfntmuce. 

F.orl.v •••••••nent. Hack in lPH, o fl-or only o few 
yea" ni exper~enco with th~ ~roup ol lochnique• 
thal -..e.-.. then coll..d otructurrd pr<>¡. .. ommin~. the 
IEEE Computer Society'o l.ok< Atfowhead Work· 
shnp l<tund that ouin¡¡< ni .. .,, ... , ~>11 pert·onl had 
beon ochiev.d, relatln '-<> previou, performance on 
•imihrr pro¡r«s .. ., Compo.nie• providing doto in· 
cludt•d lliM Pederol Syst~m• [J~>i>ion j(O perrent 
ov..-a~• impruvm1enl over ~IJ proj"'tsl. McDonnoU· 
D-o.q¡t.s Aut<Jmation Compo.ny 136 l"'"""' irnprove
ment nn thr.., pw¡.,.to. 5 l><'f«nl un o fourthl. and 
HuKh•·• Aircrofl Cnmi'<'OY 150 l"'"'enl improvement 
on t!Vu reol time projocto). 

New practicas judged ettecllve 

Suftw•r• is in a prod«am,'ttl: it <> tou «>otly, loo 
error·prone, '"" romplex. too h•rd to m.ointoin_ 
Thi> predicamont mo} ddoy """' oppliootion• of 
compu«ro ur>l~ss tho eflectivene_, of •ollware 
devolopmenL c~n bt• ttt~stlnlially 1mprm·td. 

Mod.rn pro¡."Tammin~ praclito• aro no< the only 
wo.v. <>1 courM•. lligher·le•el P"'~"'"mmin¡:: longuOb'<'>. 
impmved lit~ cyde planninll' ond man•t•menl,' 
auLOmatt'd de~~lopment Loo!., better ptnonnel 
selemon ond lroimng. ond. of "'"''"· more •ophJS
ticlliNI monogcmenl will undutthte<lly help 

The >ludre• brought together here indu:ote that 
oolt .. are eff...,tivenou con be o~hw•·l'<l. Where th< 
re•ull> havo bo·<n redLJeed to numl><•r>, they r•nged 
frarn obout 2~ f"'ccent tu obout n ¡wrcent on •uch 
focto" as~""'· Otr<<r toduction, anJ productÍ\'>l) 

Too much "''"ght .•huLJid not be plooed on an¡ 
one number. Studie_o o/ thio ~ind oro drlftcull ID 
make and ore "'""IIY no\ ,-omporob!. lrom one 
ar¡¡aninlwn '" •notloer, b••t'ause tlefmilion• o/ 
lOftn> \'al). Mure<>•er, ••ero¡¡ittH <oriuu• orn<tunt; 
af knu"'l•dge-<>r d.¡, .. et•> af i~norant~-from in'-"<· 
'~"'' dt>t'> not ""-'"'"''ily pt<,.id<" pr•n><· numl~-i•. 
And ><nnmaritin~ Uo•t•ii•.J '~'ull>, •• ho> bt-.n 
done in this artide. almos< ine<>tabl_• ot.,cure• lho 
nuanc" of the oti;:inol p•¡.rro 

l!otht·r. tl to the OVt't"l jud~Jnenl thol "impre•· 
o.ve, 1-\'hether lr"m formol s<uJ,., "' tht· rmpr<»ion• 
ol <>Jk"rt<n<-ed "''""~"""'· ll '""m• cl~ar thot 
modern pr<,gromming proc1tcr• aro• off<.,IJ•e in 
rmpr<"·ing Uw P""""""' of '"hw•ro· Jo.elopm<nt. 
Th•¡ ••~ readv 1<>< ""' • 

., .... , ...... ,,, ....... '''""'""" .. ~ ............. "" ~'"'"' ., ...... , "' '"'" 
COMPUHR 
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SOFTWARE ENGNEERING: 
PROCESS, PRINCIPLES, AND GOALS 

O<>u¡lu T. Ro11, John B Cooden<>u¡:h, C.A l"ino 
SoiToch. lru:. 

lntroduction 

The ronfonncn 1pon•orod by NATO In J9&a and 1969 
¡ovo popular tmpelul 10 the term ""soflwtre en1111<orill1."" 
S1noe Ü\01 hmc !he n«d l<>r 1 more ditotpllll<d ond 
rnt<grot<d oppmach tu oyftwore do,.)upm<nl hao boon 
1n"u"n~ly r«•>Jnlud. Al•houJh u .. fui ~ofuouluno ~~ the 
!ton\ otn..un tluil•e, ...,¡,.,,,. enJint<rlnJ deotly lmph" 11 
loa>l lh< da<Ophned ond ¡l¡ll(ul u .. of ruu.blt ooftwor< 
devel"pmenl loo!> ond m<lhodr. •• woll ao o ruund 
Lllldoruond~ng of ctlloon biiiC pnne>pler. In lhri papor. we 
onempl lo <>pound wh•• th< .. pnne¡p!" '"• and ho" 
lh<y 010 opph<d 10 lh< pr•Cl!e< of ooftw•re ttlj!m<mng. 

h 1> po:thops bnt lo .. ,..., lhri pap<t u on lll<mpl lo 
tdenllf) th< rmportonl und<rlylll~ i""" o! oof•"'•" 

<nsrn«nn¡ '" • form thol pormrlt th< rnmo<llon of lhue 
ruuoo to b< b<llot underol<\<>d. Wc wtll dacuu thne "'"'' 
on 10tmo uf four fundiJ•o<ntol to•l>. moJJjwbtiUl". 
tf/irienr¡-. ttlwhtltlJ". ond ~nJrm•nJRhr/<11"" w<U 10 , .. '" 
p!!nOtpl" 1h11 ,¡¡,.,, lh< p•o,-.u of otlotnuog lh<l< gool" 

• th,· "'"Ju/oniJ pnn.,pl<. wh"h <ldtnu h"'• rn 
olr~• lur< • oolt '"'" >Y•l<m •PP"'P"•I<i1; 

• th< ~b"'"'""" pnn"pl<. "h"h h<lpo lo !drnuly 
"'"'"'' pruprtlo<t uo""""" '" '"P"''"•IIy d>llrrent 
<nloh<•. 

• lh< htdtnt pllncopl<. "ht<h h,.Mo¡hto lh< •mponon« 
o( nol m<r<ly abiltA<Irn& oommon prop<tlt« bul of 

""''"' '"'"'"'"1 onlu<m•''"" '"""""M' fh•dinlt 
deol> "*>lh dehn1n1 ud <niDt<lllJ <<>ntlt&mh on 
o«<>i to mlotmOioon); 
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PROCESS 

CONFtAMABtliTY 

• rho lo~all:•lroto pnnap~, wh><h h!lhhJhll morhodo 
fnr bruiSLOJ r<lolod lhinp lOJ<lher Lnlo phyoicol 
pt<>>LmLiy; 

• lhe ""'¡M,.Lty pr>ncople, wh"h '"'"''' oonoatenc~: 
• Lh< <~mpltl<to.,, pnn<Lpl<, "'hL<h '"'"''' lhat 

n<>lhon¡ lilcft out; 
• thc wtof"'••ob•t.t~ prin"ple, wh"h "'"""' thOl 

LflformotJOn noeded tn •eu/y cor>eolnn• ha1 betn 
uphc!tly o<&«d. 

Thue pun<1plt1 and ¡oab are app~<d 1n tht puctio:o of 
..,¡,.,,,, "'i"'"""l· which dcob wtth ••uuuo sofiWIIC 
dt>olopm<nl acri•LII<O' 
l><m"''"' "~""'"""lf·lht pro.e .. ol odrnllf~m~ lht 
or~uoremtn<o ''' 1>< !.alllfL<d ~Y • oollwo"' oyllrm; the 
"b¡r<[L" h t<> dtlone lhc pr<•N<!u 1<> hr oohrJ on '""" 1ol 
U" conUr.Lntl • '"'"'"'""'""'''"'Y· Lno'[ .. Jon, oo>l ond 
p<!h"'"'"''· 

/Lw~n '"''"""" lht P'""" <>1 '""''doront e»<h ""'' 
requortmen 1 and «<ol 101 lho concep<uol b"" on "hiCh lh< 
prob!cm ,. 1o be "''''~· d<.,ln "1he P"'"" o/ d•o~dm¡ 
~o~ lo UILify ultr I<QULf<m<nll ... nh1n lht ,¡¡,,., .. ¡ 
<On>!Uonto 

SM<I/)' !Oiple.,ut•l!oto-1he proocu of ducnbua lllo 
Lnl<r&Cloono betweon tho dooif;ned modul<1 ni o oolul!on; 
!he teoull of lh!$ OCII>LIY " o d<lo~<d opecLllcollon o/ 
con>lmnll 1h< oofl.,ll< Lmplomentallon mu•l ,.t11ly. hui 
not 1he IO!l .. oro noclf. 

CoJrfdobut-lh< proce11 ol ac\uall~ ptoduc1ns lh< 10fiWOI< 
O&l!$/ym¡ lh< •P<CII>Ollion, ond ""lyUIJ tho1 tho producod 
oo/1"''" d<><o .. hsfy lho "''" r<qunomenlo 

Tunr"t· 1ho proc<u ol modo!¡ on¡olo¡LColly cott<ct oy$l<m 
unlll u m«ll p«formonct ¡oolo 

Deopll< 1he ob\'louo dLfferon••• om<>n¡ theoc ''""""'· .,.. 
belo<•< "'" teflem 1 oommon pollern whlch w< callth< 
Jw•Jamrm•l """ "' ThiJ P'"'"'' '"millo ol lh• bulc 
11<1" {11 <ryllolll" &fl'"P"'' ur ubjc,tl•t; (l) furmulllt o 
""" •P• ¡,, """' lh< p111post can b< achle.,d; (J) d.,;,. 1 
mroloarmm lha! lmpl<m<nll th< cuncep1uol >lroclur<; (4) 

ontrodu<t a ""'"""" f1>1 npruuns lht capab1blL<> of tll< 
mtchan01m ond 1n>ulong '" uoc; (5) duwb• thc u<qr of 
lh< nol&l!on '" o lp<Cifo< pooblem conlnf lo ln>ol< lh< 
mcchannm 10 lh< putp<>oc ".chitved. 
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Tln> uq~on .. cf stop• hu a natu,.l p.rallel to th< proceu 
of wft ... are dovolopm<nt. 

~ehn< lh< roqutr<monl< lo• • •r<tom; 

Jrr"' th< '"h""'"'' of o oofl"'" •yotom 
'~'"" ~<qolf<n><nl> .. d •r•<tfr lh< modul<> 

lh•l ,·on<lllul< th< <yottm, 

mal'""""' • unrl<m<nl lh< <ohw•r< >r>l<n< (d<>"i"' 
11•• me<hm"'" " ob>~ou>ly th< co<lt/dtbuJitun< 
a.:tivUO<I m th< do.olopmonl ptot<lo): 

Mroll"" dofonr th< rommand lon1u•g• m othor moans 
, "''' ,..,11 omploy to 1nvO~< th• c.pobolitooo of lh< 

><>Ir"'''' >JI>I<m, 

u>IJI< - do"nbt how th< oohwo1< oyll<m 11 controll<d 
(lhL> do•mruon ""Y tok< lh< íorm of • u .. ,., manual 
lor th< 'Y"< mi 
Equoll) ,.,;¡_ th< polt<rn ddln<d by <h< fundamonut 

piOC<>I «H.old b< opphed dtff<r<ntly, to hoghhght o d1ffor<nl 
"'""'' ol •ufl,.·ar< d<><lllpment. F<>r '"mpl<. W< oould 
lo.-r th< doocnpllon uf purJ>O .. ond .:~m< pi 10 ob<>vo, bul 

rop!a.o m«h•mom, ""'"'"'"· and "'"'' wr1h 1ho fr>Uowrng 
d<>mptl~m: 

mt·rloonllm - lh< compul<r on whidr lh< sofrwar< runo; 

nororron - lh< pmv•mmrn¡ 1.1nJu•J• rn o~hrch rt.. 
•ofrr.,.,. will b< "'""'": 

f•"'• 1. ,.,_.-e-tw..-lly· .....,,.....,,..,_ 

• Tho ""'- of 1 ..... ~ .... _ ...... ,::::._ ______ ,-' 
bo ............ . 
<yorom oo rko ol 
loctul o d>ongo 
un Oo poodO<IOCI 

~·"'-··-. """'"""""'"' ........ .. "" ......... ··-'"""" ....... _ ¡ ________ _¡,, .... -......... .. 
<IOm ..... lrto>l""'' 
.............. '" ...... "'"' ...... "-lblo ........... ... 
'' ..... , .. l>oon ...,,._,_ •o. on """'"" ...,_ ...,,.__,, _ .............. -·""'"~· -·"' .... """" .... -...... .. '"'"' .......... .., .............................. _, ......... .. 
o- eampu,.,_ Th "' """'"'"""'"'".,_,' ol ,,...,,_ 
""'"' "''"""''"' '"' nuMboo ot '"'""'' '"'' "'"" bo ... ..,, .. i& 
.................. ~-- .... k ............. ""'"'· 

f ....... .,.,_, ............... . ....................... 
• '"'- 01 ........ !b- ,-'::::__ _____ .,./ ......... ·"·'" ..... _ ... ............... ......... •. ... 

'"'' ............ . .... ~ ....... ... ............. ..... ...... . ........... .......... . .. ........ 
,.,..,..,"""'""'o <"1><'0<.,.1 loo'"''""'"""" """'""""'"'"'• 
•• "'""""'' "• , .. ""''"' Ioom otoo "'"''' of """'""" '"'""'' ........ 
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'""'' - lh< monu•J d .. trrbrna ho,. lh< lon~uo¡<lo uocd 
ro control lh< «>mpul<t. 

Th< inl<rpr~Uiiun uf lh< fundomental prur:<IS is clurly 
hi¡hly ronlnt-depcndenl. Ir b IJ"" mnm.rely uod ro the 
nollon o( hrf"atrhu-al d«""m¡><Jfllicm-<h< wrdoly rerog· 
ni«d phonom<non of p•n/whol< <<l81ion•hJpl. A purpo,. 
is cornpa,.d uf $Ub·purpaseo: o mochanam hu m.ny pom 
""'ido are themsehn!l oub.,.,.du.nllrm, and "" generd, th< 
m<chonism irnlf iJ r>nly o ¡>MI of oome •uper·medoonism, 
""· n .. Jnltrutrng ph<nom<non "lh&! b<•lio tht plll<tn or 
th< fu•tdomenrol proceu and J"ll/whole hiourchreol 
relltionlh1p1 '"""be employod"' 1U ''~"'"" ofoofr..-~rt 
••K•n<<ring pncrice. 

Grvtn thl1 p.on/whr>l< hicrorchrcal decompooitir>n pl•y• 
1 pervui>< rolo, th< fund•menul prr><<>.r inttta<ll furrht• 
wllh !he •orrou• prrncrples 1nd goalo of sohWif< 
en~rn«ring as d<ptcltd ¡n Fr¡ure J. Ft~ur< 1 1< our 
framework for drscu,.rng lh< IIIIUte and '""" ofoofrwuo 
engrneering. Clnrly '" "'"'"'"" ttulm<nt "nor powbl<. 
bu\ the remaindtr ol thll popo:< " !nl<nd<d 1<> show how 
th< wuclure of F1gur< J do" yreld <nlrghl rnto lht lh<ory 
ond P"""" of ooflwor< tngm«rin~. By woy uf rllullr.<ron, 
oonord<r th< followin1 eumpl<1 {F1gur<o 1·7) o( how 
pnncrple1, guoh, and P"'""" elemenli '""'""': 

f;, ... :a. .,.,.......,.l ............. . -........... . 
................. .-.......... ............. 

O<hoduhng po1o<y .... _ ....... 
......... ir ... .......... , ... ............ ............ 
,.t .. rp.,on ·--_ ........ ................ 
foobrloty. ""'" IO<olloi"' tho pohoy ""'" '"'" , .. ,..,;,g polooy 
• .. .,,...., lhro..,....,.t • "'""'""""Ir..,,., ro,~,,... rno ,...,,.._ 

• .............................. d .... ~ '"' - ............. -· 
-· of o""''"''"" -....roo,..,.,..,,_,.,., O<hod~ll"t polq
"' o t•ngiO toblo """~'" tho "'"""''· thon mokor ono mod•lo ""'" 
"""'''""''· Tnooorwo "'mplor ""''"" tho oe<o ot """och• on 
- .... tt.rr P"""l>loo, 1"""· ""'po- ,,. .. 

.... ,. 5_ .....,..,....,.Hor<ng· 
EH"'"-· 

o Kno.,ong 
'"" .......... ............ -. ........ 
""'"ro ... ...... .. . .... ... 
• ..... :í" 
....... ¡ 

""' ..... .. ,., ........ . 
10 ........ "" .. ....... .. 
ol rtond '"""· '"" rhoro~ lnt"- ollo<tonq. 

o Foob•,..•no "'"" ''""' ""'"''' ,,..., .. 110 ... _ P""''"'" 
"00"""" ""'"' roopllmo<o """" "'- ol ltoo • .,,... 



f'""" t No'""'~ C<>mo1o10,... .............. 
. .. ....... ....,_ 

"''" oo1 ot .., .... ~ .... , 
..... t ... 
....... t ........... 
·~ ........ 
O•fO<•p1'0 .. 

..... m~ ... -·-. . ....... . ... _ 
COMPLEHNES$ 

"''""'""'· lt 1ho too m - no>l """''" o ""'""'"'"'" 111 -•t-oo 
...,., lo "' hoppon .,.,.., "" .- .,.,.,.,.., '"""'' "..., ot 
...... - "'' ............. lo ~-· .... ~ .. ""' .... -·· 
blllty, ond honco 10 nol •=••-d lo OooolotO "'"' """"''"' 
OloOO'olh- A oamplo1.0 """''"" oon '""'"' ""'""'" Oy poo• 
......... o .. -·-· •• -·t-oo ...... ·-.............. 
These namplcs can only S<r11e lo illu<trale tht llyle of 

approoch (on 1 per-.cube bnu) U$0d to moh !he ¡oab, 
pnndpl .. , ond parll of the fll!ldamtnlll proco" useful m 
de1wb1nl and unde,.t•ndmg ••po~ll of •oftw"< ensineer
ing. Th• folloWing oec\lon• di>"'" tho hi<rar<hy, goob. ond 
ptincipleo in mor• opeciric t<rms b<foro "'" opply lhom 
JOinlly '" •n •~tended eumpl<. 

Hierarchical O•composition 

Tho pr<>e<5S of d<ll<lopln¡ hiorardlicll OUUCIUr< may be 
Vl<W<d wp-<Jo .... •• OUCC<"1<10o)y lmp<>llnJ ln<I<UiniiY 
>p<<lfl< cun.,rolnll on 1~ form of on ul1imou sollluon. h 
moy abo be Vlewod 001/om.-"p "' oucoossi•ely "Pkllrin¡ 
lht conm01nU Sil,.fl<d by luwer ¡ .. ,[¡_M undtrSilndlllg 
,¡ •oftwal< on¡1n<eung !le) In W\denllndlng the l"0111UQm/J 

'"'h eng•noeun¡ a~uvny placo:• on th< o1hon-e &-.ha ... the 
dwtn '""'"''"' the 1mpltmen1•l0an, and haw lh< 
1mpl<mtnw1on ¡><lSSibllitin conmoin th< d<"iff. The 
procrn ol tuemchkally and imau••ly impo•"'& con· 
"'"'"" appropllil< lo the IRily<tl. ~eugn, optclflo:.allon. 
•nd coduog pha<U IS wh3l un1f101 lh< pra<li« uf 10f1wo1t 
engmee11n¡. 

The proe<» of h1enr<h1Col dewmpoSlllon 1nvolve• bulh 
11tnly•10 •nd oynthom-both takm¡ apart ond pulling 
lug<lh<t. Wlulo une d<eompul" o IUbje.:l by 10cognlzm¡ 
th< d•lf.,~nl 1ub porrs of which U " oomposed, une mull 
11ho p11u1.r lo <>amme 1!10 o><nll dooompooiuun and luuk 
for "'"limtie! '""'"& lhe lowor-le><l ron•llluenll wilh •n 
<)< to""otd """'"P''"ng collewono of lh<m lnto li<¡<r 
oon•Uuca Fur cumple. poro docompoSIUon ... ou\d nt><< 
1<><>11 "' '"'"8""'"& subruumu:o lhat &1< neodod m 
1.r P""'' d P"" of the docomposmon. 

for • ~··•n prublom lhere 1!< many '"conect'" 
Je,umpo>IUORI. tnd i'"'" • lar¡e oollccnon of oolutiono lo 
pllm•ll" >ub prublem> (< ¡ . • ''" uf CPU lnllrucllono), 
lh<IC il< ffiOII) COII«l C011l.po$1!10nl .. hich WIJl !IOIV< t 

~'"" probl<m n. .... wheth•• one "on¡o¡od in oynthem or 
an•l)"'· compo.,uun or dowmJ'<l!ltmn. lhc "loc110n cf 1 

"<urte<l"" >uluuun '""" bo ha..,d opon •om< ovcrridin¡ 
""'"" Wo mu" U) ro "1«1 1he nwu d~•iroble "'luhon 
fmm !ll< ,.., uf'"'"" ,.-.lullun,, Furlhl! reuon "' be¡•n 
111•1. m ""' el•buut1un .,r lhe tlem uf 1~n p•per. by 
, """Jeun~ lh< g"•l• ,f wfl "'''" '"1'"""'"8-

'"'"'' 1. Uo--LOKOIIo,.,o ... -., ..... , ... 
• Ah on"•llo· 

,..,~ ... ..... 
""'" ... .... I<Od o~ thol .. .... _ ............ 
011 ......... 
.... __ ltl< . .......... . 
oood_,_ .. ...... ._ ....... ..,. 
d•l1"11 ·~· 

LOCAt.lZATION 

'"'"""'''"'"' .................. ,.,_o,.. .................... ... -· • .. .. _,_, __ ........ lo< ................... "'' d--
ol how o p...,lcul" '"'oblo "••d. and 1ho10by mokao n '"'" 

lo'"""'" rila otlooiO o! ""'"""''do•-· 

Tha Goal1 o! Soltw~ra Engineering 

The o~ill wilh which wo can opply '"B"''"""& method• 
and tools ..-,¡¡ depend on the dogre< 10 which .,.. have 1 -
dnr and proctse view of our objectl•u. In lh< roalm of 
>Oflware ensltl<tnng our obi<"'"' wül alwo)1 bo ont<d In 
l<llriS of d<1i1<d p1upoerli"' of the rooutllnt !<lflwllt. Four 
propeniu lllil 01< oufflmntly general lO be "'"P"d u 
g<HJh fo< l~ tnlii< ducipbne of oofl..-are <ngUlttlltiB uc 
mudlrJJJbduy. ef/kiency. Td!JJbrluy. and undrntR.,dRMI(V-

The 1u11 of lr!Odl/"lilbllily " hillorically the mo•l 
d1fr.cul1 ¡uo.l 1<> mool<r. Modlflibillty lmph., cuntroll<d 
chongo, in which oome ~'""' "' npecu rem11n 111< ... ,. 
whil< otheroaro alwed, all1n ouch a woy lhat a deured new 
ruull io ub1ained. Th• ohorocleri .. uon of ..... mcnus" or 
invonane< moy be ••ry oubll<. and the dfecu cf chanJ< 
mo) be hlld 10 pred1c1. Thts mll:ea lhe ach~t.,mont of 
mud1flabillly dlfncull. Mod1flabll11~ io al•o dlfn<ulr (o 
och~<•< boo1..,. chong., occur for 10 mony d1fferenl 1ypea 
uf teaoon>. For uample. tn tronofomnJ ..,¡,.,..,. lo • I><W 

oompul<l or oporollng oy•tcm, 11 io desu•d lo k«p 
'"'""""' !he logk•l offecu ~r the •yotem, hmlllng chifll!<l 
unl~ lo ti>< t\<C<Uartly mochinc<l<p<nd<nt ••pe<U Ch&hg<l 
"" al>o requuod to 10move "'"" flom sohu~<. 10 odd 
n<w capabUitl<l, ond lo 1mp!u .. 1 oy1t<m"1 porf01ntanco. In 
i<n<lll. <1tfferen1 approaches ue nocroury lo .. mfy lh<st 
dlfferenttyp<l af modlfliblhly. 

Modiflobtbly requ11"' no! unly lhe 1b1h1y le h•" 10 
•d•plable. evolul111nuy dw¡n, <mploy '"ndordi.zed 
oofl.,.ue bujlding·blocks, tune for perlmmrn""· <l< .. but 
ah<> th< mo>re sublle ablhl) 11> mamuin pro¡<OI och<dulu 
an•l bud¡ets by allowing dummy '"' module! tu b• <>><d al 
dri><rS before littr plll1 of • •yucm aro prepared,<lc. Th< 
"'i<ly of way• mo<hflobdlly aflect> oof• wore cngtnttrlll¡ 11 

ono of tho """"' for gl'mg 11 1 pnmary role "' our 
dii<U..,IOn of !<lflwir< en¡.metfllll. 

A much·obuud r"ol n ~f/iri~nry. uoually bocau,.. m on 
""" of zcal it n prematur<ly pcrrruuod o h!ih puomy in 
ongmo<11ng 1radooffo. BlaUnl meff1<ienoy o•nnat. of 
'""'""· b< tolcnltd, bul wuolly <fndency qu<Otton> are 
be" lr<il<d "'llhm th< contut cf oth<r "'""· For 
nomplo. "'hitvlng • high d<gl<< of m.-.d1f10b1h1y un 
pru>~d< the b01u fu1 m<elUI~ <fftcl•n•)' guol• duung lh< 
tunln¡ phuo ol 1<>/l,..OI< d"el11pmcnl. In odd1110n. tn<1~hll 
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l<fl<ehng o mor< un>fl<d und<llllndinJ of 1 prublem h••• 
lar mor< rmpa<l on dfrmncy (vil obma<oron ond 
unifonnny) th•n •nf' on>Uunt of b1l 11111ddhn~ Wllhm 1 

hully '"""""· In gonc10l, oxccpt for lh< highest 
wnceptu1l l<><l• of 1 d.,r,n, where 1ru" ~nefrl<:iency 
q""'"""' moy pl1y du>runont ruin, the dfic1ency guol doto 
nol domrnat< lh< P••Clle< of ouftwif< eng>n<crmg 

Rdrabllll.l' " o ~u•l much 111 vogue tuday_ R<h•b•hty 
miUI both prnenl fallure In con<:<pllon, d"'"'· and 
conmuwon, •• well """"""' frnm f11lu" tn operuion or 
perfurmanc<, Vnh~< eff¡dency, which frequontly 11 

premahuelo· opphed, rohab~lly " mote often conuderod 
1<><> lile, or not ., ol!, 10 """' soft .. are devtlopmcnt 
offort< R<h>b>hty con only bt buth tn foom lhe lla!l; rt 
connut be •dded "" ., the en~. lioncc, reloab!lrty has o 
~"''"'"' 1nd uu,t<l effec< on ooftwoto eny>ne<ung 

P"'"'"· 
Th< fonol l"'' whl,h shuuld U<rl • Olwng influonoo '" 

•11 .,peots uf'"""'"'' engm<"'"8 "uo¡Jewan<hhlllly. 11 
dOP<nd•. uf cout~. un tho unend<d aud1<nco: l<dutical, 
manaf<m<nl, m ,..,,. Nol< '" poniculor thar umi<ISI&nd· 
ihJIIl) " nor mer<ly • p!OP<IIY of lcgoh>hty_ Mudo more 
•~•¡x>rt•ntly, lh< '"'"' cvnceptual structuro 10 in-ulvcd. 
Al>a. '" any gtvon CIICUIT)Slane< In acccptoble l•,yel of 
und<r<tandabrht) mh<t lS or " not pouent. Thert " no 
rmJ~Ie g>uund. Althoo~h llnd<ISiind•btllly 10, tn a"""· a 
p<CI«¡ulOUO lll ><h4btllty •nd mod>fi&blhty, 11 " also 
>m¡x>rl&nt '', gool on ot~lf bt.:&o>< 11 dr•"'' ltlenllun 10 on 
ompoll>nl b&rll<r lo ondonllndobihly-Jontpl«lly. Man-
1.¡;<>1><111 of cumplrwy " a "uctal ••¡10ct 11f softwaft 
on~on<Otirtg m<lh»d>, and thf necd to m•n•¡¡• cumplexny 
'"'" from th< gool of undouundlbtllly. Tho nnly woy lo 
"hl<V< lh< ~ual of ondcrmnd•b•luy wuh "3"d lo an 
oull<<tntly cumple> s~>l<m i• <u lmP<>>t on ap¡110prJ>1< 
onuctur< ond <>r~•nttall<>n on lhe ¡yslem. The "'""'"" 
mu" bt rcprc .. ntrd 10 • clur nDIItlon rhat permll> 
nt<chanu:al lransiOl<Jf>-• g., '""'P'l<rl, <1<.-ro b11dgo th< 
g.tp b<tw«n lh< a,tual syOlem and an under"•nd•bl< 
«pi<S<nlllton of n. Thu•. a.h.Jeun¡ undtmondabilny 
dtptnd• u much u¡x>n the >ohwaoo ong1neeung looh os on 
lhe ~t<thod•. f01 ''"'"PI<. whcn cumpU<" do nol produce 
""epubly efftcO<nt cud<, 3iKmbly l.anguag< rnay hove ro 
bt uS<d. 01 o cou m pm¡ram undtnundoblhty. 

The Puncipte' of 
Soltwate Engu>eering 

Th< P""''P"' nf wfrw&~e <nEin<enn¡ are. 11 wo 
n><nlloned ••rb"· "'"Jul.:mr,-. •bsmmwn. lo"'/""',.,"· 
luJ"'~· ~'"}""'"""· '"mplrUMif. ond ronfvmabllity. The10 
!""" tpl<i •pph<d m •ariouf comb!n&uunl wlthtn tho 
ju'IJJm<'•Ual f''"U" wtll work lo ptudu" h•<tat<~U'a/ 
Jnum¡.,fllrnm .. n~e~ >Ch><•< our ¡0<:/s durm¡ 111 of th< 
>Oil<>U> ph"" ül ooftwo10 do .. lopm<nl. The h10rorducal 

J'""""'""'"" of • sy>l<m d<¡>>CIS !he conotllU<nll of tht 
·~ uem "'f'"""d >O <o o ouuctu!< by the ~<lat><>nllups 
'"'"'~ '~'''"' .:on>lllu<nts. The obu•< """ p11nclpl<>. 
'"~1) '"~ IR ,·ornb•nauon. '" ""d In dewmono and 

'""""' th"" l<l'"""'h'l"- Th<y "' u><d <»<nllolly u 
d<•""'" '""r,. lo""""' lhot lh< r<iUIIIRI decum¡x>~lron 

•'"'"' ""' 1"•1>. •nd •h'" uch d"h w11h '""'" upect of 
th< "1""'"''"1"·1-< .• th< tRl<>fac" omong tho comtllu-

"'" 
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Muduluity M<>dulllllY deols wllh p!op<rl>" of h><r· 
otdtiCI1 IOft .. OIO S1fUC1Ut ... 11 h .. beon ~1>00 VIIIOUS 
d<ftnlliono. Sum•lim<> n h" b«n deflnod 111 t<•m• of 
objecum: 

••10ne ob¡<cli .. of modul'l pfOJIUnlmmJ" lo be oblo 
lo convmce onoselfl of lhe con« In«> of o P'"'"m 
modulo, mdo~ondonll~ of lh< c<ml<" ol '" oS< 1n 
buildifll, l•r¡er """' of ooflwor<."l~d'"""' l.¡>. 1191 

"Modularil) <lonote• the obdny 10 <omb>n< &JbtUary 
prosum nrod~l" Jnto ,.,,., n10dul" wllhout kno,.l· 
od~• of lh< consrruction ol the no<>dol«."' llhl<,.nce 9. 
p. H) 

••Modul•nl~ os not ... "mpl} <he orbllrory do•ts>OO of o 
'"''' pro¡rom 1010 <niOII<r poiU 01 1nudul.,_ 1 he 
prtmary goal,,. •hould bt lu d<«MIP">< lho "'"'""' 1n 
•uch 1 woy lhll tho modul<> aro h>chl) >nJ<p<ndonl 
ftumonoonothor."l~<fel<n« ll.p. 100¡ 

Modul¡ruy " ""'" froquontly ddooed '" wmo uf 
muctural propon"' pos,.,..d by ••modul&r" >yU<rn>: 

"'A p!Oiflm o modular ol 11 "wrlll<n '"'""')'"'"'"'Y 
mdcpendo¡¡l pom or modulo• wh1ch h•" woll-d<lmtd 
ml<lfot" ''"" thll <a<h module mo~<> no '"umpl!on• 
obuul lh< oporotion of other mo>dul" """' ,.bit " 
conloin<d •n lh< onl<Jfoco ·~•o•f~<oi!On•-" (R<f<r<no• ~. 
p. 1 ) 

••MudulilriZ>lion conwll of d1V1dm1 • pro1nm "''" 
•ubpro&romo (modula) which un b< compllod ><P•· 
rotdy, but whhh h•>< conn<<l!ono .. uh oth<l modul"-

~ ~eftRllion of ""8<>ud" !nodul•rllY mu>l <lllph•m• 
th< requi:cmonl lhol mo<lul<> b<" d1r.¡om1 •• ¡><»>1blo." 
IR<I<renoe 11, p. 192) 

"A modul" pru¡am "o progrom (h"'"' • lll<rorchinl 
uructur<(. 1 ~<!<renco l, p. )4) 

··ModUlO! PH>Ir&mm•""' " the rnaanir1n1 of o cumplete 
pro¡11m 1nto o numb<r of omoll unlll. , . whero lh<l< u 
1 '" of '"'" wh><h con !rolo th< ch>roct"''"" of l~ou 
uni". (Cuod 1n Referonce IO,p. 19) 

In gonorol, modulority 1• (ll<d u helpin& lo tmpro .. 
sofiWi!O rehob>hty, h<lptng ID oltuw mulllple u$0 of 
common do<igns ond progrorru, and holpmg 10 mal:< ll 
<U;i<r lo modofy p!Ofll&llli. Mon do.Cuii>On< of modulality 
focos on ono or anothOI of tli<S< ob¡<ct"" •nd alltmpl lo 
uplam why cenoin stouelurol C!>n>llaonlS m•k< Lhe 
anainm<nr of tlu!$0 objech•U uuer. 

Rathor Iban S<l<ct any on• ob¡ocu .. u lh< mo" 
1mportanl ono. we propo"' o gonorol umf)ms deflnn>on: 

MoJo~lmt~ d .. l, wnh ho,. lh< "'"""" ~1 •n ob)<ct <OR 
ma<e lh< "'"""''"' of oOm< pwrpo« ''"" Modulont~ 
"po~rpo«ful "'""""~' 

ll<n«. the pttndpl< of modulomy 11 mad< <nncrol< by 
<>plllnlOII ho .. (<rlOin COOOliOICll on lh< OlluCIU" of 
<yll<ml 1"10 m•k• ll uuer or hardu lo •Cht<"' <<>m< 
puri"J ... 

for eumpl<, whu -,<lll of lll\lClunl <Dn11mnl• 
foc.hult m<>~>fi&bollly! offtct<ncy! r<habthly! lmpo•>nl 
<uch conotr"n" on OIIUCIU"'" lh< "'""" of applytng Lh< 
,-.,dularHy punctple tn <ofl'"i" <ngm«llng '·' for 
nompl<. ¡oto·frn pro¡;ronomong foJ(U p>OE""''"'" lo 
m•l.e nphcll tho (ondll>ono undtr "'hl<h 1 E'"" SUI<m<nl 
"necut<d, and thll e>n help ensure unJ<,tandob>hty ond 

P'"'"' "'"" 
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The prinCipie oJ m"~ ul"'' y <:>n be Jurrher llluou oled by 
c:unsiderin¡ moduloruy "'"" •nsln1 '" dcci<lmg "'h•t 
pon/wholc rcla1 O>Miup. o t.>u ld b< con"dO!<d 1n d"elopon, 
tucruchic1l decomp<~oll ton<: 

loe""""' Jfo,·h•nc /!cprnJ<M< Thc lovm rh< mudul< 
'" lhc oyS1cm >ltu<hm. lh< moro thc modulo " 
dcpcndnt on thc h"d"'"' on wh><h U runo Thn hclp> 
to 1110k< oolrw"' rn<>« ponoblc. by twlltrnl m><hlll<· 
~<pen~<n<r•• 

Refrn""'"' of •• 11o" llll:h<r l<>cl m<>du~o opcnfy 
obJ••"'" lor "'''" """"· r • . ... ha! ., ro bc dono. 
[owcr 1<"\i d"'"~' how rhe obJcc11>< "JOtnl to be 
le>h«d. r <. how >nmrrlmll r; to he dMt.l'or cumpjc. 
.. uhrn o htj.h<r l<>cl modul<. on en,oncer m11M IP«tfy 
lha1 o t<mpcrohne " ro b< od¡ulled un\~ 11 " ot l<nt 
141° 1>. ' '"''" ¡_.,¡ modulo w¡jj dchn< how lh" 
•dJu" o><nt 11 p<r lomnr d. < • . by od¡ulllnJ 1nd nmplm• 
the t<mperotur< trcnd 11 f>•• mtnule tnl<,.•ls lh<> 
<on,uornt h<lpo mol.c o oyotcm mote undenll•dabl< ond 
""" to modrly 
Scop< of c~nt•ol n,..her r .. ol moduleo coll lower 1•••1 
mod~\" and '"P'"'''" thcrr O<hYUico. Thlo lll<lftl tltot rl 
lowu 1<><1 modul<o cncounter somo nceptloit condrtion 
\t ~. • condnton thil preven" lh< re<¡uested opef01ion 
lrom beina perfmmed), thu muJI bo reported to hll:h« 
¡.,,¡ modulu .o lhc} <an u:u appropriate oc1lon. 

1t may be tmp<lUrble for 1 gi>en pro¡rom to utlsfy all 
lh"e oh¡«ltveo umultoneously. A progum may ha .. one 
ltrUctur< <f m:Jduleo '" ordc"d ICCOrdln¡ to one rule, and 
o drfJorem Olructurc ,¡ o dtflercnt ruk U ~nsidered. The 
""'' potnt rn ldcnttfytnl! thnc «lotionlhlps llloh¡ghhsht 
;>-•l<tble crluua thol can bc conodou.Jiy uscd In olru~:turin& 
lhe modulu. Mony of thcoc <TlterU. ue a.lroa.dy u,.d 
In• """""ly; the ad.,nto.¡c uf makin¡ lhe crUtrio np~dt 1• 
lh•l >roy progranrm<r pwdua:o b<H<T resulto lf he b 
<xmmoui!) '"'''' o{ crit<rl.t for <valu>li:tl "'hat be U 

"""'· 
l>.b•lroetlon Lke mO<Jular!ty, ~lilii"<ICUon U 1 .. 1}' 

P'"'"'" ro rnc1pl<. The essena: of lblito<lion " to u1tae1 
""'""'¡ prupcmn .. h~e omultn& tneoocntial dellib. Our 
diocu>.,on <>1 hl<ratchoc•l de¡;ompo•itlon in the form of 
""lc.el>" <howcd obouaeuon In pcrhapo 1\o mu<l pmtrnc 
lonn E.ch 1.-ol of thc decon>postll<>n pro,.nto an 1bm•ct 
"'"' of the luw<r le•cb p~rely m th• 10nsc th11 detallo ore 
ou~oodtnot<tl to th< lower I<V<il. 

Th< pnne1ple cf abotrocuon whcn wmbtncd Wl\h <he 
prtncrplc of completen< .. onsureo th11 1 gt,.n leve! in o. 
dtoumpomton 11 unJemond•blc " a untt. wrth<>ut 
r<qumng crth« ~mro.l<dgc of low<r le .. lo of d<Jaü. or 
n<<.<o,.rily ho"' ti P"""'P•Ieo In thc o~ mm u vuwed ftum 
a l11ghet leve!. Thw thrS pttncipl< 11 employcd on tbe ono 
hand ro ubtitn 1 d .. ettpHon of "'me le"l of the oyotem 
,.ht<h could b< ruh,cd by ony of oc•erol implcmontaliono. 
ond on tht othe r hond to g"'e o deo.cnptton of one plll of a 
o¡ ltem whoch could b< uud In mllly o\her oystemo 
r<qumng thc um< <<>mponenr 11 rhor ¡,.,¡ of ob<lto<llon. 

Tht puncrpl< ul •botramon 1nl<r1CU •er} lllUf'l!ly "lfh 
th< por¡><>>< und<tly,ng any poltlculao dcwmp<>lltton. The 
pune~ple ",.¡ httir P""'"l •alue unlen combmcd "tlh 
oh< prtne¡pl< uf nwdulonty (""purpo«ful muclur~nt""> 10 
"""" thol •PP'"P""' ab<ltJ<Ilun> at< fcund l>.boorae· 
"""' emplu¡ed \o ocho<>< \he ~.,,¡ ol und<lll>ntl•btl,ty 
me,n rhot n<h le1<l <>1 •bllt<'llun. "hU< pr<!Wilng "'"'' 
and mm e dtuoled "'"'' ullh< >)llcon. muu do...,"'''"'" 
"h«h ore undermndlhlt h> th< ontt,.l,d aud~<n«. 

l<Kaliulion Th• principio uf /acalotalwn n <OR<.<!ned 
woolo phy>reol pro~imlty. Thing• mull be btUUf!lll togetheo 
all rn one pi>«. Tinu, localiunon dub w11h phyunl 
rntedauo. tntual ~<quena:, memory, <IC. Then thc o>h<t 
P'"'"'Pie. cm inl<tr<lare thc localtud thm~o to "''"' 
~ullculu pu!p<lSCI. C"onudtr ~refully how !ntlmate is thc 
eonnection b<twcen loe1ltution of an abmoctwn '" a 
mt>dule 1nd our abiltly !h<n tu undeoot1nd ond deol with rt. 

Subroutureo. "''Y'· lofic•l and phyoico\ record!. u well 
" poged mtm<>ri<l. lt< eumpleo ol k>oobuuon. l"hc 
'""'dane< of roro"• iit suuctuted poogrommon1 " on 
oppllcalion uf locollu11on to control "'u<hmo which 
cnh1n<e1 undcntand•bUrty ond oimpltfteo confirm•biiUy . 

Hiding Another prtn<tple lamlitor 10 mony oCid<n 11 

h1Jing Pornao,'' Jo1 uampl•. uses ti as thc m•Jor crtl<rion 
loo a decompootuon rnro rnoduln. h lo oeloted to th< idea 
of ••pootponing bondlll¡ deetuonon in top·down problem· 
ool•ins. ahhough n t< nvt lh< 1>me. Tho purposc of htdtns 
lo olm1lor 10 that of obllroction !n that rt r<quir" m•<ing 
vlo!bl< only lho« prop<<U<I of 1 modulo nted<d lo 
ontcrfoce Wllh othc1 moduin. But htdtng drJJeos lrom 
abstracllon in tha\ the purposc of hldtng " m mah 
rnarr<1<iblt ccruon dera..tlo that ohouid not affrct othcr 
p1111 of • l)'llcm. Abllll<tion htlptt to !dcntrf¡ dclatllrhol 
lhuuld be hiddon. llidi:tg !1 concerncd "'lth JrJomfl8 and 
onforcrng arc<u ro'll/<alnlJ lhll, wtthout the h>dm& 
pnn<>plc. "'ould other"""' only be tmp!tm 111 oomc 
purpol<. cuncept, mech1mom, nontton, or U"'IC 
dtsc11pUon. 

lhdrng. comb~ned woth abstractlon ond local.i.uuon, 
for<eo ouppr<u.ion of lww 10 tmphulZ< ... har. Supprns!RI 
how 1 COnlll•lnl il ntafted for<:e> thc <<>notraint lo be 
mode ""'" upiloll, thereby 1mpltfy>n¡ our undemandinl 
of the con1traim noclf. De<>ding v.har conmolnu 110 to be 
"Ptc....,d (In upcel of m:Jdullrt!y-purpo..,ful conotrunl 
~rlecllon) io a m.alter lnd<pcndcnl of !he hldlt\g principie 
llo.clf. 

Unifomtlty Uruformity {tbe look of rnwn>nlenciei ond 
unnoccuary d1Jferoneeo) u oloo an ¡mportonr principio. 
Wltcn apphcd to nouuonal manen, unrformny )i<ldo 1 

nolalton free of confuuns and pcrh•r• couly 1nc<>not1· 
tenct<S. Whcn olso rombtned wt!h lh< aborrocuon prtn<iplc, 
un<formit~ ompliu • noution thll pcroruto orbtlfOI}' 
m<ch•niution of th< mt<rnal d<tatling ol a m«hanam- thc 
norouon do" not cunurom ont"o chor<e of rmplen10nll· 
uun. And .. hen lhe ludmg pnnctrle ;, oddtd. rhe r<lult u 1 
R<ollllon lkat dou nul m<rely pcrmn «•<ultmplemenlo· 
hurt choiu>. but ol1o enoure¡¡hor no unnccc""Y d<ullo of 
• •pcotfic tmplemenunon "' I<Vnled by the flOUroom. Fur 
eumpJ<. if 1 IUbfOUttne P•llm<l<r Í1 lO b< a IIIÜ, lb< 
rcrr<ocnlltton of the 1UÜ lhould U<u11'y b< lúddcn from 
oh o u><r of rhe oubroUllne. Thu•. the '"' 1 ohould bo oblc lo 
allocote ""''8' for OlO<Iu •n~ P'" them to oub•uuttn<l 
...,thoul h1vlrt¡ a<«U to the tndMdual <omponcnu of 1 
otoü. A ROIII!On fm O<pr<S<nllrt! <o;:h abilr><( dltl l}p<O 
~ j!IV<n m Refeocn<"l 7 •rrd 12. l>.n.,hco eumpie 11 g>V<n trt 
, r<«nt pop<< on U«ptton h•ndhn~ rnethuJo.' ort ,.hrch 1 

unolo11m nullllon " p<<>p<l><d '"h<'>< "'""""" con be 
rc•l01•d u11ng .,"""' u,dito"n'l m<th,Jo uf h>odlm¡ "''" 
telutm from IUbrOYIIO<I 

!n tU uocn«. ""'''""'" utuf¡tn' th< .un1fo1ml1y ond 
•h>ltiClt<m oone<pll h<l b<en .olled <h<wht~t 0 ' thc 
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lln,fn~ "' · R< f«<nl l'rm"pk Tim prin, opl<: •rphrd '" tb< 
ron«pl formatmn >lep ni thelundamonlal prn<e,., ~!<Ido a 
o:un>llten< and ,..u.drfoned stl uf .. mou!le ''''"'P" thol 
un be repl<;<httd woth 1 unlf<Hm >)""'· A unifor~ 
""'"'""'' oynt•• 11 ""' poo11bl< of ''"" "no ><mantl< 
un1fmnuty und<rlymg lh< nouuun. 

Compl<l<nno Complet<n<n ¡¡ obvouo•ly an lmporlanl 
pr01<1ple. The puq>OI< of th" prin<tplt 11 '"'""'" thato\1 
lh< <>><nnab of on abonocuon, lo• u•mpl<, ot< np\i<ll 
ond thol nolh.ng '"'"U•I h"' been omJII<d. Tlm doel MI 
requuo ¡hat ew:ry dnQ¡/ be d\o...,-mtr<ly ¡hol thc ><l of 
,-.,,,." cone<pU coven ""'"Y delail. Appl1<d lo no11!ional 
..,.llen, e<>mpiO!tne" requires lhal 1 n<>Uuon prOVIdU 1 

m<•m f<U saying <"<rylhong 1hol une w•nU lo .. y. 
C ombm<d wnh abolruuon, >1 impLico ¡h.ot a notallon 
>hould b< ~nd><, pcrmi1UnB lho ouppr<"'"" of invan&nl 
d«•1l> '" ¡ .. .,, of h•&hli8h<ins lh< pulonl11lly ohon¡oable. 
Compl«rne" cumbmod with unofoomny and abouao\ion 
and opphed \o th< ¡oal of offkl<nCy ougnll thll 
pro~"'"'"'" •hould bo •ble 1<> "lec\ doffeoenl implo· 
n><nuuun n'ltchonl>lnl to tune a oyslom"• p<ofmmonce, but 
wultout chan¡1ng the form o( any ..,boou\1"" call, foo 
exomple. A nouuon thal doeo nut pornHl lhl< I'"'P""' w 
l>o achoeved "ln<:ompl<l<. 

Confirmobihly Confiomabiluy is 1 puncip!o lhll dioeoll 
otl<n\lun lo melh<>dl fuo finding out wh<Htet llll<d guolo 
ho .. l>oen aoh .... d. Apphed to dooign issuco, confounabtlity 
ro foro tu lh< S!ruclunng uf 1 'Y"' m 10 il is rood1ly I<O!<d. 1< 
'""" l>o ~"''"bl< lo oumul"• <h< cunotructod ryuem in 1 
contrulled m•nn<l w 111 rupon .. an l>o <YIIUII<d fo1 
'""'""'"· Apphed lo no<ouon1l mallO!>, confi•mabilny 
'"""' lhol a"""""" lhould roquho '"Pii<ll sp<"fi<lllun 
of """""'"" ,,,., affect 111< curr<ctne'4 of o droi¡n 01 
tmpkmrnuuo11 1< ~ .. dOlo ded•mion• thot spectfy 11nge 
of volun Olld unots of valuo 11 well u m"de of 
""""""'"'") .O.ppbed 10 1h• practioe of wflwa1< 
eng,neenn¡. comfitmob<bly nfon lo 1he uor of Wclo 
mothod> u muctu~<d w•lk·thmugho uf d"ignl, egolo" 
pm~tlmmonc.' 0 and uth01 m<thod• lhat he!p lo ensure 
thot no>thon~ ho; bern u•ook>oked. 

Thr pun<Lpl< .of wnfum.ob!luy can 1>o •nhzrd m many 
u .. ful fmm•. buoh " onwrly monuol pu>codure• and 
tuon~lt ooded bt tho toul• and data baS< of a wfl,...,. 
on~m«unK fo,lht) ''"';" kondl of ty(>O chrckong and 
con"'""'' •he¡\.¡ug .. nect thr punctplr .o/wnlnm•b•llly 
•rrl><ol '" th< ~"'t" of P"'l!"mnunJ long"'!" ond 
<umpd<l> 

Cumpl<t<ne,. '"d <nllfllm•bollly '" ""IY "'nfu><d 
loo '""'PI<. on the lnuuducuon. ,.., p~<ornted"amplrs 
ollu>t~>l on¡ <he on 1< '"'"'" l>ot .. «n nouunn. romplrtene.,. 
•nd relo.Oilll) In une of lh<or eump~s. ~, notrd thOl to 
'"'"'' "'mpl<teu<,. uf ""' >tal<mrnt conuol o pro· 
l"'rlnl<' oh"uiJ h< I'~""'""J b¡ tho <)""'"' lo •peco! y whu 
\lwulJ l"PP<n "'"" o ,,,. "'""""' l>ro>bl<" Olul ol 
""!'· Co"f"m•h•hl¡ apph<d tu thr .. ,., '""' .. ould 
onopl) • P'"'"""'"' o.hould 1>o t<q~"rJ 10 ml< wlnl 
>h~uiJ h•ppen. ()f '""'"'· of he knn,., that uut..,f·""~' 
,.¡~,. "' ""' f'""'bl,. tha to" llwuld ~ .. "P'""blr. l.o 
¡•ronuo ""f'l<"""""''"" <fto.o<Jo,, ltt >h<>ol, ti"''"'"'""' 

"' ·'"""1"' ,, ... '" .. , .. 1, '""'""'"'~''"' ""'"""' '""' 
,.,¡,.,~ ·~· . ''"" ", ,. ""~""'·"" .,, t.,· ,,_,Jo o" ,¡,.,,. "' nrl"'' 

1""'' 
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An Eumpllt <1f 
tht~ Framowork'l Utihty 

llaVIn¡ diocu• .. d tho <:ompon<nll of tho pruc<l>/¡ool/ 
punctple ft&n'ltWDik 11 JfUIOf !en¡th, "' """" ont<nd lo 
!loo.,. how the fumework can 'be u .. d co g¡¡n and >trU<IUI< 
'""llh" lnlo II¡><Cll of sof1....,1< on¡onreung. by llYI"' In 
""ndod uample, .,.., hopo to lhow lh•llhe f11m•wo•k is 
nol m<l<ly taxonomk but can ut;...oly """ on deolin¡ with 
the complnlll<l of whwa1< ong;neerin¡. 

Our <umple witl ohow how the fiOmtwuok can help lo 
"'i'niu out undeunndm¡ of lhe nllli<ln uf 1 oubmuhn<. 
We choose thl> ,.ample l>ocau..,,althou¡:h "'aubtoutine" 11 

fundarnenul lo 1oftworr, ond ocem1 woll·unde!ltuod, ti'' 
oho uno of lho m<lll «>mplu ronccpll whon «m•id01ed on 
111 totohty. Fll!Ute 8 oho"" eh< poll<ln of the fundomenu! 
pw~eu applled 10 !h< oubroulln< <oncept Thr notttoon 
ptopo .. d la nscnllally thal of AlGOL 1>0. Oth<• nontium 
could ha .. l>oon p•opo.o~ed equolly wrll." Th< duc"P""" of 
the subtouHno concepl tn Fogute 8 11 obvouu<ly '<IY 
gen01al. In particulat, lht deocup<ion .,¡ "'M<d,.num" ]¡ti 
a h>«h le-.1 of abm1ction. 

Applym¡ h>••arclotcal decompollhon. the mochlntom 
l>p<<l of oubtoulln" can bo dt<ompo"'d tnlo twu 
le.,.abmac! mocham•'"" for <mplemen10n¡ thr >ubtoutuoo 
con«p<-un< for cnltne subrounnu and one fm du .. d 
subtuu1in<O. Thon, lh< fundamenlal Pt<>oeiS con be apphed 
agotn wnh I<Op<ctto the,. mechanilm>. u •hown tn Ft¡u10s 
9 and 10. We havo tn,.nrd p01enthet1C•I comn'ltnll t<> lh<>"' 
how 'Otiout punctpleo ond/m goal• aro bom¡ "rvod. 

C:onstdtl now lho closcd subrouun<, Ft¡¡ut< 9. Out 
drocnpliun ltoldo no <urpnS<l, fm "" "' mil at a h'ih 
le•rl. The noll<>nl of Fo¡me 9 could bo ••r,nod tn """' 
woyl, hOwt!l<l. Fo1 '"mpl<. 1ho10 '" >1 '""'' '"~ dnlln<l 
lond> of oubmutme bnhgo mrthon"ml' ! ) ÚI'UI linlq<, 
whoch " uoually IUPI"'"'d by a ma<hln< >n"ouctton lhll 
'"'"' th< "'"'" odd"" and uamf"' cunllul 10 thr 
•ubmullne body, and l) mJ.,err ilrl!o:tt. 1 mtohoni>m 
omployed tn AED impkmrn111ion1,1' 1n whiclo 1 

'"b"'ut1no c•ll n tmplomrnl<d no< d!l<etly b)· ll•n•fculng 
oonhol lo lhe subtoultne. bu< >ndl!ectly. by ll•nsfculnll 
connolto 1 "1inko¡•" oubtou<m<. The purpo« of lhQ 11 10 
U!l< •r•co on machin" fo1 wh~eh lto¡~ monopulallono 11< 
"'"'""" ond lo h>.-oliu at ron-lime alloubtoulln< <alb W 
dtfftl<nllinl.age IUUiln<O <In b• o.ubullul<d-rg .. allmtn¡ 
~nka~e lhat ¡•IliOn <nfoomallon ab<>ut h<>.,. much ume,.. 
'P""' tn ooch oubroullnt. m a d<buutng hnhgr thot 
pe• mm >nwcepllon 1nd onctng of e~ll• by • dobuuons 
pad•~•· no,.. apphuuun uf oh< lo<al""'"'" pomr1pl< '" 
•ubouulln< lno~ago h" 11>< •d~JniAg< of ""~"'S "'•""' tu 
Ull>f) the rfli<l<n<y !O>I (bt g•thomo¡ """"i onfutmotion 
rmrunant on tunm¡ 1 l)ltom) •nd tho o<l,.boht) goal (b~ 
m•~on~ 11 .. .," 1<1 ""'~ duwn b•>g>). Fmth<!m>H<, when 
wmpln collno1 ><G<><R«> '" ,;quitrJ b¡ the longu•s• 
tmpltn~<ntolt<>n, th< 1h~ht "'""""" cuu of ent<l and l<&vr 
ma<1u '-'!"""""' )teld• 11g01f10•nt """~' '"'"g<lhtou¡h 
locoiJullun ond >houn¡ "f th< machtne '""'""'on> n«~ed 
foo e><h co\1. 

lhe <>U·"'"'" """rl" could 1!1<> br "'Phntod futth<l 
~~ d """"'"~ "'"" '1'" '~" < umrl" ollh< >'une<pl. on th< 
"''' .,¡ F''"" Q. 1"·" < .. mple. lh< u,. ol ""'" fnon<> 
1< ~. ><< l!do·•<Oh< 1~1 "· thr ""O"'~ "1 """" add10ooro 
,,,¡ >llio<o 1111""'"""" odJ!<d tn '"""'"1"" "'"""·'""" lu 
codo lobo.,ullnt"> ""'"~' >¡>O<< '"" be d11lfled by 



Te in•oko o 10milor panorn o! oction !rom mony plocto in o provrtm. 

Conc.pr: "Srmillf" bul n<>t ··me.-" imp!>os 1~11 mo "oame" """' mull bo ct141octttd on one ploe~~, b~l c<>m· 
binod in ood> co,. wit~ tho "drl foront" porto. Tho "combinttion'' muo! ll>ow how tho "drlloronl" ond 
"umo'' porto inuro<1. 

Mltc/l~i•m: Tho "umo"' por! io o oubroutrno body, loeated in ono ploce ond roloronc.d by no me. Tho "dilloront" 
P'"' "" tho ..,.,uol poromotor ,,,., .. '"ociotod in oadl c ... with lho :IUbtD<Jtint norne. The ,,.,,.,,., ... 
pouo~ moc;hani•m ond coding o! tho oubtour ino body implomontthe "combinotion" o! tho poramO\OfO 
.. ith lho body 11 colltimo. 

<procoduro uoto,.M> ::• <¡>roceduro idontolior> l!l<oetuol poromotor>:-1 U 

{ 

<otron;> } 
<.txpro,.ion> 

~uol por.,...tttr> ;:• <orray odon!!l,.r> 

"'•'-" "'""""> <s>roceduro Odon!l!lor> 

<Pr,.,.<l<>ro doc:lontion> ::• ]<typo> J procoduro <id.,tl!ior> (l]<rdontihor>";-1 U ; ... 
.. [uluo <.donufior>;-;1 -. 
4 [<s!>o<:ihor> <idonufoer>;-;J- .., 
... <.outoment> 

The oynto• ond ....,ontlcs oto progr&mming longu• dolino mo contoxu In wt>i<h procoduroo con bo 
ln•okod. 

F.., .. s Too l .. ol h.o''"""'fta! .,,S.bfoutltoo Coll CGnoooo 

"'Phcil!y .. pre.,lng purpo10, concept, mechan,.m, no!l· 
U<>n, ond u .. ge. 

lt is u~eful to nute !he difference on the "Purpo""" 
wmpo1Knll of Figuru 9 and 10. Ahhough the go•l• 
.nhented by decompo01ti<>n hom Fi¡urc 8 ue the 
ume-impro•• efncl<ncy-note m Fisure JO lhll 11\line 
•ubroutmn can lmpro•e efficiency in t..o wayo; 1) by 
domonatinB oubrouune c.ll <>•ttheod and 2) by performm¡ 
ceollin computallon• 1! compile-time rather th&n ot 
HIR·IIme, """8 octual poro meter valuu. For cumple, if .U 
puometen ''" con1laollr, a m• y be po-sible to compute the 
.,¡,.. of the wbroutme 11 compile Hme wltll """'"'!"""' 

P<.~PD ... 

• lo •••• IPI"" by uo¡;yting the oomo body of 
codo with diffo•ont por....,.to• •olu• 

Conatpr: 
• C.tt ... otutn copobolity ltflnofor conttolto tilo 

1ubfouuno'• l.oody. flmemboo ing whofl tho 
cofl camo from) 

Mo.clroniUTJ · 

o doiOC\linkOQO 
• •n<lo~oct lonkogo 

1Votot10n: 
• No1011on ter coll <hould not bo dif!e10nt tram 

nctotlon uood to •n•oko on!i.,. oubroul'""· 
INDIO tf>Ot th11" on opphe&lltll1 o! tho ~n1l0fm· 
otv principio. ond .. ,.., to laotOf Pfogrom 
modofllbihtv .! 

cnormout u\'inp '" nw·limo cffidency. We¡bteil" 
oxplorco !his poss1h~ity aod oelated onn m mol< de!a~. 

For purpo'"' of >llumonn¡ tke u,. of our propooed 
h•mewark, kowevt:r, it,. waflh ootin¡ how Frgures 9ond 
lO hclp in compulng ond contrntin¡ lwo reloted but 
dtffenn& inl<rpretlliOm (inhne .. ,..,, clo10d) of the b•»c 

PurpOM: 
1 T o uve timo by olomonallRG call overhood (thO 

<fhciency gooll; 
• lo 11v1 ue<ution ¡imo by pormllllnQ compilo. 

timt oi"'9l•l•<&\lon o! 1 oubrooli"" body b .. od 
<>n octuol •oluo• ol paromote" 

Co""i>t: 
1 The wbfoutone bo<ly io•ubolltuled on plooo ot 

tho all. wom octuol P•••m•••• ••luto oul>llo· 
tu\od lo• formol plfomotor •olun 

M1durnr:un: 
• M~e~o oubotllutoon, follo..ed by c;omp<le time 

Optomiution; or 
• Syntoctic wbotltution. in the senO< thot local 

•oriobtel docl11ed w1thin tho oubroutme w1ll 
nct bo found to r;:anfhct woth llmoiOIIV·~•mod 
•oriobt., in me coetut o! the coll." m~t 
haopen wah mo<.ro oubstitutio" (wh och occu11 
lltho lou:oll .. el o! • p•o.ogrom tutl. 

Nororion: 
• Should not bo do!f01ent hom coll nototo<>n u...S 

'" in•o~o cto<ed lub<Ou"""'· 1Th11 non opph. 
catlon al tho unoformity P"ncoolo, ond ''""'' to 
!estor OIO!l"m moc!ohol>ihty .1 

Uup· 

flo'" tO Dnuopo..,.ol .... !ni.,. Su-tono Co...,.t 
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1ubrouune nouon. Note ol><> hnw we h••• apploed tht 
fromework ( u1ing hiorarchoo•l d<enmpuutwn 1 tu •lto<nlll•< 
"t.lechon,.m" •nd 10 IIIOWOU'" "Con"pr" com¡>..n<nll of 
rhe po1101ns in Frguier Q ond 10. ThiS r<Lurri.,opphcotiun 
of lh< pll\trn wnhrn com¡>On<nll uf the pollern " 1 

pnncipol omoouon of uunsrhe framowmk fm unJ<t>lond· 
rn¡ sof1w11t tngim<rrng lop.cstn depth. 

Our lllumouon oo far appeon ID lmply thll rhe proc .. s 
upect of lht f<&mework ls of por•m<>unr rmportonce. 
b<<oo>e ""'ha-. or~an!Led our uampt .. prrmanf~ rn lormr 
of lhis poll<rn. hui eo<h of Lht COffif"'O<nll of lhe 
homowork " of equol rm¡>Orlonce. ro •n onolym can be 
or¡ontted equ•llt "''JI in rorms of 1,,.¡, or princrpfn. 

Confirmobrllly: 

~~-

Conc-p(. 

lo enouro erran on !O<ming 1 coll 
110 <leiiCIObiO. 

DriUnguuh onputon<l oulpul 
PlfOffiOI<II 

Modromun: Uw o colon ora wm\Colon 10 

wporote input ond outputpor.,.,.. 
ton. o.o .. FIA,B.C,DI or 
FIA.B.C.DI. 

Conc~pr Prcvo<lo llw:hcllion el"""" ucep 
"""'con be roi...:l 

M«ll•nrun · s .. below. undor Complo1tno11. 

Unifo11nitv: 

Pvrpo~· 

Conrept. 

Complotonou: 

Avood unneco"'"" <lifforonce1 on 
lorm o! coll. 

En•u•o closod "'d rnlino <.alh ha .. 
th< 10mo nototienollo<m. 1Th11 
enhance• modoftobrltty d oroc1IV. 
ond olhciency iMoroctly.l 

Purpa•· lo <mUlO 111 p!Oj)Orltos O! IUb· 
routi<>o" oro roflocltd in 11>1 
noto!ton. 

COt>UPl: POliMOie" >hould be bo!h tUdatriO 
onr:l wtotut>le; """"""' lO< ••oro•· 
""" roopon .. lo "'CIP1•on• >hould 
be •• .,,.,,., ......... 

M«nonoun. • For te.<llwrrto poromotor<= 

u .. puncluotoon lo ooparoto 
•n:rul ond output POllmO!oll. 

Oecloro """ieh po.,motoro "" 
or>put onr:l which oro oulpu!. 

lncorporoto body ol ruh<eorl<no 
on P'<>li'"" whoro " "rtlor· 
•~cod "'globol anolv"' con 
dttormrno """'eh por •moro" oro 
•~PUII~d """><h OIOQutpul 
f• g. 01 on ALGOL!. 

• NOtolocno to d01l woth !he vari· 
<>ul f';por el ucopl!on condo· 
lOO ni 

D<pendrns on which dm10ns.i<>n 11 u><d. rht empha111 wlll 
be drfferenL, buL uung ony of tht rhree <<>mpon<nlllllhe 
dommoung orgonl<tOJ concepl 11 'lhd In opply1n1 lht 
framework. Whrch of rh<m should be ""d dependr un lht 
purpo>< of Lhe dr>Cur.,on. 

To demon,roto tho vtlodr1y and ••lue of ullnJ one of 
Lhe olher componen!< u lhe organlllnll principie, ...., 
d<Ocrrb< rn Fr~ure 11 the n<>LIIion upoc1 uf oubroutlner. 
otgonrzod m tenm of prindpf" w.mfled b~ vodous 
rubtouune c.oU no1•trono. We will dr.,uu each brieny 
below. 

Th• putpol< of con{irmllbduy u opphed ro nomiooaf 
mollen 11 lO en•ur• 1h01 rmporront prup<rll<l of 1 

Conarp r : 

lo upre" only once olhorwr,. ro 
dund•nt inlotmotion arno:orning 
e•cepuons. 

.0."""'"'" handlor woth lor~r 1yn· 
tOCio<: un01 thon 1111 c.oll """· 

Afntrono<m: U.. nculion IU!l~led in Rotor· 

Hiding: 

Purpou. 

Conapt. 

Aboloocllcn: 

Purpou: 

enc:e 8. 

lo prchibil occou 10 intcrmo.,on 
!hol ohould t._ ovoiloblo only 10 
1he ouhroutrno. 

Uoo obotracl do!IIVI>I in declorino 
on Oeluol poromot11'1 do u typo, 
bulo moro dolllltd docl•"''cn ot 
1ho formol pa11motor'o IVOO. 

lo Pf""'"'" ,,.tni<OI propofloo> of 
coll in lho notllion, leovon11 othor 
detoil• to Olhor nototionol devoaro. 

Com:opt. The method tor hondloniiUUP· 
tion• >hould no1 b< cro,.rv lonkod 
lo implomentollon m<lhodo: o 
d>orco olo.orio1v ol omplomoniO· 
ticn toehniQueo >hould neo t._ 

fe•ecloud 1,.,. lhe nctollon. 

Af•cllon;om; U.. on irnplomeniOt>Cn nouttol 
nontoon lO< e•cepuon honr:lllflll 

Moduto"'y: 

Purpou: lo""""' thlloyntocloc '""""" 
loiloro opprcpo oo11 goolo. 

E .. mone ompoct ol ovnlu en 11011 
ochthOmtnt. 

Choooo tho JOVIAL mllhod ot 
datillQuos<ung mput/oulpul portm· 
""" fl!he< !han o doclolillvo 
mothod. 1inco tho JOV 1 AL noto· 
loen ompoovu underlllndoboloty. 

, ..... 11 ............ "'" ,,. ... ,_. to 

'""'""""' e.u "'""""" ,_., 
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oubrou1lne's imorface orO &totod hphouly In o all, 10 n b 
cl"r whuher !hoy ha .. oU been deo]! wl!lt <r>rreclly. Two 
~lptCLI o( 1 call do .. r.e porUcular n"'nllon a CMe<pLI for 
oclli<vln& Lhis purpo ... TM fin.t it to diotl>o¡¡u!dl Ln tbo 
noution of the coU whrolt poramtten. ore reod<1nly (le .. 
wltrc:h ore irrput po<arneten.) 011d whlc:h ~ <rrrltoablo (Lo .. 
output parornetelO)- Tho oocond b to distin¡ubh In th< 
fcrm of Lite coll wltot naptlon condlticnoiiUbroutlno cJJt ....... 

PUl is deficlent In titar no indicotlon of output 
.,.,.,.,.tero il modo. In Lhll resptCL JOVIAL !1 lllptrlor, 
"""" • cal! to 1 JOVIAL 1ul>r<>u11nc, <.&., F(A,B:C,D), 
iho,... nphciUy that A ond B are U.put pourneton ond C 
ond O are output porameterl. In thiS cue, tho JOVIAL 
S)ntu 11 on ex.omple of o ncto!lonol metha.niom for 
rmpltrnentLnR Utis ronccpt. Atr tqu.Uy sood mec:honrllll 
(corl&idored solcly hum 1 conrunuhility vr<wpolru) ..,uld 
be rnercly tn requue 1hot Ln tho declarlli<>n of o oubrounne, 
1ho lnput{output lt!tlbutel of pororneten. be lptdflod 
uplicnly '" tite requi10rnent con be chocked ot 
compilo-lime. Allo, unifcmuty wllh rnore mcdern provam
rrung bn~uageo. u wdl ol oullnory Eng!Wr., mo¡ht uy thot 
thr ":" of JOVIAL mighr boUer be 1 ";"' to-furthor 
lmprc.., the undentondoblllly ofllooyn\1.1. 

The nplicit ondkoüon of ueopt10n c<>ndlticno lo 1 
confum.abiluy in~ >n thll ir pumtll OV<rsoQIU wuh 
r .. pect 1<> <>ccpuon condll>uno lo bt d"<c!<d moro eutly. 
Wo ...,u d01cu" !hil conccpt furth<r undor ('o.,pkrene ... 

Al for u~>formlly, """ hll mere!~ !he wn<<pl !hit inlu>< 
ond duoed subfCUIIn< '""'"'"""' •hould hO>e u,. 10<>>< 
''""'· Tiois enhanco• mudtfl•billly foo tunin~ (effl~lency) 
puo¡><o .. r. lineo chongins a dtcLOiun obou> wh"h•r le \real • 

.ubruullno •• clo .. d m 1nline ..,,¡1 not thon ><qui,. chan1ms 
"''Y coll. 

Under cump/Lirnru. ,.. 111ín bst tho ccne<pt th11 1 
ou~roulln<'• in•ocallon m>lai>On ohould provlde fo1 dullns 
"')'h nc<pllon conditiono. TI>< puo¡>ul< .. rvtd berc io no1 
1<> onsurc lhot all rnndi!>Unooro dnll woth app!Cpnal<ly (u 
for confitmablllly) bu1 tolh<l lo ensuro that e..,ry 
.:opob>h>y of th< •ubroulln< ooncepl " mapped intu 1 

ouolabl• no>a!ion for >n>oklrl¡ 1hat ••pabthly. Thoobihty to 
cun>r<>l lhc '''1"'" .. tu on oxccplion ioon imponanl upec> 
o( subroUilJit >n•ocollon, ond nutat:on ohnuld b< pruYLded 
lo do•l wnh it. 1ñe confirm.ab¡hty purp<:rse perhopo 
pro•>d .. • otrons., ''!umcn1 fm ouociauns cacopuon 
h.andltnt ,.,¡h calb. but we OLIO U here becatDC n abo 
.. Ldfoto tho compltreno,. pron<1plo ., .,,¡¡_ Smularly. 
onrruJu<O<>J th< ab>h>} In uugn lu poromotorl io 1 con« pi 
su;.¡:"L<d by !he oumplo><n<OI pun<Lplo, diSII!liu>oh>n¡ 
onpul and oulpu> paran><l<ll '" >h< fmm of the ull 01 tn • 
dod•mwn " on ap¡•lo<a> oun uf lh< confirm•b>llly plltt<>¡>le, 
be""" lhiS m•k• n ,.,¡., 1<> d<t<C! orron al cornpil< u me. 

lh< p~rpo .. of k><.~/o:Qtwn 11 app~ed 10 ncuhunol 
... ,,.,. foo doahn~ w¡th <"<<pll<>n condU>Onl might be 
ouL<J "· '"Witen th< """ <>-<punn hand\<t ;. to be 
•""'-""J wuh """] r.lhn~ p<:rtnto loo the ••m< 
'"~'""""'· >ho n<>1•>1un h01 '"tpl>on hondltn~ ohoold 
l'trrnll >hr honJior "'be "'""'" ,,.,.,., r•th<l th•n roqutrrnt 
" '" be "''""" u put .,¡ carh .. tll'" Onr wn<tpl fur 
>·U»f)>n¡rlm P"'l""" ll 1<> ,,..,,¡.,, handlr" "itltl.ro~tr 
'1"'"'" un>ll nf "" llron lh< <>11 t!odf < ~ . ..-]th 
""ltn~<'nU. lt>up bod><>. <><- Thls propo11l h <>plnrcd 
turlhtr ¡n Rtfttona 8 ond a lp<<ohc oynl•• is P"'l"'"d 
tht!O. 

Th< h1<it"1 prlnclp\< opphed to lub>ooline coU nolotlon 
"""'' •llowirl¡ th< aub<ootin< u1<r '"'"' Mlf lo the 
obmoct doll typt lnformatlcn needod for cbe .. monU01 or 
1hc caU. Th111 doclollllono of formal patamctofl (>e_, on Lhe 
lnoldo cf !he oubroutlne) ore broken mto two pom. ond only 
tho obUroct pool 11 rnadc o....Loblo to tbe u .. , for hb 
declorallano (o,¡., oee R.derencc 12), 

The principio of •bsrr«llon combU.ed wtth untrormlty 
'"&1!'"' thol th• nomlon los dullni wllh cu•ption 
condlUono lhould be ~tulrDI ...,,h r<ope<l ro .. riotu 
>mplcm<ntation techniqon for handling nuptiono. In 
~forence 8. 1 no11tlon f<>r u.cepllun lllndlms !1 p~cposod 
thot can be implernenred usio1 rtoltll •oroableo, rotusn 
cod01, oubtoullMI paosed u pi-romel<fl, Ot f'LJ[ ON 
condnmn• •• implernenlll>on m<th...U for dealona wilh 
ucepllono, depc-ndlf'l on tho !ogocol constro>nu o...xlated 
""h th< ncoption. Thr poU.> u tbat Lho no1ouon dtculd 
perrru1 1 prc1,.,..,., to dnl ..,th !he abm•cr concopt of 
on nc<ploon, ...;¡hour beong ued down lo imptomentalion 
detotls unuJ be 11 r<ody tn tune 1 symm. Th!l poinl is 
nplorod '" grcalor detoll in tho cited rofcrenoc. 

f¡nany, opplyrn¡ the modultuitf pnndpl< lo notolional 
mauen. mean1 nplcdng how the wueluul conllraln\1 
lmpo .. d by 1 synru ¡:an help to och.ie•e 10m< pulpo ... For 
eurnple, the goal of undomondoblhty Jo <nh•ne<d by 
JOVIAL'o •yntu fe< d>o<ln!D<slung Input ond output 
parornel<n. u opp<> .. d ro doclann8 wltich parometcn ore 
input lllllrn<l<l1 bu! nol dLSI>nRuiohlng >n rhe mucturo of 
the col! "'hich poram<tot is an !flpur porom<l<r. Of cr>W$0, 

the JOVIAL no!ILion degrad<O mod¡f!aboh>y, m 1hll ohould 
on input parom<ltr •••• h< ch¡ngod to on output 
porameter, al! callo wouJd hOY< to be modofl<d, whoreuthe 
loco~ulion 1nherent ¡, o "Pifll< dod•ntion of rcod/wmo 
prup<rti" would not hOY< lh" duwbock. Human 
judgomen1 11 (I.Std 10 makc 1 !rld<off d<"IÍcn ut IbiS tose. 
TI>< J>O!fll is thot by oon<~d<ring the offect of oyntoctlc 
muctur< on och.ievina 10m• s<>~l. ,... h.ovt dtown how rhe 
modulomy principie oppi><IIC nollllonol >Oioll<l. 

In •hcrt, f>&Ur< 11 dtow• thot il n •q~olly poOioible to 
orgllfli•• a d11cu"icn of aopccu of th• subrnulin< concopt 
lJ\ t<rrno of punc-oplc• u U\ 1erm1 of lh< fund•mentol 
prnce.,/pmern. {A> on uordoe, ih< ttodot mi¡ht oonsid<f 
wh01 pnncipleo oro uuofrcd cr dogradod by tho nouuonol 
rono:pt of op1ional orgumenu.) 

The anoly•i• !fl F1RUI<I 8, 9, 10, ond 11 io only tito 
begmn!flg of a complete nphcauon of th< oubrourine 
conccpl, bu> wo hopc ouo dLS.CU«ion h" ohown th.at by 
f<CUt""l} opply>ng 1h< frorno~or~. in con¡unouon ...;rh 
hotrateh>"l documpuulLon, m~•n>><d •nd m11glrrful •~ph
ca>iom can be dtY<Ioptd '" accoont for 1ht VlfiU" •nd 
d<f>e>enc>" uf •lliooo ooftworo ongmeeung pUrJ>0'"'· 
con<epiO, mechonlorn•, no101lons, •nd u"B"· 

Conclusion 

Oor '"""' '" üuo r•f'l'' hu beon ro coMu!tdat< "'d 
structuo< ,,.¡,,...,, '"~'""""~ •don ontu a '""""'"' and 
osefu\ frornrwuo~ h•r'u!ltl<t>IOnd¡n.i lito rnk >hci.O td<U 

pl•y. llw pr1nctpl.-. '"""· .nd P'""" Sl<pl ""'"P"""I 
tlrn fr&or~tw">k '" n<>t ""' ln•·•nll•""· >hoy ha.c b«.n 
'""F"ttt~ b) c¡ICILII "b"'"'" of >>~lt"'ll< on~lrttclln~ fur 
many y<orl. Wc h•>< mcr<ly •ll<mplod t" !""'"' rhue 
tdtiO lll •n ord01ly ond "'<ll·d<fon<d w•Y· Wo du ntll clo!m 
<0 h•vc >dtnHf><d al! thr >mporunt pronc>pl01 cr ¡oalr 
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HOW DOES A PROJECT GET TO 
BE AYEAR LATE? ••• • • 
ONE DAY ATA TIME. 

NO SClNE FkOM PREiiiSTORY ;, 
~uil< ><> vmd "' that ol tho monal 
>lrUCCI" uf grc.11 he.1m in lhr lar pil>. 
In lhc n11nd\ <Y<'"'""'"' Jon<»OUr>, 
"'"""'"''"· ond '"hcr-tO<JEI>cd !!g<!i 
""'Cchn~ '~"'"' <1"· ~rip uf lhc '"· 
Thr ft<"'' ohc ""'UI<, <he moro en
'"'~ltn~ lht· w. and "" hoall i> "' 
"'""C or >n •~•llful hu< th•l he ull<· 
m•lol¡· """' 

\ . .,g<->~"""' rr<>cramminc h>< ov" 
lhc P"' Jcc.dc hr<<l ><tCh a w ptl, •nd 
m:.n¡ g10.11 ond puw<rful hoa"' hovo 
thra~hed •·n•lonHI' m 11. Mn>l ~··• 
''"'"~«1 """ runo1ing >)'>len,.-fcw 
hove m el ~"" 1>, ochrdukl. and hudgc<l 
1 "g' anJ tmoll. """''' nr wirf, to.nt 
.olt<r tcem h.- hccomc cnt•ncl<d m thc 

""· Nu ""'' ohm~'''""'"'""' 1ho 
<hllicoill)'--•ny par<l<lll.r paw ron "' 
pulloJ """1· but tho armmulaiH>n ül 

"nwltan"'"' and '"'""""'i 1•«•"• 
hr~nc< ''"""' •nd <lo"'" mott .. n 
b<J]<>n< "''m\ to hav< hcen \111 P""'" 
h) lh< <tlrkin<ll "1 tOo puohlom, •nJ '' 
"hard tn d"'''" th< ""'"'ni ot. 8,., 
w< """'"Y In omd<r<land H ol "' •r< 
tu <ni oc H 

Mnr< '"""''re P"'¡,.o, h•v. ~""' 
""')' l<>r lad "' r•lerulor tmoc than lor 
,¡¡ uthor '"""'' wmh1ncJ Why " thi> 
'"" <l] d"·'"''' '" co•mmon' 

ht.,, '"" Lerl""4"'' ,.] .,,m,llng 
dO P"'"'' Jo•>clupo·J ).h>r< '"'""'])', 
LIH·I 1<~-•t .on "'""'n·d o"umpronn 

"¡,,¡, ,, ~"'" ""''"'· '-'. '"" "" "'" 

r·• ""'· ,,..,,,.,J_ ""' "'""'""'~ t<•hni4'"'' 
'·'"·""''"¡, "'"'""' ,.¡¡.," w>Lh pr.•~
"'"· lud•ll~ lho· ''"""'P"'"' thar "'"' 
,,,,¡ ""'"''" .1!< ont<rch•nfcahl<. 

lhl'ol, '"""" ~• "" "'"'"·"" ,¡ 
'"" '''''"""'· •oll"•" man•g<n olo,·n 
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By Frederick P. Brooks, Jr. 

lad thc cnurtwu> <luhhornno» r<

qL<>r<d '" m•h poopl< wail lor o go<>d 
prndurL 

fourth. ieh~duk progre»¡, poorl~ 
monitorod. Tcchui~'"' ptm<n and 
rou\ln< on oth<r '"~'"'"'"! dnciplin<> 
arr ron><drrcJ r.J•"I <nnovahon> in 

'•olt"' a re cngon«rong 
' Ftl\h, "h'n >Ch,dule >lipp•g<" «<
ogni>.,J, rhe """"' ¡,nd Uodlllon•ll 
r<>pL>n>< " to odd """P"'""· l.ik< 
dou<ong • foro wHh g.-,l,nr, !hi• ma~oo 
n><ll<" wMoO, 01o1Ch W111'<- Mor< fir< 
r.quor« moro g•~<>ltn< and thm bc~in• 
a"&'""'''" e¡ ele wh.ch cnd• in di>-

""" Schodul< rnonitonng wrll bo oovored 
lat<r. l.<t U> r.ow oon¡,dcr othe! a>
P"" of th< probl<m in mor< d<!aol. 

"'0ptom,,.m 
All progr.non><l! ar< opumo>l\ P<r

h•p• th<> modctn ""•")' <•roci•ll¡ .,. 
""" rlu'>< """ hd1<>< ro happ¡· cnd
lng, .od '""1' E""""'''"" P<rh•r' th< 
h11nJrrd> ol ""') ltumahon> oJ¡,., 
""" all hut thm< "'ho h•hot,olly lo. 

"" "" 1hc <nJ ~""' l'<rh•P> 11" rr><r<· 
'' '''"' •·•n•rutcl> .,. )"""~· prn~ront· 
""'" .r< l"""~"- ao~ th< youn~ .,, 
"'"'~'' "r"""'" ~ .. , '"""'"" oh• •<· 
'"'"'"' pooc<>• .. uth. t~o mulo n in
JL\r<n.ohl< "lhl\ """ " ,.,11 '"'"Y 
""'·"m"! tu·t l"unJ th< l01t ~u~' 

l. 

~" th< fr"' 1•1« "'""'P""" thot 
und<rL"' rh, '""dulor1~ ,¡ •Y•L<m• 

!''""""'"""" "th•t u/1 "1! •" •·<!/, 
1 ,. th.t ·~el, ·~~· "''' '"'' ""'' '" '"'"' "'" .. ,,,,.¡,¡ ¡,. '"'' 

' lh< r•'''""""'" ,¡ "P'""""' 
·'"'""~ P'"~romm<r' d'"'"' mor< 
lh•n • ~•r onll)"' [),,.,,h) ~•)<f>.1n 
hor <>«ll<nO ~no~. 1 h• Mo~d el oht 



Tt-iE MYTHlCAL MAN-MONTH 
Md ... di>id<l <r<>U•< O<ll>ll~ onto 
thr« >lOJ<>: Jhcjdu .. \!u ll"J>lemenu. 
uon, ond th< intc.!ocuon. A boook, th0n, 
or o tomput<r, or o preMtOm tomes 
nto uiol<nt< fir>l •• on •~col ten

OlrUtl, built oulSode time ond •rae< 
bu1 complete in thc mind el the ou
thot. h " teohzed in tomc ond >pace 
by pcn, onk, ond pop<t. or by "'irc, 
>~licon, and 1<<"'<- T~< <tuuon " 
rempl<l< »hen wmoon< toad> lhe 
book. uon th< computtt or runo lht 
ptOit•m, therob~ ontenrtin¡ "'"" the 
mond uJ the müer 

Th1> d"""P"""· whkh Mi» S&yers 
""' te illummote not only hum>n cre
oti.o o<t!YII) but alw thc Chmtoan 
doctttn< oJ the Trintt). ,.,u help "'in 
out ptuont l>>k- Fot the human mak-
en ol li1•n~>. the •n=mpltl<n<"<l ond 
m<On>Í>I<ntt<S of out idu> b<como 
d<ir onl)' durm¡ omplcmcnto1Lon 
lhu> 11 i> thot writin¡, "P<rimenta
toon, ""'ur<on11 out" are euenliol di~ti
phn<> for th< thooreticton 

, 
í 

In mony tr<olivc ocu•ities lhe modo
um ol ... cutoon "introotoblt. lumb<t 
>pillo; poonl> >m.,r; eloouirol circutts ~ 
ron¡ lh<>< phy>1col limitotiono ol th< 
medoum ron>tratn the odu> thot moy ~ 

h< e>~r<»ed, ond lhey olso cteat< un
<•P<'l<d dilfkullo<> in th< implemon-
l•lwn. 

lmpl<m<ntatoon, l~ta, tol.u timo 
o>d '""' t>oth b<eou>< of th< pht>o••l 

•ll<doa •nd b<tou>< ol th< onodoqu•c•<> 
,,¡ th< undtrltmg •deu. W< lend to 
'•l•mc th< phy .. col modta lor "'""' of 
om lmpl<m<ntatwn dJftJ<·ulll<>. lor th< 

"'"~" .re ''"' •·out>"' m lh< W•) the 
'"''' or<, •nd our pudo coloro om 
¡udrmont 

r .. n,put<r pro¡r•mmon¡. ho..-..... 
«<•«• ""h on <><«dm¡l~ tr.cuble 
med1um 1 he P'""''"'"'" huold> lr<>m 
]'UI< lh<>u¡ho >1utl, <on<<pl> ond •er• 

""'"'' "!'"""''"""' th<r<of. !le
""" the moJoum" U&<l•hl<. "'' .,. 
pnl lrw <hll"·ulll<> on ompl<rntnl4toon; 
hon, < ""r pc f\ '"'" "P" miom. lleco u>< 
""' od<O\ &!< f•ully, .. , h>v< hu~o; 
hon<t out o>pum,.m i> UJ>)U>U~<d 

In • ""11< •••~- oht "'umpll<>n th., 
'""'" J" ... 11 h•• • prnhoh•h•u.- <He<:t 
on th< >ehedulc lt mo¡hl llld<td '"" 
pl•lln<d, l<1r th<r< l\ • ptoh,holtt) di>

'"""'"'" lnr ''" dtl,) th" "'" ht tn"'""""d. and ··no d<l•(" h•• O fimte 
¡•rnh•h•l•t). A !.,~, pro¡rimmon¡ tl

h><l, h""'"'· """'"" ol mon) "'''· 
'""'' 'h""'d <J>I!·lO·tnd lhe p<oh
''"'"' lh ..... .:h .... u'" .. ,u l><oom,·· 
...... hto>~h '"'·'" 

Tha m~thl~•l maro-mo<Uh 
lh< '"""" t • .IJ.,,,., '"""~h· ""~¡,. 

"'''I'"'"J "' lh.- "'') """ .,¡ "''"" 
.. .,.,¡ '" """'·'""~ .,,J .. b,·Juloll~ lh< 
n •. .,,.n,"""' < -• ..,, ,¡,.,., ,n,t,.,.,t '.,. "'' 

the pr<><lu<t ol th< numl><t of men and 
1he numb<r ol month> Prollf<l> dO<> 
not. /l•nrt r~• "'"~""'""'~ "" o ~nit 
fo• """'~""r '~' "" o/ o iob ¡, o 
da"'""~' ond d«<p/11'< ..,y,h, h im. 
piLo; thot """ ond month> ote inl<r
chon¡ut>l< 

Men ond month> ore intor<hon¡t
obl< cemm<><ltto<> only "htn o tasi. tan 
b< poM!UCilled omon1 mon) ... ork<f'l 
.,,A "" comm~nocation omont ~~~ ... 
(f<l 11- Thl> ;, true of rnpin1 "h<at 
or picl.on11 tollon; it 1> not <'<n •p· 
ptollm•tely true ol oyotem> pro8r•m
minll. 

Whon o took connol b< panilloned 

• 

•. 

"'" 
f<ll l. n.,. t~rm ""mon-month" 1mph .. 
""' ol one man tak" 10 month> todo • 
JOb, JO mon oon do it rn ono ml><ltt>. lh•s 
moy Do truo ol pockon¡¡ couon 

bec•"" of >c~uenll•l ,·un>traint>, lht 
opph<:atinn M mure tHort h .. n~ <lf<ct 
"" th< •chtdlli<- Thc ho.rin¡¡ uf • chold 
tok<• nino month>. no m•ltet """' 
mon) "'""''" >re "'"81l<d M•n)' ooft. 
,.,,. ta>h ha>< thi> char.Ct<fl>tÍ< 1><
CIU<C ol oht •<quont!al ""'"" ot dc
huuinJ. 

In toÜ.> thil can t>< r•<IIIÍ!In<d hu! 
10h1<h f<~Uit< communoc.ll!ln amnn~ 
the ouht .. h th< d!ort ol mmmunico
llOn mu>l bt add<d to the •muunt ol 
worlo lo ht dono. "]h<r<hlf< the be" 
t~•• con 1>< don< ¡, '""''"bot """'" 
•h•n •• e.en tud< of m<O lor month1 
!Frg lJ. 

lh< •ddtd burdcn nl rommun«o
toon " m•d< up of '"" pom, tromin~ 
ond '"''""""""""''"un l'•rh .. ork<r 
mu\1 ht tr .. ncd m th< 1<Ciln<>lon. U>e 

11"''' .,¡ •~• '~""· th< """11 >lr•t<g¡. 
and the plon ol ~ork. Thl> u .. non¡¡ 

""""' h< l'"""""'·d. '" thi, P"' ol 
th< •dd¡·J trt<'rl ""e' luO<.rl¡ ~o<h thc 
1111mh<t 11! ~"'''" 

\' ' v,,,,,,,l "' !1<11 ll'lcrh""" 

•'""'"""'' o'•lliH"h•< lholl ,o '"'"' 
I''"IC\'1 '"" ""'·"" ,, "'·"'1'"~1"1 huoiJ 
ll~ 111 IWI p<r )<•< ~l,ore th.ll< !hot 

''"'" ... , "'" "'~'""' '"' , ... ,, .. ,, ... 
.,¡ ""' ,-,.,·!llr.l '"'""""' '"'"""' •nJ 
"' '"'"'"""''"""·'n r··•h~•)• 1· 1. 

' < o 

Corb.otó o! •m poonl> ""' thol o lon11 
pro¡«! mu" ont!<opol< o turoo•er ol 
lO'ló por 1'"'· ond ne'* p<opl< muSI be 
both technicolly minoJ ond on1<1rot<d 
into <h< rotmol muttur< 

lnt<rtommunicatien t> wonc. lf 
uth poli of the to>> mu>t b< ><poroto
¡~ coordonot<d woth uch oth<r port. 
the otlort incr'"'" n n(n-llll TltrH 
work<n ~<quire lhr« time> •• much 
pair,.ise intercommunicotion 01 two; 
(our requin oil timu u much as two. 
rr, morcover, th<r< need to b< oonfor
enro• amMilhree. lour, <1< .. ,.orkero 
to mol" thin1• joontl1, mollero 11<1 
worse )<1- Tho oddtd <llort el com. 
mun«aton¡ may fui\~ counl<roct the 
do>t>IOn ol th< on11mol tollo ond bnn¡ 
u1 O. oc); !O lh< lllüOt!On of F11. l . 

Sonro .oltwaro can>tnrcuon i> onbor
<ntly o O)'>l<mS elfort-an <l<!<ÍO< in 
;omple• int<rr<l>t<on•h<p>-<:ommu. 
nic.Lion oHort 1> ¡reot, ond it quJtkly 

.. ·.- •, 

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

.- -.. :_;:-~-
i\ . , 
' \ 

: .. 
. • • • ! ' 

•• 
' .· 

'·; :. 
' .... ,. 

,. " -. .., . 
•. 

. . ' ;..., ... . . 
-~~~=.; ·-~~ 
.,•·. - ... .-,.· . ' ' 

.. 
' ... 

. -· 
f11] 2. E'"n on l>>h that con b< n~tely 
p.otlot•o,..a omong peopl<, tho oddoloon•l 
cummunoool1an requl'od oddl ta lh< lo
l•l ,,,,¡,_ '"'''.,'"il tho schedule. 

,,_~ ... /1 
~ ' l ' . 

- ' •'· . . " 
; ' . 

' 
r ~. ·; ~:::~. ::.·.' }; ~~ 

L---'...c:-=· ·~---'-' ..... 
Fo~ 3 S1n<t ..,,,.,., con>tru,hon ll 
CDmQIU, tno COft",m~nf<oliOnt OoOfi'>Ud 
"•••ot. Addlo>J ....,,. mon '"n 1tn11t~on, 
•~tno1 tl'>on '"""'"· tno •cl>tauto 



domonotn 1~< ~«r<"< '" uoJ"'~""I 
•••• ""'' ~"'"~h< '"''''' ~· 1'"""'""" '"1 !uldong m"'" men thrn ''"f'~'"'· 
nol >ho"'"'· th< ,,;f,,~,.l< 

Sy•t•mtt ten 
No p1r1> ol the ><il<dulral'" >O I~Of· 

ou¡:hl) •!foct<d h¡ "~'""'''' ooo· 
"'"'"" 1> compon<nt do~u~~·na and 
>y>tcm 1<>1. furth<rmOt<. th< um< f<· 

qu,.od dependo on the nun1b<1 >nd 
>tobll<ly o/ lh< <ffOII cn<""nl<t<d 
Thcorouc•ll¡ th" numbrr >h"uld h< 
'""' IJ«au"' ol optimo>m, ~• u>u>11Y 
"P"' th < nu m~<r ol nu¡> 10 1>< om•ll
<r <h•n " '""" out '" b<. lhcrtlnlt 
tntin~ " U>uolly the mo>< ,.,..,chod
ul<d poli o/ pro¡¡rommin¡¡ 

f'or ><>m< f<41> J ho" htrn '""'"· 
ltoll¡ u>tn~ the lullo""'j '"'' ol ohumb 
/or ><h<r1ulmg • "'/'"'" oaol. 

'> ¡>l•nnon¡ 
\a e<>Jtng 
', '""'P""'"' '"' and eorl) S)'<l<m 

''". 
'· ''"""' ""· .u c:o<np<ll><"" '" 

h•nd. 
1 h1> dtll<r> Ir u m con><nllonal 

"hedulin11 tn ><•<rol imponanl ,.,)>: 

l. Thc lucunn do•ot<d In planntnl " 
l•tll« thon normol ['<n >•'· 11 ¡, 
b,ucly en<>to~ll '" P"'J'""' • d<-

' 

In <"m'"'"l C<~n-.nuonall) >ehW
~Ied prorW•, 1 h>'< /ound 1h01 low 
alh>w<d <IO<·h•ll o/ the projooiOd 
>e~edulr /or l<>!mJ. ~ut tha! mo.l did 
ind«d 1~nd hall o/ thc actu•l .chcd. 
ule lo1 lhot purpOi<. M•n} o! lh<>< 
"''" on i<hodul< unul and excopt iD 
>)>l<m '"''"1-

Faol~tc 10 olla,. enou¡h Um< fm 
>)>t<m tnt, in panocul.,, i• ~cul•orly 
d"""""' S•nce •h• de la y come> >1 •he 
cnd o/ lh< .chcdule. no on< ¡, ""''" ol 
ochedule troublc unul a\mrut the n<liv
<ry doto /lod n<~>, lal< •od "llhOUI 
Wirnln~, a unwtlm~ '" cu>lom<n and 
lo mana¡en 

r~nhormor<, dcl>y •• thi• poonl h•• 
unu•ua/ly "'"' hn•ncia\, " ,.,11 " 
poychologtcal, r<p<tcro>>IOm, The proj. 
<<t i• lully .,,Jled, and CO>l·p<r-day is 
muimum. Mofe ><riou>ly, !he soh
wa.e U 10 ouppon other bus in<» dfon 
(lhippin¡ of comput<n, oporatilln ol 
now bdlui .. , etc.) ond the "cond•ry 
COill of dol•fl•ll 1hese aro vcry high, 
for Íl " olmo>! lime /or oo/twore sh•P· 
mont. lnJeed, lh<>< >«ondary cmts 
m•~ fu out,.ei¡h all othen 11 i> th<r<
lore "11' Lmportant 10 olio,. enough 
·~ll<m 1<>1 11m< in th< OriiiLOO) >Ch<d
UIC. 
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Training 
complete 

• 
Months ' 

5 programmer~ 
lor 7+ m/m 

6 7 8 

Fo~ 4 Ado,n¡¡ monpc¡...,, 10 0 ~·c>«l wh•cn •• tolo may nol ll<lp In'"'' e~"· •upp<>se 
th••• ""'" on • l ~ ""'" ""'"'" 1>•' «1 _,. • ""'M" lal< !! t! t•••• ono or ,,. on<u 
on <tl'l R'l(lntn lo l•o•n '"" n.• -.-n. tno P<o,.<l woll b<' ¡~>t o< lole 01 ol no ono ••• 
·~~·d 

Wl<~ ond "'hJ 'P""h••••-·"- onJ 
"'" u .. u~h '" on,IL>J< ,.,,r.h '" 
<>rl•''"'"" ''' IU1dtl) 11<• h'oh· 

"'~'"'' '"' '"'" ,,, ,¡,, ,,h,·Jo~l< J"·'·'J '" 
J ............ "' '"n>pl.-hJ • ,J< " 

"""h 1,.,~,., th•n n"'"'"' 

lh< r•" '""' "'"" '" , .. "'"· ', .. .,,¡,,~ .. r•><n .. nh , .. , '"'h 

Gutleu eotimaton¡¡ 

Oh>«>< '"•' h>r oh< prn~<amn•«. "' 
'"'ti..- ,hd. '"' "'~'"') <>llh< r•""" 
m11 ~""'" lh< ><'ho·Jul<d o:unopl,·ll"n 
"' ohe '"'"·hui ,, , .. nnot ~'"''" tho: 
"''"'I'""'P'"""' -~" umdouc_ r"om. 
"'J '" "" """'""'· ''"' •rr<•< ,,, "" 
P'"~"'""i noool¡_ llut .. non" h.- nut 
"' '" <on mtnute>, th< <u>l<>m<r ha• 

l-3-3 

'"'o dtoo<<>-"'" M,.," ••~ ~11· 
,..,. '""""''" ho>< had thc '•"'' 
<hMce> 

The «>ni. "•• onnth<r chot<<. h< '"" 
IUrD up lh< hcat. 1 h< r<>ult ,. ult<n •n 
omelcnO oothin¡ con »><-hmned in 
OD< pan,""' in '""lh<r. 

Now 1 do nol thonk '"''"'" m•n
o¡<n ha•< ¡,., oDhct<nl coora¡¡< .nJ 
~rmne>> <han chef>. nor tl>on "'"" 
on¡¡inectin¡ m•n•~"' Pur lol><, h"l. 
ultn~ In m<Lch •he r•tron\ d.,,,J 
dlte " much more <omna•n on ""' 
di>C!phn< thon "''~"'" in engon«l
tng lt,. •orydt~l<ul• '" mol.r a,,~..,. 
Llu>, pl•u>Lble, ond !"b·rt>~>n¡¡ J"'"" 
~• on ""mol< thot " d<11\Cd 1'1) '"' 
qoantuaU>< m<thod, oupport<d b) tu 
ti< d•"· ond <efLthed choenr b¡ oh< 
hunoh<> o/th< mono~ers 

Clc•rly '"'o >olotians ote n«<l<d
Wo n«d 10 de>olop ond publi<:il< pr<>
due<O'U) fi¡UIO>. hu~·tndden<e h¡ur<>. 
o>tim•tmll rul<>. ontJ ·~ vn. fh< ~h.-le 
pral<won <on onl) prvfit lrom ohoron11 
.uchd•ta. 

Unlll nllm>lln¡ 11 ""a >Oundct ha· 
IL>, indO'tdual '"'"'i'" ..-.11 nocd lo 
><Lffen lhm boc~b"""· ond dolond 
thoir <>Umal<< '""" the ~moron« ohl! 
th<tr pour hunchO\ "" b<ll<r th•n 
"'"h-d<rt'<d "'"m•l<> 

Re¡¡enera.,ve cl••eotec 
1\'h" dne> M< d" ~hen '" <><<ntL•I 

>OIIW•r< pr<>¡eot " n,hond ochedulc1 
Add m•nra-.er. n•turoll)'. A> ftg>- 1 
through l >UU<>I, thl> ""l or "''! not 
h<lr-

1 . ., "' .,,n.,der '" ,-.mple. Suppn>< 
• 111l ;, "'"m11ed 11 1 ~ m•n·mnnlh> 
ond • .,;lned lo thr« men for /ouo 
month>, .. nd that '""' '" m<,.urahk 
"''"~"''" "'· 11. e o. "h«h .,. u:hcd 
ul••d '" /oll '' th< onJ ,.¡ <o<'h "'""'" 

N"" '"PI'"" oh, lt<•l mol<r•"' ,. nn1 
lo'd<hed '"'"',,.o"''"""' h • .,. ¡·I"P"J 

"'"" "" lh< '''"""'"" ''''"i ,, ... 
mono¡«~ 

1 ,0,»um< lhar ti><,.,\. mu~ ~<don< 

"" '""' "'""ni<'"",,,¡, lh< ~'" 
P•rl ul 11>< to>O ,.._ "''"''""""J 
Then ~ mon-nuonrh, ol ,·H,>rt " 

mam.onJ '"~ "'""'"'· '" ~·, n\Cn 
,.,11 h,• n,·edc~ AJ~ ~ men tu'"' 1 
.... , •• d .. 

,.,,,,..,, lh•l .... '"'' "'"'' h< J,,.,,
on •·me. >~.""''"' that th< .,,,,1, 
"""'"''' ,.., ""''"""')lo~ lh<n 
1 K m•n·mMt~. ,.¡-el!"' "nwn. 

dod ""' "'"nlh•. '" ~ """ ~ o\1 
nc.·Jed Ad~ ~ no.n '" ,.,,. 
"~"··d 

" 

M<><h<JLik In'"" <•••- 1 ¡,~,·oh, 
•d>~« 1"'" n, •• <•r«'<n,<J 
horJ~ot< <ngoncco. 1.~< "'' •m•\1 
>hp•" lh<l" .oiJ,,. "'""V'' tmw 
m lho """' >ch<J.,Io· In'"'"" th•l 
th< "'"'~ '"" ..... ••r<lulll .nd 



' J •• 
. ' <, ' ~l

 

• ~ Q
 

E
 

g 

8 o 
w

 

\ 

§ 
§ 

~
 

. 
S

ljiU
O

W
-U

I!r.l 

\ \ \ \ \ \ ~ ~ 

S • ' - <
 <
 

<
 ' 

. :.-' 
' 

o o 
' 



Fi¡. ~ ~tll> the "d "m). h iUumoteo 
rnul" f<porled from 1 oludy done by 
Nonuo ond F•rr"l at Sy.,em l'l<><lop
ment Corp. ThL> ,howo n .. ponen< o! 
U;tholio, 
1M .. 1 ; !tOtl'llllll! ~ !o-1 lf 010110<1-.)1 1 
Another sDt· ohrdy r<po"td by Weill
wurml11 oho >how> on e•p<>n<nt onr 
l. S. 

A few >ludr"' "" pro¡romrn<r pr<>" 
d""""'Y h..,< bc:cn ..,.de, and o.c>'orol 

1 ··~ Numbor ol 

"""' "'"11'""'""" 
a,..,.,."""' w u 
Moonllnon<o ~ 00 

Comprtor " • 
Tu,.totoo " " !Doto ono..,Dio<l 

cotimaun¡ l<<hnoqueo ha•< boon J>IO· 
pooed. Motin h" preptrtd o'""'') <>f 
the publ,.he~ dOlo E<l H<t< J oholl 
11i>< only o f<w """'' thot >«tn Up<· 
<tally olluminaMs. 

Ponrnan'a data 
CharlEO Poromon, Monorer of tn\ 

Softwor< Di• .. Cumpotct Equipmcnt 
Or¡on~>.oti"" (Nof\h>H>I) ot Mon. 
doater. ollen onoth<f ... rul persoul 

Yoon 1 
Mon- Pr011fom Wc«<ll ,_ -·· mon-yr, 

• '"' ~.~ ... 
• " ~1.000 ~ 

" " ~.~ "D 

" " 25,000 2210 

Tobl~ 1. Dolo !.om aell l..oDo in<hCilll pm<IL>Cli•<ll d¡Ho•eroce> btl,..<n comp1"' 
problomo 1\he l<r>l lw<> ,,. b .. ic•lly control pros••m• wlth many modul"'l •nd Ion 
wmplo• on<>. ~ocoe ;, torl••n how m~Ch ollho d<ll«&f'l«< l> duo lo comploxity, how 
mvch to lh< ,.,mber ol poroplo '"""lvod. 

00 

00 

1 1 1 
1 ""' 

Monthl' .,,,mllt ol P<<>Qiom "" 

l::tl o o o - o .. -.. o 
O o 

o 

l '" ~/~ ¡ 
'" ' i 
'" ' .. 
• 

,__J 

' - ......... 0'"11'""'"''"'1 .... 

' o lo 

' o 

0,0 1 ~~~ 
'/~_!'••d•< '"'" ol P'"i'""'"""'l "" > ~--¡ 1 1 

r,. 6 

w 

00 

! '" ' ¡ 
D 

' ! '" • .. 
• 

• • ir- 1 """"'"'• .......... "' 
p<<>g<om 1•10 -..< o 

4 / - - o 

' o 
o o 

' 
o 

----~=·mon el dtbu,¡o¡u>u "" ¡-., o o 

' ol 

1 o A<luol dobwg;ong 1110 

1 -~vf ~-t-t -~ 

• 

1 

•• •• •• "" Mo• •• •• 
f•l 1- Boll'o PI•<I•Cll""l 101 Oot>wgu"'l; .,,., on o oln110 t><O¡oc[. ccnl<ot!Od "''" 
ocluol !•au•n 

1-3-5 

ICÜg)>l. 

He lound ha pro~romm<nl '''"" 
misoins ><heolule> hy ohuu\ one-hol[
<o<h job ,.., '"~'"JI app<Ollm.telt 
,,.;« " lona •• <>11mated. Tht <>ti
moteo w<te •ery cudul, doM by U• 
p<rien<ed tcom> .. umollnl mon-houn 
lor """'' hundted iuh.,>h on o PfU 
chon. When th< ohppll< po1lern •p· 
pearN, h< .. kN lh<m to hep coroful 
doily 1010 of lime""''' Thne >howed 
thot the c11ima11ng mor could 0.. en
tirel)' occounoed lor ~y th< 1><1 that hn 
l<arnt "'"" only reolillnJ ~O'Jb o! 1!'1< 
10orkin¡ "'''k •• oolual pr<>¡romm<oa 
and debunina umt M•<hont do,., • 
lime, hi¡her-pnorioy >h<>n unrelotod 
jok», meellnJ>. J"P<""m~. compony 
bu"""'· •kkne><, p<no.m•l llm<, <tc. 
accounltd !m lh< f<>l In ohorl, th< 
O>tLmal<o mode an un<eoh"" '""mP
non oboul oh< numbcr ol l<chnical 
.,orl houn p<r man-ycor. My o .. n 
<>penen« quue conhrm> hn co•<lu· 
o ion 

An unpu~liihN i9b4 itudy by E. F. 
Bardoin >loowo prn~rommef> r<>liZ<nJ 
only 27"- producu•e u m< 1>1 

A ron'• aata 
J<>el Arun, mana~er of Sy<l<mo 

Technolo~y ot ,~., in C.oilhel>hUrJ, 
Maf}lon.l, hO> itud><d pro~amm<1 

produ<U•I!Y "'"'" wor~in1 on <>ine 
l•rge oyol<m> (bridy, /4'1' meano 
more lhon 2S programmero ond JO,· 
000 dehvorable in>lrU<'llonol. He di
vida ouch oyo~emo occordinJ lo inter
ootio<U '"''"'1 pn>¡:ummtn (ond oyo. 
1<m pono) ond 6ndo'prnduetivitieo., 
followo: 

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

·~ 
The mon-yeon do aol inchodo wp

pon ond oyotem ,.,, oCI<VIlin, only 
dniJn ond pr<>¡rammint When lheot 
fi¡:ureo oro d<luted by • focoor of ,.,. .. lo 
cover 'Y"'"' tnt, Ü"Y clmcly match 
Horr'o dala 

HaiT'a data 
lohn Hou, monog<r o! ptOI<>m

miot¡ lot lh< Bell Telepho•• Lobo,.. 
ton"' Elcctron!c S .. itchÍnJ Syuom. 
reponed hoo •B<I Olh<n' uperience <no 
pape• 01 lh< l~b~ Sprin1 Joinl Com. 
p•ter Conlrtente 1•1 Thn< doto ore 
>ho ... n 1n Toblt 1 ••d F11> 6 ond 1. 

O! the•t. Fo¡ 6 ¡, lhe m"" de..,led 

ond the mrnl u•dul lhe fir" '"" ''""" 
"' h"ocolly ,anlr.ol P'">' ""''' oh e >«· 
"'"' 1"'1\ Of< t. .. t<all) lonJ!Io't lrO••Io· 
""' Pro.Ju,""''Y" .,,,,.J '" t<rm• .,¡ 
dd•uJ~<J .,,.,J, r•• '"•""'"'· Thi• l"· 
duJ<• pru~ronlmlto~, '"mp.•nenl 1•·•1, 
ond •)•1<111 1«1 11 11 n••l ckor huw 
much ni th< rlonn•n• <llntt. no d,.n 

'" "'"hin< '"~'"""· '"'"'"•· ond <h< 



lih, io iodudo<l. 
Tho produc""'"'' hlt"'ise t.ll iota 

t.,.o clossilical>ono. thv>< for c~ntrol 
pro¡romo oro obo~t N)() .,.nrd• por 
n~>fl.~cor; tb"'' lo< tf4n>la1<>" oro 
ob<>ut 1,200 "ordo per mon·}<OI- N<-l< 
thot oll Jour p<o,r•m• ore o! oim1far 
sae--tlto .. nouon ¡, on oiu ol tho 
10ork aroups, fen¡th of ume, ond oum
ber of m<>dulos. Wh"h io c•use ond 
whoch ;, oftoct~ Dod th< conuol pn>
¡rom• roquuo mo« r<<>pfo l><nUK 
tboy ""'" mor• complicat<d? Dr did 
thoy roqu11e more moduf"' ond mor< 
mon-m~nlh• bocau>< they '""' ... 
•i8n<d more poople? Dod tb<~ tato 
Lon11<1 bocomr of thc ¡reaw cnmpl<>· 
ot). or bc<oU•< noore p<ople "'"'' ••· 
"ll"'d? Ono con't be our<. Tbo control 
P<•''""'' W<l< our<ly moro complu. 
1 he•< unc<r14onll<• &<Odc, th< <mm
ben d<><nbe tbe rul producU•itioo 
och«•<d on olor¡< or•~<m. uoinl pteo· 
ont·d&) pro¡ronom•n11 t<ehntquoo. Al 
oucn Lito y oro • rul contribUI!I>II. 

f•l•· b aoJ 1 ohow oom< intuOtlinl 
d01o oo pro¡rommin¡ ond debuuin¡ 
rot<> •• comporod to predictod rot ... 

OS/360dar. 
'"" o>l)bO expenence, wbile oo! 

••••laMe in lh< d<toil of H.rft dato, 
conhrmo u Produ•t<•it•" •n ron¡e of 
MK~~I)(J rl<bu~¡¡ed <mtru<uono p<t 
""n·Y<ot wore upcn<nC<d by control 
P'-'1'"" ~roupo Producu•il1n in th< 
~ 1100-l,OOO debuued inltfUoth>n> per 
"'""·Y<&r wero ach<<"<ed 1>) lan¡uo¡o 
tfon>l>lur ¡rou!>*. Theu indudo pl•n
ninJ dono by tho troup. cod•nl wm
ponent t<U, l)ot<m te>!, and "'"'' oup
porl """""'· They are comparable to 
Horfo doto . .., for., 1 can t<IL. 

... run'o rla'-", Horr'o dUo, ond tbo 
uSiltoll dota oll confirm o1rltinJ d<H<r
oncn on pr<Nluch•<ty rclated lo lite 
c~nopl .. o<y ond d.tftculty of the •••~ 
o~><U. My ¡u<dehne '" th< mm•" uf 
""mahnJ compluoty " Lbot comp>l<n 
••• <bree hm<• .. hod .. normal hatch 
•ppl"atooo P'<>llromo, ond operotm¡ 
>)>'<n" aro throo umeo ü bad u com
polero 

c...eató'• dar. 
!l(lth Horú doro and MI JI>O d.oto 

ore f<>< ••><mbly lonru•l< p<UJrorn
mlnJ Lot~< doto o«nt "' h.,o l><oo 
ruhhohed on oy>tem proJ••mmonJ 
puoducu•ity """' h•Jh<f·le .. l loo
ll"'i" C'orbotó o! '"' • Pr~''" M•r 
r<[>D< u, Oowe'<er, • mu<> pr..Ju•·u•ity 
ot l,~tlO hn" o( dehu-J<d •• 1t otot<
"""" pcr n>an yeor "" lh< .. ,., 1" • 
'!""" (b<!""'" 1 O!'d 1 """'~" 
... ,~. 1 111 

-¡ ~" numl>er '' •«y '"'"fn¡. 1 ·~• 
the othu P'"l"'"· "'" tko tndu.!c• 
uootwl pf0l'""" '"~ 1·"•''"1< "'"''•· 

to .. _ l.i-.e tho O<h< ... U io producm¡ o 
oyuom pro~10mm•n1 product, ontod 
.. d ~O>Cumcnl<d l he doto ..,,m In be 
comp.,oblo In t<rm> ol tind of efforl 
mcludod. An<l tho produon•oty number 
i1 o 1<><><1 o•oro¡e belwoen the control 
proarom ond tnn>lotor pro~u<tiYilr<l 
of o1h<r projecu. 

Bul Corb.otó'o numb<r ;, 11•" p<r 
mon-yoor, not ,.,,,..¡.! Eoch >totement 
in hio 'Y"""' com:opoodo lo obout 
tOt<<·t<>-li•< wor<ls of Oood-..nttoo 
code! Thi• ouuoou "'" tmponoot con
du .. ono: 
• Prorluchvity '"ems cotutonl in termo 

of elemontory otot<monu, o ccndu
,;on thal io ""'onoble in t<lm> o! 
tho thousht o >tal< m< ni roquir<> •nd 
tito orroro it moy indude 

• Projromminl producu•ity moy be 
incro.,cd O> much ., B-. umoo 
when o >Uitoblo hi¡b-luel lan1uo¡e 
is uood. To bock up lit<>< conclu· 
11ono. W. M. Tolioftoro •lso reporto 
o corutoat producti•ity or 2,400 
otatemenl>ly<or ia A01emblor, fOO· 

n.o~, ond coooc.1'1 E. A. N<I-'On 
hol showa o l·to·l produotivity im
pro•ement for hi¡h-le•el lanl"'l<. 
ohhoo¡b h10 otondord dt'IOUOoo or< 
.... Je.l'l 

Hatchln¡¡; a c•taatropt>. 
When ooo h<on of duo•trouo o<hod

ule oh?P•I< in o projoel, he imoll<h<o 
"'-'' o ""'" of mojo< ulomilia muot 
hue h<follon lt. U>uolly. hD*<Y<t, tho 
d1>utor it duc to term<teo, n01 tomo
d.,..; ond tite t<hodule hoo ohpped im
percepubly but ine>orobly. lndoed, 
m•jor calomities "" •••i<r to hondle; 
one "'pondo -..,th mojor fo.c<, rod<UI 
reor¡oniution, thc in•<nUon ol """' 
opprooohe~ Tho wn~le 1<om "'" to 
Lite <><<ooiOD. 

But tito <loy-by-<loy ohppo¡o" hot<l
<r 10 10co¡ni>e, hordu to pro-.ot, 
horder to rnoh up. Y<ot<r<loy o hy 
mon .... 11d, •od o m«lrnJ couldB't 
be h<ld. Todoy '"' rno<h<n<~ ate oll 
down, hoeauO< l12hlnin¡ """'' tho 
bU<Id<nJ'• pow<r trondormu. Tomor
to• the <I<OC tooutin"' ,.on't S1an t<>t· 
ing, beuu>o the ~nt di>c" o W«k loto 
from tl\e fOCI<>ry. Sno,., jury duty, 
fam.ily ptob!enu, om<rJtnC) me<lin¡o 
'""" cuotomen., eucuu•e aud,t>-lhe 
hot ¡o01 oo and on. foch Dn< only 
[>Oitponoo oomo ocuvity by o balt-<loy 
or o doy. Aod Lite ochodulo ohpt., ono 
doy ato time. 

Hm• """' one conlro! o bi¡ pru)<CI 
~n. "tht ><h<du!e! The flr•t ot<p" lo 
~Q .. • ochedulo. f'o<h o! o hot nf 
'"'""· cotle~ on,,,,.,.,,,, hoo o doto 
l'«ltnt <h< dot<> to on utlmotlnJ rr~b
l<n<. ~""""'" olreo~y and <rw<"lly 
J<P""''"''"' ''P"""'' ¡,., podon¡ lh< mii<IIO>nu ther<" 

1-'i-F. 

only OD< <el<'""' rule Po\<1""'"" mu•• 
be COI>Cf<l<, ope«ftc. muouroble 
e•onll, define<!. wuh kn<fe-edJ< >horp
""'· CodinJ, f01 o cuun,.reumple, io 
"90~ lini>hod" lor hol! of <he lotol 
o:odin1 time. Debug¡iDJ" "9~~ com
plete" mou cf tho umo ·r1•nnin11 
compl<te" io on hent one coo P<oclo<m 
ol....,.l ., ... m1••1 

Cooti<IO mileo1onoo, oo tho oth<r 
h>od, &f< 100~ .. ento. "Spc:dficouon• 
si¡ned by orchhoob ond impl<ment· 
<<>,""""'reo cod<nJ 100% <umplel<, 
keypunched, onterod into """ hO••ry," 
"d<buued •enioo P""' 011 teot 
ca..,." Th<>< concrot< m<l<>ton., <le. 
mork th< "i"' ph&><> o( pl•nnin¡, 
<odtn¡, debu¡¡in¡. 

11 ¡, more imponool thot molnton<> 
bo •har¡>·<dled ond unambiguouo than 
Lhat they be ouoly vefln.h~ b)' th< 
bou. Rotoly will a moo li< ob<>ut milo-

None te~• 
the booarer ol Dad ne,...o. s.-.. , 

otooe prOif<U, i/ tht milouono io "' 
•h•r¡> 1hot h< un1 doceo•< him ... n. 
hut ,¡ tht m<I<>Uioo ;, fuuy, th< l>on 
oft<n undo11tond1 1 J<ffetent ~<porl 
from that ..-b<eh <he mon J'"" To 
>Upplomont Sop0<><1.,, no on< en¡oyo 
b<ormt bad no..,, dthor. oo ot ¡el> 
>Dfton..S wUhout ony rul inl<nt lo de
<<"< 

T .. o '"'""""1 >tudt., ol <ltimotonl 
b<ha>ior by ¡o,.mmont cootroclon 
on lora<·ocolo do,.elopmcnt projocu 
ob,...that: 
1. Eotimoteo o! tholen¡th of on oct ... 

ily modo lnd ro•iotd cordully 
ncry t•o "'«~>~><loro lh< o<ti..;ty 
>tam do no1 .,,n,ncutly ohonJ<., 
th< otan time dro"" noor, no m•t· 
1<< how wroo¡ lhey ultimatoly tunr 
out to be. 

2. Du"~R !h< lcti•Uy, 6''"'''"'"" 
ot durauon como ., .. d,!~ do..-n ., 
the """"Y procecdo 

l. Und.,<>rimat.r ~o not chon1o .,,. 
niftcont!y dunnJ lh< &<ll>ity untll 
abo<rt thro• .... ~, befot< tho 
ocherluled compl<tion.t• 11 

Sh•rp m¡tut~n« o<< in loct o ><r
VIce lo thc 1eam, oo~ en< they con 
properly Oiptct from o mano¡<r_ Tho 
fuzzy mil.,..tone i• t~c horder burdon to 
ltve with. h io ia f•c1 o m<IIOlone thol 
1nn<lo do...,. morole,lor it d•«~'<>On< 
obout loot umo unlll 1t ;, irromedo
•~1< And chronic "h'd"l' ohppoge u 
• morolo-ko11er. 

-n, ... u,., place lo 11ta" 
A orhrdulo ohpt o doy; ..., ..-bol! 

Wh" 1<1• <<eltod al><out a un< doy ol•p' 
We o·an makr 1\ up ¡,,.,, Auol thc nth<f 

1''"' '"'" fito lntu '•lol< '"''""'' 
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Th•t '''~"'"" 
lull <l"<lu>urt. 

111•rh m • '""" ""'"' 
"~"''""""' '" _.,udch 

Cun•or,.•h, """" '"' man•~<r 

'"'""' "" n . .,, ,.,u •cc<pt ''"'"' ,._ 
p<>rl• "'"h"'" pon<< nr proompuon, he 
,,,me, to 8'"' hun<>t •rP'-''"''-

1 h., .. holo r•o«" " h<lp<d if th< 
hn" l•h<h m<eUng,, """"''· conf<r· 
<OC<•. •• "a"<Hr<lr• m<<""l' """' 
'""M'"'"""'"" ffi<<IH'I¡¡•. ond conltob 
hU'J'-<11 •C<<>rJ,n¡l) Oh•iou•ly nne 
""1 <•U' p«•hi<m-•••run m«""l•• • 
"'"••uucn« of • ""''" meotln,, if he 
"""""' • prnhlcm "<>ut ot h•nd_ Dul 
•' 1<," <>«)~><><:!) l.now• ..-h., 1he 
""'" "· .nd tho ho-.> thonl.> ""« b< 
h ~·· ~ro ht. >"111 rho h•U 

V ank.;rtll the "-'11 off 
N<oorthd•"· u " ne«"•'Y lo ha•< 

rcvio"' l«hni~u., by ,.ho<h <h< tru< 
"''"' "madel.no,.n, ,.hether o<Klp<r· 
'""IY Or "'"· The ~tu chan .. ilh '" 
lrrq"'"" .twrp mJI.,<onn ;, the ¡,¡,,¡, 
for woh rh iew. On • 1.,1< p1ojeel 0<1< 

may "'anl In rni<'* ..om< pan of i1 
<•<h wttl., m•l.•ng lhe round• on<< • 
moMhor..,_ 

A r<pol1 >h0"'"1 m''"'"""' ond ao
tuol rom~leunn• " lh< ~<) dC>Curnr:nt
F•! 6 (pf«<d<nl P•i•l '"""' an <>· 
C<tpt from >UCh O r<pült f~" r<port 
'"""'' """"' lroubleo._ -~pec.f.ut;...,, lp
rru.ol ,. o><rduc "" """""'1 compo
n<nt\, lolonU>-1 ( .. L 1 oppro•al "o•«· 
.!ue 0<1 •nDIIIcr, ar>d one" lat< r<'""S 
"~' oJ lile ~fU """ (At Pthl of t~< 
•n<l<p<ndently cO<Iduc<ed produce ,.,,_ 
So >o><h ~ repon ,.,,., •• an •1<nd~ 
lor !he m«t>nJ of 1 Februory_ f.ery

on< ~no..-. th< ~""""""'· ar>d th< «>m· 
p.•n<nl mano~« •houM be prop.ored lo 
"P~•n '"hl u·, lai< ... n.:n u will toe 
fin,.h<d. ,.h., ""1" be"• 1>l.in1, ond 
"h•l h<lp. ot ""1· h< noed• from th< 
"''" or ooll01<ral ~""-'1" 

Y. Vy»or>~y ol lleU Telephon< 
1 ol>or.tor><• odd> th< follo,.on¡ o>b><r. ,.,,.,n: 

1 ~u•< ft>und" h~nd, ru c~rry borh 
"«h<Juf<J" """ "rJII"'a"d" da"' rn 

rhr '"'''"""' ""'"' Thr scbrdulrd 
Jar" "" lh< p<opmy u/ rh< p<o¡<<l 

"'"""'" ~nJ "'"""' a """'"'"'' • ,,_¡ pfan ¡,, lh< pm¡,,. <U a M'ioa/r. 

u"J ""' •horlr" • p!!oft a "a>onablt 
p/un Th< "'""""d Jur., "" rht poup. 

"" "' '"' '""'" '" d ... ~,.~., ~h" 
!ou< <"em;uro« ""' rh, P"" u/ •<>•l 
'" ~HtSI<om, O"J <rp'<"n/J ¡,, ""' ¡,.J,.,.,.,, ,., 1<> ohrn " ••11 acl<oal!o 

io«pp<oo, ~"'" ,¡,, '•''""''" hr loa• 
a o urlaMt un,/ • Iom M <rer<, rJ ''" hw 
'""''"""''"" ¡,., J,¡,.,, .,¡oh" P<'
"4'"'"' i•p•ll Thr p<,.¡rct '"~""''" 
""' '" hrp ¡.,, ~"''"' n/1 thr "'""""d 
''"'"· anJ pror ,¡,, '"'Pir~<o! un R<llong 

"''"'"" .......... J '"'"'""' .~lhr< 

tho« pa/arahl< "P""'""c rwmot•s "' 
"'I·P"'""" r ron u""'" • "n" Onu 
rh<> " dN<fl- '""bf<>htd '" «'""M', 
m<tiJ, tltr P"'ft<l '"""""" ron s.t 
~··" ~ o·Q·j jo¡ lO lh• /UIU" M'h<ft h< <1 

~o<<>g ru ht '" r<ouMt •1 h< ""''"'' dr1 
JP>Mih!n~. 

The p~<p•nliOfl of tht PEIT chan io 
o lun<lion of \ht bo-.o or>d th< m•n•J· 
tr> rt¡><l!lln~ 1~ t.m. lb up<loton¡, ,..,. 
"""· and rtpt>UtnJI re~mr<• the •ll<n· 
1ioo ~~ o •m•ll (on<-f<>-lhr<<·man) 
mff ~ro"p ..-hi<h ,.,. .. •• on Ul<R· 

"Q" ~~ •he oo,. Such o "Plan, ond 
Con\rol•- t .. m io in.aluahl< loro lor1• 
Prn¡t<l. lt n .. no outhorily n«pt lo 
••"- all th< hne man•1•<> ,.hcn tboy 
woll h••e !.<1 or cbonted m•l.,lones, 
ond ..-h<th<f mol.,tonn hov< bun mot. 
S1nr< rhe Pl•no ar>d Conlrolo IIWP 
hanJI., oU lht paperwoñ, <h< hurdtn 
0<1 1he lino monac<n is r<duoed to tho 
....,nliol•-m•kinlthe docioiom. 

Wt h&d • >killed, onlhmiO>tÍ<, arrd 
diptnm.auo Pl•no and Connols Jroop 
on tht ooll&O project, '"" by A. M. 
P~<tr•,.nto, -..bo do•oled oono.idtrablc 
invenli>t salen¡ 10 deYi>inJ dhctiYe 
bu! unoblfu>t>< cunlrof rnr:lhcw;l1 Ao 
• =•h. 1 l<>und hio I'""P 10 be widtly 
r<lp<Cled and more than tolerOied, For 
• 8'""P """" rol< i• •nh<rently tbOI 
of an •m<oot, th" " qull< on &ccom
pl,.hmenl 

Th< lnvnlm<nl o! a modnt amoun1 
o! •"-•lled eflorl in o PI••• and Con1rob 
funcu<>n h ><1)' ... ,.afdtOI ll maln 
ror mor< difl<t<n« '" pmJ<« o<com
pl"hment 1bn ,¡ 1h.,e peopl< ,.orhd 
dtr<<lly on bmkhn~ 1he ~'od""t pto-
1'""''- For lh< Plo11> and Control> 
~'"''P io tti< ntchdog ... nn t<<>d<r> lh< 
impercepuhl< del•~• vi>1ble and .. no 
po<nu "P lh< <nu<ol tlemenu_ h i>lhe 
early worn;n' l)"t<m ""''"" l<»;nl o 
yeor, or>< d•y >1 a Um<. 

Epilollt.llf 
Th< '"' pi\ of ""hwar< <ngin<<ftn' 

.. ,n ct><~Unu< 10 1>< "''"-Y for o Ion¡ 
llm< to come. One can "Peot tho hu
man rooo !o oontinu< ..,.mpun¡ •Y•· 
1om• jU>I w!!hin or ¡.,., heyond ""' 
ruch: and >Ofl.,ore >yotemo a<< por
hopo the mo.1 intricol< """ complu or 
mon\ handl"'orlo:.•. Th< mano¡emenl 
of tbi• compl'" otafl will demond o"' 
beot uoe of new bn¡uoa" ond •Y•t<m•. 
o"r h<>l od>Pl&Uon ot provon 001,. 
n<<r>nK man•gement m<lh<l<h, liher•l 
do><> of common ><R><, ond o God-
8''"" hum1lll¡ lo r«o¡¡n<>< our f•lhh•l· 
!!y •nd ltm>UtoOn> 

Rol••en<e• 
''·'"''" 11 "'1 '"'w~ •nd> O"''"'· 
''"""''"" ""''''"'"'"""' '~•~• (n"' ,.. .. , ........ """""""' "'"'""'"'"' ... ......... ,--.<'~~-· .. -· .. ~·"'"'''" '' ..... ,_,, 

1-'l;-R 

' 
No""' 1, , .. 1 '"'· "'"''"' C01• '-"'"b ..... '" ' "" ... ,,, •.. , ... , .. "'"' ·
""''"" "" .ll ,_, , •• , •• ........... " '' .,_,, '" "' .. _,_ 
_,.."'e_,.,.,,,., ......... "'"''" ••-'""· , .. ,_ '"""' ,.,.,._., ,.,,. ' ..... ·-· o ""'"'- L. H. ,,_.,_ oo .,_,., "" 
c-,.,n '"""'M~ .. , ,,,,..., ., • ·-· 
u ... o1 ~"''" '''"'"' n,,.., ""' ,.,. • o-.... o 1 ......... " ..... , ....... 
--.. ~ .. - .......... ,_ o/~ ..... ~, .. ,_ _,_ .. ,,_ ........ " ., " .... , ....... , ...... , ........... " ..... , .... .,. ......... ...... '" .... ',., ··-·"'~" '·c ...... ' < ......... , '""" ..... o .... . 
., "••<•J•n (oJ .. MO """" o0"" _,., 
ol '"' H-•••• lOP r ......... , '''"'· 

·~ . , ........ "' ... -.. -..... , ... ~ .... 
....... <; ................. " ,., ..... ' ,.,, ,.,., 

O No'- ~ A,"-'"'" H,_.._. ¡., ,., ,.., __ ., .. _.,. ,,.,,..,.,,., ~•u• 
,,,..,,.,_"''""'"'""·-·c-. ....... _,_.,.._., 

•• ,.,....,, e H._,..,.,., .,, .. , -~· ~
,...., ...... --......... -... -.. "" ... ,._,_ "' ( _,.,v ''••·-'"'"' t4 
<; f "'·~-- ............ 4 ......... ""· .. , ... , 

n ~ ... "'· o .... T o "'"- .... ,..,., 
1- E~''"'"' oo Cr•••' o,,. .,,_ .. _, ................. ,,~~- ,_,_ ··~ .... _ ,,,, .. ,,_,.,_,,. ...... _,_ ... _. ~--
" " w"""-''· ... a " ,.,,.L --o. 
- .... ~ ..... c ......... ,_ ........ .. ........ - ....... -.. ,,_ .. _ ,, ...... . 
•• " ............. ~- ~ '"'"""· ··o- ,,.,.,_, ,,,.. .. ,,.. u- .... 
~ ... , .............. "' '"' o 

0<. &'"""' ·• P''''""' • """''""' 
o1 ,.,. ""'"- o• ,.,...~ <::oro<or>o ol 
<;:no"'' "'"· ono <""""""n of '"" 
<<>mO~>or o<<oneo dopootmont 
'"""· "" ,, ,. .. •no•n ••• , ... 
••1"*' of 1"" te .. ,.,.,,,.,,se.o:· 
~•••no '"''d oo "'"''"' ''""'"" 
fe. ,,.. """"''" Oo•o!Opmonl ono 
oo "''"''"' oo ,.,. o,. .. ,,no S>O· 
""'131;0 ooo¡oct """"" '" doo•on 
P""'' Eo•'"' ~o woo on .,<n•to<l 
01 '"" '""' Stooten ona ""'"'" 
........ o-u ... ,._ : 

Al Cnooo< .,,., ~· ~•• "'""''"'''d 
,n ootat«,.n<no ond O•><f•no '"' no- 1 
"""" un.,.,,,.,,. c~"'"""''"n 1 

Cont" '""' tn. NO<"!n """''"" Uu· 1 <""'"" C<>~putoho 5o•u•<o Mo •O ' 
'"' '"'""' ........ ""'''""• ... --·~•<>- 1 

"'"'' Doto "'""""'""" """' • ...,,. 1 

"'""'""' "''" "-'<>nth Eoo"o on 
Soflwoto En0'""'""0" <000•0-· 1 

Woo>On """' who<h lh•O oo<,.OI'" 1 

to••n 

' 
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In contrast te Dr. Brr>oks' prP~entat1on, 

this portrait of fa11urc is for those 
who le<~rn best from looking at bad examples. 
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ONI UF 1111; PRIMAMY <'~""' ¡,., 
rh< I.HI .. ro ol d•to P""""'''"l pm¡cch 
"lh>l <u<h pw¡ocl> U< <'lton nol rnr

·,;,u, Jofinod, ond 1hordc><< moy loü 

WHY 
PROJECTS 

FAIL 

Publi&hing. 

" r«'i<« nuy he <«) •rr"'""' '" onc 
,,,!! nocmh<r, hou '<1'"1"""' '" •n· 
nlh<·r.ln hnlh n>« <h< •«u>l ""'" ••11 
1>< •ll«l<d. C'<"'o<q.,<ntl¡. th< ~l"<m• 
Man.o~<> mu<t unJ<r"md <l>fi d<"""' 
ond ·""lln pm¡om accordongl¡ "htt< 
1'01\lhl<. 

o b<grnnrn1 onJ ~n <n( On>< • proj.ot 
hb h<~un, """"''<<m> 1<' lnow: 

o h"~ lh< pto¡ccl "'"' <l&rlod: 
• ~-hor 1ho uarhns "· "' ,...,, •1 "') 

""' tlm<: 
o ha•< bren re•· 

o 
o 

' "'"~"'"""----.'' ll>Ct 1 '<l•i~C>, nr whou 
lhr 1\<t<nl" J"< lor C<>n«llion C<'m 
picio"" ¡,>hu • pr<r<~"'"'' /or •u<· 
«"- hui • r«•¡<N " """"Jcr<d "''· «"'"' nnlt rl <omplclcJ '""hin rhe 
ou,on•l M>< "' h"J~··• O<IOm>l<<. onJ 
hy h"w ~•·11 ot -.o,hc< lh< "''''' nc.·J1 

An """"'''"'"' P'"l"'''· hawc><•r. 
<•n he iJcnhfrcJ duron~ •••«•1 ph''"'' 
ol '" lrlc <)d<. ond 1 <h•ll her< lf) •~ 

f'<""' <o>lho"e •~q "'"'"'''"' 
1 "~«oll). ••• P'"''" <•" he lfm<· 

d'"'''" •••~ ,,,. d""""' rh••••· 
•• ilo • r•riod (u•"•IIY 

in '"<<h 01 monlh> 1 
hl ro:•i"':!_ (noraour<d '" 

" ,, 1 in 

l<rmou•<mn) 
In <."h ni lh< •hn>< ph.»<>. Ulf>n <>1 
<nmn"'""" n1 om'"'"" un h>v< m•· 
~" in•r•« """" <h< >Y«<" ol •h< '"'"' 
P'"l"" 

Pr•·mtt,atoo" per~oá 
11 ~ •• -., ,,;,¡:,,¡, ..... 1 .. , ,., .. 

""'"'" ¡,,.,. ¡,,.,. <h•'l""l"' '"•lllol.r 
t ""' "· , . ., h r• .. ,,., • " "··•to·J ,, , ,, .... 
''"' "''"'1 '"'""' "'"" "'"'< lnohHduol 

"''~'"'""''"''" "''"'·'""" H" "''""'''' .. ,11 he· h,,., J "P•'O h" n•n "ndn>l.>nd· 

'"' "' ll,.· P"'"'' ,nd "'l.-~ •. •nd "" 
.,,,.. ~"o<U¡ hr "" ''"""'P"•h <h< 

bv 5tephen P. Ka<de< 

["'......!' .... .. 
~, .. ' .. 

o 

"'"'·"~'· 1 ,,.,,. ""'" "'""" "' • "'"'"' 
fik "' ''"'''·" r•"i""' .• uJ ·'"""' ,..,. 
"'' " r ' f"' ,,¡¡ ' e • ti n '·" cJ 1 m"'' . 

~· 1 ''""·"'"" " ""' """'' h¡ <h•· pr,h.ohl,· rro•¡ccl ¡,.,,J,·r. hou r.11to·r, 

h¡ ""'~'"'' "·'PI"'"' In 1>< ••••l•hl< •< 
~lfm•tu>~ '"'"' 
11 1 h,· P"'l'''' ;, '"'' od•·~"·'"''' 
""''"''" ,.,. ''4'"'" "" ·'" "'''"'·"" 
.,,.,,¡jh l.oOc·• 11>•· l<>rm ni 'lo>hn, ~<'r< 

rl•"'""1 '" ro·J, <he r"""ll .,,,.,, 

wn., ,,, ~"" '"'"~ " '"'" '"~'""'" 
"1'•1"'11" "'·'1 "'"'"' • nunoro,·r "1 
olol!<owo '""'f' '" ohlh·ro·no l'<'"rlc 
u,.,., " , " '" 1 ,.. 1 •• '"" J " " , n " "~ " • r·· • · 
'"""''1 "'"'''"·'"""' "'·"' ·"''"""''"~·· 
-.l.r). ~"'"'' ••><l c>o·"""" P•Jrnll' 
~·~ "' lh< ·'"'"" ..... ""'·""'""') , .... 
p••·• tho· "'""'""',.¡oh,· r<"l''''· 
4) ~""" lc.nl """''.<te .oll,.~cJ 
l.>r "''"'·'''''· ~olh wtt<•r<>nJon~ on.><·· ... , ... ''. '"'"" 
.11 r""~'"''' .,.,¡,n,¡,,1 '"' th< 
P"'''''' ;, uul"""'" 1 ''""""'' .nc 
"'''·''" P"P·"'·d '''''1''''"'' "' ,.¡.,, 
~·11)"'''""" o l.,· ..... ~. lh.ol "· ·'" •• 

'''"'" "' ,. ''"'' ..... , '" "''"''· '"'' 
''"'' '"' """"' '~'""''"' ""' '" .,.,,,,,,,. '"" ... u '"''"' ,,,. ''""·•1 
,,,.. ~ "'""orh ,¡,,. " "'"'"~ r"• ,. 1"'' 
,,,,,,,.,,. '''''" '"·" ,,. ,,.,.,,..,,, ,,,. 
'""'" "1 ,,,. ,, .. ,, ... " ,,,,,.J '" ,,.,, .. 
' ,, •• " •.• 1 ... ' "" ' ' ...... ' ' J l<n><. ·" " 1 "" 
"'•' "''" ,,. r•·•w·• '"') h< • ,.,,,,. 

H-1 

lnltiatloro of proj..:l 
r\ ,o ,-· o!Oo:ion><nWoon " 
•••il •• ~. lnr '"'""~· """'"· nr onl<f· 
f>cin~ ·~•«m• '" P'"""' 1~< Pf"J«l 
loo,J,·r wJ)h • d•<• ¡,.,,. '" houiJ upon 
!) PrftJ<<l I•••J•·r "'l"'""holuy 
;, <ondcfined. Thc lc.d<r ho• no> oUe> 
~h., ;, <•¡>«<<d o! hom, in ,.~.,d tn 
th< pr<>i«t m lh< p<~>onncl ""~ncU '" · 
""'~ "" il. ShoH•IJ h< r<comn!c"d ,¡. 
ocrn.•'"" '"1""""'·' Con h,· '""'"'· 
mond «tnoin>lon~ <he P"'l«l' (' •n he 

'""'"'' """"""el lro•m "' e •• h< f«· 
"mmcnd dl<mi<Sol' 
J) P'<p<r ~"~ ;, h.ondlcd poxorh· 
(oor ;, "''"•''"'"'1· n,,.,. .. ,.,,.,;,,. 
"' ~·" J ,n¡ '" pon"¡, ,¡ " •«. "" t pt ·' "" e 
.rucria. >)ll<m oh¡oW•<•. <1<, ¡, n<>l 
Jo•d,.p<d. R"h«, do•<""''""'"'" " 
hmuo·d ID th< t«hno"l l<p«h ol lh< 
pro¡ocl. 
41 1-:n~ .. l«l~< ul' ,,_,¡.-· '" P<f· 
hum lh< ptoi<ct "'"" otlkieniiJ " 
l•<lon,. Aro th<r< """holn. Of \UhrO>>· 
om,~ olr<ady '"''•hl< .. hich c.n 1>< 
, .. ·J! ¡, '""· ...... d••• ,,.,,.,o, 
,,..,).ohl,·? Whol '"'"'' >i <'<m J«i~n or 
d<><lfm<n"""" ••d•' 
~ 1 tl<fi""'"" o! '"" r"'J'" ", 
'"~""· m~<lr•dong, "' tntoll¡ "'"n' 
~ 1 1 h< proj<OI, "'""'" lh< 
""" ni thc ""8"'''1 """"" •nd ''' 
'"'''""""· h., ch•n~cJ ""houl • •~•· 
rc•pnndm, •·h.on~< '" oh< """'''" 
71 1 inl< "' "" 11mc ;, '~'>'"' '" 
r'·"'"'"' <h< P"'l''''' ROlh«. """'"" 
,~e,,~, "'"'"' "'"¡,,~ .. "'~"" ""'"'' 
oll.oh'l> "1""' lh< 1""'" l ••1'1''"''' 1 ho· 
1''"1'''' 1 •.• ,¡., ,, ..... f" ,.,,,,..,1 ,,,. 
' lu "" 1 " ,.¡ t•l.o n "' " • ho<• J.,· " oll ol 
1 ... 1 1~< r«•1n·1. ~h•t ,.,l, ><oll '"' 

ol<>oH' ""'· '""""' "' ..... ~ ... h .. "'' 
rr.• .. h h•· '"'" ...... "' ""·" '"'"'·" 
projnll h< ,.¡11 in•""''"''' '" """"· 
~~ l'rul>lcm ,.,,J.ncc " "''' 
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WHY PROJECTS FAIL 

enou¡h, • •11 proi<<LI boa in wuh lh< 
prom11e '¡hu .,<fYihrnJ wrll 10 
·,.,,oc>lhl~.' 11om> >u<h u l>t~ ol "" 
nmo dur te> yur '"~ clo"nt '" npt 
conoideud unnl olrer rbc pr~blcm h» 
o<eurud. \ly thm, th< pr<>¡W h» al
r<ody lo>l •••eral d•)•. '" il io too loo< 

to pro.,d< '" ''"'"'" "'"'"-
91 R.-nur<< "'!"""'""" .r< 
nut ><h<dui<J l01 rh< prn¡e<l Crrtrc.l 
U<rn\,>U<h 01 k<)pun<h. tt>l tom<, U><l 

monLJal ryprn¡¡. '""'""'· ond pront· 
in~ r<<¡uot<m<n" b<.-omo , prt>hlom, 
ond lf< oddl<"<d only ofl<t th<y h••• 
oft«•<d tho pro¡«l 
10) Th< prn¡ect 1um'o or11•11in 
'" nol durly pr<unt<d 10 lh< <nd 
"'" Only too ol«n, the rooull 11 o 
o<1i<1 of ··r 1bou1ht ." "1 """m<d 
, .. •"hnl 11< ••• T'comm<nll. 
1 1 1 Prc¡e« <omplenon ,¡,. 
m<nh '" not detin<d. Thot i>. lh< 
pro¡<et l<od<r ;, not '""' ol "bOl 

"""'"'"1" compi<Oion ol lh< P'"l'"· 
Whot i> Hre end produell Whol ltUI 
o<e<planc. crllerio woll be Ln<d' Who 

muU 11gn oft nn proj<ct '"'""'"' 
Wh01 C<ln>lilul<> turno•«) 

Our•tlon of tt-e prcJ•ct 
1) Po>UnJ or r<potton¡ ol proi· 
«1 onlonn01ion io nol p«lormod, <<· 

"'1""1 in lhe P«•l<<l ¡,-.odor h•·on' 
""'""C o•l "h" th,- co>norlcnnn per. 
c<nt~l< "· •nJ lho "'" l>c:on¡ ~"·''""' 
ol ti>< lnor.cl <>1 th>ng" "Pon lh< 

""ll'R>I ''"'"' 
21 Prn¡ro> ""'~-, "" 1\r•c.olly 
uru-;,,, irl "'""· lh<y '"""""" o 
"Hn••• lt 1'""1· bck> An¡ pr~~l<nl'~ 
:-¡.,• looo.l! S<e yn11 ne\1 '"'~" lhc 
wcol 'Y"•m• m>n>!<l oln<> nnr ••• 
pu>hon~. JoiJ<kd ~"""'""' He door\ 
nol "4'"'" 1ha1 hl\ 1'<'""'"'1 """''' 
p.LI< pr .. hlon". hoLt 11 P"'"''"l) '""' 
C<ln0\1 " rth rdcnlo( ¡ '"~ rrohl<m• "hrch 
hl\ pro¡<« lud<r olrndy h" ««'8· 
... e<~_ 
)) Ch~n¡c ol p<rwon<l " on< 
o! lhc m>inr '"'""' "hY pro¡ect> lool. 
Por>onncl, indudon& pro¡cct lcadon, 
aro ronoo><d lrom lhe ph>J<<I, "'ilh no 
~dJII'tmonl> 10 lhe "htdLOI< lor 11m< 
loot ~ut tn lht <h>OI<I When .. or o 
lum momher i> odded lO • pro¡<<!. 
thero ;, o l<orning '""' "hicb imporu 
h" <fficirncy on lhe p«oi<<'- h m•y bo 
a d>y, m a mMih, hui unlor"'n>L<ly, 
p<oplo mo•<~n<ol is onn•id<«d lo b< 
Uon>poront tn tho prnjo<l cnmrl<hon. 
4) Adh<r<ne< lo 011~dord• or>d 
•P<<•IIutiono io <ithor not defintd or. il 
Jcfiotd, nol lollowod. M<>r< ol1on 1hon 
nol, 110ndanlo do .. ;.,, Clp<crolly In 

1-4-1 

li!por on>lallotrono lhcy oddrm doo
Lonocnlolion loohn>quu. lol>c:lon¡, lile 
n>m<<, <1<. lloo,.vor. on« an inllool 
ind<>ttrinllion ;, Fto>~d<d lor o pro
¡romm« /onol)'>l. lolluw- 11p i> ianot<d. 
The mrul Up<di<nt >ol~tron> oro fol. 
low<d. rnullon¡ in ><•«•1 '""' (mod. 
ul"l in th< umo progrono •equ<n« 
od~r<S>onJ lho o.dcnucal ~1< with dolf «. 
onl mnomonin 11 mull> ¡.., oumpl<. 
iD oletchy op<riiL<>n> docum<nlotion 
witho111 con¡idon\oon lor '""'' pro
ocdu!e> Moinl<non« lhon h«omu o 
mo¡or poli ol pro¡<« d<v<lupmonl. 
$1 R<..,..r« «q~ir<m<IUO &re 
oolonlitipotcd. Tho mojor ollnd<<> ID 

thio '"""'"' 
o Doto <nlf)'- lnodeq""" timo io 

p<rnlittod Jor IUtn11ound of 
oourc< cod< pr<porotion ondlor 
1<>1 ftle opruuon. Wom, •erifica. 
li<>n moy not b< p<tlormtd. whi<h 
olmo>l in .. mbly odd• ot lu>l one 
doy lo lh< proaram dovo\opmu1 
oyclo. 

o Compul<r Teot Tomo. Th< lo<k o! 
odoqu01o 1<>1 lime b<cumn "· 
Uemely crllicollcword lh< ct>d o! 
1 pro¡o<t, "'h<n only on< or two 
pto¡t&mo oro boin1 lirnli,.d. 1! 
turnoround io onm11hl, ueh mi
nor chao;< lo • pro¡rom oddo ll 
lout ono lull doy lo tho d~ratioo, 

o Dni¡n L<><l Revi<W>. V.1>«no 
m<»l of th< timo lh<>< ore conúd
«<d in proi•" plonnona. tt i• "" 
lhot on¡lhin¡ long<l rhon o mio. 
"" i1 •m•m<d lor du"'ron bo
'"'"" '"bmo>>ion ul "'"'" opeol
tic>~iono •nd opprovo) 

61 'B1u1e Forc<" Appn>l<h- In 
lhio l)pe ol •hop, <>«ylhiAI " de. 
"l"<d ond rmplom<nt<d 11om ><rol<b 
""" no lhou¡hl i'"" lo th< DIO <>1 
rw proi«l•.lool>. or "'O!k .. nophfi<•· 
oiooo m<Lhods uaol•blc to ohort<n tho 
d...-olopm<nl cyd<. 
ll l.ock of o pro¡<<t mon&J<f. 
11 >ound• """1'· but mon~ projooto 
n<>under 1hrou1h lo complouon wnh. 
non o tudd<!, Tho "DP M•no¡er" io 
nNm•lly lh< p1ojoo1 l<oder ond h< 
pro>~d<• " much >ll<nlion 01 h< con 
conoiderin1 hio other dulin. In ¡<n<l· 
ot "') "''" inlltlloiiOn> ha" nn< mon 
occountabl< for an entLI< proi<CI, b~l 
tothor l101mtnl thc «•ponoibrhtico lo 
lh< pt>oOI '"~"" no one pcn<>n b 
o<:<ountoblo_ , • , 
"1 Loe\ ol o l'rojoct te¡ A 
pr<>1<ct In' con h< on on••l~obl< toolln 
p<1lormon1 poOI·mort<mo Funh«, In 
<omp'"'" which chu~<-boc~ to tho 
"'" th< COSI Of I<IOUI<O> Lt!.,j, 11 COn 
he tht moin>ll~ oo JU>UI)inl ouch 
<hOI¡¡c-both 
91 La<\ o! o proj<ct aud•l uoil. 
Dm oudn UOib "' <oo\Odotod th< \<~ 
lo 1ho d"olopmonl ol on~ h•nd1ll~ 

. ' 



.. 
>DIInd "''~'"""' \)>l<n> \ ,., '") ¡,,. 
poojtct mon.,.,, cnncorn o~cnowh<> 
wuh moint<<>••><< <>1 " P"'JI"<I ""''· 
booi 1<> prm·o~< • ''"''''' ,ud>L UO<I f<•r 
projotl de•doprncnL 
10) l.od. nf o •k•ll• in<OI\IUf~

Mony pro¡«<> ore "''",..~ "'"~ 11\o 
P'"'"'' ",."''" comple«l~· ""'"'''" 
of lhr ütlh ,.00toi>lt In hino "ilhin ha 
""'" oi>op. A 1kollo in•<nhlr}' nf P"' 
oe<ompli,hmonn M to<h .,,n mcrnhor 
oimpl•fieo ohe uolllna ol o prnjr01 on~ 
truuroo lhol "'P<rirnu io ''<«)<lohl< ~ 
ll) Look o( pro¡<CI ''"l<>t<>n" 
Bt<a<>>< pro¡cct oml..,on.> ore nol dc
Lmnoned ol th< on><l of o pn>jtcl, 
pt~<ntoe< o/ compl<lion " '"""11~ 
oquaTrd to prrcenlo¡e o( hou,.. n
pendrd. For uompl<, o projt<t lor 
whieh 100 hmm ¡,., bron <>limattd io 
bOl\ eompl<te "'hrn 60 houro n .. e 
botn upended; "'hen 90'-t o/ ohr 
hou" ha•< bern "pended, u;, 90<;< 
eompltoe. Thio c.n lo k<""' be <mapo· 
l&l<d lO !OO'l. tMIJ>I<l< whoo 1~0 
!>auto hu• b<on np<nolcd. 
·12) S1o" m<rnbcn '" conoid. 
·er<d ''uoi,<rull~ «p<n •• Durin¡ lh< 
"limaoion >lo¡t, ond o¡ain d<>nn¡ 1m· 
pl.,nonl>IIOO, 11off mtmbtn '" «>n. 
oidorod !o be oquolly <Omp<"nl on•· 
ly>to, dt"*"'"· pro¡rommen, ~hror· 
iono, documentonon op<oiohm, <1<. 
Tho~ '" '"'ll"'d tnt o! 1h"' run<· 
liono "'"" 11!!1< cnn.,JtiO\IOn li"<n 10 
lh<n ob1h1y. lnvaflobly, !hio mullO'" 
projr<l deloy. 
lll Ullliution l'h•l,.,.ophy. A 
"""' full<!amonlol prohltm ,.hidt 
'"'"' mony 1••1< tump•ni" ;, '"" 
,.hich <l<m""d' m"i"'"'"i lh< 111iliu· 
l1on ol p<,.nnn<l, •• "PP<"M too prnj. 
"'·onenlcd •ppro>eh. Whtn o 11111 
<><<un in • purie11IOf proi«<, llaiT 
mcrnl><n ort roa11i1n<d, l>..:ou .. il io · 

•\on&lhoma 10 hove pc:oplt not p<rform.' 
n¡ •,.,,{uJ" (thot io, d"i~n or P'"'' 

(1rommingl work. {'o,•<qutntl¡. whon 
lh• P'"i«l """"· lh< umo peoplc 
rnoy nol 1>< ,,.,l.hlt, '" "ont y<l, '" 
&•&rloblo pan limo 1 hio" o di'"""'" 
•rP'"''"· ~ ... ,,. .. ~.1. i• "'""' 1h>t 
pwplt "' al"'• Y• ,.,¡~nrd lo a pr<>J«I 
ond ""1'"""" i• hoJh, i< placeo on 
"omp~uio u pon dio", no1 , .. ullo. i 

Tatmomuoon of <ha pmJect 
In th< fi1>1 plan, 11 i• m¡ "Ptnoon 

lhll P'"'''''' """ 1<<nun•1< R"h<r, 
lh<y t>..omc hh M<>•<>. condenonod 
to won<l<r <•11 !ht <n~ ni rhon ,¡,,. 
~''"""' """' lh< P"'"""d l>nol 
H•~<><l, '"' '""" pro¡c<l> lh>< d" 
"'""''""'·" 1hc lollo"'"l '" k<y 
d<~""'""' 

ll lt"'"""'"""" ... ""' ¡(<. 
l<rmoncd <>1 nn( upo.l.ol<~ Fot oumplt, 
01 pro¡o<t l<rmino.,on. lh< pro¡ott 
kodcr >hoo~Jd m>lo onme tll<mp< lO 

d•·••''""n.o p<!lurm.,n .. · '" l<~ht "' «!· 
'·"'' '"''"'"''· "' ,, ........ ~!<· ,,, ... ,., 
¡,.,~ '"·'")' f"'F'·""' '"''" "rill<n? 
h•"' "'"'') 1'""' uf 11•J•• ~<nor,ot<J? 
....... ,,,,:, nr «Kl< ""Jo¡·~ ••no¡;< 

'"""'' ""'""''"" 1'<' rrtoi,.mm<r! 
cror '"'' "m< l"!llir<·l p<l rtntr•m· 
mot! ¡><r pm~r>m? All <>1 lht '""'' 

c•n 1« in»h.,hlt '""'' on '"' """"'' 
in' onJ ooohWoro~ off"''"' pr<>i«ll ll 
hocon"'' 1hc (,,, "'P in lh< d<~clnr· 
"""' o/ • "><»1-'<«<>lll<t •«cunrinl 
>ymm" lot dp projcch 
21 Q11ol01y Conltnl T¡picall~. 

>~htn o prn¡ocl "complch·d. 11" """ 
r>olo111<d lar ~ualit¡. Tht QC mttti• io 
"dnc• 11« pro8""' t11n?" Thor< oro no 
¡rod" (i <. •. "·c. D. 1) of proJromo. 
Th<y "• oith<r "Ao" nr 'T o." 

Tho mano~« rna~ ••oluo10 ptn.On· 
oel baO<d upon quontil} ol todo, pro. 
&"'"' or documontllrnn productd, ~u( 
in lo<! ho no>'tr t;'<n <on•i<!ors ,,.¡., •. 
lron ~0101! UJ><'n th< quolll~ o/ <<>dio¡ 
~<olt.cuqu<1 o><d. 

)) Kno"ltd¡o f>in<d io !Ottly 
llanof<r•blc. Onco ,; pt~¡cot ¡, <nm• 
plcl<d, 11 i'''" thtn01~h • ptocodut< 
IIO\IIot lo "do·S,.Im•ution," whttoin 
oll ,.,,;,.,o/ "'"'"•non "'"h • Proj<<t 
aro 1<>'1"""" ''" one bo llu<~ .. llh 
prc1tam m .. -nlcnonco. lnode~ual< 
11m< io ollow<d at lh< rondu>icn of !he 
rro¡<tl lnr <laH mombon 1o "d 01 mp" 
•he ~"""''dK< gaine<l or '"'" pro•ide 
m<Onin¡lul m>i¡ht inlo ltc~niqu<l 
UKd. 

~l l'enonn<l att not.<IOI(Iol<J, 
Thott i1 on idcoltirnc, ond only onc, '" 
<v.lu,;h· porforn~ancc o>! on 1nd"od11al 
M a prn¡o<l. >nd lh,tr " 1mmodi;1trh ·" 
tho tontlor<iM ol o pro¡cc1. Y <l. ,;ni¡ 
too oll<n. "'""'""'1 <•OI1101ion i• lrtd 
into ompiUI'ffi<nl """'"'"" ""'" 
Do'""" lh< lime on •nJ .. odool ha! 
rornpl<ood • pr~>JC<l ,;nJ n,. n<>t •r· 
P'""l.' ¡·cor ""~ ¡,,,.. l.op>rJ o,,. 
in¡ 1hOIJ<•< he h>< had lh< o pnr'""'· 
''lo pcrpeluotc m"l>l<> mi .. olly m•~• 
12 monlho ·~· 
SI l.od of (ntnt•l """""'· 
T¡poo.oll¡, • projcct l<rmon.lti"n" ~t\1 
ln""" n, rhc ·'PP'·"""'" ~r ' """ 
r<pnrl. ~lor< roal"'i"ll). ,, fn,m•l 
P<«<nl11i<on >hould ••lo pi•< e <~J,. "· 

'"'' al inooo.;l ohjocl"'" nJ 1hc rro¡cct 
1>1 prrformon<e '1""" lht<< u~,,.,. 

""'' <1 n·•ic,. ni lhc crul pr.,Ju<l 

dJ d··"f"·"i"" ni r"""r·•' '""'"'' ¡,., "'"nlcnan<e. <IC, 

~~ M<<olh>mo·n~.""'"' fut <n· 

"·""'""'"' .,. ""' "'~"""'"'"'' ..... •h• 
'""'"""'"ni·' P'"l<'<l lrl no>t c.uloor 1 
lh< P'"l<"<l '""' " tn "' oJ,·.II r""''"" 
In '"""'"""" ··nhonccn~·n" 1<> lht 
•t•~<m IJ lh<>e are ""' ~"'""(",¡ om. 
m<"<lo .. O<I), lh<t ,.,¡¡~<lo<! IMC><r. 

l-4-

Postt•rminatoon - 1 
Tho ley ••~rodotnt htt< ;, 1~< <On· 

d"'""~ ni '""' oo~ool.oen"n '""'Y',;, 
lo nino month• all<f lh< compltuoo ol 
a pra¡ctt. Th< out>tY •hnuld addl<ll: 

• J "'""' ""'"' ob¡<C!I .. 
bi in1<1ri1~ ofdol& 
e) hood0111 from b.o1• 
d) quonuficatíoo of chana., te· 

quired 
<) u .. fuln"' ol mformotion (lO, 

oh<><o!d lho oyotom be eoru~noed?) 

Sunvnary 
A• o reoutl of ,.,¡,,..¡"1 th< dnol. 

•>pmcnl o( 1 numbor o! ma¡ot O)'!l<ml, 
tho tt>D•e faul10 uill moro oll<n lbon 
nol. He"'""· lhe key ptoblomo •P· 
p<>t rn laihnJ 10 undon.IOnd 1h< chat
aclori"i" ol l ptojo«: 
• lt h., a be¡inn1n¡. 
• h 1>01 on ond, 

• 11 "'" muhipl<. !lnile '""""'"· 
• 1! ~ .. on cbjectiv:. 
O IU OUt<COO Con b< fi'IUOUft~ ÍB !trml 

of timo or dollan. 
• 11 roq11irto • ludtt. 
• 11 r<quit., o ola/f. 
o lt mu11 be pl>nn<d 
o l'ttlormon<o a¡ain!l plon mu11 1>< 

,.., .... d. 
o ll co<>illl ,.¡,¡, othot proje<n but il 

diolln<O hom lhtm. 
o l1iomtaourablo (q•Janllfi•ble). 
o 11 may be l bod pro¡t<l (/rom l~< 

"•ndpoint al o~tflolnc"l· l/ 11 "• 11 
mu" be •he red, ot ltrmin•"d. 

• lntotnol ond Ollttnol fot<u »ill 
•!le<11 proj<<1; !hoy mu>t t>t idrnll· 
fitd. 

• A pr<>j«l io a 1r011p ol •ub·projec!i. • 
• No projoc1" ""'q"• 

Unltll full ouenlron ;, poid la eoch 
.,¡ lh"< oop<<U ol o proj<<l, lh< bi .. 
rory el pto¡<el loiluro "''" be pl•)<d 
OUl OaC< IJ100. idl 

" ·><~ ..... ,.,.~, -~~ .. ~ .... <<>~·~·· 
Oo~l w'Oh .. oatoooco, lno .. o ~oovo-

• l,o~<l <C~O~IMO '""'·M< ~.100' hOO 

: on~c.oouo '" """"''""' ""'' '"' 1 
....... '""'''"" ~·" ""'""""' C>h ' 

1 "'""ct "'""'"'"''"" .... """ """'[ l•<>nt on •>"'"'' ono,n .. -.o 0 , oU~· 

1 <ol•cn "''"'"'"'""'· ono """"'' 
1 monooo,.,oN wholo W•lh '""'· whooo 1 

ho ooono 12 ""'" "'"" to '"'"'""1 ¡ ... .,, •. ..,.. . 
- ----- --- ---
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The Cost of Developing Large-Scale Software 

HAY W. WOLYERTON, W~IIU:II, n:i:~ 

A~"'o<I-Tbo •ork ol ""'"'"'' <ool loreuotiar rollo loto lwo 
p.om. Fltot •o 111d.o •hot •• ul! OlniUwol lorocuto, oa4 tbo.o wo 
<•lcohlo tbe obooluto 4oi10<••ol""'o loretnll. Structwo! loro<olto 
dntribo tho to<lu.olol1 a.o4 luoc~oo ol o ooltwore pro)ott, but ool 
tto oioo. Wo ollo<ote f<IOUf<n (tooll} ... , tbo p•oJoct'o lllo <J<Io 
/tOJI> tbo ottu<twol lot<<olto. Judpoot, te<b.oiul lr:oo-.lod¡o, LOd 
ocoe.-oDic roooat<.b o.l>ould eo01bU.o io IIU.lior tbo olru<twol loro
uota. ~ metbod<>loJ1 bood.., o n x 1 ottu<twol /orocoot malri.t 
tb&l ho booo oood bJ TRW •ltb roo<L toooln O'lt tbo pool low 
JO&rolo pt<IOoted io U..o J>OP*'· Wltb tbo olr\Kturol /orOUII lo hLOd, 
•• ro oo to colcolote tbt ob .. luto dollu-•ol""'• lo<otooto. Tho 
r•oerol lo~< loll.,.od i.o "obooluto" 0011 ooli!lll~o( too bo boood 
•• oltbor • "''oto! ptoceoo or n oopllclt olro<Uluo. A coot ootimot!or 
oloor!tbat io prooeotod "'d ~ .. "'di~o~ "'•tb<>do ol ooltwuo <OO! 
lwoc..-ti.oo oto doouibo<L: top-do.._ oollmo<iof, ollollor!lln o.od 
rWieroouo oonm..t!o¡, o • tia oollmo tio(, oto.odol-4o oo"-tlo1. ud 
bono .... ,.,......_.,,_ All lotocoat!oo "''tbOdo tuller Ir• tbe a .. d 
lw o •oli<l eoot dota bOH 1..- mLOt """""<iol Jll\lobooO. Soltworo 
lo,l...,.,~ .. olomoou tllot ooperloto<o bu obo"" to bo ooolol io 
u<ob~ob'"l '"""' o doto buo uo 1'1••• lo tbe bodt o/ tbe popor. 
No}or pr!<Í.Of prtl4llo oro idoob~od. 1-.o <ue otudreo .,-o J<OIOOtod 

U !lluott&to tbo ooftwo;o toll lor•"•tiol metbodoiQJ1 ood hlo-
1"1 r"u.Lto. Topico /otluttbor ""'" o.od otudt "' •o111110d. 

l'ldu '''"''-c."'1"'"' pro¡romaur «><lo pro<IU<tt•IIJ '''"· ""'' 
doto booo oood io <oo1 oonmol>u ,.,.._.,._;_ coot o1 dno\opioo 
<UO- oaltw..-o, LO<oottn le< otru<two ioftoooco oo toa>Pif1<1 oalt· 

•oto dnolopmoot, P"""•'•• <>L pnclor '""'"""' oaltwott propooolo, 
tooowto ollouttoa lo <Ompotof p.-o(t._., de.,lop.auo~ oaltwoto 
<oot oo"-tiol motbodo o.od o•oorollop<, ooltwore coot """''""" 
_ol(or!tblll, '"''*'"'' de•olopmoot ood '"' lilo <t<lo-<olt (mpw, 
''"""' '"'"""" <o ptt<.._l l"'l'·otolo ooltwuo p•o)o<ll. 

1 '\'THUI Jt lt "rt !J'\' 

ESTJ~IA'l'J'\'(i lh~ ~<'-'1 "1 o larg<'-...-olo• ro"'pul~r 
pru¡crattt h.< lradioiunalh L.•r·n a riskr owl••rlol.ing. 

)\''"' lhol wlt"""' ha., ¡,,..,. \\Lih U• I<Jt m·arl1· '"" 
dt-<·~d•·•· il lO t<·a>o"~¡,¡,. In lou¡w lhal "'' havr• l<·urneol 
"'-lnl<'lhing thal -,.,uld hoah uut ~rr-dit"ti"n• lo-.,. un
rel>aiJie -~' THW "'' J. .. ,.,. ¡,.,., mul"'~l<-d 1« ttoM~r· a 

&.-rtou• rll'«tt '"""d inopn,.·irrg '"" ..-./l•a«• '"tionolin¡ 
nwthuo:h fut lAr~,._,....¡,. aufh&t<' 0\>l~ms, fur 1 .,., o•l v~ry 
~m"p~1li~1 ,, . ....,n,_ 

l ¡ Out <u>l "'"~"' ha• <' .¡,,.,. n • gro,.ing unwtlltogn..._. tlJ 

ar<~pl < '"' and >tho•Julr ,,,.,·trun, un!...,. lhr pr•<~ahie. 

w.rre inrrr ... ingl) l"'""' In llw o.>lt"ar•• d<>·rlopcr. 
~~ l'arll) "-"a """""l"''"t'o• ni ll. "'' haw ¡-¡oto·.-.od inlo 
,..,~ devo '''1'""'"' ,-,llltat't• ,.¡,.,. l..Jih odhPtt·nro• lo 

,.n-di<l..d ·,., .... &HJ ,.,._,¡,,. tl•·hvo·t)· w.rrr· ;,,..,·ntil-ii0-.1. 

~~'""'""P' ,.,~ .. .,¡ ''"" -~•. 
Tloo """"" '• .,¡, ,¡,. Tll" ' . .,,, .... _.¡, 

·~~l .......... _\)., l. '"7J. 
~' ' 1""'" 0 '""'P- 11.-.L"'"'" 1~-.,-1,, 

2-1-1 

That m<·an• we mado mur<• monry if we eould p,.,jirt 
aoeuro.td)• thr ""'t and th<· rim~ it would tah t<o dn th~ 
jo lo 

.1) Wr• lnund tbat w~ oould improvP our <21\ima\.<.'-' <Jnly 
bJ impr<tving our undet>~landing ni ructh' "'h&lll<'po and 
pr<K'o......, W<rl' involv..d in aofto.-at'f' devr]opm~nt. &tod thio 
undetstanding rnabled U> to mona~c thr rll'ort b.tl<'t. Th~ 
b.ti.N managrmrnt, in tum, improv...;l our r&timi~-

Thi• pa¡wr pffib(•n\.li thr· ''""'·ntial rcsul\.li of nur r•ll'ortll 
to itnpr<Jvr uur •oftwar<' "'"1 ,..LimatinK teehniqu .... lt 
sh<ould lw• und,.ralood 1hot lho• "l"'<ifir {'{)n\raot; that aro 
u"'od he«• ,.,.,,. ¡:nvrrnnwnt toon\r&<(~ ,.¡~,... ¡r~&riÍcu)ar 

prrwi.ion• •h•i"-J th""" df<Jr!JI ¡, oumc do-gr..,.. Nt•Yr•tLhe-
h.,..,\\~ Ir"<") thll mudt <>1 "'hal ,.-~ l•·arn<<l ¡,u/ grn~ral 
intf'n.,t and cau bo· awtu-d "' adapL<od 1« tt<·arl_• any .,-,{t .. 
waro• d~v.-ln¡onoenl ¡orogrotto rol any .;,._ 
w~ can •l&rl "ilh a rrvio·~ rol""'"',,¡¡),.~ ~Y• in whioh 

ouf\11 arr rh•vo•l.,pnwnt o!ifl•·r• ftl<tto h~rdwar•• do•vt·h·~ment, 
and "hi~h havr ltadilinualh• ('IJrtttiLult-d tu lhr• proLI~m 
ol ..,lim~&ling ooft11atr «"'1~- Onr• of lh•""" w.ayo io the 
probiPm <>1 managing lb~ l'"'id•·. Thr· to&tun· uf ~mgram· 
n1ero ;, ourh thal int<"re>tiug ""'k go•h d .. n~ al the U· 
!>''""'' .,¡ dull ,.-ork, and d<ocumt·totati<Jh i• dull w<>rk. 
Doing tlw job in a clewr way trnd• lo br• a moro• impurtanl 
eon>idont ¡,, than g<-t Ling it d<Jn<• Kd,.¡uatrly, <Jtt tillt,, and 
al ,, • ._.,,,.¡,¡,, ~nst. l'rrrgromnwn< to•nd \<o be <Jptimiotio, 
tUJ\ ro-ali•IÍ<, a11d tlu·ir tim,. ,..tima"'' lor i.a>k eotttplrlion 
rcfio~·L 1hi• Lt-nd~n<_l". Th,. o<rll\\.,o· rngin""'' th<' n>&thr
matician, and lh<' pro¡rarnn,·r hav~ lruUbl<• r<ttttnluni· 
caling. \'ioibl•· Wgn., <ol l"''l!tammillg P«>il''"" are almr~>t 
I<Jially laoking 

Anolhr•r 8!'1 o/ dilhruhi•·• ati><·• fmm thr ttoiUt<' <JIIh•• 
ptuduo·l. Tlwr•· •n· virtuoll\' "'' uhj<·r·¡ivo· 'tnrul•ni• or 
toWit>Ur<'K loy ,.),io·h I<J ~v•lonlo· tlor• ¡or.,gr<·"' uf o·•oltll"'"'' 
prograru do•vr·lupt<wnl. &oh><af<· o·h,.r~oo·INi>toC> arr• olt~n 
in confti<t, rro¡uiring fr••¡uo·nt tra<l,>ll'> •nl<>t<K o~ch 
laclo>t• u""''' ~lor~¡:o• l't•¡uirrnwnl v•·"'~' tight M.dr, i8Ji\ 

r>o'l·Uiiun tinor·, nlo·mal "'"'"K~ tu noinimi•~ /fiJ timo, 
maintaill&i>ihl) b~ lhe rvr·ntual u ... •r, ilexib1hty or ad~pt-
abiht)' IU "~" nro<ls. accurar) ancl tdiahihl)', and •ell· 
check ancl lail·•ale mudo" of uptraliun. The opp!J<atio,.. 
-"'•ft" aro• d<·vo•l<>~o-r ltnd> b,, ... IJ itt a d¡ """"cally evulvin¡ 
attd ""'"lBnll_o· rha!lgmg t•nv>romment. 

S.oll\\lt~ plluouin¡¡ ha., ¡orololrn11 •h·mmiug lrmn tM 
ttatur•l d•••iro• '" ~· 1 g«Ín¡¡, "¡,¡, h tn•·oto• ta~i"K oh<>rteut.. 
Wlo..t aro• Llw •'''1" t IIJ<t >h«uld ¡or«·o-dr• llu· •<art rrf ro .<long, 
anrl hu" J, •.• lh•· ~,..,,¡,.¡~·-nhiP mattoR<'t aii•«'OIA· lu• 
limi1"l ft"><>Ur<'•··~ ¡•¡,.,,¡.,~ ,¡,., ;, toowl•· olttiO<·uiL ~.1' the 



..... 
1.,.,,,¡,.,, .,¡ '""''b1i11~ lh•· ,.,,,¡,~,,.,•, hmeli•"'ol "''luir~ 

"'' "'' "'''' '"""nto· ,..,,,¡,,.""'111•, ""rl lolo·r olo-~nin~ l~o· 
l'''"''l'"'' lo~ ,.\¡¡,.¡, '''" ol•·t<•t!IIÍII<· tlo~o th··~· ,,;~inal 
,.,.,,,,,,., ,.,,uiro·mo-ul• hno· 1.,., no•·1. 11 ¡, n"t Kl"a)'O 

• ·"' '" ,¡, " ,,¡,,.. "ho-11 '"" M•' t ¡,.,.,.~¡, Kilo] " ho·l h<·r ¡ <OU 

1 •. .,,. , 1, 11, , r• ol " \uo 1 ) '"' ..,,;, 1 , "" ",.,,. ~· oin~ 1" rl,.]iw·r. 
'1 .,, ••1• r:oll "1'1''''"' h "'' ¡,.,.,. ·h·vo·l•op.,l ¡,, rlo•olin~ 

"111 ,¡,.._,. ¡•n•lol<to<• ·'"'1 1••··1 ... -;,~ """'""hll ro·li .. lolo· 

O<PI o''"'"'''" (oof hotj!.•"-<'1\lo• '"""""' •\•1<•111• f"fl>Í•I• uf 
,¡,. "'11"""'~ 1,_,.¡, ,¡..,,..,.,., ,¡,¡,-1, ,;¡¡ 1,. ,¡¡,..,.,_.,.¡in 
,¡, ,_.,., ¡, ol..- ,,.,,,¡,,.¡,., .. ( lhi. , ... , .. ~. 

,., .. 1 •. ,.,,,.,¡¡,~ ''""'" .. ~o.r ,,,.. ,.,f!,.,,. ,¡,.,.,.l .. p
"" ,,, 1·•·····-- ,-..... ,., ... ¡ .. ,.,., ;,. lif·· ,.,,.¡,._ 

~· ¡;, ,.,,~'"''"~ ,,.,. ¡o~ll.o\\. ¡, ¡¡,. 1"¡,.¡,.~ ,,¡ ..,,flwaf1'. 
<• 1 •l;ol•li•il111~ "'"1 .. ,,,;.,,.,¡,.¡,.~ a ~·,.,d 1\oh h•<· 

.. u,,,.,,~''"' ¡,.,,," ,,¡ ,.,,.,,,¡ ~·h"·'''' <1·-~··l••pm••l\1 
, .... ,. 

1•·•·-''"'""'~ oln· "''"' ,,,.,.,.n,.,.,¡.,. oll•"'"'¡,, "' 
,,.,.,,,,.,,,,rol,..,.,,,,.,. ,.,,;, .. 1 .,¡o l .. · '''l"''t"l ''''"''"~'~· 

'1 IIL ''' •1 'J'\\ \ lll: 111-:\ 1-:1 111'\11 ::q· t '\ 1 'l. E 

!loo',"'''' "'l'"·"' 1• olurmc "'''"' ,,( llo do·WI<<Ioloi<·UI 
'' 1·· ''""' ,.,," :ollo•t<\"1•1• a 1,,,.,.-,,lh lhltllo~ilolo·pr"o\010'1, 

<1 •· ''"" 1,,,,¡,, '" .,,,,,,.,¡ ''"'" "''""'1'~'' hunh1at•· 
·1 •t< 1<• \\o· 1,,,,,, lo·am.,) ¡,. lri:ol "'"1 •·rnor 111.11 "" ""' 
1"' ,¡,, """' • "" 1.,. 1"11111"1 ul<l<"• ,¡,, . .,,,.,.¡,,"¡"" lur 
'"·'"·'~'-'"'"' ,.,.,,,,¡ 1• ... ¡,.,.,¡ "' ,.,¡,.,.,,.,., \\",, havo• 
• -•.ololl-1 ... 1 ,.,.,. '"·""'~''""'"' ,,.;,., opl·~ ,¡,,., ~l•l•h 
''"""~¡,.,,, ,¡,. .... , ....... ,¡,.,-•. 1 .. , ......... ·····1·· '" ,,¡,,.,.,¡,,. 
1'''"'·1·•·· ,,, ,,,.,,,,,1 ,,, ''""'·'~·-··"~· .; ••. _ 

¡·,,,.1.,,, "'''""''' ,¡,,.,,..,,.,.,.,,,,.,. lhal ,,,.,.¡,. o••1nlo. 
lo-1,, ,¡ 1''''~'-''"'""'~ •l;uul¡otol •. ,. tu·• malo•. ;, pt<•Ju,.•l 
........ 1 ... ~ ,., ,,,, ,,. •• 1- .. 1 11,.. ""'¡,,.,,.,.~t. .. ,.;u uo<· ;,_ 

·""' , ........ ,,, •• 11 "" "'''"""''"' ¡,, ,.¡,;..¡, '"'""'~''""'"' 
....... 1. ,¡,,. 1''")···' 

• ,,.,¡,, 1 ''"-1""' :ol r•-• 11 "• "~·'""' pro<lo·ll·mollw<l 

·"''1''·'"'' ''"' "" '" 11..- ,.,,,] th;ol. ''1"" '"''""""' ., •. 
1''"''"1 ¡•<••l··<o·r"'"'''lloa .. ·luo,·. ""' ,_,_,loh-h,.J. 

,, 1 ........ 1 ... , .. ,, •. ,,¡ ... ,, ... ¡ ,.,.,¡, ..... , .... _ ,¡,,.~ •. 
,¡,' ~ •. '" •''"""' <l·o· .,¡ ,, ''""'" • ouh~ut«I>•IO 110 lo~tLJ•~. 
,¡, '"' •<1·1 1 .ol 1< •11 ,., rllhml 1< '" '""1 d.-lo 1 , " , 

\pph ~·1'"·"'' ••·Hh~"'"'""' "''"'"~··nu·ul o·oontnolo 
''"' ,., ... ,,¡,,, .. ,,, ""'"'' 
1'"'' ·"' ""1'1• ,,,.,,,.,1, 
"""·······1 

lhao ,,., 1,;.,.,¡ 'h•u..:•·• !<• 

,, .. ,,~, lllll< ,¡,.."'"''""-<1, 

" 1'••"1.1• «dota '''1"'""'~· r•·¡•»llur~. aoo.d <'<>IH<ul 
"''''" '" •••U<o• lllal •11 )lt•ohlo·UI•, Jo·hriemio·•. rhangr 
1''"1"""1-. ou1l '"""""' r .. llh~uraoi"" doto ato· onoJ¡<t<l, 
''l"•rl••l "''"'''talolo· .,.,1 "'"'lololo· '" oll 1''"1'"<'1 and 
~~~, , .. , ••• , .... -1 ~~." "'"t ,,,.,, .... ,,1 .. 1. 

¡,.,¡,,,,¡ ,,.,,.,._.oro· "•IUifool ,loott"K lh•• _,,(t,oro• 

,¡,., • 1"1 '"" ''' )11 • · n ' lo· .' 1 t<·v '''" • ''"""' · 1 h•• 1 ¡,.. r•·•ul!lnR 
·• •l 1 "'' 1 • 1'1' '"" 1- ""''' lh•· '"1'"'''""'"'' •~l.ol oh•lo«l f, of 
ol,,,, 1.-. •. J .. r ,,.,,,¡,.,,.,,.,... ... J u>«l•·•·'•"d"'~ .\ .. ,,,._ .. -

,,,. .- · '• • - '·' loh•l,. ,¡ •' olo·>IRIII\ 1, od 1 '"' "t, 1 n limo durinR 1 ¡,,. 
'""""'' ,¡,.,.,1"1-'"""' <.<dt .,¡,,.,. ¡¡,,. '"tuir•·IOI<'nf' '"' 

,, '' '" """"'"'' "' ' .. ~··· ,, ,. ",, ¡•.; 1 - ,_ 

d.-.i~nl hawo• ]><.,n olo•fino<l. do .. umo·nl<<l. ro-vio·~«[, Mu•l 
aprr•"·'..-1. Fr""' 1 hol tinw f.,,., ord. 1 h•l """·lino• ., . .,., • 
•· tho· ro•f,.r<·n<·o· ,,,;,., f.,r <'V11h1n1i11~ "'"1 '"""~~in~ ,1111 

o·ha"~'"' in "'"1"'· prÍeP. "' ..,-ho.lulo-. 
!11 lh" •r><..-ifir '"'"" '"J •. di .. -u...,;l, •·•·r1oi11 ,¡ ·1,. .. ,< 

prinei¡olo,. \\<'to' lll<'"fl><•rKI<"l Íll ~""'""""'-"' ... ,¡,,..,,. 
1''"''"''"'"''"' !",¡;,.¡,., np¡oli•·ol ''' ,¡,.. ''''"''"'' 1,.,. "'' 
ou~nB~<·r o,( n lar~·· ,.,,¡,,.,,.,. ol<·Y•·I"i""' "' .\¡ .. .,¡,1 i~W•t•· 

,¡,,.,, \\h<·ib<t th•·• ot•• r<<¡Uin•ll11 hi· '''''''"''' .:, ""'· 

r .. , •·••"•PI•·. ,¡,¡,,.,, ,..,¡.,,~•·· "'""~"'"""" "'""·~·-
""'"'" <'<mfi~uro!Í••n iol••nlifi•·nti .. ll. "'"'li~ut•li•ol< , . .,,,,,.,1. 
tunhuralioon >181<1• ••·•·••IIHI<n~. on<i vo•rohoolioon <ho· 
.,,ft~are d•·vo·l•1"'"'"' uooiiKK<"T 1\lll •1"'"'1 uouo·h ,¡ hi· 
111uo• "''IYÍu~ 1or .. hlo·m• tha1 ,,.,,1 ""' havo· "''"•• :o;.,lt. 
"""' " o·••ntn•ll"l '"'""~ .. ,.,,,.,,,1 .,¡ ,¡.,,,,"'"'"''''" 
"i< hi11 " •t ruo·l un-<1 ~ •fl" n ro· ,¡,.,.,.¡,.1"'"'"' l"' ,.,. .. 

Tl«•t•· ~n· "''\'<tol "~.'· ,.¡ KI<Oh<iu~ ¡¡,,. ~,(1,.,,~ ,¡, .. 
v .. lu¡ll<l<'lll pro•-,.,., hui ¡¡,,. ,,,.,. ~·- hn•·•· ,¡,,,., h ¡,.,.,1. ''' 

l[w do·iii<Íii<•ll ,,¡ "'V<'I< ¡•ha"''• oot ol<'i"• •'11< h l'l<'hll~ 11< • 

,¡¡,,..,.,,. ··~··tot "' ol••·"'"''"t "''' 1 ·~ 1•. Tl~o· '"'1" "''' 
loa.•Í••"!l' "'l"'·"tinl. 1"" ¡, ptl,..tÍeo· ,¡,. ,.. ,,,. "'''·'"""' 
1•·1•«,-to ll<ljn<' 1<1 •1<')" '""1 o·v•·ll 1-·•~" 1\ ;<111 .,( llw 
'"'1" Tl1<· ,.,.,., "'''1" ,,,. a• f,.ll,.,., 

·''lo·¡• l'•'i"''"""''' ~,,¡ ¡,,,,,,., !{,,,.,,.,.,,.,,.¡, Tlu• 
oi••"UIII<'O<I •~lnloli•h•~ lho· ,.,,.,¡,..,.,..,,,_loor l•·rf,,.,,.,.,,,., .. 

do~i~ll. ""''· Kll< 1 '1"• h~'"' ;, '" ',¡ 1 ho• -.,[1 11 ,.,,. al 1 ho· •1 •t<-uo 
lo·v••l. 

.~'''!' .! ¡,,1,¡,..,.,.,,"'''"' ¡·, .. c•¡•l ~ ... ¡ 1'• ., /'/""' n ... 
,¡,, .... ,,..,., I""'"Í•I•~. al '"' , . .,,¡, ,¡.,,._ ,¡,.. ,,.,.¡,.,;,.,.,. 
ol<'<i~ll '"'"'1"' lhKI ""••1 tbo· [<'o(IIÍf<'U"'\\1>. •11cl j,[o•ullll•! 
,¡,,. I"''IPtrood "1'1""""'""- ,¡, .. ;~, .... ~,.11-. 1111<1 •1,., .. ,. 

11V<">. a11d IP4V<" "" lu~h-ri•• t•·o·~n"l"~' "'''" ""''.,_.,¡,.,.,¡ 
s"l' .1- ¡,¡"jaor ~'"'/Jala 11"1'"""""¡' ·'1...-,_6 • .,, .. , . 

Thl· ,(,.-u,,.,., ,¡,.n,.-• 1ho• iu••·rf••·•~ ¡, '""'" '"I"'Y•t•·u" 
h!O<I IIHij"r ,.lo·U«·tllo hith"' ,.,,_,-_,,,.,,.., "" h¡ohll~ )lf<·•
•·hlllll"ll ,,¡ lahlo· ;uul l1h· •\tll<l!!f<· d••• o•ri~ill, do~IJ

"ali""· nlld u¡ .. l;.lo· ,.¡,,,,,..,,..,.,¡,.,, 

·'lq• ~ /Jcrn¡/,./ /¡,-.,,,,. ·"1"''~'-"""'' Thi· '~"-'""'''' 
1''"''',¡,.,., '" f""''"' ,¡, taol. ,¡,. ''""'Pido· ,¡,.,,~" aoul ,,. .. 
<'P)'tuno·o· ,,,,,¡¡, .• ,¡,,,.. l•ot 11«• .,,¡,""''' "' ,¡,,. ''"""''' 
1,.,.,.¡, \\lll<·h ,,..¡,,¡,~ ·1··•••1,1 H.,,.,-¡,., •. "1""'''"'·· ""'1 
],~¡,._lo¡, lh•· ~•llr•·•· "'""'Í•IIt"'" ,.¡,.¡, tloo·pt"~'"'" '' 
' .• I,.J. 

·"''1' ,¡ ¡-..,,,, .. , ""'' ¡,,¡,,.,,,""'1' 1'¡""' ,¡,.,,~, ,,.,.¡,., 
•nd a¡o¡or•ovol ,.¡ ,¡,,. :O:to·¡o l J,-;, . .,,.,..,.,.,¡,.., ¡oao·\.o~o·. 

"hio·h 11\1\ 1~· ·•·~~··ro-<1 iu lim~ ancl '"KanÍJo<l Ính• 
vuiUml'> dt•Miing 1111h o ,;n~l··, "mpuler prn~ram noudoh•, 
!he rodmg of oho• '"fl""''' <on ¡,~~in T~i• <lo·p ¡_, do•vuto·d 
'" •··><lmK and d•·l ou~~ing umd ~nll·udiu~ ,¡,,..umo·nt•l ;, '" -
u•ÍII~ do·hu~~~"~ ~id• ond do">\. di<'I'L .,¡ 1h•· fit•t honojll· 
l"ti"n' Tlu plm-<• \o·nui•tato~ ¡.,, o givo·n ,, •• Julo·,.¡.," ot 
¡,,., ll>t .. ,.J 111<· olo•\'o•ln¡"'"'lll·l<·•·o·l Vt•t\JH-.I<u\1 lo~\ ...... 
1"'"',¡ ¡, <1,.- ,l,~i~'"''· ~ud ¡,.. H•rn•IJ,.. '""lulo·,..,.,'"' 
....,..,.,¡,¡_, '""'' !lo•• t«K•I"t I&IH' f••r ,¡,,. l•gluniug "* '" 
do·¡><•lldo·rll •••!<·no VAI1d111iuu 1<-otlll~ 

.~!<p r; ·'~'/'"' 1'"!"/atwo Tr.!i,.~· A• ~~~ .,,fi,. • .,. 
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•u"''""'" "'''"''"~ •••~•-·O<'•U "'''~•••• '" 

""'oo ... ~u ·~"'""" ••o'""'"'"''"'co••<••-• ¡-ouooo fO' 0.0.0<1 .,,.,.., .. , 

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

-·~ "'""'"'"'"" ......... 

D<f•nOD 

··~ ..... .... 

" 

.. '""'" .......... , .. ,, .. ,,. 
••n nn ••ocmuon 
o·U>O• fO- oouott ""'"""'"' 

r.,_ 1. Typo<al owtom ooft,...-• d .. ~, wod ,_ lt-, """"in1 .. ,.,. unoque d""'m•?" 

nmd~l, .. ••~ releaa...:l by the design gtoup for .u.emhly 

~nw th~ '"""'''' ..,_pe, the buildup of the softw""' po.thgc 
into oucr~""iv<·lr m<>,... cornpi"I interface& a.nd capo.hllitif!l 

con '""""""'~ When (1.-n or noorc modul..., are ..,....,mbltd, 
ti"· fll-'1 •lag"" nf "•rstom tt-ating" can grt underw11.y 
arr<Ortllng lo tlw 1<"1 J!IBn &tart..d at Step 2 Bnd upgt.ded 
in lev~l nf dt•t&il al St.-p 4 tn include ¡,¡ proco<IUrc"O and 
<¡U~!!1tlali.-,• ••ro•pl.an<"<' cril<·ria_ Thr ph1110e 1<-rminat.eo 
odotl\ "11 m<><lul••• hxve lwen ourcr .. fully ¡,ted again•t th• 
pro"<lel<·rmin..d arr•·ptAnre rrito•ria at1he sv•IMI\ lrvel. 

Sr,p ;-Crru.f.cal•on and .~~<<Pfa><t< D<mo"olralio~: 
Thí,- fiiiil •trf."'i;--d;;:¡;-¡-¡:¡f\-u-fOrñ,al aceo·punc~ ut the O<Jft
"~'~ t)"•lrm hl" ouli¡•·rüng il t<> p,...viou"'y do•fined ...,.. 
e~·pt•n•~ ond '""' •~><·cificaliun proctdurN, "hich ""' 
~••cut<·d in u near an UJM·nti~nol <no1rnnm•nt ond b<>at 
comput•r cnnfi~uatinn ..,. l'" ... iLI~. Th· ph- 1rnnina,_ 
,.,¡h ourr<·..lul "<l}>'-ratiornJ ,¡,.,.,., .... \ratinn." ,.-¡¡n,_-<1 
hy th•· ··uoh•m•·r "'"1 hi.o <¡uo!u,- ....,...,.,.,~ h"f.m. Tht• 

'"•fl., ••·· ""' h~·--- ""' tl,.·n n-..d) for ;, .. u11at~ .... Íni•'Jin· 
t"'"· oud ,.¡,..._L,•ut "' t h•• "1""''' i«nal •·nvi« onn.,.nl. 

Th<• lino.l •trp in tlu· ..,fl.,.,r devtJ,¡>mO"Ill hfo cyrle io 
1~ fur•·runner uf ll•r up~rali<>hl and maintcnanrt pi111Ae, 
flrirtl) opnl.:in¡, :>t.-p ~ T!Uo ph ... io "'""<rned with 
it~~ta.llotion, int<'¡l'otion, Uld <h"Ckout 10 lhr fui] op<r· 

ational configuration. The onftware contracl<lr ..,..;.ta in 
-""Y '"-"Y re<¡Uired tu intt-grate the ~ohw•"• product. of thc 
drvelopment, ~r arquoition, pha.sc into an uperati<>n&l 
IlOft ~ ~•• pacl..o.ge thlot mee!.& the ori~irud 1 aOO upd oled) 
perfonnanro· lUid do;;ign requirem•·•>Lb, ti"" ¡m<luct nf 
Sl.l•p 1 and ouboequent updata. Tl•e Rctiviti.,. uf thi• 
ph.,... will aloo inolude tra.íning, rt'heat'llll.l•upport, 10ft" ~re 
pwblem r<•portin¡, faul1 isolation o.nd correction, f<>nll•l 
prohl<•m cl<>~un• and dorum~ntatioo up<la1e, and 6nall¡·, 
fu-o1 miuiun opeation• oupport. lle<:au ... 11ús •• M1 t>.,l 
of th~ ooft ~ "'"' development f'ffort, "" co•1 it dt ff•·~t·ntly
u.oually u-" l<·vtl of ,.ffort. 

l'IUCING PITFALLS 

l'ricing ioth<• onmplow pro«·,. by »!tich "" arriw aL a 
pricr tho.t "'" 4U"l<· 11> 1hf' """'"rn~•- Cuol •·•timatÍIIM ¡, o 
maj<>r l>&rt .,f ti.HI ¡oroo-o .... , 11!1,.,.,~¡, '' fr""tuto>tly ¡,.,. "' 
¡,.. ,.¡,.,,. oo·v•·ral unu-. IM·f,n· R lin .. l r•ri,-,. '" aHÍv•.,J ••
Tiw l•~wral ¡.ritu·iplo.,. iuvuJ.,.,j in ¡.rio-itol( lail(•• ItA 11 
elfur!>l ,¡ ato\" kind hov•• lo'f'h ,¡,.¡¡,,.¡ h} lt•·v•·rioJ~,. ll ], 
o.l>d appl)' · .. , larKr ..,,¡¡,.....,,. Jo•nlupm•·nta ._. »di. 
llo•oridlt'o d,.,..._..¡~n ro·nl<·rt< around Llw plt·paration <of 
a propuoal in r .. punM lo a guV<rZLmenL llt'tjuNt fur 
Propo&o.J tllFI'), but b.io conunon-aN>M prmcipiN""' 
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... 
applirablr In any rompln pricin~ ~~rrci.- ""• .. many 
;ndividual• ""' involv...d. 

Th•r• i• o. ~eneral lend•ncy on tho• ¡>art nf d""i[f\<'rft to 
KOld-plate tlorir individual p•rto <>f any oyolem, Lut in th• 
• ..,.. ol ""1!"'""' t11r U·ndency ia both otrnn~er &Jid mor< 
diffkult lo ronti'Ol than in th~.,.... nf !Jard., ..... _ A major 
tuk of ma.nag~ml'f1t io tn mal<~ orrt..o.in lhat t.hr d .. ign 
b.in~ P'"I>OIIf'{l (and prired) dOP.O mr..t lhe <Uol<omcr'o 
nPed, ant that Pt.rh individual componen\ df'Oign can be 
traN"d toa opi'Cifi< nffli, whlle al th• oame time it d""" not 
providr mnrt' (mnrr lpM<I, mon> aoeuraty, ],... n....d for 
torr, rlr.l !han thr Olllll<>mi'J' n,....bo ot wanto. Anythin1 
h<-i11~ olfPred a ruotonwr hf.yond ,.-hat hr h.., ,.,.Ked fnr 
ohnuld lw dearly idrntofird (and prir..d) ·.,. o.n "PI ion. 
That ¡, .. hat io '''"'"''! hy th" "fi1ed-prir,. a\li\\><1<•": 
what io üw abeoluU' minimum 1 <&JI• do lo oa.lial)· lho 
n.....U otat..d in thr ll~"l'? 

Sfli'TWARE COST FSTHIATINC MF:THODS 

T!w ooftW&I't' indu•tcy i• young, ~ro,.·ing, and m&r\;ed 
by rapit! rhange in t""!molo¡¡y and applkatian. lt io nat 
Jurprioing. th~n. that the abilíty to ... tima\~ rnot• is •till 
rdati>"•ly und~>"rlap<"<i. Ev•n thau~h many or¡aniutiom 
ar• tr1·in~ to de>"ior mure .cientif.r o.nd objP<"tiv• '"''R"" 
for •••lin 1 ~ting c""h ,¡ lar¡¡<• O<oltwRr" •Y•Wm", thc ¡or<'M•nt 
ol.at~ nf th•· art ia t .. rgrly judgmrntal. Wc will, hllw
<Wr, di""u"" c~rt&in importan\ rxr"ptio"" ohortly. A 
revk.,- uf oth<-r fimu ,.nd a.g•noito conlirm that ,. .• ••• 

f•<in1 1 prab!m> "'"'""'" to all (2)-(.~J_ 
Eotimating th• coot <of ptuduoing oumputer ooltware 

teliro hra'Vil; on thr judgmrnt of <·x~rri<•ne.•d prrfnrmrno. 
Thr oolt"'"''~ an&l}ol, or l"Stlmatur, nuttna\\y br•ako tho 
total job ínto eh·mrn\a that are .. tímat«l ..,,.,..t•lr and 
lh•n aumm•ri•od into an e~~tirn&tr for th~ toW job The 
..,timoting &naly&ia ond oyothf'SÍo m& y &pp•ar U & ntrntal 
prvc.,• or mar involvo "" rxp\ieit algorhlnn [6). 

In rithtr rue, an •·mpirira\ data b .. e is u•ed u an nb
jertive relerrn~~. and thr ~8\imotor u..-s hi. ¡udgmPnt to 
ucount for diff•r•n< ... p;...,.., of informotion o..-.:1 in the 
ramparioon• and adiuotnornu for diffr,..no .. inrludr: 

- &) ano\) O" al initiol r ... ¡uirem•nto; hl al\o.ration .,¡ r<
quir•mcnt• In ooft,.ar<• '""duleo; <) t'>titnoto•s ol nunt!.or 
of ob)rrl inotrurtwno prr ""'dule; d) ,.,,.,~]t•>ih· and 

1.1-c hno\o¡ti<·nl rio~; •• 1 """' "'" """"''"' &nd doaror(<·riotiro 
ol th~ ru.to•ner; /) <<>no¡ouh·r .,¡ rhui.,• anJ inlt•rdmnk•
abihty anoong oth<r """' •ilP<; ~l loi¡¡;IU"r "rder lan~uo~t· 
of rhoirc M <!1tPrio fvr u"• .. r ft>.•o·mb\) lo"~""~"; h! t_q><· 
nf onh~or•· lo¡.,. do·v< 1,.¡,.-d. o' ~ loO'!ho~ ""'h'""' ;, loo \0<• 

o]¡-J,_, . ., . .J '" nn "1"''"'""""1 ""'''• JI h·d""''"l ••t,.,¡,.l\fl' 
"" thot ''!"' nf 1"1', • \ ··u¡• .. lothllo·• ,,f ,¡,. ,,,,.,.,¡""' .. r ¡¡,. 
kr\,1i01\ ''"" "h" t''"l•nhl.• "'ll .t .. ti..- ..... ,¡._¡, 11¡w .. r 
fr• ond U• ""'rnln-•· •1 rwt uro·. "' • LrnKlh .,¡ ,¡, , ,.¡.,1 •UII·hl 
tim<; n) oinglr-modo•l muhiplo•r, h•••• '" "u-• noulti¡olo
modt\ otnglc-relr,.... dev<l<,~mcm nonc.¡ot; o)¡ordorn••n•• 
rooord of oth~, lar¡•-•••1• oyoun,. (.,1\'AC. S.\CE, •t~.J 
tn th• roumbe< of in•truouono and drnlopm~nt man-

t•u. TU~ .. <"'IOQ .. O , .. "''" I~H ' ""~'"' . 
rnontho; a.nd p) rn&n"'l:rmenl lortnn lo dn .;th Pro
ductivity rott-o, error ral,.., work •nvirnnm .. nt, anilabilit y 
ol oomputrr time, e.nd man~· nth~r variab\"". 

!>loot ~~timBtors U.'ll' a l"'l;ieal .. qUPO<r in .... tabli•hio¡ 
thrir .. timata. Th~ l•>jfic u .. • ••ohan~e OOfffidenla bo
tiOe<-n "'m• m....,ur&ble par&meter o.nd iu COIIt a.nd 
adju•tmrnt lartors d~rivtd fmm eiP"rirnCI'. One of tht 
pitlallo io ttu.t eotJ'matinR rati"" should br dí,....,tly tr.,,. 
abl• lo ro~ord..d coot fact• (not h~•rMy), '"'d evrn u,., 
fBCtual dBta oan contain nryin~ and un•ta\1'<1 allowano~1 
far riok (,.-~ may hnt uounoed & ~0-b work ,.,.,.k,'''" 
l""'<>rdo oho-..· "" charft"d that rot,., hut nur ....,..u du 
not oho•· th&t m011t P"""•nnrl ""rkood 4~·f>O h/"'""k or 
morr). Our lonK·h·nn ul>kctiv<· at THW ¡,,., ¡,..,.., l<t 
'"'.0.\<• a •r•u-matic onltwar<· d•·v<·\uptn•·nt ,.,.timati<m 
•y•t~m tha.t oan •i~nifirantl.,· r<-du.,. •toli•lioal varianrr• 
belw~n ..,timat..d NJOIO and actual"'"'''· on<l i• nnt only 
ILCOUn\0' in thot """"' hot al"" .;mph·. fo•l, and ron
vení,.,.t. V;r will brirfiy ¡,,.,k al <o;tinooti"n methndo in 
r.t-nrra!, and h. o in particular that h•v<· \o<••n devrlup..d 
and t..durr<L In prn<•tire at THW. 

G.,,.,al Ú'fli< Folluu-.d IN f:otlm<J!o'nf 

Troditiuu•l «>~ol '"'tim~ting prooc..durc·~ •t.Brt ,.¡th 
fixing th•· ,;"'uf ~at·h ol"livih·. it.< •IMl <lR!o•, ~ud doratinn, 
Wh,,n '"''''"""r~·. at!juslrtH·"l' "''" "'"do• \" o<"C<nutt ¡,,\he 
ealib••r uf perlnrnu·r per .. onn..l ln l~· """i~11<-ti, ri.<k, tum
plnit)", unc<·rt&inti<'S in ''"'t"irrm•"hl>. ond ,., un. Fin•lly, 
th~ o.n"'un\ and IYP" n( '"""1~'"''' ("oon.nmnth• t~·r 
mnnth) and onmputin~ "'"''UT'''"' (houl1o !""' munth) ..,.., 
convert<"l t<o d~o\lor rootn \o~· a¡opl)in~ bi<l ••'-""· 11\h~r 
dir<>cl o·har~,.. (d .. rumNtlali<on ,.,,.¡., trav..t, etr.) .. ,. 
addtd, •nd summari,.. ar<· lnad<• lhnou~h lhe pridnR 
oy•trm. Tr•ditional m•·tho.-t. ran ¡,.. o·lo.,.¡fi,-d a> onr ur 
more of tho• tf'<'hnio¡uo;, d,.,.-rih<-d ¡,..¡""· 

11 To¡o-D"'"'' f:,IH!<ali><~: TI,.. '"'""'"'"' rr\ies on thc 
tot01\ ro•t nr tloe "''\ ,.¡ l•r~< \'"rli""' <ol pro·vioiL< pruj<~·t• 
that havo• b..,.n muo¡olclo-d \!O,.,¡;,,,.¡,. lh<• ""\ uf all ur 
largo purti .. n• of th<· tm•i<'<l tu t •. , .. timoto-d. ili;tory 
rouplrd >~ith inl .. rm,..j upini .. n h•r intuili<on) is u..,.! tu 
allO<"alr ,.,.,t.ll L>rt>~o'l'n jiu< l.•~·~ .-\'"""•'\> "'""l' pidollo 
i• tho· •ul.-anti~l ,¡,\, <•f nvo-r) .... ¡,;,.~ >!'' ¡·iol "' dtlttru\t 
l<·cbtoH"ol ptool,)o·m> lhot '"'" ¡,. lomio·<l '" thr pn•)•·<'l 
to.,k,, •n<l tbe lo·-~ .,r J,-tAil' ,,,\.,] ¡,., '""'l"'"t"'"'i""· 

t> .~!JoJI/orol,., "'"' /)¡)f"t"''·' f.'•l<mnl<u9; 'J1,. colt
mftlnr hro .,\,, rl""'' ,¡,. ¡ .. \ .. '" ¡,. "', '""t'h·ho~l '" • L<•>'rl 
of <\l'l.,il ,.¡,. . .,. th· •t!toi\,otiiO.-. '" .n .. l dofT< ,...,,,., fruuo 

t•r•·•·• ,, "'l''''l'"''l> "''' """' ', i•l··nt \1 .. rl. ,,.,¡¡, 1\onl ''"'"'"' 
¡,.. ''""'1"""1 nr,. , .• ,,,,,,, ,¡ "1'""''' h \o1 "'"" .. 11"'' 
, ..... ¡, .• ¡ 

:to ll><lw /;.¡,..,,,,,.,~ "11~· ""'""'"'"' ,,·h•~ "" ·• "'"'""' 
,.,,.u,, . .,.,.,."',."¡"·"~··,,.,.~ ti"'' Hl• ""'""""' p11thio• 
¡;,...,,, In t\,.. ,¡, ,,¡¡, .,¡ ,¡,.,,~,, '!'lo• .,.,\t.,ar•· .,..¡_,·ot 
"-'tin>ot<·• 11" >Í1o• ,.¡ • '""'lulo· 1>,1 11• ""'"¡,,., uf nbi«l 
inatrootion•. rl • .,;r,., it lt¡· \J ~"· nnd rvoluateo iu relativo 
oompl .. ity. ·'" app.'1Jpriau '""t tnatr" i• eonAtructed 
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••"''""'"' oo,,,.,.,"; •••o•·•• ,,, ~''"'" ••• 
frnm A e<"'! olA! A ha.«- in t~nt~> uf No>l l>''t iH•troNinn, fnr 
thAt h·rw ni .,,fl\\&n•, ot lhal ro·latiw '"'""1'1.-xll¡ ¡,.,.,.¡, 
Oih<·r roti"'· o•m¡oirioall;· th•rivt•t!. •·un lu• U><·d in !he !«tal 
t""<timalinn !'""''"""• ¡.,, in•1AIItt, c<>mpulo•r ""'~" rato 
"""'"" '"' rPnlnol pro.-o.,..jn¡t nnit ICP\'1 timo· P<"' in• 
•trurt~'"· ¡•·ril'lu·ral u .. ¡:o tn {']'1: U>.&l(••. rn~tinM•r> por 
,., .... ,.,.., 1 n.J "'' fnrth. Th~ mrthnd ¡, •imple, fa•t, cun· 
vo-uio·nt, an<l U8f•íul in tlw ptnp<,...l ~twir<mmrnt onrl 
1><·\nnd. 1t '"ffo•r•, a• do aH mo•th•.rl•, lr"m 11"• nwd foro 
valld 01 .,, don ha.o ¡,,, mon)' ""tirnatin~ •ituatinn• 
tlm•in,... V<•t>W' •cirntihr . .-al·time V<""'"" nnnrral·timr, 

upt-rotional """''" nnnt<pentillnoll. 
~~ .~I~Adard• f:lltmaluo~: Th• o•timal<>r relieo on 

otandorda ol p~rl.-.rmanre thot havr bf't!n l)'ltrm&tically 
drvrl"l'"d, Th<·•e •tandord• theu be<ome "ahlr rf"lerrnrr 
paints from "hi<·h n•'" t••h ran br rahhratrd. ~lany 
motu'" induotriH, ourh oo mauufocturin¡¡: and ronouuc. 
tion, lJSt' thi; n,..thnd rmnin,·l\-. Th~ m<'l!md io a<rurot~ 
unh· ~ ¡,.... t h•· ••m~ nprt•tiun• havr ¡,... . ., r•·rformrd 
"'I'<'OI<otlly aud ~·~>d r<'<'<,rd• on• avail~&hll'. T!te pitfoll Íl 
thal <U>Iutll ,,nfl\1""' d<•vel"t""''"l i• Hnl "¡wrlormrd 
"'1"'" , «ll )' . " 

51 Ro~M,..f·l!...E_~~~~~ali"u: Tlú• ¡, thr lt•rhni<¡ur nJ(II\ 

wmmonl¡ ......:1 in <">limating K<•wrnmPnl ., .... arrh and 
drvPI"pnwnt rontrOtrt. T!w •••tal job i• brohn d"" n in tu 

r•lativ•l¡· omo.l\ wmk p&rkltgt'" and ""'k unit• Tlu• '"''k 
b .. akdu"n i• tomtinu.•d Ulltiln io fCBII(Jnohl¡· dear what 
•1~1'• ond tal~n<o arr iuv,lvo..J in d01ng ~•<•h to•k. Earh 
'""" it th<•n o•otimat<·d and thr <<>>1• arr p¡·r•mtdt-d !<1 

form tho• tuUI]tn<J<"<I ''""'· An advottlage nf t hi• IKhni<]U<' 
io that ti«• jnb ,¡ PStimoting ran \te di.tri!tutrd \o t!u• 
P<'<'PI• "h" ,.;n do thP \\o>rk. A difforuit)' i• th• !ark ol 
irnn.,..Jiato• jt<'fSp!'f'tiv• uf the m<>>l impnrlat•l p•ramt•lpr 
ol oll th~ tou.l coot uf t!w D"'i•·rt. ltt dning dNail<'ll 
e•timal,.., lh<' PStimotor io 1101 "'·nsitiw \u th<• I"'O>IIIIl&bl ... 
"'""• uf th• IO!al "'-''' of thr 110ft"·are parhg~. Th•rdor•. 
\u¡t-do"n , .. timatiun io UO<<I u a rhPrk ou the boltorn-up 
noethod 

Th• •·•<irnoti"n pror<· .. il! n•·orl_1· alwo¡·o a rumbination 
ni,,.., <>r "'""o! th~ b"'ir da••ificatiuuo givt•n abnn. 
We "ill bno·~_l dt>ru .. 1\\u method• thol h""'' bffn U>ed 
111 <"-lirnatittg tlu· root of d~~~lo~ing !arg~o<·oh• ""fl"lft' 
at Tlt\1'. a nwthod "" u...d in June IYfi\1 ~hirh "" .,.¡11 
r~ll "onooothing and ro!t&Jl<Jiatiou," and th~ rurreut 
rnethvd ""u....:! be~1nning in Ortober IY70, ~htrb \\~ "'11 
ral! "a >ofl""'" t<>>l ••titnottou algurithm." 

T" bo· "' ¡,.,. u l">'"iblr tu rl•al "it h t he ro••t ... tinuuin¡ 
"'dlto.rl, ~·· ,.;¡¡ ""' b¡p .. th•·•i•·ol "' ll<>ttnah<"l 1!11<\\l•·no 
"hrt'<' uun1lt<·r• oro· "'"ro""'''"-'· ·'""""'' tiU' ,,.¡¡,.nr•· 
do·v• ]u¡ •ttl<'n! ~"rl ,,.,, hf,. t') ,.¡,. O'"'""t' ',¡ tl11· "'''''" Hl<'i'" 
¡<r<·vi""'l.\ do·h¡u-d, t'><'<'jtl thKI tlu· >lorli><g t"illl al 
co•llrart g•~•h··•d i. inonu-doald)- un rutnpl•·ti .. n ,.f s,.p !. 
1'.-,. .,.,,J tu undo·t•l&l..l tlú• l.h.•Utn¡oti .. u ,.¡, .• ,¡,-, .inco• it 
... uhliob .. tite n·maiuinK·nttl.,tun<· ~V<'III> "hich orr m· 

~·! 

rluohotl in 1 ht• t•tt•l "hirb "•• n•·~<>l iot ,.,.¡ "11 h 1 h~ ruotnmot 
In <>th<•r """''· ¡¡,.. w••t><•>JI.I ""'a! "¡, . .,,.¡ ,,¡ ddail •<trt, 
ll<ol ti "'"'· l11· il..,-lf. tlu· irnpl<'lll< 1<111\inn ''"""''! 1J 
'""' rlan. j';lo·p 2- Tho· 11!'1' rw·k•~". l<•twtl"'' \\itn tho 
hidt!t•t'• hrirfin~. ""' V<•t>' rlouilo-d. t .. -huio·all_l- rntup\rlt'. 
ond ""'· ¡,_, it,.·lf. tho ¡••rfnnnanro• Al<d tl""i~n ro•¡uir"' 

"'''"'"·~''"L< 1. 
Our ro·l<·r<'ll"' 1''''1''''' ¡.,, tho· "'"'' t<<'<•lll pa•! ,.,.r,.,.ful 

"'flwor•• 1,.,,jtd """ ido•mi!io•d, •n<l ¡,, ,.,,.,. hi•l••n ,. .. 
laid <tul in l<'rl''" <>fll11• ot'lotol <·V•·ttl•, ,.,,,., •lorl oloto·•· 

and durati"""- Tlw nMmali•od rnntrad ""' ••• lunrtiun 
ni t hr normaliJ<"<l ¡wri<.d of 1-"·rfnrm•uro· i' >hu•·n in 1 í¡ ~
\\'~ wi\1 rall thi• '""'' hi*"Y A. Th~ ,.,,.¡ distributi .. n bv 
d~velopmPnl ort ivit ,. , 1 ha,- iH, 1 bo• u ti ion• 1 h•l < hrort .. ril' 
thc intcrl"OI' lwt•"·o·n di"·r<·t<• milo'"'""" c>·cul>, ;, •!wwn 
in Fi~ .. 1. t"-•inK <~"'· hi,(Ot) .1 "~ cnto u! .. util• •irni\odtit .. 

ond difl'~rtl\r'"' "ith '~"!".,..' In "'" """' ,.,.¡imati"K lur 
«Uf .,,.,.- prnjo<·!. Tlw \...,_,;,. ,.,,., nwthtod. """"'thiu~ ornl 

r.trapolo.ti""· i• ~ ,.,mbiro•ti'"' ,.¡ •·or)i,.r nwth"l• t'"" 
'"""" n<·w id··•• ¡,, tlt,. '"""- prnj<<'l, w,. •<ill <•ll tlw .. , . .,.. 
¡omj<•o•t '""' biHtnn· /1. 

A majnr ol<·nl<~p<ou·nl c;d'" <!iffo·rt'll<'<' ""' tbnt ca"' .1 
hu a bO-<Plitu· ,¡,.,.i~n •tH•rifitftlinn tldivProhlo· utt<lo·r 
conlrart, whio-h ••·•·ntJtol<"<l ¡.,, nl•oul 1:.' ¡l<'r1'o't\l ni lh<

tnta! ''"'1 "" "'""'" h1· "nnalni•." anol ,.¡,., luW th< 
impl<•m<•ntotinu o-.. roco·pl otod ,,.,., plnn ddiv•·r.hlo• undor 
e<ml r•ct, "hich .,.,., •unt .,¡ f,r Rllnllto•r l ~ jt<"n'PUI "'' _,¡, ... , n 
1"· "tlo·_,¡~n" ¡ ... ,. l'i~. :ll. EvPtt llonu~h lh<' "''1!""' 
v<•lnpnwnt r¡do· ""' difl'<•ro·n\, "''loool •·•ao"l o!ato ""ti"' 
Juoll]H•IO<'r """i~uo<\ lt< th•• hn\All>'<' ni lho• tuilo'll\l<llt 
o•vo·nl•, ,.-hirh ott• •imilnr. \\',. """ Oro· in n t•c-itiun '" •·•· 
lra¡wlatr fr<~nt en"'· .1 tn "'""'H. Furlho·rmn><'. •inrr '""" 
.1 load ¡,,., ... ¡mHluro•d "" titn<" nntl otto<!o·r <«<l. '"' "<'t<• in 
a •!ron~ v«•ilinn ¡.,, pmvin~ dt'"""'"''"t<-d ,,,., p<'t· 
l<ormanr~ <>n a ¡tii'Vinl" pro•Í""'. 

A major funrtiunal diff••r•·nN" ,. ... that ro«' H "1'<'· 
..-ntrd a unificd l"lllllnlmiratinn, rnmmand, and "'"1"'1 
ooflwarr .,-,,..m, \\hPr<-... '""' .1 did ""' hne th" C.•tn· 
rnond fu!lc!i""· Jnuou•rli:tte)_l·, ¡:rt•at••r ollt'nlinu 11&> ~ivo•n 
In o),.. aual;•i• nnd d,·,i~n .,r tltol n•·~ ,..,..¡,,.,,¡,.~o·"''"' 

and it> imo·tfaco" ~:wn ho·ro·. imp<>tl~<ol 'inoiloriln'> \lo·r•· 
irlo·Ht jfi,,j in 1 !t<• ¡,¡,,,.,- folo· h • .-Rtt"'· in """' .1 th• "•itttilar" 
<"•mm•nd lum·tinto ""' lho• ""'l"'""ihtllll' ni anuth••r 
a .. u<Í&h• o·o•llltOtl<tr. \\',. o·nuo·<·tt\rot•;,l "" itut""""~ th•• 
infurrnotinto trat,;fo·r h_1· hovin~ full c<>noml ni th•· ontpr· 
faro•, ond h.1 apprnorhing tho _,,]u!Í<tn ¡,,..,, att o•ntoro•l<· "'"" 
dir,..tton. Wr do.-ioh•d !h<· tl'<'hllio·•l fl-•k wu '"""''"hol 
hiRher ¡,, ... ..,. /1 ¡,,.~u ... · ""' """o •!at• \t~,... ""' ;,. 
t••lnf'ltk, ~tod I••A<I'!' t)u· '"""""'"! niM«rilhm •lo~lJ(tt, 
,.,,.¡;,~. '""! <<'litt~ ,,..,,. itttlnV<IIl\<', 1\'o- ,¡, . .,.¡,,.,¡ <ho• 
••v••rall••·••·u• ¡,¡,,,, ,¡,.,~"'"'· ,,.,.¡ ,,¡¡,,,,,¡ .,,,,.,,,.,, ,.( 

''"'k t"'k' (« ,,.¡¡.,,.,,. hmolinll•. \\'o• ,.,,,,. '"" 1""11'"" 
¡,., • ltr>l '""~!o o·nt lnr~•·l o·-.•t. 

TJ,.. ,.lt,.lo· ;,¡.,, m thi• "L"' """ '" \u ¡ttl"' tlw '"'"¡ 
...~~~0[<' "'""ll\ ftu<(< !)u• '"" ''"'"' ll>lltJ( lh<• <'']M'[h lo'<' 

uf tho ·~•to·m <·nt<"'l" grnUp. hl '" ¡tri<'<' o·~·h .... rk 
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'" "" """"'~'"" '" row.,'T<Q, "" ¡u;¡ 

-r.-~'·'·'··'-~~--=--------...... _,, .... ·¡ ........ ,. ....... -. ···-·· -.................. -........ .... ... _.. - ...... -. .,_, .. ,_ ... , .. ,_,_ ... , .... - ....... -. ,._..,, ...... ~.··- _ ...... -_ ..... 
''""" -···· 

-
-
-
'' • • • 

............ . .............. -"'"' ......... w -, ............. ~ ........ ... 
""" "" ~oc•..,.< o'"'"'"'""' 

- • - - • -. ....... ,,_., ........... ... 
l'oo 2 T1·¡n••l ""h""" olovol .. ¡om"" ""'<>¡,.,¡""''~e~..- hi<

tur¡· A 1, 

f'io .! (',.,, oh•<"'"""''' h¡ "'''"" olunno 1"11 .,..,.,¡uf 1""'
( .. rno•"" h"•~·l"""'"- ~1 ~~~ ..-B>>to¡, .,,.¡.,,¡, ''"'""''"'"'""' ,.,,.¡ "nv<l .-~<· 

¡u.cl~~·· fnono tho· '"""'" np uoin¡: tho• "'I"'Cio·ut·o• uf o·och 
nf 11,.. ho· '""~ pocl,.~o-lU"-""~··,.,., ou<l o· o'" "'"'lnd a 
"""'~ ,.,.~,.,;,,,.,, lo·l""'" lho· ,,,,,.,.. cuouo·pl¡:noup aud 
o·odo ~ <•fk p:tcl•~·· ~·· '"1' la k,., o,,.,. n 1 u 1 ¡,,,. 1 )j ff,.,,.,r<., 
"'''' ,¡,-m·o·d ,.,,.,. ,,.,,. tr.te•·•l hao~ tu.,,,..,.,. ;<LUI".rill' 
n•.¡uno•mpnt• tU tho· <L1•1"tH<"t'• .•t.L1Pt<)<·UI ,.¡ \uotk. nud 
~·IJ"·tnu·nt.• n>n<l•· 1 •. ,,.,.,., ti«·,.,,.,, i''''''·'''h· TL•h. ,.,.,¡ 
_,.,., ... ,¡ ""'"· 

111 '••th tm·lh•..-1• tlw l•••ie .,,¡, .,¡ •··ttm,,ti"" "R' tlw 
•· t<o.lt<•11lf<n1 h" fnr o ~;,.,.,. t n•l "' , ], """"' TI,.. ,J.,trilmt ;.,., 

''' 1 ¡,.. "o>rl 1 man-n" ''" ¡,. 1•·r '"""' h 1 " "' dril''"" ¡,_,. t" " 
, ""' ,.¡ vJ<tialol,., initinl "1"''""''""1 , "l"'loilit ,. 1 )ll( '1 awl 
11111 ''l"'"ti,,,,.¡ <II]'HI•ilitl 1 I'LII"o ... ftll ,,. '''"''~'""''"'" 
...... '' """. -1 1" ' lo·· 1: 1 1' ...... 1 " .... ., .... ,., .. " ,. lo··· _, ' ..... 
...... "" ... , ...... 1 '" ,,,,. 1111' ¡,..¡, ... u'"'¡,.,,¡¡, 
_,-t.l,.-~-11·• ~~-~··u•c n. '"'1'·" t .... ,,, •••• t ,,..,¡,.,¡ 

11 .. ol.-trtl•uto••" ... "' ... , .... ,,' .,.,, ,,¡,.,.' ,¡,..,,,1"'"'1 
""'"' .. r , .. ,, .. .,,. ,., .•. ,.,. ,,,¡ '"' ,¡,.,, ,,,;,. ,¡ 1 .. ,¡.,. 

_,,.,, ''""' ,,, "'''"" ,.¡,,~ ,,,,, '"'" ,,,, ·' '11,_,, ··1··-· ""' 
''''' ¡,, """""''' ll1.11 1111· l••l.o] olo\o•l••)ol"•'lll "'"'!""''' 
, .•. ,,,, ,. ,_,. 11•~1 "'·'""""'"' 1.-.. ,,.,¡ ,,,..,, ,,, ,¡, ,, ',,.,,,. 1 h·· 

.¡.,, •. ,¡ ,¡,,. '"""'"''"'' ·l•·•nt.,,; .. , "''' '"'"' ''"'' 
"'"''"¡,.,¡ ,¡,.. ¡.,. ,,.,,,.¡,,. ,.,,¡, l•· . .-1 ri-l. ,,,.¡, ,,.,,, tlw 

Pr<'<l unrlo·t t!w '''""'' tt•mRÍned "'"'lntl! lnnme\_,., \000 
mrtll·IIU>IItl>-). Thi· o·lln-<' '""tld '""rv•· tu ~,.,,.,~¡,. tbr 
'""'"'' ,..-\u;)u\,./ .. r !11{' ~,,¡¡¡¡¡• ,.,.,.,.,,, Th,• ntnphill<!t• 
,¡ti..-, . .,.,.,,, .. ,.¡,¡¡ •. th•· """'"'' ¡,,..,, ¡, tbe "'i<Arntt· 

ll<·~•ollati"'" 11ith ¡¡,. ¡¡,.,, ""'~ 1""'~"~'· "'"""R''"" 
Tlu• ""'l'litonh• ,,·¡m·~·••l"l <1"' .,,,,,¡.,., ,,¡ lliKtHIIOIIII« 

¡wr """''" ¡,., ""' giv•·n IÍIII'' ,¡¡,., .. Tlw ''"" ni tlu· 
"""'!~'""' •·•tim:~l<·• ni •·~· h ,.¡ tlw hvo· ""'k i'""lo~•·• &1 
am· lim•· I••ÍIII olo·h·nuilu•l th&t llll•nlh'• m&ll]"'"''' 
'''ll1Ífl·m•·1L1•: 011,¡ ¡¡,.. ''"" ,.¡ ¡¡,,..,. ,.,.,.. a\1 lim• ,¡,~ 
,,.,.,;,.,..¡ th,- to<al ]ll(''l'll(' '"·'"''""''' '"luit<'llll'nl•, 
¡.,.,,,, ¡,,,_,1 ' ..... '1/ tlu· ¡¡,.,. ,,¡,¡,.¡ '"'"""''''• ¡,,, ,,.,,. 
JOI<I~, ,\¡.,., hi~l, ;,. ¡¡,,. "''' r1111l '""' •111 )ll·~··lintio,n<, 111111 

. ......... J••·'~···l ''"''"'' 
'1 t .. - ·lo o¡•· ,,¡ 11.. lu•l ,.,.,¡ ~' ,,.,¡ ··•11111 ,,,. l•l ¡¡,. 

\ ''"''''"'']'lt<"II)•Í·-~noull•lh·, 1 11<-a¡u•l•h,lri 
¡,,,,,,, ,;,,, ••.•. ,. "'''"""~ '"''', 1 .. ,.,, 1····'·"· ..... 1 -11111)• 
.l •• '"". '-..... ,,¡, ,,,,,¡, ......... ¡,,,~ ""' , ... , ...... 1¡., _,,.¡,¡, ,.,. 

" '"'"""l·d "" ,, ·''"'~ '"'"' ,¡,' ,,.,..,,~, .1, ., .... "' ....... . 
¡,.,,,,,¡,. ,,_.,,,¡,~ "'"~ alul ···-·~'"·"'''" ¡,.,.,.¡, ,,,,¡ "'" 
¡,,.,.¡ lh· ••tÍ~IIul );''·'' "'' ~·• ,.,¡, '"']"'' 1•• 1111'"11\lV<' 

¡,.. TI•·· •lo:•¡ "' 11 ,,. ob.1.o ¡,."11 1 _,¡,, ,,,¡ '" i111 •••lw·i11~ llw 

''"'""~'' .,¡ .. ,,.,~~···--'""''"'''"''''''"'" .. ')'¡,,, ;,, ¡,.,,.,.,¡ 
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f',, • ''' ~''"1""'" .. ., .. ,,. ••lh ""'''' ,.,,_ mol.,l~•·• •PP'""'h• ·•··~"·• lo) ~,¡,,.,,w.,. ,,.,¡¡,t.,, oll•ot•· 
'"'" ..r 1000 holh·m""'"" <hl ~lou¡ ... ., '""'"""'' """ ..,,,¡, "''""' ,.,¡,., .. ,,, •l'P"'•'h, ,¡.,.,,, ""'"" lol"" 
...... oJ .~ , .... , '""""""'"'"· 

"' 

" 

,¡ "'"" '"' 111 l • olltl ,,,,.. no·111 ."ol '""'1" '" ¡or.·vi"'"" 
,~r,,,.,¡,_ ,,.,,,,,,,.,, r .. ," '"'"'"r.;, .,,¡, ,,, ,,,¡,¡,¡, 

•1•1• 111 l• V• 1 lo.,,.,~ lo\ llw ,,,.¡, 1" ,,.¡,.,.¡ lo·•l o11od ,.,\;,¡.,. 
,;,,, •. ,,,,.,, ,,.,,,, '''""'"'"' , ..... , ... ,,.,, '"""''~u 

'"" ¡ ...... ~- ,,¡ ..... ,,,,, .................. "' ,,, .,,,,,,,,- .. . '. '' '' ' ,, ,,,,,,,,, ,, .,,., .... , ''" ,,,.,., ..... _ " '.,. " 1" "" ,. 
,,,. ,,,.,,,,., •• ,(, ,,,¡,¡,. ~ ........ ,¡, ~~ ....... ,.,,[_ '""' ,,,,,, '''''""'''· ,,,J ,¡, ..... '''"' .............. ,,,. ''"" 
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' "' 

¡¡,,.,.] olo•no"'"''"'¡,,. ¡()])1. Tlu• plan t"ullood l<>r 11m<• 
](J(' ouod ¡]..,,. 1'0(" olah·• 

T],. pfJ..t"t <>f K IWP·>Ii•p pruo·Ufnl01'111, •u<·h U an 
]<)(' {,]],.,,.,] 1" u l:~to•r 1"01', i• u• foil,~·• [7]. The 
1< !(' liiÍio·,(n\1<• <'VO'll{" 1U1oJ ()]) <'011<\Í\UI<· (l~o• <>11]\' l<'AV 

thut ""-'" ¡.,. ''"" lw i'<m<<l. '" oli•o:r<'lo• •h·t•• ""oluo~!l Íll 
¡:¡1< ¡; ']1,. ''""'"\ ¡,.,. lk·m·ut""'" "1'1>1) 1<• ¡],.. tarK•·t 
,, .. , lur tho· tnlul ]lf{'j]'ll(' , .. ~. ·n, .. ;,,.,.,¡jye r ... -
•trurturo· 1'""'¡,¡,.,. fur ¡.,. 1•-n•ltj,,. ¡.,, foiluJ<• '" m<-<'1 tlot• 
o-.llolrno·t o\al<-.. fur ..,,;,farturl drn\"ll•lr~ti"" uf .,,¡¡,.,l-<mc 
•tq .. ~1, .'o], ;ou.J tho• IJ!J. ']1,..,.• ~~·u•h"'" ar<• ,._.,.. __ .! 

•• •h""" iu ¡·¡~ ;, "" • líu··~rh· ¡¡mdu.oto-d ha•Í• in UHÍI• 

•·f ~ ],.,¡,. •l•)s IHI<', '-' ¡,. . .,. "d•» lato·" """"" rolo·"dar <layo 
ftnlll !loo• tlalo• •l•"·ihood Ítt t),.• '"tllt1<rl. Tho· po·nM]ti,., 
:o¡o¡ol_l ><"('O.tuloh- In bullo ]Ul' Mlld FU('. Thal Í•, !lo~ 
nouliiiUlll IWIIHh) fnr lowno-.. iu do•tn"<,.lrM1ÍnK 111<' tJO 
o( tlw j(f{' ;, 1:, po·ro·.-nt; il ;, ,.]..., ¡;, po-r<<•lll fur foilur~ 
1,, ,¡,.," '"-'' ,,.,,. t ¡,. 1 11 1 , ,¡ ¡],. H ll'. Thi• iuo~r<'" pri,rity 
'" ,¡,. lo(', hui .. ¡..,, """'''" """l'<lll>ibl.- o.1tt•n\ÍQn 1<> the 
1 1 JI • ' 

Tu bo• dfo·o·tm·. tho· ¡,,,¡,. iuco·lliÍw •lruO'luto• mu•t be 

.;.,,¡olo•, ,,,.,.,. ,¡,,..,~¡, it '" """'"""'·'· iu 11,.. tnll\m('\ '" 

,,¡,¡,.,., ,¡,,. "'"l"' ''""''"~'''"·;,., ""tl au .. ,.,u¡,. "'"¡'"'-'· 
11 1l1t· ¡,.,.¡,. ;,,..,·ntivo• >lnll·turo· ¡, uul .;,,.,,¡,, il uill liU1 

., .• ,¡,¡,- bo· 11'"'!''-d ],_, tlw "'""~' peuplo• 01 "lll••vo·l• u( tll<' 
,.,,. trorlor' • ¡olutll 1\ h,,.,. ""'~ ~rr ,.,.,, 1 ¡,,. rh11n<1" uf our.·t .... 
lf tlu·.•· d" ""' uu.lo·r,1K11d it, th·-~· 11ill ""' du Ktl)'thitt¡¡ 
dotlo•ro•111h \~_,.,..,.,. of lho· ino·o·nti\'P •tntrlutt•. lf thr_\ du 
""'· tf,. Ílwo·rlll\'o· o•urnra<t .,¡11 h•v•· f•ih-d ¡., oo·hi~vt· 
"' luud.n.,·nt.l ('Utt•""·- tlw 1""1'1•• 'lhu ~"'~ ull ,.\\ 
;o '!'""'• ,.¡ 1 ¡,, · ' ·ut i r, · > 11 "lo ·rt " l. i u~ llll»! l• • " '" .,.¡.,", .,¡ 1 ],. 

""''"'"'' .oud ""''' .1 .. ¡¡,,.¡, ~"rl •Íih "'"''' , .• ,,. uud 
'1"•111 ' 1 "''"u-.· , •f it. 

1loo• ,-ullro llu o·Utll ,. IO('('I"otlo Jlf>">UIU>'> th•1 1111' 

"''" r ~• t "' ~ oll l ; k ,. - 1 " ,-;~ ,. i "t , ·ftlo f ¡ uopl ,.,.,, ., ¡ i u¡ "' 1 Í<Jn . 
11 ,].,,u]d uu·]uoj,- ~'""' t~u~tiJio· ¡,,,.,,,,1 '""''·'K'"'"''Ill 
"'"""' th<1l ¡olao·o· "'' •oldniunal ""'"""'''" "" ¡],. ""'L 
qu•ht< .. \ do•.!f >'\]>bu~tMo ,,f 1lu· •·•~·u1Í•I l··•turo .. uf 
!loo·"",.,,¡,,. >truo o un· ,]o.,uld lx· ~'-'''" loo•ll ~¡,., ""'~ '" 

¡ 

' • 
' • 
' ' ' 

•• 

···~~"" -""'' -........... .. 
'''""''"" ....... '-" 
O<O•<OMO ·--

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

•• 
• 
• 
• • • 
• 

"" • - • 

o ... ~ ....... ... -·-· 

'""' '""'""'' 
W!"'...!l!!" 
" .. "'"'" " ""' ''"'"'""""'"'' ........ ,., .... .,., .................. 

~ 

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

··¡..,-·~--·:·-~·1·-~·~r'"~-'·~-;·~r;" 

•• .......... ......... 
• 

• 
,l 

.. J:-.;-.;--...;;.,--------'"'2!-

;m· '""""''' "" th•- .,,ft\\ot< ¡,,.,,-d 1u t!o~ e<m1ributiun 
tu atft't'l 

0

!ho- '¡.,. t¡,U c..,,\,.. roali~t-d o·~ch Wl<' >UII Hll<~o

b) h;. """'~'""·'· 
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''1' 9. ('- rl..tributloo by ortivlty durinl 1~11 r•ind "' pot• 
ormon<O (r_h.....,ry B-multomodol do•elopmonl , All O<liv.ll .. 

indude do,umonUliun &nd tro.el "''"· f);,lfibuüun uduo!m 
O.t;J.I cooto 

The nurmali•<-<l tunltatt <O•l ,.. & fulltliun of the 
""'"'"1¡.,,¡ J><'tic.ol uf ¡n•tformano.· is ohu,.·n in Fig_ k for 
~.,,. lriol.<Oty B. The n<>rmali•~d «>81 distribution by d~
v<·l<optnenl •ctivit.' «ver th•• ,,f1,.·a~ lile ryde, for both 
JoJ(' ond I"OC, ;, ,¡"'""m Fi¡¡. 9. ln estimallng the co•t 
tof lor~e .oft"at~ "·'''''m•, v.e lro·at "operatiOJn> and main
¡, 1101\e<•" 1 O& ~1) u a IP\'Pl of el!on tommenring im
""'hato·l) ~ft,•r ,..!h,ff uf tlu• •)•h·m in ih uperotional 
,.,,,.,,,,,,.,¡ 111 ¡¡,,. nnolllm.-lr·l ..,,¡¡"""' olr•vo•lupmrnt. 
11,1 \1 ,,¡ti"" fit•l m,,.¡,.¡ nn-rl~l'' oln· pur.-\_,- dPvo·lupmrnt 
••T.-ilh'> <>f lh<' ..,,-,.ud "'"d.-1 T., u,i,¡ ~.,,- mi,intPt· 
nt.-lolÍ••n ,,¡ tlw dr•·•·l .. prw-"' ,,..¡., th•· 11&,.\f Ulll<JUIIto-d 

¡:, ¡wrco·ut ,.¡ Tlu• tutal O'«"lr"cl '"luo· ("o.m¡oori,.on u/ 
..... lu•lur\- .1 au<l /1 iu ,:;,,. ""ol ,-,,.¡ <mArH!lunth,o, 
r·•clu,hu~ lf,\_\1 Í•¡tivr·n lo·lu" 

Numl..r nf Ohjort 
¡,,.,,"'""'" Mon.MuH\ha ~ 

'" ,., (1//11) 
c ... Hiot..ory A 1\1"1 100 "" ·~ c ... u;.,.,,y ll 

•oc ·M- '" "" >OC 2!.1 00)" ~ ~ 

• IOC o<1r>~l"" iro• luJod J .. ilto ond pr..lutt"'n ol o p<oO.O\ppo 
~hu" P"'"'"i' ul '·" .,]d<l<unol 2t)!uJ-.,bJ•« toolr...tko .. _ Jr 
.h~h\1) m..lofot<l '""'"" ~ .. ~o..Jo dur<<<jl H>C 

• Lütr"''" '""' ~'""""'""'" to .. '-" •«•food L) <!hp;rico.l 
Joto ond '"'"''~lod ,..,, '" ""'" «oduotro .. 181. bu\ ,... 0)
mot,.•l!> ¡..,. tho ~hu" ind"'"1· 

.4 Sn/!u'4T< f'nor f.'ofimari"" .~lgorifilm 

TI\W """ dr·vPI,.¡><.J a w;01 c•!lmatiull •II<>JÍthm bued 
un tlw ""'"""l'IÍun r loo\ C< ,.¡. Ul) prupusiÍolla!!) "itb !.lu. 
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........ , .. " """"'"''· ""'"'"" "' .... ~ ..... 
numh~r uf Íll•trudion•. 1·,, •"1101< jJ,·nlifi•"ll r<•U!Í<w, !he 
pmro-d<m· <"<~mhicu .. ~~~ ,.,.timulo• ni 1lu· numbo•r .,¡ .,!Jjo•rt 
in•lrur!lnll•. ruii"JI"t)". r••lalivo· d··~t"" .,¡ olifforuh¡·, aru\ 
hi•lllfÍr dotn ;,. do ollar• t""' in•trurtinn fr<m1 lf,. «'"1 data 
ha"'" t" KÍV<• o trin\ ,.,.tiii<Ok uf tlu• tootol "'"''· Th• J, .. ¡~ll 
•'""1' ,.,.,;,.,ato ... lh•· f,,.., 11m•· ... r"'""" parnm••lc•no. n •• 
>)~Iom '""'"'"PI ~t<•UJ< I'"'VÍd•.,. th•· o)Jj>n•pr;,.t• rnot dato 
loo..,· u .. ..-1 h¡ oll ,¡,.,..;~ru·r •. n; ,,.]¡ a• tlw n\low·ati11n 11f 
,..,,,, .... , .. ¡, ,.~,.¡, pha"'· ,¡ ,¡,.. '"''fl"""' do-vrl<>t"'"""t 
o·H·Io·.ll~<· .,.¡.,,lull" ¡,, Parh ruil<->lnllo·o•vem, and tho•1alu" 
mi•. 111<· l""•·•·•luro• tlu·n >l><<·a<l- ti~<• tBtal en;t ove~ tho• 
¡><-ri .. l ,.¡ t~·tlnniiRII<"<" ac·o·,.ffii«~ In tlu•.,. in~ut patAI<>• 

c~o·r.. ~iv1 .,. th•· """'""'""'1"1""' 111<1111h h¡·lol"" c·ato·~~or¡·, 
thr ,.. .. 1 """'""ÍHI<<l llith ,.,.,.¡, do·vo·loopu>o•nt orlivity. and 

tho· «lh<¡>Ut•·r u.-.a¡to· loy '"""tb for l"lll"ck«ut and tc ... t 
arl ivirr", ... T!u· uut¡on< no a~ ¡,. •• ,,,.,·,~·n da "tri&! ,..¡irnotc•" 
in tlu• "''"'"'" <hat <h•·t""I>''N11 11·&111 mu't k .... tiofi..d llith 
th~ tc·,ultin¡r. ,.,.¡;,.,~¡,. "h'"" """".J againot any comv,•n
tional nu·l ho <l ,.¡ ' .,,( ,.., i«o•l Í«~. 

Tho• lh ,¡ • t. •¡ o i 11 r 1 ,. 11 11 •1 loud ¡, 1 " o·a 11 "I!NÍZ<• t lw •uft \\" "" • 
roulillo·• thlll ar•· lw·ing o·u«>ido•r<•d in lh<• pt~limi«~t) 

dc-.i~n. Tho· ,..,(t""''" c·•t<"~•IIÍo .. hav<" ¡,,.n ..-h .. t<-d loU~.J 
"" c••¡wrÍ<"III"<", and """ ¡¡,,,,.. funo·rionall¡· d<l'l'~rc·nl ~ind. 
of ..,,[1\<a,..• o•nwío-,. fnr llhich K •Í¡:,<hc,nt ,.,...¡ 1''-"' Íll· 
ftrurtÍo•ll ¡1"1'11 i• '"'1'"·1•..:1 ("at••K••rio.,thot hn<••l•••l 
the t•·•l 11f u,..ogo• in .... ·v•·rul 1""1"'""1 and prdimin~r)" 
do·><~ll ,,.,;,.¡¡¡,., or•· ni o·•orlltlll ruullno•, ,.¡,¡,.¡, <"Unlrul• 
~,,., . .,u""¡¡,,. nud 1• «nntiruo~•·riti<•od. t"; ht llopoll 1uulput 
ruuti«<". "hi<h tra«•fo·r- dolt~ ¡,¡,, ur "'!t uf ¡],.o•um~ulo•r. 

1; rl w•~ "' l'""'"l~oorithm t"'"'""'""• llhit•h "'anipulllll"> 
dota fur ,,.¡,.,,u,·nl pr•..-.·,.,.iull "' "u' pul. /'; ti¡ algo oritl11n, 
.,¡,¡,.¡, t•·rlorcu. \o.¡¡it·al ''' onotiO<·«H<Iirlll uiJ<·toti•~'"• 
.-1; ~1 data touuoaj(o"ll«"lll ruutiuo·. 10hic·l, nnu1.0.g•.., dota 
lratoolo·r IOithin tbo• c·un<pUI<"t, /J, ond fl lrmt~c·ritieo.l 

JOt< •"'"""'''· "hich ¡, • hi¡:hl' 1 opt ;,,¡,,.,¡ "'~' hin o· d..¡u•udo•ul 
<·tocio·. 1". 

Tt,.. !1<">1 """1' '' >11<' o«d <"<>«opl•·•it\ o-.timato .. 1¡,· 

ruutino·. "' ,ulopn•¡¡rhm, L¡ tlu· ,¡,.,..~"'"'· ;f,. l>olanc~ c...:t 
and ri.~. t he· d, .. i~"'"' <na•· d,.,·ido· t" .....,.. ""/\"~ro· •·h•>m1lh 
lhat .,,. Hai]~\,j,. lu hi111 f¡ "'" • ,. oh" on• hllra< \ and n•..-..1 
oul¡ '"'""" ,¡,.,_,,. . .,¡ ,..,.,¡,~,·atÍ<>II "' utl•ptoli."on. Al lho· 

<>th•·r '"''"""""· • "'"" '" lonio¡u•· "'") 1~, ro<¡Uiro<l o11d loo· 
hln<Ooll•d "" • hi¡:h l~chnool••~«ol ,;, •. Tu nro· .. unt lor 
lho· d~K""'" uf dilh~ul<¡ uf n ~¡_,., kind ,.¡ ruu!in1·, tl11• 

J, . .,grwr o·;tÍIIoH1•·• • río~ ur <"n«op!.·•ily fa<'l"'· Thi• ¡, 
lhl" '""'' nurinl >lt•p In <ho· •·•<i«oolill~ !'"""'""'· fur it 
<"otahli•l,.., ,¡,,. ,.,.,, ullho· r .. utiuo· ,¡¡¡, •ll diro.·t •nd i«· 
dn,·t .-J.,.rl<"' HIUI•r\ÍI .. f U~Hill•l lf 1"],.. ol)«·t >(<"t"' 
ho•l• u ti• ,j, [, IU<UM" hoo\0 ltO<• <••In\ 1 "'' "<IJ ] •. •pt• ¡u],,.,., 
,¡, .. t. ,,.t •• t'"" "' ,.,,.¡.. 

"1 "'' ,.,,,,_,.,,,,.,, ¡,_,,,. olrn, <• "' ,.,,.,, "' ¡,.,, .,,¡,.,.,,,. 

''"'·"'" ,.,, •t«•uhl ¡, •. <''"""''d. 111 ~··«o·rnl ll<.«r•l"" '"'' 
1' '"'~t·· ,,,¡., ,,¡'"'1 ,¡,,,.,¡,¡ ,.,¡,,¡,¡,,¡, " ''''"1'1'"'"·' rnLÍh~ 
~··1·· •. t.!r !".1>.1."}"• ..... 1 ""···· " .. ,,,,,.¡.,,¡ ,.,,¡,,,,.·· 
~ .. , ··" h , .. 1. t ...... ,J "" . ., • ,.,, 111 ,; ., ", "' r '"~ , ,¡ , .... h J• ,¡,. 

··~-\ 

l•l ~~~~•bino· U>11"1l; r¡ l~n~U~K'" ""'<l; ,.,.,¡ <11 •-.timat<<l 
nur«lwr uf in•lru<·tiollo. llrl<nd<IIO ,,.., r••tUHiinr" fittod 11! 

hi•lnri<·~l dklll ¡,. ~o·t ot~11dartl•. and tl1<•n """"""""" 
po·rfom>nr«·<" a~IIÍII•t th<" •lo11dard [D]. 

1•-<ht l~·lio•Y<"" tln· ,.,timot<>r •h~ould inl<•rvJ,.,.. th~ 
111c-tnlwr collhc• lo-<hnic·al >lofr "¡,., .,¡11 <1« thr• jo,!¡, and 
rwgutiotc· prr>l<>n&l ~R"'"""·nl un ,.fl,.rt. }l[•turical .,,.¡ 
data rc•inf«reo• tlw '""1Ím~t«r'• juoiKnu·"! .. ¡,,.,.. •imilar 
)"1" can b<· f.,u,d. Tt,,. <11lim~ll· i< ],o,..J nn: al •imil.,rity 
wilh Pr<•VÍiom m<.dulo .. ; ]¡¡ t~·mn< doriliK tho• julo; el 
ruorhinr m,.¡•d; d) I•"K""~'· U«"<l; oml <•) <".;timah-d 
numb<·r ,.f Í«>lturti~on• l~·thl d'""" ""' l•·lio•vo• rno,..nin¡¡ful 
p•·rf<ottnano·o• "tand!lrd, c·an 1•· ,..¡ f•Jt ,.,f¡"""" [Hl). 
Th~ Ain•plc .. t h-<h11i4u•• fur na"""i"K d<J\\n tlw <n>lll)" 

.uloi•-rlivo· chc~r, .. <•or!y in tlu• c-.tit«alÍull 1'"''''''";. tu W 
i• th<" routinr nrw <Jf ohl, and ;.¡¡ •o•)", mo-diUII<, Ul h.or<IT 
A cunml<·xity ratin¡: cut•lf« ic·nt <"an 1~· 11ppli<<l «ontin· 
u .. u .. ly In"" J t11 \.'0 l.ll a mullit•lio·r. if ¡Jfl·ftrr.d.. Tioe 
Ím1mriOIII <"<>II•Íd<·ra(i.!ll ¡, nlloJ\1"11>~ .ullirio•llt do·gf<-<: l!f 
¡.,.,.,¡,,, 1« ••·¡•.,mmoolull" a l<•atning o·•t"·rit•nro• a«d in· 
dividua! diiTo·r•·nrP; iu ¡wrfnruoall<<" in¡¡,,. o•IT•ort 1« ulotain 
1 ti".OIÍ.<1Í<· to .. t. J"1or IIUt llf'""'"nl j!Uf1H<'""5 uf <"Mrl_\" pto~ 
liminar)" d, . ..¡~"· "'" \\ill ni\"'' th•· ,),.ir;no•t fnor dl<!Ít<21 
lu &N".,unr lur ,.¡. ll"v<"l, nf diHwuh¡ f.,r o·ao·h r•.uti>.,·. Thc·y 
a ... •: 

-- -· -- ---
t-: ..... \!.,,,., .. u •• ~ -- ------

\llol nt: 0\1 <ltl 
:-.;.~ SI: 'i\1 :0:11 

-·--· -·-··---
Tbo• unh p•r•ml"lc·r lhal o·h·n~<., a. 1 furll"li"n uf d<-p;l"f'l" 
.,¡ dilfi<"ult• tiiE thr<ouJth '\H\ ¡, ,..,.¡ ¡•·r illolrutiÍ<~n . 
Ovo·rrid•· no«trcol ¡, ova<la!Jio· '" lht• d•-.iKrwr. Sompl•• dol.& 
,...¡. HiiiJ •. KÍV<·n Íll llu• _,,.,¡,.,. "'' ,-.,¡,,.,.. (",.,, Uata 

Hu""· 
')"¡,.. ll<·xt "o·¡• i; t" ido•utif.< ti«• voriuu< do•vo·l~>j!lll<"lll and 

¡,.,¡ ph""'"" ¡,, t"'•luo·•n~ tlr<· ..., ,f<" aro• fr• "" tln· ,.,,,.,.¡,tual 
>IOg<" lo do•\ÍV<•I.\ uf ti«· <~t•·r~ti .. nol .,,ftiOBII" tu l111• uhi· 
"'"11· """'· r .. r our t.,,.,..,¡ 1'"'1"'"""· ¡¡,.. ..... ,." •IPI» KÍvt•n 
Íll rho· "'"'"'i"" <·tolithl Th,· ,;.,fl\\on• l>o•v•·h•t•nu~\1 C_Hle 
~ illl,.. od.,~h.J. !out ¡),,.,. c·uuld lw· RIJ_,. ,¡h,.r •te·¡ .. lai!om.J 
¡., ,¡,.. ,,.,¡, <of ,¡,.. t<Mrtio·ut~r •pplicotin<• t" .. r ¡·a<·h ph .. · 
a« •·•IÍm•t•· 1• t•·•¡uiro"ll fnr ¡¡.,. lrneli,,u .,f t!w l•ot•l omuUIII 
tu t ... •llnr•t•..:l ¡., io. 1, rl ... , .• ,.uf"'"""""'"' ollurut<•m 
f~or d<>l ri\.,¡¡ iun nf H~~t "'""""'' olllh> ovo·r t lu• ,r,.,·,•lu¡urw" t 
r.ll·h·. it ""' fu«I"IÍ"IIUII.' oii•R"IIi<"olo, ~~~ lllbll•li\ollth, tu 
do-.i~to aro<! """h •Í•. ~ 1 U '"""""'""¡¡,, 1 u ""lo· ond J,·tou¡¡. 
.... t :!Ir<>,.,,,_,.,,,,¡,,'" duü nu! '""' ¡,.,, ·~·· r,~ .... 
n ... ·lr-<nt"'""" "' l! "!1 ;¡; ¡ •. ,,.,.,, ~~ ,¡,¡, t,.,,.¡ ,.¡ 
~]..r ... t ¡,,_t .... t ....... "'"'",,,,¡,,,. t .. ~,,,,¡ ... t .. ·c 

,, """ ¡,., .. "' 111111 .. ,¡,.,, ..... l, .. r.,l .t ... rlh 
·¡·¡,, ¡,,,,,¡, '''" ¡, ,,, ,¡,¡,,.. rt ... .,,.,,,,,. '" ,.,,t, ·1··· 

,,¡,,,,,.,,¡ ,,,,,.,.¡, ........... ,¡ '"' "''"''' '"'"·' '"''' ..... ~ 
,.¡,., ,¡ ,.,,1 .,,,,,¡,_ -r¡,..,,,;,.,,,.., ,.. "r .. ,,.,¡,., .. r ,¡, .• .-~ .. p-

,, •. ,1 t•h 11 .... ,, ":!..", :X ""'""· tho! i•. "!.",.,.,¡,.¡u,-. •tt• 
ido·«toh••l ¡,., ··a··h .,¡; plo~,.,, ho tuno .• ulo..,·<• uf,¡,,. 
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•• 
ftr1iviti•·-• '"-''' l~· 'IL!l>IU<·<I to "•u¡wr artivit>·" l<•vo 1•, 

onrl tho• "'a~o·up "'") \'Bf-'' lrom pho .. • ¡., phoo<•. A h·piral 
ortivity arrn_1 "'"' , . .,,, molrio ni!\ 1~· I'"""'"''.J in thr 
.,,.,¡,m "otitl"l ¡¡,..,, .. ,., •. \llouti""· 

Th,. fill~l·t•·p in .. -uin.l up tlor initi.olroonrloti"n' fur th~ 
,..,., ,.,.tinoatinn ol~orolhHI i• tu pru,.;<lr .. -lu.Jul~ dato 
ho...d "" t ho• ' u•lo "'" r', ,ratrmrn\ Hf "utl., ur "\hPt luan
Ot<·noo·nl ,,,,.,¡,¡, . .,.,¡,,,.._ !kho>dulr dato oro· input .., 

""'"'h" Ir< no ~n-nho·ud Jnr Parh uf l)w noi),.,.\.,¡u• po·ri.~l•. 
1\urdo·u mio•• nro· i,.¡,ul for ¡mojN•h.J unr},..ud '"'"'• 
~<'tl<'ral o.nrl u<hllin.trntivo•, ond "" lurth. l.ohur mi~ i, d,.. 
~no-d and unhur<l<·tu'<l ¡,¡,¡ '"'"" r ... tbr lab<or ~rad • ., 
<lo·•ÍJ<-d ¡,, tlw pha ... • •••· do•lin<-d. !VIr..tivr ...,.¡ <'UI> ar~ 
und~r manaj(o·ruen! runlrul h_,- tho• ovO"Jrido• rapahility. 
Otho•r dir~e\ c·har~•·• aro• input. \\hi~h fur oolt\\oro· io 
1\'tJiroll)- !ravo•l •• a po-rro·ntnge .,¡ dir<'<'llal"" NJ>I>, •u~h 
a• ;¡ percrnt and do..-umo·nt~!Ínn al 10 peroc•t•t. 

('o,¡npulo•t \I·B~o· dHta fm a marhino in (]w ene G,">{IO 
<]..,.. v.ith tinu .. •haro<l r•·ntral P""'"'"'"' unit hnsed nn 
Nlmplo<l da~a fr<ono a pm~rannllin~ d<']IArlmo•nt by momth 
havebo.,t[ll] 

Swnt,.. Tu!ol ¡.,¡.,,.,,..,. Sum(..., .~ Pt<iphHoJ ,, .. r r,.~ ...... , !'~..--.. Homr• """" ptt MT>< "'"'" 1'-l 
P<'f Ma"·~lunlh Man-Munth 

" .... ~ .. 1.20 ,, 
:n " " U7 .. 
:ta :<ti u l. JU ~ .:. 
:.;¡ oa :. 1 O'l ' " 

Allu .. inR lor ~liRhll) ¡..,. Jkll<~f in ~ ~70/\.'\.'o •on•puter, 
for ÍnManrr. a fi~uro• nf ;\ h{monlh/prOf!ranon>or mo.n
month "ouht he """''nahl~. Atan av•·••R~ productivity 
of 1 ull¡~rl in•trurtí.,n·h. thio i• •'<IUivaiMtl tu 1."•\ in· 
otmrtiuns/lnati-Jil<JU!h, or 1.:! minJinotrurtion. Tlw data 
¡,. 1),.. thirrl whullH UH' hH"'<l oon lA~ !"'"'"'""'' unils 
o·urro·-p<mdon~ In lh nf o•umpu1in~ tinl<' . .-1. rutnputo•r 
huur, tnnlri> in 1<-tuo• uf u""~" r~l•• 1"'' Ín;t.rurtinn by 
pha>l' ¡, ¡¡ivo•H in 1 hr "''1 inn rntit ~ <1 1\Mouur< ·o• .-l.llu<atiuu 
h&~o<•l un tho· a!.uw <!ata. 
Th~ oummon uutput frutu th<' rnot <"'IÍtnation a!· 

~onlllm, SI'H E.\ 1 J, Í¡u·lud'"'· o 1 '"''"' ¡•·r r<>UI ino h•..,<l ~n 
o•illu·r hlot<>ri<- hurdo•n ralo•s "' 1>'"1"'"'-d l"mlo•n r~to-o; 
l>o ~vo·r•~" o·o;t !"'' Íll•lrurtÍl>ll, t>UH>L<•r "¡ in•trurtiun•, 
Rnd r•l~gor¡ ; r l tnlo 1 '"'"' hrr nf o lo 'V<·~ •romo ·ut r<>m¡>utn 
huur; per f<>lltine; di •implt' grapht<· dÍ•plo\' .,f •rho<lulo· 
ond rvo·nt>; <"1 ""'' Ln·K~dO"I< tw olo·vd .. ¡mu·nl ploh•e 
)"'' r<>utmo· '" wtol dvllat.• ftnd )><'fr<·rn: ft '""' bn-.k
d"'"' b1 aoti\111. lo•- r .. utitw. and •munu..J uvo·r all 
''""""'' in oln• ,,.ft,..u.· .. •uth "' lhnt>.o~o-ouo·nt, ,..,-;,._,, 
do~'llliH·n<aOI""· •t•> \h<'nli-•11--. oh·.•Í~n. ""liu¡~, auol ,,.,¡. 
"'~· ,,J hnall.•. ~· "'""l"odno~ '"'d ,.,,,¡ ''""'"'")- b¡ 
,-~ll,.·HI ,¡,,.,,¡,~ foor •·•<·h "''""¡, !],.. l.·ol"'' lon·okd>,l\n 
¡,., >• .,;,,, •lan, •<nll, ''o huinol. ,.¡,.,,..ni, ,.¡.,,, ''""')lu<o·r 
louur. ¡,,-""""lo,,,¡¡.,., dtro<"l olo.or~•.,., ,.,,,¡¡., '"""'h.~ud 

1 unoulat>V<" ''"'. 

Tho· llu\pul• frono th~ '""l o•otirnatiun al~orit.hnt are 
runoidrr<-d a "trial >~!" frot th~ ouo-1 <'~<lirnation ~roup. 
Th~ trial Ot1 Íi ....,.d. iu romhinntinn •ith oll ~thrr IOUrc"" 

nf data tu ¡,,.¡ that C<JIIt roo4tion a¡~;airu;t th~ projocl ob
i•1'1ÍV< ... Tlu• oppmvo-d tria! ,..¡, •·hioh e<>ntain.o tluo bt.t 
jud~mental and <¡uantitativo• mt'&llu,.,.,. of root prr oult
war<• <~<·t 1wnl and IX'' •rtivill·, l•<"mn.-.. thr input lo th~ 
"""'iMI pririn~ r~>mpul<'r run. !\',.,., . .,.,,. tronslation of th" 
data -.·t In o•urtb· noatt'h tlw "'"tuuwr'• ll·orl. lm·akdown 
atru.-tnr<• fWBS) ot .. ther appr"rriote """' clt•m•lll• Íl 
mado• for tlu• ~nal pririn~ ruto. Thr ,ffioiol <'-"'! fi~u""' aro 
¡modur<<l b\' l'lll>l ¡r;uid~Jin,.., appruv<<l rat ... , on~ PT<>
N"du""' th~t hav~ b ..... n •·•llhlilho-d by the in-hou.., 
pridn¡ Rrr>Up and appruvt<l hy tlu- guvPmm~nt auditot. 
1l0<• to .. uh ni¡],.. ooft,.ltt' euo\ ... tirnatinn algorithm are 
rt"taino<l .. rus! baekup dota ond ¡.,, po,.ilM U5f' in lllrr 
co•l jU>lific•tion. The o.l!irial ru•t figUt<'>lrorn the prio·iug 
computo·r ruu .how man\,mdin~ and r"''' mll,...h<l ano\ 
ag~r<ftotl<<l against th<" ru;tutowr'o WI\S ¡,..., Fig. 1()), 

Thi• '""' •·•timatiom a¡>¡>roaeh ha. th<· follo-..·ing ad· 
vantago ... o) 1lw amount uf data l"''tJUÍrrd to ohtain a 
,,.¡ ... tlmatP ;, minimol. bl 1'1,.. ,.,,ft,.·are ru.,;Jil,.. im
mr-diat<·l)· "'''" thr ,.,.¡ "''""']U<'ll<"<'" uf¡,¡, pn•limi1>ar~ 
dl'!lign. r] To lh<"r>h•nl !hat tht• nmtino• ¡, dirt"t·tl} lr&t<"
abl•· to K n•o¡uin•nlPIII, lhr N~¡uin•nu·n( i• din.,tl_v u-.,c ... 
aLlP lo o tnlnl ro,.t, di Cntnpariouno uf altmtalr OO'h"lu]<,. 
un N•.onm·e alln<Hiiun ''"" loo• noRdo• rapidl). <•1 A <•>lt 
ju•tifi<·lltion i• pr<Miuoed tloot ran AIB!Id th~ trst nf gu~o·rn
ment audit. 

SOFTWAHI:: eoST DAn. liASE 

Stnoitivi!y tOI"ffi•iNtlo ur ••dtan¡¡e ""''"" W!Cd by the 
""' •·MÍOlati<m alg .. rithm n-oid~ in th~ data bu<•. The 
"bjretiw in,,..¡ o·stirnating is tu r•·•li•• grrRt•r acru.,.cy 
anol pr<•o·i•i"n whilP ""tiri¡oMin¡¡ ri•~ a!ld its iOlpoot on 
prufit. TI,. gf<"ato•t th•· ri•k, ¡.,,a ~iv<·l! <'omfidPnre lrvrl, 
th~ ~N'8lo•r tho· a\].,wauro• un thr p~rl .,¡!he ... tintal<tf fror 
!hio unro•rtaim_v. Tlw mun• utwo·rtain th<. rotimatr, thc 
Ir .. romt¡M•titiV<' Í> th<• ru;t pnopugl. 1-'urther, an ... timatr 
of "'"\ harl<<l lo¡ rrl•·vont r<>Ot •·•¡writll<'t farh Rivro 
conlulo·!<r<• In no·g11tÍal<,r, noon•K•·m•·nl, ;ud tloe ru;!nnorr. 
(".,.¡ ju-tih<'Oii"" is dnnor"l"l lo¡· tlo. t'<l;lumrr, ond io 
""""n'· pruvid<'<~ ito tlu• ¡,,.,., otf ].,,.,., lo•vc•l hark-up dolo. 

\'olid dat• Lo><·d "" !>''"''" o·xp<·r~<·nco• ore r<'<¡U>r<'<l fnt 
an•· ru.ol o•o!imatiun prun'•'· l'mduo·in~ K"Jd opernlinnal 
ooh«lr<' i• dPprndPtol un ¡]o,. n•ony ~<tivitie• of 1,.,.¡ 
p .. oplo• ¡orup..,]¡ dirorto-<1 and noulivoto-d_ Thr pr<oc,..• io 

di!lu·uh lu "''"'"un• ato<! •1'1'1)' ,.¡J,·I¡- bo·yund tho• h"<'h· 

nroi<JII._\ ro·nlo·r fnr «hido llw l"'rfomoonn• "'"'""'"" """' 
do•riv,.l. Tho·ro· i• "'' uHI\'o ,.,...¡ ,,..¡,.¡ \pph i11~ "av<>ro¡o 
¡moJuo•t i \' i1' rol<-•" "il lhoUt \,"'"' lo·d~·· ,.¡ 1 1,.. do·~~], optoll'nl 
ol<']" lhut \\ot<• u"·d iu olo·rivin~ tlu· ru«·• ;, """'g. 
.\wrn~•·• La-.·d ""lar~·· ''""1'¡,., ""' u ... ·ful iu rutupario<tn 
ni o lowo\ v;lti~loh· ·~•ito•l " ~¡.,[,ol >ariololo·, ti tloo• •••IÍ• 
motor i> '''""'"obh «·<lai~ 1..- j, ''""'!'"""!< trul,< "!UIV· 
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alent mo•a•u,.,.a. ~ltürlll.llr h ... stndied the probl•m of 
induotry-" id~ pro,dudivity rat<-s in tenna uf prugram oi•e 
nnd ~omplr~ity, a• olouwn in Fi~. 11 [12]. 

Th• aotiviti<•• thot pruductively oocupy the analyot'a 
tirn~. •long \1 ith thr ~lant overhead aod oth.r direct 
chargr•, largel~· drternunr th~ price W the cuotomer. lt io 
in thr ~ornpanJ'• b<-ot intcn·st to agr<.., on rn;ILSurable 
arti•~tj,., tht oh<Ju]d br ava!lable in the ""ftware coot 
dala ba>O fut co;t justi~ratinn and estimotiun uf nO\\' work. 
Brirf definition• uf artivitieo that ha.e becn identified 
in thí, r<'8!Lrd are givrn br_low [2). 

1) l.t~"""V a11d Ori<!lllllio" IL)' Tho•r ~ction.o nr•co.
"""Y In gain undrt.,z.r>ding of thr hardwatt• and oofhnre 
.o br oppli<..J in tlw prujrct, aud to l<•nrn thP opz•rating r<>
qui"'""'"'"· ')"•'ifiratiuns, and rou¡;tta'uol• 1n ¡,,. •ati•~•od 
hy tlu• S<rfhtlr<· parko.gr bring pt<xlUc<od. 

$) Allalyois mrd /)eoi~n (A)· All adinno O<"<"""""'Y 1<> 

genrrate trrhniral solutions, o.·hirh arr <•xprct<.J. to ""'i•fY 
requirrmenb and •p<·<'ofiration& within the irnposc..J con
strainto. lt indud<'ll ddormining and evaluating te<hnir&l 
approachrs, d•t<'rmining and evaluating thr rlft"Ci.o o/ 
apl'('ific rrquirt•mrnto and roustrainto nn ¡ootrntial \rrh
nical solutions, srl...,tillg the h••st oolutinn, and d<'Sctohong 
that solution "' it ron be codN. This activitr inrlude• the 
rough dorunu·ntation tht ia nnrmally f>toduc~..J in grw 
l'tating a tcrhnicol iOiution, but not lh• elfnrts nf finolizin¡ 
!he d<><unwntnU<>n pao•kage. 

-'1 Cotling tCI: 11w translotion <>f the drtailt-d •t~pl 
uf th~ l<•dati~,.¡ ><olution intu ma~hino~"·adnl>l<·ltollguage; 
the nrdt•r<..J lir<t, Ífl enmpUI<'r mdt•"' l""'tz<ln•·•oclr, uf !he 
•urcr.,iv~ r"<oo¡oll!<·r npo•rati•m• for ><~lvirtg a •J"'CÍ~o 
pr.>blt•m.lt .¡,..,<<o>\ iurhtd<· n<lual irop~_l \<1 th~ ennzpul# 
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·~ 
c .. ~.,t 101" 'tlme-•h•rc inputol, rompiling. nor t ... tin¡ the 
orl•<Ju•~~ "' va!idit~ .~ th• in<l rurtion•-

. p Trol "'"' ('/oy~"~' tTl: .\11 Mti"n• n<·r~- lo 
u•uro· that tfw jn,trurtipt" rodod loy Hoc pr<ogrammPr 
eau"' th<· morhinP lo do "ha\ tllf' ~r<ogramnwr intrndt<l 
it '" do. lt wvo·,.., prrpuin~t thP '''"' dota, rmnpilin¡¡ thP 
I""~'""L nmHin~ 1].,. lo»l dnta, r<•vi<·"·in~t lht• ~nmpiler 
011 d/ .. r '"""h"tn. output. idt•nt\f¡·in~ '''"""• f<Jrtt·tt'mg tho 
t·rr<>rS, Hnd tnnJ..in~ ,.¡""~""\u lhr [lf"ll'""' that inopmve 
;¡, ro•loahi\ot; and pflicÍt•nr~·- lt doc•o no\ itorludo• vo•rif.•ing 
that th<' ><>fl,.are ¡orn<lurt !lllli•f•r• thr rt~¡uirNn~nto ~nd 
owrifirotion• •tatKI hr lh<' ru•tonwr or opnn!IQr, 

.'il rmJ¡¡/Qua/Uy (!"\: n,,..., ortinno ll<'«"""""- lo 
...,.ur• that thr solhorP pr,.tlnrt .,.¡;.r, ... thr rr<Juir,.._ 
trlt'll\5 and SpN'ifirationo pruvirlo-d h~· th~ ~u•tolllf'r ot 
&ponool. ]\ indud .... weparatiun .,, qualir:ving ¡.,.¡ data, 
v.ri!l~ation runs, r~oluation ni <'<Jtnpul~r mn rrouho, and 
adjU>tnwnl~ In thP pn>g~l tu <utrNI an;· de!ldrnri ... 

6} S~.tnw /lol<yratinn mul Tr.t (/): All arliono lll'("eo.<&ry 
to oA>oUr~ tbat tbr ~ub><;·o\rm ur mvdulr u programm..d 
"i!l intr•rfare "it h uther oubo~ otrmo or n10><lnlo'l lo prmide 
a ... ti.ractory aystrm. 1t inrludo•o ¡ort•parin¡; dau lor 
evaluating \he joinl funrliuuing uf \1\'o or '""'" >"UI>
fi)"OI<•no• '"modules, nouking thr o•vnluntiom run•, rvolual
ing th~ juint opPr•tinn, ami uoaking """''"""') modo~ra
t'ounu lo thr ..,,[(\\Brt' in R<tnrdanro .. ·,¡¡, ¡>ro•vaH"ong eon

fiKuroliun eontrol prort>durra. 
7) lko<'lmotn/oli.Ofl (IJ): Th..,.e arlion1 thot rt'<¡Uire 

¡. ehniral ..diting, IPrhnkal t)·ping, or'l ~ork, arod reptfl
durtion of d~!ivnahlr doeumrnts tn the cuotnmer or 
opuruoor. 

An ~xamp!~ of th~ <'<lo\ p~r in•trurtion fur lh~ •ig
ni!lranl <ai<'¡¡OtiMI uf oofl.,aor pro•viouolr d<·f.nod vrr>us 
d~gro.., nf diffirull)" io giv~n in FiK. L"!. Th~ <011 figur.,, 
in prindtol,., inrludr all "'""n df.-elo~"'""'t ot•p• d<.,.,riW 
in tln• ..... tion un,..,¡¡""'~ drvrl<!prownt an<l ,,,.¡ mana¡:r
""'"'· .\ctiviti.., rhMI arr do·fin"l immodia'lo•lr pr<'l'o-<ling 
aro· inlu·r<·ntl)" mrlud<..J in thr ru•l fiK""'" u &re all oth~r 
,¡,.,.,¡ rbargro up tu and indudi"g K''lu•rol alOJ aJmini._ 

troli>·<· "'"''"· 
In IR\<' 1971, TH\\" rco~n¡oilrrl in·huu.,, data on a "ide 

v.rio•\)" <Jf roft"arP d~veloptrwn\ tharo<"Lo•rÍ•IÍo·•, 1\hich in 
t um wo·rr indrp~nd~nl 1¡ anal¡ ~~~~ hr l.ulo•jian aml Aoso<i· 
oto .. und~r runtract lo thr C,S. Air fmco [13), [H]. 
TI,.· ,·~riKhles of partirulat inl<'rt'lt /ur ""' pr=·nt pur-
0 ... ,. •• ~•re analyt<-d by l.nh•jian ollo.l A .. oci•t.e• fur B 
J••rka~<' ol ~.; routin~• d<·n•lupo'li L.'" TI\\\", A brief 
onh·rpt<•latÍ<lll ,.¡ fuur <>l'lh~ onnt¡ .. ·• thot IM'Ir on th~ 

"'"' ,r ,¡,.,.,.¡,.1'"'~ ,.,,ft"Mfo• i>pt<.,.,•ut'"l ,.,.,r. 
(' .. u.iolo•r l"i~ 1:1 Th"• i• ~ p\,.¡ ,.¡ ,.,,., vrn"" numl«'r 

,.¡ io ... tn.rtion• ¡,., tll<' ~~ r .. ntin ..... T"" """·1n•io~111 ron 
~· dr~""• rithrr h¡- ohr,....t ,1,., . ., .• ,¡,,. ,,. h¡· U'l\,......¡,.n 
.,.¡,,; •. al n ..... ;. " ~,.,,.,~1 ,,,.,,¡in tto<· dnlo· latxo•r 
""nio""" mol mnrr. hl A linear !i'l lo thr olot• i• nul ,·,·r:v 
~·•><l. lf une att•mpt• \u ~ro·dirt ""''" /n"n routim• iozc 
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Fi,r;. \l. Rololivo ""'' 1"'' .,,,.oino .,..,. .. number ol i""troorti.>no. 

o.lon~, nnr P&ll rxpP<'\ erroto of al><oul .'i() ¡'><'rrrn\ in \he 
pr,.rliet..d rmot. Th<• pr<<lirtinn io\,..1\er thau nolhing, but 
no\ murh l~<·tlo•r. l'i~. 11 ohuw• 'lhP ""mP data pln\1<-d 
anothr•r w~y- rmt prr 1 ()1)0 i n•l rurl ion• vo•r•U• numh"r o/ 
Ín•truct'ons. [( thr '""' .,¡ llw ,,.,,¡¡,"'can h• •stimaled hy 
a fixt>d 0011\ prr 1000 in;trU<·Úoono, """ \\fould •xpco\ thi• 
rlata lo •hnw ron•tan\ .,,.¡, lt appnro lo h• ron•tant, 
with a largr rrror, •••¡w•ria\ly for •matl routin .... Again, 
on~ conrlud•o !ha\ roo\ ran \,.. prrrlic'lo-d from number of 
inl!lrurliono provir\,.,1 that on• i• .. ming to arcept lairly 
largo , . .,.,,.,.. 

Co.t drpo'lld• on • nuoul••t nf <>lhrr fMrloro, and onr 
n•i11h1 hu¡M• In ~~:~• lo·l\o·r ""'' <'>liHlnl,.,lo\' inrh1~in~ o.lif
fieulty, pm~ramnwr ~'!"'"'"""'• ••lo. A roro,idrrable 
numhrr of lit~ ,..,,. HiM. 11oo· an•~>•·!'>, unf.,r\\10\lltrly, 
"~'" n~go.tivP. lnrluding ,otlwr .-ariabl,,. o.lod not u••ult in 
an rquotion tlo•t givo·• on~ •i~llificontl.l' \>O'll<'r lit lo the 
<lato.. Fig. l.'i •h""" "" ••uno¡ol<• uf one uf thP varinbl .. -
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u~ri~nce of programmrr. A &lanee at the tllrve •uu..t. 
th•t • kno,.,.iodge of thlo tariaL!e d""' not help one prodiet 
onot. The tPI(rPBSÍrm ar 'yoio r ... u!t.o oupport thi1 oug
&""lion. Ttoble 1 ohna·B thA r~1ulto of a multivariat>o linear 
regl'fuion analyoio. Addin1 the Hmaining vari&blra giv .. 
1 1><-tt.,r fit, but n"t mudo b.,un. 
~ ronoluoion i. that the~ - no limpie univc..J 

tul"' fw ooating ooft.,ue atturatdy. 1! i.o n~ry to 
undorotand tbe nature CJf \he individual prosram and the 
individual routineo ,.;thin the program. 

RESOIJReE ALLOCATION 

\'o.riouo ,....earrhrn ha"" oepuotely d.iacuvered by 
rmpiriral m•th.-.do a rule althumb, n&mely, tht ona]yoil 
and dHign ..,rnunl lor 40 pt"rcrnt, r<><ling and d~bu¡¡gin1 
o<'<'<>lrnl fpr :."0 pnrrnt, and ~b ... knut ond tnt ar«ount lor 
.¡() pt"r<rnl el tbr lo>tol r<·oourcr l001tl •l"·nt lnr oco(t,.. .... 
drvrlnpnwnt. tb• ~(l.-~'0· ~O rul•. l ( th~ "'"'t ni '"mno.lrlin 1" 
,¡ phyoi~o.l ·~·•t•m• i• 1" br bnrno· by !he ,,.¡¡ ~ .,, do·v .. lor
n.n\ gr<lUp, ._. ronH..,.ttd lo lllOidrlin¡¡ onol)·oio /rum '"'"' 

data by ¡..,hnolo¡¡y rent..re wíthin the eompany (•ueb u 
th•rmol, utitud• romtrol ond poíntin¡, propubion, 
rl<"<trioal po,.·rr. ond"" lortb) on tllro :10 ¡>ftr~nt typi-

•• 
TA8t.E 1 
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TABt.~: 11 
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ea!ly •·nuld ~ T"'luired in additinn 1<> tb~ lltlft,.·atf' d<"Vdop
m""t by iUelf. In other •·nrds, tb~ drrÍ\"Ín& nf .,.¡uations ol 
mol ion 01" phyokol h•b avinr of oth.er phyoirol oyo!o>ms fr<>m 
raw data io nnt iududrd in the ooftwan> do·vrlopmrnt 
I"<'SOUrrP al]or~licm. Similarly, th~ <'"'t uf rotnpttling time 

i• not <ovrl<'<l in thr ''""""'"'" aiiL<"otiom. 1-:>JI<"fit•ncc hu 
eoru¡istentl}• ohn,.·n tbat ""mpu\<•r ''"''" ao.ld an odditionol 
:>0 lo 2S P"r<~nt olthetntalm.•l ,¡ the tJr<>jrct; that i;, a 
S.5 milli~n/y~., tonfto.-.rr drv~l"l'""·nt Mntract ... ;n =t 

th~ govrrnmrn\ an a!lditional SI million lor GFE cnm
puting time lo thP dcVf'IUp<'t. 1\,.,bm di><'u..,.. bis vi~wo 

on '"""""'" alhoraliun in [15]; hio fie~din¡o a..: prCS<"otcd 
in Toble JI. Thr findíng• of an in-houoc ourvey by 
Metzelur are prrornt.d in Tahle 111. lndcpendrntl}• 
deriv<"<l f""'>UrrP allocotion lor th<• liXXl man-muntb 
eo•tin¡ ~u.mpl~ """" Kiv<·n in Fi¡¡•. ~ anJ .\. 

'1110 ho.o.ie f<"Sf>Ur<r allur&tÍOil da!& tbat are f"!uir...d for 
applirati<on uf tho• ,.,,.¡ ,.,tiouati .. n a!g.,rillutt ""'""""in 
r•plirit f<orm lnt 1""1""'"' .,¡ illu•tra\Í"" ,,nly in thi• 
pot.ta~uph. Tol~t· 1\" "h""" 1 ,;,.,profoo<l vo·r,iun ,,J huw 
"<<>mplr•ít)"'' mi~hl 1~· hndl<<l Ítt o Jlf.-IÍnoinar.v o!,.,.ign. 
For ~umpl•, il ,..,, • .,. ¡J,.,;~nin~ ""~ r .. utin<· in • large 
"l"ól..,n tht ,..,, rotimal<• tu haY<" 10011 , . ., ... utoble, or 
objt.,l, in•! rur!Í<II>o ¡ nttt F<otlton 1 \" "''"'<• >n•tturtion•l , 
ond tbat bu •• Íh primory lun<·llo•n .. -tting u¡< !h,. in¡out 
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to the main a!gorithm, wP first ratt-gori•e it u a "pre
proc~"""'•" or calegor¡ P. lt io o~w and """'"" to he of 
mrdiurn diffieulty (comp..,.ed to oth•n we have ot'l'n), 
ther~lo,.. it io lurlher a~gori10!d u ne.,·-mrdium, or 
:->:.\1. We •n ter on the worhheet /or thio routinc ita name, 
1<.;" !•1\0G, ilo cat<>gory P/NM, and a number ol •~
"'utobl• inslructiono <'<¡ual to 1000. The con..,quence o/ 
thi• •clion io th&t 1'1\0G, ot IJHXI/inotruction, wi!l wot 

th• '"""'""'''' (Í-~. ditf"<'tl.• tinwahiP '" I'TIO(;¡ s:u 00(1_ 
Thio ,,.,., . ., thr '"" .,1 &1\ arli\'iti .... iorh•lil'ljl; analyai•, 

',.,.¡~,,. '''"'""'''"""~<· ,..!inR, o·h,~·knu1. "'"l t""t. Throt• 
.•til•itio .. •••· 'l'"'"ol Íuh< lhr do•wln¡m1011l ¡oliiL"'<'" ••••·•ord

ÍII~ 1<> llw l)pirt.l all"·~tiun ,¡ ""'"'",.,'" •hnwn in Fig. 
lü. :-;umnoiu)\ u,. hrot luur ¡oh ..... poinr In,.,.¡,. ancltMlllK 
,¡,.,,., wr .u,,.._..,.. ~tl , •. ,...,,.¡ <>f ""' ¡,¡,¡ •k•ll•r tbr.rr, 

~= 

' • • ' ... ... "" •• ... •• ... .. . 
•• ... •• ... ... ... •• •• •• •• •• ... ... •• •• ... 

' 
" 

" 
• 
" 

" 
• " .. " .. OCIOT 

croding t .. keo 20 J~<•r<•o•nt, •nd thr two noajor p\111.8<~ alter 
oOding !&loe thr rrmaining :14 ]l<"W'IIt. Thi• di•trihution 
has lx-en IMtrd agaio.•t o.\ kut ,,..,. ulho·r c·um¡oul~r ¡>r<>
gnm drv~lopmcn\ C}tlf'l, provido"" & guod fit '-" ¡>.-,nt 
deoign techniqu..,, nnd will hP ad~t¡1U<I ""the nnmin&l. 

Th" '""""'"" rliotrihulinn in thr ••·ven pha&•O (•tepa 
1)-7) pr<•vinUllly olo•fiou·d ""'"'"Jl<'nd l•• thr OI'VI"Il pluw ... 
A--f,") will va.ry u a luno\Íml of "nkgury," and mo.y be 
int.-rpr<·t..d as • p<•r\Urlo•tion ahuUI !he nnmin&l. In all 
ca.,.,. 11, thr 0&.\1 ph'""'• will ¡,. ln,.t<•l dilf .. r•·ndy 
•ÍIIC~ it Í~ nut o•hKIKCI<•rit,_J hJ tho• 1411011' .,\t¡"·IÍVI'-'1 or 
arlivitir'tl.,. Llu· olo _,.¡.,1'""'"1 ph""'"" Tho· 1""''-,.n\ v•ria
tinn ni tutal ,,.,.,,.,,.,.,.]],,-.,..,,""u lnou·tiun ul o·•h·~oory 
io ~Ív•·u in T~thh· \', 

Alt••r o•"""'ii)·Íll~ ll.o· ,..,l¡,.,_,.,.,.,,.~"'l.t" tal thr ruutinr 
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L•wl) b_v ratt-¡ory and d•gr.-.. ol diffirulty, ond defining 
tht· dn~lopm• nr pha..., for produoing rlw •<>ltwue, '''" 
rle~n~ rh "orti•ilif'i" to b~ p~rformrd during esoh 
tlen]t>]tffiPnt ph&Sl'. The oo/t,.·are statPment of ll'otk io 
thto oouroP aU!horit)' for d•fining aotivlti..,. agairu¡t whith 
roou ,.;u b<- enll..,t..d al an appropriate lev•l in the .,.·ork 
brnkdn .. n ~trurturP. 111<' ::!.i adiviti"" (or t""k.o) that 
•mnpri ... tb~ 7 do-nlnpmPnt ploaua, ~<hirb in tum l<'&d 
lo pr<>raraliun ol thr ddinrabln lor nur hJpotbetiroJ 
¡oroj•d, arr •ho .. -n in Tablo \'l. 

n... a""igmn•·nt ol '""""'""" tn noh uf rhe 25 a.tivities 
for ra<h nf thP 7 d•~•lopruo·nt phl.lll'o io •ho,.·n in Table 
\'11, l!iahoriral data frono thr <061 dala b&l!e combint'd 
"'ith ~nRÍnt'<'rlflg jud¡:noenl goint-d from ""'k on previous 
olmit.r proi•·•l• .,... ""'"' in moking tbe oaignmrnt. 

n ... r<maining ott•p ;. to a .. -ign a proprrly tin,.,.pho.oed 
-.mpUI•r """'utte In ht_. u..-d for thr d~velopment :md 
Ít ol !he ooftllart'. Thp rational• lor ourh a oomputer 

""",. matri1 .,._. ¡;;iv~n ~arliPr. TioP numrrit·al resu\ts ue 
giv~n in Tabl~ \'111, ln¡rtho•r with an rxplanotory note 
on int~rprrting thr data o.tr&)'. 

An ~umplr in thP appli<ation nf thr rntire proce .. 
""uld t.. u ... ful. \\'Íttún the spa~e of thi.o paper it;. not 
prortirol: hn• n~r. prrlimin&t)' desi¡n of a lsrgr commo.nd 
and <'<>litro! wflwar• orotrm .,._. oarrird out in late 1971 
that J'MVÍdro (li'O u ... ful in•ighU for nur pttM'nt purpooca. 
'lñ~ flr•t io that th• cnmmand and control podion of the 
oolt .. arr •)•l~m runoi•tt'd of two mojur bUba)·oterns, the 
firat rnmainin¡ 69 oubprogram• which "'"'" ronsidert:d 
<¡Uuireal·tlrnP, ond lhP ...,nnd eontoJning 29 oubprogramo 
"hido ""'" """'iderod rt•al·timr. In faet, oome of the 
lnrnH't mntoint'<l reoJ.timr oubprograms ond the lstter 
11<ornr n<>ntt·al·limr >t!hpro~rano&. Thus, if a easuoJ ob· 
"''"''''"''"'lo dooroctrri•~ tho· •nft>~atr..., oolely reol-time 
(or '""'rtfil.timrl, in hopr• of deriving useful co.at dats 
h""r p•rometero, he "ould be rertain lo fail in precise 
interprt•loti"n of thr prtlurrnonre data. The re.,uroe allo-
ration in l•rmo nf burdrnrd man-montho and romputer 
huuno ¡.,, lho• o•fl'url io ginn in Tablc IX al !he 1nctdule 
Inri," ho•rt• ,.,,¡¡11<'1 mak~ up mt~luleo, and moduleo make 
up tho• '."lo1ll ol rhi> •)'oh•m had L<'<'n <'Atri<-.l out in A 

ll¡>kto• do·\el•'t'""'"' <)el~. o new dato ... t ""uld b<
.<t•rt'<l iut.o lho• ,.,,., dota ha..-. and l'ari"""'"' L~l\l'N'n 

artual onol ¡tro'<ll<'trd reo.oum·• ,.-nuld b~ availabl• lo aid 

in rl"' "' •t '"' imati~g ~ll'orl, 

·~· .. 
' o • ' • 
' • .. • .. 
' .. " .. " ' .. • " " ' " • " " ' .. .. " .. 
" .. .. " .. 

A 01.•rond ¡,..ight that "''""'' U8<'fu1 i• tlw ~uat ntimalin¡ 
relationohipo !ha\ ~rn.rgr "ht•n the o.olt" ""' rlPmPolo are 
""porated into meaninglul groupin¡o of, In tloio •-, troJ· 
timP, rra].¡imo plua iu aupporting Pnvironmrnl (pr,_. 
and pootproc~ .. oro programmrd in higher order longuoce, 
for Pl&mple), and ttommand and control olo-menta thol 
ore not time--<"rili<ll ¡.,... Fig. 17), TI•• dato. are nuw 
high!y oorrp\at.d, ond ¡he dill'ort•nora in l"oduttivi11, 
takfi bet"""" thr croupi11g• ""uld be e~pectrd lo ran¡¡e 
nearly 3 lo l. Tho ubvrvrd dill'clt·ltet'O ohould n<>l t.. 
aUributt'd to lark of cnm·t.tion lwtw•~·n dopl'ndrnt 
variablea that '"' .._.,., to ~ mrmbers uf dill'rrrnl otU. 

TOf'ICS I'OR t'UltTUEit WORK 

The topka that wrre ori¡inall¡· id•ntilit..:l for diacuo.sion 
"·ill be onmmari•od, tocrthrr "ith hy ; .. .,, .. that infturn"" 
roo! ... timatíng of Jorge oolh.are oyotNno and lhlt .,..._.,¡ 
lurthrr ,.-or~ ond study. 

1) U'Aot io /At lvpi.:a! Md• pr<>oi~rlio~ ratt por"'"""'"'· 
mtr man.,.,ato/h! A li'Otking otandord may Lo infott<d from 
the data given of 1 nbj..,¡ inolrurtiun/man·hour, .,hi<b ia 
f'<JUÍ~alrnt t<> 156 Íllilrurtions/man·monlb, or 1~70 in. 
•trurliono/man·y•u, or 6.4 man·month.o/1000 objcct in
otruotion~ for nontimr·rritirol oolt>~·ar·e, 

11 a burdrnod man-munth varir• lwtwccn 14300 &ltd 
14000 in 1972 dollan for a l}'piral ¡orogr•mmina: depart
menl'o labor mix, on tbr av•ra¡c tiU. \\torkin¡ olan<lord 
tranolatea to 127.M}.-l3J.Ml u th~ rf>Ol per inatrurtion. 
Both caoe history .1 ond B cotrrlat• otron¡lv with th...., 
Blandardo. Thry ar• rhoroctr.:-i...d ao larK• ooltwarr H" 
whooe d~vclopmrnt io firmly otruo!urrd ond rnnlt<>ll...-1. 
But what about th• R&D work, not ... -~llotrurluiL-d ~ttd 
ronlroll..d, ond >~hirh th<·rdore dMo no\ lond itodf lo 
cotimotion by Pxlrapolation ftmn a hi•toriral C<llil duta 
La.e? 

n.e undcrlying qu•otion io >~hethrr ... ~ have idcntifi<<l 
all thc right paramrtero to roptur~ and ~uontif,v in our 
roo! data bu~. Do wc undef'land !he rau.oal rrlation.hipo, 
and ran thcy be ioolat..d (rum lh<·ir cfl'rcto or oyruptomo1 
l'or r>Rmplr, ¡, 1 hr SA( a: dala JM_,¡ nt whor• '11 io in Fi¡. 11 
llo·P&U•• it io "n!rt•nwly wou¡o\rx" ur Lo·rau•• thr '''luj,... 
nwnt• ""'" pourly do•fln,..J! 

il llou· d""• r<>of• ¡orox/udiu" rol< ''"~ u ilh pr~bl<m 
r~"•Pl<~ltv? Wuh moro• o<ophistirated ph)·oical •¡-•1'1111 
being brought ur.der oo/(llart rummand ar.d control, l 
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"'"''"l"'"'lin~ inno'A"" in !o'f'ln,.,! .. ~io•nl ri•l nnol .-uno• 
t•l•·•ill" ''"""'"' nn iou-"-""'' in 11 ""l~''"ih\o• "'"'' ,.,,¡,"""'· 
lh·!Lnhl·· ,,.,;,,,,,.., plno·o· thi, ;,.,.,,.,.,.,in , . .,,, ri~hl '""' 

'"'"' .\ '" ;, ;, ,;,.,., lh·· "''''"'~·· .,f ""' "'''"''"''' ..... , ,J¡,¡,. 
¡,., " · . ' 11w lo '"' 1 i " ~ • " ""'.,. .,f llw"' · ¡ "' ., 1" 1 ' -.1 i "'·o ' ·n" ·• """ 1 
., riou• aUenlion nlltl >lmly, ,.,..¡ prfo•divo• '"'""'~'''"""t 
uu·lh,.d• In dd•·ol !lnd do·nl with ll•·m. l'or "'''"'Pk•, Wt' 

hvt• nlro·nd_v uh,.·tvN\ i11 "'" ,.,,_,..,. lh"t tln• rn•t nf pr<r 
,¡.,,.;,~ ..... ,_,¡,,. r .. c tiwo··· ritio·al) .. ,flwnro· ¡,lloro··¡¡,.,. 
""'"' o·u•ll_,. llorn• "'"""').¡¡.,,.. ,.,flWMo· ¡ .. ,. 1-'i¡¡•. 1~ ~nd 
17), :-;),.,ulol lho· ,),•vo-1"1"""''' oloo1l..r \w "1"'"' uu hi¡¡ltly 
<>plio"i"·ol .,.,.,.¡,;,., .. ,J<·¡"''"\,·ul .-..!" ¡,.. ¡¡,.. "I'I'IÍnlliomo 

l""~"""tn•·r '" • '" "'""' ,.n¡,.¡, "' rumpih·r. ,.,.,¡ ""'"'"mhlu.t 
Co.<l lrJH1"lT' ;oro· '""1"1 h!'L""'" llw •·ruri&l¡¡aram-
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T.\Dt.t: \'111 
{'o••'< TU flut k• \J,TO.I> ~~"~'"" Co .. >UT ... UuH AO-W<-•TIUk 

••••.• "''"" "' ¡· ... . 

...... CAHaOftY 

' • • • ' • • • • • • • • • • • • • • 
' • • 00011 ·-· ·-· ... • ..... ..... """" no u ..... "' • ••• ·- ·- ••• ·-· •• 
' ·- ·- ... ·-· ·-· •• • ·-· ·- ·- ·- ·- ·-" • • • • • • 

~U"' !ha! rlo•lilw lht• ¡unblPm ''"'"toi•••Íiy and tlw wst 
lw·no·fir. .. \ 1uat~Í11ol utilil)' lh"'''Y i• n...do..! lor th~ 
''<"""""'¡.."uf ,.,¡¡,.nn• oi.•vPiupuwm. l'oranwk,-,. th..t an• 
rrucial in rlo•finin~ pwhlPnl """l'l•·•itr inrlud~ dt'Krt•' 
oncl ti111r phn•in~ ni <Ínoulatiun, o•do·ul ,.¡ prol"t.•·p~ cvd<·, 
p•r•llrl d .. vo•lnpuwnl of diff,·n•ut fnruoulali•m" uf \w¡ 
olg .. ritbms, tw~ l'<llupuh•r hardunro• ,.,¡¡"""'• """'nohl)
l•n~u"~~ ruo!ou~, tuulli.il<' o¡ .. ntit.no and iniPtcho.ng<~ 
al.oilit_l', growth ri'<¡Uirt•mt•nt•. rtitic&l timÍ<lK &nd thwugh
put, hard""'"'"''h""" into·tfut .. , fnuiH<ol<·rant ~""'· 
putin~. ••ur~ urru¡o&nr¡- <"<•h•trainl>, ro•liohilit¡·, ond 
.,.¡,.,_, [lti} [1']. ' 

.t• H"" ,¡,~, t~i• oalt '""U a• a /uurtio" .,¡ tomp~!rr 
f'ttlaluiU)I? .lrr«ltbtltl)l? l'omjro¡utalim1? ·n,.. l't<"'ido·ttl'o 

Ulu• H•bl><"' Do·lo•ILO<' l'auel "'1""''''1 ir> J<lltt• 1~70 in it• 
•tdl r•·J••rl "" HUiuntalit· <lata pro><o·•·ÍnK, thol l•·cau ... · 
u/ the g"v•·mnwnl'o nwl h"d uf ,...¡,,., ;, '""'"lpn o<'Urt'lll<'nl .,¡ 

• • • 
" 

• • 
" 
• • • • • 
• 
• 

' ' ' ' '"' "" "" '" ' • .. ' • • • • • • • 
• • • ' ' ' ' • 
' ' • • 
' • • 

' • 
• • 
• • • • .. 
• • • " • ' • " .. .. .. • • 
' • • ' • • • • 

' • • • • ' • " 

T.\IILE IX 
"•'"'''"'-~ !o.u.o~·""'N '"" l.••u• ¡·.,~w••• '~" Co""""" 

S<oo .. ~.-. ~ton .. II'I<LUMIHAKt IJ._,,,N) 

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

.......... 
O<"" ... '" ~ 
« ..... ,_ . .. -...... ·- '" -... ... - •• ••• -- - •• " •. •• ·- • • ... .. ·- • '" ........ " ... - -" •. ... ... " -"''" ... '" ... ... ,.. "" .. ...... 

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

~:IOot)ol<: Thr '"lurJUO •um uf r•!eg<oty C, "'"'"" t<>UÜne, .. 
117 )( ltl-' h iu.l<uc(oun, '" 11 minirn""""'""- Theto.!ol "'""""" 
r.cruirod ¡, then di<tuiH<t.,l u><r ph....,. D·O, ".huan obuve, • l·o 
U<~'"'"'""''"''"'"¡.,, ¡1h~"' E,"'""'.,,.¡ on•h<••1 

r<uupul<'r ~y•t•·n», muhi¡M "''m~UI<·rs in ti« .ame g<"<~
ttrapllical aro • t'lll> r.-.uh in c< ... ts that aro· LO much as 
fivo- timo-o lar¡to·r than \\oruld 11<' nrc<.,.,...rr if & lew large 
t·<>ntj<UII'N '"'"' ll><-<1 in & •hl":'d o¡«•raliu¡; rnode. The 
,,,.¡,.,¡.";ng pruhl<•m IH·r•• ;, tha1 ni dn!a privoc.v ond 

l""'''<'IÍun t•~•-urilrl fur .. n~!olin!l lhP U><' of remole 
h·rtuit<ol• b)- g .. v<·rt<t<wt<l ugr·ttcio·, lor l>toth rh._,..jfi..d ond 
une].,..i6ood \\utk .• \11 inde¡:wndo·tt! r·valu•tiun b¡· E. C. 
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r,.. t?. Co.l ..:""•in1 nloti<onohlpo, obo••n1 wi.t. •ooi.U.... 
,.;thin o<r.¡'o <emm•nd &rod .. .,,¡,ol ouh • aro oyol"" 

Neloon of T!tW iothat a dt•dio:at<'d com~utcr in&t.&llation 
~oote thrt~ tu fiv• tim•• u mu<·h to opcratc .., if it wcre a 
time-obar...d Íll!t&l!ollion \\Íih prupcr remoto ttrminale. 
lf prívate induatry can ~njoy theu benefits of co.ot d
r...,tivenual>y u..e of "·mol<' t~rminah (th ...... to five tim._ 
;...., n¡><llM!}, it "ould ttffll tt>.t oome, if no\ a lar¡e 
put, of ¡ovnnm•nt inatal!ationo wuld rnjoy thr oame 
b<nefill lf the problemo of data priucy and prot•·etion 
"t•re oolvL..! lo e ver~ bud.v'o oa1iofaction. 

A Tnuoa¡t•ment ¡na] lo to do tho diffioult part. of tho 
oofi\I.Kre twioo--onoe lo produce prototype rode early in 
th~ dt'V•Iopmrnt cydr u•in¡ pcrhapo 8-10 p<rrrn~ of the 
'"''"""' and an imprun<l vcro.inn \\ilh the t"'hnolo¡tirol 
riok ~lhninat.-d for th~ OIJ"r&liona! ~~ffion. One pitf&U Íl 
that th• riok io high .. t in piorurcment1 .. hen: & new 
'"'"~'"'"' and ita o~i,oting 1¡1\rm are 1>!-ir.¡ dev~lopNI 
cunoma•ntly "iLh advane<"<l applirotiono ooft ~ar., oo juot 
"'ho·n Cl!m¡>ult•r time io O!'t'drd !he moot, it Í$ •v~ilablc tho 
l~••t. ~lur~ )!latolling lo "·doc.• lhe wmputrr •<lrction and 
wu<oa·rnrnt IÍm• io ne<"dcd. 

rurlhtrrnun:, in oom~ o~rulunal ayoterr.>, the eom· 
¡out~• runfiguration anilable lo the U$<'t ¡, <ignificantly 
olillr1 rnt frum the romputrr <unf.gutM ion u· •Jable 10 the 
rumpu\er prognm al<BQI'Í&Ie runtrutor. Sur~ a ,.·orkinc 
o·nvirunmr111 rf'<.(uireo •n intt¡rating controc.;,r 1<> n10Ín· 
I•Ín •J'I\o'm·lr.·rl «mfi~urati~n rontrol. Thi• :nay add 10 
)!fr<'t'l>t lro ti"' total '""¡ •nd io vi•\\rod ""u. inounnc~ 
P"li<'~. Tu r•lituin•l• •urh "<'rUrn·no"", ,,.ndardo for 
«111'1>\l(rr rrontigurutirono ""' ll<'l•i<<l, and ''"Aim~tion 

"""""! i• nr....:lt~l L.,> tlrr """'lrÍolt· ''""''""'"' 1ml, -.¡ually 
irnpurtontly, l.)· llu· "'"''· 

l 1 In a.''"' lht !"«" af •lo•wnli"'' •tq~< .d to m ah a 

reali.otic pr«lidion uf •nftu'<lr< developmtlll coott Wc have 
idcnti!i('d tbe Activities that occupy thc analyot'e time in a 
2.S X 1 matriK (Tat.le Vl) and •lse,.·hcr~. llow•ver it ia 
one thing 10 identify oi¡ni!iCI.nt adiviti"" for a\location 
of n:!IOUn:nt, and it ia anothcr thinglo hold tb~ right oct uf 
individual.tr accountab\e for the up('diture of thoae 1'1)

wuroca for tb<ft tlrinp ovtr the life <)·ele uf the IIOftw\1.1'1! 
dcvelo~mcnt, "hirh opana 12-24 montho ur longer. Tho 
purpo:se of a wot c•timatiug oyotem io "' r<<luce !he 
vMriance beh•t•cn •·•lhna\.<>o of what • ouftwarc dcvelo¡>
ment ahould «>ot and ,.)a¡ lt actually •.loe• cuot. The eoat 
hiotory data file ;. a hy el•menl in an in1pruvcd cost 
.,.timating I)'&IPm. l'urlhrr .,-.,r\¡ ia n,..J ... IIn rapturing 
and rnaintaining historiul PS!Ímalnt, "''•\s, all<l quanti
tative fae\1 to provid• more efl'eetive data for ~•timating 
f~:tun: costo ond oiuo. Furtber work Íl necdo:d in main
taining ooot runlrul ovrr the adual performance po.rir.>d 
oonoidt·ring th~ f(ollowin¡. 

a) Recordi~g Blld di•plB)'Íng af both iurlividual and 
aggrrgate prugr11mmer atlivitiet, turh u proviou:oly d..
finNI by L,A,C,T,I',I, and D, by ~uy-to-uoe automo.(.ed 
proje<t ronlroland prtodiction tuole. 

b) Fu¡ cnmpuution of vrojr-et 001t• and timc·to
ffimplete prroditt~ont by curren\ a·•d look-a)ot"ad activity 
>IBIÍ•tÍ<a, inrluding unomnptnoated overtimt, u io no.,. 
r~uiblr· throu¡h ~·•tumated coot eottlrol t<1olo. 

l') l'rovi.inn for o\<1riug, n•trir•ving, oud trai'Ín¡¡ of 
pmject •UI<'m<·nt uf ,,ork drlivt•rab!to \.o thcir ooot 
r••tlmak and ""' t••t\matr lo nL"tual <n.o\, by activity, 
uvl'r tite uo,·fullir,. uf tb•· orofl\\an· tltrron&h , ... ,¡ «>ntrul 
too! a. 

.S) Hoor ·~• ""'' prot/urltÍur otl!t '""W"' Q fuHdill~ of 
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•"'''"""' '"''"'""n c,.,,,_.,-,c• ><••n•~• 

prvgra"""" q~ulilv! Qt.afil~ rtq~irc"'"''' un lht fi~a! 
prorl~rl? n ... p .. int lu ¡,. n.ad•· ¡,.,. ¡, lhat "" ¡. .... ., "''"" 
ronvinr\11~ o·viohm• uf tho vali<lity of ¡¡.,. ~0-~'ú-~0 rule. 
For a Ir, mHii<m prooj .... t, 12 millinn ..-m k ~r•·"t nn dwck
nu! ar<•l \<'8\ tn ¡¡,.. <·do·nt tho rule ap¡olieo. A ma.n•¡wmrnt 
<>hj • ..-tivr ;,r,. r],. • ..,k out ~vrry IOI(ic path in th~ ooft,.Hr~ 
In do·li•·er an •·mor-free progr~m. Thi• iA a high-qunlity 
~ru! l'"'durt insofu "" hf.ing en-ot-ft<'t ia 1. nuuure of 
qua!it~. Arl1io·vin¡ thio obj!'Ctive ma~ add •Í¡¡nifieantly 
In 1 hr drv<·l<~un<n\ e<ost bu! rffiuc~ evo·n more •ignifirantly 
the npo-ra\Í<>ns and mainl<•nonc• cool.. WHh impr<~v<..:l test 
¡,.,¡, and ft,,,. ""'"-"'"''"""! toolo, n•n•ido·rahl~ hn¡•rnv,... 
niPnl in ,.ffiri.·roc~· nf mo;o· hranrhra ch<d<'d p•·r Mll\pU!!'t 
h<>ur ¡,. .• .,,,.., ro·nli••hle. From the nnalyoi• KÍ<'<'Il fur «n<· 
ouft~"''' ')'•km, !lo<· <¡llnlit¡r of !l<t• l''"~fHl\\IUI't Íll )'<'ntli 
"'J"'fÍo·hr<' Htorl ><J¡><·rvi«or's rotito~ "'''""'<! !« on~h '"' 
<liffo·ro·urt• in!~<· <o•t in tr·rms of t!H• ~·~~~~"'""o! fit, the 
ooljuKlo·<l iu<ln uf do·h·nninatiun (r') ~iven in T.bl~ 1 
ond ¡-¡K- [.~.A o H. J. l!atto•r sap, llúm~ nf thc •igno t•xh!hit 
cmml ,.,· Í11l uiti "" L~havior. 

To-<'~IIÍral v<·rforrnu¡c" •tondsrda and •·ritoria. are 
n..-<1<'1 in lhr .,,¡¡,..,,. dPvo-l<opmrnt )JH>C<'SI. A ..-rong 
•l•r«lard io lM Hrr thon nn ~\andar<! h<'<&llll<' oo.\ l••aot it 
~;.,.,., a ., . .,.,. «f <lir<-r!Í<Jil to th<- efl'ort, A k'<hnicol 1>"'" 
forman<'<• nw~~.>ur<-nH·IIl •y•t<"m ís "'''"1.-d f<>r applying to 
lhl" "''fi\\'Or" ,¡,,.,.,,¡,.pm~nt proc<.,., ond \\bioh la under
•<oo<l •od a¡oplird al oll manag~<m•utoll<l ¡"'rformer l•·wlo 
•V<'r th• lift• <'yclr·. !;í11ce ouftware do·v.-lo¡><Lll'nt io mnre 
''"'"'"" orio·ntr<l thon produc\ <orÍt·nted, •ud< s!Hnd11rtl• 
¡,.,,,.,, ""''""'''" nf Kr"IIP pr,.luetivily if t>ul iudividual 
pro.dudivity. In"''"''' orgstoi<otions it '""-" ¡,.. into•rptdo•<l 
tu he agoin>t ronopany rolioy to ""'"'"'• and ro•port on a 
pr<~!ucti•·ity Ín<ln uf an iodividuQ\ l<ll'h<hrr uf the pru
f,.,..;onal ouft', •uch u code production r•k, ur t•l'f<lr rat"" 
(N mr .. uro-d, for iootance, by oolta·Qre probl~m reporto), 
rr<...JurÍng <¡Ua[Íty <U>\om ooft .. Uf' io a profi\.rnotivat<..:l 
¡,.,.; .. , ... , ond O\t<le lm>in<""'li~e proc<"'lutt,. are l>t-in¡¡ 
o¡op[i,~t., tlor J<ruductlin"" matuf<' (tlll 

6) 1/<r<r dou «•<~ "'"~ ,..;u, wmpl<t.-..uo "' pr..bltm 
/~r>•<ula1iD!t1ll•in¡¡ the 4G-~'0·40 ru\P a¡¡ain, 1>~1 tl<i• time 
Jo·ali"g "it lo th~ "~n•l)·sis and d<'•ign" 40 ¡wr<<·nt (" hielo 
!<" our •·•at>Lple uf l'ig. W """ ~6 J«'re<·llt), "'" hv" 
,."¡,¡, ""'' tloot •n•l¡•i> ""'' d'·-<ign tak•·' tloe li"'•'• •hore ~of 
tk ;«!< ~ ""' ,¡,.,.,.lup«<o-nt dollar. A munog• ln<•"t g.,,.J tlo~t 
h1cs p<«~<·n t•ll<·elive in the past is \o pro~luo·o• oop1·rior 
"""'"'" n!a!Í<on "loido io t!'vie~Pd with a knmo,lrJ¡¡rnhll• 
trel.nio-&1 •<•11' in tlu• customcr'o conopl<•x. Thor .. ugh arod 
c<>ntimoott.• inmln<n•nt uf the ru•tUirO<'r in tlw Jewlup
mrnl 1"""'"" hft• lx..-n • r•ality of ornr•llarg~ ,..ft.,aro 
<lrv•·l<•j'l\\rnto . .\'utloi<•K to.l..•• thr piar• o/ cornpc\~nee 
all<l '"""llllhÍ<·Ali«h "h~n it , . .,,.., .• ,., <11J<lo·Jo!ondi"l rh• 

u•tuu«·r'• ur •!'"""''''" ••~¡uirrnwtot• Tr•u•latin1 tut&! 
.¡-otr<n te<¡uit<ono.-ut•. "hirh <n•Y out be ~•·11 ~«d•·rotond 
nrn hy tk ru•l «ll«"r, \o the ,.,,ft ,. . .,. "'•km f<•<¡liÍtemenU 
,. • nueial firot •rrp. In 1he ro-quirom .. nto ddinition and 

., 
' 

'" 
¡orelhninaty J,.,¡~n ph""", th<•ro• io typir~ll_v a lack nf 
dota hn\lots nf lcv•·r~~·· (lnnu,.,,,. un tllt' ultiuoa.t~ draign 
outcume). in cuntrut to tlo~ upo·raiÍ<>nol ph"-"' where 
th•·r~ ~relot• of data hut littl~. ilan_v, ¡, . .,.,...¡¡0• Thir 
oiguiflcant kr<a lor r<>llt- and j«•rfurmance-<-ft'rttiv~ ,,.,. 
pwvcment. 

7) ll'~<ll ,:, Jhr rol<~; ''dui~n-I<Had" ito Jht da~lop>ntnl 
of larg<--ocal• oo/!o·attT The non juint logi.tico com· 
mande.-. hftve r!'C<·ntly <·ntl'red into ~o agrt'<'m<·nt con
<·etning thc an¡usitiun and o"n<•rohip o/ major ,..·rll.p<>n 
~,·~trmo b....-<1 on the ronc.·pt nf ",j,.,ign-I<H'U>tt" [~'0). 

TI"· term "<l•·sign-to-«"'1" Í• J,.r., .. -d a• a ¡or<><-P"" utilí•ing 

unit cost ¡:oals "" tlm·•huld~ !ur """'"~'''" and "" d,.,i~n 
patamcter. loor o·ro~Í<w•·r•. {'.,,¡ !"""'"'''''" l¡¡unb) atr lo 

he '''tahli<h<·d lhat trnn>lnt<• inl<• ".\,-.,ígn ln" requirc~ 
r<WtotiL. In lhe pa•l, tl«• urJo-r uf prio.ritio·_, fur n•ni<>r 
W<•Opon •Y•l<'nl II<'<¡IIÍHitÍUt< Kll<l <OI•<Lo-rohi¡, h!L!I hc,·n: 
a) po-rformane<•, b) •v~ilnloility, &u<l e) ""'\. Tr•lny, 
under the do•oi~t<·l<>·co•t du<'!rinr, thc <or<lo·r is: a) m•l, 
b) performance, 11nd e) HVail .. bi!íty. The ~ppli~aloility 

ol the dt:5ign-to---<:ool COI<<'<'PI '-'' !oard ,.. • .., i• now lx·gi«ning 
lo t·mcrg<" and ¡, l•An~ r<'<!u,·.-1 lo j>r•rti~e- 11le rd&!Ít>n· 
ohíp o! the dt·>ign·l<>·«>•t cmteo•pt tu .,,ft~..,-~ io nol now 
llnden;tood_ 

In thr l975-l9Sil l'fH, thi• r.-..>rdPring of ¡<tiuritio•o for 
major ~<'apoiL •Y•I•••n•, uf "hielo ouft"orr i• K•·no•rall)' an 
integrol¡>art, is o·•¡~"<'lt-d tu havP a •Í!t·able ÍllHu<·n<~ "'' 
¡,.,¡¡, hard""'~ IULd ,.,ft..aro• llfc c;·do• aequi,iti<>n ond 
nwnr,.híp, pnrtkulnrly in tlo<• •••n••· tlo•l the unit 
rc·<¡Ui"•mcnl " ill \¡¡•e<ol«<' • <1 ri VÍH~ !'""""''' lt in t lu• ,!..,,~·· 
of large-~c•do- wftwat<t Hy•tl'm ,),·vdopnwnt will be 
cootinuou;ly <•valua1Pd o~uiuot thc uuit ,.,.,¡ r•·<¡UÍfl·«lt'!ll.o 
with th• •orioc rigor ,.. """ Hjopli<-d tu t<•rhnical t<'<]Ulrr
meutrl. l'rariÍ<·&l tradf'Oih mwt k mad~ ho.-1"'""" splem 
oapabiUty, cost, a.nd l<Ol~o..:lule, Tncnbilit)' uf .,tirn•t<s 
hnd costin¡ !atto.-., indudio¡¡ th.ue fur <'<-'tmomic ,-..cala
tion, will ha.v~ \o l>e maintoin..d. 
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W. C. Lynano, 1'. :'\. ~lt·tzcl""'· Dr. D. 1)_ \lurrioun, 
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Dr. F. J. ?.lullin, Dr. K C. Ncl..,n, F. Putieh, E. A. 
"'cllin, and L L. Wol11<>n. A opecialnol.e of r..w¡nl!ion 

due Dr. W. W. Royre, "ho 1.-o.athe prime originat<JT of 
'f!IW'o SPHEAD rott ~•timation algorithm. The out.hot 

muat, in th~ final analy.;., tal<e fui! resp<>nllihility for t.hi& 
pa~r. in~ludinp; ~rro~ ol fact, omiMion, or npTl'*ions el 
opinion. 

ThP author II'Íolo<•a to thank R. J. Hatter ol l.ulejiUI 
A""""'iat~•. lnc., fgr th~ n·l~ue of Figo, 13-1.~ and Table 
1 frnm the Wt•st Cn ... t Stmly Group report, and Dr. 
H. W. B""hm of TRW, formcrly of The R~nd Corporallon, 
fur hio r~80urce &llorotion data, Tablell [ll>], [22). 

f:uidnnce '""" tb~ thr.., r~ferero ond Dr. R. A. Shorl 
of tbe lEE\:: TIIAN8U'T10N& 011 COMftiUl\1 Íl lpprec:i
a!Jod. Tbeir de-<ioion tn depAH from the traditionai!F.F.F. 
TUNo•cnoso o.~ Co.,rVUIUI editorial policy and pub!W! 

• ooft11are ¡..,bniral mana,em.r•t papu i.o g .. tefully 
ac~nu,.\..dged by thr author. Their o.im io to·provide 
information Ult·lul lo the hud11·are compul.er oyat.<•m.o 
droigner in le&tninK more about Uoe ooftware dcve.lopmcnt 

P"""'""· in poin!lng lo the t.aakl where the J>T<lgrammer 
"'l''·nd, his major efl'ort and, it 18 hoped, In identifylng 
p,..,.blo·rn aren t.o &ttark oo future compul.er ayaterno may 
ua.- thc prograrruner'a t1.1k. 
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'""""''"""'· l!i.r p,_nt ini<,.Olo o,. in '"•o--ocale compu"'r 
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Ohd ln..,~rotion Diviaion, T 11 IV S~ol.omo (l'""P- l!e ..-u o rooulhor 
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Wh<> In lhe W<at ond io o ,..l¡oient ol h<>th NAS~'o .\pollo A<hM•• 
ment A'"ord o.nd tloe oolronout'• ~,¡,., 9noopy A .. ud. 
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Managers need an understanding of how applicalion software 
behaves, what faclors can be controrted and what 
factors are fimited by the process itself. 

Reprtnted with permhsion fro111 
DATAMATION, September 1979. Copyright 
(S) 1974 by Technical Publiahtng. 

~~'lm\'iu&u~~@ 
~©~u~&~~ 
~©~u"~ 
by Uwrence H. Putnam 
and ,\M Fitzsimmons 

r '" m~••scr• ar< ablc '" pr<Jo,t '"' oime 
o~nd ruoor«• n<cded lo de><lop lo~r~<· 
o<o~i< IOfh•ollt 'J">I<m> Pou~r<" i> ofl<n 
mco.uro<l by lh< ,.,. ,.¡ upcndllur< of 
""'"~«> ralh<t oh•n b) kome """"' of 
'""ompliohm<nh Unr .. li>h< """"'"" 
ofocn l<>ult in¡.,, minul< ciTum to a<l 
<od< """<n qu;dl~. ro>•hinl '" '"'' 
"'"'""' ..,d poot ~""'") .m,, .. re. 

Soft,.ore dc•dopmcnl <•n b< 
Oooujhl under con1rol. h re~uit<>o~n un· 
""'""din¡ oi ho\0 apphcaoion oofo"'" 
b<havoo. ,.h., r •• ,o,. tnanascm<nl "" 
conuul •nd "hat faclon at< limi"d by 
lh< J'(O<:<O> i< .. lf. 

He b.,;, of <fr<<lt•< """'1'""'"' 
¡,olor r • ., lhot Lh< oo('""'" dc,.lopm<al 
PI<>;<,. <>hiblto a <harocmiolic b<hhHlf. 
.. ho<h ••• b< uploiLOd.'" lhao oh< <>p<n· 
,;,. "'"'" of •• , .. ,,.,;, appro•<he• c.n 
b< o~•nidcd. 

T radiliona lly. "" n•g<a "''~' '"" 
"tncooroel • .,umpLion> , t>ouo oofL~•re de· 

velnpmcnl: 1 hal pcoplo •nd """ '" <nt<r· 
<h•nrublo at>d 1b01 P'<•,lucti•il) lo><l> 
OIC t<lalt•ely <MII.OI (., ol) !<lft•>r< 
J'f<lj<<t> .. ithon 11tr ""'' org•ni .. oion 

Th< flrol o~«umpoion" oh•l d<•OI· 
opmeno <frorl ;, oimply th< J'foduct of 
f'<OPI< •nd ""'' •nd th>t lh< Iom< c-on b< 
'~""tfi<d .,bilronly by ntOOOK<m<nL 
Thu•. Lh< m•nntng 1<><1" lh< d"<lu~ 
mono <ffort j in m.tn·y<M> 1 d<Vitl<d by the 
pt<do·tttmin<d d<>eklpmcnt um< l'-« 
fir. ' 1 

1 "' <'>n>[>l<. '"1'1'"'"' th•< "'" •~ 
f"'"'""~" h.o• '" .... ~ """" .... ,,,.;.,. 

11 ''" ...... , .. ~ .. ""·' ''··~·· "'"' ¡,,.,,,.,¡ '" 
:1 l~"rl<. !1« """" ~"uld !>.· '""'"""'"J 
'" ""' '"·"' 1 "·""'" .. lcJ b) !1 ""'1'''. '" 
lomo "·"' ll.,unot. ti llo< '"""' h.od !u 
0.: l•oo•h<J '" ,,.., )''"· oh< rrl.oltttn 
""""Id bt:co>mc. "~••!'•,.., ·~"''' U~l 
"''" ""'"n l"''· "'""h ~"''' '~~r<•'" 
"' M'"''"' Jttt>< ''o he 1<1und ••· 
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oumpoiun by lo~king wm< ""'""'11 pr.><lu<· 
oiwity rorurn ftom "''"""' ['toj«:h Lh.tl 
lh<) Lbink .,. >imtlo~t. lt""'<"t.lh<¡ du 
""' c••mino dood) tho p<t<i>< eh•••••••· 
i>liCi uf 1h01 oim1l•n1¡. An '~'"''"o( 

<oo.l '"''"'" ""'"''"" dcmcd ffuno th< 
'r<"r.""'"ln' "di11dtd by 1 he pr<><lu<Livi· 
1) ro.~ •••• '"~·-- a m.!n·¡«t <>limal<. 
For uamplo. '""me LhOI "'' h»< 10 
butld •• , ..... <>( 100.000 "'"'" llll<· 
mcnh IS.S • 100.000) ,nd ""' prOOu.:li•· 
U) i< 1.000 '""''" ouoemcnl> pcr man· 
l"''· by •••loo .,¡lh a pr<'"iOu> proj<cl. 
Th< dc .. lupm<nl cffon Lhuo equal> 
1!10.000 SS{I.OOO ... hich e~u•l• 100 
mon·)O<r. 

lJnfonun•L<I). t>ut .. f'<r<<n« 
>hu"" lhol lh<>< rel>ltO<l<hip< ar< loo oim· 
ole. u«;p< in <h< U>< of V<t) •m•ll pro-
1""''· >v<h •• th= of le" ll~.an J.~oo 
""''"" •••L<m<nh . .,. ohao omploy • r ... 
peor!< for a fo.. m<>nLh• 

fu< 1•• 1'' progoo~m• "'' nou 1 no,. 
lhJI l""rl< •nd time"' nol tnl<r.hon~<· 
•blc. !"t<d Bn>Jk•. mo~na~<f uf lh< '""' 
l~O "1'<'·'''"1 'l'""' P'"l"'· ho~• 0<· 
..;rtbcd Lhto ph<nomenun 10 ¡roph><.!ll) 

th.tl • ''"'"1 ol it h•• b<com< knu•tl '' 
Drook>" 1>•: ""Add'"l r<Ofll< lo • la\< 
pru,c« onl¡ ,.,¡,, " !.1<< ."" Tb< •<•10n " 
<'l<>t A o lh< numb<< of reu(ll<"" • pro¡· 
<el tl><tn""' ••ioOmc\ll'<lly. lh< nomb<r 

ofhumon in""'"""''"'"""''"'"",.. 
coll¡ M<>o< •nd mor<""" mu\1 b< •r<n< 
on hum,¡n <•>mmunoo.~toon •nd l<ll •nd 
1<>• "" p,.,.¡,,..,;,, "'"'l. The only "'' to 
»oid 1h11 '"''".obol10¡ "lo tedu« o he 
nun1b<r .,¡ pcuple ""-' "'"'' inl<t><l b¡ 
•Ucl<h>nl ""' >h< ""'' 

Wc •1~''"'~ '""" oh .. < ptootlo<h"· 

'1 " ""' '""'1 ·'" ~ """'. " " • '"'"¡4" 
'""' """ ',¡ """ ,., ""'. 1 "'" '"'' '" ''""'" 
1 \ 1 ' .,¡ ' 1 o< "' 1" .o ppho·tl 1 " 1 h ,. ~" ""'" .,,. 10! 
i.o•l y.,, •·'"' ""1'""' P'"'lo" 1""1 
""¡""" ·"·"'~"·~ ''"" '·"""' ",, ""' 
"""'"·'' r,, .. ''""P .,1 "'"''·"ha''"'' '" 
••h•<•< .o pf<otluch•<\) .. 1. '·')· '·'"" 

~'""' ''"''"'""" pt< '"'" )C.f '"' .. 
, • ..,u."'"'"''' .. mpl< bu''""" •rrl"•· 

""" .. htk d .. ··~""'' '·'""' ~""" ''""" 
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')'""'· b•><d un whal we'>e done in lhc 
pHI and wh., hnl< "e do \.n""' ob.>~l i1. 
11 '" 1<1 Q cqu•l 11>< '""'"' pouible 
numbe< uf ""'"" •l•l<m<nl> and let b 
"1""' ti>< hiJhnl f"">ibl< numb<r of 
wurco •l•l<m<nl.. ~• c.n del<rmin< 1b< 
«P<<'I<d "" .nd '" "••d•rd devali<>n 
l<>r on<<I!JiftiJI b¡ u>in¡ lh< lu> uf >la· 
'""" •nd prub..b<lll). 

'" "' '"""'' lh•l "' '" '"" ,.«h in1u 1he ly>i<m• definilinn of • 
l.or~•-•••lc >n'<OWI) conLrol ly>l<rn coll• 
td •~H. UJ><d on pau up<rÍ<n« ond 
,.h., ,., '""" Jb.>ul lhL> 'l"'"' " lhio 
1"""'· "' mi~hl brwdly t>110n•1< il 10 be 
lo<'l"'«n ,0,000 •nd 140.000 '""'« .,.,.. 
"""" U""l our ,,,,.,;.,.¡ equ•IÍono. "' 
''"'" lh•l 11>< <>J'I<•I«< number of ..,..,« 

''"'"''"" ,._ !>!. • IQ ~ N/l- 190.000/l • 
YIJlOO 

1 h< '" nJ;rd d'""""" "· 
oSS • lb - oljb • 90.(100/~ • 

1.1.000 
T he ••P<""<d ,;,. i.: 

~!.000 :t 1.1,000 
H¡ '"<•~"d"' .,.,;.,;,;;n> m<•n 

•to..1 oh<t< .,, b~ ch.-><<>""' o/100 1h>1 
ohe ""' ,¡,. h<• ,.;¡hin """ •••od•rd 
d""'''"" ,,, lht "'""- '<. b<l"''" 
"Hnl ,.,,¡ 1111.""' ""'''' >l.lh'n><ftl> 
11"" .,, •N .:h """ ""' ,( 1 111 1~ o' lh< 
""' "" ,_,,, . "'"" ''""' ''·' ,,,_,,,,,,., '" 
''"'" ,.¡ o l.,- '"' '"· 1< _ 1~'"""' '>I.IK~l 

.... J llOl ·~~· "'"'" '"""'""" ·'"'' 1"' 
1h,1n ""'' '''·""' Lh,ll oL loe• """'J< 111<><' 

'"""' 1>. holt ohi> n>c<hod rc•ulh <n ~hJI 
•><m• 10 be 4 d"'U"""'"fl¡ ).,~, < ••J<, 
" 1, '"'P.~''"' '" und<ho.nd oh•t it "•• 

, .. ¡¡,o,,.....,,OON 

f.o<! ... s ... , ... M .. , u~.,, , ... , ... Fopr<IN 
··~ fol• lhndlon "~ '""" '"""' 4HOO. HOO. 

U lililí<> ·~ 15000. '""' lllo7 )500_ 
S)>l<m Procs "~ '"""· "'''" J4JJJ 6lll. 

local 92000. 10<111. 

Table 1 A poll<nQ or l~e pm¡ecl leam 101 SAvt at lhe ea11>¡ IUI"ICI.onal de...,. 
pl\ase pro.,Ced (he sma~est. mosl Okel>¡, ana la<gesl eSI<mates ¡average ol 
leam) ol the number ol sou<oe slalemenls"' each subsvslem From each 
range the expaclecl vslua ana ds slaMard deV<al<on was calculate<l 

~·•>d ,. "' <on do ol thi> lime. cun»d<r· 
'"!oh.,"' h"'c ''"'"'' no ..,lid infotm•
'""' ;OO..¡ lh< >)>l<m ,., '"'"l lo b•uld_ 
"''""''" "'ho inoi>l ~• 1'"'"1 bell« <>· 
"m•l<> (m<anonJ omol!01 ron1<> ot <•<n 
•b.olul< numb<r.l mu>l lutn in><ud 10 
"'~~ -.u h »<tog<> o/lh< quOOIIIÍ<> •nd 1 
me""" o( oh< v.ori•bilil) o/ lh< qu•nli· 
""· i <, th< U•nd.,d deviollon. 

fh<> ¡, an '"'~'""•"' ph•lo•ophkal 
puino beca u O< 11 "'"'" thOI only a <<r!aio 
1<1 d <ol Jccurocy •nd preci1ion i• l"'"ible 
'1 th<> ""~' .ond •11 dfom o o do b<ucr "' 
( uult . .O.> Ari>lull< -rOl<. "'h is th< mar~ 
of "" ÍO>truucd mind 11>«>1 >>li>food "i1h 
lh< dqrc< uf pud>i<>n wh;ch 1he 001u1< 
.. r tb< '"b"" .~mi~> •nd not '" '"' ... 
·" ,,,-., ~ l•<n •>~~ly ''" •rrro'"""""" ...r 
,,,. ''"'"" l"~"hlc'" 

'' ~,· '''""'"''' onl" Lh< ¡,¡, >y• k 
·""'k-''" '""" .<h""' ''" f<nul •pL<ut, 1 h< 
''·"""" ""1""'' ·"'~ !10>«1-li<U)" «· 
•lu,<d lh11•. ,, ~< •'l'l""·"h 11" "'"uf 

•kOJolcd d<>i~n. "' ''"" '''""'' nur mi lo 
'·'"~" th"' "" "'"'idered 10 1>< ~llhon 
tite ¡.,no¡, uf <"i'""""l a«ur><) '" O<h
<r b'""'-"" of oltc '"~'"'"i"l •"· w, 

2-2-3 

J<lti<•< tltis r<oull by brc•ling th< >)>l<m 
in lo pi<(<> •nd <>limalin¡ Oh< pi<«> .. 1"1. 
u1<ly. Tlt<n "' combin< 111< pi«<• b¡o 

...... , or ""' <qu>ti<>n>. ''"'"' 1h< """'" 
11<> of >n«i"'""' rc.du«: "'" "nc.n•ia
'> 

To,.ord lh< b<¡onning o/ lonCtiun· 
•1 d<>i1n. '"' oltould tno~ ~ hat tlt< "'"'"' 
•ubl)>l<ffiS will be. Al thi> poinl, lh< 
•••••be<> of lh< proj<ct l<am "hu h••< 
-.orO<d on lh< oySicm• dcronollon •hould 
<>limol< lh< 11>0 of <•<h uf lh< o>> jO( >Ub
>ySI<ms •• fullu,.s· 

1 <1 <1 1>< lh< omallc<t P""'bl< oir< 
(in'""'" •1-•l<menl>l 

1 <t m be lh< mrnllo~<lt .;,. 
1" h 1>< lh< ,.,~ .. , JIO'>ibl• .; .. 
1 ht "' cr•~•· ,¡ 1 he"' <'IOffi>l<> loe 

"'"' Ul <ll<o<, • li<l¡oh¡ 1•~hn1 ,o( U 
, •. ,,, '""'""' "' ,,,.,,,, lh«<•"'""'"' 
.,¡ l.ohk 1 

''·'""'h""·''l¡, "' ""''" """ 
oh• 1 "< """ thr"ulh 1 hh pn>.<d u re "llh 
,,,.,.¡ ~ruup; y( '1'''"" '"~'""" •n~ 
•h<¡ •re quil< <umf,rtJbl< "'"h 11. Mool 
•••IJ>II o>< <nJin«f> '« rclu< .. nl lo 1"' 
• >inJit <>lim•l< ol ,;,._ Wh<n '"') •« 



-
f<><~cd to d~ "'· <h<¡ ~•11 b••• i1 ""thc 
hi~h >«<c. Thc¡ profcr to 1"' • '""11' ol 
,;,~,. be<•O>< o he¡ '"" m.1k< thn ""1' u 
l.111< ot •• om•ll •• o he¡ n<<d lo, dcpo:lld· 
Íll@ on "h•lthc¡ \.no~ •boollhc >¡Ucm 
"' lh< lime. P;¡chulogl<>lly. 11"'"1 • 
''"@'" nol • thrc.1Lemn$ commllmcnL 

Thc '" im•••• lur lhc lhr« oubo¡>· 
l<m• in $AH mul«d in • bro.1d r.n¡o of 
l>""•ble oÍ><>- Nmc th•t o he d""ibulion 
¡, ol.c~ed <>n ohc ho~h oidc in uch C.><. 
Thh bi•• Í> IJpl<:.l uf lhc b<u dlltrobu
lion. lhe chow:ocmuc. of ~ ho.:h are u><d 
In PERT e"im;oing Thc PORT t<dmi~uc 
h.1, b<cn uocd '"'""foil¡ in olhcr r .. ld> 
fo, morc thon 1) l"" •nd "' •doptcd it 
""' '" ord<r oo f.nd ohc o><nll >yU<m 
WC ron~< .11\d diiLflbU,OII. 

1 ! •r•• Id • ulu, "" c11in1a" of 
the "P'"''d •>luc of • 1>:" d"tribuoi"n 

" 1;;, M (o + 4m t bl/6 
Thi> formula "mpl¡ b'"" o he rcoult oo 
lhat lh< <>f><<lcd "'"' foil> un lh< >idc 
aboul "hi<h ~• '" m<>rc un«tl•in. The 
<>P<cl<d "'"' f<>r "'h oub>yltcm io 
h>t<d in 1 he foul\h column Thtn \he <W<t• 
all upwcd .alue ,. juol lh< '""' of lhc 
,ndo,.dual <>¡><<lcd volu" 

l_ 5r~nJnrJ J'"~lio~- An <O!Í· 
""" or lhc >land, rd dmo<ion of any di>· 
'"bu<iOn (1ndudm,¡ lhc bciOI ffiO) be 
fo.>un~ b¡ do>~don~ 1hc '""!l' ~iohin "hich 
•9'1 of lhe •alu" ore Hel) 10 <><<Ut by .... 

• ; .. lb-QI¡~ 
TOe >\Jndard de>iouon of each ouboyilem 
¡, >hO,.n 1n lhc r.hh column. Thc "'"""1! 
>l.ond,.d dt-.otion " lhe oqur< root oi 
lh< >um of lh< >quoroo of lhe ir>d~>idual 

'" nd>rd dni01iono Thio •&luo '"'"' out 
lo be much >mJII<t than ""' ..-ould 1"'" 
b) jull loo\in1 11 lhc ind¡vidual ""1" 
Th< «1>011 Í> \h.o\ >O<"' ICIUII V&)u .. •ill 
be IO'*<r \han <>p«l<d and <>lh<n ..-ill be 
ho,¡ll<r Such '""""ono con<cl <aeh olb<t 
10 wm< c<lcnl. 

At 1h1> phu< 1hc '""'" fO< s•~E 

'""" 

Rou!< 
SIJIU• 
Br~,.,. 

P11n1 
l'•" ,,, 

'""'"""' 'hr :-" \f,•n 
.,,, \1~1 

' ''"""' """' 
1 "' ,,, 

ssn. 
llf>O. 
ISO. 

IIJS. 
14}7. 
617.1. 
.'-lll 
9_11.<. 
>'M 
~K" 

E•P<•"4 .••••. ss. n.ooo 
Stndard d .. iation: o ,. IO.OU 
M'l t~n¡<.II.S78 to IOl,lll 
99'! ""J<. ~0.7JS to lll,lM 
n, .~. r><<> .,, r.fly·f•hr 1ha1 111< 

.0\ull •llu< ,.,11 \UfO OUI lO be eith<t 
Jf<Ol<< lhan or 1 .. , 1han 92.000 >ouro< 
>latcmcnl>. In oach '"" the ehan<e lhal 
the ullimatc ''" ,.¡11 be in th< ranJ• 
•hown i> quohf,.d by thc prO>"i>o thol1h< 
in pul e01imat<> do nol chon1<- Noli that 
~• h•>< rcdueod the une<ruin•y oianiro·· 
c.ntl~--from 1!.000 10 10,411-<imply 
by ~nowinJ onouah obou\ th< 'Y"'"' lo 
di•ido it into lhl« mojor oub>)>l<m>. 

FUNCTIONAL 
D[SIGN 
PHASE 

Whon lhe funclionol 
d<>i~n i1 1 linio mor< 
th.n h.olfcontpl<l<,o r,. 

••1 '""""""' d«i>ion 
mull b-< m•d<. "' "'o<ll••, m•nnin¡ plan. 
• hf<·<yd< '"" ••d 1 mii<Uonc «hcdulc. 
Al lhio "one 1 he prclimin• ry >pcctfocolio.>n 
'"d >y mm d<>i11n 11 nurly eomplel<d or 
al l<a>l ""'""'hly well Oof.ncd. S)U<m 
•nalym and <n1i """ •hould now be • blc 
10 brcd th< >yi\<ln down inlo il> mojor 
fun<!ion> and h .... foirly sood idco vi 
lh< ,;,. ro na• of ca<h ono 

Now ,., oimply rcpo•l th< .,.,¡.,¡. 
cal pu><m ,.. ha>e deocribed, U>inl thc 
'"t" number of dlfforcnl fun•tiono. In 
orr .. 1. b"'''"l lh< oymm do"" 1nlo 
mote function> <noble> "' to roduoe 1ho 
un<cttlinly in""' <>ti mal< and toobttin 
1 beU<t cuimaiO of \he <•pc<l<d >itc. 

Th< r<>ulu .. ilh lh< '"'"' 
number of fuMiiono now a.ail,bl< ore 
•ho~ n in T •bl< 2. Al lh< limo of thio anal· 
)IÍI lh< projeet teom hll be<n "Ofl.in¡ 011 
thc oyuom obout ll .,«l.o. or>d th< koy 

'""1" ... .,"' 
Eopom<l '''"'·SS • n.an 
Star>d.o•d d"i•tiort: o'" 7,011 
6I'J flftl<: 91,)94 10 IOS.SS6 
991 fi~IO: l1,2JI lO 119.111 
Se•<ral propeniu o/ <h< ....... 

''" ""o/ dJ\1 "'-'Y be r>nled. The «• 
poc10d •alu< ol th< oi1< k>l r<mained 

' •su_ 
liH. 
4)89 
l89l. 

1 (1\) JI. 
X~!•l. 990!. 19~1. 

Unl_l ~~000 "979 .IIIW 
1 17110 ln!~ l~lH 49~1. 
~~¡~ 1 ~~11. ~4()jl 14 IK 

9KHI_ 711•1 ---·---------·· 
l,lhle 2 Mrl"'-'V l'""'~)h IIOQ lunr l•nnal '"'"'!<" pP"\as" ot ~A\11, l!\~ 1,.o1,,.,:J ., 1 
Md "nnuyh •nlo~on.ll•"' 10 bf~.1~ n.rf 1 1 """·hono 111 11\IS levd ni <Jd1; n..., 

1 ~neeOid"'IY l<l~nrl-10!1 <lc.,ai,OIII..,a< r~rlc>cr-d lo les< lhan halllhal ul tn~ f"'l 
s~t ol esl,m•t•.s IAor~n.·:r. al abo~rl 1 7 p~rceniiM "'""~''""''Y 1~ no"'"'''' 
IMn lhal ol man¡ """" •·ngrn1•erof\Q v.olu~~ 

o ' 

-.." ~'" ono >1;ndard d""'ion vi 11>< pt<· 
,;.,..,, <>timo<<>- lb< <i'< vi th< >landard 
d<•ÍOIÍO<\ k•• u .. d,ly do<lin<d-lrom 
1 !.000 to IO.Hl. and on lk< lhird i1ctl· 
1ion 10 7,0". In •dd>!iOfl, ~hll nu~ be 
c.>llcd ""' unccttaint) talio (>landard 
d<.,•llon di•idcd b} iQUr<< llal<m<n\0, or 
oSS/SS) ko• droppod from 16't 10 l'J. 

MQ"o.>•er.1hc r<>ull> of •p~lyinl 
lhi> <itin¡ tccbn•~•• to •An -from '"'1) 
>)\\<m< dct.nl\1on 1hrou2h fun<tional do· 
"1" ph"c -w<r< >ion•l" lO our upo
fiOOC<> ""h ¡roup• ~r '"'l>•h "" other 
ptujcm. • 
( fh¡ 1 1< lhf fin/ '" ~ """ uf lh"' Orll· 
e/,, f'~·• l .,n ~f'f''~' '" rh• O.Miw 
;., ... 
LAWRENCE H. PUTNAM 
' . . Mr Pulnilm ·~ 
~=>"'\ proS•dent ol 

OoJarllilal•ve 

1 
, Sollwara 

1 ~ M~n;¡~crnenl. 
· ' lnc a 111m d ; 1 SP~CoaiiiiOQ In 

~~~ solt ... are cosl 
~•l•rnalong and 

l>le cycle <Hanagern~nl Ha has 
had e•tens,ve c•¡>c"•nce ,-¡ 

•ncluslry and go•ctnrnonl 10 
plan.-.ng lhe quanl•tal,.e aspects 
o! so!l ... are 'te cvc<e 
manag~tm~tnl Mr Pulnam wu 
manager ol syslem lechnolog>es 
lor General Electroc Co Pr>Ot lo 
lhal. he developed and 
•mplemen!ed syslems lo plan, 
budgel and conlr~ laroe·scale 
sollwere syslems lor lhe U S 
A.rmy Mr Pulnam .s a memb• o1 
lH. EEE Cornp!Jier Soc•ely,......, 
ar'ld the Soc•efy of lhe S•Qtnl )(i 

~1 --. ~~~~ ' :-a').~··~· ol Ouan!•1a1Ne \ f ··~ Sol!ware 
_ • Ma~gemenl. nt: 

o! Mct.ean. 
V~O<fll8 sne l!as 

~ª- J desogned lnd 
de•eloped the 

COIT\PIJ!et · ~8Sed ""PPementabon o1 
lhe soflw~re eslonal.ng sys1em 
prod..ced by ow EleiO<e J()OtW>g 
os ... Ms F•lzS.."VnOf\5 was 1 
researcn sta11 memtJet al General 
f<ecl1oc llnlormaloon Sysletnll 
P•og<ams . ..tlere sne was 
ruoons•Die tor resurcn P'OJK!S 
meshg~l.ng lhe use and olr(laCI 
ol mnrlern proQf.lmm.-.;¡ pracloces 
•"•d m,,,ag•m~ul melho<ls on 
Sflllw.uu rluv.,lor•ncnt pro1ects 
"""'><)hnul•~ Ms f o! ""nmf)rls ,. ' ~~~· " 
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~·:,~" """ !a•e ~na no..- muen .r ,.,. 
: =•:' • "'' "'" :r•e .~ .. osr'"" I'O>e<l•n 
·-~ ;c,.c·--·~c' •» .. ~ t1 :ro• IHI cllnr.·~ 
, •. : ,., .·.- ;:<:.,,.,~ ··<1•11',<1•0(1 ,_,_.,, 1 

.:.·-:·' ~., •• ,. :--.·¡•,, •. ,. ·'"'"'•''·''"'" 
,.,., 'r, ": · • -1• r, ''""-•' llh• ~,:,.,U<ol•• 

.1 '<1>1 ,,, ·····~'"''""' ,.,,.,d ... 
.-. ,,-,., ,., .. ~r.:>¡~<lt•e.¡"" w~ ·.n,•v.._.o 
icn·-- l<.>otl-rn.ll ., '"''~~~~~• ,\n.l ""• 

:•,·v •~·-J Tt" •· r•n ~1 •"•'•'i r> .,. 
1· -"•;r· .1 " O -y,-,.. """' 10 fl"n.¡ IN ¡o< .'l!J· 

·~"·• o• ~··'""·''"''l .. ,~~""'"'~ a .. c 
~•e ,.•.;: ;~olmo '"""" reJ•o"JOI<' omoiS 

How lo convert an estimate ol system size in lo reasonable 
estimates of time, effor.t, and cost. 

La<l montn .. e oescr.ceo how lo 
oora.-, o;ooa eshr.,ates ortne S•te ollllt! 
s,srem-o~tO<e Ot•eror-rr.~nl c...;>ns 
Th,, month ..-e snow 110..- to con·~" 
th•S ~SI.-nate ol S•le onto dllmates 01 
l•o•~. ;:llort_ JM .:o~t 

TI••« h .1 lond.onlCnl.ll 1<1.111""''"1' "' 

'"""·'"' ''""'"r··•• ""''"-•" ,,,,""'"h..:' 
,,, "'"'"' '"'"""''"' ,., '1" "''''"' '"" ,,,, • ,·,.,,, ,j,., •·•·•r•n<nl '""'· .o~d 1hc ,,, « "' 

"'"""''f~ 1'""~ ·r~"'" '·' '"' P''"''' 
1 h., ~<l.lll•""hop ~" d.,.;~•<h J ~' l .UI> 

l'uon.un r.onh tlom ~~'"'~ -'"'' pHII; 
jo,•on .In <011'111.;,1 '" ~( .1 >Ub>I.IOI <.oll>.>J< 
•>1 t~•>Ju,;ll'>l~ d.1r. Thc '~"-'''~" oh•t 
J, • .,,¡,, lhh ,,.,_,, ·~•·h•p " 

? - ~-, 

s, • e, K'" r'" 
' 

S, " lh< numbtr ~r cn.d p<OI!~<l '~'"''' 
hn<> ~r '""' drl .. «ed 

f.:'' lhc l1f< ·~"' ,.¡¡,.,, '" m•n-~<JI' 
'" ¡h, ,¡,,.-~ .. , ... ,., """' '"'' 
'." ·' •L."' "' "'"""'"i~ •'""''"'"' 

fo~ 1 ,h,,~, 1 P-""'""'"' <r.o¡•hool 

1 h" '4"-'' '"" 11' ''·" < '"b''""""J d" el
"'"'""' "'"" '"' 1 ,-,., ¡,¡, ,,,,, ....... 
!lo.\'" lhh ,.,_,ph ""'' lhh" "'""" lh< 
ont.>1m.1l>"n Lh.11 "'-'"'~'" ""'J 1 ho• '<· 
'·"'''"'h'P""PI"~""'"'"~ Dl M" .... '·" 
1 "!' '"""'' 

In t ·~ 1 Lhc UJ10er lonc hl><kJ 

·~"'"''"' "P"""" •hc '"'"""""' """ 
r--<::1">'-'" ., ••• ~. 



''~ JU><u urrl>¡o 1" 'liTuo 1 (J> ·~ pr.•~J>'~ 

h•r~l''" "'"'!"'""' p.•u>pJftq '11"' r >q 

"' "" "~' '"'""'" '" 1' ,,., ""1'' ,~.···· 
·11·.·~·""" I""'"'J "1 .,.,. ·'1·' '·"1<1~·· 

"<0"•' "'"J"""" ~"" .'"'""'"\U\ 
""'·' 'I,¡.,,J ,, I"·'""'"P»r ·'••··•1"' 
'1"" P>l"''"'" '1''" "'11 ¡n 1"'11 

;•1"" >~1 '""""'·'P 
•~ np ~•'11 "·'""'~''"J ·">~1 un''"'"' 
~~~ • " 11-'• '' un¡¡; pur """ r>~.>:.l 
·»·~~¡o <>1<~""" ,,,.~ """ >'" ... T>i•UTW L }t JO UOJJ> p>JJO~>J t 

~,. .. <Jt>i 0"1 <J lUI" \UTWIU!W ·~· ")lJO 

1°) 1»>¡ !..foo ·"1' " . i¡1Tj<W•S <><>1-urw 
li: ¡o ""!l' 1u>wJn¡><>p r ~11• ,,.,; 
(9 1 >q PI"""''"'' '""""u1uo >~l">m <1~1 
1V 1 >lu<~> 10u op .,,,.w.,., 1nJuo 1" 1"' 

'"" ,,. ;""1 ""1 ''"'w""' "'""' oon LL 
"'4' "'' >q 11'" "" ·'41 ··~1 '"l'q•·q<>•~ 
Ll '"'~' '''1" "'41 """1·'" ·o .. o¡ \1 
·ll<qTqOJd >41 iu".l "'!'¡o'~"'' proJq 
T JO) >q p¡no" IUOJJ' IU>Wdol"'l' wnW 
•!•= put) >I•P'4" """ wnwouuu >41 
10~"'"'"'1' ut>>~ 1 >j~TJ. WOlj 
·;¡np>~" """ >4 1 1nn q>1>11• o>" ou;wdo 
"I'"P >Jhl)O< "' 01q 1 op 01 b • i¡uo >ql 

P"• ">wll '"" '"' 1< <>>fold r uo '"' 1'"" 
>¡do>d ¡o t>qwnu >q1 UW!l 01" w>¡qu•d 
"~' >¡pu'~ 01 lo~ >uQ .,,o .. "'""P 
-<>Jd UO IU>dl luo>q '"1 pu• m¡ pur uOn 
·f~tunwwo> ur•uoq uo 1u>d• ~U<>q >UJt1 
>JO\U pur >JOW U 1 "ln<>J <141"''ft 

-i.t..•.!w '"""'"' 1,.,...," " "oÓij""-11.>1'1'1" ...... _ _.,.,.. 

-
1"* I'A'1l 

,. 1'~"'" ~~ ·11 '"1 ""'"" ¡r><iu¡ o'! 
"'~' """""H """" >vw '"" ~.w "'"1 jjD·>ptll "ql U>:i<UOW ~UOUJ OJ. 
· lllt><l•wtJp dn olll'" '"'' >~1 ''I"P>~>< 
>~1 "''d""'' ,., J! ·(p<n•UD) bunw 
J" '""0Wt >lq"'P"""' r >•n UO> >• 
•;wn """'a"''"' •;¡np>~>< '"" ,.,,, •• , 
'" 1' ••~1 '""' "'<! "4' ·•nn!na ·•u•w 
·dop "P """/"' "' •«i ¡¡<>·>pon ·~· <!~> 
11'> >.~\ .,.,;.urw ¡¡: 01 IIOJJ' '"~ >lop>J 

uro •• ·qol >41 op 01 "''' ""1 ''"' '" 
)1 """'""H . .,,.,;.uow >( 1noqr ,10 IJOjj> 
III>U<dOj>A>p 8U1pUod<>JJO,l r ql<" '\Jr>\ 
i"l ¡(j>10li<"0J~Jt 1! (<11JlW>I<i< )>JnO< 

H~"86J "" pOlJ>du >q1 •• "'""' 
>~ 1 JO lU>UldOJ>"p JO} >W!] W OW1U!W ><JI 
1041 0>0 UT> >" •;¡qOI "~l WOJj 
""l0l UO!'nqUl"P "!' >41 JO 11U10od IU>I>J 
·J•r··~ '"' 101"""' • .,q, .,,,,,,.¡ 1 >¡q 
·0 J. ·w;nh• "~1 IOJ >llill lU>WdOj>A>p pUt 
UOJJ> ¡uowd~¡><>p JO><> J~j uoobJ o¡qn<>¡ 
r ~<¡¡qrl<> ~~ 1 ·Joj "' ""'"~' ~dr1i >~1 
puo """'!1" "~1 ><n 010u 11!~ >.\\ uu>w 
·>1•1< "''""' I~OL '""'"'Jo •n¡d '¡¡r'i6 
>q 01 "!' >41 P""""" P~4 pur w>I'Í< 
>41 ¡o d!"P jtUO!l>un¡ >~¡ nlU! 1~».., 
ti >J>oll usl¡ru< •;¡dw"'' "~' u¡ ·1•vs 
P>lll' W>1<<< • I~J 

1N3~dOU~lO 
IIOJ NOmlll 
316!SY3J V 

W>¡qo•d luoiOWrln 

01-"~"' 1"" r l"''!'"'P 
'" ~lVOW 11"1 

... 

"IU>WdOI'"P ><110 <1>1UI "OU'I 
·UO iu!<n IU>WUOI!•U> IU>tiJdOI>I;p liT 

>41 JO >1 '" o$oJ>.r UO <lUI'>Jd>J IOtOO 1 1 
1 "i!j u1 P"" '"1 .. ':> '41 """" 
·!Ud mur U!411" 'lO>Io•d ITIIW" Jo¡'"" 
·•r•••~ >]lnb urrw>J Pl•oq< '"'"""' >H 
"<1:»/oJd "N 1> iU!1«<'1 iq IJOnrllu<i 
·JO U. ><>J iJ!'<' p>ltJ<¡•j<> >q UT> >01" 
"41 ru¡>qu""' ·poo,.,.run 11'" 10u 
'! >Ouruoclw¡ ""!''1" 11>41 pu• ""'"oc! 
·W"" ><'41 )O UO!l<O~!lU>r! >IO<O>q llU>OJ 
-odwol I'"P!•!PUl fll WOIJ >U<WJmp Oo 
ljll>!)J1P" '::> >114No "lJOI>tj J>q10 luoUlr 
'>U!4>0W lU>wdcpA>p >q1 JO lltj<qt¡ot<t 
>ojl pur '(401rq '""" 1U>WdOI">P OA!I" 
·l>)Uf •;U!J·UO) 1U>WU(>J"U> IU>UldOjo<lp 
>41 "P"'" '~""~""1 '41 "<>OlllOJd ju•w 
•WJJ!OJd UJ>¡<OW JO"" >41 ¡(q p>UIWJ>l 
·>p "111'"' >n¡oA '!4J. · (W>1< i• • 01 lut i¡d 
-<lr '! ""!'""!"'l'~ ur Uo¡nu~»l ¡o"'" 

>41 ""'"'"" <IITOI.<T ~u•1•><1 11'" '·'" 
·f" >tn¡o<qt ><>~1 ""• ""'wm>r "'"1 
·<nbo >~1 u1 ••1" '::> '41 ·uoii'J<ur.iH• 

'''"". u1~,. .. "''loJd 1""'111r •N "·"·' 
pu•· <Uo<i<lloriJ~ l•Ow '"1 "JI'P 111'" 
<>n¡o• >IOjO<q< ·~ 1 "<W>i<" 11' 101 110 J1' 
pu< ·;w, 1 • .,,¡ u»~l"'l. d<~•uo1orF' 1'""'1 
·>un¡ >q1 •~o~• ~~r¡J "~' '1'~\1 

·G-'1"·"' weH 
p>po> pvr p•ui•<>p"" ''""' or~1 w.,,;, 
>uo¡opom "'" r 01 O>o¡Jdr '"""'""' 
,.,"""N '!U W>l! \• Jo >oJ \o >~1 "" O u• 
·PU><I>p "<UO!ItpUM )U!<Jl<UO.' J>\¡10 "' 
'"U .,,¡ :,¡: "'4''"1 ut >¡•-' ¡o ""'1 
ooo·oo;: ¡o'""''' r ""l"'r n1 >¡q""' 
]OU 11 11 1041 »1 U 0> > ~ 4Ótl~ <1~1 U! ">IJ 
·W«.> X.d "U1>1•i• >Jrftllo• r .1" lU>wJo• 
"I"'P 1dw>1 1001 >¡q"'·'l 1nu « 11 ""~ ft u: 
U011>J >41 ""''"J" >u•1 ""1 ~opq r>JT 
•u ·¡»ojo¡><>•" :oq uo.• "'·'''" r G-"~· "' 
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1oon '' dCbl ~<>" or )~! ~e<b: lh" 

"'""'"' '"" ""' .¡.¡<J; ""'' on um< " 
n11:~1 ·.:o~""'· 

n;, "''"'"' ,, .. , lh<t<" ,,., ¡han 1 
1·: •: ,,,., 1~.11 OoorlopmcnL <>n bodune 

'" • , '~"'" 1 ó ~'·"'"'a laLI< ov« 19 
IMOihO L 1 ~ ~ean - .19 )<a<> 8 ) 6 

) ,.,,., 1. Th<lclm<. ,¡ <h< ""'' >Ch<4ul< h>J 
~«n .11 bu,., oh '" b) managcmcnl 01 th< 

•""''"m« >t.'-'). 1 ~ ~""· '"'" ,, '"' 
1h.1n 1 ,;han<< '" 100 ol meeting 1his 
.. h.~ul< S•"'""''"· ~• "" bo 99"< «<· 
"'" th-'1 thr m•nomum '""' >d<edul< ,.,1) 
''" '""Q l~O ~""· 

n, ~""' ""' mun 1ha1 ,¡ rcquiro· 
-•en ro""'"" ur ..:Oh>«) of a oompu><l i• 
m. th< '"" ~ '" ~ oll '"U <ome in '' plu• 

.< "''""' 111 ~"~~ u11ke "P<<I<d llm<. 
r•,.,, "' "'<'""' il<lon .... woll 
''"'"~' 11 '~""•>rmrnt lime) and mu>l 
t-r •r<'"''-'·" '''"""l<d lur. 

r~, '' <he '""'· fhr ''"'m ;, 
"'~ ""'""' "' ""'"'' pcnurbarion. 
R<uuo~c.nenh oh.ln~<> •nd '"""'' di>
'"o~' n," , ,., . .1 -ll).J>~ deb~ in '"' bed 
.omrul<r ~"""" ~,u t<n«>lly c•u .. 
Jco<lufment lOme oncrcmcniS !«al« 
:h•n •~·• .,. :~"' ,,_,,..¡.,d de,iouon•. 

1 fu~e• "· m••Ji<mrnl <:In"" thc 
• ,..,~l<dt< ~~ lh" !'"' umo ""'"""Y 
<1 fto '" <h on ~hnnoO! ond COOl1lCU01 ., 

• t . .11 ",._ " ,, • -"' ><<<pi obl<. fhe '""''' 
•"'"' " 1 0.11 tune " na< a h<< j!""'Ó D .. d. 

·•r•~<nl :o m< ,; '"""l !>< opwi"J b• m>n· 
'~'"""'· .1 "Jel<rmon<d b~ 1hc '~"<m. 
""""'""'"m'"' ••h<rrntl) n•r<ow 
,_,,~ r'"'"'" ~olh oh>rp <Utoff dW>C· 

'•""""' ,.,¡ o«;>~On• nced 10 b< m•d• 
•1lh lh< ""'"""~m d<>Oiopmcnl 11m< 
;._,,,.n !>eo.,..<n•nd Lnul '"" lan "Ir<· 
"'~no1rd .1n0 uo<d . .U(I,.H< p<OJ<C" "1\1 

""""""' '" ··,¡,p"" .1nd ~""""" ·• 
tlf!(AR Th< >oluu~n> ¡Ull 

PROGAAMMING 
'WtNIQU( 

P'<'<nt<d Jr< b.1><d 
r,..,.,¡, on ,har><· 
1<!1•1•<> o/ lh< .ol1· 

• "' "'""' ""lf 11"~""· muol 01.1na· 
,.,., mu,L ol .. o ~<.1) ul\h <><lldH 

........ , ... ,h ,, ,.,, ,,.¡,,~ •. """'"'" 
"'''"'"''' """'j 1"·"'"''· .tnd •. ,¡>.Ohol•· ,.,. 

"' qu• lh~t f'"oduces lh< be u I'O"Lbl< •olu· 
lion toa problem boundcd by on '"'Y ol 
conmain10. T)picaUy. Íl ¡, uocd on "'Y 
brg< problcm>. >U<h •• optimilinl th< 
out pul of '" oil ,.r,ncty whi<h ;, •ub¡ect 
lo >uch con•l<>inl< •• markel dcma<J<h 
ond •arying le<d>!ock m•><• In <h< ca .. 
uf lh< <ollw~« apph~ltiun. thr ma<hc· 
moti<:> is l"vial. bu< •11 tho 1'0"" o/ <h< 
1 tncor pro¡r¡mming ~OnC<pl " broughllo 
beor. Me« imp<><Unl. lh< monager hu. 
lor the r.m1imc. a opporl~nLly lO •pply 
h" o"'n mlnlg<m<nl <On>lnonh 10 lh< 
problem of dc .. k!pinl lu'c 1Cll< ..,r.. 
~a« l)>l<m>. 

Tho lincu prog<Ommin¡ •1· 
g"'Llhm aiiO"' "' ID <ni« u m~ny of 

<he>< man•~•men< '"""'"'"",. "' need 
onto lh< problcm. fh<n •< con ooh< lhc 
ptoblcm 10 <ilhcr mininri10 01 ma>~mlf< 
"'"'' ob¡r<ti•< funcuon hu<h n «»ll In 
~"' '""· ~• h>•< '"o ob¡e<l1'C f~n<Uonl 
--<O<land <•mc-..-•1 "'"-'lly • mon•~<t 
"''""lo n11n1mize one or <h< Dlh<f. Fot 
'"~·"''.,,u •a\ve thc hnru pro¡¡rom 
1 .,,«. r,,., minom1l1ng nmc and 1hcn <O< l. 

f•blc ~ '"""' lh< """""'"" ••• 
W<d bv lh< manlgcr •nd 1ke '"0 >Oiu· 
lion< p<O'Id<d b' lh< hn<lr p<":@taffi. 

Our ¡., •>blc d"elapmen1 re!'"" u 
no"' idenulord '"he'~"" lh<l< 1~0 oalu· 

'"'"' In bcOng oblr to on>oke '"" ~"'>"'"" 
lul tethm~u<. "' produce '"o <»n· 
'"·""'d uptim•l '"'""""'· 1hr b<ol lh-'1 
• '" !>< •l,nc ~" h1n L 1" """'" .11 no' .1 n~ .LII 
"'1"' ,, .. ,,blc clf•"•·l•nrc '"""" ¡¡,, 
""'rr,.-,,~ ,,( n .. , ''·''""""' ,,,,IJ 0,11 

'·""' "''" ""''"''" "' ''"~"""'"'"'' Wc h.-e r'"'"""'J 1 "'"' • n on.1hol") 1 ,, ~"·' r· 

?-3-o 

'"'" '''" ~•• /ouoble oolution 10 tloc 
ab1li1~ 10 ~<l .1U futible ,;h<>ico• ond 10 
relec1 the ~" poo"blc onc /rom amont 
lh<>l< •d<nur.cd 

Luo e'>m>n< th< ""!' ~~ ¡,.,,. 
bl<. ""''"'floii•,O>I combonouon• for 
""'H odenltlo<d '" T oble l. Thu ~,u¡,, "' 
idenlll) ucoll<n< opp<>fl""""' lo ''" 
monoy un lh< ¡oro¡<CI. 

•""" '"" .. , ton "'' olmou 
SSOO.OOO by lÜJnl lh< mo•imum 1ime 

•nd m•nimum "'" >olu!Lon Ho~<>"· Ln 

doinl this "'' '"""" our ri•k "~"''"" 
ll"'<plantho¡obOil •1 !~c>r>>ndll 
m•n·><UII~I.71 m•i\ion).lhe ~robOol1· 
l) ,.;, 11 ~;u nut u>e "'mure Lh>n •~o 
)<>10 10 do io V<l) h•lh. Bu! if "'' clc<llo 
"kr Jdvant>l< ol tbc Ll.ld<·Dfl law b.' 

plonnins 1h< J"b :11 tw~ '"''" "Lih !~ 
mon·)<aa (~1.2 milhon). "'' ha•< 1<· 

duced L11< probaboli<~ ohat '' "''11 not "'' 
"'more 1h•n th< <Onlr><l dcliv<r) 1inoc lO 
so~. 

Th<>< oddo aro 100 :ow lor mou 
"'"'llono Ho"""· • 90~ probab•IÍI~ 
m•• b< "'Y a«<publc. ro,. <><<uro,. 1 
plañncd d"olopmenl time o/ 10 • 1.91 
¡can "' ,, h !8 m••· \"" ol < llou or 51 -~ 
million So;, i• rouibl< 10 ~"P mk ru· 
••••bk ( < 1~ <h•n« of u<crdinJ d<· 
¡¡.,,) Li.nr) ,nd uve SJOO 000 comp.>«d 
"''!h 1ho mLnilnum ILm< •oluuon. 

Th< m;lno~criol qu<>I>On>-""C•n 
! do u' Ho" much~ Ho" lonr! Ho" 
m¡n¡ pccplc~ What"o 1h1 "'k' l\lhll"l 
<h< uod<·oll~""-<">n be •no~«<d ~Llh 
nombcro. 

WLth 1he apploco,.on l<<hniq"" 
d<><llbed ~• ho" bern abl< 10 qoonllll· 
,¡, "' come •• 1<ips ""h lh< ,.,¡,~,,. eou 
,.,,..;,,."1 probl<,n .1nd pru.lu« l<llotl· 

•bl< rnron<<IÍOI '"'~'" \le nccd "~1) 
knu" th< .,,. of «<h.-..olon "' >« 1"'"! 
10 oppl) lo th< de>olopment tC,J . ..,, . 
m"" "1 thc numb<• of hnu ol code. ond 
the >ofl~.ll< equ,on ~h><h ~· >Oh< 
alon11 "'"" o .:onm oin1 rell!ionlhip 10 f" 
1h< mo norem<nl pl.< am<l<r> 1 ~. 1,1 <>1 <h< 
Ra)l<l!h/~orden cqu.11ro~ Som~lwon 
pro• od<i •uiubl< .,,,..,;-. for ,;,~ """''" 
""" The lin<ll pm¡ .. mmon~ •l<<ln>lo>< 
r•o•idu ,;on>lmned op~om>l •olull~no 

•nd lk< ran¡< >f >11 fc>,.~Le "''""""' 
Thc e<onomi<> of l~e •oft,.ar< do· 

•clopmrnl P'"'"' "'""''"'· Thc ondo· 
nuon. "' d<>< th>1 >Pr·" en•h '""""' "' 
m• ""''"""' ,·h~o«> •:an be ""de lhll >f• 
l«l ""l b• mul~opi<Ooi .1 lO 10 11 oth thJt 
lond oi "'""ion ~• ot>ul11m1111on dull .. , 

P'"J'"'· """'f"' ncrd '" ~no~ 10< 
'h""''· ''""""'"'· ·'"" ,,n,, .• ,., '""~ 
O .In 1"'"~ l<> O.:Jr. ·"" lh< ~hui< l1i< ,.,. 

,¡,._ '"" '" """''"" o 

• 1 ho • •' ¡J.,• ,., ,~,¡ ,¡ ,¡.,,.. """' lrr /',,, 
J ~ oll "PP"'' "' '~' .v,, ,.,,~ .. o • • '" 1 

., 
" 



. -. ~-·· ~,,.., ''-" 

lu•"t; >unb>l PI'O"' ''~' -1 >lq""'J >J> ~ 
"~ 1 jyiUto<") "'' >UO 01 >WII 1U>Wd01'< 
->p >~ 1 ,., P" •~ ""1"' ,.,>dd"'l ''~ ~ ,, 1 
-<>U "J>"~OIJ l"iOJd >ql OIUI <qiUOUJ ti 
>¡do>-.1 0' " 'iut,t><l · ""'odutw J<> """"' 
·•rddr r••r••l ''""'!>' • '""~" p¡•o• 
W>l\;\ >ql U>~l . .,.,¡ <>•1" 1>< <O WOIII< 

>~1 JO IU>wJo¡,.>p >~ 1 JI ~>•odu ''-" 1<><1 
~'r" o o''"" >qJ8uol>« ,;q l¡du110 uo¡¡> 
<~q1 JO uo.,nql>ll!P >~1 01 \U><Ido~ ltq"' 
>Mql f ,,~ "W>III> ""'~ t >UJ OJ<>l 
·Ut\11 (Kll •)! '"'11 >wn«< 11r.• >tt. 

. •(•• 
'""'11' '"''" >q• "' .,.,,,¡""" fu! 'rdd r 
'•' w>¡qo>d 1"' >qo ~~~· P"'J J>ituow 

0) \Ut>W "~1 "q~ 1< 100j 1_1>1 ">'1)0) 
>~1 JO 'P"""'"'-' put >dt~o >~1 !11 >1ur~> 
t "' ''""' 11'"' ~~·<>G "'1 ., "' .~ ... ~, ~ 10 )1 "' .~,.~· ........ , •• J<> .~ ... 
-uo ''" "'' '> pur )1 ·,¡1""'!'"'10 

"""'!' p><li•r• '"" 
'"'-'1'0 '1!1 ·~• u• '"",¡ Aut !u.,ux 
''~" >rq•r•<•Ju>pu>d>puo ·~·" 1 

puo "W>n.<• 
>~1 IOJ >W!l IU>WdO¡>"P >~l 11 °¡ 

. ..,.,~u•w 
uo UOJJ> >¡>-'> >J!I >~1 1! )1 

• .,q .. • ,01¡;{,1-· ','l{)l •4 
"' ><.>n> llql '"""" 

•>1d>1 uoqrnb> >u :,"'" uo~ol '"' '' 
>q 11!"' IU>wdo¡>"p W>IIÁ< JOj "0U~1t> 
pur 1\U>W>Jlnb» .. ..odurw >~1 Jrq<~ 

l»[o•d •• '" "'"11' ""'''"b' lut.(uodwo.> 
·>1 >ql pul ><Jn) >~l JO W>OJ ~ 

"(oJnq lu"!J) J!td>l I•!P>W>l 
¡>110 "IIU>W»Ut~U> JOUIW 0U0!1<>!J1poW 
t! >nqd 11~1 luunp 1'""' ¡rd!>Upd >~1 

l -t¡-G 
"'-""' ><;1 JO uod !ur¡¡•¡ ~'1\ 01 opu<x11u 
·JO> "~1 ">pl> >J•I """''!"' >~l JO >lt~d 
>lUOU>lUltlll puo IUOU<J>dO >~! OIUI 
>oOw ,., ¡ouontJ:>Jo A¡¡n¡ <>W<>>>q pur 
p>ld»,. U W>\<~1 >~1 >W•o >ql lV 

·:ntt¡d IU>WdO¡>•>p >"11 V> ULIJ<> >OJI 
IOU ,,.._ 11q1 p>Ao¡dw> .l¡¡np<n ¡¡o->l<>J 

-<!no'"'"'"" pur "'!'""'"!"'P' "1'""'' 
'j>UUOU>d )'UIJ0\11 .l¡o¡tnb "OII¡;(,UI 
"U>WWOI¡¡UJd-j>UUOIJ>d JO <>dÁl ÁUOW 
"'~ 01 >¡q~<<od •! >1 ">ll "dnq IULUitW>J 

1u"!J •uonr>u>Wn>Op IU!>U"' """'"11"" 
•11! "UO!ltd>IU! I'"!J ""' '"""'-'1'" -qM lUOW OiU! p>p!<!¡>qM U>>q nq ~ltl 
IU>WIÓOj>•>p (t>O\ >q1 ".()l¡oqtdr> jOUOI) 
·<J>do II"J <>q><» W>n-1• >q> >JOJ"' nn"r 
•!qr '"J ""''" l'"lo¡ • " >J>llJ_ 

' ., U H >!OU>p pur "W>l<(< >~1 IOJ >WI1 ou>W 
-dap•>P >q1 "~'U<> li'"' >to\) . .¡,i_"!tdr> 
l'"""''>do II¡,J uq><» w>n.lt ·~~ >Wn 
OW" >ql (¡>l<W"OJddr l' <-<O>>O 0'1)0> 
>~o ¡o~,,.,¡'~' ·oUmd< >IJO¡ ¡¡r JO) "1>'-0 

•>IOf'i ·¡ "1!~ 01 '"1""!' ÁJ>Allu!poo¡urw 
JO Ul>l1•d t """~' "'OJJ> 1\I>W~O 
·j>A>p "'"')"' >l>t(IIO 110Wjl lt~l ¡>2>11 

-ou p<>t tW>ll~> "'"''J"' nrd JO '''"P ·••~ W<lJJ <lq> •• ¡»~oo¡ "'~ •.'ti 
"1 -I!_,J V! UO\O~I >YO 

>ql >1!1 UJOUÑ lu!pr<>¡u-t ,,_.O> U!l 
·>q "' W>~l JO) >¡q•I!OA1 10\IIO>>r¡ 1'0" 
1"1"" •• P>!1ddt >Ir o¡do>d JI 
-~IIOJ1<»>n1 P'!jdd 1 >q UO> >¡do>d jiUO!l 
-~ppt "p>U!J>p J>U>q S>Wo.>>q W>¡<¡Oid 
>ql ,. ""'""'H ·¡¡ 01 p;o¡ddo >JI >¡d 
-<JO<) """' P"' »ow n >¡qo,.odwo (U••• 
·1" S>WO>>q 1oq1 1"1 t-t>»!d >jqt>h 
·U>W 0\Ul U""OP W>JqOJd >q¡ '""""'JO) 

>¡qnuod"' '" -'>U w>J<I> ·~1 ¡o "'" 
· >p pu 1 UOI1 >un¡ 11' U•O >~1 qH"' '"PW1J 

''"""'""' >WO>>q unw >¡do>d -'>1 '"U l'l>fo•d >ql uo V"" ••m•po•d op {¡ 
-¡tOlO< u<> >¡do>d ül "''J r 0(\10 "p.>U!J>p 

U>;q "'~ "~'" tolow ""J 1 (¡uo "'~"' 
")U>WJOj>o>p JO luiUUibq >~l l\' 

'"'I"P 01 <url>q (ll<u~ pur "JJO '1'"1 
"1•><1 < "~''" luouoow>J t1<.,qn< ¡o 
.<>qwnu >qo "'~" >WII • >wo> ~11'"'""' 
10nw '"~1 1~\<Jqn< >1mu pu< >Oow "'"' 

U>~O¡q 11 11101 JOITW »>~1 JO ~>r ~ · W>~1 
luowo IUOU>U>!UO >~1 puo u1npow 
ln311,¡< >OfiW >ljl Ju•U!J>p ">¡dwn> IOJ 
"I~<U ..,r,W QMI JO >UO (jUO >q Ü\11 »>ql 
l»fo>d >~1 JO !U!UUJi>q >ql IV ·~tri p> 
•(t)>JJ>IU!JO .. U>< t 10 JO l~!no~) >q Ut> 

IU>Wdop•>p >JOMIJO< >j<>•·>ll'1 
"J>"-<><iUIW >1q11"'" 

>o¡l JO IU>W>hUOW lU.,>!JJ>Ul JO """ 

""''ldd'""' WO>J <-<>hurw ,.,:,.Jd d¡>q 
ur> >¡>Ü >J11 '4' 'lu>p11<lU>pUr1 "\l»foJd 
>Jt"'IJOO JO liU>W»!nb>J h!p101u•w 
p•• "I"P'4" >q• >huew puo "'"'"Jo> 

'"'"'''""''" (q '"" "1 uu "q' >¡>h '1'1 
>rtMIJ'>I >ql JO j>p<>W • p..:lo¡>•>~ ><<~ 

•M ·~polJ '"'" <JO >pÁ> >J!I >~l Apn1< 
""""!'"'! J>~ID " 10nf ">¡>.(> >JI( \1~1 
;o ""'"~>q 0~1 po.pn11 >•"r >lf, ">j>h 
>J!l• f! <!'IJ. ·u-uA 01 01 t!l JO ')'11'""'' 
•U>do ~·u~ puo do¡><>p OIIJI>( >»~1 

o¡ ~uo "'~" ,,.,.,!"' •r<><·>IJI[ ''"~-'> 
"<'qOlJ() ~~ pln•U 

....,, pw J"'iw»d•s "' ·~J >q ••Y• 'l"''o 
rnd-.INI(I Pj<> IOO!INf /IN!/1~1 " "U 

1UOWWI_HI!~ Ull'd pur 
weu¡Rd "H i"JUiJIII.rl ~q 

•Suo'-18Hqnd ~ 
1V;>JU'\~3J. .(r:¡ 6!61 @ i'!!pÁdD:J 

"6!61 l8q::r:>"DN "N01.LVWnVll 
llQ.IJ noJn¡.u~d 'l)l" p-alupd-all 

·JaModuew JO asn ¡uap!JI<~U! P!OAe sJt~3euew sd¡at¡ apb <~1!1 aJeMuos t14l2U!pue¡mpun 
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_,. • .-.... ·-f"""'':'':""" ...... ~ ,., 
....... ~ .. "J"" ............. _,. 

'¡ ~UI 'O ji• """"''' tn,, lol "'IUU o 

'""" ·~· 1" ''""''" ·~"""--"~'"1 
••• ,,-''"' '"~''1 '" '" ~·· "''"''" "1' 
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¡hould oocur. 

n;, ,,,.,,,;, •hould be •••d nol 
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much .. ,11 i> coi!' Ho,.. Ion¡ ,..,11 ;, ~>l.o' 
Whai '" 1he 'han< .. <>f tlo< 'l"'"' r.OL 
b<1n8 opcrllionol an lime: H.,.. mon' 
pcople ..-tll be toquir«<: W11hout "'"blc 
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rogh1 """''"" >< ·~·• o,!hl 11m<'"""" 
"" •<hedulo JI <mi o 



THE FOLLGWI:\G ERRORS WERE PRINTED IN THE OCTOBER 1979 
D."'-TA.'1ATIC:-l .l.RTICLE "ESTI!-L\Tl)IG SOFTWARE eOSTS ," 

LCe.;TIC~ .>.S PRINTED 
-~-

SHOULD READ 

Top of p. 171 S s = elt Kl/3 t 
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. S "' e K1/ 3 
S k 

t4/3 
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Figure l • 
p. 172 CM "' 10040 ell.: = 10040 

$ MT 5 MY (manyears) 

25 MT 25MY 

100 MT 100 MY 
• • 
• • • • 
• • 

2500 MT 2500 M'f, (manyears) 

The cc..-nstrai:J.t relation is :: 14,7 for the example given. 

So1utions are 
issue '.o<l.s not 
The !:ollowing 

a function of system si:;::e. This complicating 
presented in the DATAMATION articles. 
observations vill help to cla.dfy this situation 

For large s~stems (S
5 
~ 70,000) 

2 2 2 
Y(.t) "'K/td..t.e.xp(-t /2td.) 

eF(t)"' ($/MY).y(t) 

time 

:""lan ower 

:Y1 ttl • 2 2 2 K/td..t.exp(-3t /td.) 

• . ·. . 6K 1 /t~. t,exp(-Jt 2/t~) 
' ~~XX: eF(t) • ($/}{y),yl(t) 

,, K/61 'o • td/[6 • 'o '• time 
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For svatems in the size ran:r~..k' 16,000 1:'~5).;'i(f eourc:e stt~~Í'\t! 

1~ this range the anatysis is considerablY more complicated 
because of the rapid growth in overhead or support effort 
{ doc:Uillen ta ti on, tes ting, integra tion, hierarchi cal managemen t, 
etc.). This requires anather parameter to be intraduced into 
the soluti.on process. This in turn makes the solution too 
compl-icated to do by hand or graphically without considerable 
speci!'ic training. . 

The solution has therefore been automated and is entirely 
consistent with larger and smalter systems. ?:: au~QJIIi'ted solutiort 
is Knovn as SLIM and i~_Ava.il.ab:¡.~ !'Jl.Y'r'..QP.z;,;...,in ; •. v~n~·~")"~,))IJ 
from a number of óverseaa loc:<ÍtJ.On8 -v{Q'~i t;.ime_ •• .).;¡¡_fu-fj,..~vlce) 
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WIRTH 13 

On the Composition 
of Well-Structured Programs 

lnlroductlon 

In the first decade of computen, say up to thc early 
~i~ties, computers were quite limited in their power. Thc 
tusk or thc programmer wu lo forrnulate algorithrns in 
the specific arder codcs of these machines so that tbey 
were utilized as effectively as possible. Primarily because 
of their limitations, this task wa~ achieved by collecting 
sets of dever techniques and Startling tricks, and by 
finding applications for them as frequently as possible. 
Examplcs of such techniques were the programrncd self
modification of parts of the pro&ram, such as, for in
stance, the conversion of conditional jumps into dummy 
instructions and vice versa, or the sharins of store for 
functionally indcpendent, but ncver sirnultancously used 
auxiliary variables. 

T~icks werc ·necessary at this time, simpiy because 
machines were built witb limitations imposed by a tech
nology in its carly development stage, and because even 
problems tila! would be tcrrned "simple" nowadays could 
not be llandled in a suaigbtforward way. h was thc pro
grarnrners' very tuk to push cornputcrs to thcir limits by 
whatever means avililablc. Wc sllnutd recaU that thc ab
scnce of indcx registers (lnd indircct addrcssin¡), for cx
ampte, made automatic codc rnodification 1 mere necc:ssi
ty (scc also [1, 2]). 
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The esscnce o! pro¡rammin¡ was undcrstood lO be thc opTimizo/ion of lht 
t;/ficltncy of particular machines c~ccutin¡ particular alaorithms. As computcrs 
grcw more powcrful, thc problcms poscd lO !he pro¡rammcrs grcw proportion· 
1lly, 1nd as 1 rcsult, the growing powcr of hudwarc did not case, but rather in
creased thc burden. Thc elimination of dcllcicncies, errors 1nd blunders -
called debu&sin& - bccamc thc ovcrwhelmin& problem. 

Understandably, the remedy was sought in the devclopment and use of 
bctter tools in the form of pro¡ramming languagcs. The amount of rcsistance 
and prcjudices which the fani¡htcd ori¡inaton of FORTRAN had lo ovcrcome 
10 sain accepllnce of thcir product is a mcmo,.blc indication of thc dcgrec to 
which programmcrs wcrc preoccupicd with ctriciency, and to which trickology 
had alrcady bccome an addiction. However, once thcse advcrsitics and fcars 
had bcen overcome, FORTRAN hada lremendous impact - an impact that is 
sti!l fclt today. ALGOL 60 followcd severa! ycars Jater; it went bcyond FOR· 
TRAN in severa! significan\ rcspects, but csscntially sharcd the samc purposc 
and intcntion. In particular, it utcnded to the Jevel of statements what FOR· 
TRAN hld introduced on the leve! of {arithmetic) exprcssions: $/ructurc. But 
ALGOL 60 was not vcry succcssful when measured by its frequency of use in 
te<:hnical and ccmmcrcial applications. There are many reasons for this, onc 
bcing that il appcared on the sane when \he rc!evance of structure had not yet 
bcen widely recognized, and i\5 restrictiveness against \he use of tlever tricks 
was considercd to be a handic.p and a deficicncy. Thc law of the "Wild West 
of Programmin¡" was still hcld in too high estccm! The same inertia that kcpt 
many nsembly code pro¡rammcrs from advancing lo use FORTRAN is now 
the principal obstacle apinst moving from a "FORTRAN style" toa structured 
style. 

As the power of computers on the one sidc, and \he complexity and size 
of the programmer's llsk: on the other continued t\l grow with a spced un· 
matched by 1ny other tcchnological venture, it was ¡radua\ly recognized that 
the true challcnge doc:s not consist in pushin¡ compu\crs lO their limits by SI V· 

in& bits and microscconds, but in bcing capable of organizing Jargc and complex 
programs, and assuring that they spccify a process that for all admitted inputs 
produces the desired rcsults. In short, it became c\ear that any amount of 
efficiency is worthless if we cannol provide rtliobility (4). But how can this reli· 
ability be provided? Here structure enters thc scene u the one essential too! 
for mastcring complexity, the clfective mcans of converting a secmin¡Jy sensc
lcss mass of bits or characters inlo meaningfu\and intelligiblc information. We 
mus! rccognize thc strong and undeniable innuence thal our language excrts on 
our ways of thinkin¡, and in fact defines and dc\imi\5 the abstrae\ space in 
which we can formula!e - give form to - our thoughts. 

But now the term :strucrurcd progrummirzg has becn coined, and it seems 
final\y to be achieving whu the term "structured Lan&uage" wu unablc to su¡
¡cst. lt was first used by E.W. Dijk.stra \31, and has spread with various in
tcrprclations tnd connoUitions sinoe then. lt is thc expression of a conviction 
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An tx11mpk m•y clanf~ thc is~un al thi~ point. The rudcr should be 
awarc thot 11ny c~Kmplc that b sufficiently short lo lit onlo 11 sinalc pu¡c cunnot 
be much more thlln a mctaphor, probubly uncon~incin¡¡ to hubitu11l skcplics. 
Thc imponanl thln¡ is lo abstrae! from thc c~amplc and lo ima¡inc thc same 
method beinlapplicd lo lu&c proarammin11 problcml. 

Given 1 set of n- 211 intcgcr variables a1 • • • a., find 1 rccipe lO permute 
their values such lhlt a1 "' 112 E; .. • 1l!ii a. using thc principie of scqucntial 
mcr&ing. Thus, wc are to son undcr the assumption of strictly sequential ac· 
cess. Briefly told, we shall use the following algorithm: 

1) Pick indi~idual components a,m and mer¡e them into ordered 
pairs, dcpositing them in a vuiable am. 

2) Pick thc ordcrcd pairs from out and mcrge thcm pairwisc into 
ordcred <¡uadruplcs, depositing them in a variable a01 • 

3) Continue this ¡ame, cach time doublin& !he size of the mcr¡ed 
subscqucm:es, until a single sequence of lcn¡th n - 2" is ¡en· 
erated. 

Al the outset, we notice that two 
~ariablcs a1u •nd am suffice, if thc 
itcms •re al!crnalcly shullled betwcen 
thcm. Wc shall introduce a single array 
variable A with 2n componcnts, such 
that a111 is repre~cnted by A{l] ... A[n] 
and am is represcnted by A[n+ 1] 
Al2nl. Each of these two conecptually 
independcnt parts has two points of 
scquential access, or read/wrhc heads. 
Thcsc are to be denoted by pairs of in· 
dcx variables i. j and k, 1 rcspecti~ely. 
We ffiliY now ~isuatizc the son process 
u a rcpeated transfer under mcrging of 
tuplcs up and down the array A. 

( 

( 

• 

,) 

' 

(2) 

Thc first ~ersion of our program is evidently a rcpeht1on of the mer¡c 
shuttle of p-luplcs, who::re ea~h time ~round pis doublcd and thc direction of 
the shunle is changed. As a consequ~nc.c, wc need two variables, one to 
denote the tuple size. one to denote the direction. Wc will callthcm p and up. 
Note that each repetitivc operation must contain a change of its lcontrotl vari· 
a bies within !he loop. an initializ.atioo in front of thc loop, and a termination 
oondition. We easily convince oursel~cs of the couectness of the following pro
¡¡ram: 
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up:- lrut;p;- 1; 
••l"fll \; "inilialitc indi,es 1.) . •. •nd r: 

2: "mcr¡e p-tuples from 1- and 
)-5equences into k· and 
kequcnces"; 

llp:- -.up;p;- 2•p 
unlil p - n 

WIRTII 1)1 

IJ) 

Statement-1 is easity clpres.sed in terms of simple assignments depending 
on thc dircction of the merge pass: 

1: lf up thea 
bc1111 1:- \;):;;, n; 

'"' c\n 

k:- n+l; 1:- 2•11 

bra;ln •=- 1; 1:- n: 
':- n+l;j: -2•11 

'"' 

'" 

Sta1emen1-1 d~scribes the repealed merging of p-tuples: "'e shall conlfol 
!he repetition by countins the number m of ilems merged. The soutces are 
designated by the indices i and j; thc destination al!ernates between índices k 
and /. Jns\ead of introducing a new variable standing ahernately for k and l. we 
use !he simple solution of interchnnging k and 1 after each p-tuple metsc. and 
leuing k den01e the destination index at alltimes. Clear!y, the increment of k 
has then to ahernale betwcen the valucs +1 and -1; to denote the incremenl, 
we inHoduce the auxihary variable Ir. We can easily convince ourselves thal 
the following relinem~nt is corree!: 

2: b.-¡:lnm:- n;h: -1; 
nput m:- m-l•p; 

'"' 

): "meJge one p--luple from 
ea eh of 'and) 10 A, in
cremen! l after each 
mo~c by r; h:- -h: 

~: "c~chanJC kand 1" 
unHlm-0 

ll) 

Whereas statemen!-4 is easi!y expressed 1S a sequence of simple assign
ments. statement-3 involves more careful plannin¡;_ 1t describes the actual 
mergc uperation, i.e., the repeated comparison of ¡he two incoming items, !he 
>election of the lesser one. and the stepping up of rhe corresponding index. In 
nr<le• 10 kcep !rack of !he number of ilems taken from the two snurces, we in· 
rro<lurc the rwo countcr variubles q und r. rr musl he nuted th~t thc merge a!· 
WJYS nh.ousts unly onc of thc 1wn soun·e\, and lc;rve' !he other une noucmpty. 
Thcrcfme. thc !crtover tail must >uh,c¡¡uenlly be COJ>~cd unto the output se-

, ' ' 
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quenre. These deliberations quickly lead \O thc following description o( stalC· 
ment-3: 

J: bq;\nq:-p;r:-p; 
repnl !s~lcttth~ smaller iteml 

lf A(l) < A(J ]thfn 
beEinA]k]:-A(i); 

k:-k+h;i:-r+l; 
q: - q-l 

••• 
el se 

bez:ln A[k] : - AJ./1: 
• :- k+h:}:- j-\; 
r:-r--1 

••• 
untll (q - 0) V (r - O): 
S: ''copy tail of t«quence": 
6: "copy \IÍI of j.sequencc" 

••• 

161 

The manncr in which the tail copying operatior.s are stated demands that 
they be designed to have no effect, if initially their counter is zero. Use of a 
repelilive construct tcsting for termination biforr !he first execution of the con-
1rolled statement is thcrefore manda1ory. 

S: .. hn~ q .,. o d.o 
bq¡\n Alk ): - Ali]; 

k:- k+h: 
"- •+1: q:- q-1 

••• 
6: "hller<l- O do 

b~Jn A(k] : - A[J ): 
k:- k+h; 

j:-¡-i;r:-r-1 

••• 
This concludes the development and presen!alion of lt11s program, 1f a 

compU!er is availablc to acrept statcments of this form, i.e., if a suitable oom
pilcr is available. 

In passing, 1 should like to ~Hcss that we should no! be lcd 10 infcr that 
actuHI program conccption procccds in such a well organized, straightforward. 
"top-down" manner. Later refinemcnt stcps may often show that carlier deci
sions are inappropriate and must be: reoonsidered. But this neat, nested foctori. 
:oi<OII of a program serves admirably wel! to kccp the individual building blocks 
intellectually managcablc, to explain 1he program toan audiencc and to nncself, 
to raose thc leve! of confidencc in !he program. and to conduct informal, and 
e ven form1l proofs of correctncss. Thc cmerging modularily is p¡¡rtkularly wcl-
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come if programs have to be adjusted to changcd or c~tendcd specifications. 
This is a most essential advantage, since in practicc fcw programs rcmain con· 
stant for a long time. The reader is urgcd to rcdiscovcr this advantage by gen
eralizing 1his mer¡:e-sort program by allowing n to be any intcger grcater than l. 

Example }: Squartj und pa/indromrJ 

List al\ integers between 1 and N whose squares have a decimal rcpresen
tation which is a palindrome. (A palindromc is a sequencc of characters that 
rcads 1he same from both ends.l 

The prob\em consists in linding sequences of digits tha1 satisfy two condi· 
tions: they must be palindromes, and they must represent squares. Consc· 
quentr, lhcrc ue two ways to proceed: cither gencrate al\ palindromes (with 
lo¡ N digits) and select those which represen! squares, or ¡¡cnerate al\ squarcs 
and thcn select those whose represenlations are palindromes. We shall pur~ue 
thc second mcthod, bccause squares are simpler to generatc (with convcntional 
programming faciluiesl, and because for a given N therc are fewcr squares !han 
palindromes. The firs1 program draft lhen consists of esscn¡ially a single repeti· 
ti ve statemenl. 

.ll : - (1-; 
npea¡ n : - n+ 1: gcneralc squorc: 

lf decimot rcprcsenlalion of •quaro 
is a patindrome 

lh~n wrilt n 
untlln- N 

(8) 

The n~xl step is the dccomi'Q$ition of the complicated. vcrbal!y dcscribed st~le
menls into simpler parts. Obvious!y, befare testing for the palindrome proper· 
!y, !he decimal represcntation of thc square must have becn computed. Asan 
interface b<:lweer-. the individual parls we ir-.troducc au~iliary variables. They 
represen! !he resuh of one slep and function as the argumen1 of 1hc succes>ive 
step. 

d\11--- d!LI 
L 

' 

on array of decimal digil! 
lhc number of dígils compuled 
1 Boolean variable 

(nolc thal L- tlll1rrÜ /Qg M+\) 

Tbe refined versiím of (8) becomes 

n:-0~ 

r~putn:- ~+!; r:- n•n: 
ti: - de,ima1 represcnt11ion of r: 
p: - di11 plliodromc: 

lf p lh~ll "'"" {n) 
unttln- N 
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and we Oll'l proceed to spetify tlle three componen! statcments in even treater 
d~l~il. Thc compulalion of a decimal rcpresentalion is naturally formulated as 
the r~Pe.tlto.J computation of individual digits Martiog "at tlle rigllt." 

L. - O; 
rqoul L:- L+l; 

•cparate the rightmosl digi1 of s. 
al\ it diLI 

1111111 S- 0 

(10) 

Tl!c separation of tlle leas\ significan! digit is now easil) e~pressed in 
tcrms of ~lemcntary ~rithmetic operations 15 shown in (12). Hencc, the ne~t 
1ask is ti!~ deromposition of the computation of the palindrome propeny p of d. 
lt is plan¡ tllat it also con~ists of tlle repeated, sequential comparison of 
corresponlling digits. We sta!t by picking the first and the las\ digits, and tl\eo 
proceed inwards. Le! 1 and j be the índices of tlle comparei:l digits. 

¡:-l:j:-1.; 
r~pul coml'llrc the d1¡11s; 
1:- r+l;j:- ¡-1 

1111111 (,;;.¡)en digits are unequal 

(lll 

A la\t refinemcnt leads toa complete solution entirely e~presscd in terms 
of a convcntional programming language with adequate SHUCturing facilities. 

11:-0; {]2) 
••~al n:- n+l:J:- n•n;L: -O; 

rrpell L:- L+J; 
r:- sdl•lO; diLI:- r- !O•r; 
s: - r 

untll s - O: 
1:-l,j:-L: 
rtp .. tp:- dlol- d(jl; 

.: -r+i;j: -J-I 
untll (¡..,¡)or ~p; 

lf p then "'"'e(~) 
llntl\ n- N 

This eni:l~ the presentation of Example 2. 

2. Simpllcity nf rompnsillnn schemes 

In urder lo achleve in!ellectual manageabilily, the clementary composition 
selle mes must be simple. We ha ve encountercd most of !he truly fundamental 
unes in this ~econd cumple. Tlley encompass sequrncmg, cond•IIOning, and rep. 
rmoon of ,·onstituent s!atements. 1 sllould like to elaborate on whal is mean! by 
simplici\} of composition scheme. To tllis end, let os se\ect as example tlle re. 
pc1i1i~e ~,·heme expres~ed as " 

.,hLI~BdoS (\l) 

3-J-8 
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lt specifies the repeated execution of !he constituent statemtnt S, while - Bl 
the outset of each repetition - condition B is satisfied. Thc ~implicity consists 
in the case with which wc can infcr propertics about thc whlle statemcnt from 
known propcrties of the constituent statement. In particular, assumc that we 
know that S leavcs a property Pon its variables unchanged or mwuiant whenev· 
er Bis true initially; thís may be expresscd forma!ly as 

Pf\B{!:¡P Cl4a) 

aocording to tbe notation introduccd by Hoarc 181. Then we may infer that thc 
whlle statement also !caves p invariant, regardless of the number of times S 
was repeated. Since the rcpetition process terminales only after condition 8 has 
bceome fatse, we may infer that in addítion to P, also -.B holds aftcr the execu
tion of the while statcment. This inference may be ctprcsscd formally as 

P j.,. hll~ B do !:¡ P f\ -.B (l4b) 

This formula contains thc essence of the entire whlle-construct. lt 
teaches us to look for an invanant propcrty P, and to considcr thc result of the 
repetition 10 be the logical combination of P Bnd the negation of the continua
tion condition 8. A similar panern of inference governs the repnt-construct 
used in the preceding cumples. Assuming that wc can preve 

O V (P t-. -.BJ I!:!P 05a) 

about S, then we may conclude tbat 

(} {rt~st Suni\1 B) Pl\8 (15b) 

holds for thc repeat-construct. 

Therc remaíns the question, whether all programs can be expressed in 
tcrms of hicrarchical ncstíngs of the few clemcnlary composílion schemes men
tioncd. Allbough in principie this is possiblc, tbc question is rather, whcthcr 
thcy can be exprcssed convcnicntly, and whethcr thcy ~h!Juld be expressed in 
such a manncr. Tbc answcr m%1 necessarily be subjectivc, a maller of laste, 
but 1 tcnd to answer affirmatively. At lcast an anempt should be made to stick 
to clementary schemes before using more elaborate ones. Yct, thc temptation 
10 rescind thís rule is real, and thc chance to succumb is particularly grcat in 
languages olfering a facility likc the 1:1110 statcme11t, Yrhich altows thc instan
taneous invention of any (orm of composition,:and-which is the key lo any kind 
of structural irregularity. 

Tbe following short e~amp!e illustratcs a lypícal siluation, and thc issues 
involvcd. 

l-1-9 
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Given is a sequence of (not necessarily different) numbers '~· r1, r1• · • •• 

Select Lhe first n dislinct numbers and assign 1hem sequentially toan array vari· 
able o with n clements, sldpping any number r, that had already occurred. (The 
sequence r may, for instancc, be obtaincd from a pseudo-undom number gen· 
erator. and we can rcst assured that the sequence r conuins at leas! n differcnt 
nurnbers.l 

ing: 
An obvious formulation of ~ program performing this task is Lhe fo\low-

for 1:- ltG ~do 
b<11lll L: ¡et(r): 

lorj: -llor-1 do 
lf o[j 1 '"' r lhtn ¡oto l.: 

,¡[¡]:-· 

••• 

( \6) 

lt cannot be denicd thal this "obvious" solution has bccn suggeslcd by 
thc tradition of expressmg a repeated action by a for statemcnt (or a DO loop l. 
The task of computing a valuc for a is decompose!l into n identical step> of 
com[luting a single numbe1 o(• 1 for i ... 1 ... n. Anolher influence leadmg 10 
lhis furmulalion is !he tacit assumption that the probabilily of two c!ements of 
1he ~equence bcing equal is reasonably smalt Hence. \he case of a candid~te r 

being equal lo some al! 1 is considered as thc cxception: it leads lo a break m 
the orderly course of opcrations and is expressed by·a jump. The elimination 
of this break is lhe subjecl of our further de\iberalion~. 

Of coursc, the &olo statement may be easily - almos\ mechanica!ly - re
placed in a transcriplion process !eading to the fo\lowing goto-less version. 

for ,: -Ita ~da 
b~in 

rep•Kf e•t(r): oJ<: ... 11ut; 
J: - 1: 

•hllt (;< ' ) /1. pk do 
b•gin ok.- pl_,j;o! 1;¡: ... ;+1 

••• 
unlll ok; 
~td:-r 

••• 

(\ 7) 

The lrHnscription consists uf the rcplaccment of the for staremenl wirh a 
ñ~ed 1ermination condition depending on ihc running index j by a more ne~i
blc ,.hile statemenl allowing for more complicaled, composile termina1ion (or 
rathcr continllation) cond1tions. Butthi~ solution appears QLJile unamactivc. h 
is admiuedly less transparefl! than !he pw,;ram using a jllmp, in spite of thc 
fac1 that the mo~t f•cquenlly hcMd objection to !he use of jump~ is th~t they 

3-1-10 



' obscure thc program. The othcr objcction is that the ~oto-lcs5 version (17) re· 
quires more compari~ons and tests. ami hcnce is lt§S cfficienl. 

The cru:o; of thc maucr is that weU-strucLUred programs should not be ob
tained merdy through the formalistic process of eliminating go\(1 statemcnts 
from programs that were conceived with that facility in mind, hui that they 
mus\ emerge from a proper design protess. Two ahcrnative solutions are 
presented here as illustra!ions. 

In thc first case, we abandon the notion that !he program must necessarily 
be based on the statemcnt 

for,· -1 \bndo ( 18) 
a(,):- thc nHt suitoble numl>et 

and consider the basic iteration stcp to consist of the generation of the next ele
ment of thc sequencc r, foUowed by the test for ils I!Ccepl~bilily. 

' : - 1: 
while i ,:;; n dB 
b"lln ¡¡enerate nul r; 

assign it to ol•l: 
chec~ whe!her all al! 1 11e dilfe•cnt from ol1 1: 
if so. proceed by rn.-rcmenting 1 ... 

(19) 

This form makes it obvious thal we are in trouble. if thc scquencc r should be 
such thal i ca.nnot be incrementcd any longer. Wril!cn in terms of our pro
gramming language, (19) becomes 

1 : - 1: 
whllei,o¡¡;ndo 
bqln cet(r): 
.,¡,¡:- •:}:- 1; 
wblle oiJ) ~ rdoj: - j-+ 1: 
lf•-Jthni:-i+l 

'"' 

(20) 

Thc second approach to this problcm retains thc basic concept of thc solu
tion as shown in (18). From therc. its developmenc is charactcrized by the fol
lowing two snapshots: 

lor•:-l!ontlo 
nJI"&I gencrate !he ne~t r; 

check ils •cccptobility 
untU •cccptablc 

lot•:-ltondo 
rcpnt KCI(rl; 

old:- 1;}:- 1; 
"hile o(jl ~ rtloj:- j+ 1; 

uniii•-J 
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In cnnlrul tu (20), lhis ~olulion consisls of 1hrer ncslcd rcr>etilion~ in
slc•d of nnly two, and lhcrcforc seems inferior 11 first sight, In fact, huwcver, 
solution (22) turns outto be evcn more cconomical. The rcason is that in (20) 
the IC>l for continuation i :$ n is actual!~ unnecessary whencver i ~ }, sincc i 
~ 1 in this case implics i < }, and bccause ; hu no! becn allercd since the las! 
ev~Juation of i Ei:. n. Of coursc, program (22) is considerably more dlkient 
than the original form with ajump (16). 

This tcrminatcs our considcration of Example J. 

The question remains open, of course, whethcr jumps cnn a/ways be 
avoided without disadvantage. 1 shall not venture 10 answer this question, par
ticularly because the lerm "dis.advantage" is suffidently vague to admit many 
intcrpretalions. But there is evidente of the existente of ~ome characterislic 
and reasonably frequcnt situations which are expressed only with difficuiLy in 
terms of the languagc construct introduced above. A particular case is !he loop 
wtlh o:JI(.s) In rh~ middle. latcly it has lcd language dcsigners lo introduce 
specific constructs mirroring this case [12]. lt turns out, howevcr, that it is 
most difficult lo find B satisfactory and linguistically suggcsrive formulation, and 
lhat sometimes solutions are invcnted that secm to mcrely replacc the syrubol 
¡oto by another word, such as ull or jump. For cumple, the construct 

loop SI; (23) 
ull lf P; 

S> ... 
with the parametric statements Sl, S2, and the terminaüon condition P might 
be adoptcd to express thc prognm 

Ll: bqln SI; (24) 
lf P tbrn 1010 ll; 
S2; 1010 Ll 

l.2: end 

in a more concise and ¡oto-free form. 

Expressing (24) in terms of lhe basic ·~¡..::titive ~tatcmcn1 forms does, 
indccd, oftcn lcad lo undesirablc complications, such as unneccssary rccvalua
tion of condi1ions, or duplicalion of flliTlS of the program, as is shown by thc 
two proposals (25) and (26). 

•epe•l SI; 
if ~P thrn S2 

untll P .. , 
"hllt ~Pdo 

bflln S2; SI rnd 
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Loop •lructur~~ 

The followiog, 1nd last two, uamples of problems are added to s!low that 
ofteo the need for ao ait in rh~ middle coosuuct is based oo 1 precooce,~ed no
tion rather than on a real necenity, ami that sometimes an e~en better solution 
is found when stickiog to thc fundamental coostructs. 

[xomple 4. A ~COntftr 

7he tnk is lo construct a 
piece uf program which, each time 
it is activated, scaos an input se· 
quence of characters, dclivcring as a 
result thc ne~t character, but skip· 
ping over blanks and over so-called 
comments. A comment is defmed 
as any sequencc of characters start· 
ing with a lefl bracket and ending 
with 1 right brackeL 

This scanner cnuld typically 
occur as part of a comptler. A com
mon solution is indicated by the fol· 
lowing llowchart (nn:r denotes the 
operation of readin¡¡: the oext char
actcr and assigning it to thc result 
variable x). 

07) 

.... 

""" 

This program clearly exhibits the loop structure with exit in the middle. 
satisfying the one-cntry-one·c•it prcrequisite. lnstead of proposing a su¡:gcstive 
forro for this construct in scquentiallanguage, however,lel me tackle thc voseo.! 
problcm in a different manncr. Recognizing thc main purpose of thc program 
as be;ng the readiog of thc next character, with thc allditional request fur skip· 
ping ovcr blaoks aod comments, 1 propose a first versioo as follows: 

nt:J<t; (28) 

whllexln f",./,'l'ldo 
"skip blltfkS and commcncs" 

The correctncss of this program is casily established. assuming th~t thc 
stalcmcnt in quotes pcrfornn what it says, aod nothing more. The definition of 
the while scaccment guarantees that che resulting valuc of x is ncithcr a blank 
nora commenl, no ma\ler in what way blanks and comments are skippcd. 

3-1-13 



Tlle refu¡ement of lile s1a1cmcn1 in quotes is guided by !he fact that u ron 
ils miliation x is c!lher a blank 01 an opening brackel. 

lf X - '._.' lhefl ~tXI tiU 

"skip comment" 

wherc the las\ statemenl is exptesscd, with obvious rcasoning, as 

bq:ln r~pnl nc~lunfll x- ')'; 
ntXT 

'"' 

(191 

tJOl 

Only knowledgc aboul the expecled frfi~uenc,es of orcurrrnct of ind•vidual 
character~ can be a reuon to choose anolher form of this rrogram on the 
grouods of effkicncy. For lile sake of argument, le\ us assume thal shon se
qucnccs of blanks are parliculnly frequenl aod lhal, on !he o\her hand, im· 
mediucly adjaccnl commenls are cxtremcly rarc. This lcads us 10 an equ~lly 
corree\ alternative form of (29), namely 

"skip consecuti~c blanks, if ony"; 
''skip 'ommcnl. if any" 

Tlle firsl of thc 1wo s\alements is read1ly cxpre~~ed as 

.. hlJt X- 'u' clo fltXI 

whcreas the secund is already claborated in (JO) 
1 

Exompk 5: lnttger multipllrallon 

Assume thal we are 10 
design a pro¡¡:ram 10 mulliply 
two non-negativc intcgcrs o 
and b with thc use of addi
tion, doubhng, and hal~ing 

only. Le\ ihc result be 
reprc~cnied by a ~ariable z. 
A well-known ami efficicm 
mctllod is shown by 1he 
flo,.,han al right: 

" 
• • 

• -· • -· • :-o 

" odd(yt 

• 

:- •-1 ·- .... 
""-' ,-;.o/ 

' 

(JI) 

021 

(ll) 

' 

• .- Y<!l~l 

• ,_ 2"• 

" 



"'"'" ••• 1.'/ 

This program, once again, clcarly exhibits thc loop s1rucwre with e•it in 
the middle, and thereforc cannot be e~presscd as e single whlle statcment. h 
is usually squeczed into tite simple loop form by displacing thc loop tcrmination 
tcsl. positioning it in front of statement SI. The program then obtains the 
wcll-known form 

x:-a:y:-b;z:-0, 
whll~ y"' O do 

br&ln lf odd(y) thrn 
brclny:- rl; z:- z+x 
rnd: 
y:- y di~ 2: x:- 2•.r 

'"' 

04) 

This clearly does not change the dfect of <he program, because if y- O al 
entry to SI, thcn SI has no effcct and, in particular, lea ves y unchangcd; and if 
y F O, thcn thc only additional cffect incurred by thc modificd version is on 
the auxiliary variables x and y in the case of y - l. But this additional cffect is 
quite undesirable, no! so much because of the additiona!, superfluous, and use· 
Jess computation. but because this operation may be hdrmful by cau>ing 
overflow of the arithmctic unit. Should we therefore resorl to the uit-in-thc
middle version? 

A differ~nt solutinn wu shown to me by E.W. Dijkstra. He proposed to 
tacklc the problcm at its roots, instead of trying to rcmedy a preconceivcd pro· 
po>al. Thc most obvious multiplication algorithm under the stated constraont~ 
is thc following: 

x:- D:y:- b;z:- 0: 
,.hllry ¡o! O do 
br~ln (y ;:. O •nd x-y+ 1 - a•h\ 

y;- rl; z;- z+.r 

'"' 

(35) 

Before we st~rt out aying 10 improvc this version, we observe that at the 
outset of each repctition two condition~ ue satisficd. 

J. y >O follows from the factth~t y is a non-negative integcr and 
nol CQUBl lO LCfO. 

2. x-y+z- o•b is invariant under the two repcatcd assignmcnts. 
(To verify this claim. substitute rl for y and z+x for z: this 
yiclds x-(y-l)+(z+x) -~y+:- a"b, i.c., the original equa
tion.) Al entry the cquation is satisficd, sincc : - O, x - o, y -· 
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The criticism has been voiccd thatthe method of structured programming 
is in essence nothing more than programming by pains¡,king!y avoidíng the use 
of jumps (goto statements). One may, indeed, cometo this conc!uSion by !ook· 
ing at the en tite issue in the reverse direction. But in fact, the method of step· 
wise decomposition and refinement of the pr011tamming task automaticaUy !eads 
to aolo·free programs; the abscnce of jumps is not thc initia! aim, bu\ the llna! 
outcome of thc cxcrcis.c. The c!aim thal structured programming was invented 
by proving thal all programs e<~n be formu!ated without llOIO statemcnts is 
tllerefore basta! on a fundamenta! misunderstanding. 

The qucstion of whether jumps enter the picture or not is basie<~Hy a 
matter of the leve] of decomposition or refinement to which the programming 
process is e<~rried. Ultimately - that is in machine code - there can be no 
doubt about the prcsence of jump instructions. Thc moral of the story is tllat 
jumps mus! no\ be uscd in tlle inilial conception of a general algorithmic stra
te¡y, and in fact should be dclayed as long u possible. With today's state of 
tcchnology, the introduction of jump inslructions can be left to compilers of 
languages that otfer adcquatc, judiciously chos.cn, dísciplined structuring facili· 
ties. 

One of the essential facilities for tllis purpose, bcsides conditional and re· 
pethive slalcmcnts, is thc rf"f:urst~ prOctdurt. In many cases it emerges u the 
natural formulation of a sotution, such u, fm inslancc, in mosl cases of back
tracking algorhhms. Hardly anywhere elsc e<~n a natural, concise. and often 
self-cxplana\Ory solution be madc more obscurc and mystifyin¡¡ than by replac
ing íts recursivc formulation by one in terms of repeti!ion and - well - jumps. 
This process should definitely he left to a compiler, as it concerns what is called 
codi~rg rather !han pro¡¡ramming {code - syslem of symbols uscd in ciphers, 
sccret messa¡;es, cte. [Websterll. Modcrn programmina systems, however, 
otfer ef!kicnt implementations of recursion, and thereby make "programming 
around recursion" a largely unnecessary exercisc. 

Whcrcas a tcacher should no\ and must not· pay attention 10 "percent is· 
sucs" as 10 efficiency while uptaining and exemplifYing metllods of composing 
well-structured programs, a professional programmer may well be forced todo 
50. He may somctimcs find a dogma of sticl..ing exclusivcly to a restrictcd set 
of program structuring schcmss too much of a strai&ht-jacket, and the templa· 
tior. lo break out too powerful. This witl he the case as long as compílcrs are 
insufficiently sophisticated lo lakc fult advantage of disciplined structuríng. 
Naturally, lhere will always he situations where a compitcr is eíther denied tlle 
full information needed for su~ssful code optimization, or where it would be 
unable to infer tlle necessary conditions. lt is thereforc entircly possihlc that in 
the future a more imeractive mode of operation betwcen compiler und pro· 
grammer will emerge, at least for the very sophistie<~ted professional. Thc pur· 
pase of this interaction woul(l not, however, be lhe dcvelopment of an algo
rithm or thc dcbugging of a program, but rather its improw>ml'nl undl'r mwriancl' 

of corree/ni' u. 

3-1-17 

' ... 
• 



Thc foregoing discuuion also implies Bll answcr lo the question of whcth· 
er 5iructurcd programming in an unstructured language (such as FORTRAN! 
is possible. lt is noL What is possible, howevcr, is structurcd programmmg in 
a "highcr lcvcl'' language and subsequcnt hand·translltion into the unstruc
tured lan¡u1ge. Thc rorollary is that whcrcu this approach may be practicable 
with thc almost-superhuman discipline of a compiler. it is highly unsuited for 
trat·hmx programming. Rcco¡nizing that thcrc may be valid cconomic rcasons 
for lenrning rorlmx in, say, FORTRAN, the use of an unstructurcd languagc to, 
teach pmxrammmx - as the arl of syslematically dcveloping algorithms - can 
no Jonger be defended in thc contexl of computcr science cducation. Thc lack 
of an Hdcquatc modern too! on the available computing facility is thc on!y 
remammg excuse. 

Thc las! rcmark conccrns an aspcct of "structured programming" that has 
not been illuminated by ttle forcgoing cumples: stmcturing considerations of 
program and data are oftcn closely n:lated. Hencc, it ís only natural to subject 
ai50 the specification of dala toa proccss of stcpwise refinemcnt. Moreover, 
this process is naturally carricd out simultnneously wilh the refincment of the 
program. A languagc must, thercfore, not only offcr pró&ram structuring facili
ties, but an adequatc set of systcmatic data structuring facilities as wcll. An cx
amplc of this direction of language devclopmcnt is thc programming languagc 
PASCAL [12, 13[. Thc importancc of this a.'ipect of programming is particular· 
ly cvidcnl, as we recognize !he data as the ullimate object of our inlerest: they 
represen! thc ~rguments and resulls of all computing processes. Only structure 
enables thc programmcr to rccognize meaning in the computcd information. 

Ack no..-led¡:menl 
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INSTITUTO Df INVESTIGACIONES fLECTRICAS" 

OEPARTA~ENTO DE ANALISIS DE REDES 

CONTROL DE CALIDAD 

CONVENCION EN EL USO OE CUENTAS: NOMBRES DE ARCHIVOS, 

VARIABLES V SUBRRUTINAS: V POLITICA DE RESPAlDO PARA 

LA PROGRAMACION DEL DEPARTAMENTO DE ANALISIS DE REDES 

EN LA COMPUTADORA HARRIS. 
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V VICTOR M. VALADEZ C. 
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JNOICE 

1. OBJETIVO 

2, ltHROOUCCJON 

), ESQUEMA DE ORGANIZACION 

3.1 CUENTAS PARA USUARIOS DE LA COMPUTADORA HARRIS 

3.2 NOMBRAMIENTO DE ARCHIVOS 

}.3 NOMBRAMIENTO DE VARIABLES EXTERNAS 

3.~ POL'ITIO, DE RESPALDO OE ARCHIVOS EN LA COMPUTADORA HARRIS 

3.5 POLITICA DE PURGA V CONTROL DE ARCHIVOS EN DISCO 

3-3-"1 

l. OBJETIVO 

EL PROPOSITO DE ESTE DOCUMENTO ES El PRESENTAR Al PERSONAL DEL 

DEPARTAMENTO DE ANALISIS DE REDES (DAR), DEL INSTITUTO OE JN--

VESTIGACIDIHS ELECTRICAS (IIE), UNA CONVENCION PARA NOMBRAR AR· 

CHIVO~ Y VARIABLES EXTERIIAS, DE ACUERDO A LOS PROCEDIMIENTOS 

SUGERIDOS POR LA BIBLIOTECA DE SOPORTE DE PROGRAMAS DEL DEPAR--

lAMENTO, ASI COMO EL DAR A CONOCER LA ASIGNACION DE CLAVES PARA 

USUARIOS DE LA CDHPUTAOORA HARRIS DEL CENTRO NACIONAL DE CON--

TRO~ (CENACE) Y LA POLITICA PARA EL RESPALDO DE ARCHIVOS DEL 

DEPARTAMENTO EN ESTA COMPUTADORA. 

"' 



2, 1 tHROOUCC 1 ON 

DEBIDO A LA GRAN CANTIDAD DE PROCRAMACION Q~L EL 1 lE DESARROLLA 

Y DESARROLLARA EN COMPUTADORA Y TOHANOO EN CONSIOERACION LA OR-

GANIZACION DEL OEPARTAHENTO, SE HA ACORDADO ADOPTAR HEDIDAS QUE 

PERHITITAN LLEVAR UN CONTROL DE TAL PROGRAHACION Y EN ESPECIAL 

DE QQUELLA QUE SE EFECTUARA EN LA COHPUTAOOAA HARRIS. 

LAS CONVENCIONES AQUI PRESENTADAS TIENEN TAHBIEN COMO FIN 

El ASEGURAR QUE LOS PROGRAMAS Y VARIABLES EXTERNAS SEAN UNICAS 

ENT~E LOS PROGRAMAS ' FACILES DE IDENTIFICAR, ~ORREGIR O 

AGREGAR, 

) 

1!:.5 



). ESQufJ1A 0[ ORGANIZACION 

A CONTINUACION SE DESCRIBE LA FORMA EN LA CUAL ESTA ORGANIZADO 

EL DAR Y LAS CONVENCIONES ANTES MENCION.ADAS. 

EN EL SIGUIENTE ESQUEMA, SE MUESTRA LA ORGANIZACION DEL DAR. 

!S l ~ "1 E.'"'-&, 
.I.IJA.ltSl' 
DE 2:EDl?!t. 

-
5V&&t'-~' A.." 

1 1 
't>(' ~"T~l>J:.LOI> "l'VlUJ ~DIO 4'-ll> 1-l~l-... tlt·.s.'"l ~tp L u~ 

e><:IIE\Sf"-V t.t.:O e: ~o,,_, o.t..o OfLSl.;.1EI1A..~ "' - ~ f;.!..:,¡f\elolJ 
--

~eAl'<.'"r1<1-\A. ·~· 

=~ o.w::~t.Or "''"""'' CO.:>I:, t\ J-J.o\ 

Eal';:t:~LCC •• "" lf Lt>I!Ol"CJ!, 

'""""'"'i CAo:.C¡A, 
L_ 

EN ESTA SE DISTINGUEN CUATRO GRUPOS_ A NIVEL DE SUBSISTEMA A 

Y CUATRO A NIVEL SUBSISTEMA B • 

. h3-5 



3.1 CUENTAS PARA USUARIOS DE LA COMPUTADORA HARRIS 

APROVECHANDO LAS CARACTERISTICAS DE LAS CUENTAS EN LA COMPUTA
DORA HARRIS COMPUESTAS DE LA SIGUIENTE FORMA: 

CALIFICADOR USUARIO 

S E HA AS 1 GNADO UN CAL\ F 1 CAOOR 
TEMA A DE LA SIGUIENTE FORMA: 

A CADA GRUPO DEL NIVEL DE SUBSIS-

SUBSISTEMA A: 

OEHOSTRACION OCHENTA Y UNO 
CONTROL DE CALIDAD 
ANALISIS DE SISTEMAS 
DESARROLLO DE PROGRAHAC ION 

CALIFICADOR 

001 OOE/10 
0020C0CA 
{VER *) 
OO~OOEPO 

(*) AL GRUPO DEL SUBSISTEMA DE ANALISIS DE SISTEMA SE LE HAN 
ASIGNADO CUATRO CALIFICADORES DE ACUERDO A CADA GRUPO DEL NIVEL 
DE SUBSISTEMA B,DE LA SIGUIENTE FORMA: 

SUBSISTEMA 8 

DESPACHO ECONOHICO 
CALCULO DE INTERCAMBIOS 
PRONOSTICO DE CARGA 
COORDINACION HIOROTERHICA 

CAL 1 F 1 CADOR 

DO) IDEAS 
0032CIAS 
OOJJPCAS 
0034CHAS 

A CADA USUARIO SE LE HA ASIGNADO UN NUMERO SEGUN EL CALifiCADOR 
DEL SUBSISTEMA EN El QUE COLABORA, ESTE LE DARA EXCLUSIVIDAD DE 
ACCESO A SUS ARCHI~DS SI ASI LO DESEA (SECCION J.2) .. El NUMERO 
DE CADA USUARIO SE LE DARA A CONOCER EN fORMA PERSONAL, 

NOTA: DADO LAS CARACTERISTICAS DEL SISTEMA OPERATIVO DE LA COM
PUTADORA HARRIS, LOS USUARIOS QUE TENGAN EL MISMO CALifiCA-
DOR NO PUEDEN GENERAR ARCHIVOS DIFERENTES CON EL MISMO NOMBRE 
ESTA RESTRICCION SE SALVARA, INCLUYENDO EN EL NOMBRE DE LOS 
ARCHIVOS, DOS ltiiCIALES DEL NOHBRE DEL USUARIO A QUIEN PER -
TENECE (VER SECCION 3.2). 

3-3 -6 
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].2 NOMBRAMIENTO DE ARCHIVOS 

CON El OBJETO DE QUE LOS NOMBRES DE LOS ARVHIVOS GENERADOS EN -
LA COMPUTADORA HARRIS SEAN UNICOS, IDENTifiQUEN A SU PROPIETA-
RIO Y DEN IDEA DE SU CONTENIDO, SE HA CONVENIDO El USAR EL SI-
GUIEtHE FORMATO: 

TIPO INICIALES CONTENIDO 

DON()[, EL TIPO CONSISTE EN UN CARACTER QUE DESCRIBí El TIPO DE 
ARCHIVO DE QUE SE TRATA SEGUN LOS SIGUIENTES POSIBLES: 

F • PROGRAMA FUENTE (LENGUAJE FORTAN, COBOL, ETC.) 
R • MODULO RELOCALIZABLE (RESULTANTE DE UNA COHPILACION) 
H • MODULO EJECUTABLE (RESULTADO DE UN ENCADENAMIENTO) 
C ~ ARCHIVO DE COMANDOS INDIRECTOS 
E ~ PROGRAMA EH LENGUAJE ENSAMBLADOR 
H ~ PROGRAMA MACRO-ENSAMBLADOR 
T • .ARCHIVO CON UN TEXTO (DOCUMENTO) 
D a ARCHIVO CON DATOS 
R ~ ARCHIVO CON RESULTADOS 

LAS INICIALES CONSISTEN EN DOS CARACTERES QUE SON LA PRIMERA 
LETRA DEL PRIMER NOMBRE Y DEL APELLIDO PATERNO DEL USUARIO QUE 
GUERA EL ARCM 1 'JO (AREA). 

EL CONTENIDO CONSISTE EN HASTA CINCO CARECTERES ALFANUMERICOS 
QUE DAN IDEA DE LA FUNCION, OBJETO O PROPOSITO DEL CONTENIDO DE 
EL ARCNI'JO 

EJEMPLO: 

NOMBRE 

TMPCOPRE 
!.--*~*"" 

DESCRIPCION 

ARCHIVO QUE CONTIENE UN TEXTO (DOCUMENTO) 
PERTENECE A MARCIAL PORTILLA ROBERTSON 
Y CONTIENE UU CONTROL DE PRESTAMOS 

·3-7 
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3.3 NOMeRAMIENTO OE VARIABLES EXTERNAS 

CON EL OBJElO DE PODER IDENTIFICAR EN FPRMA UNICA V A LA VEZ, 
EL QUE SEA REPRESENTATIVO EL NOMBRE DE LAS VARIABLES EJT(RNAS 
QUE SE USEN EN LA PROGRAMACION DEL DAR, SE EMPLEARA LA SI· 
GUIENTE CONVENCION EN SU FORMATO: 

FUENTE.MNEHONICO.OESITINO 

DONDE, LA FUENTE V DESTINO CONSISTEN DE DOS CARACTE.0 ES LOS
CUALES REPRESENTAN EL SUBSISTEMA QUE GENERA LA VARIABLE Y EL 
QUE LA RECIBE RESPECTIVAMENTE, DENTRO DE LOS SIGUIENTES IDENTI
FICADOS: 

DE o DESPACHO ECONOMICO 

'" • COOROINACION HIOROHRMICA 

" • PRONOSTICO DE CARGA 

" • CALCULO DE 1 NTERCAHB 1 OS 

" • OPERADOR NA( 1 ONAL 

" • OPERADOR DE AREA 

EL MNEMONICO ES UN CONJUNTO DE HASTA DIEZ CARECTERES ;tFANUMERI
COS, QUE IDENTIFICAN LO QUE REPRESENTA LA VARIABLE. 
LOS PUNTOS SON SEPARADORES DE LA FUENTE Y EL DESTINO DEL HNEMO-
NICO. 

EJEMPLO: 

CH.TMVIA.ON • VARIABLE GENERADA POR E~ SUBSISTEMA CH Y 
RECIBIDA POR EL OPERADOR NACIONAL Y lUE RE
PRESENTA UN 'TIEMPO DE VIAJE!; 

3-3-8 



3.4 POLLTICA DE RESPALDO DE ,·_~CHIVOS EN LA COI'\f'UTAOORA HARRIS 

CON EL OBJETO DE CONTAR CON RESPALDO Oí lOS ARCHIVOS DEL 1 lE 
EXISTENTES EN LA COMPUTADORA HARRIS, SE EFECTUARAN EN FORHA PE
RIOOICA EL COPIADO A CINTA DE ESTOS, DE'LA SIGUIEIHE FORMA: 

Sí EFECTUARA RESPALDO DIARIO CON CINCO CIHT~S, RESPALDO SEMANAL 
CON TRES CINTAS Y RESPALDO MENSUAL CON DOS CINTAS. 

ESTO PERMITIRA, EN EL MEJOR DE LOS CASOS Ht>ER UNA HISTORIA DE 
VERSIONES DE UN ARCHIVO CON CINCO VERSIONES OE CINCO OlAS LABO
RABLES AIRAS, TRES VERSIONES COII ESPACIO DE UNA SEMANA DE TRES 
SEMANAS ATRAS Y DOS VERSIONES CON ESPACIO DE UN HES DE DOS 
HESES ATRAS. 

ESTOS RESPALDOS 
HRIORES. 

PERMITI'RAN RECUPERAR ARCfiiVOS CON VERSIOIHS All-

3·3· 'J 

].5 POLITICA DE PURGA Y CONTROL DE ARCHIVOS EN DISCO 
- -·· .. 

DEBIDO A QUE EL DISCO INSTALADO EN LA COMPUTADORA HARRIS TIEilE 
CAPACIDAD LIMITADA, SE SEGUIRA LA SIGUIENTE PDLITICA SOBRE EL 
USO DEL ESPACIO EN DISCO: 

TODA NUEVA AREA GENERADA POR LOS USUARIOS OEBERA SER REPORTADA 
AL ENCARGADO DEL SISTEMA POR PARTE DEL 1 lE, LLENANDO LA I"ORMA 
QUE PARA EL EfECTO SE HA DISPUESTO< LAS AREAS NO REPORTADAS SE
RAN ELIMINADAS PERIOD!CAMENTE {PURGA DEL DISCO). 

SE COPIARAN EN CINTA CON CARACTER PERMANENTE AQUELLOS ARCHIVOS 
QUE EL USUARIO DESEE CONSERVAR PERO NO USE EN TIEMPO INMEDIATO 
Y POR TANTO NO ES NECESARIO QUE ESTEN EN DISCO, DE TAL QUE EL 
ESPACIO EN DISCO QUE OCUPE NO REPASE PE DIEZ HIL SECTORES 
(!120000 PALABRAS) DENTRO DE LO POSIBLE). 

ESTAS MEDIDAS OEBERAN SER SEGUIDAS POR LOS USIIARIOS DEL 1 lE 
PARA UN MEJOR USO DEL UNICO DISCO QU[ ACTUALMENTE TIENE LA COM
PUTADORA HARR!S DEL CENACE. 

->-3-/o 
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NO RilAS. DEL 
"LENGUAJE PARA DISE~AA. PROGRAIIAS" 

PDL 

MARCIAL PORTILLA RDBERTSON 
ROBERTO 1\ANDUJANO ~ILO 



!NO ICE 

1 OBJETIVO 
11 INDEtHACION Y ETIQUETAS 

11 1 ESTRUCTURAS DE CONTROL 
IV CONSTRUCCIONES 

V EJEMPLO 

:.-'f- :l. 

l. OBJETIVO 

EL PROPOSITO DE ESTE DOCUMENTO ES DEFINIR LAS NORMAS PARA EL USO 
DE UN "LENGUAJE PARA OISEIIAR PROGRAMAS" (LDP). 

EL LDP ES FACIL OE SEGUIR Y /\AS FACIL DE PROGRAMAR QUE LOS DIAGRAMAS 
DE fLUJOS, DEBIDO A QUE "ES CASI COOIGO". ESTE "PSEUDO COOIGO" 
DESCRIBE LA ESTRUCTURA, CONTROL, VIBRACIONES, FLUJO, ETC, UE UN 
PROGRAMA DE COIIPUTADORA, CON LA VENTAJA SOBRE LOS OtAGRAIIAS DE 
FLUJO Y OTROS TIPOS DE DIAGRAMAS, QUE PUEDE ACTUALIZARSE CONTINUA
/lENTE EN UN PROCESADOR DE TEXTOS. 

EL LDP DEBERA INCLUIRSE EN LOS SIGUIENTES DOCUMENTOS: 

"' "" COOI GO 

11 INOENTACION Y ETIQUETAS 

INOENTACION Y ETIQUETAS.·LA SUBOROIOACION SE LLEVA A CABO INDENTANOO 
LAS LINEAS OEL PSEUOO-COOtGO 

EJEMPLO 

l. LINEA A 
2. LENEA B 

A. LINEA C 
B. LINEA O 

l.UNEAE 
2. LINEA F 

C. LINEA G 
3. LINEA N 

A. LINEA J 

l.LINEAJ 
A. LINEA K 
B. LINEA L 

~-.CONTINUA CON LDP, REGRESA O TERMINA 

SOLAMENTE SE UTILIZAN DOS CONJUNTOS OE CARACTERES: HUMEROS y LETRAS 
SE UTILIZAN ALTERNATIVAMENTE EN LOS NIVELES DE SUSOROJNACION. 
Y LA ID€NTACION SE HAC€ CON CUATRO ESPACIOS. 



111 ESTRUCTURAS OE CONTROL 
• 

LAS UNICAS ESTRUCTURAS DE CONTROL SON OE SELLCCION, REPETICION 
V LLA~ADAS A MODULOS. 

A.- Seleccion 
LAS FOR~AS DE SELECCION SON 

A.l SI (lE) 
A.2 SI-ENTONCES-SINO (IE-TMEN-PLSE) 
A.3 CASO (CASE) 

R.-REPETICION 
LAS FORMAS DE REPETICION: 

R.l EJECUTA-ITEMIRAS (AHIDE) 
R.2 EJECUTA·HASTA (OO·UNTIL) 
R.] REPITE {808,00) 

C.· LLAMADAS A MOOULOS 
LA FORMA OE llAMAR A MODULOS ES LLAMA (CALL). 

3-~-5 
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IV CONSTRUCCIONES 

A.-SflfCCION 

A.l CONSTRUCCIDN SI (lE) 
EL FORMATO DEL SI ES: 

l. SI CONDICION 
A. BLOQUE VERDADERO 

DONDE CONOICION ES UNA EXPRESION LOGICA Y EL BLOQUE VERDADERO 
ES UN CONJUNTO DE PROPOSICIONES EN PSEUDO CODIGO. 

EJEMPLO 

I.SJX<lO 
A. Y~3*l 

y - 3"2 
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A.2 CONSTRUCCION Sl~ENTONCES~SINO (IE~THEN~ELSE) 
El FORMATO OEt SI~ENTONCES-SINO ES' 

1. SI CONDICION ENTONCES 
A. BLOQUE VERDADERO 

2. SINO 
A. BLOQUE FALSO 

DONDE CONDICION ES UNA EXPRESION LOGICA Y LOS BLOQUES VERDADERO 
Y FALSO SON PROPOSICIONES EN PSEUDO~CODIGO. 

EJEMPLO 

l. SI X<lO ENTONCES 
A. y .. 3~2 

2. S 1 NO 
B. Y"7•2 

VERDAD E 

'{ .. 3*2 

FALSA 

y - 7•2 

J~l;:~] 
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A.3 CONSTRUCCION CASO (CASE) 
El fORMATO DEL CASE ES; 

l. CASO (A,B,C,, .. )CONOICIOt-1 
A. BLOQUE A 

1. SEPARADOR DE CASO 
B. BLOQUE B 

1. SEPARADOR DE CASO 
C. BLOQUE C 

1. SEPARADOR DE CASO 

DONDE CONDICION PUEDE TOKAR VARIOS VA~PRES Y LOS BLOQUES A,B, 
C,l 11 SON PROPOSICIONES EN PSEUDO-CODIGO. 

EJEMPLO 

1. VE A (A,B,C)X 
A. Y*3*2 

1. SEPARADOR DE CASO 
B. Y*7*3 

l. SEPARADOR DE CASO 
e. Y"7*2 

!.SEPARADOR DE CASO 

'----,--

\.. 
' 

r J q_s 

CASO C 

. . .. . 
y .. 7*2 

-· ----· ·-· 



B.-REPETICIO~ 

B.l CONSTR~CCION EJECUTA MIENTRAS (WHILE) 
El FORMATO DEL MIENTRAS ES 

1. EJECUTA MIENTRAS CONOICION 
A. BLOQUE 

DONDE CONDICION ES UNA EXPRESION LOGICA V EL BLOQUE A SON 
PROPOSICIOiiES EN PSEUOO-CODIGO. 
EN ESTE C~SO SE CHECA PRIMERO LA CON~ICION, Y SI SE CUMPLE, 
SE EJECUT~ EL BLOQUE A. 

EJEMPLO 

l. HIE!iTRAS X«.:\0 
A. V•3*2 
B. x~x-t 

'\ 
_1 

. 

FALSA 
X ( 0 

VERDADERA 

y • ,., 
X • X-1 

1 
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8.2 CONSTRUCCION EJECUTA·HASTA CDO·UNTIL) 
EL FORMATO DEL EJECUTA·HASTA ES: 

1 • E J E C U T A 
A. BLOQUE 

2. HASTA CONDICION 

CONDE CONDICIONES UNA EX?RESION LOGICA Y El BLOQUE A 
~ON PROPOSICIONES EN PSEUOO·COOIGO. 
EN ES! E CASO SE EJECUTA EL BLOQUE A Y LUEGO SE CHECA LA 
CONOICION, YA SEA PARA CONTINUAR EJECUTANDO O SALIRSE 
DEL BLOQUE, DE TAL HANERA QUE SIEHPRE SE EJECUTA Al HENOS 
UNA VEZ EL BLOQUE A. 

EJEHPLO 

l. EJECUTA 
A. Y•3*2 
B. X•X+I 

2. HASTA x~20 

j 

x .. x+t 

VERO.Z..Ot!U. 
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8.3 REPITE (FOR/00) 
EL FORMATO DEL REPITE (FOR) ES: 

l. REPITE I•N,M, (S) 
A. BLOQUE 

DONDE N Y M SON ENTEROS: N e M Y EL NUMERO DE ITERACIONES 
SERA IGUAL A H-N•l, S (OPCIONAL) ES EL IMCREHENTO. EL BLOQUE ES UN 
CONJUNTO DE PROPOSICIONES EN PSEUOO-CODIGO. 

EJEMPLO 

1. REPITE 1•1,3,1 
A. Y"X{I)+S 

- 1 
\ 

I .. l,l,l 1 

y·-... x{tJ+s. 

1 
1 ' 

'-

3+11 
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C.-LLAMADAS A HODULOS 
El fORMATO DE LLAHA (CALL) ES: 

llAMA MODULO 

DONDE MODUlO ES EL HOMBRE DE UNA RUTINA COMPLETA A EJECUTAR. 

EJEMPLO 

LLAMA RUTINA 1 

3-~-12 
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Software Representation and Cornposition 
Techniques 

LAWRENCE J.I'ETERS 

Ab,.oco-Tho r .. ld 0 r "'"'""' d .. <lo¡>m<nl h., •nd<o1ono "''"' of 
"' muol poof""M '""~"''" !loo bol I<O ynoL Moclo ol oh~ thoo¡r 
loo .,,. io 101pun,. ro .,., in<«..;OI dom .. Jo"" >OI<woJ< syol<mo 
,. """' of lhoi1 '""'"'""~' 1<hob~o!Y, ond noili<ncy. S).,P"""'~' 
uf'"'""""' "olo1iun il lho pootii"'"OA uf m<lb<>Oo ,.4 '"~"'quoo 
.,¡onOod lo o<ol•o "lho" '"ll~oo• pwblom. ""'"""'·""""'Id oofl· 
""' d"il" ~<uLiomo ull<o "'"bil '"'"'"~";"' lhot m••• th<oo 
,noqoo. '!loo '"'"' oho "'''""' '"~'~" '" ,.,1. """'""' ~•>• of 
.-puoino ond """"'"'""""o d<~&"- Tloio P>P<• do><nkl o '""~"'"1 
o1 lh• >f«mOio•<o ond o;'"" th• "'"" o o..,. .. ., af "'"'' doroilod 
info.,Oiion "I"Oon¡ lh<io UK oo w<ll "1 '"'"'""''o( lhio .. pidly 

'~'""'' r..ld, 

J. ]I<TRODUCTION 

SOFTI'IARE d<><l<>pmtnl <h•ll••l<> lh< sofl,.ao< en&in<er 
in ,.,.,,¡ w¡yo, Unhk< mony olher f1<IJs, oySiemo of 

ooftworo will nol be 1"'" proJuteJ. Thio Jivercos lh< 

.......... , ................ 11.1000, ........... "·'''"· 

''""""' •f lblo "'"" '" '""~"" ••"" 1 l 1 !. '"" ""'" "'" wloh 
"' P''"'"''"" nf '"' "''''""", 

¡., '""'' ~ ~"" Yoo•••'""· ln<. o 1 ll ~""'" "' oho ""'"lrol, No~ 
, .... ~y 100) •. 

soflwor< <n¡;inecr from mony preblems ou<>dlled wllh monu
focturina. llowovu, s.ince be lo dealio¡ wilh le&i< -lb e •h>llo<l 
-lh< r<>U)II of bis l>boo '" diffocull\o idcnufy wilh. Sofl. 
"'"' ep«•l<s on o time '-"•1< ond t<f<><O<O horno wltieh b in
<ompr<hcn.,bl< by human lland.,d<. Tbn< foclof1, ond lh< 
l"l (lur lh< mool r•cll uf "' on¡;ine<rln¡ b•d:&tound <>o 1h< 
P"' ni oohwor< d<o<i<>¡><fll, h>" l<d to lh< noi'"' •i<w ll•al 

roh..-are Je>i¡n i• uoiqoe and lhll il> Ptobloms ar< <.<dusively 
lho .. ol •el!"''"· Tbe ><>11•-•r< <n~inoer ol><> ha< lht luO! 
;uid•""" el any l<<hni<•l I"IJ r<garJin~ th< ocope el h11 p<eb
lem m lhe oe<<pl•bilily el hio oolution. l'or tumple, in oir
crofl d«itn, o"' of llriclly odhered lo ptrometef1 calltd o 
dui1n <n•dopc ore edobli>hed .. r!y ir lh< d<s.i&n dloll. Tb< 
"'k or lb< oi•cr•ll d<>iln «•m is lo crule 1 d<>iv> whl<h 
mc<:u lh< «quircm<nls anJ follo wi!hin 1~< env.·lop<. FoC!of1 
tncludod in th< env<lopo moy inc\udo oiu, "'"&hl (Jry ond 
muimum Ukoolf), ron~o, and uth<r paoamtl<f1 di<UI<d by 
maokelin¡ Jnd monufulunn, <onúd<ntiono. In outh hO<dwore. 
orionlcd tlfof\o, deal~n cnOflorea or< lbt ,., .. 11 of u¡o<ri<n«, 
<ommon prooliO<, e<onoml<>, ond rr<>olu<tion .. r•t>•hliu. In 

lht """ ol sofl"''"• a oune<pl •••h " lht ~"ign <n><lop< " 

001 R-'1:CI9/B0/0900·108~S00.7S ID 1980 IHE 

-:¡;_¡:;_, 



' • • • • , ~ • ' • ; i " ! • ' • i • • 



............................... ---

Th< pr\nmy 1oal in de•elopinl lhis dlurammolic uchnlque 
• ., lo tnhone< lht coononunic.lion b<lwl<n cu!lome!'$, "''"• 
o<lftwao< "'hilo<!S, aod wfl"'''" d<•elopmenl penonnel con· 
t<<n<nJ dui¡n (ond dnelopm<nl) ; .... .,_ 

Th11 fi<>l of mony difftotnl ooflw>« de>ÍVI r<p<U<nlUion 
,.h<mu foo dcpiclin¡ •nl<m aochnecture ;, pro•ent<d in Fi¡. l. 

'•,1< how lh< < .. <nliol tl<m<nlo (<.(_, Hl<rnal inl!rlac .. , 
. <a<lion1 omon¡ mojO, oollwaft conlpon<nl>, ond ovtnll 

~""'"Y or P«ctd<nce O<IIIÍonohipo) "' •11 lh>l lo depi"'ed_ 
Th< na•oo o! what the oySI<m "1"'-• io «llmtd wi¡houl ohe 
muod .. <rion of unnecn .. ry detaol. In 1h< stn .. lhat sol!"''" 
d.,i¡n l<p<u<n!Uion btpn ..-uh desc!Ípliono of individual 
pool'"'" ond only «C<nlly lumed ro destoibin1 o•Oiall JYI· 

l<mS, lhio proct» hu b«n bo11om up in"""'"· 

8 fl<pOU/nJ Stn.CI"t•/ ('hatQCitrltli<l 

I'"""Y'"' th< <h.,<lul< of • sofU•••• •Y•Iem in...,l•" lhe 
,.),inJ of a "onapohol" ol lh< r<loLJonohipo b<!..-ecn inlerna! 
ry>l<m e!emenu. 11 io • Ololo< •iew or what theoy>l<"' "like. 
W< ,..¡11 flnl look at on •PP<o.Ch which w., common lo 
<oi!.IM<<rin¡., lea<l 1 cuupl< o/ lhour•n~ Y<•" bdol< it ,.., 
""•l•>.C<>>tl<~"' os pm of l<>p·olown '""'"'"~ P">¡;<>~umin~ 
opp<oach.,_ Th< oth<< «p«$<Otouon ochemn (melh<kfo) in 
lh< """'"d" of thio otiod< ul't!iu llo< Jeoi,n "'" concept 
ou¡¡<lh<l "'"h OOnl< olh<t f<>IU<<I. 
JI¡¡,, D<"C" T<ee: Tlm•PP'<>"h [.11 lo Jcp~<lin~Juign 

'""""" " <li«<l<J ot <>l<rn•lioin¡ 1h< com¡>ooiuon o! a 
'''""'- 11 " h•..:d on <one<pll in "'"'lh<n~&hco .. hi<h h•"' 
1><'" ~ .. d in oop·do~n d<"1"· 

Thoa< utLIOl<n! thr Jr.,~n U<< <On«PI employ on< uf two 

0,uluJIIY <"1""" <<>n .. ·piS. Th< fn•t. "'"'"""'<ni, «foco lo 
'"' focl lhol • con«pt oncluJ" (ot containt) <>tlo<t <on.opll_ 
fo< ,.,mpl<, o:" co"«PI of onpl•n< includ<> lh< con«plo 

· poopuloion oyllem, 1>00). wma. and l>il. Tll< ><«>nd, 
"'"hy, <>p!i<nly ronuy> cone<plo .. beon¡Jubo<Jinol< 

J on< onolh<r- Thol "· nOI J"" incJuJon1 olh<r 1<'1<1 con. 
«PIO, bul l><in& J:<>lot oo highu on • Kll< in oome woy. 
TM muno ol ordenn1 oyol<ms h•• b«n ""d oin« lh< lime 

0¡ t~< ED"rli•n• hn~ poouhly nrii<<l h ;, inh<«nl ro lh< 

l'"i"· 
' 

• • • 

.......... 

. ~-
e •-·-~ __ .. 

-~- ... -
• 

flo >. M ,.,mplo of o~'"'"""· 

""" . __ ... ..... _ .. 
"-,, __ ".,.- ... 

. "·--· flo. J. A"'~""", • .,, 

'"" 

concepl or lop·down d .. i"' ond aulylis_ Ttouo lht deu111 
t«< ouppo,u lop·down docoml"''<ilion balh í<>ne<ptuoJiy 
ond t<•rhicoiiY (Fi¡. l). 

Th< d<oi¡n lou uou a o.imple Onlhl< noUiionol od••m<. lt 
jo oim¡>lo in thol only lwO h01lc ,,.phico t!emonu "' usod-o 
ol<oi,hl lino and a n<>LI< o~ m bol. Eu1npleo o! commonly =d 
nOOo oym bots indu~e <itc!.,, "'"""· and «<lon¡leo. E•clo al 
th .,e will con U in lox<ual lnform>lion. Tll< ""' of thi> ocho me 
can <mploy ony nodo oymbolll,.l iocnnv<ni<nl 01 m•Y <h<>OS< 
nol lo <ncln" !he IUl n'-OciOicd \OUh nch nodo. 1lois ocho me 
io '''" fl«ihk in lhol il cu h< u"IOd lo de~i<l <<>mplex 01 

o.imple •Y<I<m>lo lhe do,ired k••l of dccompo<illun. 
2) S!roctu'< C~4m: SIIUC[Ur< oh¡<U w<t< <m~onolly de><:!· 

op<d hy C'on•lanlino <1 ~1 !6] l<> o~t<Ofy modul•< <hon<l<rÍ-<· 
"" of "'¡'"''"'' Juri"~ dc>ign, They 11< "'" ,..,,,,,.1 poli of lh< 
''' uctu«J 11e<i¡:n m<tho.J 17], ¡ 8 J • 

The ¡,.,., fnr lhe llouc¡utc chon U o to«Heouuclute wh.ich 
d<pocn h,.,.rchical «l.uionohipo. lf<>~""• lh< h"'" no!Oioon 

ol "" d<>igtt '"'hu l><en <nhone<d 10 '""""'"" noo-dule «· 
lol ionohopo_ A mo.Juh· " defino U >1 o orl ol le "<>IIY cor.,i¡uouo 
PIO¡nm ,¡,"mento ~ hoclt can be 1ef<Hcd !o by nomo, Thc 
«l•lionohipo and tnleractiono ..-hich "' d<piCied "onclude dala 
Oow, ,.,;,.,ion, .,;d onmmunicallon of conuol p011m<I<<S. 
No!< lh>l rh< desi"' llee con «lote <<>n«pU or pro«.,., 1hu 
compri" lht oyslem. Tlllo O<:h<m< op«iflcol!y idenlifieo mo-d· 
ulu lhal ..-m comprioe llt••chwo« oyolem, 

Soructu« cha"' can 1>< dro"'n iA ><><111 diff«<nl wayo. 
The •rrooach propo .. d ~y Conotonline otiliuo lho<< buic 
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.... 
paphic:al ro.mo 

\ lhf «<lln¡l<, L<Sed 10 ~onl>in o m<><lule or module 

deocriplor; 
2) the .. ctor, u1ed 1<> hi&ldi¡M LnlOJo<ll<>n between modulu 

(L<Suotty • co!ll; 
3) th< onow wllh eircular '"'· used 10 depl<tlhe tnmler ol 

doto ond eonlfol b<tweon m<><lulto. 

To¡uher, Lh<se comprise lh< olfl!clure cban os oho•n in 
Fi¡. 3. In 1hi1 cose, thc IY>l<m 1<><1 lo a m .. t<r r,lc updole 
p<ocnoo1 which hoo Le.eroloul•ordin>tc !uncliono, Th< m•oler 
r~e i1 paued to thc edi1 module which r<lurru e non ond valld 
ent<ieo ond"" on. Note Lhot conuol e\emenh '" iden<ifled by 
hniRIIhe circleo en their toilo folled in. 

J ¡ Slf~W"<d Ano/yrir onJ D'li8n T<ehnlque: Thio orproach 
,. u>u•tly rofeJred lo'' SADTG. U woooriJinatod ond lnd<· 
mu~<d by SoiT«h lnc. 19]. h wu deri .. d hem w01k done 
by ltori !lO l. ond " o result o! uperiencc wlth compul<r· 
aid<d monulocturin& <tudin 

Th.i> rep1u<ntolion ochem< ut1111e1 two formo. One io o lt«• 

IL);e "'""'"" (o dtlitiL'L tue) whicb ocu ., o roadmop te the 
oySLem mode!. Th< other fo1m b the adhily chon. Th< 0}'1· 
tem mo~el ·o•n be usod lo deo<rib< a oinJio pro~rom or B!~up 
ol p10pomo. 11 ;. cemposed of one or mwe oc!Mty charlo or 
mn.e >lmply d'''""''· The bosic idu her<o;. to prooide Lh< 
user el the teohnlque w!th • meons o! ¡rophlcally poctrayinJ 
whOLevu hi> onalyolo ol on ,.;,un¡ oy¡¡em revoalo or blS pet
a:ptlon olo 1Yot<m undet deoltiL'L. 

Tllio m<thL><I oloo use• lobcled rectan~t~loo boo"' and OIIOWS. 
"'"1 dutLnctiono o« made bolh in whl io repL<oenled ond 

''""' !1 io <"PL<«nled. For eaomplt, !be bnlc di>lin<lLOn 
betwou d•l• now ond o<Uvilies io modo but dolo nowo a« 
da,.ilied os bein& in pul, output, o< <Ontrol (Fi&. ~). How.,<L, 
"<<U 1ion S<quencoo are nol exphcitly oho-..n, 

C. lttpm<niLnl 6thoolo••l Ft•lwrtl 

Th< hou .. rcloted lo the !<preoentatlon or tbe •ctuol bchn
ior or "cxo<otion~ of !he oof1wore oro omon1 lhooe fi<1l ad• 
d«.,<d in thc e&L!y doys ol oo!twoto deoipt. Th<oe involvod 
lh< d<tool<d ood <>plicLt documentOiion of prc<.iKIY wlt.>t lh< 
(e .. ntuol) pro1rom would do "'hon il "''' conmu<ted. Ono of 
!he lnol olth<>< och<m<s,th< nowch.,t, lypifi<d tho•Uil\odu 
and coneern> ol Lhe timeo, N•m<ly, will lho poo¡:ram wo<k 
•nd ,¡oc, how~ 

Todo, •ttLludu h .. < chan,<d, Tlle conc<Ln " focU><d more 
on lhe U!&•n">lionol chO<><I« ol the pmgrom lbm on !he de• 
t>ilo of <>«Ulion. Prubi<L"I \Oilh ~"'G""' m•inten1nce ond 
de•elopmenl h••• <mphutl<d <he need fe• wme !<O<dCled 
pflonlL<> Tlle oppLOO<heo p«,.nled here ore 1 r<PL<,.nta· 
"" "mplin¡ ol o much l01¡er oct ol scheme> from whicb lo 
ch<>OI< JI J J. 

1} 11>• Floweh~n: The now<hoU io probobly the m col 
,.idcly ""d. m"uoed, ond mLOund<nlood ooftwOLe ropruento• 
'"'" OLhomeo in"" toda~. lt hos L<!ulted in m•ny d<riYOti><l. 
11 "'" Oli~inolly de.,lopeJ by """ NeumOIIn who inlendtd a 
•o be on ~«UI>I< meono of documontln¡ 1 pre&rom ofl<L il 

" ,.rillen no< u o de1i¡n •erre~entoliOll u:heme. Tite use 
~1 <h< nuwcharl "" b«n oomcwhol llondor<liJO<I 1hrou;h \he 
effuru cf \be Am<rl<on Nolionol StondOLdl lnllltoto (ANSI) 
JI !l. Wh01 io pL.,<nted hete cn•rloyo the ANSI lounOL. 

Thr ANSI nawchon dericto lho dclollo. uf <unUnl now, 
llou i• ""·nm¡•ll•hoJ lly <>•In& dlflertnl oymhnlol•" rru•o•o.,, 

PllOCnOttiCS OF THE IEEE, VOL- U, tiO, 9, SHTEMUil 11M 

·-. ¡·-···--...... , ........ 
!:".".......,.,. ..... ... ~~·-•• -· . ... 

••• ... ~--
1 -· '"" "'"'"' 

"'u--•~• 

. 

•• ... -
-· " _l· 

"""'' '" .. ....... 
Flo.•. AnSAOT\9 dlol""'· 

-~-,-~---~··. 

dtclolono. ond enlry ond urminotlon poinU. There ore n 
opo<ei!ic «qulren"'n!l lhol oome opc<ifi< ><1 ol conmucu ~
<Lnplcyed. Hence, ony type ol conuol Uon>fer ouppo<l<d b) 
o propommin¡ lan&uo;e or ol&orilhm may bo I<PI< .. nlod ,;, 
the nowchut. • 

l'rimorlly Ibis ocbeme uoe1 thl« o.ymbols: th< r«lonJI<, lh< 
rhombuo (01 diomond), 1nd o difCoted line. Otllor oymbolo '" 
uoed 10 depict manual openllono a~d <Uunol/hordwo.r< lnt<r· 
focu. The t<elan¡lc io o,.d te 1<preoent orithm<lric openlion 
or ptocuoes. Eumpleo o! theoe include "~ g n + 1,~ ".o:~ ob,' 
and ,. .. ¡ end of me na¡, etc. Thc dlomond oloapo io ""d 1" 
rcpr<ltnl decioion poinll. Eaompleo ef lhe•e inoludc cnd o• 
filen., ><1, Hn •0," and ..... •b." The dircoteJ lino indocor' 
the now of control or P<<Ctdoncc in a no" oequcnce. An < · 
ampl< el an ANSI now<hon is prc><nlcd in ~-;,, S. 

]} Dcc/.;on T•bl<>: The decioion l•ble hu bcon uoed 1 
•no.ly.c ond du.crib< d<l«miniotlc oyotems ond 10 oon o~ 
confuoin1 d<cioion ma~tn& prob!emo. Then uoe in P<O&IIm 
min& lo no! new ond dolu back lo 1he d•Y• M w!!<d to¡io on 
L<icpbon< •wn<hin¡ problomo ond beyond lll), 

Decloion toblu con tüe mony doffel<nl formo [tl]. Thco 
oll ol<m fro'm 1be .. me b"i' nullun thot lor eooh o! lb< ro 
sible cumbinationo of oituoliono that a •yot<m (m P<OJ,ron 
eon <ncounur, lhe oyucm'o "'ponse io •no,.n. Tlluo oilu.. 
tiono OLe refoned lo •• con.lnionl while oy>lcm L<spono<> •• 
<<ferred lo as octiuns. F"' '""Y condolion u o ><1 ol condilior 
which oon occur, one on~ only on< oclion u¡ ><1 o! aotions c. 
occu1. Th< L<Oponoe of 1he oy11cm" ~nown ""h cOLt•inty. 

Tb< b,.;, dedo ion ubio con,.jllo of two poniono-Lhc con.:. 
!ion otub and the octron 11u0. Condollun> •r< coll«L<d on. 
(optionolly) l•b<lod onlu t~e condilion 11ub while oction, 
are collccled ond (oplionoll)') l>be!ed in lh< oclionotub. Co, 
diliooo ond octiono '" mol1 o!ten dcotrib<d bo•i<<>nUU) 
Vorti<>l <olumno in the condnion 01ub a« u!<d lo idcnto! 
whloh condltiono opply In • ¡ivcn lnotoncc. A com>pend" 
c<>lumn in th< •<!ion o!ub ducrlbu <he •yllem'o reoporu 
(t'iJ. 6). 

Ji 1/•m<lloo onLl Zt/Jo~ 11/'/LT<>o<h. Thio ><h<n•• ,.., ori¿ 
lnolly d<•i•od In ouppoOI uf tho N•llon•l Aoronouli< u: 
Sp•'" Admini•lrolion (NASA) •P•« ohu!llc ooftwOL< ~ .. olo;o 
m<nt [141. 11 no rcopon•< lo !he need lo o\m¡>ll!ylnJ •« 
~l••lfyiu~ thc nflon uYOLWh<luoi•\~ oi<Loll Pr<•<ntln nu .. <h>n. 
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Sm« th<r< o!O mony difr<!<nt types of r<vi<W0/1, il (s unhkely 
lhat o sin;!< !<pJuentation .-heme wil! ootid)< th< ""do ol oll 
~r lh<m. R01hn, n io l!lo« likely ohu O<lection C!ilerio ond 
¡rcblom ch>!ICI<<inncn po!lm<l<ts could be oppli<d (JI] in 
ordor to ""<n,in<<r"' o ropr<sontuion oystom eomposod of 
mony d>ff<r<nl cl110<1 ol r<preoenution och<m<l. 

[V. CO .. I'OSJTIO>< OY SonWMIE 

As chollengin¡ 11th< ooftwa« d<>L~n r<p«><nlllion prcbl<m 
moy l<<m, lh< p1cblem of composin¡ 01 <l<>lin¡ lh< ooftl"a!< 
>n lh< fint plo<< io '"'" rnme "'· Mony olli<l<l h,.< l><<n pub· 
l"h<d .. ruch deoC<ib< lo lh< rud<r how oehwuo moy b< de· 
n .. d b<sonnin' wilh o l<w ¡i"n po<<es el infe<ft>alion. Eoch 
ontlbnd utii"<S o d«iln «r««nl"><>n ""'"'' 01 oy<len> of 
••"'"'" '" o¡do¡ to .ccompli>h "' ICol(s). Ono •rr<ooch 
1111 O<P""'' lhto< opp<oo<hes rn1o lht<< COlOKOri<o 

1) d•lo·flow ori<nt<d mol hedo 
~) dota "'u<! u« m<!hod• 
J) P~<><IIPII•t m<lhods. 

Tloo nomin¡ ol lh<« <•l<~uriu (s. <<laltd lo lh< onlo<motion 
lh<Y ~tili•< os b<in¡ crvcn {<.1 .• a dllo·flow mod<l)or th< no· 
1 "'' o! th< oppmO<h {<.J., prewipti•t). R>lhcr lhon deocdll< 
'"-' u .. ol t.1th o! 1~< n>o« 1h.1n <>n< do1<n mojo• m<thodo 
111] eu~tudy documented in lbt hluolut<, • «P•Uenlooi .. 
<>omrl< el <o<h al Oh< <OI<¡o<i<> will by 1ynopdu~ b<!<. 

A. !J.•o·f1o"' Ont111<d MrJI1od¡ 

Ooto·flo'" ori<nC<d mtthods p•o•id< tht >OII"''" <nc<"'"' 
•dlh ¡uidantt en bow lo d<frn< oeflwut g;..,n thot ht hu 
o moJel of th< doto 11m• which will {<Y<nluolly) occu< in 
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Ch< systom. lo "'idtly u«d opprooch ;, lhol ef ouuclu«d 

d<o.i~n 181. 
Thio opp1ooch utlhtu • nocwof~ olienttd de1i1n «p«O<n· 

ution <•11<~ o <loto•flo,.. di•¡rom and "'"""" chOftl {!« 

Section 111). Toa<lhcr lh<r lerm on '""'"1 pall of o oyo. 
,.,¡, of d<Oi&n r<p<Cunution di~<<t<d ot <ap"o\iún~ on lhuo 
<l<pict<d P<OP«l><S. Suuolu«d d<liEn·o noUiionol •YI!<m 
Jopi<U ol!ucturol ond be~a•ionl chonct<risticl O<p.rot<ly on4 
inc\udol obj«ti•< <Y&)ulliono of dooi¡n quolily. Th<>O noiU.· 
tic"" 010 oim<d ot idenhlyin' lh< lowol el ont<m sll<n;tk ond 
flo>~b<hly {couplina)" ... n u oh< 1<•<1 of ;;,,.,.,¡ "''"''b 
J'<I.S""'d bY <><h mMel. Thue concopci con b< •Prlied lo 
••Y •M1w11< d"i¡n ond con,.itul< whll "1<11 nliY te • """"""' 
low"" of ocflw"< comr<»ilion. They no<d nol b< thuu¡ht of 
" beinloUi«l~ opplicobl< lo dni1m oui•id 11 usin11he "'"'· 
1urcd dui1n m<lh<><l. Tb< ""' of this method" complom<RI<~ 
by th< '""""" uf • m<lhod lor der.nin, •Y"'"' lp<dfiQ. 
1icns callcd ll<u<lu<Od on•IY•i• 1 ~0]. 

Suuclu«d d"iJn viewooyot<mo in l"'ocomp!em<nl&ry "'l'l 
One is 1~< flow oo rnoW<m<nl ol dou ~hile lb< elh<! io lh. 
nonoforn,.¡ion(o) which ouch don flo"' undt!iO<o lo b< troru. 
formed lrom input in te output. To'""" lh<y lo<m • ""· 
"'"'~ mcdol of o 'Yit<m. [loto tni<O •• mpul, und"'" "'"' 
formOiiono. con"''"· di•n1•.1<t oto!<d with olh<l dato,•••• 
b<<eOm< outPUI. Thio •itw of ooll"'"' n>ay ocund simpl< .,. 

P'<hor• dull, but it 1'"""" "'"'' lnl«ootinJ oid< <ff«~: 
Amon1th<« ore the fellowin,. • 

l) Ab><n« of timo'" th< dOio·flOw O<N<I<nnlion-Si"" 
mo .. m<nl and tfandoomolion of dato '" lh< only <hiU<I<r 
iot«l «p«o<nt<d hy ohe UOia·flow di''""'· lh< ccn«pt of 111. 



¡wo.or< of ;imo ''""' any o.iRJie o. .... ,., doll·llow pal.(o) io 
nol pru<n~ (f•&- 9)_ The ooflwofO <OJ,On«r io freo 10 concon-
• .,, on tht <Olahhshmenl of o clur undentandinJ ol whot 
qor/nH,;or lronoformolion• mull oc:cur in order lot the 

111pu1 d}1o 10 be intr<m<Mol!y ond <Dfi<<Uy t .. nofotmod 
in lo oulp<>t. 
l) Lo<k of cl"siool lunolionol docompositlon-Top-down 

oi<SiJ~ h1> been de..:ribcd ">hDwlnl ""ly Dne p>l~ in o ttee
tiJ,<.ÓUu<l<>r< be<.~uo< il &Qumc-. th•l there;, only ono prDb· 
l<m ID be ool•ed [5!. Th<W< ol1h< "dolo·llDw•iewpoint" 
rdkle<1 lhc dfeol(1) -..hkh 1ht d<Oi'n"'' uperionce and 
bi;,., "''" h .. e on lhe r"ults. Th!O 1llowo lht "ohopc" ot 
"'"""'' of the IYII<m ID be: rtloined. Further oo In II<O>IIue
lurod d<>•t•l proxe,., th< .. "nollml aggreg:Ueo" ol mnol<>rma
(¡on• ond doto llo-..o ploy 1 >1tal rol< .n tht identifi<olion and 
or'oniution of modul<1 in the conoUuction pLon ot phy>icol 

"'"""" or <he oyll<m. 
A oeriouo probtem Jor oultwar< en&in«!l io lhe con11o1 ol 

eomple >ity. Much of th11 comple.itY io couotd by ccnc<rn o~r 
ool•int the prublern conC<pluot]y .. hile ollo"'ÍIII implemenlo
tion '"u os to di1ton <hio obltr><l •i<w, The ooltwue en¡in••r 
linds himS<lf pulled in two dir<cliono al once. Henoc, hio 

- omnlion io l<><u><d olltmati .. !y on hiJh 1 .. <1, obotr."ct pTob-
1<"' ;,.uu ond low J .. el, detoil imp!ementuion onn. This 
shu11lon1 Oetwun twc oomewhot in<ompolib1e o<lo ol iuues 
""'" on llnlloble envnonmont in whi~h miotüeo will be 
moJe. S eme key Wue otoublle nuonce reprdilo& the prcblem 

' be o•er1oohd. Suu<tured dui¡n recommends o dioci
' ••in<licn bcl•«n obotro<t or lotiuldeoi&n ond phys· 

t<d de>1gn. Thloenobi<Olheooftworeen¡ineor to 
<•· •<h u th< or<~il«l pme«do by fo11t "tobl11hin& o 

.... •«PIU>I oolulion lh<n o~juot in1 n lo the ia t<nded opero<on¡ 
,. n•nonment (mokm¡ 11 pro<ti<ol). 

Tho buic ploy u"d in otruolu<ed d.,i¡n io lo identily the 
d1U llow(t) oppuent in the pmblem ond to bllild in bOlh d<· 
1011 ond ottuclU<t in on it«otivc fuhion. lt io .,oumed 1ho< o 
oyllem lpecoi0<01JOn .,¡,,. bdou dui¡;n be¡ino. Thi.l opccofi
cotion id<nlifo<1 inputs, de>irtd outpull, ond o deu:ription of 
lh• luncuonol np<<11 of the oySlem. The o¡><clfocotioa lo used 
oo o b.,;, lot the ,raphieol depiction ol <he onh<rcnt dilO no .... 
and dolO tunoformoloono Thio ~·,¡phi<al depiclion io cotled o 
dota-ncw doo&rom. Frcm th< dato-no-.. dioEromo, ""'"'1 oure
pl<o of lh<o< l10nolo•"'"'""' ond doto no-..o ore od<nlificd. 

. Thio <"ntuolly r .. do ro rhe dtfinotion 1nd dopieuon ol th< 
mod ul<> ond ""'' "!ofoonsh 'op to oo< anolh<t •nd '""ouo •Y•· 
""' ol<m<nlO col\ed o olruolurc choll. Tho oyOl<m lp<<ohco
tion is I«Umln<d, «<oro ond omnoions temediod, ond th< 
prO<<., cydtd lhrou&h opin. Nol oll Ol<ps Jr< rep<at<d. only 
thoO< •leenoed n<<<..,<Y by th< •~llwor< <n¡ineer. ~n o~r
,¡,,. of this pti>C<" io ¡hown on Fi¡. JO. 

B. Ll<r<o Srntcru,. (Ñi<nltd Mcrh<>do 

D1ta 1tru<\UI< orienl<d m<lhodo Ki•< lh< ooltwor< d"i&n<r o 
muno el proe<tdin11o o de>ign t>•<n lh•l lhe Olructuro ol thc 

~'" thol ..-ill be pto<c,...d by th< ""''""' io ho,.B. In thio 
.., .. , SIIUCIUIC f<f<tS 1<> lht IDt><>l rel>lionohip(o) whioh UIJI 
1><1weon duo elemtnll ond not lo the phyoi<OI formOl ol d•to. 

,. booi< premto< m thio <01< io thol lh< llru<tu« of tho doto 
,nd the uru<tur< of th< pm&com m"'t be: ocno¡»hbl<:. Tho duo 
llructured opproac~ we will uomon< here io tha1 oJ Wornicr 
(111. 1t ohot<> lh< dato llruc1ur< view wilh •n •pploooh 
outhor<d by la<k<M (l2], Thoy or< wi<l<ly populor •• Eumpe 
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ond "owin¡ In populorhy !IIth< U.S. but <>llli>< Jundo"'e~tally 
dtlfuent opp-<h<l <o d<>it" topru<nl<tlon. 

Conooepluolly U io noumed thot th< inh«cnt otruoturc ol 
inpur ¡nd ou1put doto io 

1) di.-«mibl<:; 
1) uoefulooa dri•inJ lc1<< in ..,fl,..ore dnelopm<R\; 

3) '"'"'""'" l~al> prudcnlly ohucturod pto''"" "di ,.,ult. 

Thio metho~ cmployo Lh< fo1Jo,.inl Jour dilforenl dui&n rcp
<<ltnlo<ion och<m<O: 

t) da u Ul¡aniullun diotrom; 
1) lo¡icolocqu<m< dio&rom; 
3) inOlt\IOUon list; 
4) poeudooode h desi¡n orionted, codelike lonl"•&< with 

limil<d oynto<ti< ond "monllc r••llictivo IHI m codt. 

The plct<d~r<- for de .. lcp>nl o ""''""" d<OÍJn """' this 
method 11 «lori,.ly simple. 

1) ldenlily oll input don <n1!tieo. Th<it Jormll io o ••~olld· 
ory iuuc te thot ollh< telationohlp they h .. e to one ono:!'ter. 

11 Ot¡Janiu !he input dJta onto • hierotchy . 
3) il"i~n o d<miptlon of each on1i1y rn th< input fol: ond 

nol< "" numbu of limos it occuro (o.¡_, 1 cmployce fo(<, ~ 
<mployoeo. <O<h <mployee record "'""'"' 5 <ntrioo: •ocio! 
'""""'Y number, hi1< dl1<, cmplcnc numbcr, corc.pony 
oddr<Oif\oc01ion, ond home oddrus). 

•l P01fDrm lh< ""'" prl>ctiO .. in 1)-3) oho•• but lor 
outpul dolo, 



... • .. 
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S) Speclry functlonol cbaraclcriolico of lhe pro¡rom by 
~<lrnint th< iMtrU<lions (by Lypc) wlllch wUI oceut in thc 
prcr.um. Tb<>< are ~cllned by typc of ltlstrucrlon in tho 
lollowin¡ order: rud inslructiono, br~nch (and rclo!Od) m· 
olructiono, compunliont, outputo, ond eolio to oubruutinco. 

6) Uoln1 o modlfitd no,.cllatl, dilploy lhe lo~ool .. qucnu 
of inouuctions usin¡ qmbob to rcprcu:n\ bcgin pro«u, tnd 
pro«ll, brtnehin¡, and nestin1. 

7) Numb<r eoch elemenl ol lht logical sequen« ond oxpand 
il ¡..,herc p<>«iblt) u<:in¡ combinationo ol thc b .. io .. , of rn• 
ouuc1iono dcllned In 6) ob0Y11, 

Wornicr provid<a o number of other mOle deroiled inotru<· 
tiono lor the compooition of proGramo usin& thls melhod bul 
thc11! are nol ''""'"'" lo our discuulon. Th< dtve\opm<M 
now ulin¡ lhi< mclhod i< >/lown in Fil.- 1 l. 

C. l'•~•<•ipll•~ M<lhado 

ThiJ <al<c<>rY «m!ailu m01l of lhe oonwore compo<iiiOD 
mtlhodl <uff<nUy ""aibble jlll. Th"" m<lhodo are bo«d 
on tbe np<ri<n«(>) of thci1 outhon and ]od oom< unifyin¡ 
conceptull ll>mcwo•k. Thcy are th< l«ull of v•luohlc <>P<· 
ri<n« ond o &oOd deo] of <mpiriciom. Mony oflhtm ore a 
collte~ion of ""c<>od lhiflp lo do"" wh1b olh<n pul lotword 
'" o .. rall >ppmach 1<> wl•in¡ soflwore dcoi&n prohl<mo. 
Mosl ho,. oclopl<cl oom< op<ciflt ocl of d«i&n r<Pr<l<nlolion 
ochcrntl. META Sl<pwosc rcfin<m<<>l (14) J<><o. nol conloin 
• opccifjc duiln r<pl.,<nUiion schcm< hui d<><.> prooid< u 
o .. to\1 oppro.ch lo probl<m ooMna. 11 ~nsim of lh<<< con· 
<<P"' do"iplio~ed (01 <louclurcd) pro~"mmina. proMcm 
ool•on¡ by Íl<r&lion. and rclum on in•eslmenL/cosL cffecli ... 
"''"· Th< "''Y '" which <><h ni lhcoc cone<pll manifcm 
oiS<II in lhll oppr01th io d<ocribed b<low. 

1) Diooophn<d pro¡r•mmina- Thio refero lo holh lh< proeeu 
ol d<compooin1 lh< oolulion opooc in order lo idcn¡lfy oll<fnl· 
!in sol~!iono •nd to lht brn~in1 down of 1 Sl•<n wlution 
onlo ill <on>lolu<nl 011ribu1<. 1! ;, nol dc<ompotllion in 1~< 
ciUIÍ< ocnsc of lhc word, u wt sh>\1 seo. 

2) Pmblcm sol""l by olcrolion-llcrt, thio rtfen lo bolh 
lh< P<<><us of t<p<lui•o!y solvin1 a do1l1n probl<"' 1nd lo lh< 
PIOCiiu of oddon1 dcuil wilh <>eh il<ulloft. 

3) Rctum on lnYUimtnl ond <ool cffecLi .. neq-The timc 
and <MIIIl' nocunry_ Jo oppl~ lht Ol~tr !wo <Me<pll oro 
brou1hl tnoo shar~ fucuo •ia thi< on<. In lhi<coO<, futtMr ••· 
finomcnr lo "nly •1""" on tb• moor ¡>tumioln1 ollht oll< rull•e 
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oolutioou. Tbis '!''k"' f<Ú a mo1e pruden! ond cool-<ff•<ti .. 
.. rcndi<uro of rcoout~l. 

Finally, Uoe ¡efioe<nul diocipline lo doreclcd ti pullponin¡ 
lmplem<nlallon dc<Uionl unhl lhe oppropri>tc ¡.,,¡ of dcuil 
hoo l>un tuched. 

Thi< tcchnlq11< be¡ino "'Uh 1he (prcoumcd) ui.,<n« ol ao 
uact mbl< probl<m der.nilion. G10co lh>l surh >n nprc.,lon 
cf th< ~fobltm <>isiO. <he r.nl 11<p 11 lo compo<e • olmple 
ll>l<nl<nl Of lhc oolulion lo the problcm. Nnt ... ,,,.¡sol u· 

Hooo "' 1<nt<OI<d. E•ch of lheot io of lh< '''"' 1< .. 1 of de~>il 
u th< olh<n bul uch il mor< dcnilcd <han lht lnillol oo<. 
Eoch '"! of equiYOI<nt oolulicno eco"il"l< 1 levcl of rclin<· 
ment. Th< ""bell~ of lhuc 10luli""' Íl .,l«l<d. 11 11 ""'" 
IJ<IIed in lh< ""'" monnet >1 lh< ini1l1l '""lullon. Th1l io. 
~<•cr•l <qulval<nt l<l1utiono ol mor< d<IOll al< gencroled, •nd 
10 fonh. Th< prmc., endo wh<n a ¡.,,¡ of rclincnÍcnt h 

1<ochd which con 1>< dh<c<ly ionplem<n1td inlo the lnL<ndcd 
prou1mmln' lan,ua~< ( Fi¡. 11). 

D. Comm<n/1 Rtta•din¡ So[l..,o<~ Compalilion 

Eoch of Lhe melhodo a•.oi\oble Jodoy rcllu heovlly on o sp<
cifoc, somewhal innexlble modo! of ooflworc du~lopmtnl. 
O!ten. lh< modcllo loCil!>ed in oharocl<< in lh1l h oddrcm> 
impl<mtnl>llon nlhtr lhon ~rchllo<luf&! p<ohlems. llowe•cr 
lh< ovtroll tff<cl ol Lhe .. ailoblllty of melhodo ifl ooftwor< d<· 
si'" hu b<en quil< bcnclieiol. Diociplint. otgoniullon, ond 
on opcnoeu in dnclopmont are a fow of th< pooili•e lrtndl 
uperitn«d thao f11. 

V. CONCLUSJONS 

Soflworc deoi¡n io o branch o! ooflworc cnlineetina whicb 
io JUU bolinnina to ohow reco¡nition of llo con>monality .. itb 
othcr deol'" <!fono d1tifl' b1c\ to onliquity. Thc lock of o 
llind;rdi><d •FP•uoch Jo dtpi<llnl"Wh"•« dtl>¡n con be 
holb on uocl 1nd o liohility. 11 "on 1mt ln lhl Lhc "'""' 
of depiclin¡ • deoi,n o.n be loilured 1<> ll•< oudicnco ond lhe 
lypc of ptohl<"'l loein& conoldtr~. h io o liobiUiy ln Lhol 
mucll of lbio poltnli•! ¡, lo<l duc lo local, foclionoli><d Yicwo 
or ~<quircmcn u on bow ~b<ll •• lo pon ro y oofl wore-ony oofl· 
w•r<. llor<fully, Lh< tronO lo eopand l<>c•<. progrom·oricnl<d 
lhintin& In lo • ¡lobol or •Yol<m•h><d •rr<<>><h willlce<\cr•l< 
pro1rcu roword •i<winl oohwore d«i¡.n ., o •1J1tm o/ <OB· 

«pU •~d lcchnoqu<>. ond noto «cr<t. 
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Qn,• of thc oucoeasongly ~i¡!nifu:anl probleins r~cing th~ $Y>I~m Jnigner> anJ m~'''''. 
planucrs of tod~y Í5 tl1e time! y ~~~~~ accur~te dcrinition of ~y~l~m ~kmcnt mterfa¡;cs ano.! !.11~ 

or acti,·ity interrclationsl1ips. 

The dassical ~pproach lo rcquirements and/or activity Jefinition and allocalion consosto 
of tl1c subdivision of large functions into mullipk. undemandablc. <.Hsd¡>line-{)ricn tcd moo.J u les 
or blocks. Each of ihcsc blocks is !hen der.ned or spcciflcd in terms of iis inputs, OLO!puts and 
transfer funclion•. The empha.is, unfurtunately, is usual[ y placed on trarufer func tions. v. hile 
the in(IIIIS and outputs (intnfaces) are all but i~nored. Tlansfcr function ddinilions arc onnrc 
readily understooJ and con!municatcd than interface deflnili'?ns sincc thesc functions are 
quanhfiable. structurcd, close lo the implcmentJ!ion design, and can be easily relakd lO pJ>I 
CX!"'ricnce. A structun:d tedllliquc or disciplin~ mns! thereforc be acquired by the cffc~Hvc 
sy~tem d cstgner and master pl~nner, which · plac~~ ,·qua! WCI gh 1 on all o f ttil! ddinilion ~ nd 
allocation parameters. Interfaces arnl acTivity rdationship~ mus! be Jealt with in a tcip·down. 
hierarchial manner which is as structur~o..l and timdy a. toda~··s trJnsfcr function definitiou 
prore,;s. The implcmenl:tti~n of an ~ffecti"C intcrf~ce defoni !ion methodology has be come 
cssenti.il dueto the incrcasing relationship complexity of today's tasks. or¡:anil~tions ~nd 
systcms. 

This papcr describ~s the N2 Ch~rt. which ls ~~~ imrlcmentation tool ~nd metltodolu~y for 
thc tabulation, .Jcfini t ion, analysis and de...-:ription of funct ion al interactions anJ in tert':tc~s 
The too\ presented is not limited to any particular f1dd, discipline, market area or systcm typc. 
Thc N2 Chart is simple and casy lo undc!ltand, nructured and methodical, top-<lown in naUtr<.·. 
oominunicativc of \he dcsi¡;n, and for.:..s a uniform lc•el of d~sign consistcncy. The N 2 ( lmt 
is an dfccti~e tool for thc intccration of aH of thc people, products. and papcr that mak~ up 

..any given system. 

An initial N~ Chart dclinition is providcd, together with discussions rclating lo it~ •JroOLt> 
lli3.gCS. formats and applications. Applications ,·owrcd indude inLNfacc tabubtion. Jdínition. 
dcs.i¡;n and analysis acti~oties. Other uon-{)b~ious ~pplkJtions an: ~dditionally discu~sc!l which 
are con.:cmcd with dcsi~n description. oÍJeralionalproc~dmc ~nalysis and schcJuk an~ly"s 
~ctivit ies. E xamplcs are pn:s~nted of actual N~ Chart ímpl~ m~ntations on numcrou~ TR IV 
studies and proposal activiti~s. Two e•amplc'S are prc:~Cnt~d in det¡il whi~h illustr~lc th~ ~ppli· 
cation~ of !he N2 Chart in intcrf~cc problcm solvin~ and in top-down systcm o..lcsi~n d,·fonLloun. 
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The N2 Clwt \(dmique ha~ beén uscd on over 50 individual st~di~·s ~mi proied• ~~ TRW 
wilh ~ ¡:real de~l of succeu. The pri.n:uy ntTriburc of !he Tcchniquc h~~ b~en in its rJpid 
~ommunicJtinn of interfac~ and re!Jiionship .Jata bctwc~n large 1\Umbers uf pcoplc with vancd 
intcresls, backyounds, ~nd needs. N2_ C"harh have bcen used lo describe a~d define lar¡:e S}"'!."'"~ 
conccpts, hardwue componen! design dctaih, software program deta:led designs, organtutinnal 
and operalional n:larionships, ~nd tasking and >chedulc interfaces. A box on nn N2 C11art has 
~en uscd to define cV<ory!lllng from an e~rth/spac·ecraft interface down toa connector pin or 
wire interface. One of the main valucs ofthe Nl Otart has been its disciplined stmctur~ wllich 
by it~ naturc forcn the use.s lo amo~ consi"cnt and o:umplelc leve! of detailthan o!her visu:f 
pn:scntatiOn \e(hniqucs. Figure 6~1 summarizes thc major fcatun:s and ~pplic~tion~ of the N· 
Chart technique. The following para.¡:raphS provid~ "additionaJ inforn1a1ion on the use of N2 

Otuu for the tabulation, de f11ntion, dnign, analysis, and dcscription activi ties illusr rated 
throughout this paper. 

Thc tabulation \Jsk is probably thc bes\ fit for thc N2 Chart technique. Interface and 
rel~tionship definition act ivitics are grcatly enhanced with 1 he use of N2 Oaru. The interface 
accountability anributes of !he techñique, IOgether with the changc rimp\icity and reprod ucihili\y 
of thc actual charl fonns, make the N2 Chan an ideal !ool forlarge and small ~yslem tabulation 
task!. 11Iis fad has been completely vcñfied by all projects employing the N2 Charttechniquc 
as the inlerface tabulalion medium. '. 

As a too! foi interface and relationship definition task.s, the N2 Chart provides the much 
nceded "input" and "o u tput" portions of thc cntire deftnition equation. The "t ransf cr f un,·t ion"' 
PQrtion of !he equation, however, cannot be accomplished totally with the N2 Chan technique. 
Thc N2 Ourt mus! be used in COOJUnction with other tcchniques (e.g., block diagram, flowchart, 
etc.) in order to pcrform the total systcm dcfinilion la, le. llowever, the step seq uence and loop 
N2 Charl variationS have aided the transfer function detinition job toa grut~r extent than 
oñginally expected. Many projects havc employed the stcp sequcnce N2 OJart in prefcrence 
lo the flowcha:t for ddining top leve] -:-::oerational ~nd data flows. The loop chart variation 
hao; proveo very use fui in defining tite secondary systcm flows and dependcncics (control, 
coordination, monitor, support, etc.). 

The dcsign and analysi> aclivilies involvcd with a sys!em ar.: aided by the N2 Otarl only 
throuch its tabulation, dcfinition and J~s,·ription capabilities. Tite N2 Chart techniqu~ doe:s no! 
provide mathematical proof or even fonnulalion capability lo automa\kal]y cope with lhe sys· 
tcm dcsi¡;n problcms. l!ncinl"ring e~p.:ricn(c, discipline, know·hOw, and judgment are still 
thc most importan\ in¡:rcdients in the systcm dcsign process. 1l1c N2 Ch~rl docs, howner. prov1dc 
a gr.:al tool for !he dcscription of tlle design proccss, both for th~ desi&nc~ and thc rcview~~-

3·5-/0 

117 

I;:.J' 



Lana, R. J., ''The N
2 

Chart," 
Nove~~~ber 1977-, 119 pp. 

TRW Software Series, TRW·SS·77-04, 
JSDOS Newsll·ttcr 

' )lo .. :; 

78 
Volumc 10 

1"! ,_1 CH .. Ill. ""U• .O.rt'lll O DlliGUolll Y. PAC "DI S " I'\"IW[ AFUl IOOl fOil T "l 
AuguH 1' 
Appl"'n<.l i x 

Ot fiNI 1 oo ... T •elll • T ID". DtsiG ... """l •s<S •~O 015CA 1PT10" Of IUNCT>0""l 

""" P"YS1CM 1"1[ MACIS ANO RH•T IONSHI" 

r.1 CHART Kf' ffAlURfS 

~ 
.· 

• ""-'<fiPU fiHD Ar.O PROBLE ...... UCATOON 

~ 
• 1 "'0 '0A .. AT 7' H.> TAL PICTUAE STAUCTllAE 

• •u <~ 1i AF A CHolA! LATIONSHIPS IDfNTifiiO 

• C0"'LITE. TWO W"Y INHilJACfS 1 ABULATUl 

• ENOOUA.O.a<S TOPS DOWN STRUCTUAfO O!SIGN . 
• YALUAIU 0!5>GH OESCA,liON AIO 

• ..,,_.,L.SIS TOOL lOA 5'51! .. 5. OPEAATIOHS . .O.NO PLANNoNG 
• 

• CUU 00"'"'UNICA110N WITH E..SY UPO>.TE 

fUNCTIONS 
• 

. o T.O.:;K _.PPLICA1IONS 

• nsll .. THAOUGH UNIT O.SIGH 

$Y:IlU.I 

' • INTERF.t,U 1"9ULJoTOON 
COioi!'ONENTS 

• INIERFAC! OHINITIOH 

• IHHAf.O.Cl OESICN • . 
t • . • INTERfACE ANAI.YSIS 

~ '= • OISICN OISCAIPTION . 
PAOJICT: APPUCA TIONS 

~ 
• RHATIONSHIP .O.NAl VSIS 

• 

• PAOPOSAUi • OHAUIONAL A,<,uniS 

• DEYEW...,ENT PROJICn (1\ • PLMNIHG ANAL Vil$ 

ACTIYITIIS 
SCl<IDULI ANALY$15 • 5Y51E .. PAOJICTS • 

• HAAOWAilt PIIOJtCTS • 
• .SClfiWAAI PAOJECTS 

¿...,_ -6- OPIAA~ • >NTEaR•liON PROJICTS 
• 

~ L.- ( . ~ • $l • ID PAOJICTS 

• UUOY PHOJECIS • 
• AISIAACH PAOJfCT5 (6._ • ........ ..,,,.¡; 1"[0 .. {1 ' __./ ' • .. ANA~[I.<[Nl .....______ 

'· 
WAJINIHG. H<E N' C"AIIT CAN Df DANGI*O..S fO 

VOUR SYS'TI"' lf USfO IMeAOP<U!Y 

Fi¡:urc 6-1. ¡.;2 Ch:nl Overview 

118 
3- S-// 

lil 
• 

u • 



Lano, R. J., "The N2 Ct.art," TRW Software Series, TRW-SS-77-04, 
Novcmbcr 1977, 119 pp. ISDOS Newslcttcr 

Vo!Utllc 10, /llo. ~ 

1978 _ August 
Tile N2 Ch~rl '""· !h~1dorc, be thougbl of as a communication mcdium lo coordinatc !he 
desi¡¡¡ and an~lys.is prOcl!.'iS.:S rather th~n an equation or fa~ility for ~ccomplishing tllc task. A 
prcvious $latement, which is most ~ppli~ab\e to des.ign and anal~sis activities, is reptated 
below to illustratc a possible st.ort-fall of !he N2 Chart technique; 

"17rt reader must be r~miniled thDI the N2 Chart is on/J' ~ too/ for 
Interface dejimtio11 cmd not a11 automaric solutlo11 to the problems 
al hand. The usagt of the /# Chart gains bei .. :jlts only if tire !<SU 
ls dilige/11 and mnhodica/ in his deflnllion effort. The N2 O!art 
has the pauntial of being a dangerous crutch whlch. ¡f used 
lmproperly. co/IVeJ'S the fee/iug af uur wrders/mrding lO tire 
re~iewu who does not sprnd thr energy tn comprehend and · 
rtudy in detai/ this '/ay it al/ uut" v/Jua/ prnemat ion. " 

The use of N2 Charts as a description tool ha~ proven exlfcmely succes~ful. A great 
quaniÍI}" of complex information has bccn transfcrred to alarge number of people in a shon 
time period with !he use of N2 Chart tect.niques. Tt.e ~ase of production, simplicity of pre· 
s.en!ation, and the visually sdectiv~ levcl of detail providcd by this technique has proven to 
be invalu~ble as a communicatiorl medium ~mon¡the dcsigner, revicwen, 'onsultants. usen, 
and other partidp~nts in a system design effort. The de,criptive ~llribute of the N1 Chan 
technique has, through expericnce, become its ¡irim_ary allribute. evcn thou¡h it wa~ not the 
ori¡:inal in ten t. '. 
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A•'"""-Th< cool!lboUonl ~~ mouutom<"' ond «pedmonUhon 1<> 
oho ""' of tho on in ooflw>r< <n¡in«rln¡ ><< r<>i<wt4. 11" ro k of 
'"'""''mool ;. ~'"'"~'"' oh'"'""'.¡ oood•-4 O.di«»U<d, ood oonw•• 
fo< «lu~dily o...! •>l><lilf u< l!t<U<d. Cunul opp<o .. h., Iom..,• <in¡ 
..,,,.,.,, chon<llri<hu "" P"''"''' u ,....,pi.._ In ,.,k~W • ..,...,. 
"'''' complcoi<r '""'"'' "'"'' '" coorral now, moJul< l•'"'""' 
""' «dn<». ond llolo,.,.l', S<olow"o Selon« >n d;..,u<Oed, 11" uo< of 
"~"""'""' molh"d' In e<.Juotin¡¡ couM-effool >eb.úonohipo ¡, olw 
di><u...,J, ''"mplc pw~""" ol u¡><<lmoo<al '"''""~ "Molo ln•<lli· 
1'"' cuodi<iuo>l "'""''"" '"' ro.U<~ llow O!< r<fflwed. 11" '""' 
du.Joo or('ol<> "'" monr od, .. m io ,.l(wo« oo¡W,orinJ "'oll l>a , .. 
hl<d to jmpro..,.uu in th< moUoi«<IOI ood <>pttímutolc•aluOiioo 

.,( ,..row>oe l«holqu" ••d pn<lk ... 

l. !tHKOPUCTION 

THE MAGNI fUUIO el com inwl•od in ooftwarc d"<lop
m<nl and n11inleU<n« •••1nify l~< ne<d foro "iontific 
foundolion to ouppcrl PIOJIOnlmin¡>londordo ond mon· 

ll«tl<nl dccioiono. Th< .,¡ument lo< cmployinl 1 putícul11 
ooflwooe l«hnique io mo« con•indn¡ if bockod by <>p<ri
"" nh demonotnlin¡ ,¡, bcncfJl. R i¡orouucientific proc<J ur., 
nouol be • pph<d tu otudyinl \he Je.,loi>monl of •uft ''"" •Y•· 
t<rnl if we "'lo tron>form pro¡nmmins in\u "' <nKin"rio>g 
d11ciphne. Al 1~< cot< of \hu< procedur<•;. lhc do•<lopmcnt 
of muouremonl 1<<~niqu<J ond 1~< dttermina\lon of '"""" 
elf"l relotíonokip,_ 

A conllnilm<nl lo mcuur<m<nl ond uperimenl>lion hope
fuUy be~im by fucm•nl on th< phcnomcnon w< ore tryin¡ lo 
•• ploin. R othrr lhon b<ginnin¡ by co\Onling or exporimr nl•IIY 
monipulatinE nriouo properiLU of wftwar<, wo ohou!d fust 
d<!ermin< ,.h., suflworo.relolcd tuk we wisll lo undcnl>nd. 
Modc1in5 ti>< prO< e<"' underlyin1• oof1w11< l.,k hclps idenhfy 
pto¡><<lico of softwo« tbot olf«1 performance. Once 1h< pro
eus ;, mod<l<d, w< con di"•" it wilh oll manner of mentific 
prucedurcs 

Tb< >rtoclc on ,.¡,.¡,.lily by M u" \61] in thi, ¡.,,.. pro•onlo 
o ri1orous •rrrooc~ to mod<lina • ooflwo« phenomonon_ lf< 
opecifou, "' of auu¡nplions aboul ooftworc faUu<'l111atluide 
h11 ~<•clophl<nl of 0 quantil>ti•• "'''"'"· Vel, "'"" doco 
nut Olop "''h a ducroptoon of hio meuure. He takco 1~< cnll· 
""f iou P"'""' <tep ol ••hdotinl hiS <quotion "'lth o<tuol d•lo. 
rurth«, h< do<O not ddin< his menuro on the b,.¡, <>f • on<· 
shot uudy, but <ontinues lo trot ond rdtn< his model•~•inll 
n<w do la oelo. 

Moo .... coi91 «<•1.,. A9'U O, OOOO;<o"""d l••• O, 1900. ,..,., w<lfl 
'"" '"""""'4 •• '"'Off~<< o< N•••l ~' .. '""· Enol••"'"' ..,_,. • ., .. , 
"'"'"'"' und" <'"""'" J<QoOo>·"·C·0$91 to ln<.,<moliun 5>"''"' 
e<uo<Omo, Con<<>l 1-1«!<1( ~"mp<n>. A<linooun. VA. Bowo"'· opon• 

iooo ''""'"" '"" "' ""' """'""' '""'' ol lh• P•r•""''"' or '"' ... .,. "''"'c ..... ,"'""'' c ....... . 
Tl>r '"'"'" ~ .. """ '"' Sofl""' "'"'''"''"' Ro,..,,h Unlt,lnlot· ... , ... s,. .... , •···•"""· c ..... , n .... ~. en .. .,..,,~'""''""· v~

"' 1¡ om• wllb '"• T<l«oO>munl<otlooo T<<h-.. r'""'· '"'""'' 
'"""'' T<l<p"""' ••• r.••r•F~ c.,. ... ,. Str.tford. t:T o~•.,. 

Stat< """'' th• l o oortwuc produot ~"' • mean-lom<·b""' «n· 
foi!ure el 48 h or utlsf¡OI opeciliod 1imin1 CQ""'""" are 
f'Ounded in the eotablioh<d n><nur<nocnt d"<ip~nu o/ ,.~. 
¡bilJty ( 111, ( 61 J , ond porfo1manco '"luolioD. Othor impor· 
tone alllibul<o of oofl'*l«, ouch u ill coonpr<h<llsibiluy 10 

pro,rommen., h•" nol b«n odequot<ly ddincd A m<>d<l of 
how ooftwore choracterilli" ofle<l pro~t,.nllner perform•n« 
1hOuld undcr!ie •oftwo1e <nJinecrinJ teehn1qu<> -.. hich purpo!l 
to n~ah cede mor< reodablc or redu<e the montolload of thc 
~r<>JfOffihl<r. The empirlcol Slud) of ouch 1 mOOcl r<qui«o 
¡ diociplincd 1 pplication of m<uurem<nl Ónd e>p<um<ntal 
methodo. 

Se,.nl Importan! poinciples in meuuoemmtond e>p<rimen· 
lotlon will be dlSCUSI<d and tb.eir applÍ<•tion in re..:orch <.>n 
how <«llin soflwor< ch.roclcri>liOO moke, p<ograhl difficult 
for o proarommer to undcutond ond wutk with ..-ill be IC· 

•ic~><cd. Wo w>ll I><Jin wilh o discu.,ion of how m<>~O«menl 
is fundam<ntol te !he de••lopmont of • ><itnlific disdp lino. 

A. Se len« ~nd M<41U'<~'<M 

M""'"'~ )53) ar¡ut< lh>l tho voriout sden<ifJ< disd¡>lin<l 
con be cto.,ificJ by the dc~re• l<> wtúch th<Lr on•lyoi"l •r· 
ptoocb io lh<oruical rolbcr thon <<>ll<lalionol. T~< correlo· 
tional opproocll "Ploino phenomena by lit< dclf« of r<ll· 
1ionlloip omonc ol>s<rnbl< e><nts. Thc !hcmetkol appro><h 
allcmpU ~o "P1•in thcse· re!ation•hlpo with ptincip!co and 
conllruct1 wbich •re oh en ,.,.,.¡ lo••lo of ob" raollon ¡e moved 
from relotionshipo aman~ e m pirioo1 dato. 

Tor¡<riOn !881 b<li<•U tha! "the "i<n«o wou)d otder tllem
scl•« in lar~cly t~e UhlC '*'Y (os M>rJ<nou's orderin1l if tb<y 
werc classiroed on tlle , . , d<cr« te wbic~ s>ltolo<tmy meo· 
1ur<ment of th<ir impo11•nt nriabln hu b«n achi<><d"IS8, 
p. 2]. We know con•iderobly no ore ob<out rn<O!unng elcotri<lly 
'" oound lb•" "'do aboul noe><urin~ th< compr<h<n>ibohty 
of ooft"'a).. Ccn«Qutnlty, ccrrrlotioool •ludio arc mo« 
chra<teriotic of the l><huioroltbon th< phyo.icol•· .•n«<. /l.c· 
cordin1 lo Lord K e hin 1461: 

Wloen you '-'" ""''"" - b., Y"" ,,. op.,.lin¡ obcut, '" . <>Pf<U 
il in numb<rr, you koow >Om<lhiflaaboul 11; bul when you '-'"" 
n~l """"re'lt, ~h<n you <onno< <>pr<IO 11 In numb<~, youo 
knowled10 i> o! o m"t:<' ,.d """'"loct~oy kitld; it moy be the 
MP<onin1 of kno..-1<410, ~-"' you bn< l<-.lr«lY in yom lbouJ)'I .. 
od•o..,..t lo 11>< '"~" of '""'"""· 

Th• devclopmenl of ICi<nlifoc lh<Ol}' in•ol•<> J<lallnl th<.,. 
r<h<al conmucts :o ob .. r<abl< dala. Fi&. l olluotttl<l '"" 
le .. lo of lheorctical mu~<lin¡ u dj'""'"d by M"''"'" •nd 
Tor,e,.on. In a "'<11-Jovelop<rl soicnce '""'"""" <on b< do • 
fined in l<rms cf ea<h olh<r onda« oelol<d by formol <~uo
tions (<.l .• force • "'""'X occderotion). A m ->del of r<lotion
•"upo omons construcll bcc<>m<s • lbeory ,.b<n ol l<lll somo 
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.« ""hly '~unl•hle. T\10 nH>r< "'bWUS our n¡ouul<nlCnl 
le,hniqun, !he more thmou&~ly • lh<o,.lic•l mod<l con be 
,,.,,..d •nd c•ILb,l<d. Thuo pro&n: .. in • ... icnlih< buio lm 
<Oh"""" en,m<«inc depmd• on •mr<<ro<d m<aS<H<mtnl of 
lh< 1 und>Jll<nt•l cunol!ucu [ 4~ 1. 

11. M 1:~su~ ICMI:Nl 01" Sol'l W All O COIAK~CTIC~IST!CS 

A. U u o fo• So}<"•'~ M<"Uico 

~'"""'"''nlo ol wlt"'"' chr>CI<mlltl can pro .. de >alu· 
•hl• i11luom•tion lhrmo¡houl lh< .ollwore lile cycle. Durinl 

•vdupmonl "'""uremenli con b< ""d lo preoJJLI lhe re• 
"'"' which will h, '"'IVir<d i11 fui u re pho><l ollhe r<oj<el. 

l'ur ill•t.nco, noelllcS ~c.do¡><d lrono lh< ~<l<~lod Jd~n •·•n 
1>e ""J lo preóo<l lhc omounl of dlorl lh•l .,,¡1 ~e requirod 
lo implenr<nl aod 1<11 ¡lre codo. r.let11<1 do•olo¡oed from lh< 
codo ''" be uS<d lo predi<! lhe nun•toc:r olerro" 1~>1 m• y be 
lound in oubsequ<nl lesllnl cr lhe dolli<ulty in•<>lvcd in mndi· 
fyu•~, "'\Ion of <Ud<. !!"·'"'" olll"i' polenli•l pr<dieli>< 
.. ""· wflwor< """•cocan be useJ in •1 '"" lhr<e "''Y'· 

/) M~"'''"""""' ln[<m11~1ion Trw/1: ... , o m•nol."lll<nl 1001. 
'"''"'" pru•ode scvoul lyp<o ol onfo11n01ion. F11<1, <hoy un 
be u><d lo predo<l fulur< oulcomes •• dioeuucd abo•<. ¡,leo· 
'""menll con be developed fo1 co,.inJ •nd <i<iRiollh< proje<l 
1<><1, 1uch as 1n lhe modelo pi(IPO"d by Fre.muo ond P•rk 
!Jl!. l'uln•m [6~!. ond Wolv<rlon l9ll. Olhcr,,Ódel•h"c 
l><<n d<•<luped lor c11ionolin1 produ<li.,ly [)21, [89]. Such 
m<lnco •llo., m~~•&<•l !o o>S<..O f'"l" ... lonurt pooblomo. 
•nd ••oource r<qu><ello<o>IO. 11 lb<« noelrico o•n be poo...,n 1<· 

hoble anJ vahd 1nd">1oro ol de>elopn,.nl proc<,..u,lh<y pro

"d' on "-'ll<nl '""'"'uf"'""'~'"""' visil>ilily inlo a ooll· 
wlr< piOJO", 

1¡ ~''"'"""' of s~¡,.,,. Qua/ily: lnl<rcol ~""''in Cl<•lin~ 
quonur.oblo '"'"" •pinll wiLkh • oohw•re produ<l ~•n be 
Jud¡ed 140). """""'PI< crolerion would be lh< minom•lly 
''"PI•hle "'"" lime belwoon l•iluteo. These enteri• could 
b< Yl<d" ••lh<r •«<plln« Olandor~o by a >ollware .cquioili<ln 
"'""''" oo •• go~ida11« 1<> rnl<n"olproOI,mo in th< codo Jur· 
'"~ <oll"' •< voh<1nion •lid •<rilic•lion 190 l. 

1) I'<<JI,.<l w Sujo,...,,~ P<TSUn'l<i: lCioh<>l 1 1 11 1 h., used a 
wfl.,.•re c<>tt•PI<>n~ m<lnc lo poovi~e loedb.ck lo pr<1¡,um· 
""" aboul lheir codo. Wl~<n • ••:.:!t<>n ••ows loo cu•npl<• 
"''Y"' '"''""''d lo r<dui~u !he• code uo~l•llhc mdric '<luco 
'" b'""'"' wnhon •cccp!able \ln•ll• 
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The throo '"'' d"<ribed •bovc '"""' • doffer<ne< b<lw«n 
"''"'"'"' ol prooess ond producl. M<aour<o uf pro'"" wo"ld 
indude lh< re10urce utinulion n><Ui.:o demibed •• pciOnll>l 
rnon•¡em<nl loolo. l.teo<OICI ol '"'" and produclivily quontoly 
auribul<o el lht d<><lopmenl proce>S. llo"''"'• lhey con .e y 
lilll< inlounotion abool lhe •el u al ""'" ol lh< ochwore prOd· 
u el. Me"" res of th< p1oduc1 repreo<nl >Dh waro ohar>Cl<Ti>loco 
•• lhcy <>id ••, K,iv<n linl<, bul do nul indocal< how lhe oofl· 
wore "" "olved lnlo this 01>1<. M«>Ur<o ""~ lor loodllO<I. 
10 poo¡ranune" f!f •• qu•hly cnl<li> hll wilhito lhio oe<Ond 
col<cory. 

B<l•dY ISI orcueslhOI ilwill toe: dolr.culllo dovdop o me(llt 
which con l'prc<enl both process •nd pmducl. Oov<lupn"nl 
ol >uoh • m<h.c 01 sot ol m<11101 woll t<4uit<' mu~<l ol huw 
wftw"e evolves lrom • oel ol requireno<n lo in lo on op<tolton•l 
pro"•m. Chorlins liLe O<quenliol pho><o of 111.< soflw•l< l¡fo 
cycl• will not pr<>Yido • >ulfic~<nt ••od<l. Som< r"'""' 11 

bcin1 m• de on >Y SI e m evolullon by Lehon•n ond hio oolleo,u<> 
· al lm pcti•l Coii<G" in london [ 7 1 • ! 9 [ , ! 4 7 1 , [ 49\ ond io d"· 
cuuoJ Py L<hmon [481 In lhioi5Su•. In lile rem•indor olthiO 
><<!ion, we will deol wilh me .. ure> of l>roducl r>lh<J lhon 
procea. 

B .. o,.,n/b~s A pp<OQ<h~• 10 QuQntif,•ns Sof¡war< 

Th<r< ho>o bcen sovenl al lOm plS lo quanufy lht elusi>e <Un· 
cepl uf "'(1.,.,, qualily by devolupin¡ '" "''"'"1 cf m<III<O 
which qu>nllly numeruut f•Ciurs undcrly •n¡ 1 h< mnctpl. Th< 
'""'' .,.,u l.no .. n of lhe>e m<I11C >YOI•m• ue lhose deve\oped 
by Boo:hm, Otown '' o/. 1111, Gilb [3S l. ond lotcCoU U el. 
[SS! The Boehm ., #l. and MeCo U., <1/. oppmaeh<O '"limo· 
1.,, ollhnngh ¡llllerinJ in oom< ol tlh' LOU<Uu<IS ond n•<lll<l 
lh<y lli<>I'OI<. llolh ol lheoe ·~SI<ms h.v< becn do•olopod 
from "' i ni 11i1i>e du•IOI in& uf solt"War< <hil,.!<ll>li<l ( F11 l). 

The hither leve! ton"'""' in <><h >Yil<m r<P''"'"' 1) lh< 
"""'"' l>eb.,ior of lb< oohwi«. l) lhc ""'el <b•nPnl lh< 
so((..,,re, '"d J) lb< eaO< ol con•erlin~ or int<lfodn& lb< IY,. 
l<m, Ftom lb<>e prin,.ry con e< m> BoOI!III ti al. Jovelup "''" 
'"'""'"''1"'' '"""ru<to, "hile McColl el ol. 1J<nllly ""'" 
qu;,lny loctors, Bent•lh lhl> seconJ 1<><1 Uoduu "o/. Cn'JU 
1 welv< plimil,.< eon.Uuc" •nJ r.td"•ll <1 o/. J<l•n< 1J crit<uo. 
For rn<l>nce, a1 ¡he 1e .. 1 of • p1im11i•< •on>lru" or <lll<IIOn 
bolh Bo><hm ., o/. on;l McC•II <rol. ddone • <On>IH•<I lol~<l<d 
""sdf.,l,·,,·oipl,.<ncu"". l'or !lo<lom <"1 ~1. 11111 <On>lru<l unJ". 
h<i lh' illtC!nocdi•l< cunolru<IS uf ""'•~•I<Ly ond unoJ<o"'"J· 
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t'lo, l. Tho flo<h,." o< '"""''Col! «o! ooflw.,., ~~'"" mod<ll. 

oMoly, bolll of wh><ll .. ,.~ Lh< prím11y u .. of mouurin1 main
loonobihly. For McCall ~• al. l<lf·ducripiÍV"<n<u undcrlies a 
number of foclou in<ludcd undcr lh< dom•ino of poodocl r<· 

•11ion•nd """'ilion. 
PrimÍU« COI\Il!U<IIond e<h<ril arc op,ralionally dcfincd by 

><11 of m u rico "'hich pro>ide LIIC J•IMiinu lor collotllnl cm· 
pirical dala. Thc McCall ~~al. oyoiOm ddin<• 41 m<I<Íe> eon
lÍIIÍn& of 11S opccific elemento. Thuo 1M m<l!ico lhcmKIYtl 
r<r"..:nl c<uupoollu of more "'"""'''Y mcnuroo. Thio pro
hf<lllion of "'"""'., >hould ullin,.lely b< reduccd lo Olll•n· 
•1 .. blo .. , wlrich can be aulomol<d. Rcducinalhdr nurnbcr· 
..,;11 r<quire on cmpirical c>alution af wllich mel:lco con y lhc 
mo.1 infonnalron ond how 1bcy cluolcr. Th<r< '"o numbe.r 
ol •nulll'arial< ololillicall<cbniquu .. oiloblc fOlJuch ai>oly .. o 
161 l. 

No ooflwar< proi<<l con >IIY wllloln o fCoronoblc bu~J<L and 
nla;<imi>< oll of lh< quolily footon. Thc nalurc of lh< oyolcm 
undcr dc.clopn><"l ooill dclern>lno lh< propCJ wci,hlin¡ of 
quolily hcton lo be oehi .. cd in lb< deli>'«ed ooflworc, For 
unloncc. rcliobihly "" o eritlcol conuno for -'Pollo.opa« 
flrJ)It ooflware wherc humon llf< wn eon•UMiy 11 ,;,);, Foo 
bu•incss sy11tmo, ho"'cvcr, malnUinabilily io lypicolly of pri· 
mory lrnporuncc. In many rcol·tlmo IYSI<ono whcrc opooc or 
lome conotrainll ort crilical, effioi<ncy lakco prcccd<n<e. 
llo.,.•••r, oplimizinJ cod< oflcn lawcn >ts quolily u lnde .. d 
by othcr foelonou<h., nooiMalnobilily and ponabihLy. FIJ. l 
r«><nlo • lradcolf onoly•io amonJ qualily faclo11 potformod 
by M<Coll cf ol. ( lll. 

The omn¡buo oppmoch lo metrlo dcvolopmtnl had iu bitlh 
in lhe necd for m< .. urc• of oofiWir< quolity, plllrcularly do1· 
inJ symm ocqui111ion. llowov<r, lhe dcvelopmcnl of lb<>< 
"""'" bu no1 opowncd cxplanolory lh<"'Y conc<rnin& 1hc 
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P<OC<IKI offcctcd by ooflworc cbaracocrUue~. Tilo •aloe uf 
lhe .. metfio oyolcmoln focusina all<nlion on qualily Í"""" 
>obllontial. llowcver. lhc•c io "illa ''"'" ncod for qu•nlrll· 
li.c mo.sur<s whi<h <m<r¡c fmrn 1h• mo~din¡ of oufl~.r< 
phenonrcna. M u oh of !be modthna oloufl wor< chan<I<II>IICI 
hu becn pcrlormed In on atlempl to undcrotand ><>flwoJ< 
eompl«iLy. 

C. Sd/I"WIIT< Complu/ty 

Thc '""""'""""' ol ooltwore '""'l'l"ily '- <«<i•ina rn 
<r<ucd >ll<nlron, olnce ooflwaro occounlo fo1 a &fO"Í"I pr<>
ponion of ¡anl compul<r >YII<m com (lO). Compl .. il~ bu 
be<n a loos<ly dcflncd l<rm. and n<llhcr Bo<hm ~• ol. nor 
McCall ~• ol. onclud<.! •1 •mon& lh<it conSirucLS af oohw•ft 
qu•lily. Complt>ily io olt<n oonsider<~ oynonymaus wrlh 
undcrll•ndob>lily Df moinlomabilliY. 

Two ••paruo locuoeo hove cn><r¡cd lo "udyin¡ oollwo« 
eompl<>ioy: computlllonal and poycholo¡;icol compl .. uy 
Compurdlo""l <amp/u/ty r<lr<• 011 lh< formal mllhcmolical 
onolyoio of ouob ptoblemo u al¡orlthm oflicicncy and "'" al 
mochín< re>Du«U. Roblo (70, p. 615( dcfinnthio blln<h o( 
compl .. ily 11 ""lho quanuuoivc 01pccts of tbo soluoiono lo 
oompuiOiion•l problemo." In conlf.,llo lhio formolonalyol•. 
lhc •mrirlcol lludy of psychoi<>JirQ/ <omp/ult)' hu emcrLL<d 
ftam Lhc undcr¡llndin& lhal ooflwore d .. elopt">cnt ond main· 
l<nonce are lu&cly human OCLiVIIi<l (91). l'sycholo~<ll eom· 
rlcaily ;, oonc<rn<d with lh• ehoroci<IÍIIico of ooflwu• •hich 
al lec( p•ot•amm<r p<rfo•maM<. 

Tho in•csiÍSIIion of compu101ionol ond psyeholo¡i<OI com
plnity hu beon <OtlÍCd on wiohool o un.fyin1 ddinioion for 
lhe eonmucl of oaftworc campi<>Íiy. Thuc do, hOw<•cr. 
JC<m IU be ~ommcm thluds tunnin& !brou!)lthc eompl"''Y 
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lot<,.ture[19, p, 102[ whieh IUU<•llhe followi~& dcr."ilion: 

C'ompl<•ior lo o et .. raererlollc <JI tho >Oftwotc lntorfo"' w!lich ln
n,.n<<t rhc r<><>•r«'r onotloer ,y,t..., wiU upcnd ot comouit 
wh~< iormcrin¡ ..;rh rhcoofr .. are_ 

S<•<"l irnpollonl poin" ••• imploed by thlo definir >on. Fin!, 
rhc loe~• of compluiry io nor mcr<!y on rhe oofr"'"'• bu! on 
the oolt""'"' inUficliono with olhct syslcmo. Ccmpt .. ilY 
1••• littlo '"0""i"~ in • »ouurn: il re<¡uircs a polnl of rofe,.ucc. 
Tl111 rdcrcn« loO.<> "'""'"' only whon d"<lop<d froon oll•<t 
oy01emo o u eh •• moohin<', pcopl<, olher soflworc podo'''· cte. 
t io th<SC oyolcm• Uool ore offccrcd by th< "conrpl<kily" uf • 

picce uf wfrwlf< Woroin& about ooft,.><< ch>roclcriolocs in 
the obscn« of other ont<mo h" me rol onlY in on o!lillic ><noe. 
and mcooureo of '"orti>nc"" oofrwa« ue quite ••bitmy. Uow· 
ever, "hen there is on ext<1nol tef<rene< (<tller!on) a¡oln$1 
which lo comp.,<soitwore choracteriolioo. il boco,ner posSiblc 
ro opo11lionally dofonc comple•ny, 

Second, '"PlicJI cfil<rio oro nol •~><cificd. Thio d<finilion ol
low• ""' h<moncians and poycholu¡;rols lo bocornc OUonc• l>:d· 
fcl1ow• oin« ir doeo not ll"'cily th< partieutor phen<>m•n• ro 
be otudicd. Rothcr, rlus d<finition ol<po lm:k 1 !"el o! olr
llnction ond d<>cribes tllc ¡a..l of complc•llY fCocor<h ond lhc 
rcferen<< ,,,;nsr whicll •ompluitytok"' mcaninc. Con1pl .. ity 
" o~ abttroct conott<oct. •nd op<rotion•l deflnitiono,only cop

rurc 1['<dlic ""'"' of it. 
TM second poinl our.¡:<~l> lhc third: coonpl<>lly wlll hove 

diffcr<nt up<t~tiunol d<finlrion1 dcpondin~ on tbc orit<rion 
""d<r lludy. Or>cration•l oldm<tionJ of compluily "'""be 
<•P1<<><d in termo "bich ore <elevan! ro proce-ssu p<rfo1nood 
on o1h« IYSI<ons. Compl .. ity is dcf¡ncd u • P1CI"tlY of \he 
•olrwore '"'"''"' wh¡<h alle<u th< inteuction b<twc.n lh< 
,oftw.,< ond •nother oyolem. To """ lhio intc,.<lion, wc 
""'" <I<>Jtllily ooftw'" ch•'<<l<rrlli<S whido aro rel.,•nt ro ir 
A ""'del o( sol ti.-.,, cu•npl< • 11 y r rnpli« no( only o G"'" 1 r fico· 
tion ni ouflworo cl.,,.,reriotico, ~ut olso u tbeory ol proce=• 
'" oth<r oyltemo_ Th<>< lh< olitlin, poinl for do.eloring • 
metric io nor on inccniouo P•roio& o/ w/twore <ho,.CI<mlics. 
bu! on und<<StondonJ of how olh<r syst<lllJ fun<lion whcn 
l~<Y inl<!o<l wHh softworo. 

The /ollowio~ stopo ohuul~ be follow<d in m<>olotinJ an ••· 
p«l ol oufl w•rc compl<>ll y: 

l) define (and qoontily) lh< crUorlon lhe motric will bode
><loped lo prcdrct: 
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2) d~vdop 1 mndel of P111<'"""'' in rhc nll<r•<linJ OY>I<rlt 
..-hkh will off••ct thi> cfih'ri"n: 

)) 'od< nr·~y tho l" rrpor r'ooo n( •nfl war< wlnd, .. n" 1 tho o pe r
linn nf 1\o••• ¡Hoc~""": 

4) o¡u.tnlii'Y ""'"'' ,.,¡,,..,, ,.¡,,,.,,·h•ri•li··•; 
~~ •.oli,r.,¡~ lhl• """'"' ,..,¡¡, ''"Pi•kal """•,rrdo. 

Tl10 ion¡oorlo•tC< "' llob ¡.,¡ po1inl "'"""¡ hr ,..,.,. . .,,rJ•."i'rd 
Nk<> tloeufi<t 1><~<>0>< e•cn no<« whcn Ch<y ..,.,..l. rrcpJ<m~ 

for tloc ,·,~'"'uf em¡•hi•al ""'"•han woll pwbohly «>ull m 
fower m<lri<• ond 1•~hl<r th<ori<S. Rosulh froon >JiiJ•to<>n 
studico n>ako O>oellonl 1<po11 oa1do on thc ouorcntololc uf lho 

"'· ll<bdy 161 h11 cale~ofired much of th• .. iuin¡ ooll"''" 
compluity lilerature. First, he diolin¡ui>h<> dJif<t<nl >Ofr· 
*"" ohor•ctcri>lics which or< m<IIUO<d u on indoa of oom· 
plu.iry: a\¡o.rilhms, c.onw>l oUuctUI<I, dot1, 01 compooiln of 
>Lfu<luru ond dato. In a IOCOnd dimenoion h< dese:ibes lb< 
IYP" of m .. sumnent omp\oy<d:-informol conctpl, oonstruct 
counlo, pro>babil,stic/•l•lio!lcal Úoatononts, or r<l•lioosh•P• ••· 
l"clc~ from ornpirica! dora; Mosl roscarch h" oonoerned 
counls of ooflw•re choroclÓrJotl ... porlkularly conl1ol otruc
tur<o on~ cono pellico o! control <lruclurco md d•l•. We ,..¡¡¡ 
r<•iew oome of !he ccmpl<xiCY roseoroh in ¡bese two "'" ond 
eomp.,c tbom lo a oysÍem l<vof m< trie. 

/ 
' A. numher of mctfics h,.in1 o lheor<1icol b>l< in sropb theooy 

hJO•< he<n prupo.ed lO ouo,ourc !Oitworo <oonplc>ity by "-'" 
seuiJI~ oloo control flow 18[, 117[, \361,[~4), lil\,1941. 
Su eh ructrico lypic.Uy in de. !he numb<r of br•nch« or (>il~• 
cf<OI<d by lho cundit>onol eoptouiono wirhin o prut.um. Mo
Cobe'o onouic ,.¡11 be de>Ctibed 01 '" o>onoplc ol th<s •rrm••lt, 
<in ce it hao r<cci><d tb< nr<><l empirieol .ncntion. 

Mcl"•be l S41 ddin<d complU>IY rn r<laUon to th< deco11<>n 
stru<.lnro o! a pmgum. \lo •ltc.npted te omueom~<>>ty., 
¡¡ ~Hect> lb< l<!lobilily and «liobility of, modulo. McCobe's 
coonpl«Hy mctrio u(G) io lh< classocal graph·thoory cy<lo· 
on•tic nuonb<r indic•lin, rhc numb.:r of ,.,ion• in • '"ph,o1 
in t~c curren! uoa~•. th< nunobc1 of lin<orly ind<p<nol<nl eon
trol r•tho oompri<in, • pro,rom. Whcn combincd rhciCf'"''" 
'""'"'" ¡he ccn>p!<te oon11ol structuro of th< pro~r.m. 
McC•be"o v(G) ~o be oornputod os thc number of prcdicille 
nodoo plus 1, whero o ptcdioalo nodc rept<S<RU a dccision 
poinl on IM progrom. l1 con obu be oomputod 01lh< numb<t 
o! r<Hi<>n< in a plon>o goaph (o ~11ph in r<~<onol fc01rn) of ¡h~ 
conUol no..-. Thiolall<r noerho~ io demon•lr•t<d in r,,. 4. 

McCobo orguoo lhat his m<ltic, ,...,...,, lh< Jilfi<u\ly ol loo!· 
ont • ~ro~'"". oinco it " • rcrro><nt.rion o! th< control P•llll 
whi<h onuol l>c <><«i><d dutin' rnrin¡. Fro¡n <>.p<uence h< 
b<loe•eo 1~01 ""in¡ onJ reh•l>olity wtll bccom< &<U\Cl prob
lcm• '" • 1<<1iun el oode whooe v(G) <>e<tds 10. 

P•<>h ond Rciter 141 •nd t.! yero 1641 h,.< olev.lop<d dif[.,. 
enl countin~ '"'thodo (or computin¡ <Y<l<"''""' <<>m¡•l<•ily. 
Th"c <liffe«n"' m•ol><ó cuunlin~ rulco lo< (AS!i ola\""""" 
•nd coon¡oound p«dicoteo. DcfLn'Hive d•ll un lh< mool cffcc
ti.c <Ountin~ rutu h••• y<l to be pr<S<ntcd. N<Yertheless. 
eon•id<1inl all«noti .. counlina ochcrnco lo lloooc ori~nal!y 

poocd by ¡be •uthot of o on<tri< lo importont in l<finin, m<•· 

'"""''"' rechni~ueo. 
E·od<n« '""""""' 1o noo<>nl th•l metrico d<>dopcd lrom 

E<•Ph• of Che control llo"' >r< r<loi<J to io><Pmlonl <til<rio 

'"'" •• lh< numb<r o!"""' ••islin~ in • S<&""nt uf codo ond 
lhe tion< lo find •n6 topoio su eh crrors 120\.1281, [1ll. C!otn 
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1 '"' 

,,, . .,,,,~ ... "' ,,.. '"''"'" ..... ,., ... , ...... ,,,.y"' u ........... . 
,.,,.,,,,,.,.,,,,,,..oh,-,,,..,,.,,¡¡,,,..,'"'¡.,, uwtoi•o ,.,,.,¡, , . .,.,~,¡ 
,-,,hl,.• •H•·~hol!l. ll.ol\h".BI, "'""' lh,11o ulho·o "'"'JICh">,lr..-ol 
111 1111<~1"1< lh«>IY '""" lwollo '""''"'"'' .. ¡,.,.,. otl~ I'J)Io·h,.l· 
n~y. \lnf<lfl""''ldy, '"""'uf lhc l")'o ¡,,.¡,,,,;,.,¡ """"l'h•m• 
U<><krlyou' hi, ''""k'" ohllkull lnJU>hl¡·l"' 11>< '''"'""""'"" 
"' "'~"b be ·~plo<ol ''"""· In ~en""'· '""'pul<r odon1"'' 
w<>uiJ Jo "''11 10 lnl"""'"tdy pu<¡e fi<>IH !Ooir n\Oinooi"' 

1) tlo• "''''' ""'"t>o.·o ; í 2; 
l) oh< S1<uuJ "'""'"'' of IR m~nl.1\ oli«<inlin>IÍOil< f'OI k"<· 

on<J. 

Thn< """'""" d<><Ube .o;n<ll'< P<O<.<...:> r<l•t•d ta lhc r-·o· 
«pi'"" m "'"""~" "' oimpl< >hmulo, "lh<< lhon th• cono pi<, 
,.,¡,.,,,,,.,, P'"'"'i"~ "'"' ""oi"J in '""~<>mnlin~ nrp,J· 
l>:nt 1 ( ll ··~~·• "'"' lo< """~''"'"'"~ ,.,~. üo«h .o onJ". 
>l>n<llng • roo~""') "'" ""''" nomi>C, io oubounliolly 1< .. 
'''"" ''"'"· lloc'" '"'"'l«n h"' h<<~< inc<>C!"'llY •'l'Ph<J•i'l 
to.o '"'"Y <>plonotiono ond .,e too froqu<nl1y ciled ~y P"~rle 
w~o h•>< "'"' «oJ l~e ori5onol•rl"l<o (~71,1851. Ro'-'¡J. 
'"" of llw ••lodoty ol hi< '"""'r1ions, thl•teod wat o pi""·"' 
in""'"'~'''"' lo "'-'"''lop Íhl<<di••ir1inuy lh<u<y, ond h,. <f. 
r .......... - r•o•i<lool •<>n<i~«Jhlo ''i" ¡,, funhoo in><Ui"'lion. 

1'. 1" ¡, · 1<' "'"' a 1 cJn ,., 

Sin« oh• nooJol••i,.tion of >Ofhoo<c ton beo:on>< •• i.n

c«••iu&IY ""~'"'''"' <on"rl Ln ><lhwaro <llgjn«•in¡ 1681, 
.. ,.,,¡ ""'"" ho" ~«" <l<><l<>o><d to ,...,,.. the oompl<oLiy 
of lho inlor<onn<d<dnc .. omon1 lhc P><U "''"'prioin¡ o soh· 

'''"">Y"'"' 17\, 1 ~bl, lbll.I~II,I~Sl. Fo< in"'""'· ~1¡ '" 
11>3 \ n>odd> •Y"'"' <oonrl«iiY by ole•clopin& o de¡«nJ<ncy 
.,.,,¡, otnon& p•iu of module> bo .. J on wheth<~ 111~« ;, •• 
onl<<fo« b<l,.<tn lhem . ..,_lthoo¡h hio meaoure doeo noto¡>
""" 10 ho'" ««i"d moch <mpioic.ol •llcnl iun, i1 olueo P«,.,nl 
,,.., imporllnt <onoi~·-<>ll<>no for m<Hklinl cou>pbily 11th< 

>ymrn lc"l 16~ l. Th< r;,., con•i~«olion io th< "'""''~ "'o 
on<><ful<, lhe nalu« uf th< <cblionshl¡•• among !loe Ci<l'l.OOI< 

,.lli<in o mod»l<. T!l< >I<OII'"r, 11101< li,hlly bounoll n\Cjul<, 

oh• '""'' oin&ul" thc puopooo "'""~ by lh< !''"""""' ¡l<f· 
fo11 oncJ wlllnn o(, 1 he "'' ,.,,.¡ <<>•»Í<i">(ion i• lh< wu¡>li"l .....,, 

'"'""" nou~ul«; 1!1< «laliunohip Cl<'>l<d ~"''"""" n•odu''• by 
oh•· "''"" of '"" "''' .,,¡ wn1ml "'"' is ro...,d h~''"""'" 11«"'. 

11 P'"""Y prrn•orL< of IIIL><h•l•< ""i~n io lo adoi••• •• much 
in~''f'<lld<n« '"'""'modules •• r"uible. Thii>IIJ<p<n.l,noc 
hdp, lo lo.:Jh<< lh< •<nP>OI uf ""'"' o< <uodifocolionslo" .o hin 

"""<><a'"""""'"''''- 'lhuo lhc c«m[llc•ily of Lhc <nt«f><C 
""'"'"'" nl<ldul<> m•y P""" lo he on <ACOII<n! pteJ«'"' ul 
tk~ doffi¡·ully "~'"""'""in Je•d<ll'in& ond mainiOinon~ ¡..,,, 
'Y"""" M y«<'"'"'"" L<Jontifoco JOI, now "a""'"--''¡,.,. 
'"'in m"nl••••b<IHy_ Ne•ellhclc», hio "'"''"" ho< not l>c<n 
•<>mplctely op<roti.mally dcfin<d, anJ in ~u«Cnl "'"' " pri· 
noa<~ly houol!lic '<'>u ond biS •moclatoo I9SI "" CU<I<nlly 
""'lin~ on ••lid•ln>&, mo<Jel of lhio &<n<<ÍC IYf"'. L'nfm
'" noo.ty, hu!< <oiiPÍIIc>l ••id""a: i• ""'•ble 1<> ,.,,,. ~~-• r•~
~i<L"< 'lhJ<ty ol •uch mel<ia. 

The fu<o• of ""' "'"' '"''""<in' lh< int.,oon.,ocl<oln"' 'mon~ 
P•'" of • ')SI<m,. Qune diff<fcnt hom lhooo ..-hich ,.-• .,,"'" 
'''''"'"'") ¡no¡;1.1m <on>tru<" or c~nlml now. M<lnos m••· 
•u•in~ lh< '" ICO ""' "<>""'" t>k< a II<ÍC<o•ie,. of tho poo¡;<am, 
.. ¡,.¡, in!erount>«l<dlleü "'CUÍ<I IP<l~ lO 1 n,.crol<><l. "'" 
imp•o•ed """""''"~in¡ of .,~"l"in& from tb< mic<ol<•cllo 
lh< lloo«oi<•d "'"'' lo be achie"d For ln>Unce, >omminl[ 
111< 1111ol<>d "''"""' '''"" modul•• '""''lo •cry d¡ffc«nl 
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l'l<l>t'l-.1 111,..<:~ <Wl'IIF 11'\'F, ~<H., ••. "'" •. RI·I'>>MUUt o t .. 

.,.,.,¡,. li<•n t'uln¡~oliH lln·m ,.,,.,. n•<r 11<• •·n(i!o' phllfiOI<I 
1 ~·o¡ . 

I11\0fl"ol111<"o'l\'lhl\'"' 111o'llio·o "'"~ 1""" '''"'" ·'1'1'"'1""'~ pa
"""'ICIA lo1r llloo·lo~o·•d lll'oldo ""'' 0> ¡¡,,.,.. '"hidl 1'10\llti 

"'"'"'""""'" """ ond '"'""'"'· M,..,.,¡, .• ,.¡ no,•lfl<lL ""Y'"'"' 
ho·LI<< ¡.,.,,,, .. ¡,,.¡ .. ,. 111 .,¡,¡,¡, BIÍc!UIC•cl II1<'LtÍC\ "" """' 

ocn<ili.,-, ludo " inoli•i•fuol <hfi«<n<~'O ""'""' !''"~""''""'• 
"' bol.ln«•l ''"' 11 lb~ "'"""' <>f ph>ic<l ic•d. Ma•rolovcl 
"''Ideo u« lo .. '"''"'""'\ by ¡1,..,, [;clo", ""''""'"& lh<u 
bcndit '" on o•<rall ünJc,.rao,~ln& o!'~'""' coon¡>lo•iiV .nd 
ih irnp.,l on sySI<n< <OOlO •~d p<rfor<none<. 

/llthnugh wo "'" QUontify • •~flwa« clwoot"i"oo •nd J«n· 
on>IIOI< u,., il ooncl•l<• willo oon" <toi«Íon, wo h>'< ool 
demon•tt•l<rl lh>< i! io ocau••l ¡,.,.,, !OOu<ocinE 1hot ori!<fion_ 
/In JO~um<nl for <>usahty '"l"i'" 1 he •upport of t lg<><<>U> ••· 
r•• ¡,,..,,,ion. The o. t«<in"nLJI <»iu•lion of '"' '""'" chn
><l<<iolkl io • omoll bul "o"' ;,5 o<><Oitb ,, .. _ 

lll, E"''LkiM~I<TAL EvALUAl'ION OL' 
.~>TWAME CIIAMAL'TI-MISTICS 

A. Cull!c-~.'JJ<'< t Rcluli<>II<IUp< 

Mool of 11« .,,.~;., t<J>Orl<d in 11•< poc•io•• •«lioo do nol 
rlcnooout<Ol< cou>C-offc<l «loliunohipo b<lwocn oohwo« ch>r· 
o<l<ll•li<> ond r•og'"""'"' po<lorn<>nce. That IO,there '""'"o 
numl>co of uncunlrollod fo"ms in lho dolo colloelion eomon
n><nl which <<>uld b .. e infiuenced o he ol»<<•<d doto_ n,.,. 
oll<rt~>l< •• plon•lions dilulo any •l•l<n«nl of <&II>C ood off e,; t . 
Alllouu"' OIH•<:Iufll<~uolio~ l<ehniQII<I(l~],(44l ol\ow on 
<O><>Ii;ohon of wh<lhcr lite d01a ore cooiliocnl .,ilh on< ot 
mO<< lhCOr<licol modei1, O CIU<41 1<11 o( lh<<><Y wiil IOGUIIC 
a oi~orously conl.-ol\ed Ur«tin><nl. ..._ocoodio& lo CuleH 
IL6,p.20!: 

A o <•!"'tlmoot it o !ot:O<din; of ob><,...ollont ... modo loy dc
nnod o..r «>e<~tdod 0$1C<&Iiono ..,d In dofw<d c.,dUioot fall~VI<d 
by ""'"'""''io<\ ..r lbo 4•<. .• ,lor tho .,.,,...,. or u'"'r'"'"' 
ICi>liOOL 

Two in>pmlonl cllatoel<ÜOIÍ<I of an up<<Ímenl u< 1h01 iu 
d•I>•Cnll<cUon p.-o<:e~Ut<l ot< repeOI•blc •nd lhot "''h •• peri

"""''' """' '"'"" in only on< hon> ""'""1 o ddiood .,, or 
"'"""'"out'""'" 1431- /111 <>I"'<Ín«nl d<><• ""' p•o•• •• 
b) pulh<li>. 11 d""', how<•o<, .uow f<>< lh< re~<tion ol oom
potmg •ll<m.rl iv< cxpl,noliono of o phonoononon 

Th< con!oJ"ncc .,,;,h """"" pl«od in o c,u.,-dfeclo!ll<
m<nt i• de~<flnin<d by !he conJ<ol u•<r nlunoooo •m•ble¡ 
"'"''"" ¡,. lh< cull<eiion nf d•l•. C'oo ln•lon.o, ~ol\un,n •nd 
Curtisl.l8) "f'O<I<d • (kld >luoly in which • '"""'"• d"<lo¡o
m<nl l'"'i<•l 1uided by n>odero p<05JOmnM¡ pr&cli«• J><o
dll.,·d hr~h" q"•IÍIY coJe .,¡,h la> rfforl ond O<p<<ienud 
fcw<t >Y<I<<H test enoB wlo<n coonpo«d lo 1 "''"' ¡>Jllj<.cl M. 
vdopio¡ • SlnlilOI syOI<m in lb< .. me ,,.,;,ooment whioh J J 
nol ub>e"< lhe"' proclic<s. ..._l!houJb mony of lh< cn•imo

"'""''' foclotl '""'' conloolled, on oltcrnlle <>PI>n>llou of 
tho rnulto "'" lh>l lh< P•oje~t ,uided by modcm pneliu:t 
,.,. perfouned by 1 r<o~""'"""' l<>m "<lh m<>« ••P•b!o: 
r«•onncl. 

/In in•Porlant ch•<a<l«i>lic of boh,.imal scioncc <>P<rimcou 
io 1he 10nduno "'i1nmenl of p"ticJponu lo condilions (19(. 

Uy «noo•j,t¡ ony '''"""'" •••io11on in thc •bili!Y, "'"'"'· 
¡¡nn, <le., cf ponidpanr. '"0" <>P«Í~«nUI o.ondiliono, u,., 
"'' lhod •u¡•pooodly <lomin>lcl tho hy poth .. io lh•l <o p<<imn. 
1 • l dfeciO 1" duo lo in~i•i~ ... 1 dLff<«n«> -'"'""a r>< loc•r•olc 

.. i¡nin~ o mo<nin' clou lo on< cnndoti«n •nJ m •h«ooo, 



"'"" 1<> onolh<l «>n~iLLon dn~o nnl ,onoLiLul< rondum osoi¡¡n• 
nleAL, dftc-. IIUd<MI Loody 1'1"~"' el•" lilll<O un 1 IOOd"ln 
¡,..,i,_ ll<>w<>~l, 1¡ ,,,..,.., orr 11« unll ui.>UIIIy, lht pwhlt-111 

"" he ,,,_..,¡ l•y ""''"'"'Y ""lr.•""i • '""""'" "' c~,.,., Ln 
u,:b upo«in<<nlol ,:nnd•L•un. Kondon< uol~nmenl "" bo<n o 
pH>hlcm lo ltolln1 ._,,.¡ rclotlun•hlpoln Oeld IIUJico on ocl~~>l 

ouh"'"' dc•<l<>p<o~<nl pw¡<Cio. 
TI•o1e io ollu o , onnicl b<l '"""" whol Co•np\><.11 ond SI onlcy 

[1 3 1 d<tuibe •• lh< lnl<r"•l ond <>l<Lnol ••lldlly ol tn u¡><ll· 
m<nl. /nltmol »IIJ/Iy conccrno lho ri11or wilh whlcb <>P<II· 
menltl eonl10lo '" obl< 1<> <limlnal< oltcLnotc nplonatlono o! 
lb< doto. Ext<rMI Hilllly coneern1 lb< d<J.ru lo "hkh thc 
exp<rimenlol oilu>lion r<><mblu typical condlt!omourmund· 
inll Lhe phuomena und<r uudy. Thu1 intc1nol "lidiLy ,.. 
preuu 1hc d<J.r<e .,¡ loilb ior cou,.l .. plon.ati<>ns, whUe u· 
1crml "hdity d<Seu~u thc ~cnentiubitity of 111< '"uiLo Lo 
><lu•l oil uotiono. 

In ooltw•L< enJ.ineeoins ruur<:h. ri¡orDUo nperimcntal con
lr<>l• >r< d¡ll¡cult !<> ochieve on oofl wore projocu and loboralory 
Jludi<O ofl<n ><<m e<>ntri"d. E>l<rnol ••lidity io probobly o 
,,.,¡., problcm in oludyin& p<<>«n r.uon such oslh< <>rpni• 
uliun o! pro~r•mminJ '"m' lh•n In 1ludying ooflwore char· 
><l<tiohcs. Thol io. lhc cn•lronm<nlol conditiono ouuoundin¡ 
$Oh,..,< dc•clopmenl wh>Ch or< dlllkull 1<> rcpli<:ol< in lhe 
l•horoloty would probobly hu~ a ¡rcotor effcel on lhc !un<· 
Lionin& o! provommin1 tumo Lhon on o rrognmmcr"o con•· 
prohcnoion of code. 

R••i• '" of lh< "re ti<>•<n!,>l r<>eorch in '""'""" '"&'"'"""' 
h••• be<n compLI<d by Aowood .r a/_ !11 ond ShneiJcrm•n 
1171. Topic• wh"•ch ho•e b«u oubmlltcd lo uperimcnLolnol· 
u>li<>n inchode b"ch """' int<Lacti" pro;r,.nnoiotll. rrot,.•n· 
m•n& ot)l< fo<lon (<.&. indenl<d holinl'. mnomoni< "rioblc 
nom .. , ond commenhnEl. C<>JIIIOI llrU<lurco, documcnl>lion 
formo". code rnicw L<chni<¡ue>, wnd progranun<r '"m or,rni
Uiion. In di><uuin¡ e.peti<nent•l melloO<I&, w< "''" lo'"'"" 
thc uolua1ion <>1 condihonol oblemenL> ond conUol Oow. 
Th<l< lopico "'" n<>l chou:n b<<•uoc they "ere belic•ed lo be 
mor~ impO!IOnl lhon oLher oubj«LI. Ruher, t~ey were tl•o><n 
b<<ll• .. ><•en] pro¡nrns o/ rn<areh hne d"eloped arouod 
them ond bocouse lhe con~ilional ololement hu b<<n o focuo 
of "'"m<nt sine< it ""' t~ri,inollY oo .. iled by Dijhl ra 123 l in 
1968. Conltol Ol>l<n><niS h•.c b<cn o concorn of U<<'""'' 
tuL<d proJrommin& movement. and Lhc «JUlio upotted h<Jc 
<>>1<~11< 1hei1 mo11 dfecti>e implementotion. 

Thc uublhly of conlrol otat<m<nl>" importont sine< thcy 
o<cou~t !or o lar¡e p1oporllcn o/ lh< <riOn modo by i""OIIIIm· 
metO 091, 1961. Control otruclureo ore closely reloted lo 
oome o! lhe metric. di><<L-d in o pr<Y<OUt .cclion, ouch n 
M<Cob<"o cydomotic numb<r. Rco.:orch will be d<.,;rib<d hore 
in 1 tutoml fuhion le demonoLtolc lhc deptb ond rilO< w1tb 
which < • pedmentol P'"'"m' con in••lli.r:>l< o prcblem. 

B. Condili<mol SNJ<m<nll 

Sime, Creen. ond lh<lf colle>suco ol Shdfie!d Uni.erlilY 
h"' boen uudy,nl oh< dofficul(y p<<>plc <>p<Jience in wo1kin¡ 
"'"" condnicnol !IOI<m<nto. In lhei! firSI "P<rin>cnl Sime 
<r o/. !Sil compOf<d lh< obitity <>1 nonpiDifammen lo d<· 
•<lop a ,;,,.pie olg<1111hm with eilh« n<oL<d or l>IOn<h-l,._label 
conditionolo_ N'"'"' ""Pliu tite n>b<ddin, o! o condilionol 
U•L<ment "llhin ""' of Lh< bronchu of onoth<r condllionol. 
N<ucd '"""u"• '" J<oi1nod lo n~>k< Lhis Olllh<dd•nt mor< 
•<~ible on~ comp,.hon.,blo lo o pro1ramm<r. llronc~-to-label 

ltruttu~<o oboe uro th< •isibillty o/ emb<dded ''"'dilic>ns, oí neo 

"" 
tbc "'Ir u<"' bnnch o! o c<>ndilion•l •I•L<m<nl ocndo the contr<ll 
cl.o"'l"'" in !he rr<>~rom ro o oto¡cmonl "'ilh o •r<-nfi<<ll•bel. 

Tb< con.IILionol for l110 M>liJ Ion''"'' "" 111 tt"·lllt.N· 
UIIII•I<WIS~ onn>lrUOI >iml\ot 1~ <nndilh>nsl& ""·J In Al~<>l. 
PWI, on,l Pu<•l. Thio <<>1><1111""'! cuno!rUd lo wrillo n 

••· !<on•litinnllllf.N lrr,.-osoll 
<.ll'llf.IIWINL< [pruc.., 11. 

Tbe bronch·IO·Iobd <<>n•litionol wu lhc n· -e :ro T<> coml r=l ~r 
F~ruon snd Bosic "blcb Dijkllro [lll COIIIId<rod hormlul. 
llllo COfldiliOnol ,..., wrilten 

Jf !condnl<>nl COTO Ll 
!rrooe.,11 

Ll (p!OC<$!! JI. 

In bnth ex•mpi<O. if lhe condition " !roe. proco" 1 is ••~· 
cuted; !/ j( is ROl troc, prOCU> 2 io UOCUI<d. A "cond<lion" 
m1.1M b< on up«solon ouch" ··x >O,'" while o proceu m•~t 
be one or moro >L•Iomcnll ouch os "'X • X+ 1."" roni<ir>nll 
used ono of lho>< ml<rclon""''" 1<> build an ol&otilhm v.•hicb 
Glpnizod o 1<1 of cooking inmucli<>JII d<pendin¡ on ih< >ltn
bulu of lh< ><~<labio te be ooohd. 

Simc cr •1. !ound lhol rarliciponts u>ing 1he GO ro con>Lruo( 
fmiohcd fow« probl<m.o. took lon&OI lo compi<L< chcm. ond 
m>de noor< S<m•nlio (e.g., IOcic) "'""in building lhdr •i¡o
rilhmo 11ton p>rlkiponto uoin1 lb< lt·lHHI·OTilERWISE can· 
stru~l. They eondudod thot th< GO TO <<>nOI<U<I ploe<d o 
!""'"' co~nili" l<>od <tn pou¡;romon<ts lo~ L<qu,llnS th•l lhey 
bolh 101 and L<m<mber Lb< lobel ID whicb o condlliunol "•le• 
m<nl mi'hl bronch. Furth<l. pra&r•mmc" ~od to rem<mb<• 
!ho •ori""' conl1ili~no which could b~anch '"a p011icu111 l•bel. 
Tn<>< condilion• ore pol<nli•lly more num<Luuo f<>< o GO TO 
Jhln lcr on OTHER"'I~F olol<m<nl. 

In o fu11l"' otudy ~""""'o/. [811 ~uootiunod wbother lho 
wpo1iuri1y of n<Ot<~ ""'' branch·l<>·lob<l conSI<ucts w<l\lld be 
mointoined when mullipl< proceuco .. .,. performed und<r o 
•in¡le hronch o! a ccndnionol. For in>L•n«. ¡j•cn o slolemenl 

IF condi!lon THEII pr~ J ANO proe<:<o 2, 

lhere are two wayo o programm<f moy interpreL ia uecouion 

1) (! F wn~iti<JQ T>JEI-1 l'l<><CSO l) ANO pu)ce<o 1, 01 
1) lf condilion T>JU< (p!OC<., l Al'ID proc<., 2). 

In the lirol inlcrpreUIIon, proc<os 1 ;, p<r!O!m<d rt:prdlc-'> of 
1hc "''' of lhe <onditicn. while in the .. c<>nd H io perlorm<~ 
only \f lh< oond•loon " lruo. Simo <1 ol bcl.e.ed U would bo 
di/f,cull foro pro,rommer lo roLo in the owpe o! lhc pr<>ce'"' 
lo be pcrformcd wilhin eo<h b<anch of o conditionalstotomcnL. 
Thio úifr.cully ..-ould b< upeo .. lly acure when cond>lionoill 
w<ro ne>t<d "ilhin eoch oLher. 

S<m< " •1. ·, oecond up<nmenr in>euiptcd difieren< l<<h• 
ni que• for Rl>Lking lhe oeope of the p1occuoo •uboumcd undcr 
eocb bnneh o! o condili<>nol 5101emcnl. In oddition lo Lhe 
lf•GO TO ccndiiÍ<>Jiol. Lhoy der;nod 1 neSicd aECIN·El<D ond 
o n<Sied IF·NOT·END r<pr<S<ntin¡ 1"'0 d¡fforcnt nruciUI<O 
for markin' the '"ope ol eoch bnncb in nested wnditionolo 
(Tobl< 11). Tn< BECIN ond END oUI<m<nts mork lbescope el 
procc•><• porlormed under une bnnch o! o cundilional 51•1•· 
n><nl. whilc 111< II·NO!·~>IL> ""'o more Ledund.nt ocope 
motl.et by «I'<"IÍR& che condilion whooe trulh i:r beinl '"'"d. 
In • 51ncl """• lf·NOl·(NU " Lhc countorpart o! th< IF
lHlN·U.SE COIUII~CI, wbile lhe B"-CIN·~ND mor\ero could 
be u«d ~nder eiLhcr conmuct. 
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Ao in oh< pl<•iout .. p<rimenl, nonpoogromm<rs wooo osk<d 
lo do•<lop on olgonohm for <O<h of ¡¡,. ptoblems "iohin 2 h 
ooul. Sime ti u! found ohao mot<S<monlid•l¡o.mlhmi<)erroro 
e><curred 1n o he 1 ~ · co 'l'fl l>n~uo¡e. "hilo <tto"' in lh< n<stinJ 
bn""''" "'"' ptimouly syn\O<Ii< (!:fomm•l icol). Tho oo:Co N· 
o NO cnnllm<l P'•'""'"' mur< oyn<actic <rl<>n ond only hJif 
.., monY ouoonslul fi011 tuno •• lh< olher <:O>IISlruo:ll, Erron 
W<r< debuqoJ l<n hm .. fUIOf in lh< II'·NOT·ENll <QndiliOn, 
which pro"d lo be oho m o" erro• !roo <on11ruct. 

R .. ui!S /m S<m .. <ic erton suz¡:<J( thal il lo <nior lo k<<P 
lro<~ o( lht c~ntrol now in • n<Sitd l>ngoa¡;<. llowc.cr, 
whcn muloipl< proe<O<<S •r< porfom><d lho = uf :<eopc 
m.slon ofiOft r<>ulo in <.~r<I<O< synUctic <tron. Synl>clic 
'""" •r< rnof< l1~cly lo <><<ur wilh tho U~GTN·lNI> thon 
m oh< I~·NOf·t.Nn 'onSiruOII, boco<>S< lho rodun~an<y ol 
'""""";,.,"•1 ••P'"'i"n' in lh< loll•'r ""'l< lh< rb<<mcn< ol 
noall.cn mof< ob.,ouo. 

l},ffc«nl~<l rnul" for lh< 1wo IYP<o ol <tron off<t >on>c 
"hduy ¡,., lh< >Ynlo<ll>/><m•nlic m<>olel of pro&fomm<t 1><
h.v"" ~c-clopc~ by Shn<"lermon '"~ Moyor (78(. This 
tno~<l diSun,uuheo b<IW«n •nlu•mation wlllch ,. lon~u·~· 
sp<c.h< (>ynu«i<) and lon¡uo,e indepcnd<nl (S<m>nh<). Thc 
<~lf«l d<SI~n ol Lho ol,orillon> i• • S<m•nlic ;.,uo, whjlo <h< 
"""'""'kolly ><<urooe upr<soion of oh>l ''"'rilhm in • Ion· 

'"""' " • oyn<•<ll< iuoe. Th< "'"<lu« ol • ''"'"'~" nooy 
'""PhfY the d<><$" (J( •n al~oriohm, bul moke ilo "pro,.iun 
mor< dollocull. Ob•iou•IY. o l>n&no¡;< d<>llfl "'oul~ ><<k lo 
limphfy holh lh< d<Silfl •nd upr<>>ion ol on ol~fiohm. 

Jlutd on oho "'"'" olthis .. wnd <>P<ri,n<nl, Si me n al. 
(al) r•<>POo<d '"'' th<ir "''"'"'Y load ••rl>n•oion be ,.. 
pi•«~ with 1n «pl•n•lion lhor mio"""'"" " usiot lo u· 
tr><l ftom ><>m< l>n,uog'l !han olh<B. lhey di<lin~ui•h<d 
lwo ¡ypes of mform•11on: sequen« •nd oumr. Sc~u.nu 

nfu'"'"' 1on in-ol•u <lt•bh>hin, ot """'"' lh< n..,,. uf conuol 
Jorurd lhr<>UKh • P>o&ram. Tu>on inlo<m•<ion in•ul••• lhe 
hi<r.,<h"l •uons<m<nt ol <Onduiona on~ r•oc<'"'' within • 
pw,r>n>. Such inf<l<m>f<On ;, i•nr'"''"' whon tr;c.n~ h~<~
""" <htoU~I< • pru¡rom lo oJ<tOffl>in• , •. h,l cond,riun. <nOUl 
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be '""'li'~ lo< • pt<><:e" lo be uecul<d. Sim< ''al. hypollo· 
<Si<o~ lbol S<quonce inform,lion i• mOI< <osiiY ohloinod f<om 
o ""''" lon~uogo, whil< luon infnrm•lion is mmo eosily <x· 
!fOol<d fron> o nuoed lon~uo~t which olsoconl>ins th< '' """ 
don! cnndl!ion>l oxpoe,.ions. Concepl ually. r .. on inlomo.lton 
<•n h< ,leoornlinod wilhouc lully Un<i<rslandrn~ ¡1,. "~"<no< 
of r•occs~s "'"hin • p<o,rom. >in<< noo 111 ~~>nchos ¡, .... lo 
be uominod m • b•ckw>rd trodnJ. 

In lwo 1Ub>O<¡uenc >ludiu G.een 1311 •olid•«d Oh<"" hy
P<>Ih<><S in f<«Ofth wilh pmfeuion•l p10lfomm<n. Sequ<nt< 
<nformaliun was m o« ,,.;¡y d<l<tminc~ ffom nosO<,II>n~uo¡:a, 
ol lhou¡h no dirl<ronceo w« o oho<rvcd be o""'" th< u>"CI N ·~NU 
""~ t >"·NOI ·ENil con•lN<IJ. B><h•••d lf•tin~ ""' p<r/ouned 
much muro "'"'Y wilh lh< o F ·NOT ·~Nil con m~«, G«<n in hio 
ankl• [J7l. <51Ín>OI<d !~al lho <irne «~uored for b.ckward 
lrocin, WU 15 P<«<nt l<lS in SF·NOT·CNn Ch>n in H"·CO TO 
condolion•l•. 

11 io <mpMionl lo <«o,ni>< lhOI pm¡:wn cunopt<h<n>ion a 
nol • unidim<mional cocnitl•< ¡>toco.,. ROih<', dtlf<r<nl l~p« 
ol hun,.n <nform>loon ptot<»int ore rcquor<d by dlll<t<RI 
IY¡><S of solo~,,.¡.,~ •. Creen d<mon.tr•l<d <h•l """in cnn. 
"'"'" wet< more holpful for p<rf~tmin; c<rUin oo/lwor< •••~•. 
Solo""" on&ino<rLn¡ teohniqu" moy U¡fl<r in lh< h<ner.u 
<hoy off<r lo dlll<r<nt ¡>ro¡,.n>n>in~ '""'· ,ince lh<y diff<r 
in tho <ypcs of human infotm>lion ptocenin&thu they aui«. 

Sin« lh< !F·NOT·I:Nn construct is nol ¡nopl<m<n!<d in 
<>iSiin& l•nguoges, Sime ot •1. [19) in•"<i¡:.ot<d w•ys to 

<mp•o,. th< .,.. of Che OECIN·U<ll cundi<ionol motken. 
Thoy <l<"lnpe.t o Ion! wh1<h wo~l.t ""on»li"lly buil~ 
lho oynliclic porlions of s conditionol Sl>l<m<nl once the 
use• chu« lhe nptcuion robo tu!ed. In • .. cond ,.pe,;. 
lll<nl.tl cnnd<lion, they dev.lo¡•<d on e>ph<il '""''"~ pto· 
coduto lor h<lp1n1 pouidponls U<Volop lh< ,ynl><l« <l<m<n" 
o/ o condllinnol ""<m<nl. Thio pro<Nur< invol"'l '"'"'"~ 
lhc •Ynlu ol tilo nu1ermo>1 conditional r,.,,, ond lh<n wr>ling 
Uoe >ynlox of con,llliOn>ls n<Sled within 1!. In lhc finol <On· 
dolion poftidponU "'"" l<fl lo oloo"or "'"" -•yo ni u<on~ lh< 

'""~"1unol con"'""'· 



S<m< ~/ ~1. fouM lhol poLIIcir•nll •<>l•cd moro l""~l•·mo 

•""""tlr on il>oir ILI"JI """"'1" u,;n,lho oulunlOI<J hM~,bul 
11,.1 • wrilln~ pL<'<CJul< "'" olm<>d u <11«11 ... Tbc writlnJ 

r<>coduro r<du"d th< number o/ oynlodi~ orrnrs, wloid1 load 
... n lhc m:U10< prublrm "'llk Lh< nO!llN·r.N)J conollu<l In 

eulicr Uudieo. Synl"ti< enors w<« not poulblc .,.jth lk< 
outomoLod Lool. Thc writlnl proc<LIUL< and oUtomotcd lcclo 
hdp<d p•rLiciponlo dnp<n>< w1lh ¡;ynt>Cl<"c ccnddrraticn1 
quidly. oo thol lhoy cculd 1pend mol< lime c<>ftccntr>LinJ 
un <he oem•ntLC pellico o/ the proanm (i.<., (be functlon 
which "'"' In b< p«formed). How< .. r, onco on <rrOf .... 

m>d<, Ll wu equ>\ly ,/ilr.cuh lo cort~l «;>Ldlou o/ t11c 
ccndllion. Thuo "•i<ing pro«Liu<U>nd oido primari\y lnt~•••• 
lh< occuroq nllhc inih>l in•pl<nL<ntOLi<>ft. 

Arb).,l<r <1 Q/ ( 11 repoll<d on two fult~<l up<rim<nll, 
"'hich cuended lh< '""¡" for .. ritln& ru\<1 lo oonditionalo 
1>1in1 GO ro'o. T wo ¡roupo o/ roonpro¡r>mm<ts, nn< of w~l<lt 
h.~ ~"" IIUJhl Lh< writin& rul<l, oon>IN<L<d oimple >11<>
nthono u>in¡ th< n·.c¡o TO e<>n<litiunol. Th< voup Ll>ined In 
th< writin1 pro«dut" modo fewcr <rr<>n, ""''Olio ond <yn<K· 
ti<. ••ph<>ILnllh< ruulto ubt>intd wilh lh< "'"'d bncuog<l. 

ArbloSI<r <1 o/ <cpnttd thio np<rlment uoinJ mol' 1ophilli• 
<al<d participan". They oddcd "'" additiCIL>l uperiment&l 
oondllion> lo thooc d<S<ribod obovo. bolh uoin¡on \F·OF NOT 
condilionalolrucluto. Thio tondolinnal "'" writttn 

lt (<on<lition ll !lOTO Ll IFI<OT COTO Ll 
Ll [pLL>« .. l) 
Ll lPICL<UOl). 

One of tht two ~ruuro """' thio condilionol wu o\oo troln<d 
on lht u« nf "'nllnl rul<J. U.< olthc lf·IF t<OT pro<edure 
tnulted in f<w<t oynu<Li< '""" th>n oboe,.od w¡lh the 
IF·GO TO condluonal. No dt!f<renoe¡ "'"' fo11nd !01 1<· 
monlic <rr<>rt.. 

Alblu«r ~~ Q/. poin«d oul thol on early ..... on of Fortnn 
lud o ccn<Jitionol formol con<iotont wilh lhase found lo be 
m<>U <lfecti.,.. in their uper!m<Mo. Ho ... c.er,thl> formol wu 
las\ wbon fullhtr r<visiono ol thc bn¡Ual< OPI<d for on orllh· 
m<ll< lt" eunditionol. 

Shn<idtrmon 171> 1 <:<>m pared tho LU< ol !he arithm<lic 10 

IF l•rithmclicoondLiionl Ll, Ll, t3 
Ll (piO«lltJ 
ll lproceu 21 
ll [pro"u l) 

to th< uoo olth<loJieol or 

tt" IBa-ol<on<ondLiionl COTO Ll 
{proccss 21 

ll (pruc<ssll 

in Fol!ron. Tbo olilhm<ti< tF <«Ol<•lh< pouib•l•<r olo mn· 
d11Lonol ""b lhrco bronoheo (>e , testa for >, •, >nd <). He 
found thOI no>ice pro¡romm<ro had mOLO óifl!oully oompr<· 
hendon, lh< orithm<Li< Iban tiL< lo¡ieol lf. Howc•«, no ouch 
olilf«enceo .,.,. ob .. <>ed for mOfO <>p<ri<n«d plo,ramm<ro, 
who Shnoi~er.nan holio.<d hod oJju•ted to t"nsl>tinl the 
mOL< compl<• •rntu of tho orithm<li< IF intn th011 own ... 
n11nli<: ro r•<«nl>lion o/ lh< control lo¡ic. 

In • L<«nl <<r<ri.ncnt hy Richo,Js <1 •1. 'l"~"'' hy Grcen 
llll, lh< ordinory n<1tin1 o/ IF·HU.N·U.S~ condLiion•lt 
"'"' comp•rcd lo the n<Olln,·of IF·NOT·E"<> cnndilionol>. 
and i>olh "'" Lonopor<J lo a llyi<- of ncolin; in whi<h an t> 
n<'<r dire«ly f<>llowo o TULN. Thio ¡.,¡ «Ln~t<ional .. uold 
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ond )1,. th< op¡><a•onco o! o C,\5~ shi<OI<nl. ,\j¡hou¡h lh\o 
>ll<nlemtftl io conuory to th< L<n<lo o/ llfuelored <OdLnl 
(1~1 • .orne ¡.,._.,.. or¡u<d that it moy b< cuier fo< pro~mmen 
to undentond ( 811. 

Go<cn r<po<l.l thol for difieren\ formo ol comprehonoioo 
queolions, lhio 1 f• T>iUI· Et..SE·I F conditional w01 "nenr mudl 
btll<r ond <on~elim<> much wo.,..·· tksn the oiiL<r formo of 
nrstrd conditionoU. 11< "'"" th>l it io importan< to desiJn 
complll<l lan¡ua;<t oo thal perooptuol cueo su<h u indtnlin; 
lht lc"ls of nosllnJ con •iouolly di•Pl&y th< <Uuoturo ol thc 
codo. Thuc pe«cptuol cu .. "'" r<!icvc the p<O¡rommer of 
«><<hin, throu¡l¡ tho ptDI'-"' tul, o l.,t "'luch b dillnctinJ, 
lime consumln,, ond orrOI prono. 

The UlUsj..., p!OIJ'Im o/ r<S<OJ<h by Sime. Grun,ond th<it 
collnguco h>S >nowered impmUnl questiun> about the o<ru<· 
lure of <ondilionol olotemen\J. Tb<i< conc\usicno :Joould ~< 
h<eded in lbe d<ll¡ro of futuro lon&oo&oo. Th<Y d<mCIL>lnted 

1 ) tho IUP<Liorltr o/ nnl ed over b"nch·to·l•~•l cnndittonal>; 
l) tho odvonl>p o/ r<dund>nl expr.,.;on of conttollin& 

condilinn> ot th< <nlronce 1<> eooh conditinnol b10nch; 
l) lhot lh< bonefits o/ o •oftwaL< p1l<tioe m ay ••<"1 wllh th< 

natur< oltke uok; 
4) that a olandard plo<edure for ;<n<L>tin; the syntu ol 

a ccndi<ionol ototemenl con impL<>,. cc~in& IP«d >nd 

'"""'"'"!'· 
Ovoroll. the" reou\to indicol< that th< more >toibl< ond Pr<· 
dioloble tke control now of o pro¡rom. lh< e01i<r it io tn 
work wilh. 

Sime. Gr<on, ud thcir ono<iotrs ho""' domonotnlod ho.., o 
pr<f<rcnce omon• conditlonol <onstructs con be r<duced lo on 
<Lnpinc•l qu~stion which provid" o\t<lnoti•o• thol w<re P••· 
viouo\y uncon•ldcred (<.J., the tF·NOT·EN!> oon>tro<l). Thelr 
rrsurch h" invesliplod llfU<Iu«d «<dLRJ ot tlu: eonotruct 
\ewcl (801. The nexl ole~ il 10 e•alu>L< thc rtput<d bcncfLto 
of oltuctuted eodin1 11 the modulor lev<l, considerin& \be 
•••inLn 1lructurcd conot ruoto in total. 

c. co~l•ol Ha"' 

Sln><lur<d prn&rommin¡ hoo b<come a cotch.,oll t«m for 
p¡opammin& poo<ticeo rclatod lo •Y"'"' do"'"· pro,••mmlftl 
trom or"'niullon, codo rcvi<'"'l. conr''"'"'"" nanoJem<n.t, 
rules for pro¡ram control now, ond myriod othC< prc<:odui<S 
lor oolt.,Ote dc.,lopmenl ond m>¡nl<n•n«. Thi• section wUI 
t<V~w only uporimen\J rclatcd lo Olru<LuL<d codin;: ÜL< 
enfor<<m<nt ol tulu lo~ pro¡10m contml now. Thc conuo\ 
stru<ILL<et ¡enoroUy al\owed und« '""ctured ood1n1 or< di•· 
ploy<d in Fia. 6. ' 

To <••luoto rcputod prob\oms wilh lh< CO TO U•tomenl, 
Lucoo and Kaplon (51) instr<>cted 32 uudon" IU de•<lop o 
role upd>l~ p1o;ra1J1 in rUC. ond hall W<L< lullh<l inotruCL<d 
lo o•nid tho "" of Go TO'o. llow<'"'· pro,rommm '" lh< 
CO lO·Irs> cnndition w<r< not tr•inod in """K •hernal< 
condllion&l <Onstructs. Nct ourprilinJ(y 1hen, lh< GO lO·I<u 
~Loor '<<l"iLo1t moL< runo to deodop 1hm r•<>~""''· In o 
oub><t¡ncnt t.-k, ,u p;.rliCLpon" wcre re~u1r<d lo m• l.< • 
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op<<ified modirocotion 10 o otruclu«d ~to¡rom. ConltO<y 
Lo ouulu on th< <11li<1 ¡ask, lh< ¡roup '*hich hod eulier 
1uuuled 10 wrlle CO TQ.lus codo mod~ quicker modir.co
liono which ~equir<d lno cnmpite time on~ 11o.-.;eopou. 

Wei,.mon 192) oliO m•<lli¡Ued th< comprohcnsion of 
rLJI pro¡nmo wrilt<n in ><~ions who•e control now W&S 

_ <Hh<r 1) stmdutd, 2) un<lfuWncd bul oimple, or l) un· 
"""'""d ond <omplcx. r"''"'P'"" wcre ¡¡;,.n compre
he,.oion quino• ond requn<d In moke modilocotiono lo !he 
ptov•m•- HiJ.hct pufotmonce scor<> "'"'' typically ob
lo,ncd on the llructured nth<r lhon unstruclu!<d Vusiono. 
onol p>fllclpon!S !<patt<d fcelina mor< roonfa<t•blo "'ilh 
muclured cad<. Lo,. [SO] suhoequently faund thot &r>d· 
u.ol< '"'~'"" could coonpr<h<nd r<o~.oon• wiLh a >Ímphloed 
ounlral flow more e"'IY thon pro~'""" with 1 mor< compl•• 
conlrol flow. 

Reccnlly, 1 «rieo of upctim<niO c•olu•<inJ lh< b<nolou of 
o<ru<lured cad< /or ptofeo11onol pro¡roon111cro "'" conducl<d 
in out <<><orch un'o< by Sh<PP><d <1 •1- IN). In lh< firol <>· 
poromcnt p>th<JP>nto """ ••lcd lo 's1udy 1 mo~ul•t-•ized 
follan rrovam lor 20 mon, and 1hen t<can111ucl " lram 
momocy. Thr« «niono of control flow pulormin&identlcol 
functiono "'"' d<f1n<d for coche( nine pr<>vomo. On< •<nion 
••• Olru<lured lo be eonOIOI<nl woth the prindpleo ol otilo<· 

<d codinJ ducriil<d by Dijk<lro [ 24] by allowint only lh<<< 
·••ic conl "'' '"""'"'": lin<>t scqucnc<, l!ructur<d O<l«tion, 
ond '"""""'d ll<r.,Jon. BcoauO< >lru<tutcd consUucu are 
1atn<tHnes owkwotd to lm¡>Jomcnt in Forlran JV IR6), • 
mote n>tu<oUy mucturod conuol flow ,.., ccnurucl<d ..-hi,<• 

\-1-11 

oUcwed limil<d d<>iaHoN frcm "*' •ttucturin¡: multiple 
r<lurno, judociouo bockwotd GO TO'o and forwu~ m<d-loop 
.,¡,. from • OO. FinoiiY. o dtlibet•t•ly con•clu!od vcr~ion 
,.., dc .. lof"'d whKh included «>nolrucll lhot h•d no\ been 
p<rmitl<d in the ouuciUted or notut&IIY Olrudur<d ve .. icno, 
ouch "' hoc~ward .,;,. f1om 00 lncP•, "ilhm<IIC lf'o, IM 
UR!CIIfÍ<I<d UO. Of (:0 TO'J. 

llo ••r<ct<d, <Onlrol ncw dJd olf<ct p.:rfoomtnce. The 
conv~lul<d conuol no .. "'"' th< meo! do(focuh to compro. 
hend (Fi¡. 7). Th• diff<r<ncc in th< '""'~' pucenr of te· 
conmuoted out<menu for nolurolly •lru<lurcd •nd con•o
lulcd oonlrol nowo "'" >loliotocolly <i&"ofoc•nt. Conltary to 
<IP<CI>hono, hcwe.._t, the ltficlly >tructured .,~ion did 
nct r•""'"'" lho b<SI perlorm,nce. 11 oli,hlly (•llhaulh no¡ 
>it.nifJCantly) &•«l<t petc<nl el tlltem<nll wore rtcall<4 fro<a 
nuurolly otru<lured than from otriclly 11ructuoed pro"omo. 

In o "cond npcrimenl Sh<Protd n •1 onotructed pro
Gt•mmm lo "'"'' opecofiod ono<hficationo to UIJ<< rro¡romo, 
cacb cf wbich "'" ..-ntt<n in thc Ll'l<< ""'"n' of <ctllt<tl 
f!cw dcocrib<d r~<•iou•IY. 11 si,nofo«~ntly highet petcen¡ of 
ucpo «quit"l lo complete lbc modificlliM "'•' oorreclly 
impl<m<nUd in lb< OlfUCiured pr<>~romo when comporod 
to c<>n•olut<d oneo (Fo¡. 7]. Th.,e w<t< na <ltlferonc";. 
the ""'" !<~OJiood. No otoli<IÍOIIIY •i,nofoconl doll<rence> 
•PI'C"<d boh•<en <he lwO •<niono of uro<lutcd c<>ntrol flo~o, 
ollhou~ p«fo""'"" wu olo~hlly b<tl<t on >11ictly f11b<t 
u,.n nolu.,lly wucturod co~<- The>< '"'"'" su;¡;est<d thu 
lh< pr<~<nco of • ccnmttnl struCiut<d d"c'oplin• in !he CO<l• 
tithcr olt~cl or n11u10l, wu benefoo!Ol, ond minot de.i¡¡~ 
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fr<>m 1 proJI'"' of r<O<orclo t&lhu lhon from one .. hot ll~dl ... 
p101roms of ru .. rch b<ndll lmm .... .,¡ o~•M1UJU, """ ol 
lh< moot imrouanl ~eing tbe o~porluni¡y lo rcplicat< findinp. 

•en o buic flndinl (<.1, lh< locndit al llrU<turcd o;odln¡) 
, be r<plicol<~ o .. , """""' dillutnl Uoko (to.,pt<h<n<loR, 

noodll1cad<>n
1 

etc) ti hecomu much moro con•lndnJ. A oerln 
ol otlldlto >V.o rosoli in deopor <>~llcotlon <lf both thelmpnr· 
''"' foclnrt '"'ernln1 o p<O(<,. ond th< liml(o of lhtir dfccto. 
Fur inotonco, S<m<, C.r<'<n, •nJ 1 hdr tul k oJII<> hlentili<d th< 
b<nrlia and lunrullano ol no oled rnndiLJOnoh in 111 <ll<nol .. 
pro¡rom ol r<ooorch. Pcrlormin(o O<ti .. of otudioo tilo olfordo 
on opportonUy lo lmrro•t m<asuremenl ond nptrimentol 
m<lhods. Thuo tl>t r<hobilily and •olid•IY o/ r<Oulto can be 
1m¡>Jo•<d in ou.o«d"'' "udico. 

Third. th< <ÍI"" o/ "'"""rtmc~l on~ cxp<rimenlllion r<qulro 
wiou1 eon>rd<roli<>n of pracuo« un4erlyinJoofl"*lrt phonom
'"'· J)ef¡nlrlcno sloould nor b< bo"d on popul11 consenouo. 
Ao oner¡y ro rn><ll<d in ~<frrrin~ eonmuen, o duror piotur< 
o/ th< proo;eu oflen cmer¡u. Focroro MI th<>llPt to b< 1 
poli of thc proc<n rn.y prerent lhoms<l•n &O dir<<l effO<U 
o< limuin¡ <cndrlrono. All<rn.rl< appro.chu lo lh< leoh· 
niQuu .. ,n atoo cmcr¡<, u in Si m< <1 <fl. 't d••<lopm"'' o/ tho 
,.·t<OT·END nnttd conduional. Th< /ruUutlons o/ ocien• 
ti/ic in><lll&ation ort often the nrolh<ra ol in•ention. Lm· 
pro•ed muour<m<nt l«hni<¡utl 1bo pro•lde b<ll<r loolo for 
mano,om<M information JY01<mo. More r<lioblc ud nlid 
m<nurcment pro•id" Jl"toler Yioibility tnd insl¡hi lnto 
projocr proa«as u~ produet <¡uoli¡y. 

frnolly, there io no ouborltute lor oound .. perimonlol .. ;. 

dcn<O rn '''"'"' lh< benefll• ol1 parliculor ooflw11< end
"«riRI PIO<Iiec or in eomporinJ th< rololi .. morlro of oero<ral 

·ooucco. Mono&<ra olten YO<ii\Ue b<i"<<n lh<ir desito fot 
proof tnd th<ir lmpati<nc< ,.¡¡h lh< ocientific approooh. 
110'"'""'• '"ilh undorotondin¡ comn th< P""'ibilily of EfUI« 
controL o•or o~tcom••. npcdolly if c.uul lactol"l and lhcir 
!imttotiono hove been Jd<ntified. Th< m<rchanll of ooftwar< 
<boin con tlwayo <¡IIOI< Cll< studla. V<l, <IICit uperl<ntitl 
<Yid<n« io no ropl>e<m<nt for eoporimentation. tnd b f«· 
qucntly no b<t<<r than 1 man•&<r"o intuilion. 

Musutoment and up<rimen<ooon ll< not intellottuiL di· 
... rarons. They "' th< ouonlrfrc foundation• lrom '"hieh 
en~n«rin1 disdplin<s continuo lo be bullt. Scienli•l• must 
be .. noiti .. to lhe mol! impomnl queshono thoy sloo~ld 

uüle '"ooft""' en¡;in«rin&. •nd ohould const>ntly """"" 
reouroh prionh" le hep poce wilh th< otot< of tho ort. 
Soltwt<< ptofuslonab n<cd to on<<>Ufl&< the ~eientlfie rn· 
><1lizotion of thelr business if reol impro,.men¡, •« to be 
m1de in ooftwo<e ptoductiYitY and quolity. The odcnrific 
study of &Ofl.,.or< en~n«rln& " youn1, lnd ito tate of ~rol· 

rno ... m imp1o•o ., "'"""'"'"""' l«hniques ond .. p«i· 
mentol methodo matur<. 
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From prototype techniques presently used. new directio'ns are emerging 
that !ead to improved management and earlier deteclion of errors. 

§oftware Project 
Veri.f:l.cation and Validation . . 

·Michul S. D<ulsth 
Hu¡hn Alttraft CompanJ 

Mooy oppor1uni!le1 ...Ut for in]OCIÍn¡ human error 
lnlo tht miet o( acl>vitie• invo\.cd in dovtlopin1 ooh· 
-•• oplemo. üi-o" m ay o><eur o11bt •«Y inception or 
!he procc" wi!h moneoully cr lmpafectly opeellkd 
sySLem obje<1 i•<> "' w<ll u later in the Proe<" durln; de· 
si1n ltld dovelo pmenl, "'l>m lhue o b jea; ves aro m ochan· 
ited. The b&lk 10al forooftwore in wmo of qualityiothal 
h perform ill funcll~n< In th< monner intendod by lu 
uchluo:u, To oehl..,. this lc.tl, lhc r.nal produ<:t mu<l 
implementthe archit<CI>' ln¡entiont ,..¡¡h o minimum of 
mina k .. •• w<ll ••.r•main fr« of mUcon...-~tiono r•1•r<l· 
ln1 oho.<lntentiono. 
_B<~auoe human• \oek the obülty to pcrform ond com

munlcote wlth. ~errection, oonwarc dcv<lopment ;, ••· 
eompo.nitd by 1 •«lfieation ond valldatíon Kti•ity. The 
importonee or this octlvlty to ohe oohware proj«t con
~nu .. to srow •• doto procmtna ent<n mor• ore••, ouch 
u hralth and tranoportatlon, .,.h<r< ooftwore ranura 
cou\d h-.e cotomophlc '"'"'"· 

The temu ""vcrifK-'Iion" ond "volldation'" are u,.d 
., ttnJi-.ty 1 hrou¡hcut 1 he lit tt oture o r Lhnol 1 .,.., e <om· 
.nuniLy with vil!io~• def:~itions exprmed or lmplied. A 
tenerol underotandin¡ ul :hnetermlem<rltl ftom o sur• 
{.ij of U>...<. V~rf!ko:¡dh rden 10 on octi•ity which u
t'·rr1 th>t rhé resula d ~ iih:~ oucnnlvo ltcp in a ool1 "'"'" 
:'h!lopm~nl qiOie to:i e:'!!/encompus the intentlono of 
·~·; j,t_evlci11; 1ti:p. YJ.1tl":J-!~!! hu a more slohl c~nnot&· 
~!U~. liS i\iil.l i\ toe~\:!!!: ~~tt ~ ~rodUc\ furktl~no &nd 
~9!",\-i!~i \1\~ \'r~\"olfó> D!'.;l.'?.l\l<ll By lh m¡ult-o!llfnll ,,....,. 
ncodon. . 

A.tapo .... ,..,'""'"'" •f "''"'~~-11>11. '"·· Eo,...__, nrr •. l<<w 
¡,,,.,. ''""' ··v~ ,r~"''' ""' "~''"""'."" "~""' s. o'""'"· ;0 ~
,_. &tM"""t. ~ ...... W. ¡,.,., On4 Oot .. l C. Ton~~ () trn. 

Durin& lhe pul U or 20 yu.ro. 1oflwa1< projc<!S ha ve 
dcvtlopcd from rothll smolltash involvins o f<W people 
10 enormo~•l¡r comp\ea undot1al<in¡s rcquirln¡lhe ser• 
vices of muy indlvlduol1. Likcwioc.·t~ con«pl and 
praeticc of verlncotion and validation hove chan¡td. 
Pr ... louoly, verifkotloa and volidation ""' on informal, 
hi1hly indlviduallud ocLivity. moltt, conolstin¡ of lhe 
pm~<amme< .. eerdsinl his mde a,ainst • smoll '"' arad 
h<lc <cst • ....,. As !he •olume and compl<>.lty af sortwotc 
incraoed, 1M f~lllbilitieo of lhi> "eroftsman"' approuh 
became obvlouo In thc in<reaoin¡ nuntb~r of unrolioblc 
produou. Clar!¡i, 10 fully entruot lh< product dcvelopu 
wilh thc rcoponoibnily for produ<! v<rir.catíon cte.tted 
con ructln&and oV<rwbobnin¡ •"n tollertual clr nand~ "'a 
result, •erlr.éation and volidotlon ''""'le<l "'on acti•~Y 
r<quirin¡ individuo! cmpha>i• ond le<:hnolon within 1hc 
software Projctt. 

Verificat!on and •oUd>liOn le<:hnolc~y, 01 it is applitd 
to toda y'• complca software proj«ts. hao thr« chorot
terlotic> thlt>ho.rply cootrut """ ori¡inoi¡Hoctices. Fhlt 
of o U, ~cdficatiOII ond volidotion m<"lhodolo&ies are now 
applied ovor th entire .,r.,.arelife tYcl< be! ore ooft,..are 
test in¡ begins. Theo~prelostln¡ aclivitie> typicaUy in elude 
reQuÚ"cm<nu ~crirl<atl<>n, dmgn "'01\-througho, desi¡n 
quolity meaourementJ, ln1er foce ccnlrol de nnition, code 
in>~ions, ond !Otmol deoi¡n revlew>. Tlti> broad ap
pro.aeh "U tnopÚ"ed by lh< Ycalí .. lion that mlota~es 
dl•covertd eorly In th~ lif• c)'Cie a•ole" cc,.ly 10 r:ou«t. 
~ndly, lhe ""neepl of latinJ hao ~ndcJ ~onc 1i¡nifi· 

can1 evolulionotychon¡e. h hao bc<ome • hi1hly ri¡Olous 
function lnvolvin¡ formolized planoand proocdum. The 
uoe of outomated 1<11 <ool• hu tohn •ome mor·prcn< 
<>p<n<iono out or human honds. 

Thirdly, fctma\ Le<tinJ ls now ¡><fformed by an JTO
thll ls. &n indeper<donl tt5( Oflllniution- "'hich repcru 

"'"'""""'""""""'"""" ..... ,\<U COMPUTER 
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dirmly lo lh< rroj«t manoa<r. Tho ITO no1mally oc· 
~upl" • puolll<>n In 1he ¡>ro)«l n1 ~nnb.Mian hloro1~hy nn 
lh< ,¡,...,, loo ti a o lllf ><>fi,.O<O de•olopmenl or~oulntlan. 
fln ;."' lor¡o ~rol~•. the CUI!onm may employ a 
><rl fl< • 1 km • nJ • ~ lld&ii<HI con 1 r ""' or who lo lndopondon l 
oflh< ptojm or¡oni<Ollon, 

Allhou5h much malianed In rtcroL ro-n, 1e11ln¡ r~ 
moino 1he bosk praJimaolc •erlfloatlon ond volldallt>n 
m<ehaniom on th< oofL..,aro pro)<<!, doopiLe e<mln dofi· 
dende> ro¡ardina formal •crlrooorlon and •alidation. 
Thio •n \ele e m phui uo me>dcrn m 1 in¡. a ppro ocho• ""hich 
ha•< ameliorat<d nu.ny of \he earUcr ddlciencle1 th&l 
rtsulled in unroliable >O!twue produeu. The pr<Oonta• 
o ion b•11ino wi1h o rigorom ooflwore conorruotion and 1011 
opproooh which validates that the .oflwaa end it<m 
.. tiofln 1he >peeir.ed requlrantnll and Yt:rir.eo thatthe 
end ioem pcrforn'" aecordin¡to lho dt>ign, Th< ne~I>OC:
tion examines outomated t<Otins Lhlon¡h an <Umpl< a p. 
pli<ation o~ an outomated te>t 10(>1 and then consideu tbe 
projcctcd <fftcl of >nlomoted Wtlng on ltre cyde oom. 
Thethltd oection snmmoriu> •orir~ation and >~lldotion 
o<tivitieo o>« the ontiro >oftw>re tifo cyelo ond l<1d> in lo 
o.n exploration of f u1ure \tondo, 

Conlrol o! sortwara eonstrueUon and 1011 

We wil\ oumlne a mtlhod of .oftwue <0!11\t\!Ciion 
o.nd test that 

• ot ¡m<: n!l o <Om pi" oolt w on d <> e lop men! 1 n 1 o more 
mona¡eablc funaionalelemento. 

• domonllrateo ~.., funaional capobilitie> early In the 
I<Otin¡¡ aCII>Ity, 
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• molntaio> • vi>iblc connr:ct~on ""''""'" ¡euln1 and 
><111 wnrc rrqult<nten\o, thuo lnrmolloin~ the l<Olln¡¡ 

1'"""''· and 
• !~rm• tiiC h11i1 of • _, ofl'<ctl .. pfi•]OCI plannlo¡ 

onJ control moteJY. 

The approoch d<Krilad htrc wo1 otlalnotly d<>·eloped 01 
Computer Sclcneu Corpotation' ond hao bftn ronnod in 
ltoapplkation O\ Hn¡¡héo Alroroft Company. Doc•uoo ol 

lto combtned tochnica\ond "'"""''"''"' moriu, thlo eGo• 
«pt hll a powc11oleff<Ct on ordetin¡ the ><>ft,..••• «>n
muctionl\<>1 prooe ... 

Doslc opprooo~. fisuro 1 deph:ts o scftwuo 1<11 P•<>
eedure that ls violbly oonnect<d lo the roquir<menu. Tho 
pr<>C<U lo driY<n b¡ • 10(>) concd t~e sy•um •~rlFICillio~ 
dja(rom or SV O derNcd d ir<ctly f rom the1oft wartt r:quir.,. 
ments lpecir.oation, The SVD ccnoists of >limuluVre· 
oporue domcnts called r~' that ue anociatcd ... ith on 
idcntin>.ble funelion and •pecifO< roquiremonl>. Eoeh otim
ului/reopon>< clemonl <>n b< mopped into the d"'ign lo 
idenlily (he opeci!lc .oft..,ore modules which, "hcn u· 
eauod, r><rlcrm the !unr:t.ionof that thfOod. Thu•, a hi¡hly 
JIORUI•r ttlationshipuim bctween !he funCiional roqutr.,. 
mcnl> (thothteado) and thedesi¡n(the modulO>), btcomin1 
the primar)' meo <U by whh:h \he sofl"""re develcpment can 
bo accuratcly denned and dose:y eontroUed.' 

111< nut stop b to alloo=atc speeif>c: th~<ad• to1ptdf1C 
build1, A bulld roptestnl> a si¡niflcan\ putial lunctionol 
capablllty o! tho sy>tem.' Each in<r<mental butld 
danonmation i1 o putial dry run af lh< final acceptane< 
test. Eoeh ourceui>< build demcnstution lo • ••Jnoioa 
t<11 o! 1he ea~abititic• ol 1he P"•iouo butld>. Thus, a 
demon>tralion of th< fu U •r•tem naturally follow•lrom 
the intc¡r01ion of ohe final buUd !n1o the a<Cumul•ted 
prevloo1 buildo. 



Donnln¡ 1ho lhrnd!, Tho cb]ctllvo cf lh< lfOI<m 
vedrloollon dio¡rom-lhl \Col uocd ror don,.ln¡ lhe 
lhtudo-1, 10 rcprnml 1ho ooh,...,• t<qu~em<n\1 In • 
romplou, <on•l"enl, ond l<olo blc: nanncr. S•'n« lh< 'S VD 

~EI'/>tO<fllE TR~. 

HSTlM SI<~LL U•OAH 
TAK ..... OIS-'I.AY TU 
ON """~TOA'S OISPLAY, 
A~O GlNEMTE 
Qp(RATOAALUT 

1U.1 .• Alt.N<WT~KIN.UTS 
STO ArO IN TR~ fiLE UNLI!:S 
/Ull 

ropre1on1o 1h01e rcqu!ron~enl• •• o..,;., <>f 'li•nulullrco 
•pun•• pairln¡o, lncon•lolcu,;.,, redun~on<l.,, und om!J· 
•iono may bt r<"'lled while Je•<IDpin¡ lh<>O poirlnl•· 
lmmodloldy drol'lln1•n SVD for eaeh rck••• of lhe ooh· 

Figuro 2. ldonlllylng o Uuod bom IM ro~ulromNII. RoprJn\Od lrarn .,,. Conltol o1 o Sohworo 1 ell P<ocooo." ~Y Rober1 
Ca: o y &na o,! ore Sond!C'o<, p,,_,á.,go COMPSAC n. p. ~28. C<opy~lg!li ~ 1977 by TI>O "'"'""'" ol ~ltclt<:oi onc1 EleCir""""' 
Eng•noo10, lnc. 
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"'"'' «<¡ulromcnu spccilicati<>n b tn crt~l•~ approach, 
Prooldinl m"<lmum Opportunlty for foodbac~ ond for In• 
wrp<>rorinl foo~bock fondln¡o lnto the ne•t t<leuc, h 
moy ,¡.., re•<al 1 nml te conouh 111< cuncm<r abo•U 
h<r<toforo unr«oanlzed opcn r«¡uittmcn(j luuQ. Tlluo. 
lho SVO b abo an lnformol roqulr<ni<RII YU!rlcatlon 
loo!. 

Each 11imulusccnsi<11 of en< or more lnpuu plus uy 
aond~ional quaUfl<rs; o><:h rnpo<> .. oonslru of""" or 
more out puto pluo eondhional <¡ua!iflen &rne,.led U a 
result o! the input e>ont.' E~ch otimululh<Sponso ele• 
mentor thr<Od f<>'l< .. nU In ldcnllri•ble !une~ ion or m[. 
cro-!un<tion. Eacllthlead hu a d~«:l rclotiorublp toono 
or more s.ortw11< requircmnlll (uouaUy se•oral) ond <an 
later be auoci~ted With the modules in the •oltw>ro dc>l&n 
archit<Ciuro "hich will implemontthethro.,¡, The SVO lo 
normolly amerated from tho rcquiromonll opecifocatlcon 
b<fore tho s.of!wlll'o archit<Ciurc ;, desi¡ned. 

Fi¡ure 2 •hows an cumple ofthe d<rivalion ola threod 
f rom requlr<minisspcelncatlont. An objectl•• illuotrl\• 
cd ~'" lo thé dctlnition of a tnn>ftl' fun<tion •hlch 
~oolcsceo ¡wÓ 01 m<>ro fuilo:tiOIIJIUy rtl&tcd roquir<M<nll 
whlth m ay Ponibly resido in phylitolly "PilOte arca1 o! 
tbe re<¡uir<ments •p«irtcation. Th< t<•t procodur< whlcb 
><rili., thO sofl""" modul" that implemcnt thilthroad 
abo •alidat" tbo roqulromonts uoocloted with thc 
thrud. 

' Tho entirc roqulremenu tpccir.cation tan M rcpro-
.. ntcd by • «1 of l hr ea<!> losJ< aU y conncct ed 1 o tath othor 
by 11<ÓW1 dono1inJ !equcnco. Quito of!on, oconditlonol 
quatinor ""ocio,.d "ith the lnpute>ent of • thrud lo the 
'"""'uful complot ion of thelunttion upnsented by thc 
Prcvlcnu throad in the seque.,... Completo fun<lioul 
'"'ina cr thc •<>ftware is auoln«!lf oll patholhrou&h the 
SVO aro tra"Orsed durina thc tnl pro¡ram.' Fi1ure l 
showa a portioa cf an SVD u .. d fot a rocen\ wftwore 
d..,elopmctlt. 

,Pionnln~ th• ,,., .. d bulldup procts~. D<tailed test 
plannlnJ '"" be&in when tho sof!"'"" orchhottute denn: 
;.;, ohe structure o! 1hc mo<Mu lo avollable. In softwaie 
do~olopmcnts •PDIIJDred by the D<PIIl'tmcnt o! Ddcn,., 
tillo notmel '!' otturo bylh<tlme ofthe pretiminary ~i¡n 
rO.!ow. Thi> 1<5!/C<>nitructlon opprd>rlt UQUircsa modu· 
lar lOftwz'c archlt.aure de•elop<!<i from 1\ructured 
de•l&n pre..: ,:·u; otherwi,., the poslo!~, offett ;, dil~tod. 
E•~erionor •!·~ws tbot thc IO<hniqn• Wurks weU wlth 1 
itructurc ~ ·~ul&ri¡y ot appoxloiotely lOO HOL sour<:e 
lines por 1 '"k • ..-hioh m•> be i~boiJ•lded lotor into 
iubroutir._ 
• In thll. rc~.~· ;:~,. lonu.r< ¡.,¡ an~ ~~!~.truttion are in· 
lonwi,IOd: 1 ~'''\~" tibl occur tej,ai-oi~i} ~·id ooquontio!ly, 
Thibíd'<i !" .0. tch rhucif!Waio ir c0:1• .1, luted, ond syn. 
t~el.itéd 1~ <"~~ii1Dy deminlnod b¡ !11! lfll<m .. ,;noo· 
tioli dtJ!f'"'l '~~!eh deflHesthO t<$t ~!\"'!~""' Th< SVO 
hOo <'t~~:~!'IHI il!e !¡1i&\ll~li> ~'éililln•lrt~l~ hiHtilolU 
<all<<lt~•ndo . ...,, ~o.,.¡.,poooo~o of 1hc thr ... ob lo colon· 
dorbed. Tlle moduln usocloted ...;,h eoo:h thr<ad lll'O 
<oded ond tat<d in >n ordor commensurate with thio 
<alondari<ation. The chrndt oro oynthulud into l>i¡her 
Ordcr l«tion• coned buildl; each buUd lno<mental!y 
demonstra1<s • ol¡nir!Cant pon tal r~ne~ior>~l capobilityof 

th< oy•tcm. Thb proccn culmlnateoln a dernonmatl~n 0¡ 
thc f ulloyttem "'lth tholnl<l<atlon oltho l011 bu lid to tht 
aceutnulation o! bu\l<b. 

The thread Nnotlonol allocotlon d11rt shown in fiJUfl! 
~ b a ccmvcnienr mcd>anlsm JO< rttCldln&tho relot..,. 
ohips amon&the thread, the r«¡uir<mcnll, ond ohe IIÍocl
uloo lmplcmentin11he thread. An <stimotion 0<1 -linoq 
scal< lrom 1 to' ofihe prrJOR·elfort rcqubeitococlo, 
choc\ 0111, test. ondlnt<lfll< eoch th.-carllo e..Íered In tho 
column labeled "eompltxily uniu. •• A ratir\¡ of 'T' In· 
dical<> thc m os\ compl"' and "\" \he oim~\est. Thio lub
jeCii•c mcosur• io bu«! on thc •olume of codo lo be ton• 
•lructed. ende comple><ily, ond complully o! tho \nter. 
f ace ,..¡¡¡, ooher 1 hread• olre.ady i n1<~ratcd , A ppli~otlon ao 
Hu¡h01 Aircraft Company 1115<11 •upporu the Compu¡. 
er Sc\enco Co r ¡>Qratlon "11<' io n<:< lhat !l• is es\ i matio n pa· 
ram<ter;. rndulond !in.,..,' 

U the system hll5 not be'cn complcted by the 
scl.cduled date, there wlll stlll be the nude1.15 
of • Sy5tem lh•t pirforms funetlons wh\th 
are demonstrable and opcro!ionaUy usefu]. 

T wo <0~1 idoratl.on• are poramou no d u rin 11he ne.tll<» 
os threodo are 111i10<d 10 builds and compl<lion poln\5 
"'' d01\anoted wlthin th< 5thedu\o poriod' 

• Eorly inoplomentation cf thosc thl<odl comprisln1 
thc h l¡heotteo:hnical rb k woulcl bo dnira ble f o: n>Oit 

pr<Íjeo:to. 
• A systcm th.ot lo k>&icaUy complett, oven lbO~Ih no\ 

funo:tJ.onally aompl<to. should bt tho ob]ectl•e U 
carly as pooriblc in the buildup sohedu!c.• 

Thlo b bulcoUy o.n lmplomcnl·IO·schedule Slfll<&Y· lf, 
despito 1he bou of offono, the eatire syot<m hu aot boon 
comp\otprl by 1hc schedu!cd date; then wi1l 5!11\ be t.he 
nucleus of a IYII<m thll ~<rlorms funetlons ,.hkh ore 
demÓnmablo and operatlonolly UKiuL' The cuotomcr. 
undoubtedly, wm be dilpleaood. Howe>er, hlo dlsplco· 
ourc 111011 li\oly will b< lar Instilan lt "'ould be hod a ICJO 
oraoniud opproach bt<n u1<d lo complete tho oamc 

u ....... . •• 
. _ .. _ ...... ~ ... _,. ... _, 

_,_ 

Figuro a. Throod luncllonal ollocallon chor1. foro mtlllol)' olondo<d 
'""'""'" do•olopmonl,lhlo chotl wlll aalloly 1hal~lormatlon conlonl 
roqutromonto ol Typo C·5 Spoclll<otlon, Parogoaph 1.1.1 (Funellor>~l 
Alloullon~ 
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...,¡~me of code «>n>Í>IÍnl of d\llcr .. Wl'l"are uniU tt<>l 
ordor!y oequone<d ln<o Op<llllonol func:tlono. 

Ne.r, rho reoullt el 1he p\onn\n¡effon de.crlbed obo-. 
aro dloplo~ed on 1 bu lid p\tn. Thlo dlqrom pro11i<ko on 
o•oroU "lendulzcd •iew or 1he ooqu.nec oC eonolr~~ 
1IOnJ•••t <Yenlo, lnd•dln¡ th110~utnee ofthe buUd1, lht 
rolatlonohln of thc b~ildo ro ne~ other, lht anoentlon el 
thntd< lo huildo, ond rho oequonce of thethtoodo. 

In <ho bwld s>lan from o re.:ent ool'twlte dt•tlopmmt 
iho...., u an .xample in!"~~"'· ln'.plemtnL&tlon of tn 
end·to-en~. dall flow h achle•ed •• Bu Ud 6.0, which OG• 
011nlelllo\1n ho.lfwo~ lnto lhe lthedultd implemenlation 
perlod, Thi• connltute> a lo1k&Uy e<~mpl<!e oy.,em for 
Lhio pro) OC!, Buildo 7,0 to IS.O odd additiorW funr:llonl 
which o~pplement lhe b .. tc data tran1forma1ion1 and 
proVíde operOior lnt<ra<till< connol Oll<r <he procouln& 
>«¡uen<:c. Each bulld tdd> new funotionl {LII«ads) lo thc 
<)'stcm aod-to lile ex1eM indic~<«l b~ tke <OJtnr:<tln& or• 
'""" OD the buil d flan -<onralno ¡h « umu I&Li ve u po bi!l
tiuolpre•lous build!. Eaoh build demonmollon ""' 1he 
new eapabilitieo ond Í> o regreulon 1<>1 of ¡he <apabilitl<l 
accumulared from prcvlou1 buUdo, Th< llnoloccepluo<e 
teS! oftlu= 101al ·~•tem oceurrlna 11 Build t S.Oio mere!y 1 

notural tlllminltÍnJ <ll<n1 in 1kio oucoession. Each 1hret1d 
i> ol>o mted informolty. The bulld demono1rotion leo\1 
rnay bciiÍ<wed 11 nolurol eu!mlñatinJ evento In a !Utt"

sion of tbr .. d too u. Bttoust eocb th10ad;. direclly linltd 
10 l<>flwarc modules, thc build plan ah<>def\n<l lhe arder 
of corurnootlon for thc modules. 

4-2,5 

Sino. by tho:ir r>~turc 1hrudo r<pre><nt uocful opera• 
1ionol funotlono, a me01urO ol <hreod c'Ompletion al"' 
ropresenll 1 m••••re ol proje01 i:ompl01lon. Uoin¡ lh< 
nun1bcr of compl,.i11 unlts u>i¡md lo eoch liu<Od, lb< 
build ¡>lan onoy be oumrnorlaed In lo a1hread rr<>!luc:tlon 
rlon ohown In fl,urr 6 for thc oorne ,.,fl.,.ar< d"clOI>' 
men1. Thr 1olld lino reprcoenlolh< rlanuod p•~duotlon 
ralc .,al no~ whkh rhc utnal producrion tal< m o~ be plot
ied in duh<d lineo. Thuo,lh< 1htrad pt<>llueilun p:on pro• 
video •n uolly underOLood meano ol rcponina actual 
pro¡re>o •enuo plonntd progreso. 

B<Oci11L Thc 1hread Lcstin¡ approaoh wc bav: di>· 
tll•oed hu o number of bendits. 11 

• alluwo ~<•tin¡ and onaly•i• in di;e$1iblc qu>ntiri .. , 
• provideo .._,¡y demunm•lion ol lq lunction&l ea• 

pabUitic<, 
• forceo 11<~ early anl!.abairy of ueculoble code, 
• provideo ~ mcanin¡lul me01uremen1 ofprqlect pr<>l

reu <hit is ea1lly unde,.1ood, 
• defineomodule eOnOLruot'.on «quenoe ond "'"'"'o 

baslo lor rJloca<lna per..,nnel reooucceo, 
• brinp a dcv« nf fnrm•lity to ooltwarc project •eri

r.catlon ond ••lid&lion b~ >alldatina 1h•• rhe end 
il<m u.ti>fl<1 rcquircmenll and b~ verifyin¡ lhol i1 
implemenu the desl¡n, and 

• allowo mi,.ion tn&l)"« {duo to 1he analol)' bet,.een 
threod.tbuild• and operatlonal lunctiooo} to in-
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I<COct carli" in lh< l<Olin¡t pro<"<ll, octutlnitin• por• 
foruron" rei\Jill. 

To "'"" <>lenl. "'" .r ... crtpllon nt lhlo approrrch ha• 
11111!cno•lr~ lh< e<un¡•l<>ily cf ml>llem '"~"~"'"" dtW<I· 
npmtnl prn]«l' b) •ddrmlllJ 1 soflwlrc >y•lcrll n 1 

oln1f< dc•elopmen\ rno!ly. M~ny wflw;oro pr<>)<cll lt< 

'"" larJ< ond lhc >cheJol<• 10n ohon to bc m11111'd In thio 
f>1hion. 1110 >nft"'ar< oy!leno lo dccon>rosed lnlo roruc· 
ourÁI elemtn!O ¡hao are dt><lop<d in p;orolleland ar< <•en· 
lually in!CJIO!od lO <«OmJ)OO< lh< <yotem. On mllilüf 
11indard oufowa« dcoclopmenll, thi• clomcm lo refmtd 
t.> u <h< CPC!, the coml>"ter prGV;<am conf>¡watlon ll<m. 
"Tbe >of\wa<e coMinKtk.n and 1<11 proccu dcr;n"b<d here 
1$ o M ff .W ve 1 pproach at both t he CPCiond so fl w• re s yo
o0rn leveb. Procedurc> for tostin¡ and lnlc¡ration a\ ohe 
oystem l<vel maY be prescrib<d by dcnnin1 oys«m·lov<l 
<hrudi. Th<>< hi¡h-lovcl lhrcao1J 'O<OU!d be corrclaled 
\oiÍlh CPC!r or subCPCh in lieu of modul<o. 

Automated tastlng 

Th< buie opprooch 10 ..,r,,...,~ conSiru<lilln ond !<SI· 
in¡ •~mmari<ed in fí1ur< 1 prncrib" thot !he l<llin¡ of 
uoh lhr<•d include thouorci•~ofolt po1h O<gmento in o he 
o01odated modul<i. Thi.o Íi 111 ombilicuo goal. 1><th>¡>s 
co>~lylo auain. In <he disctt,.ion that follov.~. we <>plor< 
lh< mo<ivao ion for lhi> objecti'e and dtmon"'"'" o loo! 
whi'h ~<lps lo •chit>e this ;cal. In addltion, Ir o m con· 
l<mpor01y proi«l cx¡><rienou ""' prn<nt wu.in qoan· 
<imi•~ data whioh «plain <he benor.t or <hio appro.l<h 10 

oofl warc li fe .oycl< '"'"· 

Figuro~- Thr•ad proGuellon pltn uample. 

'' ' 
.O.prH\1181 
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M o~nworc oyol<nlt ¡rcw 10 immenO< prcporoiono in 
hoth •lzcand coH\rlo•lly, the effnn no« lo~ to '"' ohol<: 
oytl<nu arcw '"'"' lhon plO]>Il<lionotcl), tcqulrin1 o 
mou oppllc•tlnn ,r hun10n """''""'· ·n,¡, oppll<otilln 
h•• hcrn <"O>I!y •nd nat p011kll1or1y cff••·livcln "'"" of 
!he rdloblllty prodUced. !)espite U]><ndioure• of up lo 
holf of l<>llwor.i dovelupmrnl hud&<ll for 1<11\na. • 
olan"•n,·ant nunobrr of ttrors r<moincdln def,.cr«l >Ofl· 
"''"· ohon 10V<rcly dett<rinJ normal oyol<m opciiiÍ~nl. 
ThU dilcmmo in<pir<d lhe devolopm<nl of ou<omotio ltol 
tco!J tha\ u.U< in lhe pr<>duction of eff«:tive I<S\0 and 
onolyzc !he 1<11 reouhs. In '"once, they 1••• much of !ht 
1imo-conoumin1, mc<hanir:al oo~ of «<IÍn& 0111 of 
hum011 hondo. 

Automotio l<stiOOh providelrnproved organiuoion of 
lcslln¡ lhrou-..~ outoma1ian, mcasur<m<nl of l<stin"J 
oovorago, ond improvtd ttliability-aUtibUI<I no< U 
eoslly alloln<d by manual I<SI\nJ approoohcs. Au<omatlc 
tools furni•h machlne amplificotion of hum•n capobilily 
and otlitve , .. , pcr10nnel of routlne lime-ccn>uminc 
<horc. Manual crrot-ehtdinl, for tumpl<. ioan <rror• 
prono proccss; aotcmaled crrOr-<hoüln¡ ;, more rdi· 
ablc. BudJOI ond .chedule e<~noldetalioM forccloS<on tho 
olow. tcdious ¡>rO<a$ of monuol lcstinJ wirb th< reoul\ 
thu !he vol u me of teolln¡ io afien in•utncicnl. Rollof U 
availablc lhrough u tiHution cf •~<oml\«1 loo\o. 

The <Om pie• C<l n lrnl of lar¡e rof<waoo syotcnu r <q uirc 
lhc appllcotion of many test caon 10 <borou11hly <>er<i,. 
lh< codo. Gcneralina th<><l«l 011101 ond analyirn¡ 1h< 
¡>llths eurdoed to determine the nt~no of oh< rnuhinJ 
l<SI covera1e v.ould quickly <><«d humancap.acity. Tcsl· 
ing aids <In instrument th< <odc, measure lit< eovora~< 

.. 



pfo•lded b~ o '"' '""· 111d hHnl•h lt<PUrllhol 1h~wo 
tb-. nuntbot ol tl11••• •••~ ototcmonl ond •«!~'""" ol 
Ololomont• .... ,. "<euted, 

lmpto•c~ t<lloblllty ro•ulu whcn potcnlloltout<OIInd 
I'<IIU<i ol orron llr< mo,. ~\oo<ly luvolll~oled. Th\o OC• 
C\lts u muro uporlen<< In tho Ul< ol lhc JO!lwon: \1 •<· 
C\lmu\otod throu¡h corduUy dlrecled teS1InJ. AUtOmltl<: 
too lo <noble 1 hi¡h<r volumo ol l<otln¡than wou!d b< ot
tainoble manud~ for the ume COII, 

Almoot o\1 ospec\1 olthe ooflworo dev<lopmont proeus 
""" be a<!Í<l<d by 1om• lorm ol automatlon. A opectrum 
of toolo uistoln variouonateo of moturity. Panicul•rly 
odvane<d, and of demonmot«< util\ty tO rul-world in· 
dumiol ooflware projoon, Íl a tlau of outomated 1011 

osoinanc.: tooh ooUed •ourco anolyur oymmo. 

SAS. A '"""' onoJyter l)'>t<m, or SAS, providos /ocll
~ieo for meos~rln¡the pe:formuco of tho ooftwore and 
the dlectiveneu of tes! eua. Such 1001> derl•< thdr ln
formot\on from th< oource L<ll ol Lh< ptolfam bein1 
analyzod and ten«!. 

Fíve buic functiono 1<< pe:formcd by1he SAS: 

• analysis of oourc• codo and ~roation ot a d01a b&~ot, 
• t<neralion of r<porlt, based on otatio o na!~ si> of the 

soure< ;<>do, tha< rev<al oxlotln¡ or pOI<ntial prob
l<niO in lh< cede and ldentlly Lhe <OfLwore ccnttol 
and data 1\WCtUIOI, 

• lnoen\on of •of'""" prol><> into th< •our<e<odethat 
permit dO!& coUectlon on <od< «tm<nll <>«:Utod 
and valu<S computed ond o<1ln stora¡e, 

• analyois of 1<>1 resulto ond g<neration ofrcpono, and 
• &oneration oft<SL 101lllance reponstoald lnor¡onlz• 

Ínllh<t<O!In¡ ond dai•lnt inJ>Ul om fcr poni<ular 
1<111. 

Fl;u,.7. Typleololomonto ola oourco anoly>or oyolom. 

U-2-7 

The olou""" ufoty¡>k•l SAS thot rorlo>to>n th<>< funL'• 

1~'"' ari Ji••'"'""'od In 1·1•'"' 7, Th< •WI•· """'''" 
mmlwl• annl~t<l tho ototk itrl><.1ur0 uf tite <'~1<. Typkal• 
ly, thh onoly•h wuukl c'Ono\ot of ronltl,min~ """ rout \no 
into path ><am<nll whkh ouprurl ou evolt~o.tun ol IU1 
lhorou¡hnou and onalyzln¡ thc ln•oc•tWn llru.'lure o( 
tbt pro¡ram. Thio informotion !o (&ptured in 1 dota:bax 
ltl< •nd lmmatted for uutPut as a pr\nted repon. 

The iru:rrun~<niQiion modulo .. ,. •• a pr<pr"""""' by 
ln.l<ttln¡¡ additionalll•t<menu within the 01i1ina\ ..,urce 
codo, Duringexecu1ion, 1h<>< <lal<monts cr "probes" in• 
tertcptthe now or , .. cutlon at ~<Y l><'inLS anJ ro<ord pro. 
¡ram performance oto1il11to and •iJn•l< in an inwmedi
aL< file. Th• in>trum<nL<d oour« to6c i> tompiled, an "" 
ecutoble itno¡c \o buitt, and \ho \mago i< <><Cul<d. 

Thc •~lllyu' modulrfunclio"' &1 o pootpre>co.,or altor 
1ho prcJram <>l!<:\ltion. !t formau and odit>dato r<eerdod 
in an lnterm•diate file durin¡ pro¡rom ««ulicn and pro
vid<Oa prlnt<d r<P<lfl• Thio <<P<ln fumishes inlormation 
en test co,era¡e, indudin1 

• >~otemcnto e.ecutod and fr«¡uon=y, P'"""'"'' or 
llatemenu u <CUt«!, 

• llatemenl ocqucnceo truel'loed, p<tc<flta¡e of 1<· 

qucnceo !ra•ened,liltin¡ ol w¡uon«• nottraverood, 
• data ran¡eo ofvariobleo, and 
• oooenion v\olatiom. 

Tho onol1zer module may also eompare antlcipatod 1<11-
oaoe autput ousmented by any u .. r·•upplied t'aluoticn 
cri~t·ria {ptatorod in a fil<) wit~ ae1ual oulpul and lill 
reoultin¡di>eropancios,' -

The le<lc-anisron<?modult a id> ""In¡ per..,nnel in 
t~ oelea\on cf test inputo thal will economically onain 
comprth<n>l'< t<11in¡1a.ls. Tht modulo 111<1thc 11alic 
an•l)'l'is dato ba>< and the covor>¡e data record•d durin¡ 
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<>ooutlon• 10 ¡ui~< th<i<!t<r> in th< preraratlon ol addl
tion•l ,.,. u.seol o~t <>er<i•• path• in thc proararn not<X• 
ecured by pr<viou> t<ll us ... An al¡orlrhm d<iectl 
statement• ond bronohoo not oxorcioed and indio oto¡ con· 
ditiono neceuary lo tro><rl<that path. 

Typln!oppllcatlon. The "qucncc of '"'""in thuon
ware trllin¡ proe<dur< with thc ald of anSAS io ohown In 
fisu«! •• eum;>tir.ed br the copabiliti<1 el the RXVP 
1ymm.• Th< in~ividuol bo.<<> dcnne comp!::o st<pl in 
tho operat,on, eaoh producLnl out~"'' thot focd subo ... 

Aprll1991 

quent OJ><flllons elthcr dir«:tlyor throuah updote>to the 
central dato baoc. 

Thc compl<t< opc,.tion '"""'"in F"oaurc 1 oovcu tho 
ro~c SAS functlons llotod urli« in thio discu1Sion. llelow, 
coch ldentined stc¡> lo de~<ribod In terms of 00 me of thc 
ou 1 puu 11•ner 11 od and t he purposc o f t hO>< out puts In t he 
t<otins pr~m. In tho doscriptlon ofthe~t opcrationo. the 
oubroutine SOL VE io the .'ubject of onalyoi•. 

·~X~Pbo fort,,.lln•u oo.•« '"' ""'"''"""" ._,. ,.,¡,..,,d .. 
t., o..,.,.¡""'"'' e"'""''""' ot !onto ""''"'· e~·'•""· 

"' 



( 
' 

......... "'""' ._ ................................... ""· ...... ' 
' .. ' ··················-······.·· ... ..... ..... ......... ... .. -·····················-----·····-··-·········-··· " ··············-········;;;·;;;;·;;.:;;·;·;;;:;;·,.w;;; .......... '"'· , ..... 1 

1 "---~-----·····-································-············· 

.... " _ .... 
t ' ;;,.,~ ...................... ,,, ... .,.~ .... ... . ~ .............................. ... 
• • • • • • • • 
" 
• • • • • • • • • 

• • 

....................... ..... - ,., .. "" ....... ...................... ,,. """ """·-· .......... . ........ ,.. " ..... . .... , .................... . 
'"' ·' ................. ''"""" ....... - '""' ''""' ... . 
"~'. , .. ,, ........ . ""' ..... ,, .. ,., .. ...... . ""' ...... "" 
..... • ....... lo•ul -" ....... ""'" .......... . ................................ . ............................ .. ................. ...... ' ..... ' ............ .. .. ................ " . 
.,~ ............ ' .. . '""" ......... .. . .... " ''""'· ... ... 
"""' ' '"'' 1 ... . '·""'''1"""'''·"· . .. ' . 1'1"""'' ..... ' ......... . "" . .... 

" " " " " " .. .. 
" " .. .. .. .. .. .. .. .. .. 
" .. .. .. ...... . ...... ········--······················ ;; ; . ; ; ; ; ;;;~ . ; ;·;; ::; . ::; ;;· ;;,;.;.. . 

········ ····················----·-·············-·············· 
" '"". ..... ··---···········-----·-·······-· " ............. ·················· 
" ~:~~':':: ::~.::!:~~- !~~::~---······ ······ .. ··-····--------······ :: .. '"""''•""' 
" " '""' ·"· '"' .. .,,,. ... . .. ............ . ..... . .. . :: .......... .. .. "''······ .. . , ... ,.,. ...... .. . .. ... ............. 1 

,. " 

.. " 

.. " 

:: . :: \ :~:-~.:~:::.:.!:.!~~-:.:.:.:.~::.:.~_:::::.:.::.:.: ........................................... .. ............................... 
' 

.. " 

......... ., .. , .. 
·-····- ....... 1 ............. -····-- ........... ' 

• .... .. .. ..... ... ..... ..... ":::~"'.!:::::: ..................................... .. 
...... ·--;.--............. _ ·;: .... ... ' ...... ' 1 ' ..... . .................................................. 

" "'"' .... , ''""• ,_,' " .............. .. " 
" ·-· :: " " •,,'1' .. ,,'' , ...... "' •••• '' .. ,, ' ...... " .. . ' ... ' '·-"· ... .. " .... .. " ,, . "'"' .................... 

.. " "" .. ... .. 

., '' e ... , "' ""'"'" "''''' "''' 7' .. " ..... ,, " " . ,.,,. 
:: " ;:.~: ... 
•• e ::~::.!.:::!~.:~::,!~.: ..................................... . 
:: ' "" '"'"'" ,..,.,, ... "'" ... "' ....................... . :: ' ;;· ::~~::~~~>. :_::~:::::::::::: ::::: .......................... . 
:: •· ~ ............. ~-~, ::::~: ..................................... . " ' . , ........... .. 
" '"''"!'. ·'"" " .... ,. __ .. .. , ..... -'·. ·:· ;,-,; ,.;...., 
" ' .. ·"'" '·--. 
:: ::~:: .•. :.::;;;:: ::·:; ;, ..... '. h•". 1' .•..•.• 1. . . .. '"" ... ;;:: .. :. ·: . "- : .. : .......... "-- --·'"-" ........... . 
;: ;;, a;~:-¡T¡J:¡::I·:.;;;!I,",. ¡•·¡' '1" 

• 
.. . ... .. . ... ... 

"' 

.... '" 
' ...... 
' ... "' 

H ,•.! ¡~!t 1-1! ,, ... -... ~~,-, • , ; " 
·-- ............................ ______ ............................................................................................ . 

4-2-9 CO~PUTER 

:::.,.·:::; 



-· 

' • ' 
• • • • • • ' ¡ ' ; 

• 
!i 
.. .. .. ~= 
' ' 

' 
~
;
m
;
 
~ 

~
:
=
:
~
;
 

! 

-·-··· 
... 

• • ' ' ' 
1 

• 

• • • 

; =
 : 

... 
. ; : :;: : 

; ;:n
: 

' ... 
. -

t
·
.
~
=
 

. 
. 

. ----·· 
;···;-

·· 
:H

: 
.... -----

' : ~
.
 : 

-· 
' 

i H¡ 

• ' • • 

: 
: 

. 
. 

=---=--=---------= 
¡ 

::~:. 
¡ 

. 
.... 

. 
: 

:-·· 
: 

; ' j ¡ • i • • 

1 • -

o ~
 

' N ' 
=

 

-• -• " < 



• 

co•••••• are ohown. 1 hu< paraonmu are obn de~ictod 
for l~o &O"(llmUIIIicn of all modulea. Tlli• l~furma~on il 
prennl<d lcr uch ¡nt <o>< and for lhe a..eumulaticn of 

all1n1 '"'"'"· · 
Thc DD f"'lh> nol hir repOn( .... Fi1urt l!) tell1 tl>t 

l"'l<r which DO Pathl wac RCI<>CWlod bycoeh tctt eue 
ond whi<h rcmain unt.,lod aflctaU '"'""" accum"latod. 
Th< repOn al1c di1pl1)'> ¡\n¡lc·l"'tar>d "."m\1\llivetntln• 
formatlon. Thi> inlormation auid"' lh<l"'W roaordin1 
potentia\ tar¡m for the ne•l le>t<uc. 

The D!)..polh u..-urion ce>unu repon (leo Fi1...C 11) 
Ji•"' the r..,,., detoil en DD·¡».I~ , .. cullon lor eaoh '"'' 
""'"· For uch DO path, an entcy Umade undct "nOI«· 
ecuted" when ""uticn count 11 u-ro. For ex«ution 
eount11re•t<< than ~ro,th< bar repra<nll \ ht COIIRl u a 
pe-reent cf tho mWmum nuonber ol =•iom lo• 1 
>inl\lo path. Tho '"""' num~er el patb «ecutit>llo i> 
entotod undor ''number of exocutioru. '' In addition lo the 

module oummary lino &1 ¡ho ~Oilom, thi• ropo<t lhOWI 

"'"'" most of the u .. ution lime lo bein1 '~~~''" In a 
module. Tho report aloa •••pk;..lly sltcws "'""'' th"'t 
arelar¡< ••5m<nll of co4t not bein1tntod. 

Tke more deulled ••rlablt trace analyr.« produca a 
repon, ~t/ormQn~ lnf """~ whkh i> ke~td diroe~ly 
to the oour<:e olatemenll, Thre<l)'pclof repOn• ar< siven. 
Ir !he stot<ment hu no v&lut computed (<.f., a COH
TINUE, WR ITE, READ, C¡t,.LL.,ot ... ÍI""'"'llof a coa• 
uant). then unly ¡he """"''ion couat i> prlnted. 
Stalements \hall"'lla¡l<&l npr ... IOfll ,opon tlmt~trut, 
tim<t fals<, and final •&luo af rhe lo¡;c.l '~~''"'<ion· 
Stillemenl1thlt compute a numa'lc n.lue (t .... usi¡ft. 
ment, arlthmctle IF, <M DO) ropon lnit\a~ final, at"'• 
imun~ and m\nlmum valu<t. 

Sltp 1: T u/IJISUlQnct. Fi¡uro 11 oltowa tl\ot a numbet 
al PO pathl remain unt<ttod. Th< objc<ti•e or contlnuod 
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l .. llniJo 10 JOR<fiiCIOU OIIJC>II\Jl wlll Jnc!ude 01 IO&tl ORO 

noa>L!on of lh< un1c11ed DD polhJ, Thls tellin¡ gool 
1hould be oonoí~erod a mlnimum lcvcl of¡"'tin¡ In whoch 
&11 omnncnn "" u«:uLod o¡ lean or~Ceond each dedsion 
lluordoed throuth oU pon lb lo OUIO\•mQ. Altho111h Lhio 
lo rar from a complettteot Lhll ,.,m,.. olllc¡lcol palhl 
thrvuah Lhc prcarom, i1 1.1 mQtt compreho!Uivo th•n io 
J<Rorally achio><d by ,.,,, Lhat samp!t only ~ltl:ted 
vah.aco In Lhe Input spoe<:. l'urthtrmore, the procou cf 
¡enetatinJ "'"" tesl ,...,. fo>eU$<11ltcollon en tbcsoure<: 
<;<>de of lhc pro¡rom JJid freque1nl)' re...u!J ttroro thot 

• 
would SO undetcel:d U only uerotion rcou~o _., e•· 
aminod. 

The flrll portlon or tnt antslanot drawo on Lhc 
prtdócgtt ~~-,m. A "pmlicato" il o drdoion tltmont 
oL&Lomcnl. Tho predico!< onolyoil 11111 th< dedoion 
slalemeMI for Lhcuntcated DD )>l.tM ond 1lves lnfonno· 
tlon obwt tho ••riobla appcarln1 In tll< pro,Jic&to ¡,.., 
Fl1~•• ll). From lhU ropon w• , .. Lh&L three of 1he p~tho 
uo controlled by the ~&Jkblt DEBUG which i> r<a<lln os 
an input ID lho module LINI!A.R. (>= F¡¡11ro t•). 
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Thtrofcrc, anv ,.,, •••• can be olmply chan1ed 1~ mol • 
LJIODl'G fal>c. 

Wo aloe,.. f1cm lhis ropo<tthallhcCih<l lhr .. mbood 
pa1k1 are cOnlrclled by lh< valiablu CQlJN'T and ITER. 
COUNT is a local variabl( !na module that illht Loop 
voril.blo cltht 00 loop. Thu._ P.llh l6wUl be roachcd of 
th< DO loop cúlo nachcd (u will Path 11). Thc¡c ocndl
tion• JI< ochioved by a faUure to ccnverJ< within lhe 
allc,..ablelimil> el !TER. To reach th<lt potho. titOer a 
nonccnvoraont <01< mur! be oupplicd or lbc nlut of 
]TER r<duccd. !TER io aloe read in tho mQC!u~ LINEAR 
and can be reducoJ le a oma!l numbc-r by a oimplo dota in
PI'! •••• , •• 

Fl¡urt l S ohc,.olht ¡ummlll1' repOn 01 a roouh of add
inJO ncw lnl cuo for module SOL VE lo cur t<sl,.l, Ad
ditiono.lla\ '"'u can be contri ved by uoinJthc methodol
Cll'.,.. havcju" deocribed untiltootinJ Joal• areouained. 

Automat<d ttlttools aro cutrently J&inlna widoo¡ntad 
use, acctptan«, and reco¡nltion a• ce>t-efftcli•< devicoo 
providl111 tht obillty <O <>.haurti~dy la\ soft,.ue lo o 
lev<lthat wculd be t<rn·Prohlbiti•t "ith manual m<Ons. 
Actlie•ina th~ poten<ial bendll• of this approooh, 
however, i.contina<nl u pon rc-coJniúnJih< pro¡o<r ocope 
cf opplicnion. When app!ied to lu¡e amounu of <;<>do, 
thls procedurocan bocomo ovtrliin•oi~Oil, thUI probably 
n<'ulralizing pOl<nti>.l positin dftcts. Rectnt projecl u
l'<fÍ<nctl indicate thlt lfla.dmum advl!l<ag< il lllaincd 
""""" lhil lt<linJ opprcaoh is app~..:l 11 tt>e indi•i<ltW 
1hrud \cnl, wh<r< roasonably <mall ''<hun'u" of c<>do 
(100-)00 >our<t line.) aro lnvolved. lndtcd, thi1 ocope of 
appHearion 11 consi><ent "ith lhe ovcnU cbj<e~i•c or un
ocvui 111 os many rrrors •• po"ib le nrl y in 1 he ;,.pl<m<ll· 
talicn pericd, fllhor thon risk encount<rinsthtoc errors 
at hl¡h<r leveb cf lnttgralion. 

Efftct o o lllo cyclo t.,.U, U b possibletccuminc lhc 
qu>ntltoti.o btner.u lo ooftworc lif< cydc com rtiU\ting 
from the '"' >tl'llltsY dtocribcd obo••· Tht cxptct..:l 

boncf11 modtl lo bl<cd on '" a«nuntill~ of addotio01ol <r• 
ron dcitclt<l r,om o tot:<nt !.Oft-..ore prc¡«l al HuJhO> 
Aircufl Company whieh uiilircd thilopproo<h ond on o 
proftlo of thc osealatln¡ relotl•• 'co11 10 C<>lf<Ct errwr 
wh<n they ore ~i.seovctcd \attt in Che ti fe cy<lt. 

Thtarnorollnfiue~>Ct ofthio uhaUJti•ctntinl rtrat<n 
ond ils prcjK~ed infiu<ncc on lile cydc C<NII for lh< 
HuJhn proje<;t ;1 dcpkt..:l in Flaurc 16. Thlo fi¡ure oom· 
porn thc cffKlo of outomalk toolrutingand th< stan
dard '"' a¡>proo.ch. Tht use of the automatlc '"" tool 
ruultl in hiahoo eiT(lrdtttclion rotes durinltheocnsttuot 
P<tlod. Howe.er, durin¡ ouboequcnt periodo inoludina 
opcraiÍOIU, tt>e detedion rote of lal<nl errotl remo.J.nr 
hilhtr ""henthetOil too! b ncr ~i<d. Tht ues undcr bctlt 
curves-Le., !he total numb<r of crrcrs-should 1>t ap. 
proximately oquol. 01 oo~rsc, thc oe>l of reetifyinathe 
.ame error lo ter in the lilo oycle is hiJho:rthln it wcu\d l>t 
had it b«11 d<ttc1..:l ""'li.tr. 

Th< <>loaullivo «llinJ •pproooh en thc Hu¡hcs ooll
""" proj<et<cnsistcd, ftrst, ol tlle<;klltl cut oooh tllread 
usin¡a 1<1. of fun<tioN<lly oriontcd tCSI casco. The tradi
¡ional b•and ohatinJ ,.culd condude altillo pejnt. b· 
st<Od, additlooaltcot case• were ocnui,...¡ toochleYta DD
poth covetll< of dese te 100 peroent. The e•pectatlon 
wu thattlli> '"''" dfon would upose addldooalerr0fl. 

The actual proj<tt upericnoc oupponed thi< ..:cÍtalio. 
llecause el th .. o clearly dtrnarcat~ 1""-i"l ph..C., lt wu 
o 1 im pie mottcr te m aintain a ocu nt o r th< trrÓn dot«:tcd 
by <he ntendcd tntin1- Th< occouotinJ showed thll on 
o •era¡< e f ene addaicnal trror por 1 bread "u lliiCO•ued. 
The col!, in "hedule timo, of perfoimin¡ thc <XLtnd..:l 
ltslin¡ ronJed lrom ont-half day 10 <hreedoyo pu thread; 
lhc avtral< seheduk costwas closeto o"" doy pcr thread. 
Normally, two pet10n1 .,.. .. in•olvetl with 111< tesdn& cf 
!he thread a!lhio point. Hei1co, the incrementolooSL oflhe 
tlbauotive tnting effoÑ wu an avorase or two penon
da)'> pu thrnd. 

This pro)Kl consb11 of obout ..00 tltreado. Thc In
cremental eo11 of findlnJ ond conectin¡ rhe 400 oddl-

l.-- . 
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'Thnt ar•••· di...., .. O<l lndl•lduall) bo\ow, tu n1W 
'"'-'<Oiorily d>><<OI<. 

Ouri 1111 ~< h i" orlc~l d..-elopmo ni oflh.,oflwa~ P">j-
«:1, ¡¡,, notd developcd for l<plrotln¡ 1y:11tm ~Jin«:r•, • ..
In¡, ouf ¡wo r< d ••• lop ment, and 1 tot in1 ~y on indcpcnd on t 
or¡oniz.ooion. Unforlunalcly, in many insl&nca, lhÍ1 
,.parolion <duh«l In <he u .. of ><P"Cil< opprOtcba ond 
1<>ol> wl!h ma.r¡in&l eoordinotion, Eecnomlcs ar.d ¡t.,~ 
<ul1in1 pc:rformanC< no Ion ser ouppon this arriJll<m<nt. 

A fO>ioed, more rtolis<ic opproach lo softw&rcdc .. k>~ 
men1 requir .. an o•crall e«>rdinao<d poüo¡< ofLooliand 
mrthodolo1id eovcrin¡o:l phua o/ the >Oftwl.lo lirt cy
do, Or cour.c, more ol • burden ,.ilJ !al! on mon&lorn<nl 
10 ochie•e theoe resulu. Whot Í< neoded is Lh< ccn1inuouo 
nolulion of o corps of software mono1<n who ut well· 
od~ot<d in lh< elemtnls of "softwlr< phyolco." 10ho aro 
<tlmmilted •o mo<lern m<lhodolo¡ieo, and wbo .,..¡¡¡ bta¡· 
JI<AÍY< in ""rrcomtn¡ inon!a whUc ouurin¡ t~at lhes< 
approach<> "'' implementod. 

From thecompubion lo provldolndlviduala!!<ntion-10 
lh<m, v<rificatlon '•nd validotlon ha ve becomt t<X> 
dctachec! from o<her attivitln on tht sonware proj<eL 
Man>3<m<OL mu>l tevi<w tb.is l<~tion and prorldo a 
more intcsroted role {or verirlcation and vallda!ion 
wit hin eaoh ooflwlr< cngin«rin¡ area, whlle maintainin¡ 
the «p&rol< t"l Ot1ani:r.ation. 

The >oflw&t< dcv<lopm<n< P'"""" io more &CC'IIrtlely 
vic'"ec! "'htn the ttchnkal en¡in«rinl probJc"' io con· 
sldrrtd in <tlnjunelion ""ith tbe human <r-&lnccrlo¡ a;>«! 
o{ the ptO<"<U. Thc applicotlon of tiJont<d penllnnel 
oh0uld, theotttlcally, be a suff<oitnt toGuioito on which 10 

fofccast success. Howev<r, basic human fal!ibllitlco op<:n 
loopholes for erronto oc:cur. En¡in«rÍnJ, sciontlr.c, and 
mana¡emcnt proni<n :uc froqucntly C<mllptec! by hl>
man errors of l...,.,noistoncy and ommission. Comput<f 
outomatec! too! o hovr b«n and wlll continuo lo be do• el· 
Op<d 10 implcmenl "itlin¡ proven tochnoloiiUihot oro 
most prono to inconoi"oncy lnd omiuion errors lf por• 
lormod m•nuolly. 

AhhOUJh moro d<!oilod tlaulf!Citions ae poa<lble. 
ou<omated l<X>II may 1>.- pattitionod into '"0 baoic 
¡roU'ps-thooc 1oolo tha1 .,,¡" In thc dofinl!lon and 
dni1n"ol1ho softworr. and tho,.tools lhlt h<lp cvllull< 
lh< oof<wo .. o"oc it ;, huilt. Tho fint JIOUP of tooiJ per· 
fo rmo t he el« ic•l f untt ion• o f eh« kin1 f orcom plotmw., 
toniistcncy, and omiosion <tt0l1 durln¡ re<¡uircmento 
drfi~ition ond .t .. i¡n ottivitieo. Thc u..,fulneu of JUth 
tÓol• dopondo on the obllity to r•prm "'<lulrcmontl and 
ooftwore deois•t in mochtne-reodablo '"'"'· Th111, the 
futllt< u<ility of t~n< t<>al• i1, to 1 larsr dOp«. dit«:ll1 
Ocyod to P"'fl'"' in <he dcvolo¡;mcnt arid ~·ideopread ""' 
o/ op<cifocou."i; bn¡uag.,. prOtitam dÓ~~En ltn&uog<J, 
. . j "" ond outomoto¡. •·"'"mentotion oyncml . 
. Th~ RXVl' ,i.::~fce ""' anolysil oy>t~!n. dioou"ed 
urlíer. U ly~í'i\:.'1 t!iO <Y•IJa!ion tools. fl~i., t«hnolo¡y 
io •l«~di· ¡,t • '•b!~ l!et·crD!!Hi sitiO: ~.!\':Q!Iah !1\~tll. 
~«<.,1/Y r<>car<h conLonun.!O be dorocttd <Owar4 ohc 
OulOmatic ¡onerotion of on oplimol 0<1 of test uoeo 
Widetprcad "" ond oc<<ptanO< of lh<"'loolo lt< pmtnt: 
ly hampered by two probl<mo-tho reluttancc ofmana¡c. 
mon< lO fo•.a~• trodilional monuol methodl thit 
prcvioull~ hne been >UettU/ul on sman soft"'l~ proj. 
' . 
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THINK PARALLEL 

SOFTWARE PAOFESSIONALS 

Thlnl<ing parallet ls nota new !h<)IJght proce11. but"a 
way ol handtinglnr¡¡e amoun11 o! r;lala lullt !han wllh 
J&Quential proce1111ng. 

Thlo lenr;leo on P.ltlllel procela"'~). G~ar Aeros· 
Pace. net~ds e~penenced .olrware pto!enoonats to 
leed develcpment ol ... 

• Operal1n¡¡ i)tl!ems 
• Assemblers 
• HOI..~ 
• Application Packa¡¡ea 

Preae11lly. lor NASA and otilar COVIIrrvnent eg'!fleies. 
G<:>Odyear Aero~ce tS develop<n¡¡ parellel compute<s 
lO< ... 

• tmege ProceUing 
• lmago axp!Oillttion 
• Trackln¡¡ 
• Command &rtd Control 
• Eteclronic Wariare 

Stquontial e•perience ia just li....,. We wiU lpo;h you all 
you need to know abct<rl parallel compu!ing. 

' ' SM!d ,.. ....... ond ••~ l«<""ements to: 
E.L.So11r. 

GOODYEAR AE.ROSP~E CORPORATION 
AJ\IlON,0/'/10 44315 

m EOIJAJ.. OPPORTIJMrt E/JJ'tOYER 

' . 
~,,.e_,. , .. ·-' 

' Mlcroprcx:enor 
.tolo~ H. Ceroon 
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01:1', and t'oc •••ilo\>ohty <>f l<><•h only to ~unt!'lni" aMo 
"' fln••·~ o hr., d••··k'f'l"<~''· 

u • .,¡, 1''""'"'" "" , ''"""<1 ,,, ""'"''' dio,.,lve '" thc 
1\<0I lt• Y<•r>. Thc fuot pu>hlom wlll he u•ot<cmr 
lhtUU~h OU t<h«Oii.,ro•ltU01:<"1 ronJoul•tly ro~ar<intJ 
tiÍr "'"' bonor", uf out,,.,,.,.d tuollllld the prD>flf<"\ of 
b<in1 Mnicd .:onno,·to fur '"''' oon w&n ~rolM> if th< 
1oot. ••• not 11>Cd. Th<' sccon<l pro\>ltm 11 moro ocuto, In 
th< f~turc, moro coonpa"les m ay be wlllin¡to in•atth< 
fundo "'""""'Y for dovclopins &utomallc tco\J ln Drder 
to protoot futuro business. Tht purchuc ri¡htllO oomc 
.U.tinl tooll ore pr<O<ntly bcin¡ morlet<d by thcir 
d..,.elo ron. Ano! hor fut uro po~.>ibilÍl y ls that, f or projccts 
whcrc 1 IOY<rnmcfll liCOO}' is the ptocurcr, auto,....:ic 
ICII 1001> may be &V>ii>bl< &1 ICYCtnm.cnt·furnUhcd 
equipmrnt. 

A1 outomatcd roolo achievo more prolir.c uoc o•er lhe 
eruite Kll!>nre IHe cycle. from requhmmu ddinirion 
lhr""¡h L<~o~in¡, a more «>mplet< v<riro<ation and •olido· 
!Ion of the S)'Su:m '"""'"· h con allO be e•pe:l«< th.at .,. 
roro would be d«ectcd eorVer in the dc...,lopmmt cycle. 
lcadln& to CO>I conlainment. 

h hu ols.o becn ounutod that nearly orror·frcc pro
aromo c:an. be co!l1tructe<l. by •~>plyin¡ cenain orpnlu
tion.o.l ttchnic¡ues. The corrcctn.ss of lh= prc¡rams 
cou!d be cenirocd in 1 ltatic manner (without actual ex· 
ecution) by minE mathematical Ploofo. Thc connrl<(!ivc 
approoch tothc devolopmcnt of proarams io with uotodoy 
in the fonn of "muctur..:l" dc<ign ond pro¡romn,in¡. 
The ototic appr <»<h con<ern< "pr oaro m proof '· " 1 pOpu • 

lar oubject of """""' •tstatch. Practica! ap¡oliutio~ of 
PfCI<UI· PIO<l f tcchnic¡ u<S lO pfOJIIUIU O f oiJillfie&l'll o!ze 

moy be atleall a dc-tod< away." 
The proof conccpt uu:s th< pro¡rom suurco ltltemento 

lO pro•• mathematlcal lhe<>rcmo about proarom be
ho•lor. The <>pected pro¡ram beh.oYlof lo dluact<lited 
by a on cf an.c:nions. The lntentions oftbc <1esi1n<t1 ar. 
r.l1.tct..:l In !bese a1$ertlons lbout volues olvanabl<o al 
end or interm<dlaL .. polnu ofth< pro¡rams. The proporn 
thon r:on be oonvor!ed lnto a thtorcm ond !he- ..,,enlons 
prow:d." 

Prnvom pr<>llfl ott lrutndod to plo« >crilícatlan ond 
,..lidation on a tb<<trctk•l found.ltlon tlw is mon I.O~nd 
"'"" tntin~ whir:h <h<«ttlt< P<HO"Il'll>ll« of J>10J<orns 

n th< limitod b.,¡, of ~ t<l <ti omrple doto. MoJor 
• .-hl<oclc< In th< "idor U>O •·ivroof tochnlqur:l includo dlf· 

·; ,u\tioo in dovclopin¡t~t "~>.'<lions that a roto b< pro•c-d 
· '·J !n lh< r<:>ultint l<n~li• •" ti.< proof wmpuratroru. Tb< 
·. -... r~:ni: f•~h¡:,rr< r ""'"-~'.,proofuoqui:rr:s th< '""""' 
~- -:,~o:¡mc.>t ~r ••t~m~:•.' ''-;.lrom-prcvin11oob." 

• rol .. ,.d su1Jt:.lr'holri_:::• ·~ nrovom proofs, I)'Tilb(>Uo 
·, .. ,..;!iun ¡· "'' <>r'.r;,~·:.··t techniquc- more likcl1 oo 
•' ·~,, .... ;: ... '' ' ""'" . ' . ,.:· , .. ~-'.Y'!·'''"' ""'·. :u.atron n lhc nOar lutur<. 
•"·. '· l" ., .•• --•" ,. 
:,•""•'<>¡·r~x, •~ ¡~:.lo~¡,.;· •;, O <>e<:utin¡ ~ pro¡rorn ~~~ 

•· r.:~n .:>!;:~~,-.:.¡,·;;u~~ -:~lfh ~ .. ~·H~w •Jil~~~ • 
':'! "·1 ~-~?.~.rji~~ '.~nJ"'?'i> ~~ 11í&WilS!. iliokii'<l-l ~¡¡, 
~·,~1<.\r~! \'r1Y-0,-M 1\i~ ~·~·r~lll\1', ill ~11'1-\r.;~• ""~ tho 
otonomir:• o rhc r<quired computatlono. 

Bccau1e of lhe" diff~tuhies. IJmbolio e><tution do., 
~~ "?"' ap¡><ar to b• economicol!J fea.,ble lor mou lp
ph<lllo~ to lar¡c- so/r,..,-e rroj<<h. Hoo-....-, ICI<ctivc
lpplrcttton o! oyml>oUc ••«ution ro <rirical "'f""&rc 
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unm "ould ~ odvanl"l"'"' when tho.e unir o could doir
<cp:llrohk harrn i ( oert~in • -undi1 ;.,.,, w;rc • • ol•t «l. A n u. 

""'rl< ""~ht M o¡mcn.n~ ''"""'""d ~nd "'"""iwhcrc 
, .. ,. ni" '""'~iuuriuno .. rr~>nlln.,J; <turld uo¡uoolho .,¡,;. 
<1<. Sud\ "'ft~·nrt ""uiJ '"'IUito nu"iruurn vor olr,··ti~n. 

Prac-ntlr, 11,>U<Ieu•inmn••m ,¡,..,, "~' '"!" fu, th< in· 
¡rodu<tiM uf ~·'" vortnootllln and ••hdollun op· 
rroochn. A con..,~<lati.ln uf r.....-r>~ ,..._iom1lut11s nml· 
od lO foil 11\t cap be\wtcrt o•oll•l•l< r..:hnolo11 artd 
mana~ernrnr'o obili1~ Lo cfr.<icnlly opply u. Thio con·· 
oolidotion Ir n<teuarr lo provido a flrm buio for in• 
troducrn¡ odvan<'od methÓdoloaieo.ll 

l. -llobcrr Cor<JI anoll<oiorc D....,i<l<, "Th< Conlrol of a Soh· 
-.:Tat p,..,.,.._ .. ~- COMP$AC 11. np. )17-)JJ.• 

l. /W,p.l17 
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Software Management-A Survey of the Practice 
1980 • m 

JACK R. DISTASO, Wl·""''"· IEU 

Ab>lro<J-Tho r•i"'U)" l~<UII of lhio poper (O lo ..,;plo<e mony of t!1e 
r•ol>'<•<l , .• ,.,.~r r••f'"~·- o<>f1""""< d"elopmo•l "ti'ilioo ••d lo 

p<o¡><>O< """ '"""'' of "'' ooe<nUy deoeiOj>t<d "''"'"'"''"' p<><l;<d 
'"'Y bo ''"P'"'"•d •• dell<•t ... 1111 !h.,.. Tho pro<li<ei d.,.,;...., oonp 
f<om pooplo "'''"'utiono (o.¡., oh;.¡ ,,..,., .. ..,, ,..,.,) lo '"''' 

'"'""'""J on¡:in«nn' loolo (o.¡., 10f1wo" """"'"''"" ""JI""""I 
"'•"'•><lc:cpl A. ""'""'' of l<<l>niqu., "' P"""""· Tho"' indudo 
""'~"'" for , . .,r;n¡ wi~o eom,..unkOiiooop<o~ltmo in lho «quio•m<niO 

~'r'"""'" ""'"'"· '"' «ol•i•t o focillly ~~;ek •·iU help incoe ... !he 
r•·•'•··"'"' M woh• "" d.,>P><<>••• r~·l"""-"' ond ••• '"'"''olninJ 
• ~•P• ~ • .,..., nr •i~~""' Juri•J tko ,,.,;,, ""'' HO.:p «><l< '"" '"' 
1'"'"' ul • r••j<«. 

..... _ • ., ......... d ....... ,._, .... , .............. ,.," 

1 h< •'"'"" ~ wlllo tllW 1 "''"" o•d Si"" '""'"'· "'" SI'Of< l"o• •• ... ~.~ ......... ~. '. ~ ·~"·· 

A '''1' P"<lh:al •iew of lho monopm<nl problomo ond '"llJ<"'I<d 

oppr~•<koo lo p<<><<.l<d. l;er pnn<lpi<O, pol<n<ill ""pilfollo," '"" on· 

....,,.,.. ""'"''"' "' wo.,...,d '"'""' o '''"""'"' o!"'"" "'• "'" 
o!"''"';, tO<Iay '"" .,~, .. <he i•d••"l" orpootl tobo koodln1io lllo 
,;,¡.Jtso· .. 

J. )NTROOUCTIOl'< 

D UR!NG th• 1910's, s~•er•l ,,,jm oludo<S "010io<0m• 

plO<hod '""·"~ lh< ord<riY <>oluhon ol 1 OOllwore 
man•FCRlcnr m<thudol.,~y. Ad .. n«d m<lhnds for 

defonina roquJrcmonll, o~h;.,•inJ pt<><fuouoity impro .. monl<, 
ond omp<<>•in; tl•c cnntrnl onll oi>1biloty ol ohe OO{two« 
~,.,.)"~"""' r<<>COu ,.,,. lnl<o<lorod ••d nhli>od In ,,.ny 

pbo·.o. 1"hi, """"' por.cnll o '""""'"Y of '"'""' of !he op· 
"'"•'"" ~''"'"~'<'•t ..... ,~ '"'1'''""' ''" """ ,,,.,, r•••••··<> 
"''Y l•clp l~di-ru 1no111 toflh~ r~•! iuuN focint 1J.c oo•ll~••• 
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·~~j11jQI~:"'lo~•:•'••:-:~•) 
'-J· i. S""'" Oo'<lopmo•l u~<d•lo, 

dc•dopmenl man•&•• of ohc 1980'1. Four pfintil"'l problem 
,,.., ,,.. oddrcuod 

" l ;: " 
oblolnin¡ utioloctory oofl"'tre requi,..menls; 
omrro•inJ lhe nt of oofl woro eoot <U imal in;; 
><hiovin' ¡.jtnifoconl produotiviiY ionpro•omeniS; 
mionuinin~ eonuol ond YJSibillly ol ..,¡1'"''"' d .. elop· 
monu. 

Fonolly, o b11ef loe k io U kon u to<n< i>Jun lhot are lihly to 
hocomtl<ey ptoblcmo on lhe 1980's. 

Ob,l•i•o ,..,.,¡,"Q'' "'''"''' rtq.;,..,.., ,..,., .. oh<~ '"""" 
nbo'><l< •~ ooflw...-o 1''""'" '"''"'"· 

Tho rrublol1l of [li.'I\OUiln' oonoplol<, oonslot•nt, unombi~o>· 
''"'· l<>l,>l•lr ooftw;or< rn¡uor<n«nt< co~nll11ucs 10 pi•~'"' 1hc 

,,rtw;ro in~ustry '"~ '"""'"' mono1:.:oncnt'o """' ..:rio.,1 
.~>llen•c lo ~rin1 or~<r lo obo oofl"'"'" ~~·•lopnl<nl ~roen• 
f \f. 11 ¡, ion¡>orl>nl 10 ""~entond ,.hy thi. pruhknt, whldo 

"·" h«n •kl•alt•ol, ""·•lr«ol, '"~ ""'''"'''III·J fur r<""· ¡,in· 
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voriobly the critico! factor in prcjoet oucc.., ar fo~urc for .n.,.t 
projecu of oiJnificont llile. The k<Y eletneniS of lhis P<oblonl 
"" th< fol\owin,: 

: 1) eon!lnuolly ehon¡Jna user neods; 
/ 2) odi<·dulon; diffkullic. ol "'"JJ' syllem devdopmenU: 
1 )) tommuni<otion b•.,ion •mon, .... ,., systono d<llisner> 

ond ooll..-arc dooi,nen; 
4) loe k of "'" ofnow ¡eneroliu~ methodclogi<s; 
5) mi .. pplie•lion of ,¡., ulotion. 

A.-U~erNoo<b 

Fow of "' "'ould be incline~ la mo\o;e o ,;,.;fkont pur~h
fo• • pr...,!Uel ¡.,.,, bnult, ele.) obot d""" ""' ""'" ond 101 
whi<h tbcr< is not o~n on orli<l'o ennt•t·pliun avoil•blo. Slmi· 
larly, "'" W<>ltltl nnl ltkoly inve,l in ·' I""~U<I ¡,, whlch ohc 
only do•nipliolot lh•t COIII< i< • fcw hl"d di•~'""" nf ill ¡,.,;. 
funolions, plus porh>l'l '""'" oo 1uoli<>n• or olh<r d~«rlrtions 
of no funolonocniOI op<rolin, prin<i~l··•. On ll•c otltorlo-.nd,> 
ltuil~in, cnr.u:ich•r wh<1 "'" <ontin"""'ly <>p<C!<ol ¡o"""' 
"""'1 lmilolon¡:_, wolh~<ll thc ''1"""' '""'•~·-. ,,,.. "'""l•·r> of 
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.an. tnd tho locotiono for wallt and ..-indowo opecined, would 
'"Y conoider tnothor l<ne of buoincso, Y e t. th.,e oconorioo 
1 rusontbly renoct the oituation1 "olhieh doto proceuin& 
n on"d deoe\opers oro tommonly ftctd with 01 1he sttrl of t 
jur 11>ftworo ~••olopmento<ti•ilf. J. D.ld .. noon j2] ot•tod 
,, lho ooltwue lnduotry otill hu noteome up wlth any "pie• 
·es"' "of iU producu. Usen of mojar new complu oyuemo 

"'kod te senerot< rrocio< opooiliooticns fcr o product "'hioh 
·y ·,~n ncither "'l;et"" nw fully under>Und. User"o responses 
· r•odktablt. They wont t ope<ll"itlticn lhtl letvu lh..,., 
·ne Optiono, doa ncr h><k them for•••• to the11 ínitial 
..u5~11. ond pro•ides oome f1<tdom lo b<llet uprcu 1hei1 
.<ls •• they oee lho pmduct nolvt . 

. 'or -lho de•olc¡>er. the vow•nJIIlt 1nd eompleaily cf IYS• 
''"· coupled with .... ,... inobillty te <>pr<-so theil nudo, is 
ruoln"y soinl 10 impocl the de•eloper'o abUity to scope 
1 produce hi> oyotem. The ocflware induotry lo ene of the 
' r<moinin& ~ullders of one·of·o·kind oystemo, and unl!l "'" 

·• rro•ide o b<Her pt<Spoclive of our product, thc prob!em 
wltwore rrqui1cmento w~\ remoln ,.¡¡h us. 

Sy1Um S~h<<J~/., 

'<>r mojo1 cm boddod eom putetoyotemo, anothor phcnom,non 
.,., tu ma~c thc ,.,~¡,. • .., <«tlllremcnt• dcfinltlon 101k diffi· 
t. Thoo i• thc foct thot ooft,.or< roquiren•<nU dorinltlon 
uir~• 1 oub!e o..:••ll oy11em dOSIIJI-bUt" ocllcdul01 rarely 
111it •dequate time for the oyot<tnl enJineer!nr and oubsyo• 
1 dni¡n t.111k1 te subllite bdort ooftwore requlremenh IR 
·oJed. For embeddtd oyotemo, tho ooftwor< prorides the 
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conllol l~e (l.e .• thc "ue) thot holds tho 0)'1\em ,o~thcr on<l 
tiUSOI it to v.o1k u o syotem. Consequcntty, functionol, oon· 
ltol or int<rfau chan1<.1 in Yirtually ovcry othcr •uboyol<m 
tyrlcolly ho .. an imp.ocl (citen mojor) on !he oyllem conltol 
ooft w .. e. Thio is p.orli<:ul•o1y pronoun""d oorly in thc l''"'l"'m 
when lht dt1lp cf !h ... oubsyl)al.rlo '"' undcr1oin1 major 
nuotuotiono In anemptin¡ \o mect ¡'holr own opecil"ic•tlcns. 
lt aloa oontinu<:~ 11 a lower leoelthrou~houtthe de•clcrment 
ouch thot theloftworc contlnually m110l odjuot to thc chonJinl 
requiremenu or thc "'bsyottmt i1 ecnrrolo h« Fi'" 1 ). 

Consequenlly, the software r<quin:mcnU ate both inillally 
deloyed ond chon"'d frequently durin, thiotime o! oubsystom 
~<SiiJI i!otation. Unfortunote\y. lo oupporl inl<gfolion cf theoo 
oame oubo~otomo, portioiU of tho ooft"'are m~ll be deoeloped 
and r<>d~ " the time of functicnol inte,n!ion "of t~cse com
poncnts into t~e oystem. Thc n<1 eff«:t lo thot \~< softwato 
d<Yelnpmenl "'"'' M initiot<d eOf\y uoulh la support !he 
inlctntion aehodule, but 1un1 lhe ri>k of mojor te<¡uirementl 
chon,co if it Ollf\0 helor< \he oystem dooi~n hos octtlo~ down 
'"lficiently. 

C Comm~m..-rld" &n.rn· 

Tltore uut nal communlcotlon borrion omon¡typlool •r•· 
letno uson/opo101on, hald\O•re oyot•••• on,lnoerin8 pcnonnol 
on~ ouftw•ro deol8••n/piOIJ""mon. Wllh th~ ,rowin- appll• 
c-.tlon of cumputcr tcchnoiOJY In lo mony n:olmo of ond .. •oll, 
il io not loulblo for tht avOfiJ< ooftw•n: dcsi&nor to J..,m che 
lon~uogo ond tcchnolo¡;y of olltbe polont;oloprlltltlono of hlo 
producJ. Con .. noly, !he cu,.ent uploolon of hordv.are/ooh· 
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nuo,., ond !he !oxollono for woll• ond .. lndowHpecifiod, wou!d 
4" ickl~ con•ider ono1her hne Gf bu•in.,... Y el, lh"'o ooenorios 
otill •cooonobly ronce¡ the Sllulliono wh1eh dato pu;>e<55ÍOJ 

"'"" ond de velo¡><" ore commonly fooed with 01 thell>ll of o 
major l(>hwue developmcnl octivity. l. B . .'olunson 121 stolod 
thll lh< softwore induo\ry otill h" no! come up with ony "pic
lurcl" of it> productl. Uocrs of m.>jor ncw compiOl 1yotems 
>fC "lcd lo scncntc pr<ci•c •rccilico¡iono foro product which 
lh<y con neither ''scc" not futly un~crstand. Uscr'o responses 
ore predicnblc. They wont o speclfitOiion thot leavco thcm 

_somo opllons, dou ~01 lod them ¡.,,.. .. , ID lheir initiol 
t~ouahto, ond pro>~des oome freedom to bdtet uprus their 
me~• 11 they S<e !he producl evo] ve, 

Fnr lht devclopcr, 'thc growin¡ ol•t ond. compluity of on
lcms, eouplcd with uocro' ;,ob~Oiy lo e•ptwt L~<Íl ne:ds, io 
¡ncreuin&ly E(lin¡ ID imptcl thc dcvclop<J'I tblli!J lo :oc:ope 
lnd produce bis o~stcm. The •oftworo induotry is ene of tht 
fe., ren10inin' b~ilden of onc·Of•o•\lnd >Y"emo, ond ~ntil we 
~"' rro>id< • bcll<r prespccti•• of our producr, the problem 
ol ooftwuc requircmonll .,.¡¡¡ r<tnoln wilh uo. 

8 SJ""'"' Sch<du/" 
For mojor embeddcd eomputer syotcms, onother ph<nt>m<non 

"""' lo mo~< th< ooft "''" r<~uirontOnll dcfonilion 101k dlffi· 
:¡¡lt.' lloio ;, lho l>ct 1h01 oor...,,,.. '"''"''""""" <ldinilion 
«•t~•iroo ' 1\olok "'"tl\1 lfOI<m lic .. ~n··hUI ><ho<IPII .. r•r<l) 
•. ,,.,¡\ •d<•i•'-l< lime fui th< •Y•Ien" ~n¡oro<trlnJ ond '"lu~•· 
ten• d<ai111 t••k• tu 1\ohU!to t..: foro onfl woTc t<qulrom~nlo oro 
n<<Jo.l. l'or emhoddod oy<l<RII, lh< ooft"'""' p1o>ld01 lho 

¡ 
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control lo~< (Le,, tho &lu•) 1h11 hold> thc oyllom IOJ"Ibu ond 
couseo it lo work 111 oytttm, Conuquently, functionol,con• 
trol or interface chon,es In •lrtualty cvery oth<r oubsy1tem 
typlctlly howe '" lmpoct (ofttn mojor) on the system control 
Klftware. Thio is porticululy pronD<tntcd "'rly in lh< pro¡r>_m 
"'hon the d01ip of thesc ruboy,.oomo ..-. underJOi"' mojor 
nuctualions in 11\emplin& ID moct their own opecificotiolll. 
h o loo continuos ot , lower loYcl tbroughout thc dcvclopmcnt 
'"'~ thll tho ¡oftworc con!lnuolly mus\ odjust to the chon~n1 
requiremento of the oubsy>!emo 11 eontrols (seo Fi¡. 1 ). 
Conocque~tly, t~e ooflwore requl~menl> ore bl>th initWly 

ddoye~ ond chon¡ed IT<qucntly dunnJihio timo of oub<ystem 
deol1n Jtcration, Unfortolnatoly, lo suppon inl<&r>lion of !he .. 
11m< subsy5temo, porUons of tbeooftwor< muot bode~\op<d· 
ond reody 01 th< lln<e oí functionol in<egrolion of lhesc com
poncniS into !he oystem. Tht no¡ effccl io thll the KlftwtTe 
developmeftl m"'! be initioted urly enouch lo ouppon lht 
inl<&roUion schedule, bu! runs tho ri•k of m•ior requlf,.men\1 
chon¡es if il surto befote tito ¡ySitm d-"o~n h•• ocUicd do .. n 
oufficiently. 

C Communiaulo>~ lh>rr~n 

There nis¡ rNI communicltion borrien omon1 typieol J)'l· 

toms uo<r.</"r<nlo". hud .. ore oyotenll en&ln«rin~ penonnel 
""'1 •ohw.u" Llcsian<,./t>ru,rom"l0rl. Wolh \he '"'"'inJorpll· 
cotlon of <Oill pu(Of twhn<\lotr In lo "'""Y roolm • ol ond<oYDrl, 
11 oo nnt feulblo loo tho ... ra~~· oofl..,•l< d"ltntr lo leo m lho 
lon¡uo~e on~ ¡ .. ·hnlllol)l o( oll 1 ho potcnliol oppllc•tlono of hlo 
rrndll<l. Conworoe!y, tho curronl '""'""'""uf hor~w•••loofl· 
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"'"'" oom~~lor t<chn<>I<>;Y hao made ltlmp=lble fotonyono 
M>! oontinu•lly in•ol.ocl in Lhi1 atcno to ketp "P w>th th• te<· 
monoloQ', 1<1 alone ¡ho full r•np: cf tcehnietl imrlications. 
c 0 ,...quendy, ucn thou&lt m~>eh provea""' b<"" madt In 
!h< eduation of socicty in ., .. , ond app~cationl el thc <<>m· 
pUI<t 131, 1 cont!J\Uolly ¡rowing comm•nitation pp nists 
omon¡ :he );oy cr¡aniutioou noedcd to confiJI>n: o mojor ntw 
oystem, Wilh the inctuslnl •¡><cialluliOn ~uired to cope 
with thc complc•ilies in oll hctts of botllthc oppliutionoand 
thc doto procusing tocllnolo~, • "'"' blecd of specilli>to ls 
req•ircd who can bridec 111< ¡ap bctwetn !he O!her op<ciohm. 
Thc problcm wlth thLS "¡enerolited" OP<dolis( is thll hO. U<tful 
llf• (-S years) in Lhis role, bof~tc he lo outdoted by !he dis
cipnn<S he ocr•••· ;, very short relui•• 10 the lime ltlakcs to 
pin t~e npcricno< ncedcd U> perform In thot role. Cunently, 
the b<" lpproaoh lo overcomin¡ lhcoo communiouion b•rricrs 
;j the '"cmbly of • team el syolemo cn¡i"eo" ond ~'" pro· 
Ctuin~ dni~nen workinJ \OJ<lhe< closely lo perform tho oys
tcm fun<ticnol onoly,u ond lo p,..pore tho dct.oilcd ooflw..., 
<equiremOnt> opcOIH<::>tions. As shown in Fíe. l, thc JY>Itrns 
cn¡inocn shoul~ ah the load durln&lho functional onalysis, 
tnd tht Sollwor< dosigno" ohould ~lftcl the detoil requilemcnto 
dclinltiCn aci!Yi\y. From lhtst \tomo, hopo/ully, the "'aen<fll
iud" sr:cciahm of lh< fulurc w!ll "'"'""· 

D. M<~hodolo()' 
' / Until •oocntly, methndoloJies for aenuoUon ofooflware 

requiicmcnll hi'< b«n quite Informal. R<quircmenlo onalyou 
uoin~ fun«ional flow blotl: diovamo. N'·<hVls. ptocossinJ · 
no .. •noly..,, tnd lhc like ho•e been employ~d to undeBt•nd 
1~< prol>lom. In lhio mode, lradition&l monual frce-f<>Jm 
EnJ)ish l>n,uage s\ltemonl< (1.0., the pro&n~m sholl •• ) oro 
uocd lo dooumonl lloc roquircmcnlo. Al Ba<hm 14] not .. , 
lh••• 1<quire •irluaUy no lf&inin¡-bul 1heir ombi~ully and loe k 
cf or~niulion ,cner>!ly lcod 10 ><tious p<cbl<ms wilh lncom
pletenc>S, inconsistency, and no;,undemandtn¡ amen¡ thc 
pcoplc u sin¡ l~em. Whilc lherc ue no"' other options a•ailoble, 
manu>l opecifioaliono '" otill thc o .. rwhtlmin¡ m•jorfly 
Omong lcrms of curren! opecifiootlons. lle<hm 141 ond 
Mill<r 1 S 1 ducribe four othcr cate¡ories of mtlhodol<>&i<S 

l) Iom, bued: >Pe<íal rurposc fo•m• are utcd 10 Pn>11id< 
1 he bulo otructure o of thc s¡oeciflcttion; 

2) •utnmotcd .,.,ston<<' automaltd lnltroetion wilh lht 
UICr io pro»~ed 10 help rapidly conotruct a spedfi"!lon 
th" adhnn lo built•in ccnsistcncy <ules; 

"J) •utom;i\ed: inteantcd toolo thot htlp in J<ncrolion and 
••ltdotion of com piel e and conoiotenl specifi<olions; 

4) form,¡: opedftcationo are c•pre""d In • prcoi,. molh<
malicol fonn, W!lh both synlu and ltm•nllcs ri~o<ou.ty 
defined. 

1 ' 
T"'o mojo< automtled tocio which htve n:ctivod prob.ably 

thO mosl "'"~" lh< pOI\ few Y<•n lfC prob\tm mtemenl 
lan&UOJ< (PSL)Jproblent ol•lenoent ••alyaer (PSA) 161 ond 
<Oitwon: uq~in:men10 en¡;¡ne<rin¡ mcthodolol)' (SREM) 
! 7 J • PSUPSA ;, • comput<r-oided muctun:d dOCIImentation 
ond •n•ltsos tcehniquo lhal ,.., de•dored for ono!ysis and 
~ocumentotion of reqult<ment• ond pn:parllion of functional 
11'"'-''"in; ope<ir.cotlono. As shown in Fia. 3, this o~ol<m hao 
lhc ~·r•bility lo Mscrlbc on inlormatlon oyotem, ft<Ord thtt 
d.,criptlon In o 1;Cmputerltcd dolo b.a,., Jncrem~nt>!ly modify 
\he do to-bue ducrlptlcn ond p<<l<luu "POllO and document•• 
tion, "ón.1\he 1)'"0\<m. ML np.....u Ulo oyotcm ~<J<Tiptier. 1n 
<o~ltt \ll0\''>"10: ·~stcnl iii!IUI/<>ullhol nu .. ,. Olrttclure, ' . ' 
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doto 1\fllctun:, dota duivatlon. lyl\em slu, 1~1\<lll d~niJTik::o. 
oyllcm rroperll .. , ond p<ojO<l manoaomcnt. Th• softwo., 
pooka1e I'~A recor~o ¡h;, desCrlpUcn in lh< duo b,.t, medirte• 
it, ptrfo<mo analy&ls, ond ¡ener&ltl reporto undor direction o! 
!he UKr con1mond lon¡ua,o. PSUPSA hl COnl!niLW 10 O>o!ro 
ond h15 oddcd fnon po.,orlul coooisl""<Y and complctenas 
chcdo, plua bctter wtcr-oriented dolo en\IY ond out pul rtpom.. 

SREM io o comple¡c methodolo&Y for ¡<n<t1tlon of oo!twue 
JOqulrements fot lat;e roai-Umo processln; sntemo. A> lllo"n 
1>1 F1e- ~. il employ¡ a nomcnclalW,.. Clllkd requ!n:mtn\.1 nol
worko (RNet's) 10 unombiauouoly n:ptcOent all proconloa· 
Polhlln • sy01om wh1l< moinlalnln¡ pncodcnoofauo::essor nlt• 
tionshlps bul wllhOul imp<ninl dUÍIII conolroints. 11 uoes o 
furmol rcquiremcnl• oulemtnl lanlllo¡e (RSL) lo <oduoo' am
bÍ1UÍly ond lO fatilitlle tht nlomolion of lhc m<lhodoloJY. 
Autom01ed tocio, inte,rotcd inlo o requl,.men\.1 en¡interinJ 
and ••lid•tion oyolcm (REVS) u<in& RSL stotemcna u lnpw\, 
ch«k the roquirements for completenoss ond conoisuno~. 

molnllln ¡,.cotbtlity lo ori,lnllin¡ rtquirements and modelo 
ud J•neJo\e olmuluions lo "lidolo tite <ontctneso o( lh< 
r«¡Uirtmenl. SREM hos bceome .. allabl• on a numbu ofbDOI 
ctlmputer:> ond h01 becn utill•id on • numbc< of defeiUC. bw.i• 
neos, ond ~lstribulod procculnJ •rrlicotiono. 
S•~ral othcr tools '""" •• SA DT 151 , SA r.t r.t 191, ele., ••• 

oloo in •oriouo ola¡<o Of de•olop,ncnl and ""~"· Thc arca of 
oen>ioutomol<d and outom•led requirtmenll 1•ncrolion lools 
«pruo:nu IWIC of lht mojar •ccompiUhnJ<nto el soflware 
enJin«tinJ in thc lo" dccadc. Yet. u th;, litne, the un1e of 
th<" tool• represen\• • >O<y 01noll perccn taae of lhcir pottnlial 
•rrh••lion. An obvious '""'on for thi• io lh<ir ~encrollatO. of 
,..,lobilil~ in mony plocoo and lhe time il to~n 10 ltarn te ul< 
lhem tflcctl•ely. Anothcr re.son, ho.,.e•cr, U lhll thcso lool.o 
l•••rolly roquire • dtla p<occ:..lin¡/ct>mput<r ocitncc orienta· 
tion. Yel, mony of the lor1e oyslcm oo/tworc «quitcmcnt.o 
•<li•ilie> are mono.ed ond u.rfed with o~Olem onalysto/enli• 
nt<rs "'hO hue relltivcly lilll< of tltU oncntllion ond ofteo 
«OÍll tho learnin& «qu11cd by th.ou J:indo of opproacheo. Thh 
tuisltnce io oom<,.hll ak!n to thol eoperienoed 4uJÍftl tho. 
oarly day1 of olfll<lllttd pro~r:~mtnina. and o d<Lcrmint4 
cu.,Qm<rfmono~em<nl cnoouriJ<menl ..,u¡ probobly be ,... 
quilod for lheso loolo to ¡oln "'idnpread acctpll~ct. 

E. S/mwS.I/on 
/ 

Simulollon h"' been u .. d /or ,.•ero! yuro no* In the f<qult.. 
'"""" opcclflootion pro~•" to b<ln& ~uonll/i.,tion and p,..ci. 
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on to tho OU temen! <>f porform1.11u t~c¡ulr<me~to. Howent, 
uporienco hn oh<:>wn thol oimulotlon"il juot as likely 10 be 
imr'roperly ued al Íl Íl \o be uscd cffcctively. Somo quOJ\ion> 
"hich ohould bt ask<d whon dcddina "hethr oo omploy 
,;,.;ula<ion oro th• foUowir¡. 

1) ls thc problcm ouppOTti•• of >imul.,ion? S yo tomo wllich 
.,e euentially opon loop, otudy sUte, or doterminioticln UIUT< 

ur'ely rcquirc si m ul>tion lo aOCUtllloly define th<ir perfornllncc 
chOroelotistico. Ccn•c"cty, cloood-loop nonlincor ry1ttn>r or 
syOtcm> roquitin1 a pi~ rnpon .. Lo s!op e•ents oflen do requ(r< 
0'10delins Lo o~equo!ely define rheir performonu poraO'It1<ts. 
lnjpor<i<UIII, sySLems r<quirinJ r<sponses Lo ccrLotn OL(muli 

~wiLhin a smoll Lime faoror (< 1 0) to thc o.ero¡e modulodiorotoh 
rimé or runnln, 111'1.< w~l usually require foirly ~<LOiicd model
iniof rhe dlto•prooeosonJ hardwu< and ooflw><< prO«u. 

2) h rhcrc adcqu•l< scheclule, cost, and d•l• availoblc to 
modcl the a~slem Lo rhe rcquir<d fid<lilyl This iJ rrohobly 
Lh< sinirc arta where mosl sinlui•Lion dforto run lnlo trouble. 
There "' olwoyo 1 le.el of lideU!y b<low which the oimulotion 
" ..Un!lolly wonhlcu for Lhe IOSk il io bcin, tolJ<d 10 d<>. 
''<1, :rrequon!ly, th<r< io either lnsufr.ricnr cosL/ochcdule 
•••rloble Lo build lh< oimulotron O< thore b insufr.eicnt doto 
,;n the oy•L<m or enoironmonl Lo m<><lel ¡¡ 10 thc level of dU.oil 
""""''Y· In olther oooe, h lo pli.ldonl Lo tüe o hard look 11 
-<~<th0r ao1y oimulotion work should be performed, or whethcr 
•· 'llpl« onolyLic tedlniques eould oehic•o •=nti~lly oqui•olcnt 

""'"· )) lt !he oy<lcm d..,ÍJ'I IL•irilizcdoutfide"UY foroln>ulotion? 
¡\llhouJI> simut.otion is f,.quent\y uoed In the re~uiremen!J 
do ¡,f,¡¡,on proocs:r,lt is lmpollont Lo remomlrc:r LhoL 11 11 desiv, 

' thol mull be mo~ded-not rtquinmento, ~· •~- lf a ayotom 
~oqunri ,m<><lclin& tn v<•L detoll Lo oclr~ ... ¡hr reo¡uircd lim~· 
loco un lídch!y, the" e~•"."" 10 tll.a¡ >Y>t<m d. wiU bo d"'• 
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lllllln¡ Lo d1c olmulaUon afforl. ln lh""' CIWL, tbc simula• 
!ion ofl<n car.r.ot be <lone in oufrrclcnt time to b< UKful Lo 
t110 requiJOmentJ; dolinitiOn pro<; tU, and ap(n 1 elmpler me.ons 
of obt•!nin, performa~e<r ""'meten'""'' bo utili..,d. 

lf !he'"""'"' to oU tbJU of lhut qu .. tionols y..,,lhtn oimu· 
lotion it "'"-'IIY !he bes! m01m 1<> obtoin procin, quantilioble 
oyotcm/IOflwore porfoomance pan meten. To obllin Lhe d.ota 
n<Oet~OJY Lo dcnnc data·proecosln~ rcquinm<nll (<.J., lirr.inl, 
inltrue!ion rateo, Llrrou¡lrpr.U, ele.) liSuolly w~l •oqu.,eo func· 
tiono\ ¡,.,_,, <"><ni drinn) simuloti<>n of the dota-proecnirll 
hardwort ond ooft,..ar<, an aceunte repr ... ntation of tlle 
pra<as eontr<>l al¡oritlmu, ond 1 rulillie m<><lel of !he e .rema! 
(nput~ou\put tMironmtnt. 

!11. Cosnt<c 

s.n....., ..,., enl .. .,lno is, or b .. r. aR lmpoc<iw an. Esli""''"' ,,. 
.... ,.ny oloude4 by q~Kotiono of lnonuct~<rn "'"RLO on4 eomplo'"' 
footorr, on4 """'""'lly not be!lo,.4. 

Why ore ><>ftwaro """ estrmates tenuol!y considcred t<r be 
eonoioltRIIy pooo? In mosl t~d<IYOIJ, Lhc litJI time thro~&ll 1 
new up<ri<ncc io typic•lly • time of ~ifr.cully and enor. To 
lmpro" onc'o pr.,bability of ouccas, ¡en•••lly 1 p<ri<>d of 
intcn,. plonninJ, proliminory desl¡n Otld l•b<rnlory bread· 
bo:udin¡ " spent. Fcw buildina eontncton would bid on a 
ho111< Mthou¡ o oc! of plana ahowin~ 1~< aioe. m•teriol, and 
layou\ r<~~ir<d, lhre!y i< o n•w p!ece of cn5inocrin; hord,..ore 
(whorhcr • je¡ on;int "' on c!ocuonk armmunialions sel) 
cosle~ .,.llhou¡ 1 ol;nif)cont r<l<lr<:h and d"elorment <fiar! 
which ocapeo tht moJ">III~o. perra,.,.oo..,, ond cnvironm<nt ol 
lh< equ>pm<llt. Yot, mojar oolt•vare pra.ur<m<IIU frequcn~y 
oceur wi!bou¡ 1ny reourda or o'FU r=anin¡l'ul pn:lim>nary 
d.,iJ'I of tilo prod~cts t<r 1:>t d: .. lopcd. 
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A poimipal roooon for thio la tbot o ouotomer ot qol<m 4o• 
o.i¡ner <•" UiUaUy o¡>edfy 1 fow podormonu porametezs (t.&., 
rod>r rn,o, pull< "'"· froquency, o.i,nal-to-noise, oto.) to 
;harocterizc 1 piece of hotdwore ouffioiont for o h.ard .. oto 
~eoicner lo dui¡n, aoope ond bid the equlprnent. For ooft• 
"'""• no ouoh paromcton curuntly exiot. Soflw•re ton 
only IH: cho,.Clerizcd by !he deuUed functiono ll mull per• 
form lo crry out the r~ui«mento of the ryJtem, ond o/(en 
thuc: mull al! be opedfied by lho oyolem d<ll&n<>, Frequently 
mojor oyatema ore ddined and bid bd<>ro the dctoiled runo• 
tionol >equtnon of lhese •YOl<mo oro opeclflod, Co:rsequently, 
the ooftwuo eotimotco for th<oe oyotem¡ rtnoct the !ock of 
deoi¡n derWtion necenory for oocuracy. 

Cootin¡ of ror, • .,, io futttlcr compUcatod by tho metrl<o 
in>ohed. (Seo Cur1io [ H), ttlil iu..e.) RAOC ( JO) h.ao allown 
ttlat the number of moclune lnmuctlono pro•idu the bu\ 
oin,lt corrolatlon wtth proeum coot (Fl¡, S). Yct, oven from 
thio doto, etTorl of llmou 1000: 1 '" poulble uli:t~ only thio 
fa<lot u oo..eotlmotor. Thuo lt kcom<> n«flU,ry 10 lntlude 
ouch quatiuti•< lacto" u oompl,.lty, rtq•iTcmenu •ot.!itioy, 
coptrience, etc., 10 1<1 1 be1t01 piotur< of ttle true potential 
coot. Thio lo In ohotp contro>l lo moot ~otdworo dt•elopmonU 
whore o few llmpler m<lrico (<.&., numben ol componcnu, 
drowm, <1<.) <l.ft 1nually nlimote the effon lo 1 ruoonoble 
.: . .., ... 

Unfortunotely, •••n howin¡ the focton lnvol••d doeo no¡ 
¡u•rantee • credible <Slimotc Olnce bolh the relati"••lue of o 
'-'"" factor ond the 1<n1ili•ily of o P"liculor Job to thot factor 
muot olio be ••tlmoted. Scnrol e!fo<U ha" b«n modo oYer 
thr P>>l fihcen ~un lo quontify th .. e focton and J<no.itl'itier 
on o form thot an be relatcd lo 1 P•tucubr oofl"'" uok. Two 
modelo which ot< bein1 rnoinuinod ond updalcd ote tho RCA 
rR ICE- S [ 1 1 ) ond TR W SC~P [ 1 2). Althnu¡h tnosl pre•iouo 
«><! modelo hoYe becn e<n<rottd b~ cu.-.e•fottiRI ccrt dou 
from PIC•iout dcY<Jopmento, bolh l'RJCE·S ud SCEI' lllempt 
lO <onllrUCI \he tUi mote b~· o<Counlltq: fot tl>o effect o( oa<h 
~<noloi•ily ond foctor ond combinln¡ lh<H into o Joto! e>tlmote, 
Both modelo hne U><d pr .. iouo developmento for Yolidotlon 
ond rdmement. 

q •• 

PRICil·S 11101 42 r .. prcaontothe loe\ en (FlJ. 6)to IOpteoent 
tht <Oflw•rc d-lopment onviro:rmcnt. The prindpll inputo 
lo thc rnodtl ore ¡rouped into 7 <:atqcria 

1) projcc¡ moJftitu4e-how muclt codo to IH:' produtod: 
l) P<OIJI'om •rpliatlon-lype ol projeol (<.J., MIS, C', e tu.): 
l) lc>el el new deolJR ond code-nct nailoble from •~istinl 

innntory; 
4) ......,rcu-ezpcricm:c/olilllovd of dCYdopen: 
5) hlfdwau Umitotlonr-tlminlfmcmcry c<>nllninta: 
6) <ut!omu opulficotloos ond rellobíhty tequlr<mento

me .. ure of reliob~ity, teotin¡ ud documcntotion ro· 
quircd; 

7) de•elopmut c.n.Voamont-what, compllcolinJ focl<>rt 
exiot. 

Tho bnic mctric for Proojoct moJIIitude il n umbor of deh•crcd 
exeoutoblt mochine inltructiono (DEMI'o) lo bo dcvt!oprd. 
Pro¡:rom IPplicotion 1oth< m~del'1 opptooch lo pro•idc Wei&hll 
for thc rtl•tl•• d(fflculty of ~ffcrcnt typn ofooftwatc {frcm 
11.0 fm opcrotin; IY>l<m.tt Lo 0.9 for JOU!inc l'll>lhtmoticl 
OP<'fllion<). Or;•niutionol copabilitler ond expetienoe, in· 
cludm¡ lo~or Cl<KOti<O, produotivity ooteo, computcr cper•· 
tiono, <1<., oto modeled by tite'"'""'.., Yotioble. Other com• 
ple•ity Plflmcten can be ,.;counted f01 under d"elopmecl 
environment, ~obelO opccial foc\cut ouclt u potoHcl hardwau 
de•dopmcnto, new lonii'IJCI, hi¡hl~ chon~n, requiremenu, 
<lo., may be oddu1$Cd, 

RCA P RICE-S u· o oupported modo!, ooc..,ed on commercioJ 
lime 1harin¡ computen ond onUoble undcr monchly leuin¡ 
o;r«menu. Anothcrolmi111 comm<Jtlolroft,.lrt """ Cltimo
tion mod~l io lhe Putmon SLI/ol modelll l). 

TR\Ii ooftwore co.ot atimo!ln1 p•~IJ•m !SCEP') 11 • m<><lel 
wbi•h ~,., 16 focton to encomj>UJ th~ «"'! eotimolin¡ f11RJC. 
The.c oto lfo~pcd lnlo 

l) propom oi1C..,Utnbtf e f DEioU~ altd dota ftem¡; 
1) prosnm attributer-compluity, ty~, JonJU•J•; 
3) hotdwlfo ottrlbUICI-ol<>lll</limin¡ conm•inu, ccncllt• 

rent hotdwue d"'e!opmcnu; 
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•l projeco tmibuteo-penonnel qutlltr,upwt o.; 
S) <n•ironmcnltl ltlo¡\tuta-rcquircmenu ~ollllllly, ,.. 

quiltd qui,lity. compulet occcD. 

A majar Lhru11 of Lho SCEP mod<\ ..-as to defino oubjc.c¡lvc 
.• onmucn (c.¡.', complcxity, Jtquired <¡utU!y) in termo t<lal· 
altl< Lo !he problcm btiniiOivod. l'i¡. 7 Jhowoan eumple of 
thc d!Ucoen! rotin1 Yoluco fot requited qu•lily. Jo Ibis libio, 
<¡uolity is dolincd t<!o¡i,. to -rull TRW policía.'" This utin¡ 
nfen 10 o oundord ,.1 of po~cia for TRW software de•clop
m<nt pto~cto, which P•o•ode anooh. "·>undotioo bloc\ foc 
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rdioblo soflw.n COl! <111molion. At in PRICE-S,Ille prlnolpol 
n•etric for SCEP io lht nunober of DEioll's Lo be d .. elopt.d. 
Thc !idelily of the modd wu demON!t"l!<d by compaNons 
'*Ílh cwenly completod pooiect. (s<e I'IJ. 1) ond !lúa .,ijd!Oo 
tion lo conlln~i:o• n furthet projecl com~l~tion doto is mtdo 
ovailab!e. 

Thc ptútr;:iptJ eonsideroLlons for ¡omoono usln1 lh<ll or 
slmilot modtil !01 COI!Ínlor<' ob~ity to occv!lle!y Qt!n»l< pro· 
&'"'"' oil<, tbilily ID denne lhc proj«L enolronmcnl ond chane· 
tcri.stica (e.J., pononnel qllality. rcqulrement< ""lUility, ~11· 
ti'" complcoily, ele.) and tk<lbilily of 1he modo! lo occ~utely 
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eolim uo ¡~e Colt. For o new d .. elopm..,t, CTI"OIJ in cotimllint 
program tiu of JO{) percent arc not ~nusuol. llnh: .. lhe pro• 
vom requiremtntl are reuonohly stahle •nd o thorou"' pre· 
hmina')" d01lp ls performtd (lo 1 leve! whero clthu olJOrilhm.l 
<:o~ k sc:oped ot umt oius eompared with prel'iouo upcri· 
en"'), the likdihood of oipificontly misestimatin¡ provom 
oi>e ¡, q~ite hl&h. One"o ability te accutotoly ""'"" !he pro· 
¡¡tOm en•Lfonment will •ory peatly ftom projeol to Pr<>J<OI. 
For on en•ltonment where tl•e requiromento ore o•oiloble or 
oetf-¡encr&!od, rhe pro¡romminl teom delinod ed in plot.t, 
ond the uok hom<>~:eneouo ond well undenrood, the onviron• 
menr sbould be rud~y ddined. Mony bullnea systemo pro
J0<11 fJ\ thls deocription. Tho opposllt end of the opeclfum 
"'ould be 1 lorp new loclle~l commond ond ..antro! ryotem 
"h"e the mon-moohine Interface ond opu1Uonllol¡orithms 
ttr on!y wo&ucly undeflt<><><l, !he proeeuor copoc.ity bmited 
by lite/wei&ht ~onsidero1ion1, ond o !arce incroosc of 1tdf 
nocesury to obloin the needed devtlopm<nt penonnel. For 
thio lotlor <loos of projtols, ir will bo nece.,ory to continuo lht 
ellimotin¡ PfO<UI wcll into lht dntlopmcnt llltlfunl!l muy 
of lh< p•romoren hove oeulcd down. f"'or mony projt.::<J. lt 
"'~Y be os hu u !he sortwore prelim1nary desi&n rniew (POR) 
hdo1e on lc<urate "'"""l<M "'n b< modo. llowcYCr, 11 io 
\auo)ly b<l!Of tn reco~niu thc budget problcms thol uiot al 
th ir lime (t.ofrne lht m,;,, pmjoot ea pcndilures ort commil!ed) 
'""" lo 1ump \nto th< moin dc•clopment error! un"''"'" of 
thr porenha! <Dif implicotions. 

IV. PO<QOUCTIVITY 

T«l,..iq••• fQr obooooon¡ tho ¡,,~, oofliVoro pr~du<U•ity lmp<O>"O· 

"''"" '""dcd lO ., .. , lh< 4111 pfOCOUIOI olomondl of lht 
~~~o·, "' •tiohu amently .. auoblo n<» .. ., .., lho "'" 

""'''""" 
Curing lile lut dccoM, the lndustry u porlenced conrinuo.lly 

muc,.in& produ«,.iiY. pri•n•rily tluÓu¡,;h lhe Ul< ol hi~h" 
Oldcr lon&UOltl ond software impltmtnlotlon/10<1 to<ol$ ond 
th< employmut of modcr~ pro&nmmillJ praoti<&>. E>tim1101 
o~ lh< lonJ-ICim prod~ctivity improvement tole of PtOltam· 
fn<fl ••n,;o from) lo J P<«cnr/yeu [14)•[16). l>,"hilcthlois 
n~t "'"¡,""¡ nl<rll, thc demondo of the 19BO'o >s for 10, 50, or 
Jl'•J: 1 •mpro•omont () ]. Thh demtnd for ord<r of ma¡nitudo 
W prO><monu ÍO b<Jng drlvtn by lhr<< fofCW 1lre odvcnt Of 
<o•oplc" ··su~r •nt<ms" cn:otod br nottlnt ~~ •nultiple disirib· 

lllcd •Y""""• !he '""'"i!y of lfoineJ O<lllwor~ f>I"""Bll<l. 1n~ 
thc u rl.,_i,... srowtb of !he comrn••• h•r~wor</onicruproc;-.,r 
lndustry "'h1eh hu put dolo pr<><. ... •nl hoJdwore wUhin the 
<oot rooc!o of mOf\ o:pnlutlono. 

U con ·be uid thol lho software industry h>1 m•n•pd to 
OUIOIUOIO Y/rinlly <vt.r)' fleld ea .. r! Íll 0'"ft. In facl, Ton. ka 
(16) .. ., informoli<>n pr""""'lns becomins th< ..,.,_¡labor 
intcn.r.ive of .U Industries by 1985 ;r bettu met~OC:.ore no< 
tmployed. 

The JI"COI<11 Jlke!ihood for obtoinin¡oubot.nlial productivity 
lmpro• .. nentoli<1 in better outomoted tuolinJ fortbeoortw~n~ 
deoiJner iull os computes o.ided desitn/monufoclurint (CAD/ 
CAM) /<os ll¡nir.unUy lmprowed ¡he PfO"'uctioitY of hordwon 
deoi¡ncn:. The !echniq~a most commonly disc.....,d '"' the 
softw•re production /oclllly, libr~ri"' of primitivos, new •PPii·. 
cation5"<"ienled lan¡ua1U, inlelfo!td •Y•I<m> of d•••topmnt 
tools, etc. A problem with m051 of thtJt apprl)>.<htl lo lbot 
they fDC.., on th~ lmpl.,..,lotion phuo of tbe devdopment. 
while muen or 11>~ Joftworc cost •nd oebtdl>le lo embcdded Íll 
th< rcqu!toomenll. desi¡n, ond system too! ph.ues. Furthor re· 
l<Orch to t:o n:quircm<Jitl mtthodolo¡l<>, desi¡n l.onl"''"· 
ond ""IOII!Oied les! ;tncrotion/•Ofificatlon tooh, (OJ:Oihcr wilh 
!be lmp!Om<JIIIIJOO iooJI '"i!l be D6caUif)' b<forc tht dOIIfO<O 
of dt1ilcd impro•oom<JilJ: ·.,. bo ap,....ehed. 

An tumple of o qcclolhr.éd eom putln' focility d~dicall<l to 
•uppofl lor¡e sof!Wore. denlcpment prt>j<Cll ,. the provom
m<ss's WOrkl>eneh U'WD) (\7} in u .. al Dtlt l.obO<I!OlÍtl. 
Thc PWB ;, b•>« on rhc concept t~ot proJ<•m dn<Jopmcnt 
ond ••ocution ~~ the,rnultic' Pm&nml ore two ndicoUy d.if· 
fercnt funcrlolU. ond much can be plntd by ossllftin& eoeh 
function to 1 eompulCf bat Niltd lor it. Tho O<>f!worc 
dc•tlopmeJU ,. don< on a PWll ccmputer dediootcd to that 
tuk, while tJ!ecution occun: en onolher computcr-thc "tar~o!"" 
nnchm~ Thuo lbt PWil prcsenu o oln'-'< uniform inlerfoce 
lo iU IU<n:, """" tllou&h lt may bt supportinJ "....,¡ llfl<l 
rysttllll. The Bcll l.ob; PWB ls currcntly implemUt!od on 1 

network of PDP·II'I operulna undtr 1ho UNIX tlm .. olw"ing 
oysttms. Somo ""P•hilnieo of the PWB oro 

1) con>en;,n¡ inl.,oc!ln compu!ln¡snoices; 
2) o file o\ructuro orientcd lo intcnctive u .. ; 
l) 1 oct of toob for o«nnin1 1nd cdltin&lUI fila; 
4) o nuiblc '"""'"''"~ lon1u.1e; 
S) ••tensivo documenl pro~.r"lolion fooili!ieor; 
6) foc.iiiUco to sup~!'rl omall dUo bue mano&cmcnl pm~lellll. 

The rwo ¡, • t<asono!>ly ¡co>d uomplt ola pro"'"' prod""· 
!ion fo<~iry .,.hioh ¡oncrally fcotures inleracli>c pro¡11mmin¡, 
ou!om•<<d too!s ond word ptoce.ssin:. Tbe ranso ol possibili· 
tioo lor ou<h • foeiJ,¡y (Fi¡. 9) io a lunction ol !he toolin¡ pro· 
•idcd. Thl• con '""1' from a fow tul edilin: copob!lltiOJ \O • 
eomplerc 1<1 of dcY<lopment, reo l. quolity ossun:nce, ond con· 
li¡untion m>notemont tools to 1 101 of looll plus111 t.nlln 
~brory of primiti•co whioll con be collcd ond in><rled Jftlo 1 

p<o&r•m ,;, the interoctivc prov•""'""' footures. The key to 
pinin~ oicnificant producti•ity llnprovemenll from th<>O 
teohnlqueo ilthe pro•loion of th<>o< toolo ond primitii'<O whlcb 
!he Ul<n ltc f•miliar wlthond bclie•c are UK(ul. Thio &•nenUy 
meom 1toflin1 !he produetion focility sim rly. with lb< inrcroc· 
ti•< f<•lureo, and 1 fcw woll ch<m:n tools. Thcn addilio"' 10 
lht toolin1 con bt modc u thc dom•od for rhom inctcucs (l. c .• 
when the "'"" becomo ~o•nfort•blc with the en•ironment). 
nus .,.ji¡ aloo "'""' lo sp "'' d ou U he capitol invoumcnts needod 
· ' furnilh lhi• krnd of a faci!Uy. 
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projocts, h Í$ oltcn a ma¡or coruidcrotlon lor lirJC pro¡ecU 
wil~ thou,.ndo ol rcquiremonto, many of wh!ch are undcJ..,;n, <i¡nlfitlnl chan¡e lhrouJhout lht d .. elopmont. To con· 
1rol tbis p~. h b odYiubl< lo moinroln o record lo• .. eh 
1eqoinmnl 1howin1 hs ot~Jin, chon¡o su¡..,, duiJI' olloc.orlon, 
¡col ollocotion, nrlfiontion molhod, ond outhonty, Thc ori¡in 
of on ind!Yidua.l rcquuemcnt con ron¡e from o uniquely ldcnti• 
fied poravo~ iJI o rcquiromcnU spc.ciflcUi"" lo on ekoncn! in 
0 ublc of an intorfuo control documcnt, lt ;, monutocy to 
eolle.t oach rcal requirement (whatc>er il1 coun:e), si•• il a 
unique identil'icotion (usuolly rdcrcnoed to aouru documont, 
P"'"'pb, .. etion, etc,) .nd Oltablish • control record for it 
whi<h i> mointaLned throuVtout \he projccC. FJ¡. 1 O o.howo on 
uamplc of tho type of lnformotion nctdcd In thls proccss. In 
!191. "''""' and Dlomont dlliCuos 1 spoclnc tool to ptrfom\ 
th1S tuk ,.hich "'"' used sucoe,.!ully to conuol and monitor 
¡he tutin¡ of 1 pro.,. m with o•tr 10 000 n:quircments. 

As ohown in Ft¡. 11, thc keY clements In succo,.!ully uack
in¡ \he ¡cquircmcnto aUocation and lts\!IIJ procc"'" to 

1) uniqucly identif~ e•cf)' lndi>ldu•l procns;n, rcquiromcnt 
(includtnJ tubpoto&~•Ph• ot occtiont); 

2) o!loCil< dtst¡n oolution 10 lowestlcvel(o) possoblc: 
3) mointaon tl~lU< of lucst oulhority ,ovcrnin¡tloat rcquin:· 

mcnl (spccifocation, interloce document, cbon~ nolioe, 
etc,); 

4) otlocatc •cnncallon of thot requircm<nt to spcc!nc: to" 
~roc~durc {al eith<r unil, oubo~ucm o1 ,y.,cm lc•cl) ~ 

5) moiMoin rcoord or te.,/relnt resulto: 
6) continuously udit the prO>C ... to be su re oli Uta lo up to 

dile. 

/J. hoa,. Dor¡z~ 

Tire <o~~<:cpt of procns d .. i¡n ""''out of tbc b>nlslic miW!c 
dd<nJ< proceuin¡ requiremenl for lorse sealt, hW! reUobility, 
ullra·hi.,tl·opccd rnJ.time proc: .. sing of comple• al~o•ithmo,' 
ond lho uoocÍited nccd 10 ho•• oc me ouurancc that the prcb· 
l•m "''' ool•abl• dunn¡ the urlr '"'"' ot th< ml,jor dCYdop
mont. o .. ;. and Voe~ !201. Gauldin¡ and Lavnon !211, 
Drcyfuo ond Koraaony [22[ hOYo uoh dis.cwscd diffcrcnt 
.. pecio of !he opproaclt, Y eh 111d Zl•• !3']' pr<ltnt a •i•w of 
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P"'"'" opedficatlon !rom the ponpocti~ otooftwue roqulre
menll 1<nUIUon. Tho purposc of proccu dtsi.ln ls 10 ilontl 
the oyotem r.quircmento, hudwore/oonware uchUt>Ctluo, nd 
da t.-base stnreluro lo nolvo a bucl!ne /urdwort1 «mfOJUrtllioJI 
lnd ooftw•rc dnip olructure. Thatoc!a ofpr-. dooip are 
procc•ing now ouu.ly.U, funelional drnulation and critical al• 
¡orillun d<oi&nll>encltmarklna. FIJ- ] 2 depicll the buie en
¡ifteerin' app,...clt. Con~ptuall)', proee.ss dtslp consldon a 
tul-time qstom .. • set or trons!omratioru on lhc oyotcm 
otimuU to produce tho propcr J)'stcm re:rponoe1. ThcJO tnlll
rormllion~ mor lnitlaUy be rcpr .. cnled In any of .. ,.,.¡ dif
terent forma (RNet'a, thltlld:r, Petri-not, etc.) but must .....,,_ 
t"'Uy pro•ldc 1 dlsecl moppin&"'hi~h alrowo how th~ ollocatcd 
proceaLn¡ ftlquirurrcnll opera!< on the oyatcm input:r te pro
vide both lho pro por e~tcmll outp~ll.nd intemalllatc chon¡et 
(t<< Fi1. 1 3 ), CTilical al1ontbm benchmarkin1 !s U1td \O ''oizt" 
(timin&, mtmory) thoa key fur1otions wll.icl> ltan lar¡< UftUI' 

lalntioo uaoel•ttd ,.;¡h them. Functional limulation is uocd to 
modo) tho entlrc proco:ro, oid ln itcrat)ng lhe polcnlial dO&i¡n 
solulions, ond lhen lo tellthe bat<llne struc\UTt to demonotralc 
111 pndictcd perfomriLII« undu Yll}'inJ loada and eUtmal 
cnYironmen\1. 

C. lno~<"m~~~~l Dc•elopm<nt 

Tire purJ>OH of Incremento! devclopment (Fi¡. 14) ls to Tt• 
duu ,,.~ lntho proj<el br cbtainin&an oarty d<t<rminorlon ot 
tite porformanco of kc~ tocls, procodur"' ond ooftwve. Wll
lioms !21 [ discusses lht nced lo .,htor ¡he proeO,. tolk" "'""Y 
mcnths befote • complete oot of capob~ill .. wo.tld otherwiK 
be "'ilobl<. Tire portitionirll of 1 Joftwor• impjemtntlll"" 
ton silnincntl~ offcct lhe entire IY>l<m duelopmont proc ... 
ond nceds o o be eonsid<tcd as a fundamental otop Jn tht init!al 
sehcdulin1 of 1 rro¡n m, Scn10 of tbt key facton whicl\ sh011ld 
be eonsi~crcd in doflnin1an incrementol duclopment aPP""'dt 
are as foiJowo. 

1) Prdioninory dc•i¡n of the onoirc soflwlft pooh'< must 
be cornplcted bcforc lnitiatton of ony inctemental d<Yelop· 
mont acti•it~. Eoch !ncnmont mUit procod ia o otraiJht• 
fonnrd monncr from the prelimlrlll}' deoip llfllctllrc. bud-
1<11 for timio.¡:, flOral<, oecu,.cy, oto., olloc•tcd at pretimlnary 
desipr moul l•o riJOroully odhercd to ond dcm<>n<!lllod In 
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j,ocll iiiCnmo<fll, lO lht late lncremenÍS ~O 1101 ~1ft (O ..... JkO· 
up': for t~< !oek of control of urlier in cromen u. 
· 2) Funetlon1l copobilitiu which ore well definod but con• 

oidetcd hi¡h tir:k ohould bC d•••lopcd urly. 
3) Syttcrn ""P•bihli .. whic~ '"' poorly dcfincd ar liktly lo 

eh•i.1c 1hould be implemelllcd os late •• PDIIIible. Thir: induda 
oof!worc functiono·supporlin: othcr sub:sylleml which them• 
iel••• are und<<Join~ chanJ<. 

4) Orpniu incremenu to minimizo brcakl&<. Whcro poai· 
btri i~clu~e cÓmplc\e function• ,.¡¡h dcor intcrfocc delinco· 
tion1. .

1 
McGowan lHI '""''" thot forlar¡c projecU lhc followlna 

4 lricrCmoñroohould be rro•ided in lhe indicated order. 
1) ""AÍ. /~;, .. 1 incremcnl lo "<r<i>C all interfocea wilh U<· 

~uri•c ooftw•n:. •• Th" "'" be do"" uoin, 1 ""dumm~"' or "'otub"' 
••nioíl of tbc apphcationo codo lo •••cure lh< openLin: oro· 
l<m futureo rn "> realiotic environmcnt. 

_ll "An l~t<tm~d .. u incremcnl lo c .. n:ise copli<it rntorface 
•pecificotions."" Thio io ueeplionatly V1lu1blc wben the 1oft• 
"'"e oyllem mUII intttloce with ncwly bu~t htrd ... u ar non· 
11~n"d11d in1«fl« protocob. Mo11 interf•<• bup un.usu1lly 
be worked out dut1n; th11 incmntnl. 

3) One or more "mlmm rncrcmento In ner<isc oelected 
1ystem fÚnctiono."' n.,, " whtte funclitlfl IClecLion bo•ed on 
potentiallrequirementl or ooft,..orc br<>h .. ohould be nrc· 
fully oddrcacd. 

4) "'A fi~•l incrcmenr ro ••erol•e roul syotcm funcLions."" 
lly thi> ti,;,e mosr ot the oyllem capobiliti<l "'ill h••• bcen 
~emo .. Lflll~d. Thetcfore, ohio inercm011l c.on fo<uo on dcmon• 
OtrllinJ Jyorcm performance uodcr •ol)'in&cn>lrot~mcnu ond 
/o.do. \ 
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Al -•· top.down lntovotlon ls tcadily ~encd by laaemcn· 
111 de,.lopmenr, ., tho proeeQ can ..-olve from o fint inao• 
mcnt con1istin¡ of an opentin¡lyotom pluo "dummy" appli<O• 
t.ion pro¡romo (l.o., 1pplicotion moduleo reptcScntcd by ¡¡ubl 
oimulotlna rhc module lntufoca) too Kl of module conltGI 
rourina ,.¡¡h cithcr 1\Ubo or rcal functiollliJOft,.aro (dcpcJid• 
in¡ on tbc opeci!ic lneremcnl) Jup¡><~rtin& thcm ro o final 
e.pobtlity whcu 1111\Ub:. are rcplaccd by operationolJOfiiiiiJO. 

D. Sl'uCtw~d Dt'on!Dpm~nl 

In tarly 1970"l, Baket I2S), loMo 1161. Brooko !17) o~d 
ot~cn, nportinJ 011 tho lcsso11.1 loarncd ot IBM. pruentcd o 
soft"'"" ~··~lopmont merhodolo¡y "'hich lnc\~ded tho con· 
ccpto on top-down d0.iJn, chief pro¡r1romer tooml.ltnrctu,.d 
prouommin1. and l~c likc. ThCit conco:pll re<Ci•od ,..(de· 
opre•d occlairn in the literorure, but did oot u rcodrly become 
ocuptcd p'"ctica withln thc lndlllll)'. All~<>u!lh 1 1971 
ot~dy by Hollon !281 implied o lock of \he wideopre1d """lt 
of thc&e opproacheJII thll timo, Mu1110n !ll domon.,rotcd 1\ 
a 1979 "'ork.ohop on 10ftware monqem<.Jtt thl 11 leut 111001 
oera<pace ond defc""' oyllem OO>Itracton no"' .,.. '""'' 
•eni~n of theJe proctices "" o mattct of policy. A bfitf 
1um rnory of 1he ~ey concepl1 lo ~•on below. 

ChUf ,.,01'•''""., T••m: A tea m of •-asoft..,aro a .. dopcll 
eoflli>linJ of 1 chief propammer, Ncl<up propornmcr, llbnr• 
ion, 1nd '"k pro¡rammen. Tho chi,¡( propommcr iltho toara 
lea del who io ><OPOnllhlc for both rhc d .. clopment of criticol 
modulu ond the rc•lcw of noncrirl""l modulcla.,isncd to tho 
tuk procr1mmas. Thc boekup pr01fomm<r io obo a~<niO< 
provommer ,.ho ""PPGrU t~e developm<llt of critiool modula 
u4 io 1•ailablc ro 11ke on:r u eh id pr<>summ<•, lf tcqulf<d. 
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Aln•nb ''1.1. •puono p¡n01.p to PI""' III>Utd•~•w 10q1>4"' 
uo UO!'SI\..,p lf.I<IW uooq nq 01011.1. ·opoo pul "'I'"P 1~1 

. IIJOIOih liJIII>iO<I pU!J n-~01 01(1 d194 O) I¡JOM r¡uod¡O¡Uid 

>1(1 a~•ll"' "''!'"" "'""""~'""" A2~·•o1 • Anrn1doo1100 "! 11 
'UOJIOOIOp 101.11 WO"Old U0 f!OO~dw> O<¡\ 111!'" IWI>\AOI Ul~p 

¡o.,¡·•••d • "! qJno•ql ~1•"' "!~.1. ''~'""'~.1. '1•.!1 uiJ••a 
·¡¡n pur .ti¡ u o¡luiJ 41!'"' lll"''l<f!.l:rnp olld•>UO JO 

IO)lOII ~q p>IV ... Jd .. >q Voo WOIIAI.tiOA> 'Oillq:>IOOIJlO dlnf 
·••! u1¡np o¡u¡ ¡doouoo '!ql lu•purdu ~~ ·A¡mqrpr" ••ood 

.... 

' ""'! 01 •O!li'JI>Op"! "J%0li"!11!J ;nJn<>l 1¡ljl0 l'llo¡. pOJV>W>tdWJ 
~11'"'"., ><~b!"<¡O>I '!4.1. ·opoo .,!ll>l(.ltdr., (1n<¡>p pue) puo¡o 
.,.pun•OI·P"4 po¡roo¡~uroo '"""""'1 JO .(¡mq¡ssod oq1 Ulou 
·?W!J' pUl '(~1!11Jnpow ouo"Old h\lUOWO)dWOl l~ill) ·~IUr 
JO >llrd o¡llu¡l • urql "'1 01 n¡o ou¡¡noo I'"P!•)pu¡ lu¡;npo 
>OJ WO'!Utlf.I'>W I'WIOJ o "P!•Cod 'IIOLI> lll)wwo"old (isow 
JO o01n<>1 oq1 n¡n¡W]Jo no>Oid "!lll '()1 ·t¡,¡¡ '""l~'n:¡o 
(3S"''3'N311J.'JI) OA\\OOJOI pUl '( ~I.LNn·OO) OA)IOIOIJ 'J0\1U>~bot 
Ol r¡ont)SIIOO llllllcJd JO UC)IOI!WII Aq '~¡>OJO•Uo> 10 'OI~OW 

·>)1)1 fll)qO•ozq JO VO!JO"'W!JO tln)IJA (q p>~otJ<fW03lO 11 "!lll. 
·¡ru pu• .tl¡uo JO nu¡od o¡lu¡r A¡uo 1u• .. q "'""Otd (q wo11U 
1 OU!J>p 01 I>AIOO )doOUO> S!'IJ. ;Jutw..,odtu¿ p>mi~"'IS 

'WOII~I >~1 JO 
oo¡npow 101110 110 1»/J>JIW]Ilf"' onq 11'"' o¡npow IIOA¡li (~~ 01 

n1urqo llq\ U>n•'"¡npow IUOpuodopu¡ o!U! W>IHo o JO u0)1!1 
-odwcoop •o¡ ~lo¡opo~i>W oi>P]AOid 11 ·¡o¡npow <>!Uf o~P" 
-OJd >llu¡ 111(1>J>tp to¡ unb!"ql>¡ lu¡p!•<>•d ~q wo¡o(s •. ¡<> 
(¡o¿r¡npo"' oq¡ ""'oqv> ll>ro•ddo Olq.J. :u!IU(] p>ml>nJI¡; 

· (JIInw¡o spoOlo•d uetii.I'I'>IU! u ... ap·dO.J. 'POI>Id,wo~ 

11 ounnct ¡on¡ "'""1 q>.," pooo¡d>l U>U1 >10 .,•qn\1.,¡>'1.1. 
. .,u¡\nOJ 1'"1 lOMO! IOJ ot~nll 41!"' unooo IU[IP.J. '1>•>( del 
0<¡1 )< p>IIOII U><¡l '! lu¡po> puo ul¡oo~ W<l'l<tl<f 'POU!J>P 011 
OOU!JnDO l"O()IOMOJ 0~1 01un ltlOJIOUnj l>jdWJI p U o oo¡d~" JO 
IH o 01 1> .. 1 IOl)UOO o¡npOW oq¡ WOIJ 3U)U011 odo1• JO U)l>< 
1 UJ po<cdWO:>Op 10~1-lnJ "! W>¡o~o >ql 'oo¡npow ¡lnp]•!P"! 
01 nuÓunqnbo, JO UOJIOOO!I' I"'!..OJIO.:I ;ul¡llq u"'d(]-dO,l 

·u•u pul .. !'llfd»""'P 
wo:fo1d 110 on¡111 ou¡o¡u¡ow puo 'uoun,.n puolurpu¡q 'uo¡> 
-r¡¡<lwoo wll'loJd IIU>~dnl '<>!10Jq!111tP 1'"1 pui.,!'Oiq!l op<r.> 
IU!ltpdn JOJ to=:>O.I<I UOddnl ><¡1 IU]OIUJ01:" UO!'llq" 0'1.1, 

..... ., ..... >IDO l ............ , .......... 'fl •0!.!, 

"\ 
,, . ' 1:1001$11 ...... OH•a•oo•• 

1 /'-... 1 
~ 

-y 
•• 

... ..,., 

"' i 
··-- 1, 0t<ISS0:>0.; ¡ . 

,., ........ 



' 

' 

.... ' 1 

................. 
~Ol ...... 

o'"""'"'D<d 
1 ''-'""'>0••• c.-ooouttll 

un 

.. Dl•'<"""''"' llSI 

"''"'"""' 

PROC~EDtJ<GS Of T11E rUt. VOL- U. J<O_ f, $EP'TEWDt~ o••• 

~D<vltoroo<orr 
tUTe ... ...... 

l. COOI 
1.1UTC ..... 

OlSULTS 

._"" '""' OUt .... 

V.o. ••· Uno< ""''o~m ... l fuiOoo ...... .,¡.,1[.,.. 

o~c fupon.<lblt deoi&nor oí&nJ and doteo the teellon, Th< , .. ;.,. 
outh'ority {monopr, chid PJo&rommcr, or othor u•ic,.Cf1) 
ohcri' re•ie~ the k!Ciion for completen ... on~ aco~rocy ond 
opp'rovu ji, Thuo coch un!! 11 royicwod frcquontly for odoqu•cy 
of d0vetopmen t ond prov•"· Additíonolly, ooch UOF i• con
linua!ty' accounttd for ond moinllintd in oloeotlon oecc .. lble 
by q.;olity uounn..., pcnonnd for mndord1 compliln...,oudn• 
ín1 ai'wcil •• orhcr 4osipcn for intcrfo..., rc>icw, Tbo11-built 
dtdp dcscriptlon b m.Untoinod in rhc uact form11 opteifiod 
for dclinry to oho cu>~omcr. Thullhc lure mojoriiY of lho 
doUvcrable documcntotion Íl modo .. oiloblc by copyln1 thot 
scction lrom oll uor·. (In tho pr~jeel. ... oeporolo "not .. " 
IOCtioñ m•Y be kcpt "'Uh tbt UDF 10 record momm,anolysts, 
or Othor pcntncnl doto rclati•• 10 lhot uní!. ' . C, QuoliiT A''""'"~/Cunflp¡,.liOn Monq~m~M 

Qu;hty ossuroncc (QA)/conli&ur•lion man•~cmonl (CM)' 
play on impollont role for tho ooft..,orc ptojcct """'1" In thc 
oudotin& of on•¡oinsocoi•itlco, llotuooccountin& o/ oonflaured 
ilcn" ond chu;o ope«flcolions. Thc QA "'""'~"' ooll u thc 
pro¡Cct m•n•1«'1 ''hirod l""" lo vcrif)- thot oton~Oidl oro 
odhclod to. proccdu'" ore follo.,.cd, documenlonon io kopt 
~p o~ date, cte. Cencrolly, wcU-dofincd lo¡ieol 1tondord.o, 
riaorOusly cnforccd, or< wcllocotpted by mosl pto'""'"''"· 
A n 1u'Co)lcnt lpptoocb for occompliohin¡ thil Íl lo o u tomate 
oi m"ch of the audit u poWblo. CO<Jc standordo, structurod 
P!OJronÍminJ ntlcs, commentory roc¡uiromcn!l, ele., ate ftOdlly 

:~·~::~ ,':.,~"::~~~~::~~;;.,~o:; .. ?:~::.::",~':;,~::"t:.~ 
PiUint of the oudit ot codo turno•co. Al Ibis timo, documen
tolinn mÜot llill be monu.Uy ouditod; how~er use of tho 
U DF .UoWo much of thll audit to be done dUrinJ,Ih• de•dop-

. ' 
1 

mcnt. n.\11.,. Oteo oJI )11.0\ priol lo documenrotion rcleue. Tho 
role of eo<>fll'lntioft' monOJCmcnt ;, <o mo!ntoin the cu=nt 
I!IIUI of oJJ confJ&Ur<ld itcmo ond documenution_ For liarlo 
projeot, 1 r«¡uíromonto or !ntctfoco chon¡c con ho•• a o~f~ 
Con\ J ipplo dfcct lhrou¡h mucb of \he remaininJ documenta• 
tion &nd codo. releuco. ControHed updolln¡ of both upon 
incorpontion of choncos il mondotory for ooftworc dtl'tlop
mcnt anlt~. lt<CYitabl~, howcnr, il will be ""'="''Y to JCI 
oome "fi•~ lt<corpontod be foro oD !be p.o"""ork '""'"'"' ot~d 
opproval ore compJelc, A otrumUned qulck r, proccdu"' 
wh!ch provlda fao! too! twmaround io mondotory to noid 
hovinJ lho projoct wrappod up in ito own pop<J. Howevor, litis 
muo\ be don• WJ\hiD tite foomewotlc of o rdoose•bued CM oys
\cm; lt must prt>Yido o m«:hODism for ldcntifl~;otion of oJI 
chonps (quick or ptnnoncnt) otlocbcd lo o reloucd bUclinc: 
ud h muJI focililotc thc itlcorpororion {01 rcpl.ourn<nl) of lht 
"quick" r ..... pcnnonent, fully documcntod chon••· 

As lhc in•o,.mcnt In lor¡e oof¡wan: O)'olomo continuu atlto 
OIJ>On~ntially incraJin¡ no-. tbe IDtcrutln moinllin¡n¡ oh ... 
ryot<mo &1 rcuonob!o COIU il aao incroosln1 In o toccnt out• 
"'Y, Uonll•S,.uuon jJij ohowcd thll lor business dolO·P<O• 
cwinJ syoltmo mllinoonone< cosll now uceed dc•olopmcnt 
co"'· De Ro~ ]32) estlmotcd in J976!hot 60·70 pettcnt o/ 
th< Dorortmcnt cf Defenoe oortworc doUus '" bein& sponr 
ofto1 lh<IOft,.oro bn bocn teotod and deli•trcd by tho d<Y<Iop.
monl contt:lclor. Ac~ordin¡ lo S"''""'" fll], mainttnonco 
noour<co oro ¡cnerolly oppUcd lo lhtco el.,. .. of offorll: 
corrccti .. -oo=ction of lo.! <ni problemo;porfec!J•<-prOJnm/ 
documcntotion impro'<m<nll; ond odoptívo-ohonles to lho 
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'"' 
fe~>blo 01 ~pst..S.*IG <lisU"il>•tod .-,stems. Tho mul!i¡>bco· 
IIOII <11 po>ooible potho, p1<1blcmo of lnlyapn>C<Ia tlm<n' ond 
doadlook J)'n<IIIOIIÍ .. tion of duo b>O<S, ond non<ietorminUm'l 

0 ¡ lh< p;o¡tonunO'I' probl<m pro•lde '"'""1 <llmonoiono of 
new compleoiiY to on olleody dimeYlt pn>bltm, Vet, lhe real 
hon.lworc: coll .,.,¡,." ovott.blo wlll drM: thc induotry in lhiJ 
dlt<etion 01 o cantinuoUy o~eeltrollnuolt. 
/11/rm(lmt:rul~,.- Th< •d•<nl of tilo very low eoot. hl'h ¡>ct· 

formono·o mlero<u<nputu ,_. e•uoin¡lhe introduotlon ol ,¡¡~¡¡¡ 
rroco"'i~~ module• in lf<•• previouo11 limlted lo <l«tromc· 
chonkol ot olhtr purc hordw•« IOII<Iions. In mon1 Wlyo. th< 
l.uons lurned in lt.e l96G'o ""''dinJ the n .. d fo• lti~her 

le•el lo11JU04<1, IINCtured d .. eJopmcnts. inte;rotion principies, 
ole., o:e be in' roleorned. 11 orpean "'' ho•• heeome 10 coon· 
rt.cenl "''lh our newly ¡;:¡111Cd onolhodolo¡¡ioo ond tcchn;qucs 
!loa¡ we connol ••• mony ollht unoc old problemo whon they 
'<'lp¡>eor in 1 slilhlly difforen( /o¡m. 
l'~rumn<l: Th< doto·proeouinl lndusuy io ,rowlnl 01 ouch 

on oceoloroted poce inlo tr<ll of ouoh inauoed eomple•itY 
lho¡ lh~ •••ilobilily ol uoinC~ penonnolltos boen oln><•t eom• 
plotely e.ccedcd. Whilc ooft"'''" dc•<lopmenl nomolftl ene of 
lh< mostlabor Intenso•• of induolrioa (wj(h no ro•! eban'c in 
si&hl) tbo <"~l'lbllily of mettinl lh< cootínuolly ;rowin¡ pro
<U>!n¡ dt~<unds of lit< 19tO'o lo ¡.rully tltroatrned. Addi· 
llonolly, the lnerurcd eomplnll~ of mosl nur IYOtemo ma~es 
lowori:o1 of th• quo~fle&IIOfiO for penonn<l o vlnual ln'lpoal
bllilf. Grootly in<re.:ued reoureh lnlo mOlRI fos si'nlfi"nUy 
improvin& JH"odUcli.,ty ond fot olmpUiyinl lho do•clopmenl 
pr<><essei la mondolory lo keop from fo1Un&loo for behind tho 
demond. 
Su~ 5yJt<""-" V<ry lar¡o dilo oyllern~ u• boinl eonl'irured 

and titan Wokod wi¡h otlotr tora< J)'sWns lo eral< ouper
oystem nctworto lo cope wlth lho dtto plGblemo (t.'-, FET, 
eonomunicoti011, ""mmond, and conlrol, <te.) In todoy"s SOCiety. 
1ll= oystomo, by lhcir vcry oi>< •nd notu,., oro beyond tito 
o.:ope of undont•nd!n¡ el tny ponon or IUl\'1 of ptnono. 
Yct, lh< dllo·proe-in~ indus!ry mus! demonolrol~ 1"'-ptbol· 
Uy to rotionall)' ~·olvo lhil oloss of IYIIemoto pro•id~ !he~·· 
•lea dcm~ndod by society while rosrc<tin¡ ¡be eoncc..,. of 
oociety for prlv1cy ond protecll<>fl opino! ~bi1 ao•cmmentf 
busln=." 
Gow•~m•M R~fll'llrliOm." Ao soflworc reccivn 1 ho¡her and 

h i~her percenlo¡e of the oeoto ol MW oystemo, lhe 11 ton 1ion il 
1.1 r<cci•in¡ ol 111 l<•elo ol 10•ernmen¡ (c.¡., Houl<' Go•cm
men¡ Ope111ion Comrniucc) la oloo lncreasinJ. The oolutien 
<>f $<1•«nment to ohi1 pcrooi•<d '"problemR ;, lil;rly mor< r<JU· 
laiK>n ond stond,.di:o<ion. Wh~< lhis " nol n«esuroly l>.od 
(the industry 11 .. 11 io contonu>lly Ol!<mplin; lo mnd,.di>< on 
~ey opproaches, l•n¡u>ges, Ole.), lho pot<nliol el/col of o•er· 
r<¡UI•lion ot o time "'hen inno.,tion is rcquircd oould be de
YOIIOIIn¡. Reocnt lludieo h"< sho"n 1hol ene impoct ol 1he 
""Brool<o Bill" n .. bc:cn to impcdt th< ><quil.ition by the 
JO•<Tnmont of new <Ooon~ulin¡ equipm<nl. Sim~., lmpodi· 
menu on IOflw•rc hy irn¡"IOIIiloon of o•erly det>lled Slondordo 
or •udilin¡ Pl<><<ll<s cnuld <real< "" cn•ironment which 1.1 

nol >upport!•• of lncrused prt>duoli•iLy. 

VIl. CoNc~usooNs 

The fidd of oohwore enJ)neorin;tnd monqom~nt ¡, 11il1 
.,,, younJ 11 u cn¡in<erlnJ d"clp!lno. Howc .. o, thc ••rid 
uponslM 1:11 \lto dou-¡>to<UIIAI lnd11.11r)' w:iU nol allow 0 
quie¡ Íima 10 1'0"' ond br!nato motun1~ tho lochnolo~o<s ond 
P"<tíces notded lO smootflly o•ol•u lho lot¡c J)'ltems of 1t,-

ri< .... L......,......,..iU ·"'~ •~~- ow- o o, •••• -.- •-· ...... • •-

luture. Thcp~ ond toohnio¡uo• nocdcd 10 ruidc -r,w,. 
develupmento mull be du•eloped ond rro••n !hemsclvco riaht 
alon1 "'ith the 1y11om1 !hoy orc boina u .. d to oupporl, Thc 
Id en nd opproachco rro .. nted ín !hit papcr roprue.nl o onap· 
o.hot In limo or 1ome of the key prlncipl01 c•ol•ed durina !he 
1•11 do..., de. Th~ """'rl..,.lty of thc 1111""""! t~c 19&o"l wm 
n:quire oi¡nlficont 1d••••'<menU in mOOI uf lhnt opprooch., 
lo l..,p poce "''lh tite dom•nds for impro..-.1 pro.h••:lhioy "'hüc 
dcolon~ With ~rohlcml of inueoocd Jon><noienoltlf .. 

Ton Y••ro o¡o. no ene would ha"<: poedo<I<J that lhc ort of 
IOflwore cn¡in06riftJ 1nd mono;emcnl ..ould lto•e &ehJ..-ed !U 
pr ... nl •tate of moturlty this ooon. ColiiO'lU<AIIy, thi11ut1oor 
is not "'in¡ lo predll;c thot thc inrenuity ond intcnsity of <f. 
fon nc•dcd 10 moct the chaUcn,.. of lhc IUO'J wUI not b< 
fonh,;omjn¡:.. Howcvor. 11 ..,¡¡¡ noL bo 1 smooth ond <UY road. 
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A~""'"'-n.,,. "' mony pillollo lut !loo un· U)' hu~,..,. <OIIL""'' 
""'" mu<l d"''"'' o.oftworo. In porlleulu, hud'""' quolny ..,.~or 
P'"''"""' ond '""etpl1 '" ou.ly b< rroiup~IOC<I. 1lle pu.,....o( lhQ 
,,,..,, u '" ,._., """""''"';.,,.,¡ '"""""" oppiJ """' ..rlho ~"""' 
....,,..,. ~nooo.o .,..,.., ~, ,..,,,...,. .. _ ... wo r,,, '""'"""" 
..,., .... , ;, ••d .................................. "''" -=- .. ._. 
~WoO ooflwor< eopnO<IOOJ oppr.,....,. f<o do-oolupOoJ .... ~ooiLI)'" 
00¡1,..,1 pmdool&. Wo ,........,,,.,. .. ooo<loodo l<o ,.....,, .... oo4 
dott<li•JODftw"o ono.._ 

l. )HTMOOIICTIDH 

A- TM Su[<.,..,_·Ho•dwo•< A""4>11 

'f 
1\EI!E J,.I!E man~ aim~ariU<I bet.,ocn o.ofLwuc>nd bud· 
wuc dcsi&n ond dc.,lopm<nl, bul unlm on< io eor<ful, 

_ th< oimil>rilico con b< m .. l<odona For cumplo, hord· 
dll foolurco oro somotomco con.,d«<d onoiOloUI to ooftwor< 
lotlum, bul of<cn <h• "'""''"''"''"'ore d""'" ln porucu· 
tor,· compononl delcnorouon u <h< uou&l """"uf hordwue 
h~wro. In contrut, oohwuc fo~"'"''" olmootii"•Y• d<ti¡n . ' 
..................... ' ...... ' ' 1. ' .................. 14. ····-

••• '"""'' "" """ ,.,rr ....... TbU<o """" ""''·"'""''"·"~ "' ,, • 

cmm lh•l •how up anly whcn lh< oofl'""' i• uoed under 
ctriO<R conolttions. 

f'or e '"'"1'1<, , ~.n~ <-aloul•tor """ once manuloctuocd <hat 
d1d not corru:lly compulc the oinc functlon lo< oll UJUmOIII 
••1•<•. All unitl compu!Od lh< umc incon<Cl ">lU< for parti· 
culot .,.um<~to. Thil o.-u clu.rly o de"'" onor-th< cirouu 
for ulculaU•¡oin"" ...-u incouoctly d"i&n<J. Soncc th< c.ol· 
culotot p•• c<>ncet onowcrS for mool "'""'"""·lb< problom 
wu only dOo.eovercd by a fow .. ...,... Thio " typocol ol dO<i¡.n 
crron, which o<< \ot<rll unlil Lh< hordororc or ooftwor< ¡, Ol<r· 
tiO<d ~ndct the ap~ropn&l< t<>AdiHono 

Be<auoe oo{LoooJC cnon "" ono\Ol')US to hlfdW>r< dcsi'n 
onotl, oofl,.ue quolily uoutl~« focuuo 0<1 tccliAlQU"' for • 
l<tliRl th< dcoip riJ)ot. Adoptlnl hot~•ILI< quiLlltr ouwronto 
pfOCcdwrco 1<> oofl,..orc dc>clopmcnl mnns focu~n, on liLe 
r•o«dLires uud Lo p•••••• and d<I<CI dcsiJn """"· Th" is 
lh< p1opcr &n>logy h<Lwcon 1oftwore and hordwlf< quoliLY 
"'"''"«- h illusllaleo our poinl lh>l unlcos onc mü"' thc 
P!OJ>C< onolo¡.i01, inluiliono oboul how lo cnsur< hordwuc 
qwohly .. ~l lu~ ono asuoy ..-hcn w<>Lk<Riwilh oohom<. 

A comp.omon of h01d..-orc ond wh""' hl< nd., " ¡o•<n 
'" fo¡. l. T~" ¡,1,.,. o~di<>t<o o he rn ... , ol d .. <lop>n~• """' 
hordware or oofl.,ore produ<l. AlthouJ,h f<&. J pro•i~ .. an 
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'"''""'phfiod and iduliud doocripuon, io U.o"'' clurly thot 
01mihr wmo in tbo twa f11ldo oom<timeo han JodicoUy dlfflr· 
en! m .. ninp. Pothopo the mool omportont d<fluencooore 

1) codm¡ propamo 11 nol oqui.,l<nt lo monuloctunn1 1 

product; 
l) mointuonu rdoro lo quite d\lfe,.nt pJoce .... (O<< l.<b· 

mon ( !61 for funh<t d"cu,.ion el thil point); 
J) prc,r.m devolopment ond 1<01 il <on<oplually llm~ar to 

devdcpon¡ ond 1<111n1 a hlldworc prototypo. butln wft
'"'"· tbo ""prototypc"" io obc fint lfllcm thol pU dc!i•· 
orod to w.en. 

Th< le<us of lh" pap« i11oltworo l<aton¡ond quolity ..... ,. 
on«. As f•l 1 ondr<•teo. wo w~l th<l<IOn 1>< dbcu>Sin¡ pro
<<dures ond con<<plO a•mod ot roo~uc.n¡a hi¡h q•ality dwzn 
(In th< hudwor< S<NC). ToohRJ ond quo!Uy UtnUol J>rOC<· 
d"'" u .. d in monufo<1unn1 or m11n,.inin1 • b~r4wau P•<>· 
duu ot< nut dore cUy r<lopnt 10 oofo.,orc q"oluy auuruce. 

fonó1n1 deO'pt eomn u d¡ffi<ull for bolh ho1dwuc and wf¡. 
.,,,. en&in«ll, ond ron don¡ ou<h <ro oro ia m Gro diff10ul¡ u lhc 

oompi'""Y of th< prud~><l '"'"""· In JCR<rol. ocftw•« 
poo4ucu .,, <QU!Valentto •«y cmnrl<< h11dworc pruducts.oo 
'' ,. n<> wondor de>elorina hlgh•qu•I"Y oofrw•r< " difficuh 
ond co,.ly 

/J Sourcer of So{lwor. E"o" 

The bo"c "'P'"' d"<lopm¡o oollwa~e oyll<nl ore 

1) definon¡ toS<"f requlfenoentl; 
l) d«rdln¡ wh>l functiono ond mojo< componento llfllcm 

"'"'' pro•od< te mect tb<S< toquorcn><nU; 
l) d<IOIJIÍ>'II>nd op«ifyin¡ 1h< inun~od bebmor of indo•id· 

uolooft"wore compononu; 
•) implcmentin¡ (1 e .• <<><Ion¡ 1 oofl wor< componcnts. 

ürh of ohoo< ooftw11c dudapmcnl ocli••to" il oub,c~l te 

""" 
1) cmu!ructian Cr>on-foi!urc o/ ooltworo compononts. u 

omplomentcd, lo ut01f~ lh<lr or<<ifleotiono; 
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l) opocili<otíon onon-llllure le ooourotely opeejfy tbe 
int<ndo J t.eh"'"" ol o unit of oo/twon conotruclion; 

)) funotionol duip trron-l»>w"' lo <>lobhoh lll o•Ofali 
de•nJn ablo to moolldontiflcd roquiremonu; 

4) ''"'~"""'"""" crron-fo!luro lo ldcnlrfy "'" needo oC· 
curat<IY. tnoludiOIJ foil uro lO communi(;ole thut nudo lo 
wftwiJC dniptro. 

Dolf<r<nl quolily ouutoou IKhniquu '"' Bquin:d to deol 
wil~ tboM errolf, oinco thoy '""' ol dofferent llapo of wh· 
woro denlopmcnt. In this pop.cr, •• wdl cono.:nttoU oa 
dui¡n, opKofi<otion, od conotnrclion uro,.. 

Software il alwoyo \<at<d bofa.-. l><io¡ rcle.,.d fw opcto· 
tionol uoe ond outln¡ i.a \ypi<.olly tbe lut o<tr>UY 1>efore «· 
, ..... lñil 10•00 tul in¡ bi¡l1 >aibdily 10 de>elopero ond uscrs 
ond oh e o leo do 10 on undu< «!ion« DB '''" u th< m .. no of 
<RIU<IOI o.chwor< quohty. 

Srnc< tuU ore ¡><<formed only alter codc" wnUcn,they are 
o co>lly m<thod of detcclin¡ crron, especially opeoihctUon 
ond d<O>&JI crrorS. Ccrrectin¡ these <rroro mo «qu¡ro d"<ord
ln~ oomc oohwore thot huolroody becn wnU<n and tell<d. A 
<<»1 <f/ecti•e apprua<h tu reducrn1 ooltw•rc mon muot ol· 
l<mpt to p«><nl ond d<t<tl errorS •• soon •• pc,.,blt. !llo•lly. 
sollw"' d<Oogn <!fOil oro detecled duHnt llo< ~ .. ign rh•"· 

befare sp<"'''""'""' of ooft,..ore componut> "" ""n•n.ond 
on<M.,oten<ieo botween opec•fo<•liono ond tho dcsi¡.n oro~<· 
t<ot<d bdcre codc io wrillen. 

!n Sc<toon 11, wo .,.J¡ d"""" princrplco ond practi<<> undcr· 
lyln¡ the d< .. lopment oloofl,...>r< ""'· and ¡n S<<Uon 111. wo 
w~l dos<•" an ontc~r•tcd orproaclt lo oofow•rc qu•ht~ '""'' 
once. Tito int<¡:rotcd arproa<h doocu .. ., w "" qu>hly """'"""' 
proccduroo ond princopleo U.ould be apphcd 01 co<lt pb.,. of 
ooft..,uc d"<lopmonl, roth« thon foousin¡ ool<lf on lile 
de><Jopmont ond .. oluotion of 1111 <ua. 

foom on cn¡inunn1 poinl ol .,. .. , ooft""' 1011••1 h., 
trodohonaJIJ bcu od ~oo. with fe"' pr~n<~pl<> ond no oh<Or<h· 
col work jn4i<>tina how lo con<truct on od<quotc 101 cf tem 
or how ca meooure che odequaoy of o octal too u thO! ,o meen o 



' '-', .. 
~u conooruclcd. In 1~< 1 .. 1 fe"' ynro, ~o .. CVCl, oome \he<>• 
wic.l ..,.,,~ 11•• intll·oocd our undcnundJn¡ <>f hoot to con· 

"'""' teou. W,· .. ,n oliO• "" 1hlo """"' ~ <>1'1< to •ho,. how che 
)lsir for on en¡¡~,.ectlnJ opprooch lo o.oft.,orc lc1lin¡ ¡, dc,.l· 

o~ In¡. 
Softworr re11ln1 ln•nl'<• lloo eueution of rr<>¡t~mo w1<h 

lli«l<d tnpull, caUod I<Jl , ... ,. "1 be reoulll of lcll Ue<ulluno 
"" lh<n uocd 10 dtdde whcthel lhc J'tDJtOIIl lo opcn1in11 

h'<OPUbl~. 
Thc 10\0JI Co..,mon u~¡eCI.-c in l<lfiWOI< ICOIIn¡ !S lo •l<lcr· 

"''"' wh<lhtr o pro~,.,. !S C<>>r«l, i c., whethcr ll« P"'il"'" 
proJu<eo o¡>«ifi.-~ <>oli¡>UIO Wh<n J'l=ntcd with l'<tn\<!IO<I 

1npuu . ..,_lthouih •·on<Cint>O moy 01 fii>L secm lo be lhc mo¡l 
unponant ptop<rl~ a pro~r•m c>n hove, thi• u by no'"'""' 
lh< ene, partocularly fm lar¡c oollworc oystcmo. (Scc]201 lo1 

1 more dcuol<d di$CU.,i<>n.) lafl< prosran" are of1en •o com· 
pi<> th<y "'"' <onopl<l<l~ ootilly their spocofi\OOioon•, •ncl 
r<t, they n••Y be quOit ~u~le bccouse [.,lurcs orooncounte"~ 
inlroquonHy on pt•Cl"'", .ond "h<n lh"Y du O<.<Ur, thci1 inrp•<l 
on • uoer io ac«plobly omol!. H<n« cone<ln<'-' u not n«CO· 
ury,for a poolf•lll lo be u,.l>lo >nd uscful. Nor iJ<:onc .. rness 
suHidenL. ..,_ corrcot pr<>Jiom noay O.>llofy • n•11owly dr .. •n 
spcclhcotron •nd yor nOI b< ••itablo for op-ol'ltionol ""' bcu""' 
1n N><ticc, inpuu not .. uofyin¡ rht sp-ocofi<ation ore prcscnLod 
ro rhe 'pwJiam ond lh< resulto <>f '""" on<:on•<l u .. v a« 
una<ccproblo 10 rho uo<r. 11 o p<o¡;rom io conoct wuh roopcel 
10 ui inodcqu•t• opccoh""""· '" cone<ln<ll io of httle "'"'· 

Conooqucnlly, olthnu¡.h 1uun, fur comctn•"" lht nocsl 
,·omtolon ""d t.cot undorUo<>d '""'"' ~ool, concotn<5> is by 
n~ mean• 1hc only onoporUnl proporty of ""blc oollw>rc
-d,,hoi1ty, robuOtolcOO, dheo~ncy, ond oth<r prop<ltoeo (ooo 

1 21 ) 'aro •loo of oiKnoficonl 1 mpomn«. But lhcsc propcll ioo 
"' ¡.,, cornmcnly th< focus of toollng ooti.,tics. 

In d,<lil"'"l corr<ctnu• um, 01 11 omporLonl 1<> koop • fcw 
ptonc;'f,¡ .. '" nund. 

1) "ala< k boo" '""{o e., test """ chu><n wilhoul k no ... ' . l<dl" of how • pro¡;nrn ha• be<n ornpl<m<nlcd) <onnol onoure 
1h>l oll con«lnc,. <I<Oro or< ~<l<Cl<d unlc" th< L<:>ta ,,.. 
nhausti•<, , <., <onoiJI ol all rnpuiS ¡n lh< procram's mpu1 
dom>in. Eoha<>Sii,. ""' oro olmaol n<><r pra<Licoblc, hm•· 
""· lnpul dom10no ore juot roo 1.,;<: <>flcn Lh<y ore not 

''""'-2) E•<n "Jioss boo" Ulll {o c., 1<11> choo<n "'"" full kno"· 
l<d~c ¿¡ how o pm;nm ""' ~·•• ¡mplcm<M<d) "" 801 n<«•· 
<olll> odcquat< lO d<tccl oll <OII<CIRCI5 <n<>r>. For .. ompl<, 
><lccton, 1<111 oo oll bnnch 'ond"'""' in o progrom or c•cn oll 
"""''"" polho throu~ • prcsron\ "' """"<d wlll no¡ d<t<el 
on • .,",,,¡o bronch or polh Lh" •hould b< pre><nl '"(he P<o· 

"'"' !• '""''"~ ( .. , ]121). 
31 lhc "'"" dlccll>c wo~ to deoi~n l<olo is lo h~polh<S!>< 

«lUIR •oltw•rc <noro ond thon lo ~<i<cl 1<" ooscothat "'" 
¡10¡ ¡f 'ihc orrors ,,. prcocnt. We d"'"" ••r•m ol thio ap
pr~Och bolo,., 
r~u.nt rooc.:ch •Pproaoh<s fm d<V<IopJR~ """""'nc15 

,..,; foil, in 1wo """1"""'-d<l<rminiotic and prcboh•liollc, 
D<t<"rmonlsuc m<lhodo ocleco I<OIS lhol w¡ll foil if cullm ~md• 
of Ofron (ind onl~ lh<>>< kmd• ol «r<>n) oro preunl in o p<o· 
¡nM: .• P<oi>.:rblllotie m<llooll• rm•idc <OLim>tu of th< h~•h· ' . 

<10d ol wnd<l<•l<d <ll<>ts t<ffiO<RiftJ on • pro¡;""' wllhoul 
,,¡ fui!~ JUoronl<<inJ tho< al! orr<>n (ni "'"''" ~ind•) ho" 

too<,; <!om;nOI<II. Pro~•b•l•.,io melho<h '" •omcd nol oo mu<h 
,¡ d<foñ>BI ht>w <<> ui«L <<ol dOlo bu< ,.!hcr 11 '"'"'''"' lh< 
clf<iti>;,n,., ol lUlo 1ft unto•mn1 cnoro. ~ .. -·l•aiiOflworc 
L<lllf\1 m.rhod IJ•n both a t<~ablc ni<>"- cfftcl!"n"" 

\• 
" ........ ....... 

and, !f Lb< m001ut< indiutc• mor< tntin¡ io nc.:dtd, oh<>wo a 
tnl<t "'hero fuflh<r tostin&<ff<>!'l will be profolal>lo. 

For ~.,mplo, thc <loWrntinO.ti<: opproado io ~!,..tr>tcd by 
O>o.,·o 161 tcehniqoo for 1<01in1 conununkollOM softwoi'O 
rroroo;olo ond NOJII"" implcm<fltin' lh<no. Suth prulocolo 

- con be Jn,:ri!lcd in torn11 of finllo otol< modom<O. n.o,.. hos 
oha"n 11<>1 Jl•on In u¡•r<• "'""'d ou lhc nUnll>'r ullloloo In 
th< """"1 finll< <1110 ft\Od\lno, o .. , .rl l<ol u ... <•n b< 
J<ft<<o\0~ lhot wi!l d<teot oll errcro duc tu ,..,.,;nJ stot« ond 
'"""n~ or •ncorrut •"•1< troMillono. ~ p<o~rom inoplcm<nt• 
'"1 ti•< prntocol con bo d•l~rnlj"'"jo.olly twed wolh lh .. < 
'"~'"" 1<> ~<termine Lf il has rcahzc~ th< intcndod J"i~n. i.c .. 
oueec>Oiul uocutiun irnplocs 1ho impl<ment•li<•• io oone<L, 
Wost ]) 11 dc .. ctit><s a <i•nilar proe<·durc loo d<lootin' •Yolcm 

~e. olio' ko, fl<>l<nLl>l '""" of "'""''"'• •"d olh<r communi<•· 
IJ<>ns pmlll<ul ""'"· w.,, olsn '"~""" th•t lh< proLa<oh bo 
nomld<~., (onile SL>I< ""chin••-

AnuLh<r <»mpl< uf tbe ~ctcnnimsti> oppro.eh io Lhc <>ne 
~c•..lnrcd !oy Whil< anll fohon llll. Th<) >ll<mPI 1<> dO<<Cl 
..,nly onon duc to iAcoerocUy wrillon br~nch <<>Rdilionl on a 
¡uocr•m. They parlition the input donuin of • pro~um onl<> 
cquJVal<n~ ¡;Jasoes such th•l coch clcmÓnl oJ a do.5>,.,·u><t 
o«UI>Cn o( lh< umc Pr<>Jnm coatrÓI no .. p&Lh. TIÍcu L<Sl· 
in• 111olc~ d<ocribeo h<>"' lo oeloet tos! d•l• to dctcrmlfl< 1/ 
tbo boundiiÍC$ dcfonin• a cl111 n .. c becn ohlft<d from theu 
~utr«l po<ilion. Fo1 e .. mplc, ,i•cn o boun~ory dofoned b~ 
on crd<rinl relalion, c.¡., JX + 2 > l', thty Wo"' why in ~<n· 
oral ¡hoce 1<11 ...,,., orc noo~oa to sl>o"' wbcth<t 1he boundary 
h01 be<n cotrc<lly sr«if><d-1""<> test points on lhc bound&fy 
and un< off lh< boond•oy, e¡, (3, 11), (-1, ·1), and 11, 4) 
..,_ mor< "·"'" oppmach Lo I<SI cooo od«llon wuuld 11sumo 
th>L 1wo 1<11 enes would oufhcc~one i!l wl.,ch the tdotion 
"""' ,.,¡,f,cd, ond ono in which ir "'" nol. llul Cohc11 ond 
Wh •<<'• '""lyois shm•s why two "'"' ore inoullo<i<nl Lo dclctl 
<lr<>ro in lho c<><flltJ<ntl ShowJnE how onluoli" l<otin¡ap• 
pro>eh<l con b< made~uate io on impo•tont rooult of d<l.r· 
nunioli< lcllin1 reoeatch. 

Th< ~ono,..on o:lemonu in d<t<lminishc ""'"' appm•chu 
'" !) thei< fOC\1S 011 dctccLin1 onlr eclloin kondo of moro in 
lh< obocnce of oth<t kinds olonots, ond 1) lhm d<>elopm<nl 
of m<rhods loo oelecton& test doto that ¡, '""'"t<ed lo dotccl 
thc,. crron if Lho~ ore prucnL A pH>duch•< •••• for funb<t 
<<oc>rch " d<f1nin' 1<11 <>>< .. l<oction mctbod1 for oddnionol 
,,,,.., ol <I!Oro. s~ch r<>e11ch " n0cdd 1<> pro.,dc • fum 
thcorcuul buis to &uide soltworo ongmecring p<OCII<:<. 

In ,·onolloll te th< d<l<onmi<Lio appmoch t<> tcston1. IR 
whodo CU<' ,ucmpl> lo find "" ,.,., ~~'""'''d 1<> del"' 
coruin k1nd1 of <rlol'l, DcM,Uo ot ol. ]8] ho•< de><lopcd & 

1""~'("1""" on<lhoJ lor """'"11 tite q~ohty of • 1<•1 "'' 
w!thool knuwin~ proci,dy wll•l "'"" 1ho: 1<" ocl "abl< lo 
d<l'"· Tllw method requ;,,. "onulaling" (¡e., n•odifyon~) 
the pro~''"' lobo l«l<J hy inorodu,in~ ,,.,,¡¡ ch•n¡c• lhst 
"' li~cly lo be cr<oto. Th< o11g,¡nol progrom ond thc n•ollt<d 

1""~""""'" 1011<~ u sin~ lhcwuoscl of "" ""'"'- Th' quollt~ 
cf rhc tcll "'' io determino~ by lh< numbcr ol mutan!> ¡en<t• 
"'d •nd by how n,.ny f•ol Lo pa .. lh<I<SIO ld<ally,ol! m o tORil 
f>il. Whcn "'"""" .,. noL <hmin•ted by lh< l<st•. onc "'"" 
<Oiltcl ollcmpL ro f¡nd 1<11 dato f<>J "hoch thc motonto will 
l>ol "' d<ononoll•l< lht lhe mutonto ar< <quov>l<nl to • correcl 
J'!OJI'Offi. 

The principio undetiYinl rhc mut>LÓon oppmoch to '"'"''' 11 
'"Tut doto thar dillinJUiJhes olJ P•"'r"'" doffc<inl f1om • 
'""«1 one by only •implc nrors ¡, oo ><BS!!"< lhat h atoo 
;••rh<Uiy diotinJU"hco ft\010 compl"" cnors" 111. 
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Th<to il no '"'''"'Y ,¡,., oJI '""" uo Ob.<oY.,d 11 111< ocl 
of '"" oliminoles oll incortO<I mulon!o. Thc '"~mrllon, 
ho.,.<••r. io thol in pnuieo any romoinin1 '""" ,,. nol 1••· 
rorunL .. Reou"" io cunenlly un~<r'*l1 La, .. le"'"'' utcnl 
LMo noumpucn holdo ond lo 1<< whu kindo of poa.,om muU· 
<iono ,,. m <ni "'"fui for .. lldoun1 uol "" [ 11. 

S<>ft"'''" ><01001 lo nal cunenll~ on enlin<<rinl diodplino. 
Th• th<oHih:al buio nocdcd for ouch o di>Ci/lline oim¡>ly <lou 
nor r•< ooWI. Bul our uompl., el r.:w ttolhll opprooehu 
oho" lhlloomc J>IOifOSO io bcon1 modo. 

Whil< "'''''"' fof ohcO<)' to Ul<h up with \~o neoolo of oolt· 
wore de•<loperJ, ICd<y'o IOfl,.or< <nlin .. ,. muo! opplr ruleo 

· of lhumb lurn<d by upomnco. Th<1c nalq ore ,...,¡¡ U• 
piJined by ~y<rJ [2lt, [H]. whOO< boob <oal.lin whol" 
probobly lh< beol eurrenlly .,.,loblo <oli<Ciion of load pllt· 
ticu for d .. oJoponiOOhW>r< lem. 

Puhopo oho mool 1mponon1 thinl lO remomb<r tbout sof¡. 
,.,,. no<inJ io th., •hhoush ¡¡;, necqo.ory, il ctnnol b< lh< 
1.<11< meono of cnourm& oofl *'" " r<lioblo, robull, on<l uodul. 
Te obuin oof¡,.,,. ho•on& thou proporlltS In ou/ficlont mu• 
•ur<, one mus! ""' oppropriol< qutli111aun~"" l«~niqun 01 
coch Slll< in lhe soh*&n: dn<lapmcnl p<O<UI. T<11in1 ;, 
cnlY one of llo<>< "''" 

A.o noted p«••o•••~. sofl,.orc dculopmul il onalo¡ouo to 
!he buUdinJ ond l<llm¡ of 1 hard,..or< prototyp<. A<<onlln¡ly, 
OU<mpU lo ..... ,.. so/oworc quolitr ohould ollcnd pnncipolly 
lo ¡he d<OII" procoa ond ohould ontly>o il.l outpuu. lnd .. d, 
H. Mil!> 1181 reccmmcndo!Nt 

e;,.,. doubl< •-• bvd,;<1 o..S odoo<lolo (to lat tilo.;...,,;., oh 

r<qu.,,....,, roo """'<lilbili!r), olo ""' o¡IOIHI lh< ''"' -, .. , .. ,_,p<DII ,, "' ........ •""lNpoelioll.. 
In thl> oecllon, "'' <<>i<wl~< ocftwue d .. olopm<nL proo:coo'o 

mojar oell>iii<O, nomely dui¡o, CCI!IInoction, ond l<llin1, from 
1!10 penp«IJ>< of wh•t pro .. o quallly "'"""" pnn<>plu 
ond P<e<<durco ohould b< oppüed, Co><n1• o( oll thc opph· 
cablo l<<hniqu" ond roolo "nol poalblo h<«. Rothor, !he 
inl<nli<>n hcre io lo '"""'"Y lile olo\e of ¡he an u prootiocd with 
oulu blo referonc., ouppliod for rcoder follo• u p. 

A. R<du<i"l D••~• •nd Spu/fi""rlon Emm 

Soltwore. d"'IJI con b< chOJococriJ<d " o!locotin1 requ11e· 
mcniO to <he componcniO of on orchit«ture. Thll o huaco en· 

ulion "'"""- th>l o deoq:n """"''' cf por" (modul<i) ond 
obW inl~rconno<Uono (lnl<tfO<oo! fm the purposo of reali<on' 
o l)><n "' ol ,.qu<~omento. Oeo<IY lhio pruuppm.co lhl! thc 
ooh,..,. requ11em<nll or< defoncd and onolyr<d prior lo tho 
dni¡n ocu•n~. Wnho~o ¡,.., oslosfyjn¡ thio )mpomnL pr .. up· 
P">>llon ol! •ubsequcnl dfom lo oss~« 1 quolily p1odu<1 are, 
01 bes<, '""luided. 

h<l'nlly, ther< are quotc a re .. <umpctinJ"dUoln m<thod· 
oJo.,eo" o/lenni • ooft ... uo de""""' (cr 1 de•i~n Ioom) prc· 
OCIIPIIORO of <Oplioll Olop• 10 f<>lloW U w<JI 01 O OPO<>fo<. 
¡ropluc nctoucn lor r<Pr<><nlln& th< raulton¡ d<ll&Jl. Wc 
m<nhun hc1< romo of rhe moro prominenl u>rroochco: OI<U<· 
lurcd d<>o¡n [211, [22), 1291, [36[, th< Joctscn mclhod 
[1~1. lhe Womoer~Orr apprcocll {1~1. 1301. oh< J<tuelur<d 
onolys>O aod dCII&Jl !<clmiquo (SADT) [9),[171, thc rcquo"· 
mento en;ineenn1 -.l.odation oy<lom (REVS) [1[, rhc oyOl<m· 
Olic dcoi¡n melloodoloJY (SDM) [31, !141, !he <>P<IOIJonol 
oo/t*O<< conccpl [::l6l, [351. hi1hor arder sc/owore (1105) 
lll[, snd !he orchlle<ture dofinuio~ •<•hnique (ADT) [4 ). 

·~O~t:~DIIIOS Ot' TIU: 1~[(, YOL. U, liD .•• iki'TUWUUI .... 

Gcncrotly by u<in¡ o Lop·dcwn Olni<JV, ooch al Lhcw 
mothodo d .. elopo 1 ocf¡,.,,. oyOiom dcoil<l " o vcup 0 ¡ 
eommunlc>Lin& modulu. Such \op-dc'"n """"'' pro<ccd 
lrom tho ""Un! lo tho pori!CIIlof by ro,.¡ ddlnin1 the conleol, 
th• functlo•, nd th lnterfo""' foron~ modulo befo« opsc:ify. 
ln¡ lho lntornol dcl•ll• of lhot modlllo, 1\ow .. .,, lht •oriOilo 
mclhodo ore fYada.,enlollJ dllfo,...t i• •loo\ \boJ <e¡ord ., 
impwto•t o•d l• ho"' \bey &\loe- 1 d<:lliJI pr<>blcm. No.~urolly 
lbo I"J>~Ic nol.l!lo• UIOCiolcd wlth o Pllli<~lor mothod 11 
"'•11 oultd lo rep.-.n<io:>l "•"'ron••t" oyuem upet\.1. 1'1111 
io, lhe ~ry •olltloft for ,.,......,;~1 o dai"' orchol«t•« <n· 
forceo obltr><llon by ncl~dinl or dcfcnon1 le" omportsot 
oope<IO (u jlldFd by o nuthod'o c<eoton). Some of lhc OY>· 
le m oop..:IO lhot huc L><en u,.d by nriouo d"il• melhods fo1 

"'"''"'o "&OCd" dnian ""' cont11>l fiow, dl!o now, !he 
input ond out pul doto oltu<l~tco, lho ¡ot<rnol doto·b.,. 11111<• 

1111<, ohmllluoJrcspon,. th<eodo throu¡b the oyst<On, hic,.rchi· 
col docompcnition of oystem luacüons, syotom 1\olu (01 

moolcs), ond thc uanUtiOno l><l,..<<n thom, d<¡><ndeMi" be· 
rwecn fuou:tions, and mt,ior ors1<m f<olura lhll ohould bo 
t01oly <hOOI .. bl<. 

For o scflwo« quolity '""''"" •ie,.poinl, tho« 1« mony 
od•onto~ lo sdopoin1 o PIII>CUIII d<ltlft method oad v•phoc 
nol>lion fpr f<preocnun&o du•Jn. Such 1 "'"d.rd esUblllh .. 
o llu.io lar uainin1 ond for proi<<L commllnio:•lion. Tllio eueo 
lh< introductoon ol n<w petoanncl dunn¡ ~c•e!opn><nl ond 
pll>•ideo o UO<f...t "mcatol framew<>rk" f<>r lhc "'"'"'' main· 
toóncr. Once oelocted, d"iln uon~11do <nhonco oh o dfO<.CY of 
oll intemol d"il" ro•oc,... ~Y pro•id1n1 oome obj«h•c <lll<uo 
thll con bo uniform!yopplicd wh<n '""""' dcsop "quol<lieo" 
ouch a ccmpi<LOa<S$, <onec:tn.,.., ond clorny. More<>"'· 
ound•rd d<.,¡n doo;umcntolion con -ond ohou!d-b< supporl<d 
by oohws<< loolo lhll stor< !he desip informohon for o11b· 
sequen¡ ~ueneo, lbll oulomoucolly produe< 1 mndord fC>• 
mot1•n1, ond lhol rcpon en ¡he conoiol<•<1 ol rh< d<11an on• 
formalioa <rii<!Cd lhUJ for, Somo ouoor<:h ond d.,cloprnent 
dforu (bucd on Plllicullr dt<ll" m<1h<>d1) ho•• ulcnd<d thc 
deoi¡n ouppoll tocio Lo tncludc oimulotiono Cf "onimOiiono" of 
lhc curren<ly <1o1<d deoip. In •~mmory, "'''~ r<Sjl<:<L '" u«n¡ 
o deoi111 m<lhod upcrocn<e indoeoteo tloOI '"1 fUICftlbl1 ·~•· 
l<rnstic oi<OI<JY io b<tl<r o han nono. 

B<oidco deoi1n n:•i<wo lntornol 10 1h< d<•<lc~mcnt lcom, 
O<•< rol formol d<lll" rcwiewo for lh< b<n<fll of O<nicr mono¡t• 
ment, th< cuotomer, ond on !ndepend<n< qyoJuy uouronce 
~oup .,. od•iooblc. Esllblil.hcd praou« now holdo Lwo IYCh 
r..,rmol es«ciou col!ed 1~< pJ<hmino<y dt"l" •cwiew (rDR) 
ond <ht crni<ol d<lll" ,.,¡,,.. (CDR) T~e PDil ... ,.,., 1he 
P<CP<>Kd dno¡n orchll<<lur< for lc¡jcsl &nd l<<hn¡c.ol f<aSibll· 
ny. All ol lh< 1611""' ump-cnento (bolh P«>«durol ond 
doto) ohould b< functoonally opecofoed """ inl«fooeo idonti· 
r.od '" oome d<iul. In oddnion, • plon ocheJulm¡ oulto<quen¡ 
dc11¡n, implomcnUiicn, to11in1. ond '"'''"''~"'"k' mull bt 
p'o•id<:l. Drolo uoer ond mointentn« monu•l• ond o propoood 
o«cplanc< reu plan ore opprcpriol<. Th< CDI\ focuo., on 
>mpl<m<ntalion ond p<rfarmon<e lcuibohly. 11 ¡ypocolly r<• 
QUIICI lh< doUilod ol,<>nlh"'O, doto otrUOIUICS, ond onlerf•« 
lorn••ll olo"~ wj¡b "'<mory ond <>«ull<>n ¡imc bu~1,,. for 
uch oof¡worc elemento. Uou•lly .,,;,¡y.,,, !he CDil "o<lion 
ol<n,.•· " lhc prcroqu.,it< 'to onii11Lln1 ocluol <·odin¡. W¡lh 
rUp«l lo inttmal ond formol deoip tc•icwo Glno ( 11[ h•• 
.. ,d lhl followon1. 

Woll omp<o<IOnl, IM '""""' Gl lo;u-." •••""'~'"' o o p<a"''· 
Tho po:opj< who outnd mu01 "'Ml<ll'ltnl, .. oliO<!, Onowl<d¡: .. bl< 
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' ·. ;., "" opmfO< pouiMm "''· ""'""'""'· •nd hm lh< lomo 
,.,¡Joblo '" d<~'"'"' lhem•"'"' to Uw ,.,;,.., Onl) Lh< '""""' 

oiuno of c•r•bl" '"'"'''" ''" ""•" • d"''" ,.,¡.,,. '"''"'"fut 

Th• qu,Uty "''""""' role In a dou;n rcwltw i1 lo uamine 
¡he do<iJn for comploten"' (oro •11 req~iromento addromdl ), 
h" 4uolity (uoin• ohjc>to•o •m•ria ~•rin~ frualtho ~tloctcd 
d"""' mclhod), ond for odhoroncc lo Jlandorllo. 

B R<d~<<nl Coni/Tto<toon üro'l 

Sufl ,.,,. constru<tion " concemcd wolh !he dcoi,n of m o~"'' 
oualls ond then wilh ••rrou.in¡ !hose dolaiU in ne<ulabl< 

1oJ<. AIJ<>rithm d<Oi"'. do" loyou1, and •cceu conoid<ro<oono 
"'centro! 1<> thio aoti•ny. Alrtady th"< io a rich body of 
~nowledac about opctlflc al~rithmo and dota olructuru al 
.,o~¡ os 1h<i1 <<laHv< pe<fcrmanco Uodooffo. ay domonolnbly 
Mlpons 101m pro•< 1~< qu•lily of ocfl,..are conruuolicn, ""' 
1'~""1 p~><li<OI ~'" &aincd wid .. pr .. d o<«pl .. u.-orruc· 
lored pro¡umm1n1 for delo~td rouline ond dala dOiil'l ond 1 

lu,het order l&n¡uore tt!OL) lot eodin¡ prc&romo_ 
Slro<lu<Od pro¡rammin¡ in•ohe<the hiera:thiul fobfi<Oiicn 

ol pro,romo ond dota muetu<Oo by mano of lh< np .. red 
>p¡>lo<•lion of oome l»oie ccm(>Q<IIion rules. For rumple, in 
-.,ruerur<d eodlnz" b&11e ""<meniO (oueh u ofllhmel" 
""'"'""" ond UOil'lment) may b< eombine<l ¡n(c ccmpcund 

""'"''"" only by """' <IU<m<nl "4"''"'"'· eonduronol 
1ol<elion ol a ¡roup of Uo!<menll to ~e n<<Ut<d, ct con~o
' '""'' nerouon of oome U>l<mcna. Thol 11, the une<>ndnionol 
~"neh or GO TO on<ement it "cludcd from <U<>cl<>ted eull 
'"' (>O<n<hme• enoneoudy •h>ra<l<,.«d ao CO T0-11 .. prO" 
¡;rornm1n&). Thae r<>IU<Uono ¡<neully oimphly o rouune'o 
Oo~-o/-eonlfollozic ond ho>< dtrnon•rr•bly redo<ed o"'"'''' 
c.nl so uro< ol eodmJ tnon. In leos s~an a dceode, nnrctured 
pto~romm>nt hn ~one lrom • rroposcd orpro.ch 171,1!91, 
llll to on opuouonol 11>ndord lot most ""''" .,n.,..,t 
de .. lopen_ 

Cod1n' sllnd.td• ineor¡>orore uptc" ol uruc!ured ptotttrn· 
m1n1 ,.¡¡b r~l<> lor in<kn<olion Cl<> !<O<cl neonn1), beo~er 
commtn<S, idenuher n>meJ, ond ¡he I<OJih of roulin., (ro 
<ncouro¡< •hon, full(C!ion•l procedure~)_ A m>JOt premist of 
"'""""d prouommin1 " lhot pra¡roms '" 10 bt r<od by 
ptople u well" by computtn. rro<eedm¡ on 1hio premiso, 
quoluy '"""""',,,,.;,y hu «<<ntly indu<led cod< reod••l· 
Thc rroduionol d<sk checkont by !h< pro"arnrntr ro prornobly 

· au,rnented wub • more formal P<<> tod< , .. ;,,. 110) thOI U 
.cl><du!ed, conduoud usin1 cheoUi•ll fnr '"'don«, ond t10eked 
"''h oll the lt•PP••P o/ r<poriS, '""'" 11<mo ond /olio..- upo. 

U""' on UOL mol., .ol!woro conurucuon mueb mor< 

ulioble ond produouve thon """' uoembly ''"'"'''· C<><>d 
opumitin¡ compilen con ncw produce code lbat " wilb¡, H 
!""""' ¡, hoth •P•« ond ue<ulion Um< of wtll·etol!<d 
ommbly ''"'"''"· HOL codt,. '"mue~ enier lo produoe, 
cho<kour, ma~ntoin,ond n>od1Jy thol ilohould be u>td fora!l 
lout !he "'"" min,enrly eonstr&ined torge( tnvironmrnu. 
lnd<td, Fred lltook< cloirn<, "1 eonnol .,,.¡y .onceo•< o pm
l.umminl >y>lem 1 would b~old on '"'embly long~•1•" (5). 
lnttro<li•< d<buu;inl in the •y m bolle te<ms of the HOL "'""' 
pror,.rn oul»l>ntially <p«d> ro~tine <lo« k 0111. Mo<lern typo~ 
ltOl's (>u<~ •t ruool (l4J) ~•<ch mony dato mletl•« ond 
""'""erro" durin¡ onmpJouon. ln wme <••e•. detoiltd de· 
1110 ooñ be ~<ll<f r<pr<>enl<d in o 'Uit>bl< 1011rce HOl (be• 

""" ol lhc auton~>to< ch<ek oul ond ''"" "leren<~nd u .. n 
'" fiowchono or in oomt pro¡ram deo1.1n ¡," ·" ·~· (PD L). 

... , 
T~' burden of produein' d<toiled dc11~n do< umentoliun ond 

of """ '"""¡ "'"""' roulln<> bUen obooure• whol lh< """' 
¡111 proJuol o/ooflwato devdupmen¡ il. The r<al ¡oalohould 
bo to plooe, oyolem {lndudinJ pooplo, rn.ehineo, ond ooflwore) 
onlu o.lioloelory u¡>ottlion, Conoequenlly oyalcnt ond ooft• 
wore in!O(ItlliOn oro promlnonlly plaoed on lh' <ritieol poth, 
To btl!<t red"',. •nd '"'''rol lho ouoeillod nok,ooftware In lO· 
¡ro toen ond ""'"' tflor" ohould be d~Uibuled o"' 01 mucll 
of tilO coOinJ ellon "pouibl<. lndcod, • n>ote o<<ur>le moa
'"" ol ourrenl ptoje<l dovelopmenl """' i• "whot pen:enla¡e 
ol lhc toltl numbtt ol oohwoec rno.luleo Íd<Mtf¡ed durin1 
otohireotur>l dail'l ho•c beu ooded ond int<¡:.rot<d into •~ 
optr.tlonal ouboyotemT" Suoh o rne .. uro is fot oupenor to 
the more lr<~ue~lly uo<4 "ho"' mony Uneo ho•• b«n eododT" 
ot "how mooy modula hnc be<n un>! rutcd?" Ocorly o per· 
ccniii<•OI•modulu·IRI<JIOI<d mo01ure dociOI<I u.oin1 oome 
vorllnt ol o top-dnwn ]nop(.,n<,.loiiOn and 1 .. 11n1 ••~"•""• 
)171. A oilniliantlie.l<JY U 10 jdenlify S<>me o¡>e.rolionol 
oub><" (o< "buddo") of !he intended oy11em ud to do-.lop 
and dtli••• in ouee..,ion lhCM aubwu 1181. Thilopprooch 
pro•ideo on early obook out of the mojor onflwore ond IISot 
inl<rlo<to wh~e hdpin¡ (o idtnlilt aome impomnt bul non· 
technkal poltn\i.oJ pr<~bltmo (e.¡., Use< lrain;,J. deUury fct· 
rnot ond meehonllrn, .:oordiulion of mu!upl< contncton, 
<le.). In loe!, tootin~ ohould dri•• d"oloprnent in the ornK 
11u1 ~Icono /ur l~lin¡ wftwotc suboeu ohou\d dete1mino the 
implemenUII<>n seque neo. 

T tllint <IJI be rewdW n plh«inJ iBiormOiion on tht oolt· 

"'""'' rei>•bolily. Thltl •iewcd.tt<l requuemeru•. plon•, ond 
pm<odures"' wcU u deú¡n •••iewo ore" muelo 1 P•ll oltesl· 
'"1 " "ou:toJin¡ oofl.,ote oa o moehone. 11 "' bentli<rol !o 
hO>< o KP""'" PIO}O<I ltll or qu•lity wuton« teom oddreu 
tht" ÍUIICS. Fo1 eumplt, o 1<11 pto<edure muot elurly dehne 
the oerito of o<lions ttq<>ittd 1<> •etily thot o prodll<l meeto il< 
t<quitem<niJ. Thae IUÍOIIJ moy inel~de 

1) eonf'I"""J-onon¡jn¡ <he .,¡,,.uo, hoedwar<, people, 
ond lop<ria fct \he ¡q¡; 

2) oondolionin¡-brin"nl the oy11em lo lhe init10l Olau fot 
lestln¡; 

ll onuodueinl d01o-cntetln;colher "'liYe" 01 ~mul01ed doto; 
4) otonin¡ !he 1«!-in•liuona ond oynchroni2m1 whcte 

neertury; 
5) co!lootin¡ dolo-JOibttin¡ onopohol, hequeney, ond re

oour<e uhl1u1inn inloernotion; 
6) diorlayoaa t<J<>II<-oeleolin¡ Ofld /o,mouin¡ "'"'" u 

dJr<<l<d; 
J) oiU]JltOJ raulto-comporin& OC!Ual ]<> e>p«;!td, 

A ••titiY uf wft""'" loolo ouill In oonduotina ¡.,¡ "'""'dura. 
Thne tnelude en>oronmen\ oimuhtoto, t<•l dora ¡enonton, 
ond !<1\ co•en¡e •nolyun. 

In oumrnory, oohwol< do•oloprnent ond 1<01 U folfly onalo-
10"' lo tht de•elopmenr ond leotín¡ el o hord..-an prolotype; 
d"''" tfron predommol<. Thit lnoi¡ht holpo in id<ntifyinl 
onme m&JOI 10ureeo al oohwa« crton. A ••rioiU oolt""" 
q~ohly ,.,""""' dfort lhot locu•u on <hu< erro• oO..,ft<O 

rnu>t bt oeu•e frorn • pro¡e<t'J incoption. Tho ;., • ., ol «· 
qu"'"''"'' IUiob•hly, tr.ttob>lity, ond eou muu be re~ahed 
oorly. Oo1i1n ""''"' muu be eonduet<d /ot 1~1 purpot< o/ 
f1nd1n~ d<>>l" erton O<JOner ro<hcr thon lo«r. Pro"n m<lhoJo 

lor d<"l";"l, provomrnon¡, rno~m& lh< ""'""' prod<><l 
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Specifying Software Requirements 

RA YMOND T. YEH, 5UioOR MENBI"M, lt~l·:, AND PAMELA ZAVE 

,..,,..,.Mo~r uf oho ~ • ,.....,, ol ,.J'"'"'''''"" '""•lupo><al no 
loo '""d h> puor •...:lornoodlnl 01 ope<lll<oll"" ol wh01 ti>OOJ>!Un io 
'"~'oood 10 60. '-IYdo O!IOn~on io no,. boln1 Jl .. n lo pr<>J•oin1 ••· 
••1"""'" opo<olr.:oho•• ''"' ••• Ynd<nllndoblo, ¡.,,..,,¡, <nmplo!O, 
ond "'""'~oblo, Tbo ""'''"'' ""' «"'''~' ~~ <Un<oplo.J .....,.¡, /0< 
pwblom ""''""'ndlnJ "' dmo..,d; woh o>oololo con Corm lho b>~o 
lo< """'""""" on>111io. ~«hn<~•" 1<>< "lunin¡¡" '"d fo<no>lly 
,..,,,1'"1 Uoo oun«ptu>l madoj 010 lui>OJOd, ... ti>< P<opot l<o¡>f of 
0 ..,,,.,., ,.qoitom<nlo dO<om<nl·>n<ludinJ nuofun<Oio>n>l «qol«· 
"''"""'do a pul"""""-'_;, .. pi U,...,, 

l. INTkOflUCTION 

[

T IS Bt:COMING .vid<nl lha1 lho centnl problom '" lO!fO 
dato pto><<Ninl tomplc• .. io c<HUin•lly on<l chu¡~, ond 
nOI <)'OI<n'l dOY<Iopmcnl. By OUfl'Oni<llin'IIICI [61, moin

l<n ... CO <Oil \1 1~< p«dOn'lltiOIO COU OV<t \h< Ufo .-ydc O! 1 

.ofl .. oro oyOiem. lf lhio trond conlinuoo, mool Ol).&nlntiono 
wdl <V<nlually ~ mon¡led-mosl of lhcir RIOUr<:<l will be 
u10d lor moinl<nonco ond fow, lf any, will be ovailoble fornow 
d<•<lupmenl. lronically, m u eh of lho malnltnonce ooSI is due 
lo poor roquit""'"" opcc¡r.colion, 01 pointcd out by mony 
au1h011 1' l, (1), [l~l. 

Th< ne¡le<l 0\llltrod by th< «qui«nl<nU phose in ooflwarc 
<npnoenn& io nol llltpriDn& 1:1 U¡.h.l of the fo<llhot many tn
;noc:rin¡ disciplines evol>e in o bollom...,p fuhion. In lh< COl< 
uloohworo cnpnecnn,, pJopammert hod lo bond boc:lwudo 
10 occomodol< lhe compul<r durin& lhe .. rly doyool comput
in¡. Thc p.o~nrnno<~'o "''~ wu lo <odc smoll ol¡orilln>>S in 
!h< ,,,.chino IOOJIIOII< of • parllcUiot compulet, 11 wu con· 

11d.,ed ~ood procllo< lo "" u many clover tricko as poo>1ble 
lo "oquocl<" os much ume and memory out of the machine 
u po..,bl•. Thn roth« re>lrictivc environment Ioft liltlc 
IJoodom lo individual p«•¡;r•mm<l1. llo lhe comple.ity of 
pto~loml hu litO"'" ond hi,h·l<'<i loncu•l" hove emel][<d, 
ondoVIduol pro,••mm<n '"" no lonJot compro~end thei< pmb· 
1""' ontioely; hen.<< lh< n<«llilY IOt ~d«i¡n" ha~ beoomo 
.. id<nl. Wh~< "dositn'' is OR lnl<tm~iato 11<p bet.,..eon tho 
p<t«loo4 •ctl4 ond th< octual pJ<>d~<t (lho ood<), il noum<1 
11>" tht du;JI,.. hu on • pnon und<nlondi<IJ of lbi< problom. 
1M m~mpl;on io oll<n no! '"''• esp<dolly fot IO!J<, oornpl<> 
p<obluno Thuo .,olulion hu nnally lcod '" lo otudy lh< 
pwbltm of oymmolic anolyoio ond dcrivotion of soflwa~c 

"~""''"'""· ~lthuu&h m"'y le<hnoqu<> ond toolo ha'< l>"n dovelopod 

'"'""' th< 1"1 fe,.. Y"" (1). (161.128), !321. lo oid '" the 
wlY~I ond I[><Cir!<Oioon of "'''"''" requi10mon", mony 
,,.,bl<m• «moltl ln cunen! plOcti<o. Th< quollf)' of differ<nl 
,.~outm<nll doeumcn!S ••••• poolly, depcndlnl on lht ~oü-

Mo•"""'' "'''"dApoll 0, 1910:"''"' .,,, l, tO .... ~~ .. ~-· 
_ •·-"" ;. r><< bo lh< U .S. A- '''"' vndt< Cnnl.,« 1' 00010· 
""""' ••• •• '"' u.s. ~ ... , ~·"'• c.,.,,., u~sc ...... c..,oro. 
'" ,.,..,, "' ~oto ••• Co.,pu«o ~'""" O.po<tm<Ot, Uoow""' 

"'""'"''·C•n•o••or•."D '""'· 

l'"""d of th• uset/pn>pnnenl. Such d""""""u ore uaool!y 
mwu of d•toil, o (ten oompn>in¡ •olurn<J ol nl!u,.llanJIIO¡< 
nattmonll. Thore ""' no slondords ob0111 wha\ ohould or 
ohould no! bc lnclud<~ in o soltw•t< JOquuemcnl documen1, 
nor ·,. lhtre onY formol intera<tion bolweon uoer ond ~evelopcr 
wlul< lhe f'<¡ui1<1ncn11 are !oe¡n¡ de,.loped. 

We behe,. thot por! ol the problem rncoultletcd 1:1 d<Y<I· 
op~n• requiremenll is 1 lock of und<ntondlhl of what ohould 
be Uoc ocliviUoo dunn¡ 1hio phooc. In mony l«hnlQU<I prg.. 
poood, d<liJII u woU oo implementolion io cuniÓdued u por\ 
uf lh< tcquirem<niO do><umenr. In 0111 opinion, lhrec mun 
ICUV!IÍ<I ¡¡,,..Jd be punucd durin• lhe ~<quitcmt.niO phue 

1) p<DMtm ldtnti/it:1111on-jdenlify ond ducribo lho noedo 
of • JYII•m for «tl.tin purpDRO; 

2) p•obltm •ndmlondint-<ollo"o 1 ond onalyae informolion 
abuul th< oyllem and il> on•ironmenl, 11 w.U oo 1heit 
int<ro«ion; 

J) pmbltm IP<Ci/icalion-dcocribo lhe bchovior of lhe 
oyot<m. 

1 hu popet is inl<ndod lo be o \ulMial inttoductlon lo o •r•· 
l<mOik opprooth for gonorolin¡ toflwoi'O requitemenll. A1 
ou<h, we will look o\ oome of lhc boslc issun in roquiremenu 
~·n~Wion· Whal onformahon th""ld be induded in o n:qun<· 
m<niO d<><um<nl! llo,. ohootd .-.qni«m<niO 1>o: outcd? \O,'hOI 
'" 1ho funolam<nl>l olcp> '" th< 1y>1<mal1< d<.,ation of r<· 

quucmonto? Dolor< wo un procood lo somo of !he>< que>li<>ns 
wo ncod r;,.¡ come lo a conocn•us u to whol o «quuom<nts 
documenl is, ond what il is lo'r. 

11 "r<CI'IIr<mcnl" " somochon1 m&ndotory. lt convoys Ul 
<<><nlial pmperly or conJoljon th01 lh< syste.n noust ••tisly, 
Fu, .,omplc, o ltnlone< ou<h •• "'Woi¡loU ol up lo lO ton• 
muSI loe oupporled" would be pon of lhe «QUit<n>enU foro 
brid••· A pt«ise ~ • ..:nphon ol lh< requitcmcnto foca •ofl
~ ore syOiom lo t.ol.loJ oiOfll'""' rcqu,.emonu dooumon1 (S RD). 
Wo mty !hUI ~dino a .. 11worc roquitcm<nll document u 
~, "' di ¡>re<iS<lY oUiod properlO<I or oonltroinu lhll o oofl· 

"'"" 01110m mul! lllilf~." 
WhU< lhc SRD op<e1fieo ovMt lhe oy>l<m io lo do, l1 m1111 

nol oonstrun ~oov il 11 lo bo done, lor lh>l io 1~< prov~noo ol 
d<>!lf', H ,.quirenoonll anoly>ll lhink in "'""o lo poni<ulu 
IYOI<m OI<IICIU«, th<y wdl cn«n.~ly l<>ek that <l"i;n >010 lh< 
roqunomcnh. non il il 11 nol lho boOI oolulion 10 lhe real 
pt~blom. lh< brid¡c "'quoromeniO "'"'"'"P by o munid· 
polily U.ould nol opcc¡fy o >uopendon ~ri~1•. for in"'""'· 
bo<OUI< o 1ood civil cn¡inecr moy propooe o much mos<: coOI· 

ofl«ll•< ""'"~ .... 
To pul ot onolh« wor, an SRD ""bln.hu boundon<l on 

tilo ··wlwtion opaco" of <he ~mb!em of dovc!opU>I o uscful 
itlhwo,. <)'OI<m. Th<>< OO..n<lanu ore modo up ol propeniu 
ond eonolt>lnll whi<h un b< Ult~ lo 1<11 "hnher o prop0$<d 
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1cluticn (deSIP 01 ocluol fmplemenLationll& i~decd -.lid. An 
SRD " o bch.,im•l Jeocriphen of o ""lamil~" el wlubOn•. 
wlulo o doo!p io o OLI\J<turol deocripticn of • p&rtiouiAJ 10luucn. 

Tho SRD cculd be u,.J by many djffetonl poupothrouibout 
lho Ufo cnlo of the oyOLem lt op.oclr. ... l'inL of all, U lo tho 

~ .. 1& ter o ccnll&tl '"'"'''" the cuotcot><f and lho de•<IOI'"'· 
AddiU~nolly. Lho SRil lo tho ~'"' fot d"'lllll, fu1 do•olopin¡ 
¡he ""'' m1nuol, ond fo1 <<>nlr<>llins Lho .. olutlen of tloo 
''"'"'· h h no\ ourpnun1 Ll>ol l•ck ol o ¡ood rtqulllmenu 
m<Lhodolof.y hU conlrtl>uted oi¡niliouttiY lo the 0001 el oafl. 
.,..,... In \he n .. l "<Lion, we ohall di.scuJI con&Jn requir<
m<nl• f<>r SIIO"o. Sui>ooquonL ><oticno pr.,<nl o aymmol>c 
opproa<:h lor d.-.elopinl SilO~ os o aynlh.,il of oom< cf lhe 
uiotin¡ opproochu. 

Li. R.EQU\Mlo: .. ~NTS FOR RFQIJIAE .. EI<TS 

Wht io o MI ef criluio lor o ¡ood SR01 We mi)' derivo 
"'"" cJÜO>io by obscmn¡ Lho UMI ofthe SilO 

1) u o "'"'"' er communicolion ""'""' voen, u.pUU, ono. 
lym, ud duiJnus; 

l) to iUJ>pOr1 dcsi1n nlidotiO<t; 
J) t<> contr<>l Ll>e operotiono ond .-.olutlon ol tboayotem it 

opoc:ifiu. 

Sinee Lhe SR D rn~o\ '""' ouch • -.riery or pcoplc, pcrlupo 
iu rn .. t impononr ~roperl) i>vnden!ondobility. The¡reo!tot 
bonior lo hum&n lOOd<rll•ndin¡ pr<O<n!ed by LOdoy"o oyotemo 
pro~\emo io th<is compi .. >LY. ond oo \be S liD muot uoe ny 
o•oib~lo m<>IU L<> d<compooo comp\uil)'. Tite rwe moot 
fomiliu opp1oo<h<1 lo decomposil¡on of co.mpl<lity can be 
tetmed ~Ponitron"" ond ""ab<troctioo." PortitiOll io dacribing 
o .,)>ole (Lbe com¡>leL< oy01em) rn letmo ol ito rom. AbSU><· 

IL<>n ilr d.,.Cribsn1 o complolt •Y•Lem ••1}' ob<\10<1\y, ond tben 
o~din¡ l<t<~<Soi•• laye" o(~.¡.,¡ to lhc dncriplion. Thro prou,. of eloborotron IJ o(Len colled "mpwloo rolioomen<."" and 
Ll>o rcoultin1 deo.cnpti<>n h01 • h><tarchicol mucrure. Anoth<r 
promisiro1 "'"''D' io ·•pro¡ectron" el the deocrlptron onto 
••onhegonal"" compCn<nll, eodt ccmponr:nL b<ln1 o de><:np
hon or rbe complete >yllem. b><L <>nly mentionin1 o oub,.L or 
no propur;u An ob"rouo onalog¡o ;, Ll>al o two-dunensional 
ucb1\ectusal dto""'l ,. o pto¡eotron of lhe dexription lor o 
cmnple« lhrto·d>m<noionol l>uil~in¡ onto o portlculor •icw. 
Thcse u mu<h ro l<•>n obour how and wben t<> "'" uch do. 
cump<>Sit>on rochnique. but wrely !hoy con holp o perscn 
unders!ond lh< SRD um pi«< si 1 lime. 

In order ro be ol>le lu ,.¡¡~'" h>o desi1111, the do•igner muot 
be oblo ro oocen01n <hot rl "'11 !ood LO o oyotom fulfrllin¡ the 
contraer. by ><nfY"'II th>L cOEtain propenieo ol Lh< d'"'" 
uti<fy <he rcquuemenu. lluo requiru lhol rbe SRD ohould 
h"< <1>< psopeuy ol fo1molrt¡. Funhennore, o lounal ap<ei· 
l><otion con bo rncorporued rnto a deoi¡~ dou booo, ond oub· 
J<<l<d ro ouron>ll<d con>UI<MY <bockero •nd other deoi¡n 
roclo. Ir "••> non b< pou.blc Lo rn•k• rcqu!remenU sp<<>f,. 
couon:; <nlorpr<r.ble (ro., ""o•muloLable""). Tltis .... ould mUo 
I<Olrn¡ '"ila ble ., o ••hd•"•n rool 1 351. 

T "o '"u" ><e "'"'l"d ¡n >Y<I<m ••<>Micn <<>ntr<>l' a.oidins 
ma~in¡¡ ch•n1<>, 1nd mol;inJ eh••~•• co:;ily under th< con. 
"'"'"' tbar ··omi.ll p<rturbot>ono rn the environment ohculd 
""'" «>rr<opondrn"y omi.ll ch•nlO> in lh< oyll<m."" Te o><»d 
unneu<>"Y oyllcm <han~"· th< SitO mu<l be completo'" <h•t 
o11 conllmnLO ond ouuroptiono "" opliciU~ <1Ued. Thi> '"· 
cludu litO oft<n•n<I)<CL<d nun}unuionol rcquircmonu. su<h 
., eonoLroinu on !he perlo• 

•1"'"' ("< Secuon V). 
·,·o. reliob~HJ, ond cr»t et, 

•remo under¡o continuouo 

IJ_t:;_? 
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evoluuon 14], howt•or, ond oo Lhc SRD 1t1<ll mull b< cuily 

upd•t<~. lhuo the SRD "'"'·' olso hon rbo psopen111 ef 
""completen<,."" ond ""mo<lifgbillty" IJ]. The wosk el Simon 
1301 SUI.i:<Sto lhat both propetlieo m1Y be onhoncod by modd
in~ lh< <n•itonn>enl of th< oyotem Lo be de•tlcpe~. Thlo idu 
"''11 ~. d!ocu,.ed In S<ct>on 111 

·¡o oummoflu, Ll>t critori• on "'hich tuju<l1o on SII.D ore: 
undorotudlhilit~. lormi.lity, L"Ompletenn•. &nd nrodlliobilily. 

111. CON<"t I'TUAL MOPEIJI<C AS ~ B.u~s mR 

1\t.u\Jta~ .. D<TS SPIXIfiC H\Ot< 

In ordor lo writ< o 1cod SRD, on oni.lyll m,..¡ fin! hove o 
¡ood undentondlna ef the problern. Sur.l< on underolutdin¡ 
ilr uoually ochi .. ed ll>tou¡lr men¡a} modolo thot ui:t In the 
mmdo or onolym. Ho .. e\"or, fol comple• O)'stomo, na! only 
io ir impmalblo le! ony ind;.idua} to comprebead tbt whole 
preblelll, bu! ouoh mentol modelo tend lo be iniompletc ud 
ombiprot.>o d~e Lo lho inhe~nt complnity of Urc JY•Ien> to 
be dtsi¡ntd. 11 io, !borden, n«<Sio.J)' to c<>n~tniCI &n upllr:it 
formal fnodol from the •<1)' be¡innut¡ ond UO< il oo 1 basil lor 
oni.lyli1 ond hen« 1Úd1n1 ¡, tbe undontondina ol tbe probkm. 

A coiiCoplual model i> u>ed /or problom undero....,dinl. Ud 
therefor< un be reprded os o compkl ""knowlod¡e IIN<tu~" 
wbich <onoiot1 ol o bi¡lrly >tnr~tumd coUoetlon ol concepto 
on~ rh<if inlttetlltionlllipo. An onolyot moy pln undenLondina 
o( !he p¡ublem by "'nnipunt'" thwu~ ouoh o know!od¡e 
otrueLurc. Thuo tbe modehnJ procao conliou of o coUc<tion 
o/ octl•nleo ln~el•in¡ info!motion plhtriRJ. ani.lyw, ond 
ollucturin¡. h ín•ol•eo bolb bottom·up J>IOC<....._ <.¡., infor
mol•on eoll«HOn ond .ow<&otion, ood IOP-down proc:e.,eO, 
<.a., Cloro.ihcoh~n ond docompwltion. Tito SRO ;,. Ll>cn o 
precioc dcscnption or our und<niiOJldurl Ll>ro~¡lr modchn1. 
prncnl<d in separ•tc P•tlS whicb ose ""ml~oroni.l"" lo <o<h 
orhcr. 

The qu<JHon bdore "' now ilr "whOI to modo!?"" Ir ,.. in· 
structi•• lo quo\o thc followln¡¡llO]: "'A mill'I,Y!ewed "'' 
beho•in11 oy<l<rn. io quilO >~mplc. Tbo opporenr compl<>.iry 
o/ h,. beho.,ur O•<O timo ia lar¡ely o ,..nccticn <>1 1.1>< <<>m. 
pl<•rty o/ rhe cn•ir<>nmenl ¡, "'hich he r.ndo bim1<ll."" l..ortL 
ll>flwuo oyotom• ore U,o.¡m lo under1o conllnuou• chanJ<> 
Tbeu chon¡eo on. Primo.rily duc to <n>lJOnmental penurbo
boru· """' mocltinc bein& in01olled, now opplieotioru oddod, 
etc. In ordcr to ""dooip lor ehon¡¡e."" oo oo to n.inimioo tho 
<'Oiutrnnory impocr on Ll>e oyoLcm, Ll>c <onc.eptuol mcdel nor 
only n<<do Lo modol the ayotem L<> be de"(l:l1<d. but olso tbr 
cn•>~onn><nl in "'h1ch the oy,.em 1o embo~de~. 

AbotrJ<tly, wc moy segord lhe wbcle cnvironm<nl u o'" 
o/ uyn<hr<>nou<ly intonctrn¡¡ proce"" in "'hi<h tho IYJI<ro 
lo be Joou:ncd i> ono os ><><nl of !h< procuoeo. We pr<>Yid 1 
Lb< b01i0 1\rucruro ora simple conccplui.l mod<l in FJJ. l. / 

Tite IÍmpl< model depioted "' Fi¡. 1 d<.o<ribco the ll'<l<a 
ond Ll>e cn•ironm<n! u ¡..,e inouu:un¡ IU"Myotemo. n., 
ln!use< ollhe OnYV<>nment to be mod<l<d are 

1 ) entrti<o-idenLir.obl< ohje.:ts '" the onvironmen!; 
2) <•<nll- ""h•pp<n>np"" m tho <n•ironmenl 

The ""lloteo"" in 1.1>< J)'llom conoior of inlom>•••on .~."· 
rrlo"'nl entih<O ll!d thel! attriburu in 1.1>< enrironmq:" 
Conoidor for oun>ple. the ""h,..Lory o( pamnu•• >R o patio¡: 
monitorin¡ l)'lt<m. Thi> otole moy conLain Ll>e feUo~intO 
lorm.U<>n: potion! nomo, p•t>ent 10 numbol, "'""'""m'' 
modo on o po!iul"o heoltb focton d~rin1 tho lut >.io monr.~t.' 
The '"&<L>ono"" ef th< ryorcm oto reoponO<o ol IJ>c l)'IL<rnr; 
rhe e""" in rhe envllonmcnt; Ureoc aciJol\0 moy. in '"• 
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trip« olhct O>cnto izo 1~< <mironm<nl. Notc lhai the octon 
or p<<><:c"o"' of o<IIOn• coutJ bc cllhcr human cr mochrne 
¡..,Júch moy not b< >J>CC1f1cd al th11 lc•cl). Thc nclton¡u b<· 
rwcen lhc cnvi1onment and the ontem are c:uncd ouc throu¡it 
m<.,.l'l or ><>mc olh<r ouch communieotion flciliiY. 01 couno 
1h11 infonnouon o.tonc would no1 be oufr.c1cnt ¡o ~nclup thc 
n1oJ<I. To ~o '"· wc must •nolu•lc '" rhc "~no,..l<~J< b,,. .. 
conoluinc., e.,., lOiolion>lupo omon¡ cnlihn Nc~ 01 pan/ 

.. bol<, tnorann of, ocquencona of '''" "· <le. 
Note cJ .. r th< connpruoJ ml>dcl moy be corutructcd by 

m011Y ¡>eoplc ond honcc ;. o ,...,u of <:Onoolidi1Ílll '"""Y dif
/cunt vicwo. In 1h< procus, 1 ''"' dnJ of 10dundonl ¡,for
'""ion 11'10y ho•e been col!ectcJ in !he modcl. WhJo rcdun. 
don< Y foc~iloln urld<rslon<lrna, it 1noy oJso rntric t a d<sicncr's 
/roodom of choico. Thuo rodundon<on nocd ro be fill<r<d out 
o! th< conccprual mod<J lo form t~< SRIJ. Wc •ic•lhcn the 
SRIJ u lh< ,.,¡,,.¡ O<l o! .... nuol infonnotion .,lfo<led 
/rou• lhc co~e<pluol mod<l whicto "'" ccmpl<i<IY chm<ttrizc 
lh< oyorom lo be d<•<lopcd. 

l'h< 1uoJel p1ucnl<d '" Fi' l hu olltody parlilioned th< 
al .. bol <Mironmcnl lnlo ><P""' P•"'· Th"' mo..l<J con b< 
furll«l l<fmcd 10 modcl morc sophirli<ll<d •Y•"""· ouch u 
or<~•llnJ oyol<mo,·b~ PoUllioninl bolh lb<'"'"'""'"'"' and 
lh< compu1c1 syst<m '"'" """ o! uynchronou>ly int•rocllna 

P'"''""' 

oln ~umpl< 

!.d "' conOJde• a oimpl< uamplc by d<Wclopizol o paucnt
"'""""""' l)lleno, Th< 1niuoJ ~ IIOI<ment O( n«~o" 1S ~•<n 
., foll<>wo 

"" pollont-momlonna '"""' ,. lo be do•iiVI<d foro ho>pllol, 
~"" p011cnt io monotorcd by an anolnc de.,cc wh~eh "''""'"' 
l><h>IS ou.·h •• pulO<, l<mp<tolure, blood P""'"" ood ohn JO· 

,,.ton«. Tbc pro¡rom l<odo th"" focton on a pcnodl< bom 

'''"'"" lor coch pol10n1, h<PI a butory <>flh< locloJ •atu .. , 
~mP"'' th< lacoor ••lo<> ""h ,.¡, ron¡c1 •poc•l•cd lo1 nch 

P'"'"'• and no11f1U the non< o101Jon ,¡ ony foclm" aullido 

of 10< "'' <an(l<." 
In l<ncnl, ouch atol<m<nli o! nudo do no! p•o.,de oll tho 

onlo""'""" n«~<d for d<><i<>pinl t~< 'Y""" 
!"'"''~"" Ulo~ld bo eoUocted ond Of$0AIZ<· 

-ld111onoJ ,.,. 
"lo modcl 

,, ~ 7 

....... 

··--------------
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the o~Oicrn •nd its en•¡ronmcnt. For th< P•lient-monitotin8 
syown, for exomplo, "'' m•y coll""t lh< lollowin1 from tho 
need• olltetn<nt: 

J) <n/Ui<l-bospllll, pati<nt, """"'• ufc ronJO, <te.; 
2) ~>MI>-patient ..... onitotin¡, /octon<flul..,f-ufc-<anP; 
3) ry.t~m ct~poblllliu (orrions}-measurc f•eloll, ~«P 

lústory; 
") ll•ln-~ti<nt-lactor· h15t<>ry, foctoH•nl<; 
S) •n<icip•d<d ch••t~s-ft<quen<ic• of facloll meuu~. 

foctors. 

In l<n<nol, we m1y obtoon oddi!1<>nol r<tc .. nt infonnatlou 
lor our m pdcl b.,cd on !he fcll<>w•ng two .. ," mption< ) J 1) . 

1) 1'hc ol;oi•·P<<>conin~ rc~uucm,nlo of "" m~'""'tion c.n 
"""olly bt d<t<rmincd from tbe collecllon of ,.,ko rcquircd lo 
bt pcrfonnod Wil~in an o:pniution. 

2) ln .. ,h Or¡.oniuli<>n lh<l< is • <<>mmon undcrlyinl ¡.,. 
~'" okd fo1 tom•noni<oliOn '"'""' tuks an~/or the tuk 
J><tlonnen. Thio Ion~"·~· conmto o/ rcport¡, fileo, en· bn< m· 
quir<> of c•l"inc olola b,o.., <YSI<nu 01 q""'' moJ,lo, muoa¡:eo 
011d •erboJ eommuniatiDllomOJ>a tosk porfo1mcn. 

W< U.oJI no.>l be conccmed h<r< tb<><~t inlormotion aach<rinl 
ot lormo for colleclinl to>k>, d•l•, <le. tnt«Ut<d rudel1 ore 
tcf<ll<d to )H!. 

Thc nut 51ep in mndehnt is lo coni!N<l o moJel of !~e 
1<1"""' port of !he env~ronm<nl by l!tuctonng. For muotiOr· 
'"1 entitios )d&IO obJ<eUI, lherc '" ''"" l<n<rol 1pp10oeh .. : 
J<n<rallullc~ 1n6 IUJ<pticn ! J 1 J • The ¡enerahution bicr· 
""~Y "'''""'"dOlo obj«U in te "<ole¡un""" or typu. tn our 
<>omptc, o •p<J'Icn" foU• '"'" one ol th< !wo c.otaaon<l or 
<uhiH<> "nuroe" ond "pol«nl." Similarly, "h<ollh !"ton" 
hao •• ~<!<torios "bloo~ P'""~«," ••okin 1<0i<lmoc," "p~l,.," 
on~ "tcm~eroturo.'• 

Th< "'""'ion hicrorchy O<Joni><o dolo objocu inlo "<OJn· 
poncnu" oc thot ><•<nllo..,<r !enl concepto con be lUI<PI<d 
to iunn o hi"'cr levtl ecnccpt. Fo.r cumplo,&, op.re..,tion 
hie..,ch, u &~•en In f,,, l. 1\ "poli<nl" d&tl objoc¡ eonoi111 
el lhoo< 'omroncnlS, o "n.me," '" "•<l•nlll«ollon nomi>er," 
ond • "huUh factor""''·" ""blood P"'"""' ;•na<" (Son< 
of lb< <ompcnonlS .,ro "b"-'llh foclcr ""''" (lh< othc<<<>m· 
poncnu or< not oho ... nl, ond u, in '""'• hu componcnu 
"I•Jood pru.oure" and "ule ""'"·" 

1 h< c•••niution of da! o obJ<cll 01 cnl!ll<> allows ¡h< do· 

"'""' lo reflcct tlot. ""'""'' on lh< sy.olem 'o '"" rnformallon. 
Fut <>omplc, th< 1101< compuncnl fot '"" ~•ll<nl .. JI oon· 
'"" ¡nformolion oboot nom<, JO numbcr, on~ heoUh rutot 

'"'"'"'''"''"' history ond ron¡<. Thc ""''"''• of 0101 .. <011 b< 
r<o••••••U<d .. 1 n:lolion or ¡ablc u tn T abl< l. 
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Th< 1101< inlormo<oon con abo be Obl&oncd in 1 oyolcmoli< 
/uhion by obKNÍOI whol putitulil ••ent o<CUd, wb>l ma
''l' 11 ... do lo 111< •Y"'"' and .. bac uti"" io <riucrcd, ond 
lin>lly "'-'"' 111< in/onna!i<>n <onl<nl ollhc mcuo&O iJ dcposi1od 
"' lhr oyuom'o ''""· Su eh a O<qUoJI<< olintctac!lo,.. i> illul· 
trol<d in Foa. 3 "'""' lh< o•cnl "n10uurc foctoa" 1<nds mu
"l' "f1<1or-rnfo•m•bon" witll tontUII (POir<nl ID, blood 
P""""· l<mperoturc, ... )(tho brackell dcnolc&ocquencc 01 
tuple) lo lile ryot<m and triucn lho ooti<>n "inJ<rt footon" 
whtcll dcpooill th< m<>UJO contcnt lnlo lh< 1101< "patienl· 
foctot·hlltory.'' 11 add>I>Onol U,.&< tnfornnlion "''" u o 
quory rn<>d~l werc colleot~d,thco theotnlotur< ollht"potient• 
fo<lor·hi>lory" 1101<, whl<h io repr.,.en1<d by 1 relotion, ooul~ 
bo "nomuli><<l" ( J 2]. For <urnplc, o qucry "From palien! 
ID. &<1 pallent'lloCIOI ,.., .... .,...,Id prc.;de o "depondency" 
rolation: 

p1t1<nt 10- (blood r<oliur< (l),,,,. Blood prcnurc (•); 
l<mp(l), ..• ,teonp(nl; ... ) 

wloero n indieot<O tloe bistory record, l.<., n mtuul<mcni.S 11...-c 
been modt. ' 

Su eh ocquencc• of inlcraclion.o,. iUuolrol<d abo'<ooyol<mali
colly n10bln.l• ma¡or fun<li""l of lh< oystem (lht actions) u 
wcll oo lh< dolO flo~ (muuJeo). Simil..-ly, on onolnlcon eo
toblish thc eonlful flow, i t., lht ocqucncina of fun<llom. ThiJ 
i> don< by flnt ltudyrn¡ lile Kquen.cin¡ ol <•<ni> in lh< en•i· 
ronmtnl. fOl uampl<, tho n<nt "pOiitnl monitorinl'' con M 
opbt into ''"'" <><niS: "inilloli>inl d .. J ..... ond "inllill11.in1 
-"'""'·"' Thc """'• oclionl, """"!S ond the flow tyotenos !loen 

1to-.come lh< modo l. -'••lpio of the oyOicm can bo done uoinJ 
-lhil m<>dol throu"' &nolytl< metloodo, oim<clotion, or IRI<IJ)r<• 
tolion dopend101 on hm• tho modcl ¡, J<pn:Knt<4, llowc-.r, 
"'' wlll not be concomed with lh••• ÍBU<I hore, 

/V, TUNING 1'H~ CONCU'TUAL i-tOOU 

The mod<l holpr 1he onoJyll lo un4ontan4 tho problem, 
HoW<'et, ¡¡ moy cont&m rodundandco ,.rullinJ lrom 401lri· 
bulton of 10mt inlonnalion lnlo dtffel<nl "'tu, <>r b<eOUK 
~nfonnouon '" ccrtilil llateo i> no! ured al 111. Th<>< redun· 
dan<ioo Jhould not M incl~dod in th< SilO. Som~orly, th< 
doocnption ol &<ttons (Of lukr) moy contain in,..ffocJont or 
too m u eh infomauun. for cumplo, "u oc lhe X Yl limo
thonn& oyilcm" is o dncription with inoufft<Ottnl inlonnoloon 
uno.< it lodo inlonnoi>On on thc XYZ <)'ot<m, whci<U ''ure 
the X rz ol1onthm" contoino loo much utlorn\llion oin« it 
d<>crito-.• on lmplemcnloll<>n. nouo !loo conocptuol m<>d<l 
"'cds lo be "tunod" bdo,. lh< 5 ~ · " fmoli,.d. 
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Th< 1unin1 pro< ... u~t~olly lnvol>a compouüon/d..:ompo

<ition of IIIIC& 01 wtU 01 octions. In th< pn:vious eumple, 
two lltiC& "pali<nt·foctor-hulol')l" and "potient·lo<lor-ron¡o" 
ore comblned lnlo a now >lote called "pationl-lm!ory" u 
ohown in fi&. ~. On th< olhu hond, "'"m ay havo U.tUtuaUon 
ilhntrolcd in Fi¡_ S, !hlll•o pro<Ul<S (or actiono) hove accuo 
lo o ola!< but uch only u .. o only pan o/ thc m/onnOiion. -'• 
ohown tn h¡. S, rm«>< At u .. o S, wh<fUSAr us01 onlyS1. 
In thio cose, S can M dceomposed utlo tw<> ltii<S S, ond S1 
<!<d>cotod t<> At andA,, ru¡><<tively, ond rccombirl<d inlo r 
""' S' • S, U S1 oo that tho n:dundanl informllion S-$

1 

is oliminotcd. Similorly, tho dooeriplion o! otllono moy be 
"<unod" oo that it io thc m<>ot lor«sl d<><ription. We ohoulO 
R<>l< thol in !he IURÍRJ PICKOU, <CHOlO hÍfb·l<voJ lr>JOOJ~ 

Mt..-ecn tlot omounl of llon¡c to M ul<d &nd theam<>unt e• 
pto<<U>RIIO b< d(<n< oro ~<in¡ modo conillnlly,ewn thou~ 
"'' wouiO l•ko lo poli pone suoh dto.SJ~M u lonJ u poulbi• 
Onee t~c con«ptu&l model U tun<d, lhc uolyst con lh., 
b<~n lo wnlo do..-n t~e SilO. 

But whll "" th< compo~cnu o/ o canoepl\lol modtl itt" 
SR. O ond how ohould lhcy be dooeribed' Tho ortho¡onol coo 
ponenta el t SRD oh<>uld indudo • S<~bret ol tho followic, 
dependm¡ on th< oyllem to he de.elopcd. (Noto thll olthoo~ 
tbc torm "opecificotion" lo .,/ton &S">dltcd wilh d01i¡n, ~ 
r<gud toquu-omcnU •nd d<>.i¡nl .. t~inp thol can and oho..¡ 
be prcci.rely •P«ifiodJ 
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•·~o ~'""' doto rn<>d<h~ Ir< uocd to <1 ""'" tho rolotion•hipo 
.. ~ «>os<raon" on enULieo (or dota objects) of lh< "pClooi•od" 
woM. nuro .,, o lar&< number of Nch nooo:lcb In uboonce, 
q, th< «louonal modo! )10), lh< <nUty-rolotoonltlip modcl 
J ~ J, Lh< 1olo modo! )2), the obje<l·mlc modo! ( H), tbo simu· 
aouon mo<l<l )11]. ohc .. mantic m<>dtl [29). Thuc modols, 
.hll< d•fl<rUI in pb~cuo¡>hy, on u .. d lo modcllhc primanly 
"Oioll<" parU cf tho ~ercoi•ed world u te <n!Jtloo, rllation· 
oh•P• amonJ cnl iLits, orrribul<> ond •alu01 of ontiU .. , ud con
ouWtU hu<h u data int<lrily), Tranoformoti<>a betw..,n 
ollllerur moddo h .. b .. n otudltd by ae>nol oulhoB [9),)18), 
(29) Tilo uoe of o porlkula: modtl will depend on opphco
~ono a..d Che uperience of Ule ono.lyots. 

"lo't .,ilJ d...:u .. brienr tllt n:Lo!ional modo! hrn:. u eoruisb 
0¡ o S<t of mot~emotlcll n:lltio,.., Eoeb r<lotion con""' of 

0 oet of n-tuplco. In <><rr exonoplo, we llit o few cnllto<> u 
rehUord on lh< foUowir>l' 

' twont (poti<nt 1~, nomo, odd.-..., inrllrtll« plu, doxtor 
'"'~~~''d, nur>< ISiiÍin<d) 

Nur>< (nomo, Olotion, pauenu uoi&n<d. opeeiahy) 
/luU~Caro 1\u.iVJm<nt lpotitnl,~) 

UuUh foolor (tcmporotun:, blood preuurt, sk!n resi•
~. pulse) 

Tb< undultno~ domoono Ir< .. ucd l<y•. l(eyo In a «lotoon 
t&lt uniquoly identil¡ lll lb< nonhy domoino. In modtlil1¡, 
..-< moy inlerpret relouom ..-it~ oinJI< ~tyo to reprtl<nlliimple 
00n.,pto 01 ot<>mi< 1><11 w~orua multikoy r<lahono o« r<· 
ptJ<d 10 r<ptuennnl II.JI<ptiono of concept._ Chon- rn 
1/1< on•itonm<nt .. n be rncorporolod throuJI> lllebnolc np«•· 
uonr on r<lauono nrcb 11 JOLit, union, inttn«tion, projtction 

• m JIOL 
¡\ rP«•Iicotr'!n o' doto •i• an abstto<l dou m<Jdol aHowo tht 

4Uijn<r/mtpleno<nlor to dn1p o doto bue ur file otsueture for 

\11< •Y"'"'· 
1 f'ro«JJ $pt<!ficonon 

&oth o•onto and actiona in Fi1. 1 are proxuou. Wtúlt thert 
.rr o numbtr of "''Y' lo obotrau functionol opocifocotlono 01 
,.. propom k•tl 110!, formo ol stsucrun:d En¡lioh ouch .. 
Pl)l-119] or RSL 111 o«m to bt mool wi~<ly u .. d atlh< to· 

1,. .. monll t .. ol In 1<neral, whoruo o ~ocioion toble ilo ""'Y 
..,r.J op<r:ol, .. lion <ool "' b""""' •Pphconom w~~ l!mitcd 
,.,.wn gl cboit<O. 

t"'tlllY. • opocjlkatlon lan¡u&l< JU<h u PDt io a n:otricttd 
..,b,.l of En$!ioh. h• orntu ~onr.ioll of an "out<J" ryntu and 
,. ~ ... .,~ un<u. Tho ou<<f oyMn u •.,r r.imil" to Che 

11 otu of lh< <Oftl<ol otnrct•no·or o hrJI>-I<>cl procromm"'' 
l>r·r••l' He innu orntu <M<Iota of oelocttd opecJ.&I lnJiah 
oordr dct><ndin• M tilo appU .. Iion, 

4-5-5 

' .. ' 

Fl¡ o. ho ""'""'"· oodo o•• •=-•""'' ,...,,¡,.,., ... ,¡ .... 
..... $. 

For namplo, conai<kc !be loUowin1 opocifioatio"' of &n fUt· 
Lm< Reo<r•otion Syll<m ,...,., RSL IJS]: 

R·n<l: AIR.UNE-ItESe:RVATION.SYSTfJO 

OU.:ripUon: "Top Lo-.ol R<QIIÍI<m<nU loo u Altline Rau
•otoon Syotem" 

STRUC'TL!RE, 

AlPHA VALID-IlEQ 

AlPHA DET·REQ-TYrE 
00 1\LPHA RI:S\1 

o• All'liACANC 

o• ALI'HACON• 

o• 1\VUA C[T.LOAO.fACTOil 

o• ALrtll\ C~EA TE-FI. T 

o• 1\LI'HA D.EU.;E-FI. T 

"o 
'" 

'"h<l< <1<~- 1\lft!A u 1 l•nctio<W procouin¡ ll<p ouch u 
RES\1 (lleoel>'llion). C.-.t<C (Cuccllotron), OONf {Conlimn
tion), etc., ond cr.n bo funhor opecilied in m o"' doloil. 

C. Spe<lfk~ria~ af C""""""" 

Tbo cwo m <>SI. imponant oonsttalnll on on dato and control 
1101<11. 

1) Doro Floov: Tluo ¡p«:i!i .. ti>c rdotion>lllp l><l\oUR dol& 
obic<;l& ond proc=eo. Such o nloúonohip io usually upro,..d 
in '"""" of • doto·no"' dio1ram. Fcr ,.,mpto, Fr1. 6" o tor>
¡.,.0¡ l!ow dll811m ola b•s.inOSJ <nl~rpri ... Wt nott 111•1 O.llh< 
m<Jdtl d .. elopl, .. ,,.in .,:U""' (or ruh) wlll be n:fintd lo 
b.ovo cleanr lo¡ical doocriptions. For eumpl<, lile rotoillnl 
fun«ion 1 .. n b< funhor decompoS<d ur<o mut< pnmlliV< 
lun.CiO"'' Enter now c•utomcr, rece••• poyment, Wut in•"ice, 
<te. 01 a tow.er ln<.L The 1...-ol thot ,.¡,.,..¡d bo rneluded in SRD 
io tho on• in wl\]e/1 ¡¡,. lo,i .. l l>cho•ior of u eh proco;s con bt 
~OSCJibtd lnOOI <l~orly. 

l) Coorroll'la .. : Thlo rputfoa Ull .... quencur1" rtilt.ion· 
<l'llpo botwe<a poox .. su. Thc"' an many mocbuiomo thot ~., 
be uoed 101 pRCio< opccifio.otiOJII of stqutncin¡_ Wc chooo< o 
modrfied Petó 1>0! noloUott (HJ for ""' eumplt oo <l'lown In 
F;,. 7, T~< MIIOIM in F~ 1 indicttoolhal !he puli~ula: op•ro· 
tion '"" b< pulonntd ._, ohn u duired. 

J) l'ro«ll S)'Mh"'•"•rion.' For ')'llcmo Jll<ll "' real-time 
oYotomo or opentln1 oyOitm<. h Ir. ofton noccssary to •P«if)' 
thc oyncluonintion of proeuooo tom¡><URI lor lh• o•m• n
oour« (doto). 'lihil< \lloro ore many mu:honiomo lor con<Uf• 
""<Y control J IJ ), f 161, 1171. muu .,. ol tho implementa· 
tion J .. el in01o.o.d ol 01 \he rcquiromonu lc .. J. We d01tribt 
h<rc o tuhniquo dut ro Connu [JI J w!Uch con bo uood ot lh< 
nquuemont> le .el. Conner'o m<lhod aohie• .. oynchroniunon 
by >L>ÍJOinl <ontools bolh to th< proco.,., (ullod r~hr. «m· 
uollm) ond to th< ruour-o:o (cotlcdt1n<~•o>nl!mzctmrroil<-s) 
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Bolh \indo of eODU<>lle, '" finue >~•« lriPh<. The npu 
conuoll<r u o mo~hABiom o o enlar" o cono< .. ont on the ... 
qu<nco of opototicno perform<d ~y o P•<>«ll lllfou~ on oCCO$S 
p•lh to 1 dota ObJ«I. The lynchmniulíon contro!lcr il a 
mecha:nism to Khoclule the uocuuon on du<od doll obi«ll 
to ochien o op.eciliod .. <¡uenc"'' conllmnl "'hich io indcpen
den¡ ol lile a<:<ell path (ond Lhcr<foro pro<<!JCJ) throup 
"'l>f<h opeuriono "' p<rformod. Ttoe ad.,nlaae of Ccnner'o 
opproach is th>t ope<ifKotouno of uquendn~ conslt>Ínl> can 
be done on prO<< ... • ond dau ob¡e<ts indopendenlly. Lct u1 

<<>nuder on eump]e 111 J, 

[) üomp/o 

A oyomn oonu111n1 of oe•ual pr<><.,uo ond • ohared oulpul 
d<•i<• O<ilh !In fPllowin& propcn,.,: 

1) prop<r "'<-befor< scodins dau lo th• <>ulpur de•i«, ir 
muor be rudied; 

l) tlootc uc procou .. whh pnoriry npu, i.<., th<Y oon prc· 
ompl proc ... oo with nJUI•< n.,.U; 

ll th•~ on: pro<•-• woth ~.,.,_ .. , empttbl< ..,toll. 

~-5-6 

1 ,, • Sr"'~'""'""' '"'' '''"" "''"'"~'"' "' ''''""''· 

Ttoo oy"''hn>niúns conuollet and nsr>u <onuoUrn of llu 
pru<t-1 >nd I>'IIPUI d<VICO are &>ven ifl F ... 8 (lhelni!io]I!OU 
aro poinl<d ID by onowo). lt io uoy \<> o<< from Fo&. 8 \bo 
oii<J o pro.,u hu rudiod lh< outpul o!<Yioo, rl un be pro 
<nlpted ~y • pon«u w¡th o prionty ri¡.J>1, but no! •«• ••n• 
ll<>"'••••. o proceu witb 1 n<mpncmpUbl< ri¡hr ,..¡¡¡ tokt eh 
oynohroni"nl conLr<>llcr 10 1 ltalo (via on ent<r uito<al-ro¡;jo 
(CR) operotion) whioh io not a«e,.iblo by 1 ¡>oo<,., witb 
pnority 01 rosulu nVll ond bonc< lo not pr<<mptoble. 

Note ehot Conn<r"o mothod U ouüy ut<ndobl< ID OP"il 
pooc.,s int<ro<hOII m o diOiribut<d ,.,,.ironmenr lll\. 

V. NONI"I!NCTIONAL ASP~CT$ or l"E SRD 

A conoepnul modtl Clll be ~Kd lo op.cofy aU of lht f~r 
nonoJ r<QUlrtmonu for o t}'ot<m, bu! lho SRO m !di aol o 
tholf-•dditionll aoafun<tional '"""'"inu •ro • •ital part 



0 1onoplolt on~ forworO-Iooloin~ n:~uir<m~to docum<nl. 
n 01o oddition&l conolroinlo foil 11'10 lhroo tll<~utio.: con
oUOllOU on Lh< ·~ •Lo m to b< dOYolopod, on tho procuo of oyottm 
po&lupmont, ond en tho Ufo of Lho oyoto"' oft11 11 blcomoo 
oprrallono!. 

Tht Oui•known eenolr&lnlo on lho LllJtl lfiLO"' oro ptl• 

lormon<O tequlromon U, notohly conolrolnlo lnvotvjn¡ Umo on.t 
phyoir&l r.llobllny 1 l? J • ConoLr&lnto en ,.ooun:oo te bo uood 
by Lh< totJCI oyllom In dudo mondolo,Y uoo of corl&ln ploc:oo 

0¡ hordw.,.. or oort .. oro, u "''U oo oorutnlnto en llu..,.oiJ}rl, 
oolum<. o te., of tho finllhod ~oc:koa• (for oyou 1110 omt>odd<d in 

11ulliL .. or olher Li¡M ploctr). A fLn&l oaJo¡o,y lnclud .. he m• 
L)lll ore, 11nclly •reo~'"'· funclional requirom..,to, bul afien 
oo lar from lho mlin purpo .. of Uoe oyotem lhol docempooi· 
oion of complexily is bul IUYtd by kupin¡ them oul ol th< 
lunellon&l rtquiremenll Eumpl<l IU hum&n lauon ond 
oo<uniY requJomuu. 
Req~iromon\1 conctminJ Uoe ~<nlopm<JI\ ef lile r)lll<m 

conotnur lbt limcuble, dt>elopon"'t ruourceo {m,.<Y, p<J· 
ounntl, oquipmonl, oollw••• d"<lopmtnl tooU), ond lhe 
Jnethodol<>D uoed. Mcohodoi<>Ji<ol <onoltlinto .. n lndude 
proanmmlnl or do<umenlllion <londordo, maulonA, and 
ao:ecpllnct cnlono,lo montionj"" o few. 

So tr.lllo oUenh011 bu bun dnOiod to anticipolia& lho llfe
'""' el o pfopooed oyotem. ond the m&lnlooanu 011d ooolution 
'' w~l under¡o durin1 lhll ~f<Lime, Lhll H is d1rficu!t te be 
opml.c 1bou L whot ~in d ni constr•lnll conamln1 mlint<nonce 
.nd evulution will be opprcpnol<, N"erthtlo"'· ohc"' con be 
hule doubl thoL dfon op<r>\ oft &nlloipOIInJ ch&III<O ~urin¡ 
, quiJ'Om<nUonJ!ylil wW be ,. ... udod [2l). 

Theo< con«pll will be illustroltd by &11 SRD fo1 o simple 
¡roce"' conUol r)IIUm, Loken frem lhe dOO<nption In [8!. 
1 h< S liD /Oilowo o J<ntt&l outtino wo hOY< do.clopcd for pro
.. ,. control oyolomo. oJthouJ}r >Omooul!ono.,.. nol oppUcoblo 
lo llús ponlcular problem. 

SRD fOR A hOCES$ CONUOL SYsn .. 

O. lntwduc/l~n 

O l. /Yolw .. IIAnpsJ< Dtlcriprion: 
A omall pto<:ns control r¡~otom for on '"''""""' nillole 
planl is needtd. lto cwo P""'""' .,. lo ~o1ily lhe 
opcrotof ollho plan! if onr don¡trouoconduiontorioo, 
ond lo monilor both lho conoumption el row molerio4 

ond the !"""""'"" ol ononoonb nflralt, 
0.). Dtflnouont: 

AU reol Iom•• "' oecu .. t< lo lhe nnrest ucon~. 

LlbJ<<rr "' rb• E:n ""'"''"nt of lhl Comp~l<, Sfllt"' 
1 l. Sonia-.: 

(a) lleodonp ol moro ¡hon JOO lompenlutu, prco
oureo. ond flow ulel como throu¡:l\ &11 on&!o¡J 
di&ilol cenvtner. In dotail, ••. , 

(b) Th<<< "" obouL 150 ~i¡jUL Input>: oom< ot< oinsle 
p~¡.,, horn dcy¡ca ouch u kilowoll-fl""' m<Len 
ond ba¡ fdlen; othen ltt tho "'"' of 1lorm con
!0<11 thouu&hout tho plonl. Speclltcall~ •. , .. 

11 Aoli•~""'· 
Tht> oyllctn hu no oulomolio ootuotoro, Le. ollof lh< 
ocou&l pt<><tl> contralto dono m111u&lly, ond tho •r•· 
tcm"o rolo in thc f«dl»á l<>Dp 11 to pto•id< timol~ 
Lnlonnoticn to tho operolot. 

I.J. ln¡>WI Do•O<<I." 
Oporolo• <onoolo. 

/.4. (h,rpwtD,.Ict~: 

(al U¡ht pULd. 
(b) Loa prlnlll. 
(e) "AJorm pllnlor. 

1. Con~ ro/ Acr/ll/1110 

.... 

The foUo.,.,¡,¡ !lomo muot k opoclnod for eoch coodll!oa 
or clua of coadltiono te which o raponoo is noquirod. lo Ulio 
coooJhtro is crlly Ollo•<Jo d..._ 

(•/ Dt/lnlllon o/CoM/Iton." 
E>cistcn~ of 111 &llmr tondiUon lo dcl<rmitlod lrom lito 
"'"' ef lhe ol1rm cenlociO, lht onolos >oluoo, ond .. ro 
LitniL• for Lho &llmr •aluoo, u lcUc..,., ..•• 

(b} RIIPQIU</0 C""dii10n." 
Hotifr opentor lhrouJ}r li¡.lr.t p&lld and o1arm prillt<!, 
os followo .••• 

(<J R, .. ¡.n..,, Conm•lnu. 
Alumo muot •PJ>Ur wilh!n 5 m in of the o....,l gf ony 
d an¡e muo '"" di tlon . 

(d/ s~oP~. /.o .• l'cui/He No<liflc••l""': 
The real-timo ..-u!nt is • ddouh; lht opcntor mor 
otoP lho Ol'fl<m'o cllcckinJ for oJUIOI condillolii,IUllrt 
lo lar u y IP••ro Yohro of woll dock lime, or ohonp tho 
no•poNO timo voluo. • 

), 1•/<morsrion· GotA~rlnt A<rMti<> 

The foUow!n¡ leU<nod il<mo muot be opocified fot U<h 
dUO of OU\PUI. 

J.l. LotR~poru: 
(o) Srlmwlou fo• <>~lpur: 

ll••ry hour. 
(b) CoM<nUO{owtput; 

A ULopllu>l el ho..,. lho plorot openol<a, l:>clud
lnl •••• 

(t) Stop<." 
The hourl~ fune io o tkftuh; tht cperooor mor 

11<>p lhio ocLi•IIY, """" it for ony ¡.iYen vtlue ef 
woll do<k limo, cr ohonp ill perlod. 

1.2. flow R<pom: 
(o) Stimw/ou for OW/plrt: 

f.vc:ry a houn. 
(b) Conl<nll o{ owrpw/: 

Con<tunp~<.>n el ele<lrioity, prcdu<llon of ommo
nio niuot•, tolo! no.,. o[ motenolo suelo os nllural 
,.,, ll<om, ommonio, tn~ nilnc odd. 

(r¡ Srr~p~.

SuJ.L.(c). 

-#. SJ'"<"' Co~<.rn.in/o 
4.1. ll<iiabolrty: 

The •r•tem upllmt ol>ould ••• 95 percont ovor o ). 
ycor poned of 2.._h opera!iot~. 

4.1. S<~wnty." 

No requirem~\1. 
-#.J. Hunron FooM'I: 

The opentor commso\~ lonno" """' be 11 o.imple •• 
pof.$101<, allhuutlh '' "permwible lo roquite Lhe oper
olor lo preu o opooi&l kcy bol oro eypirra in o commtnd. 
1t )o aho permO..ible to hOYt lht operotor sOl th< oyo
,.,.,., ..:ol·ltme dock, l>ul &ll ol~co •<Lniti<l m~ll b< 
corriod out oulonomously by Jh< oyotem. 
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.,,,¡_ Thio uuo io &<ncnlly •«<plod by t~t ooflwu< com· 
munity u chora<t<rilli< ol !he llote el lhe 111. 

Som< clarif~eation it, howcver, noo .... ry. For ooflwat< tb 
¡rrm "'•'M"""'"' io ¡tncBlly uxd to dncrlbc .U ehon¡eo 
mode lo o prosrom ohor ili futt inlloUuion. ll ther<fo" dof
/crl ~~~ifooonlly lrorn lhe mor< ~<n<rolconccptthat describes 
Lh< t<1lc1otoon of a oyotcm or o y mm comp.,.,tnt 1<> uo Jo"''" 
'"''· Oetenoution th>t hu occ~ned "o r<>u\t of u .. ,, or 
oh< po ... ~r of lime," <Otl«Lcd by ropa¡¡ or "Pioecmont, But 
oul'""' du•• not dcUriorate opun<>neou•ly 01 by inloroeiJon 
,..,,, no opcruionol '"""'""''"" f'ro¡¡omo do no/ oufftr 

1 ... ftnm .,.. .. , , lt.,, couo.,on, or polluuo~. Thry do n<>1 chon,e 
,,..,....,,,. ond un11l pt<>pl< ehon¡< lhrm, ond th" 11 d<>ne when

"" the cumnt belto .. or ol • p<<>IVIffi on <>«ution" found 
to b< wronJ, in•ppwpro>l<, or !<>O '"tn<t<d. Repooroctu .. lr 
on•ol•<l chon¡ ... ....,,.. fmm ti.e pr .. oouo omplemcntllion. 
bullo boin¡ <<>TI<<I<d duron¡ moontenonce con on¡inat< in ony 
ph"' of 1he rro¡nm li/t <)'<1< (S«llon 111). 

r.torec•u, in hard ... ar< systomo, m•icr chon,uto o pmdu<t 
'" oohi<Y<d by T<d.,J,n, rnoc\on¡, and th< conottuctoDn ol o 
n<• modo\. Wnh pooiroms i"'P'"""""" ond odoprorlo"' !<> 
1 clun&in¡ <moronmen~ aro ochi.,ed by olt<roUono, dolotoons, 
ond <>lonoions lo <>ioton¡ eoole. N<w capabollly, oll<n not 
"'otnoud olurtn¡ th< 'oOJIO<r Jil< of lh< oyst<m, u oupclino
p<»<d on an <>ISIO"f Oll~<lur< ..-othout r<d<11po of !loo oysoem 
u • .. hol<. 

Son re lh< t«m "wftwor< moint<n>n« co•m ouch • wode 

1on¡< of ow.,ueo, ohe "ry ho¡)t rollo ol '"""'""'""' to 
d.,dopnoent ""' d~• no\ n<eu .. r~y hoY< 10 b< dcprecoteJ. 
~. >lr>ll, m r.,,, "'~'" th>t tho "'"" fo¡ oontmum''"""'' ;, 
'"'"""e to tlr< n•turc ol eompu!<l •••~•- lhü> the qu<'llon 
"'"'J by <he hr¡h con o/ mointenon« " nol <>thUr'lly ho"' 
10 '""""' 3nd rrduce !hJ! coot ~Y .. oidin¡ cuoro 01 by 
'""""' lll<Ul <•ol¡« on tlo< dr·.,·lopm<nl 1nd """' <'Y<i<. 
]lo<"""'"",.¡ <hanr< n>u.st '""""Y he mo<l< •• low •• r"'· 
•"" onJ rU ~<owtlr, "''''''Y"'"'·~''· "'''"""''d l'to~r>nll 
'""' b< m•d• mor• oll.,obl<. ond th< olt<robilr1~ ma<nwntd 
""ouP,out lh<u hletom<. The ch•nl< rrocou ,.,.¡¡ m..,l be 

•
p~notd ond wnuolltJ, A"'""''"" olth< <eoncmJ< •11bohty 

0r , ponJronl "'"'' rndu<le lora/ IJ/<~i''" cuJIJ ond \!Icor hle 
.,.1< duor~bk"""· •nJ no< b< h•«d udu""IY on tho '"''"' 
l<•<lopmml <<»11. Wo m..,t be conc<Jn<d .,¡¡h 1hc cou ond 
,¡n;to•<n<U olth< hle-cyde p<O<<" iU.r:ll ond nol ¡ust !h>t ol 
.,,produel. 

4-6-2 
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Th< op<nin¡ '""~oph hr¡hli,htcd thc '"•" co.t of JO/tw••• 

1nd •oh ... are maintenonce. The t<cncmlr: bencrot ond poten· 
liol of lht oppllcotion ol computen /1, ho .. o•er, lO hiJh lhot 
p«oent npend/lUJ< I<Yoll moy wcll be o<:<~ptoblc, 1\ Joutfgr 
e<rtoin clOIS<I of pro¡¡roms. But wc m"'\ be ~rocoracd wil~ 
the h>l th>t petfotmoMt!, ftfJ<J~IIil)t, ,.,.111)'"' I<UNI, con· 
not ot pre10nt be duianod and buüt lnto • prouam .~ lnüio . 
R.lther tbey ll< ¡n.duolly ochie•cd by o•olutiOOiaty cbon1< 
ond re(onemonl. Mor<o .. o, wbea dc.slllbl< <~•~se< ore identi
Crcd ond outbOliud they con usuolly a0>1 bo: impl.<mented on a 
time ocole hood by ntorn&l notd. R~•pO~Uioon«o i.l poor. 
And 10 monkind ~tlieo more and more on lho JOIIWü< thol 
coo1tolo lh eompUitfJ tilo! in lunt 1ui.do IOcioty, it becamos 
crucial lhol poople ~ntrol ob10lutoly th< pru¡nms ond th< 
proetneo by which they ore ptoduood, throu~out tho u><lul 
Jilo ol the p¡gtr>m. To ochio,. thio requt«l inrlrhr, theory, 
modtlr, mllh<>dolozi«, t<<Amquel, IO<>Il-' o duciplin<. Tbot io 
wllot 10ltworo uJin«rit:ot i.l all obout 15]-1 ~ ) . 

JI. PROt;RA,.S A" MOt>HS 

.4. hopan11 

I'To1um .. otuhon dyfllmi<o 19 ond iu bibtio¡npby] 011d 
lho !owo [11, !ll, 110], 1111 diocu .. <d in the ne~t ocction, 
han olY<OYI bcon ... ocioted wJth 1 concept ol lort•n<SJ, im· 
plyrn1 • cla .. ificollon in lo 101¡< ond nonlo<K< prouams. Creo! 
drlficul!y hao, how<Y<r, been <>pc,;..nco<l m defonin1 1hese 
dauu. Rocen! dacu.,;ionsl/21 h••e produced 1 mo« sotll· 
lyona classtloc"'wn. Thio 11 buod on 1 rcco¡nition ol the hct 
lloot, 01 lh< "''Y lout, ony pro¡rom " • m<>dd of • modtl 
w11Mn Q rhtory of • modtl of on d811ftlion of "'"'' porrio~ 
of lht wor/d "' o!"'"'' ~"'"'"' of du<o~rl<. Th< domlrca· 
tion <ll<~ori~•• provarno ;nto throe <l•ssoo,S, r. ond E. Smoo 
pro"''"' considerod lor11e by ouT prevrma d<lrn¡Ucn ,.~¡ 

~cntrolly be. el duo f' orE, lh< B<W cl..Ufocotion T<pr<><nU o 
br,.d< nin1 ond luminJ of th< pre•io~o •i~wpoLnl. 

B. S·hotromr 

S·9•<>~ronl> ore propomo who&o furu:uon i.llormolly dolined 
by ond deri .. bl• Ioom o opcci[<C4rlo~. 11 u tho p1opammin1 
lorm lrom whi<h mool od,.nced J'IO~'-""mina mothodololl)' 
ond t<l1led tedoniqueo deoive, ond lo whrch they duocdy nioto. 
We oh•!l sup<ll lhot u propommin1 m<tbcdolcl)l e•ol•co 
"di funh<T, •11 l•''' P•opomo holtwore sySlemo) w~! trc COOI· 
.uucted u OIIU<I ureo ol S·ptcvams. 

A apoctnc p1obl<m is ototed: low,.l com"'M mulllplo ol 
two int<~er1: funL tron '"'""ion '" o op«ilicd domain; ei¡ltt 
'l""<n<; Oinrn~ pho1C0.09h<n; &<n<rotion ol o rocnngle of a 

"" .. ilhon g~Y<n hmi!O on o opecrfoc typ< ol "'""' duploy 
"'"' (VDU). bch such probl<m rol•t<• to '" unJVcroe ol 
discourso. 11 may oliO rtlll< diooclly ond pumor~y to th< 
<>ternol wo•ld. but be compl<.tely d<fon<d, <-J.,the cl#ss1<ol 
,, .. ellm~ ul<~m•n probl<m. 

Ao ><>r.ll«lod by Fr, 1 th< •pocill<>!oon,., o formal delrnr· 
tion ol ti~<' ·rrchlcno, duc.ll Jnd contrcks tbo pro,,.nuner in 
b" tf<>llon ol the pro&<om thot d.fona th< duor<d solL<tron. 
Cone<t wlulion ol lh< p1ublom u otol<d, '"termo ol th< pro
~romminK lon¡UoJ< b<rnJ u .. d. b<com<O lb< poo;ummer'o 
oolc CMC<rn. IL mos< <IU<>trono ol <l<iiLIL<.< or eflidoncy 
mo~ o!.ocr<ep rn. 

The p>oblem >lot<m<nl, LILe prot:tom and tb< rolu1ion w~en 
obtoin<d moy 10loto le an t>l<fn.l •otld. But it "o cuuol, 
noncouso/ relollonshrp. EY<n, .. ~ .. it """ "'" ore In< lo 



' 
' 

' 

oon 

chon¡< ouo in!<JUI ~~ tc<lcfonLn¡llo< ¡>Loblom, Bu! lhon il hu 

1 ""'' pt~&'~'" foo ¡., •olucion. 11 rn•Y bo poulblo on~ lime· 

"""' '" óom< en, """' pro¡ram from lho ol¿, But U 11 a do[• 
f~t<M pravo m ohll do fines o soluoion lo 1 diffttu/ pooblem. 

Whon !hio •Í<"' en be leJitLmll<ly llken "'-• LOIUI\onl prc
¡¡om " con~op!Uo.ll) slalic. Ont moy chmp: l! lO impto•c iLo 
cloroty 01 ito <Jopn«, lo docruoo teoour<c ""'' whon lh< 
pm¡um n exoout•d, •••n lo mere.,, confJdenoc In ho corree\· 
""" ~~~ ··~ ou<ll <han¡" mu01 not <ff«:t the mappin¡ be· 
'""'" inpYL ond ouopul tlo01 th< pro'iro!D del-.noa ud Lh>t it 
oeho<•<• '" ueeuunn. Whon<><r ptoa:ro!D tu¡ Jw t>een 
ehon¡od or tronoforwod ll~l, 1141 it '""''be sll.own lhat 
cnher th< Lnpul-oulpuo r<IOioon•lup "'maino unchan~ed, Of 

<h•' Oh< ""' ~''""''"' .. usr;., • """ ll'oc.ifi<lllon ddinm1 , 
ouluuon 10 • "'" problom Wo t<IUrn to lbo ¡>robltm of cor· 
t«IR<U pm'LRJ"' Stcuoa ll-E 

C. P·bQl'~"'' 

C~noiJer o prull'"" tu plo~ douo. Tbe propam Jo cornpl<l<ly 
>)><<LfL<~ by !he rulos of <h<SI plu> prooedu~ r~~lco. Thclut<r 

"'"" '""""' bo"' lh< pro;rom " lo onalyu tho 0101< of th< 
''"'' and d<I<L"'"'' i'""il>l< ma>u. lt m11SI obo PfOvido o 
decioion rulo lo 1<1«1 • n<>t n>o ... The procedu" mi¡ht, 
1<>1 cumplo, b< l~ lorrn lhe lt« of oll ¡o m <O thol m ay d<><lop 
ltom ony <<mcnl ""' ond odopl o m lnirn'" evo.l1101ion llroto,y 
t~ oolcct Lhe no>l m o••- Such o dtfmiti.,, •hU< eon>pl<l<, 
LO noi><.$LRC< U LO n<>l omplcmcnllbl< 00 on oueuton¡ propom. 

Thc lr« '""''"" '' ony J>•en "''',. oimply 100 Lar:•. by 
many ord<ro of mo¡rmudo, to be dudopcd or 10 be oc.onned 
"' fcnoblc llmc. Thus thc ~~~,,. poor.rom "'"" inuoduco 
oppoooionuion 10 ochoevo procu~olioy, ¡ud11ed., 11 b<C~ns to 
be llS<d, by ito p<rformoncr on octuoJ ""'"-

A furth<t uamplr of o problcm ohot nn 1>< prccLKIY formu· 
loted but ,.hose solution mLUt m<>llibl~ <<II«<L on opp¡ooimo
""" of thr reol world "found w wo•th" P«d"licn. In theol}', 
~obol wcolhcr eon b< modelcd UIC<UIIl<iy., """"d by o ••t 
of hydrodynorno< «LU<Ilon•. In tho ocouol .. cold ol "'<Othcr 
p«dJ<Iion, approoim•l< soluiLono of mod.ofood o~uu1ons arr 
compaL<d with th< "'nth<r polt<rns Lhat <><t•l. Th< ruulls 
of ouch <Omponson> '" lnl<rprrt<d ond U1<d to uopro .. thr 
l«hMIOKY u/ pt<do<loon, to yO<IJ <'<r mo10 U01blc poo¡:r•ms, 

"hooc ""'"""· ho.,o•cr, •Lw•ys '''"" oomc d<1•<< of unccr
roonoy 

F>nolly con,;dtt lh< tro•<llonJ soloomu probl<rn., it orues 
'" proc 1>< e. for UaLhple ftom o d<llf< to o¡>limiu conunuouol~ 
'" >oon< "l1dy dolon<d luhion, th< """1 ><htdule ni s4]., 
'""" '"'"'"~ "P f""~' lrom ''"<houo.• ond '"'""~ chcnts 
Thc r<~uuod ooluLLun '""be h>><J "" knuwn •VP''-"'h" •nd 
>cluhuns lo th< <lawcol pmblom. ~"'u "'"" olso on•ol~< 
<onud<rohono ol '"''• ""''· ~ork O<hcdula, oim<llblu, "1•• 
]Odln><n 11, 1M <"" "'""""'" LdL<.oiYO<U<LOI, 

TIL< pr<>hlcm '"""''"' <an """• ou 1'"'"'· nu lon1er br 
P'""'· lo u, modcl of •" •b"''"'"" ol 1 rc•l-wo¡ld "'"'

''""· <OLLIIinon~ ""''"'""'"'· unknowno, orburory '"'""'· 
'""''""""' •onablu To '""'' uuno u mLUtl<ll<ct Lh< p«· 
<onal "'•puont ol !ho onoly01. lloth th< probl<no "'""''"' 
•nd Ll> loiUILOn appro'lmU< 1ht «•l·wor)d Wuotoon. 

Po<.o~'"" ludo •• """ >« torrntd l'·pLO¡;r>IL" (1<•1 "'"'" 
wabltm '"'""""¡ Thc poo~<>• ol '""'"K ou<h P«>114'"' io 
modol<d by fog 1 "hoch th""' lloe ontrinso< f<tdbod Loop 
Lhll " P•to<nl m lh< 1'-~otuii•On, tJnpor< ¡he 1•<1 Lh>l 1h< 
P•c.Loi<Ln lo ~' ><>i"d <•n b< PLCe>l<l> Jo foncd, oh< OC«PtobLiLI y 

of • '"'"""" " d<l«noiMó by tho •n•lfonmcnl on ..-hJ~h u ;, 
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cmbeddod. The oolution obtained will be uoiUOLcd by~.,.,. 
pomon with l~c tell onvironmcnt. Thll U, !ho <:ntic"' dof· 
fonnce belwren S ond l'·ptOJf&rnt io ""'""d by thc com
porl"'n elowd in Fic. 1. In S-provams, judJOIORIS about lb< 
corr<<Ln=, and tber<f..., Lh "luc. o/ the PLO¡:ums relate by 
definllion o•ly t<> ru IF«L/i<lll•o•, Lb e problom otat<rnent thlt 
tilo lancr r<O<<tl. In I'·PLOJLOn", IIL< e un« m" no! cenlerrd 
on lh< prohlom JIO!<rncnt but on tho •ol"' ond ••l•dlly of the 
soluuon obt .. n<d in ilr ""'""'"'Id con<Ht. DJfctencco be· 
Lw«n <bto drnnd ftom oN<r>oUoo ond from .:ompuLO<ion 
moy ~•w.o <hoo¡eo '" thr "0tld •i<w, th< PfObl<m poruption, 
111 lormuloLJon, tho model, tbc pro11nm sp«ofocauon ond{oe 
th< pro¡:um irnpl<m<ntolion, Whot<><t lh< '"""' of th< dif· 
feren«, ullimotoJy lo c.ou•e• tho ~·o~m, ill documenl.otion 
01 both 10 be cban&<d. "'"d tbc cffect 01 impo<L of ouch 
chon¡o conno< t>e ctimlt>al<d by d<Oionn¡ th< PLObltm a"'"' 
problem, for th< rul probtcm bu olwan b<on ., now p<t• 
aL>td_ Et il the perecpuon of u .. n,anolyoll ond/ot pro~am
men thot h" chan1<d. 

There ;, olso anolher fo<t of hle Lhot n«d.t 1<> be connderod_ 
n.,..tio/oclion woll aruc not only b<"-'LUO inlorrnotion roce.i•ed 
from th< proJL•m is in=mplot< or 1ncorrect, or booau"' th< 
onJLnoJ modtl "'u lo., !han po:rfcct. Th .. c "' impo:ricctoono 
IILO! con b< ""''"""'' •i•<n h<n< ond "'"· But rh< wor/¡/ 100 

r/oonr<S oml ouch eh'"'" rroulo '" odduwn•l prc""" foL 
'"'"~·· llo~s l'·pto~onu are "'~ ~Uiy to un~<rM<> """" 
en don¡ chon&< or to becomr otud~y le" ond lua offcciL>< and 
tOit <ffecLL>O. 

D t··borrom, 

liL< ohifd ,'llfl, t'-pro¡romo, ar< Jnhcrcnlly <><n motc <l>.onj!c 
P'""'- Th<r '" pto¡romr lhol methanil< • humon or sa<o<"l 

"""'Y· 
ConS~d<r •J.>•n th< u .. ci1Ln¡ ulcornon problem bul"' """'" 

ol •~n wher< """1 P<l'iono ate contonuo,..ly en ro~«. ~myon' 
PL<>du<!• 11•01 dLOnl• ,.pidl~ in nluc •• • fun<Lion of booh 

'""' nd lo<o!ion. ond """ thr pOLoern o/ d<mond •bo '"'"'" 
'"1 tonunuouoly. Ono ,..;¡1 '"""'toly b< '""PI<d 10 '""' this 
oUuotion O> on oppb<olioo on wluch thc >>>l<m 10 1<> o<( " o 
«>nhnuo"" d"POith<r, dynom;.;;.ll~ ronltolhn, tho "'"'"'Y' 
ond tallo of toch ond,.odu•l. Th< ""'''"'" ,..~¡ b< !o muom"' 



• 

,.,, J. r-~'""'"''·'"'...," •r<lo. 

r¡ofl\, mu>lmi>< '""· <•p<due d<IIV<ri<o, mointoin <U>Ioon« 
.• ,,.[,«ion '" aohoe" 1010< oprimum «>mbiMlion of lh< foc
~" thot ore "'"PI<d u th< cfiteri> lcr IUCCU$. Ho" d<><o thÍI 

•

' ·'""'"" d•lr<r from thl! d•ocuucd on tb< pnviouoocctiond 
< ]he •nsl•llouun uf lh< progr10n lotethcr wuh lts '"'"'"'''" 
' o¡·><con-radoo hnl-> to lhe a.:~I<Smcn, for uomple-chonlO Lh< 

«f) n•oure of the p10blem lo b< ~<>l•<d. The Pt<>fnim hoo 
b«<>m< o por/ oJ rhr "'"'Id 11 madtll, it is tmbtddrd in ot. 
('oncorouolly ot '"'' tht rrosnm o o o model contoins<lcmenu 
1¡,.o moJel ;.,o~r, lhe ""'""'"<neo• uf iu cx«utiun. 

11.< silu.><oou n dcp"l<d in l"op.) ond 4. E•en ,.¡¡hout con
ood<Un~ pro~ o no <><<u (Ion ond <»luotion el 111 ouiFUI in th< 
op<'>"Onzl cuvuonmcnt, rhc €-lltuwon <Onllitll 111 mninoio 
¡, c.IL.•d luur•••n Fig J. ,l.n•lym of th< oppli<alion lo del"· 

"""' «quil<m<nlO, spr"f"'"""· ~"'~"· •mpl<n><nl>lion now 
oll on•o>l•< e •u•polouon ,nd prod" hon ol lh< <onO<<¡U<n«s ol 
;1 "'m 1nuoducuon >nd th< ~eoullanl pot<ntiol for opplic>lion 

, 11 ~ , 1 "' "' ovolu ""n. TI"' r•<docl•o• m""'' in.,Lloblf '"'"'" 
"-"""en onJ ¡., J~m<nl. ¡,, ''Jo< ni, '"'"'.J "'"'' ol lh• hlUall<>n 
,·,11 '·' '"'"b'"'d ..... f"ld lh< '"""''· th< >)'11<10 •r•cihoa· 
wo >nd. ulu"'•l<l), ~ pto,r.n>. 0n<O lh< PIOIJIOl 11 <On>· 

1 ,, l<d ond 1><-~'"' I<O b< u"d, qu<IIIOOO Of <Oir<<ln< .. , app1 O• 

, :""""' "'d ""'¡'''"'" "'"' "'" h8 4 ond ino>iO.bly l"J 
, . ,J,J., ·~··' r ''""" 1 "' ,~o •• ,. 

¡,.mpl" ul E·r•o~<om> otoound' '"mpu1<1 op<rllin¡ oro· 

,, '·''· '"·"•" o< '""u ol. uocf conuol. Jn oli u o<>, th< t><h'""' 
,r "" oppli<W<>n •1 """· lh< d<mondo on lh< u.,r, ond !h< 
.. r~·'" ''~"'"" ~111 dop<nd on pro¡r>m chllOCI<IÜti<o •• 
,.p,ro<n«d bY <lo<"'"" "'<hoy bocom< fom~'" with • •Y•· 
""' • """ do<1;n ond •IU<~UI<O dopond ol ¡,.,, in poli on U><l 

·"·'""'' •nd rr.<llo< bdor< OY$1<f'l ln>loll•lion, """' ~•11 
• •vJ•f• ''"" '"""'"' lu m.nmnt< e /fOil or muimll< clf<<· 

''''""' ln""'bly ''"' ¡,.J, to pr<""" for o~otem '"'"''· 
1> 1ddot;on, oyo«n• < >o~onouo P«""'"' -.. ol! a loo cou., ehon¡<O 

,, '"' 0 pphcauon '"'"~""''"' """ h1n whteh r ,,,. sy>l<m op«• 
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"" ond oho plocrom ex<tUI<J. No'" h&ld"'" .. ~¡ t>< 1ntrc· 
duccd, traffic J>OII«ns and domand dun~. todlnoloty ad· 
vonco and scciety 11 .. 1r o•ol><. t.lo«O•<t lh< noturo ond "" 
of tMs t>o\uuon ,.;u b< mork<dly innuene<d by propom 
choraO!oriotics, ""h o"'"' re leal< at inl<r,.lo ••n¡:m~ from onc 
monlh to two Y<an, say. Un!< k< oth<l allifo<~>l oyot<rno ll S l 
.. n,,., rebü•• to lh< lúe cy<!e of p•oceso P•lli<•P"""· chan¡e 
is occu10nol, hero 1t opptoll coDlinuolly. ,Tho rrusuoo for 
chon~o ;, bu~t in. 11 ;, inninsic lo lh< noturo of conopulln¡ 
syll<mo and lh< w•y th<Y "' d<>clopod ,·nd used. P on<l é 
pro¡r,ms ar< cle.rly clO$<.\y r<lllod. Thty d!lf<r from S· 
pro;romo in lhat \hoy ropreoont a comput<r •ppl"•wm '" lh< 
roo/ w<u)d. Wo oholl ref<r lo mcmb<ro of oho union of th< 
P ond F: daucs u A·IYt>< pto¡;nmo. 

é. f•o¡•u'" Corr<r/QtU 

Thc ¡.,., con>equ<ne< of ""SI' E pro¡;nm """f"•IJon" o 
clwf•c•non uf lh< cono<p15 o/ p<ov•m '""'""""' an~ ptG
v•m ptOYlnl.- Th< mconU.1, rn~ly,and Olt:ntllc>n« of<h<+< 

cone<pU ho>< <<«nlly b«n <>omin<d 11 ''"' l<n;th 1161, 
1171. Mony of th< •row¡>01n10 ond d<ff<ll"ncoo <>Pr<!t<d by 
tho porticipon[¡ on lhol di""";"" be<oniC «<onciloblo or ir· 
rol"'"' unO<••n odo~uot< pro¡f>m cl•"'•flullon >eh<mo. 

For th< Si'E ""'"''• th< concept ol ,.nhco11on llk<O on 
oi¡;n•f•conlly d1ff<~<nl moonin1• for th< S and (h< A do""· 11 
1 completoly opectl"d problem "computobl<, rt> ¡p<<~flcotoon 
m•y he l•k<•" tho uorlin, po.inl·foo th< crco110n ol an S· 
pro¡;rom. In pnn<•rl< o to¡;.catly oonn«tcd ,.~uenc< ol olll<· 
"""" eon ''"''Y' b< lound, thol demonuut" th< ""d"Y of 
ohe p<OJIOm "o oolollon of lh< opeoihod prohlom. D<to~ed 

'"'P<<'CIOn of lnd """'"'"'aboul oh o codo moy ll><lf produce 
the cnn•iction lhot the propam "luli<> 1~< sp<<lfl<alion 
completcly. A In>< proof muot .. ,.,rt U.o a<«pt<d U•ndards 
of moll\tmotkl. E>cn w~cn tl>o con<eii•W. otJUm<nl u 



upf<Oo<d ¡n >~ll),.n>•hcol """'·o lcnJl~y Of C<>mpleo ch>in 
of 1euuOU'I '"') lo< ~o fije~)! 1~ ""J<atond, \~< p1ocf .. ~U<O« 
moy <><O cohl•in on <no<. Bul lt•" do"' nol inu.l.odolt 1~< 
con«pl of p<~znm con<eln.., prO\'"''· m..,.Jy lhll Jnatnco 

lot 111 oppli<anoo. 
We cannot dO>cuaa h01< lh< """ of S·PI<II<I"" lof "hlch 

pro>Inl Jo o 1'"'""' '" o .. luoblc lechnique, tho 1001< ol •p· 
p~<tbUity of •onOlfUC">< onelhud> fot .. mullucous conotruc· 
\ion ol o pro.,om ond in p1oof 1 1 8 1 , 119! : wh<lh<< confodeoce 

1n the •olodny of on S·pro¡nm con olwoyo be Jooreued by o 
pooof. Wo >unply n<M tt"t ""''· by dofin<~lon, lhe oole 
cntciiUO of """'"""'u/ •" .!'·plolforn,. the ,_..luf.cuon of 
'" •~e<ol<< .. ion, Jcuncc<J S·p<o;<anu oto u ... ayo p•o,..bly 
conccl. 

Th~> " nol pur<ly o philo<oplllool ob .. <•olion. lohny impur· 
unl oumponenl< uf o¡.,~, pm¡;nm, mathemotical procodures 
lut exomple, 1n «>n¡un<tion "'''b opedfied Interface rulu (caU· 
'"1 and output), ot< e<<loinly S-ly¡><. 11 ~>«ames pon of tl\e 
dt11'n pr<>«lll<> <«<>aniu ouoh pot~nli.ol co..-<tu<nndulin~ 

1h< putilionins pto«u on<l lo op<eif~ and lmpl<ment them 
occo<~'"'''· In IICl u .. m b< pol!ul•l•d In 1~ nnl oecllon 
11\ot on A-prc;rom moy oi•"H be pulttioaod oru:l nruelurcd 
oo tl\01 •llllr elemtnU "' .!'·~ro¡<Omo JI thll il indeed !fUe, 
no indMJu•l prc¡w<tmer ohoutJ nu be permill<d lo bo¡in 
prc,rammint unr~ hu took hn b<<n ddinod ond dtlimit<d by 
o eorr.plete o¡><coltoori<on .. >in.OI "'""" hi.o complond proJf•m 
can be •oltdot<d. 

For •n E-pm~I>m •> an entJIY un lh< olher hond, >Ohduy 
dependo on hum•n musment of "' dl«ti .. n<s. in the in
l<ftd<d opplloauon Corr«ln<u ond pri)Qf of eorrottn..,.. of 
lh< P<OJIIm n o ,.hule "'· on 1•nerol, irreleunt in 11\ot 1 

pro&ram moy be fornoolly ooneot but "'"leu, or 1n=rrecr m 
11\01 lt don not ..,,.¡y oome mt•d opecifi<olion, yet quite 
u .. bte, e••n Amfoctol}'. Formol t<<hni~ueo of npreo<ot Olton 
o M prool llo•t o ploce on the un,.ero< of A"l'l<l'r>mo bul rheir 
<ole <hon,n. !t " lhe d<t•ol<d b<~••ior of lh< P<el<>m und" 
<Jpuorio•o! '""d""'"' !~01 lS <>f <Onc<rn, p.,,, of tb< pr~rom thot o•n b< completdy opecifoed ob<>uld 
b< demon"r•bly <<>Hect. Buc the onvironment annot be 
complete!~ >lc><Oib<·d ""houl obstroction and. ther<fM<, 
o¡>pro>tOnOUun_ tlen" ab<oluu •orr<etntiS of the pto~nm 
u o ,.¡,.,¡, io nor lh< r<ol 1nue. lt "lh< .....,bUuy al thepro

JI•m ond lb< t<l<>•••• ol '" <>UIP~I ,~ • chonJ)n~.-o<ld th•t 
muot b< th< ""'""''"cm. 

F "'"t""" .!'J•u~Ju••• •"d Sm-c¡uro/ Elom<M< 

Thc <l•»•f"'""" ""'"~ >00" r<lll« lO PfOI<On> enl!U<>
""Y ou<lo /''"IV'"' .. ~1, '" r<nor•l, """'"' of mon~ p,u!S 
•lllously o<f"'ed lo •• sub,yll<llU, componenu, '"odui<•, 
proe<dureo, ru,.l!n<>. The tormo or<, o[ couue, nol u<o~ 

oynonymo,..ly bul oorry omp~uuono of luncltonal idenut). 
le,.l,>i«, ond '" on 

The IM,.tu" d<><u.,., <nlcr!l llOI •nd l<ehniqu<>llJI
IlJ 1 fo¡ pofl!toomn¡ oyuemo onto tuch <l<tncnu. Relottd 
dco,,n m< thodolotiou ond t<<hn>qu<O oeek lo ooh<t•< optimum 
'"i!.flment, <n oomo ""'"• of element eon\<nt and ooeroll 
'""m """tu r<. In 1he p¡eocnl """'"' we con .. der only one 
"~''"uf r•llnic.nin~ ~""1. lh< l<~m module fot oon•<no<n••
ll~e d1>euuiun comrl<leo 1 h< p<n<nUiion of 1~< SPE d.,..,r,. 
"""'" •«d p<o.,du • hn• lo ulh<r eu17tnl molhodolo~<•l 

""""'"' /141. 
C<>n.,d<t th< end r<>ull of lh< J"iJll'p<occu for'" A·P<u· 

¡ro m lo bo eonol<u<t<~ of pcim•ti•e <le mento w< wm module¡, 
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The onolyoil on~ porhtionin¡ p«ooeu will odentify >ame luno
lion;l elomonlo lhol oon l>< fully oreeified an~ therdo10 ~e•el· 
c~ed n S·pru¡nm mod•leo. Any opec¡foc>locn 1n•y of oOuroo 
be Jo .. thao ful)y utiofoclor)'. 11 moy '"'" pro•• tobo wro~1 
In T<l11i.on lO ... bol th< ¡y¡l<m purpooo demando, in. iU<If <>r ID 

relotion to !he oemoinder ol the deo!,n. Fo1 .. un pie tho op<e• 
Hleilion moy no! mentlon Input wolidity check o, lh< opecified 
outpul oe<Wa<y moy bo lnouffici<nl or lhe opccill<d ""'' of 
on tnput nci.oble nuy be ""'n'- Bule><h of lh ... "P"""" 
on omi.ooion f1om or on orror >n th< <p«ifoc•lion. Thuo ll 
io roctified by firn cou«lon¡ 1he <ptct/i<otion ond lhen cteat· 
inJ, by ene meon1 or onother, o ne" prou•m thot :oar>Sfiu lh< 
ncw opeetli<ottoo. 

Th< ~<motodor of lb< oy>l<m >S roquu<<l !U implemu¡/u~c
lioon th•l are ot ko>t pO!IIy h<U!i>tk or behovwnl In noture 
ond therefore define A·elen>enU. N••erlh<l«s, we IU&II"'l 
thol U >S olwoys p...,blo lo conunuc lhc oymm ponitionin.¡ 
ptoo<ll until oll modules ore 1mplementoble u S·propamo. 
TI<OI is, ony 1mptccio.ion 01 uncefto inty •m•noton, from model 
rcncotiono el incomplele world •ie"'' "di b• impUoit or, ,¡ 
recoc,nized .. hcn lito opc<Jfi~o!ion ,. lormulol<d, uplitil in 
lb< op«:if>COtion olotemcnl. The fo~ol m<>d~l<l will oll be de· 
,.ed h<>m and noocioted "'i!h p~oi>e spee~fieotio111, "'hich 
fu• Jh< mam<nt, moy be l«>l<d 01 oomplete ond corred. 

The deo.ip may no .. be •iewed ond con>I!Utl<d " o doto· 
no ... llructute wilb tbe in.puu ofone module b<in11he oulpu,. 
of olh<-Jll (unle,. emonoton¡ from ou"1de lh< oyotem). Eoch 
tno~ule .,.;11 bt !lefont~ os on obotto<l d•la lype llSI·l:l7[ 
def¡nm,, i~ turn, one or more inpuHo-oulpul ltonúormotiolll. 
Module opeoohco¡¡oru mclude ll•o>< of 1he 1ndiwiduol inlerfoeeo. 
bul for lhe •Y•I<m oo a "hole, t~eloUer ·~~uld, in JO me oeoo< 
be otandudi:ed 12a 1. Mo«o•«, •i.on appropri•t• oy>lem and 
lnterf><< orehlleotur< ond module d«<Kn, eoch modulo <ould 
1>1 implemenud u a proJ,11!m tunnin¡ on its o .. n m!Cmpro<e• 
oo• ond tbt o)ll<m implemenled "o di<tribuled •Y•tem 191. 
1241, [2~ l, J9:ll. The pot<ntialad•anU~<> ¡.,, both euoulion 
(por•llcliom) ond mointoinabdily (localizoti<>n of ohan&<) <on• 
not be dio.:u,..d h<!e. 

Many probl<mo in connetlion .,j¡b lke dni¡n ond conmuc
¡jon ni ou•h <Yot<mo m<d otiU lo be ool•ed. Adoqu.te soluuons 
will rcpre,.nl o mo¡or •d•once '" lhe d<.-lopnoen! of • proceu 
m<thodolo,y (S<otoon III·Cl. Wc oburu, howeo<r, lhoJ lh< 
<on•<P'-' prc><nl<d follo., dlfoctly Ioom OUJ bn<l onalYO.lO 
ond clu:;¡f¡oo(Onn o! propom type<, lntet<!lon&fy, the conclu• 
"""' .o< com¡•l<lcly coonpotiblc "" h th"'' of 1 h< progr•mm"'~ 
m<lh<>dolo~!Sll 1 H 1 , !191 , !J(I). 

lll. To>1: LtH Cont 
A. 11.- Gonoo) Cou 

The dynoml< c•<>luhonary nature .,¡ compul<r oppliootoof\1, 
of th< •oJt,.ltO thot implemonu th<m on~ ol rh< pro'"" thl 
~rodu•<> ~nlh, hos <n re<enl yu.~ J.I"O me 10 o eonc.~t ol 
• P"'l""' /•ir <ycl• ••~ to t<chniqu .. lot J'{•"<Jdr mon¡¡¡-t· 
''"'nl. Tbe n«~ lo< su<b m•n•,•ment h.,, m l•ct. been «toa· 
n<1od in f" wid<r sphe<eo, parucuLorly by n•Uon>.l dele"-'< 
aa<ndc:s ond ol~er or¡onotol>ol\l concerned .,,lh 1be n"n•p· 
m<nt of cun<~l<> ortofocul >Y>t<mo. 1« P"""'"' th<ll «>P<>O· 
oi b<liti«, 1 he>< n<ll<l enoute continuin¡ <ffect .. ene" of ¡yoten.o 
wh"'e elemonto m ay on•oi•• m•oy d<flercnt ,,,d ¡.,¡ developint 
U<hnolo¡oeo, Ofl<n lh<~ mu>l &uoronteo •mrh <etiabl< o poro· 
lion undcr h"¡h, hO<Ifl<, ••d unfor~i'ln¡ «>n~;liono. lh< uul· 
<o!!<< io on "'"' '"'"''in• lin•ncoal comm!lmcn!. Only lif<· 
um .. ou~ntoted mofta¡emenl tecbnique¡ oppbed ltom project 
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11,1 .. 1 ¡0~ c.on pcunll th< onainment of lifotime oiTecti•cnUJ 
ood 0011 offocuvene" 
T~• p<ob!cms '" lht more 1•••ral oituotion are eaentioll, 

, ...... wc hiV< abndy o<ploted, uoopl tblt th lime lnl<f"OI 

totrootll ,coe,.Uono " perhop< on ordcr of lniV!ilude pe.t<r 

1~00 1n th< c.o•< of puro oo/twut oyU<ml. In briefly eumill· 
Ol.l rh< nl!ure o/<he IH< cyclo ond iu mono~menl on th" S<<· 
-· ~• u .. lhc ltrmonolo&Y ol pro&<ommll!& ond ...,r,.,..,, 
'"'""""1 The r<>d<l wlll b< ablc 10 ¡onerohu and to 
'''"'pt<l thc rem•rl.o m hiS own aru ol inttrQ!. 

, So{l"'"' L<f< Cyckr 
lo J1udyLn& ptopom <•olullon, rep<Hiti•t phenomcno ¡hot 

.,.r.no o ~lo qcle con be ob•encd on dilfer<nt lime S<oleo 
t<P"'"nlin¡ """""' lev<ll ol abstn<lion. The hiJI><Il le><l 
<OOm~S l~t:N .. /~ tU<TGI/OtU Of S~>(em .. Q~tn<U. f.o<b 
1'-""''ti.oo Í5 ropr<Knled by o .. quence of oysi"D <tlns<s. 
1\10 lo .. l ccnespondo mo.s< dooely lo tbol fcund in the more 
,....ni •Y"'"'' situotion, witb 01cb &<n<ration bnin1 o ti/e 
.,... o/ ham, .. y, fi•c lo tw<nty yeon. OtoaUK of lb< relor· 
u•llr olo"' rol< ol cltona< it io d¡ff.cuh lar on~ indi•iduol 10 
""""' thU <>olution phonomenon, JhOUUr< i10 dynomico ond 
.,041<1 il u o hfe·nc!e Pt<><ns oinco '" th< nle•nt p01tion of 
u prolt~olon>l , .... , he "'oll 001 ob•«•< more lhoo t"'o or 
'~"' rrn<tohono. lt rnoJI>I lhci<IOtt l>e OtJI'erl ~1 tb» 
~1 <hould nol bt Jteoled •• on '"'"""" of tbe lile<y<l< 
,hrnonotnon. ·rhe ptt~<nl OLothot ""· howe"'· hod ol leoll 
000 gpportunoty tu nomine pro~om c.olution ot 1~u 1 .. ,, 

.. 1 lo mok< mnntn¡lul ond ti¡ntf>conl obscnolio .. !311. 
Th<>< tndl<&t<d 1h11 mucb could l>e píned In <PJI tflccu•<· 
,.,. ¡n tho ooiiWIJ< o~odutlfy ol more o!l<nllon weee po;d •~ 

"' "'"" cr .. uon o/ <<Pl•«m<nl a•nerauono, somethina thoo 
<u ¡., o<ll«•<d dhcllv<ly only 11 <h< tpPIOJ>riolC ptOdiiiÍ" 
¡..,Mio"' ... iloblt. 
• T'< ><<OJid l<•<l Í> con<<rt•<d ""h o ttq~<n<< el t<lrot<O. 

'ñ,, loll<tl<fm io •loo oPP<opri•l< when o con«pt ol contin· 
- r<IIU< " /ollowed, tho1 i> when u<b ehOnJ< ¡, mod<, 
n!J~!<d, ud •mm<d»t<ly Ínlloll<d on ~ltt imUn.ce> ni ¡ho 

O""""' f<&- J 1h0"0 QOO .¡,,. ~~ ( <>f JIIO U~U(flct o/ Ortl>lj¡<l 01 

l.h-<Jdt ph• .. • thot eonuitul< ohe !o .. oot l<><l, tho d<,.lnp
.,,1 ol •• indi<rduol •<l<oJ<, o.l 1t io '""mod thOI "moont<

·...,· 10 t~c ononlh boo rclon to oa .. il<[u.<> ondtopotn 

irnplementtd u tho 1~01<m" uS<d. !f o1111nt<non« il tok<n lo 
ttl« to pcrmon<ol th...,to, cllect«< lhrouVt n<w rd...,ou by 
¡¡, Q'IUm cri¡!111101, lhoo lh< oi.I...:!.UR be<Dm<S rt<Uifi.., 
w-llh u eh tnll<>l<<>o~ee phaso compriKd ol o U ae .. n indi""tcd 
pilo o<>. Wllh lh10 intetptelotion lb< llncl< «<unive mod<l 10· 

flotlt the cnmpollitt lilt-cycle mueturc of &U th< aboY< ltv<lo. 
The «matndtt of litio ¡>.~por io <hO<fly <Dn«mtd "'llh thc 

int«rn<doott le•el, the hle cyde ol o &<netolion •• oeptt>tnled 
by o ocquence ol reloun. 11 " 11 thi3 levo) 1h11 onolylrs '" 
tetniS of !be S ond ~ olustf¡co.tion 11 port.culorlY ,.l .. ont ond 
en~J&ht<ntn¡. 

C. ~ .. ,m~l)' 1.•~• I'Wctll<t 

An aS>trnbly lme monuf.ctooull procus" poosible whon o 
<Y>I<m con be porlitluntd into oubsy>temo ¡hot ore ounpJ~ 

coupl<d ond without inoitibl< ~nU. J.lotoo>U, tbe proeeso 
"'"'' bo di•i•ible into oepo~>l< phoses wuhout oigruftco.nl loed
btek cont"'l OV« phoseo ond wilh rcl.ou•oly ~111< opporturuty 
/or Ctodool/ ~.·t,.oon lh<m . 

Unfortun>ldy, pr<lr:nl doy P<OJ.fommina u nol hke thll. h 
11 <ODIIitut<d cf ti"'tly coupled ><Uvllios that intnoct in 
onony wors. For '"'"'PI<, 11 l<oll oome upe<IO of tbo opoooft· 
<ollon and deoip> pmcecoeo o<< Ioft o•«, usually tnlpi¡<~IY. 
o o <he implcnl<n10tion (to<Un,l phuo. Fouó< d««tion !htouJI> 
•nsr<ction 1~01 4 not Y" um•<tu.l putti« ond by delool111 
o/ un deloyod tUl o oyslem int<GlOIÍun 01 'Y"t"' too un¡¡ phue. 
One of 10< ,.,.;, conc«no el lifo·cycle proe!'u methudc!OCY 
<u<otch "'"" 1>< lo d<•<Jop l"bniques, tool<, new •Y""'" 
otlhl1o<lun:o IS«Iion JI. F) ond ptOI-fomminl suppon eno11on· 
mrna [3li•[H) lhot P«mJt ponit!onin8 ol thc provom 

~"<loprnont ,nd "'""'""""" P<<><Ol> <n!o•opori1Cd ocU•lli". 

D Tho S!z~t(tt:tnt:t o( rho l.if•· Cyclt Cottctpl 

~<>• oncm~ly lino procusoo !h< lilc--oycle concept " not, 
l<n<oolly, ol pnm< rn>rononoo. for oollw¡:o ond oth<r ho¡.hly 
eompi<X oyoterno 11 be<Gmu crJIItallf elfecu•en<n,eo.u tlfcc
l••<nt», ond tonE lile oto to l>e ochieved. Al e><~ mornCJ~t jn 
11m<. • mon•'" 'o <on< <rn <On«nlttl<> "" lhe o~cce,.lul com
pltll<>n of h" <unen¡ O<>o~nm<nl. !111 >U<e<<> wUI be om,.ed 
by ionmedo.Miy obm••blc p<oduct ollnb"'"• quoLty, cou, 
umchneso, and 10 on. h " ha t~t<OU '" .,,,. ouch u rhel< 
1hot d<l<m>on< tbe lu<lh<tonc< o/ h<> <01<01. 1-!•n~<HOI mol· 
•n .. 111 '""'"~ly b< ~orn•n"•~ by • de'"' lo ochi"c ., .. ,. 



mum h><ll poyo!f -..iLb •uib!< •borL-Lorm bcndh. 1L will nnl 
O!Len uko rnLo oooount Lon¡¡-tclln ponoiLÍil, thol connot Ir< 
prc<ioeLy ~rodlole~ ond whoso <011 c.nnot b< ouc11oJ. Top· 
¡ .. 0¡ mono¡cnol poe""'" Lo tpply hlo-oydo <>lluotíon is !he"'• 
foro usen!iol lf 1 d"elopmonl ond molntononoc procoo• io ro 
b< 1 mincd lhOt cont1nuouoly o<i>ÍO"tOS, uy, dooltod o•croll 
bol.on« buwcen tM o.holl· and long·t<rm obJcothOI of tho 
cr¡oniution. Ne;l«t w¡ll in<>Uobly r<sull in o lif<lim< ••· 
pond11ur< on th< syUcm 11111 ••coodo mony 1lmcs th< '"'"""d 
dc .. lopmcnl 00'1 en the bun of which th< oystem '" projcct 

"''' '"""lly outhori.ed 
To o•crcom< Ion~ llln< l•p on.J !he hi~h c.,.¡ of oofLwor<, 

cM m•Y oloo .. ,k to n1cn<1 tho u><IW Lof<timc of 1 'Y"'"'· 
Th< d«ruon lo «Pio« o oy>lem " uku wllen mointonon« 

1,., be<unr< too <>J><ml'e. rch•hrlo(y too low, ot .. n~c rcspon• 
,,.,.,,. to><>ol~u,.n. performono:< un.coeptobk, fun~uonoht~ 
lO<> hmn1n1; ro ohon, ,.non JI 1> «onomicolly more utislactory 
¡0 rcpll« th< 'Y"'"' than to m•int11n lt. ~ut ito Up«l<d 
hft umc lo tb.ot pomt " ~<termine~ prúu1<ily in it> conoep
lron. dui~:n ond rn.<iol unplcmcntoti<>n ott¡u. ll<n« mono;<• 
me ni plonnin1 and oonuol dunn¡ tb< fOimoli,. penod ol JYI· 
oem lile, bas<d on hlellm< pmjectlon• u~ IU<11meot, ~10 b~ 
mt1eol •~ ochre•lnJ l.m1 hf< <Ditwore and llf<tim< "'" off«· 
ll•<ncu[l[. 

t". Lóf<·Cyc/o l'l>o•., 

/J Th< Jolo¡or A<Miry CJ.weo: Al lts J<OAO>I lu<l • lile 
cycle consim of thr« phoses· ~<lrnioion, irnplementllioo ond 
m"nten•n«. As JodiOol<d in FiJ. $, lhcso thr" phoses corr<· 
opond oppfo"m"ely lo the •~L,.Ities desorib<d 10 lh< fust 
1M«, th< oecOnd thr« and th< I<YCnth b<lX IU¡><CII'<Iy of 
Boehm'• mOlle l. In pr.cli<e, ho-..e•er, maoy of th<S< oc1>•i1101 
oro o•erlopv<a, rnlcrwo•cn, and ,.p..,ted i¡uan .. ly. 

2/ Sy"'"' D</inirwn: For E-dau s~st•ms in poruo•lor, the 
dovelopmtnl proccu be¡ins woth o pragmoll< onol~sio l<odrn¡ 
into a syotemotrc oysr<ml oMiysb to d<term"'e total onl<m 
on~ pr011010 f<q~ll<nl•~ll 1 H 1-1 )8]. Tll< 1 noly,11 muol h!ll 
tSiabluh lhe rtQ/ need and objeclives and moy eumine tire 
manll.ll l«hniquu wh<r<by th< same purpo"' JO c~ftentl~ 
ach!c,.d. \1/h<r< opprcp!Jot<, 11 m1~ be booed on molh<motwol 
or cther formol onolym, Whoto•cr lh< opprooch, JI hoo now 
bccn r<oo¡nizc.J th•L th< oulyoio musl be duciphMd on~ 

""' au"d 1191, llOJ. rhe '"'" lln<<l••rd onoly"' now be m' 
'"del~ uO<d ]9], ]4!), l4ll. 

El y 1 hcrt •ery "''"'" mniol roquircmcnts, be in¡¡ •n e • pres .. on 
ol U1< u~<r'• ,,.., or bu n«~•. ore likcly lo rnclud< rncom
P•hb•hii<S O> e•on contndr<l;ono. Thus the onalym ond thc 
'"'o""'"" pru,<u by ond b<lw«n ORIIY>Io on<l pol<nli>l 
""" thot produces the fono! r<Q~itom<nll IP<<•fic.,wn, muu 
rdcnt¡fy o b>l•nud ocl thot, '" oom< """• poo"d" the opu· 
no u m ccmpromllc b•••-ee n wnflJCting d<siJc•. 

lh• r<qulf<m<nl< o<t will be upr<u<d in tht con« N• ond 
l;nru•~• ol th< 1pphcohOO and ill uocro. 11 mu<l lhtn be 
!'""fonn<d mio o uchnr<•l sptCJ/irtrlion. Th< spcdf"alrnn 
~1oco" 14lL ]441 "'"" aim <o produce • OOII<<ll<<hn•ul 

,u.t<ment. r<>mpln< rn >li co,.ro¡e el th< rcquircm<nl> ond 
~"""'"M on '" d<fmnron ol the impl<mcnta¡;oo. h may rn• 
<l~d< odd1lmn•l detcrm,oouono or conotni~l> thol follow 
hu•n • ,.,hnr<•l <•olu•tion c.f \~< ocq•11emcnn in rclooion 10 
•hot 11 l<.,ible, .,.,l.blt ond oppJopriol< in the JUdJrn<Rl of 
lht •••ly>l &od d«i~ncr on o¡rcom<nl wi<h oh< um. 
, Ir hoo Ion¡ l><en th< 11m of compute• S<J<nllill to pro>~d< 
l~<moJ lon¡uo¡<> !or lh< uprusiom ol opc;crf"'"""' .., 11 to 
r<~nut mt<honJ<ol ,hedrn& o/ completen<>l an~ ,.,t<n<y 
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1 H 1-149), [911, bul o wrdely •ccep«d l•nruo~< doe. no¡ Yot 
<>111. Gi>en o mo<hrnablc opcclficotion n 11 con<eplu•lly 

rcwoblc lo '"~""" iL m<<honic.olly to uccuLo ble 1 SO 1 >nd •••n 
dfrdcnL 1141 codo b~t !h ... t..:hnoiOJ,ics too oro ~oL y<t 
«-•dY for &enenl .. ploltollon. 

Thuo, for lh~ time b<in~, thc •r<cifi<oLio" pro.:css will be 
lolluwed by 1 duirn ph.,< ( 49\. (51). 1'b.c {'rimo ob¡e.:li>e 
of thilacll•lly lo (O idcnllfy ond llfllelU« dxlo, dato trunofor· 
tnllion and d1!1 now llll. Ll musl obo achic•o, in oonoc 
d<frned .. ....,. optimol portii>MinJ o! oyot<m funotion [201, 
oclcct computollonal ol,orilhmo ond proxcduroo, •nd ld<ntify 
oyst<m componenta, o_nd lltt relaliooshrp• belwWI thtm. H 
u now rtn<rolb ocecpttd thot itcnll .. lop-du .. ~ (Sllan•lr· 
si> •n<l r•ot;l ionin,; proe<.,.s ort Jcquir«< lo ocltic .. IU<«uo >< 
,.fill<m<nl !211 of lht SY>I<m deu¡o lo lhe poinl ,.Itere thc 
identifl<d ob¡«t&, pooceduus, and tnnsformii>DB• ao be 
dueotly tmplemtotod. 

JJ /~npl~montaJion: FoUowin¡ thc oom~!eti<m <>f th< dcoi,ln, 
IY<I<m lmpl~m•~<•IIO~ moy b<¡in. In pncliu, ho..,a•or, 
ócsi1n ud implcmcototion o•e•lop. Thus, os tb< hierorohicol 
porlitlonin' pn>«os prooccds, onoJysio of unain oo~ou ol tbc 
oyotcm may bo conoidtltd s~fficitnL for implemenlllion, wb~c 
othefl ~quilo funhu onoJym. In o ooh.,.,.. P"'iecl. tlmc 
olwl~o oppun to be ot o prcmium. A o~orlc lor<< comprisin¡ 
mon~ d;fferenl 1bilities ir: avoiloblc ond must b< kopl busy, 
Thuo. r<P<lllbly, implcmento1ion o! auboyotcmo. componen<&, 
proccdura, ot mo<lulcs will b< tnrtiatcd d<ipÍI< the loctthot 
tbe oven U, ot .-.eo thc locoJ deu,n, is not yot completo. 

..,, thc rmplcmen111ion proceods codo must b< wrlidoJ<d 
IHI. 1S41. l'ruc.nt doy proccdurcs concenlnl< pnma.oily 
on l<rlint (H), thoulh in rcccnr y<ln increuinl use hu~"" 
m1de of dui¡:.n wolkth"""l~ ond oodclnlpt~Jion !90]. Th.,.< 
lonco f'«>«dura u< 1111<ndod to diu:losc b<lth dui&fl ood om
plementolron erron bofore thcir tons<Queocco beoome hidden 
in thc pt<>¡¡r•m codo. The rooio o! costo of ""'""'"'o fault 
dn.co•<r<d in usqc u apinot Lb< wst o! rem<I>'ÍRS <h< samc 
loull if dosoovcrod durinl thc deoi¡n or fi~t rmpl<mentllion 
pha" io oomcumos tW<> or \hi<< OJdeu ol mognotude Cl<uly, 
it poyo lO find faulls <lfly in the ptoceSS. 

In ony ..... t<llin& by mean• of poopom .. ccutron "Cllri<d 
out, ¡ene,.lly botlorn up, fr~l ot tho u11it/module or proce· 
dur:ol) le•<l, lh<n function.Uy, componen! by conopoocnt. A• 
t<>ld oomponeou l><<ome o•o~obl< tbey ore th<n us<mbled 
into o •Yotom '" "' mJttr•uun proco11ond ry•ro•m ,,.,.u on<lr· 
lted Frnally, ofter somo dc¡¡r« of independcnt cen•focotion 
of "''"" funchon ond P«formoo«. the oymm JO du•;nol~ 
rudy for rdt~J<. 

l"ho abo,. "'Y bnef •ummary hu idcn<ifre.J <Orne of lh< 
aou•iti•• thll .,.. typ10oJiy und<nohn in 1 syotcm "'"'011 
pmcc.,, Lndoviduat ocll•itioo u ~<«nl>ed m1~ o•ecl•r. bo 
lle .. ood, mu¡ed, 01 not undcrtohn o! ,u. D01i¡¡t of on <l<· 
ment, for eumplc. ms~ 1>e faUo,.ed ommed¡ot<IY b~ a test 
im~lemcn~a11on ond P«hmrn>ry porforman« "alu>\ion •~ 

onsurc ¡,..,brhty of o des¡cn bolero '" iooplleallon> sprc•~ 10 
ol~<f p>rts of tbc •yst<m. C1eorly, L~cr< thould be o"' oJ 
o•uall <Dlltrollcd pr<>ttdur<l to ukc a c<>ncept hom thc r"'' 
p,.~mati< Holuation of th< pot<nt11l o/ 10 opplioauon loo 
rnechoniutwn to th< fJnol pro&~om produ<t cucutio, ro d•· 
frnod hord~•rc o• ..,¡., .. ,. ond hordwore tn.;roomcnc(o). 

41 /oloonunone<: Once th• oyotem hu b<cn r<loued, tire 
m•lllttn&ncc procus be¡jn•. Ftuhs wlll be ob•« .... d, rcpoll<d, 
ond 00110<\td. ff uoeo propeu u block<d b<cou" of a loult, 
• lcmponry bypau ol the foully <Dde ""Y be u1hori1od. In 
oth<r <ir<umstoncco a temporory or perm.onont fi~ may t>o 



r • • ' 

1 d m wrn< or oll "'" l<>"llono. Th< p<rm•oonl repou '" 
;~:;, 10 rh< rr<>1rom con lhen b< hold '"" for 1 mw roi<•OI 

1 b< '~"'"'· In urh<l '"''•' ~""'"""M ohorr¡o 10rll be prt• 0 1
• lot inun<~iue rruLollolioft by oll lha'" tunRint tho 1)1· 

piiC<> 1 -
ttn\, Th< plllicu!ot IIIOIOIY '~"P''~ n ony rnolon<:< wlll 
d<P<nd "" lh• ""'"" onJ "•••lly ol th< f•ul¡, Uro al•• on~ 
dlfii<UliY of Uro <han~• "'l""'~. lh< numhor on~ noluto al 
P"'~'"" lnololloua.., 1nJ ""'' "'J•nr<olluno, ond ooon. Tho 
Ur<~•l< onll<i~ will ha•< • ptclound rnrpocl on Lho rol< o/ 

' 0 m compl<'IIY t•<>"'Lh. on !Lo lile-c:yele '""'• ond on ito 11' < 
1,¡, uo.cunc). 

tn< foullo lhol ••• liud rn lh< munlenonco procea m•y be 
d•< 10 eh••ll"' <>leltrolro 11" OYol<m, ""-r>II<CI 01 incompi<U 
11""/rcorron. J'""' 01 ""plomenl>liun trron, h"'Jw.re 
'"'"'"" 00 ¡o oomo eombmouon o/ 111.... Since. ooch u .. r 
••P"'" 111< oyuem "' d.rfnenl woys, &U innoU•liono do nol 
<'P"''""" oll f•uUo, nol d~ lhcy outomo¡ioally opply .11 
,..,.ufo<lul<r•IUppLod fi«o 01 <llong<;. On Lho <>lhcr hond. 
..,,.IIJtron• ho'ln¡ llltir o-..n pt01fOmmin¡ 11off may ycry weU 
,,,.¡0p ond imi•U Lor:oh«d cluJr¡co or oyllcm m<><hl•c•Liono 

10 '"" lh<1t opedfu: needo. Theoo pol<h .. , ln .. ttiono, or dolo· 
"""' moy in lum cau .. new difflcullies whu funll<r in<t<• 

menul chon¡eo "' '''-"'"d Ioom Lh< "'"""¡""""''· Ol 11 1 
blOf dU< "hcn o new rdeaoe io rouived. Tho irloviLob!o con• 

10quenc<O of <ho "''"'""'"'" P'"""'" opplied to oysl<mo 
)IIS!Illed /or more <honon< Ul<r,U IIIU thooyU<m drifli>P&tl. 
lt(ullip!e ver><uno o! oyllem elomuu denlop lo <ncompass Lh• 
,..,.¡iom and cumburllions 1561. Synem oonflruratw" 
mo/lacem<nl b<eo<noo o mojo< los~. Suppo" <nvi•onm<nU 
llll-IJSI lhll OUiomouc.Uy collecl and mlinLoin \ctaloUi•· 
.•y l<wrdo l•ecome ..-. ""'nllol too! in J"OPiffi>nlnc proeo" 

"'"'''"''"'-
F. L·f~· Cyd< /'lannrnt#nd Mo"atomenl 

Tire preoodin~ diocuosion, whilc pruentln¡ 1 •imptitled vie.., 
al L~• ~fe c~cl•. wrlf h•• modo <teu <he dilf.wuy uooc>>Lcd 
,.,ti e y el< plonning Jn recen\ yean thio prcbltm hu rcr:ernd 

muCn """""" 1 Si), ] S 81. A YOrtely o/ lechniquu ho'< been 
df'<Loped lo improvt oolimOLion of col\, limo. 1nd other tt• 
ocurcn ttqulled lor oofl"'ll< do.otopmenl ond maUuonone< 
IHI-Ib4l. Th<S< l<chn,queo 11< ba10d en <>Lnpclotion of 
poOl up<n<n" and l<nd le produce r<IU!LS in th< nuure of 
><lf.fulfrllin¡ ptCPh«I<O- Jn &<n<ral, 11 h01 nc1 yel p<o><d 
poo>rM< ¡o d"<lop uchniquts Lhll <>LimOI< Projecl requi1<· 

'""""" on lh< b••'> ol obj<<li .. "'"'"""""' ol su<h atl"h· 
ut<i •• opphctlion '<ompl .. iry tnd oi« ond lh< work requrrcd 
lo CtcoL< a ull<laCicry o~Ol<m, Toohniqun ouch" ochw•« 
><r<R« I6SI. IM] <«1. lo do ju11 i111sbu1 lo dll<loü oub
"'"'"''on lb7] on<l inltrprcloliun. Mo¡or "'""'"" •nd •d· 
"""' "" ,.q.,rr<d if ooflwar< en¡m<<rrn~ "lo b"om< " 
'"'"''"ble •• oro olhtr rn¡•necrin¡ <11ocrphnn. lhou¡n fundo· 
monull~ \Ir< pocuhar """" of ochwOI< •Y""'" ll8] wrll 
olw•r• 1"" oohw••• en¡ine<rin, in a dJ" of '" own 

IV. l~wsm PM<~'MAOI [~O~UIOON 

A. t·,.,¡~¡¡~n 

Th< •n..tyw af Soction JI ... oc:iued ">Lh lh< hfe-<y<l< 
~t><npuon o( S«hon lll, hos in6kal<d lhot <•olu\ron ;, on 
,nlnn>r<, f,.db>d dn,.n. prcp<rry o! ooltWJI<_ 1ht men· 
l)<l<m wirlun \ohkh o P"''""' "'olv<1 eonurns m•ny "'o" 
f«dbocA ><IUionohrpo thon lho., idcnlil,.d ,oo-,.,_ l'<imllr>< 
¡~~llinea of IU"'"ol ond lfO'"U. ru~h in rhe <•olut>on el slobr· 

"''"' me<hormml 1n J<lponoo lo noC111, """" ond chan¡pnc 
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ob¡~cuvu. Tho r<>ullin' PI<Udchienrobu:ol oltuctut. of .. u. 
.,,b~rdna oyuemo includ<l thc producLO. <he prooWeo. tho 
en•ircnmcnlo on~ lho orpniutionl lnvolnJ, Tho intOnttiono 
i>r>IW«ft ond wUhin \11< "•loua collllilu ... u, ond <ht o•e...U 
pomrn el boho•iot DIIIOI bo undon\uod U 1 pro~om Pruduc\ 
on~ llo uoaco ••• lo bo ofloctl•ol~ plonMd ond molntolno'~. 

Tho orunlu\lonol ond on•tronmontol /oodbock, link•. 
!OCUMO, ond ltolllnllb tho nolullonary PtQ>U,. Lo ylold tho 
oon\hru!JI~ chonp proc:on. A oimllll ailllolron holdo. al ooum., 
for onr human or¡oniud ocLI•ity, .,-,y uuficiol <Yit<m. llut 
""'" IÍJIIill<..-.1 di!reren<:n 11< oponll•• in lhe cut of oafl· 
"'"'· Jn <he linl !110\ance lh<ro io oo room In pro~ommin• 
/or imp~<<'-'•on, no maUoability lo accommo~••• uncellamty 
or error. l'tcllfommin' io • mOihemol!cal di>c:ipline. ln rclo
lioo te 1 IP<<ifí< obje<l,..l, o propom is <ith<1 npt <>r wron¡. 
Once. .., in•INction sequence ¡,., b<r<n liHd 111d unlus 111d 
until il io manuaUy chon¡eJ, ils beh .. lcr in neculion on 1 
Jiven •~.eh~ io delennined solely by liS inpuu . 

Seo011dly, 1 110/iwue IYO<<m io oofl. Ch..-.&<S <;an b<r im· 
ptemerlt<d u<inJ o pene~. popor, ..-.d/ot a ~eybo11d. Mo.-cr, 
once o th>n&< boo been dosi1ned ond lmplemonled on 1 dhe¡. 
opm<nl oyl\<m ¡¡ can be applied mochanócdy lo ~:~y nurhbor 
of inOL•n= of lh~ "me aynem ,.;Lboul fur<her •i¡ni/kanl• 
physieal Ol 111\elletlual dfo11 uUn1 only compurrna rei<>\Ír=. 
Thus lho l<mpLOlio~ io 10 imp!emenl d10n.., in tho odain¡ 
oyol<m. thon&< upon tlwl&< upon ~aqe, nth<l <han 1d col· 
leot chon&<s inlo poujd tnd implemenl lhem >R a\o\oJJY new 
rnstonco. A• lh< number o! sup<rim~<»<d thiiii<S Ulcrcoseo, 
<he oyatom ond <he me\ooyS\em buomc mor< oomplea,ollffer. 
n>r><< t<liSI•nl tu thon~e. The tOI\, lht u m o requir<d, and \lle 
proba bil!ly o/on ermneou • 111 unnl,.fa<loly chanK< oll inaeooe. 

Thirdly. <he ni< aL whleh a piOifOm oitcuL<s. lho hequoncy 
of uuc<, USO&< inlenclion wnh !he opentin¡ erl>ironment, 
economir: and ooclol d<pcn~en« o/ Ul<rnol proceso on i>ro
V'Iffi oauulion, oll oou10 defrcienci .. Ir> he <>~osed. The 
resullanl pe....,,. /or tan<clion >.nd improvemenl le•ih Lo 1 
oystem rol< O/ ch1111< ..-nh o Lime scole meuund in dayo a~~d 
monlho n<her Lhon ln lhe yeal$ ond de.:ad" !ha\ I<Potll< 
hudwue &<R<IOLiono. 

B. Dynomic• ond ¡_..,,o[ Proz1o111 E•oh<lron 

The r<luiUno <YOiuuon o! >OIIWII< opp,.., lo be dri•en ond 
e<>ntroll<d by human <lociaion, m-erial editL, :and PlOif.,.,. 
""' jud.,<nl. Y<l 11 <hCwn by .. l<nd<d studre<l68l-IT6]. 
m<,.urto cf ia <volu!ron d"play potl<rn•. rosulatr\Y ond· 

110ndo 1ha1 '""'"' on undorlyin' dynomics lhOI m•;· 1>< 
modelod •nd u><d for plonnrng. lor pre><c" <ORIICl. tnd for 
pro"" rmpro.,m<nl 

Onoe obson-od \he reosuno for lhis une~pe<l<d re¡;uiOiily io 
eoo~y underStood. lml!'ldu•l dec10ions in >he bfo <Y<I< ol o 
oof11•11• ·~SI<m 1<n<rolly oppeot lcuLud in 1he system :and 
¡n ume. The cunoide<>ll«hs on "hicll !hoy oro ba:.<d oppoar 
.nd<~endenL ~hnog<rial doc isions ot< lar~ely token in l<i>UY< 
uol•llon. conccrned lo o<hÍe•< local tOJIIroJ and ophmiZolion, 
conconuated on o<>me ospcct o! ¡be pr<><us, aome phOS< o/ 
<y>l<ln nolution. Bur therr ·~¡¡replion, modor•led by <he 
mony leedO.r, k nloli<>nships, produce• O><uU sy11ems rupon>< 
wboch is "'"¡_,' on~ """" norm.Uy dutnl>u~ed. 

In iu <illy oto¡es of de.elopmenl o syot<'n " more or less 
<•nd<l 11>< canoro! ol thou rn•cl•od in iu on>.lysio, d<si¡n, •nd 

rmplcmenrotioo. As il ''"· !hose wcrL>n1 on cr "'"" lhe SY<· 
1<m l><«>m< increo,n¡ly <unoUained by urh<l docio>Ons, by 
o•iatinJ cede, by uubl.,h<d pnCLieeo ond hoboll ofuoers ond 
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T"h~F. 1 
¡ ..... , .. ····~··íll ..... ..., .... --- ---l. C'o••L•""" Oo•...,.. 

A Pl"l"'" lll.ot 11 -~ ond 111111 "on '"'~'~<",..'"'"" oflu o¡ooó
Oc.oiiOII nn.r10 ...,.. oth<! , .. hoy, uod<rl""' o'Oo<lollol doooooor 
bocume.o poo~ocni"l' ho ""'f"l Tho <~•n¡:o or d<<Of P'"""" 
'"""" .. ' """' ;¡ lo jud¡«O "'"'' ouoL oiT«II" lo «plo« •~• .,., . 
.... .. ;,~ ......... d >0/olu<l_ 

U. /ua<oM,C'I>Oip/<'"Y 

Ao on .,ohlno P"'l""' 11 «mlinu•ll• <~l"!'d, '" oono¡>lc"l>, 
ocnc<1io1 dll.,imoU•I "'""'""· '"'"',.. """"' wotl. lo doM lo 
m;i"""'., nduoe "-

111 Tltrl'u..,J,m..,lol Uw uf f'>op""' !'o"Oiul;,o 

Poo,r>m ""'"''"" i1 '""'"' lo o drooomo<l "''"'~ mol.<o oh< pro
IIOmm~no pto<«<, ond hon"' ., .. , • .., ol ¡robo! pooj«t and oyiL<m 
>1Uot>llt11 ... u.,.1.biln1 .. ,.. """'oco.U' """'"'.,.111• 1 .. 1111.1 ....r 
"'""'""'" 

IV. c •• ,.,..,¡," o( Orz••"'""""¡ SIObl!lly (In..,.,•• 11-'ork llo~t! 

Durina th< """ 4fo of o p<OI<Otn tho tlobolocu.,oy "" kn, p<o
lllaln""' Plot<<IU """'.,.¡¡' '""'ivoo. 

V, ('"",..,.,.allon o{ Fo,.ll!ttnly {hrc<o .. d a,,.plul/y) 

l>urinJ 11>o "';.' 111< ol • proJ<im lh< ,.¡,,,. conl<nt (ol""''~ 
•dd,ioono, """'•"') of lh< .. ...,.,;., rolo•.., of '" .,., ..... ,_ ,,,.¡, o!•IIOiicolly io•11iant. 

impl<menton a.lil;e_ Local conlrol rcm.oino wilh peor!<. But 
procuo and ont<m·U.lcmol links, d<f><nd<n<>.,, ond int«a<· 
'""" a.uK th< ¡Jo bol thOllCLtnU¡<o oloy:ot<m u<>l~lJOn 1<> be 
dtl<t!n¡n<d ~y otpniulion, pm«ll ond syotem puom<l<n. 
At the ¡Jobol 1•••1 lht meU•yJLem dynamia ho•t lv¡:ely 

Uhn """" 
Stnce tbe onclnal obse...-alion (611, <tudoes ol pro;tom e•O· 

lution h••• conunuod, b01cd on "''""'"menu obioomd from 
a •uiety of IYil<m•. Typicol eumpt<S ollh< rosullanl modols 
hove boen reponed ( 691·111), ( H l. l?t.J includinJ olio one 
ddoilcd nampl< ol 1heis •rrtic>lion tu relea" plannin¡ (77) _ 

1¡ .,. .. "'P<Oled Ob«nauon of phcuomenololioaily •im~oo 
bchavl"t ond the common IZII<IJI«I>Iion ol Uldcpendcnt 
phcnom<na, lhll led 10 o"' of f"t lowt, thot ho•c th<mKl>es 
,,,¡,.,¡ "inoi¡ht ond unden1andon' ~ • ., in"cued The ''"'· 
u Cunen lly formula!<~ 1 u uodudc lh< m w """P~ont etner~n~ 
11om 1~< SPE du<Jfoc>ttnn, "' govcn '" To!tlc l. Th<u <Ooty 
~<•tlopmont ••n be foUo..-cd on 191, 110),171]_ W< no1< 
1ha1 lh< laws '" ab<llo<Lion! uf ob""''d beh.,jor bo>e<l on 
II•ILoloc&l rrio<lclo Thcy '"" n<> "'""'"~ onl~ o '~"<In, o 
pro¡«t ond lh< OIJ.>ninnonal m<~>O>ol<oll '" .,<]¡ "''!olioHed. 
lo.lo1< dttadcd di'<U<<oon <>1 oh<is """" ond olth<ot l<chnocol 
ond mona¡cnal ~mplrc.,ion• "'U b< lound on 1111, 1771, 
1181 >nd (17) ,j79), 1 BOl, «<rccll,.ly. 

Tlot Ion! Jo,., <un """'"f chont~, <>n~n&lly t > 1. 11 O) .!79) 
"P""'d lhc uni,<r<>Uy ol><<"<d 1><1 1h01 ,.,,, pro&IOttOI ate 

n<>tl cnmpl<t<d, Thcy JU" '""""'" 1<> ""'", f oltowong ""' 
mw msi,V.I, h<>W<'«, roler<nc< to lu•r• nw ,. """ ,.plocod by 
the phruc ___ "lh 11 ronceo 1umo uth<r , .. hly ... " 

Tht K<Ond l•",lft<,.41101 comp/c~lly, could be ><<n" an 
I05lon« ol lh< •«<>lid 1•" of lhernu>dy nom ICI. 11 "'""Id oocm 
mote IOUOnoblo to "l"d lruth " in"'"'" ol oom< noo1< 
fundomentol OiiUt>l lnllh. 80>[ frono cithcr .,,.,poinl ilO 

m""''""'"'· T he thud lo", thc fundom<n<ol /aw o{ p•otlam .,ai<>Jo<m, U 
"' lh< nlluro o/ on .,;uen« rul<. 11 •b<Uo<u Lh< obu:,..eJ 
/oct tloll tire nu<nber ol doci.o.ions du•1n1 tho p<oe<ss ol .. olu· 
uon, Ut< "'"'1 loedb.acl paLh• ''" cloecko and b>lan<u ol 
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Otl>nizations, ''""'"' !nteta<lion:o in the ptOCU::r, rco<Lion::r lo 
uso&<, th< "'idll~ ol prop-am ct>de, &lJ combino to ytcld 
11 ol iotir:all y reprla~ beh ovior such u lh•! eboe,..ed 1nd muso red 

In lile 'Y'""" studied. 
The fourlh ''""· mn:<rrOiion o{ o•t~n.,•lloMI ll8b1/Hy. and 

tho fiflh. "'""' .. II<M <>{ f•milúmty, rcp~<u:nt "'"'"'" of 
tire ob,.nlli<>nl "h"" 1<n<raliz01ion lcd to thc Lhird low. 
Th< fourlh r<flocl< Lhe '"::r<lintu ol mululo<>p >df·<IObiU•inl 
oyllemo. h is boU .. ed ro 01i<e lrom or¡oniutian>.l otri>inl fcr 
otobility, Tlo< monq<m<nts ol wdl·<SlibLt>hod or¡aniutia<U 
.. oid dromoLic chan~o and puticul>r]y di"onJinuU!u in 
growth 101<0. Men:over, Lh< numbcr of ptoplc ond lh< lnv<5!· 
monu in•ol•ed, tht unietu, Lh< llmt d<l>y• in impl<menlln& 
Jcc11ions. all opcr.llc ICI<tlrei to PI"'"' sudden ot dtutio 
chOnl•· \Vide fluctualoons may m foct l"d to instab~itY llld 
lhe ~t<okup olon mpntutlon. 

The r-c>d<r m1~ flfiJ 11 diffi<ult te ooccpt the implie>.IÍOII 
iltU tiro wmL output ola ptoject 11 ondependcnt of !he amount 
o/ ruouo«• to11rloyed, lhoush tire'""" ob.r"''""" hu ol1<> 
l><on record<<! hy othen 18l). Thc undcrlyinRinllh ls thot 
o<li"''" of llr< IYP< rornidorcd, Llroo¡)t 1mli11ed wilh mi:ti
mol "'"'"'ces, 10pid1y atlract mere anO mote u commilm<nt 
lo tht ptüJ«I, on<l tho1<fo1< ¡he con><quentcs o! sUC<<ll or 
bilu~t, Jn<«.l ••. o~, o>h .. rva~ion ••• founah!td in th< f<>lrnh 
l>w •mpl) thOI thc ro..,ur<cs thal can be ptoduoli><IY opplrcd 
t>cromoo lomolcd os • soflwot< proj<eL o;eo_ Thc m•~uludo of 
lh< lm11 dopcnd• on mAny f•ctoro Jnduaon~ •nrobu!Oo of !he 
lolal "" ol<>nmt/11 O u¡ lho P"'"'"'" for 1<><«" leod• 10 in•.,l· 
menl lo th< poont "h<ro >1 " ... c<dcd The ptoJetl tuc.hu 
thc 11&¡< of re..,urco .. IUfl!lon ud fu<lh<r ch..n;es ha>c no 

''""'' of/eel ~n teol ovcrall olltPUl 
Wh~o thc fourth low •rnnp rrom o plll<ln of oqono,.toonol 

beh .. i<>r, lb< follh r<O«U th< colle<tJ" con=tu<ncts ol 
lh< ebou<L<nlli<> o/iho mony in6ov¡duili "'"hin lh< or¡&niu· 
tion. 1t i• d"'""'a 01 ltnJlh Ut JI 1 ). SuHi<o il to .. y he" 
Uul iloe low .,;,., fr..,m lh< "onhnur rclationslr'op b<Jwtcn 111< 
lhOPIÍiud< ol o oyllom oh"'¡e ond thc int<Uo<tual cffort ud 
11m< l<QUllCd Le alllotb thll chon¡o 
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·~· 
TA~LE JI 

SrnrO<X Sr•lllfo<'l 

·~~~~..;~~=~ 
lil<lto,. "Jroll•tln 

"" 
'"'""''"',¡ ,,., .. lll 
Mod•llt o~o..,ll" 

Fnelloo of "'"""~' "'-Of;<4 

"'''"'" """"" 
S y mm SIOIUIS,.t .. 

O&n&o nu 
,. .. ,.,, ln<><m<nlol¡roo.Jh 
lo4ulmom ,.¡, II<>Wih '"' 

4BOO Module~ 
l.l ........ ~,,.u .......... .. 
410MO<Iulu 
l"O llolloloo 

"' l" Doro 

4.) ~ .... 
10.1 MocluiO>{dOJO 
lOO Mo<lulcl/f<l"oo 
400 Modul<t/r<Joo• 

" " " " 
loucmcnlol &l""''b l• Wool) ll! 
Fto«~• cll.ln¡ool O.ll "' "' '" "' 0.4] 
COon" "" ll.S "' o.so 0.!6 

"" .. ••• ••• lnl<"'ll (Doyo) 96 '" '"' "' "' Olol ooo<h, Cllo~~&<d/ ltod 1.9 .. 10.0 ' ' ... 
'Noclulu '"''"'<Un&<~;,..,,"'''¡,.""'"" 1• 1 ,.,.,,.. 1<1 ,.. 

,., .. 1"' rounl<d oo one ohonood modulo, itld<pendonllr olll" num
bo• o/ <h>t~.~u 01 o/ lhclr mo¡nloodc. 

V. A~PliED DYNAMICS 

~ 1~-· •<l•clóon 

Th< Pl<.,oul .. uic>n• h .. o <mPhooiud Lh< ph<n<Wfl<nolol.l<>l 
••m !01 lho ''"'' of P<OJ<Om <Yo!u!óon, indi<.otin¡ how th<y 
,,. <O<Il<d in ph<m>l'l<nl undc1Zyon¡ th< octi•it~ of pro¡rom· 
r'""' in<! f. 

Th< ori&<n of th< low> in indi•idual and so<i<ta! b<huior 
mok<s thdt unp.ot on th< conl!ruction ond "'"'""">neo of 
ooftw•n mmo thon just doscr,ptiono of tho e•olu:ionory 
pr<>e<IS Tbo t ... , uprc><nl P"n<•pl<• in oof!war< <ni'""""'· 
They uo, howe•er, <lc.,]y not im,.utoble,u lot o>Omple,OI'O 
th< lowo of phY>lCI o¡ <h<millry, Sinco th<y ""' ltom thc 
haMr ond ptocticu or people ond orp.ni .. tiono, thelr modrfi· 
cl!ion 01 <hon1• uquuu on< U> :o outsidc lh< Óll<ÍPhne of 
<omp~t<f ><ieme inlo tho nolmo or oociolo'y, «Onomiu ond 
mono¡cm<nt. Th< lowo thcr<fo« form on en•itonm<nl wilhin 
which lh< <ll«t,.<n<SS of prollommin¡ methodo!oJies ond 
m•n•&•m<nt otrot<IIU ond l<cllni<¡"'o con be <Yoluoted, o 
bocl<drop oprnot which beuer methodolo1i<1 ond t<<hniqu<O 
"" ~· d"etoped, 

Tb<" rmploc>llono. t«hni"l ond mono~«iol, hu< b«n pn· 
"ou!ly diScuued in the hteratute ( 3], (9(, [ 11 1, 179]. 180 l. 
In lh< p<<S<nl popu, we remiel th< di«owion lo outhnin1 
,', oum¡•l< o/ tho oppil<.>lr<>n of nolurion dynamico mo<Jola 
'" •d<o>< plonnin¡, 

' A C•tr Sludy-Sflltm X 

1) Tht SYttom ond 111 Ch•"'~'"i.stict: Sy>tem X ioo l<ntral 
pu!po.e botoh opeutinr ont<m runninr on a ronJt of mo· 
'"'""· lho erght«nth <tlcooo 4Rl8) of th< onlcm it opuo· 

oonal in onme tens ol in<t•li•u~no runnonJ o •m<tY of ""'' 
"~' The nin<t«nlh releo>< (RI9) io obcut t<> he thipped, 
Toblo 11 ond fil (,lo)-(¡) Pl<><nt the >f"'"' ond •ekooc 

Uro .nd modelo uoUoblc lar the putpa••• of tho pteO<ftt 

'"""'. We conrtot, how<•<r, pro>i~o ''"'" th< dotoih of sto
hur<olono!~oio ond modcl •olidoUo" [76[, bued on tlo 

ond thot from othet oyllemo lhot ,;..,, "' <<>nfrdnec in oou
concluoiono on~ pred,ctions. 

Eu<roia~ tne •Y•«m dyno..,;co u imph<d by modelo de
ri .. d from tbe do1a ond ao r!lustroted by lhc /i¡ures, For. 6(o) 
ohowo o he <<>nlinuin¡ ¡rowth of lhe oyol<m (firot lo"') otbon ot 
o d<elin1n1 1010 (dcmonstnbly due to in«eulnJ doflicolty o! 
<lanre, II'"""ÍIII complealty -seeond \ow ). 

Frr. (,lb) 1ndicotes tho! 01 a l~nction of ret'"' oequenoe 
numb<t (RSN) tire IY11<m Jrowlh (m<o>ured rn modulto) hu 
been lineot but "'l!b o ou~J<rimpcoed tipplt (o otron1 indrootc• 
ol f<edbuk st.obiliulion~ 

Fr1- 6(<) oh""'o the n<t ltlcrem•ntol¡towlh p<f J<leuo (/iflh 
tow). 

Fot IY>t<m or<hitectUICt II>Ch U thot of IYII<m X, !he fltC• 
<ion of ontom mt>dl!!eo lllat ort <hon¡ed duun¡ o"'''" moy 
be lo~tn u o llOU mdicotor ol OY>t<rn complt"ty, F1¡. 6(d) 
ohows thot •Yll<m X <omplu>ty, u mcuuJ<d '" thil woy, 
obo ... , on inc~euin1 trend (sceond low )_ 

Fi¡. 6(<) io on eumple of tbe r<p<Ot<dly ob"'"'d ccn1(ant 
""OI< wook roto{fourth low)_ 

Fi¡ 6(1) •IIUluoleo ho .. lhe '"'""' work "" tchio•cd in 
indl'oduol rel .. ,.,, 11 m<nured by th< ro« of module <hon1< 
(chonJ<d mo>dui<O ptr rel<"< inte,.oj doy (m/d) oodUoteo, o 
poriod o/ hi¡h roto """'Y heln8 f<ollowed by on< or more"' 
wh¡cb 1h< •<tmty rote io much to ... ., (lhud ¡, .. ). 

Frn•lly, Fo¡ ~(1) piolo lhe rel<ooe int<~•>l opnut r<l<>" 
«quonce numb<l. h hao b«n OfiU<d thot rclc•oc ml«nl do· 
pooJs purcly en mono;emonl dcci.,on th01 u ;,,.u buoJ on 
morhl conllderolrono ond technicol O!P<Clo of tbe rolu" 
conl<nl ond en.,<cnment. Doto oucb u 1h01 ol Fi¡_ 6(¡) !l!dt· 
'""· ho"'<>e,, lhll 1bo r .. dbook tnechonnm• thot, omonp¡ 
othor P'"''" ottubu«>. o loo C<mllol th< re le.>< rnler .. J, wholo 
on<.lu4inr humon d<<Ío<Wn tolint p""'"'•· o<e >PPI<enlly not 
dominot<~ by th<m As o conooqucnu, lh< o<leu< intet•al 
poll«n i> ouflrcicntly "~ul>< lo b< mod<loblo, ond ts ot>t!<IÍ· 
<ally predoctoblc un« <no"lh doto poinu hno b .. n <11> blisl'l<d. 

21 Th• r.ab/~"'' hlteody puot Lo lh< compl<tion (ond r<· 

4-6-10 
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Dtlotl a/ lnl<'"«l,. T<tmlno/ S•ppon (lrS} 

,, il<O<tlptloo "'" ... ..,, Ok!W<>d<~ ONC/Niol 

" T<unonol "PpGII "' '" Sc"'-Oulln¡¡ "' K T<l«<>m ouppo/1 " .. lolis< • '" 
"' 

l.a"') ~~ R 19, .,.otk hoo 1><'1un on o lullh<t ~rs.ion RlO, who>< 
mom oomP<>h<nl io lo be lh< odd¡I<On of inl<IUCII'< '"""'lo 
<omplomtnl '"""" batch h<liiE!" This new f1cil<lY "ITS" 
lo&<lh<t with oth<r chonJ<S and oddiHono oumm.rit<d in 
Jobl< m,'" <o b< modo »•olobl< .,,hteen mo"'h"f"' ¡,,., 
, uuomÓr onololluion <>f R 19. 

Fot o~<h .ñ.¡ot plonn<d f~n«<onal<hon;c, th< O.blc 1111< lh< 
aumb<t ol nu• mo~uleo to b< odd<d IIIIM), lh< numbu ol R 19 

mo~ulco th•l ""lo be chon¡cd on th< cou"' ol cocuin~ R10 
(O~ICJ, thc total numbcr el modul<1 chon¡e<l (Niol + OMC), 
ond th< tolo o of Ot.IC toN lo\ (lhc int.,<Onn<eiÍ•Ily "''o {IR), 
.., ond"''"' o/ compl<>~ly). No mo>dulos "' plonncd ror «
.,,,,¡ on lh< «toloup of IDO h<no< lh< pl•nn<d ntl oY>I<m 
l"""'h io 10~ 1 modul,., 

lol>n>&<m<nt h•s al.o o.-<p«d th•l • /unh<t tcl< .. < 1\11, 
woJI lollow tw<IY< montho Oh<l RlO, lo inelu~< any lcftul<" 
¡,,,.,~lO. 1t n•H oloo '"''""' 1ddotiun•l ch>o>JO> lor wl.,<h • 
J.mond d<Y<Iopo 1»<1 ll>< nnt lwo Y<OIS. Tlo< <UI«nl ,.,,_ 
"' 11 tO tnJo¡ .. lh< O><lall rlon, Ol jj ii <>O b01h0~n 1<> b<: 
dtl«ll•<, to PI<P'" M olt<lnlliYt r<<ommend•l•<>n. 

/} /'¡OUtl Dynom1<1 

•! w,,¡_ •ot<: Ftom F•& 6(<) <h< ,.otl; ''" hn »<IIJ<d 
~~· m/d1 O•<f oh< hl<tom< <>1 the SY>I<m. Fo: 611) ondi<al<> 
1¡,,, th< m>>omum '"' •<hl<><d .o fu h" b«n 21m/d. 1:><
dto,« th1l eonnnt be d<to¡lc<l h<« t<"<•lo, he"'"", Jt.•< <h•l 
"" p<>ont " miSI«don¡ ond th., • p<ak ut< of ..OOutlO m/d 
11 , b<Utl 1n<locotot o/ !he muomum o<hi<vlbi< ,.ith '""'"' 
11u 1hodolu,Y ond looll. Morco>ot, lh<f< is 1110<11 <it<u•n· 

' 

'~,..,., •. ''" .. ,,.,.~ 

1031 ' ' "' ' , m .. 
"' ' .• 

17il 

ol.ontoo! ••i~cncc thot rol"'"' ochi<><d wlth ''"" h1~h wotk 
oei<S wete <>lromoly tmubl<><>m< on<l t.od tolo< /ollowod by 
oonsldo11bl< de.n-up on 1 follow-up 10I<Ut, •• ol.o 1mplocd 
bY Fo~- 6Cd. Thuo, if RlO ·., pl•nncd lO os lo"~""" 1 work 
"" on lh•· to~10n ellO m/d, il "'ould b< "'"'tu limll k21 lo 
ul '""" lO on/d, tho oy>l<m '"'""· Jfon the olh<! h1nd, th< 
ptouss ;, lutther ot•Dol!u:d b~ worki"l on RlO •< ""' o•tr>l< 
""· on< eould Jhcn, "''h 1 hi&h d<&t« o/ eonlodenco, al"" 
ptoach Rll '"lh o h1¡h« wctk 101< pian. 

b} b~e,.m~"t•lrtQwl/o: Ttot m•intaonc<l ""'"1' Íll<r<mcn· 
tJI ,,o,..th (m oymm X hu be en oround 100 modul<l/r<leu< • 
O"« •&>in eoroum>lontial ovldcnu ind"II<O thot l<le,.u(lor 
"'hi<'h, in this '"'• 1~< K•owth 101< (in<r<nO<nlll IIOwlh pt! 
,.¡.,,.¡ h" <><«dcd two<e tlo< >Y<n¡o) hu< 11ipptd d•~•"Y 
dlt<>, • pool qooluy ncord and 1 ¡uboequcnt neod lcr dru1it 
COII«ti>< octmt~. Fo~- 6(<) and Tobl< 11 indkol< thll Rl9 
,..;u li< on !his t<~lon an<l that Rl8 hod hogh in<r<m<ntol 
''""''"- Thll io. K19, On« .-.:leaxd, ii hkoly to provc 1 p<>o< 

quoloty b•"· Tho linl <>i<lonot '"'"'" 11111 moyloo R20 
oh<>uld bo o <i<On-up oclcuc. 

</ G,,,..,h '•" in mudulto fo• rt/<4"' Th< ""'' ind¡CI' 
toon follo"• !ton> Fop_ 6(o) ond lb) wh<« th< .,ppl< ¡>cnod> 
•« "'" to b< thr<<, l<>ut, 1nd n•o onw•.ols, l<$p«ll'<lyov<t 
¡h< 11111 """ tyeltl- In thc lo~tth eyclo, "' inl<tvolo of JO· 
.,, • .,n, l'owth roto ll.o>< poucd ""~ th< RIS-Rl9 V<>,.lh 
tht lar~cil <•<t. ll{¡¡houi<V<n "'"''d'""' th< pl•nn•d ""'"'" 
to RJO (Pu<nt X), 1l ><<mo •ppor<nl thll o <I<On-up t<i<1"' .. 
duc. 

4} R20 11o~ ,t,..¡J'"" 
•1 ln;,/•I•ONif>i>: Tho fnll obO<r.otoon on lh< plan as 

suno.n1mcd by T1bl< 111 stcms l•om lh< <~lumt> (6) <>1 JR 



oon 

1,,1.,,. 11 ¡,., nol b'"" .:olculllo.llur 1\eono 1, 2, onol 1 O olnco 
lhU< rcpouenl o<li•ill<o 1~•1 only rud~ r<qUII< üoe pru•iolon 

0 ¡ cnlii<1Y now (nonoori••"'"''RL) mo•lulol. l'or iiORII ~-9th< 

"'"' hn in oh< ""'' 8.1 • !.S, o rem.r~ol>ly '""!! ron:< l~r 
.,.,.ooly ,0ryiRI luncloonol ''""1''· ~<1 !he p!O<II<l~d tilia lar 
rrs ¡1 only 2.4 On< "'"'' "" w~o!her lllt ronon•bl< toou~· 
P"'' ohol lh< m<l' ""PI'"''"''"' on inler>cli•e f•cilily io Jor 
m~•, looody eoupl«l lU lhl' romoinon¡ IYII'In 1 h•n, fm e u m· 
pie, 1 1peeioli>l fo<1h1y oueh " P>v<t upc ¡upporn ]¡ il nut 
¡01 more lil<ly lhat ITS h" !><en inod<qUIIOIY dui,nod; 
"'"''d puh>P> u on indcpeMenl Jodlity thol tequu .. only 
loase coupl•n~ '"'" the U011Jn~ oyol<ml Thuo, when il io int<• 

1 ,.t<d with !he r<moinder of the sy"eon lo lorm R20, woll it 
naL l<q~ir< mony onor< 'h'"~'' to abloin <otr«t an~ ado~u>l< 
performue<! From Uo< .. idene< b<lor• ~•. th~ qu<"ion;. 
und<<idob!e. E<pcuen<< bo.,d intui(ion, hown<l, '"""" 
'''" ot io mher lokoly ""'' lhe numb<l al cha-ca roqum•~ 
,¡..,.,.hor< on th< 'YI""' h .. l><on undei<Stimol<d. Thu•ol•i~h· 
priooity ~<>itn «>PP"'"I ">ppropri>t<. lf !he •uopkoon of 
incompl<l• planmng pro•u to bo cooroel, lL would '"""' 
deloylng RlO. so lhot the plonnmg and dni11n procolSes n10y 
be campl<!<d. i\.n all<m>UY'O sWt<;y o! del>yin,c ot luOI TTS 
to Rll lhould •1><> be o•oluo!<d_ 

bl Numb<r o/ mo<lu/11 ID b< rh~ntod• Thr ollu>ti<>n m> y 
of <auno no! be quito u bad ., dirocl comp ... son al ohc 
pr<l'nL <llomtl< al the JTS in!<tcunn«lian rotio (IR) wilh 
ohot .,r the oth<r iL<ms, sue&rs"- In •iow ,¡lito HO """ 
modules in•ol••d. IU IR fa<Lor cauld nut """"d 6.' cven il 
o!l 4ROO m<>dul" ol R19 ~ero dkC!<d by th•• LTS oddition. 
Such o 100 p<t<<n1 <h>n,e is, in fo<L, ><tY unhhly, but lh< 
IR 11<101 ofl.4 r<maino Y<IYIUSP<OI, 

Mul<over, e><n ..,.,¡h 1h< low rllio for ITS !he'""' o! lh< 
jndovodu•l OMC' "''""'" f<lr the <nliiC plan o•c<cds thc 
numb<t al modules in R19. Thl> su~¡.eots o "'"" siluotion. 
M ullipl< chong<uppliod lo 1be ""'' modulo mu•l h"e beoonoe 

• olanof•unt oe<uuen<<. F.-.en ''""""' th< fo<l 1h1t <•<n on· 
depend<nl '~'"'" oppl!<d in lh< "'"' ""'"" to th< Hm< 
moclul< ~'"'"IIY d<m•nd si~nir."nlly """e <11"" oho" 
"molor '"""8" •rrhed to inO<p<Oidcnl modulu, tho 1ul•l 
<11M! •nd limo 1<qui1Cd "'"" do•rly in<'r<ll< wilh holh th< 
nunob<l uf chon¡<S onopl<m<n1od ond 1h< numher al moclul" 
chonl<d. The pre..,ntly dofoned m<><ur< "n•u.lul<o chonrerl" 
io onod<~""'· The no .. <IIUIIion d<onondo <Dn,.d<!ili<>n ul 
motC oenolli" m .. ouru ouch os "num~er of module chonr<>" 
ond """''~' number o! eh•nlt> por modulo." 

Th"' '"''""l be d<u••LI lrom tlt< ,.,¡),hl< do!>. We moy, 
""""""', p<uc<ed by cansioknn~ • mud<l bo"d an th• dOlo 
uf h~ 6(d). hlto¡><>l•linl lh< f11c1ion eh>nr<d lrend, '"'"'' 
<h>l K lO may b< e•p<cted lo roquir< • chonr< of, "Y• 64 r••· 
""'· <>r l7H chona<d mO<luJ.,.> Cumpmna lhio """''" 
wuh the 101>1 ol 6210 obuined iftho ulomll<S lor ondoviduol 

""'" '" oumm<d, ol app"" lhal lh< '""'' numbor uf 
'''"''" lu be appl"d '" K ]9 modulO> ot<u!dl'•l ro lh< ro<S•·nl 
plon " >1 1<><1 uf urder two. We hove oh<,¡Jy nb"'"'" !h.11 
''"''"PI< <h•n~<> '""" odduion•l ~omph<•l;ons. llcnu ony 
rro~""''' "'•d< und<1 lh< in>plied onumption o! ""fleelo•ni<S 
(ur o/ • oon.ewhot IUw<f tnWmnn<'<lion r.too) »<11 k>J IC '" 

optun""' ''""""''"!. 
'"""""''"'""' '" '"' ''"''" "" w, .. ,,, ""''"""''''" ...... ''" 

....... ""'""'"' '"' '""'"''"' '"'''" ""''"'"'' "'"'""'' ~"'" u 
1"" '"' "/ ""'""'" , hono<J Mm'""' "'"fu" "'"" w" "'"'""""' 
dob' ••· o• J w., of ''"'" d q"''"' o~d .. ,,.,,., ... , ""'' '"'" 7~ .. ,. 
""' ""'" mGd•f .. hod '"""""'""' Oo ho <booood oOo•O Oo "'""o o 
""'""" "'"""''- o ... ''""''"~ ckul> •'-'· 
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</ Ro<tufW<Jt~: Th< '""'"' rl•• "''' fur 1120 "''"' "' 
312 S ooodulo ohon1•• lo bo ovoll•blo in 1 R nounl ho, !hU " Hh 
•l•r•. Thio imrh•• o o;bonJO. "" olluo t~on 6.& m/d. Tlo11 
r<loti..el)' lo"' role, followln' o poriod o! tv<roa< rol< •otivitr 
"'""'" tltol ,.0,1 ,.,. ptomlf<O or< •nlil<dy te pro .. o"'""' 
or uauhl<,even wilh mulllplo chonl)<l to mony of Che modulos_ 

d/ Grawlh nlt.' ln F~, 6(o}onU (bl, -..e h"e IRdicUcd 
th< pOoition ol RlO., pe o plon, .,¡¡h '"X. llolh modul<> in
di<>!< tbol ¡be plo¡~ned powth rcprnento o m>,ior doviotion 
lrom the p~.;o\11 hi>tory. Th111 confi•n>oUon lh>t lh< pLan is 
re•h>li< «qui1<1 a domanstro!i<>n lh>tthe opccnl noture or tho 
rtleost, or ehon,es in m<lhodoio>;Y. m>keo ti , .. ,.,noble lo U· 
pecl 1 olanificonl c~angt in the oY•l•m dynomia. In lh< ob· 
sen« of 1uch o JenLonmotian, lh< '"'Picion lhol 111 ;. nal 
w<ll is otren¡lh<n<d. 

t/ f•<,.mtnr~lrr<>Oilh: Th< cuu<nt R20 plln colls lar 
•Y•l<m ¡rowlh al o•tr 1000 mo1hleo. Tlu¡ fo&ur< "'hiclo i1 
¡,., ""'" th< ove••=• ond ¡,.g ond • holl limn th< rocam· 
monJed ""' ino"'n, mu1l be inl<• pl<l<d .,_ o "'"1" ,;C~•I. . 

We h>YO•I•••dy '"&~"''" tl"llhelow onteroonn<CIIon r•loo 
for ITS su¡¡¡<t1• 11"1 lhe pl>nn<t> oaw !he now com¡><>nent os a 
ll>nd ola,.. meohon•sm 1h11 ino<rlaco• woth !he r<m>inder of 

tht oyottn1 '" o ""ro"' ond re¡tncl<d int<rflee. lllhis '""" 
pro>« juouhcd, the '"~' in<reonenl>l cm..,. lb neod not be di>· 
lurbon~. 8UL 11 ""'"'' reosonobl< lo qu<slion 11. Wilh tho 
..rch!lecll"c ,.,,¡ "'"""" thal oy.,em X is knu"'n lo h"'· 
'""h • rol.<tivoly norrow onwfo« io unlokoly la b< abl< lo r•u
""' lh< ,·um1nunic>lion •nd canora! bonJwidl~ 1h01 ,_,¡,, 
dfect .. e, •nd hoah ~op.cny opo:rallon ,¡"" demonJ Th" 
is •PP>r<nl !rano comp,isons wilh, ..,y, !he p>p<r lo¡>< ar 
'"'~ •urpon dlin~s or lh< RJF. oddo110n. Tht anuo"'"" t>< 
pul onlo oh< lTS dosi;n<ll to demonllr•l• th< «>mrl<l<n<u 
<>f Lhoo' ""''Y'''· ,¡,.,¡~", ond implen.cnuoion. 

W,¡¡,.,.,, suoh "J•manl!rooion une mus! cundude that ohe 
Prtstnt Plon b na1 technicolly •ioblo M••<<linr or olhet 
con•identioft1 moy, al eourst, mokt ol d .. inbl< to Oloy ... ith 
Lhe prn<nl pl>n e""n if this impliO$ >hpped d<liY'01y dat<l, 
poos >nd unr<lioble porfo1mona: o/ tho no,.. rclu«, hmioed 
focili1i01, tnd '" on. )1~( il ouch ccnsid<IOIIOnlfot« odoption 
of lh< pltn, o he impliatiuns onu$1 be natcrl, ond COtrectiv< 
acoion pbnned. Woys ••d muno wUI hu< lo be crelfed lo 
e"oblr """ 10 cope w11h th< oe1utt1nt SYOI<m ond ""'le p1ot.. 
lomo •nd th< ln .. itobl< n<<d lora m•ior cl<an·up r<ie>S<. 11 , 
milhi, lor cumpl<,l>< ..,.is< lo 1<! upop<dlh"d ouoiOm<! sup.' 
pnrt '""" to ,,.;., in th< instoll>tion, loc.al odaplation on~ 
lunin~ al !he 'Y"< m. 

/1 Rrlto« onlc,.ol: Fo,. b(~) in U'"''" two po .. ible moJ<I 
lot lh< ptedielian aflh< most hk<l~ (dc1i1ablc/) rele•st ont<r

••1 for K lO ond RH. Unuo "''•Pol•llan suU<11S o rele•>< 
periodo! undtl Oft< ~'" !01 <oeiL al lh< t.•O f<luon. IIth" 
i• ,.M, 1h< opporen< de.,,. for o rcleoO< ofter tb< 18 manlho 
;, o! iloclf unhkcl~ to pmve o oour« of problemo. On thr 
~,.;, ol <vid<ne< no! roproduceJ he", haw<><r, !hee,pan<n

'"' e"r>pol•l•"" i• hk<IY 10 bt "'"" '"'""'' and oh" Y"ld1 
•n RlO toi<Oo< '"'""' !o10co11 o/ obou1 IS monlh• ond •• 
K21 onl<.,ol al sorne 3 ~"''· 

ll Rrco••mcu<lot;un -SumoM'Y: On <h< bulO of lhe .,,~
•hi< d>1o wc hne .oncluJed 1~11 

11 lo prae<<d wlth th< plon"" >!Onds <1 coutlon, ddoY<r) 
ond quoliiY problcm> fot R20; 

1) • <l.,n·up "'""' op¡><oro duo on ony cuo; 
)) foil~•• to pro>ide i1 .... .Uiu.e o..,..,¡, bost for tloe "'" 
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reluO<; ot L~< ><ry l•••t !ht n~mbor ol npcotod foultl 
{T oblc 111, it<m l) i> Uhly lo pto .. on ~nducodauu; 

a) tb< aboolot< d" of tbt ITS <OIDPQO<nt and lb< rtlolod 
rner<monto.J •Y"'"' ,rowth -uld f<pn:O<nt 1 major 
<ltallon¡o orto on 1 cleon buc; 

l) ther< "' lndiCotiono lhll !he ITS oopect ol tho reluso 
de<iln ulncomploto; 

o) '~'"'' fll< n<edo /or R20 ato nol Ukel~ lO pro .. o 
ooureo ol problema; 

1) oor Jo lh< demond for oUoinm<nl ol 1 nut oekuc 10 
<r&lti<<O monlho. 

U< /ollowinl r<commondotiono follow: 

1) '"""" immtdrtlely an inlenoivt and d<toiled rouo¡ni· 
nolion ol lOo ITS olui¡n ond iu lnltr>elion ..-ith lho 
r<moindu o! Syotem X; 

9) lrom rkt lnl<&ution .. oord1 of R!9 tnd by ~oo:t¡>orbon 
wilb th< J«Oidl of .. ,¡¡., •<leu<O, moh quollty ond 
orto• tal< mod<lo ond obroilt 1 ptOJIIOI>I !01 R 1 9 ond 
'" rmp>o•ed tstin>~l< for RlO <Ortottion •tlr01ty: Íltl<· 
p1110n ond <uor rau modelo ho.e nor boon conoiOcted 
in 1~< P"""' popcr bul h""e been <xl<n•iv<ly nudiod 
by th< pto><nl oulhorud byothors IB5J: 

ID)'"'" lh< bu•inu> <Onl<'quonceo of, on lh< ono Oond. o 
¡hpP•I< of on< 01 r-..o yeo,. in th< r<leo"' ol ITS ond on 
11>< otk<t. 1 poor quahty, poor porfo<moncc roku< wilh 
o r.hPPII< of, .,y. r.om< montk< {d,.. lo ot«plo~l< wort 
"" but <>«,.i•< ,ro..-th); 

1\) ¡n th< '"""" ol poStti-.. indlcotion of a potonl"l for 
mOJO< d<mli<>nl from pro•inur. dynomic ch&tJC\<tisto<l 

0 , th< '""'"''o/ • c<nuin< bollin"' n.oo thot u mO« 

pr<wn' rh"' lhe lo=• lhol c~uld oriu: from • I>OOt 
q"'ltiJ P<<><IU<I,obondon the pruont plon: 

!l) w1eod redur~n "''"' 20 lo yiold RlO": o elun. w<ll· 
nr...:lu«d, t:>ooe on wbotb lo build an ITS t<l<lit, R ll"; 

• ll) """".,¡y ~ti< u< tntor•ob of 9 months 1nol 15 montho 
'" propoud lor R20' nd Rll'. '"P«Ii .. Jy: 

¡r¡ ~11" r.lwuld loe • r<strieled "''"' lor msull•lit>ro on 

'""''" "'"; 
tll " .. ould b< lollow<d •IIft 1 yur by 1 s•••ul "'""' 

~n·. 

>} Rt<•"'''"•dotioM-D<toi/.: Auumin~ 1h01 lh< luuhtt 
""~ 111 ,.00 " per poroJroPh> 8 lo 10 o/ S<ction V-84, totn
, «> '~' , 0n<l""""' t<><h<d, thtt< r<I<UO> woul~ h»t tobo 
·~ ' ' ,¡,loo<~ '11< outhn< htr< proposolr. lor R:!O ond Rll. Tn< 
,._,¡_ ~1l' will b< o de>n·ur bul its conl<nl "·"'""' b< oJonlt· 
,..¡ ,. d<ll~ unul a !<el for lh< p<rfornr.nc< ond •••<tal 
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qualoty of R ~ 1' boo d"elopcd. Th< dctoilcd analysil 11 ]el¡ 11 
on <><rr;i"' lO th< t<ld<.t. 

Tlte i.nh<J<nl probl<m il> th< do"'-n of "'" ITS rolouo i>the 
Iocr lhol lh< <:Omi>On<nl hu o du olm1111 1..-ice <h< muimltm 
rocommcnded in<Jementol I<Owlh. Moreo•or, woth th< p01oi· 
bit <>e<plion of itl l<l<communicotiono 1uppmt (Tablo IIJ,. 
il<m lt). non< ni the componen! 1Uboy5t<n>< would r<'-'l•e 
""'' <>pos u te Ílt lh< obs<noe o! rho othon Tlt,. • olo.n ITS 
rol .. sc ,.nnol be ochi<•od ucopt by ro)euinl th< compoÍ><nl 
in ono foll ¡woop. Somilo<ly, dyi.omro llot•l" mottoJÓm<nt 
IDSN) i> <>¡>t>Kd lo uscr tootrnJ only wlt<n th< ITS locrlur 
11 <>p<IOUonol. \11• m ay, howo~r. in .. otiplt whotl't0r tho 1<1<
communrcolron lo<ohty (lo) will be u1.1bl< in Ooó¡Ún<llon "''"' 
lhe RJE fodhty. ;Iom ~- lf olio, lh<« .,;u bo.Omo od.,ntll" 
lo be ,olneol lly t<l<nin¡ le 1nd 5 bol oro lh< fimoind<r o! ITS 
•nd 05M. • / 

Strictly '""kml, Fr,_ 6(<) o.ruuu tlt.ai'RlO' •houJd be 1 
•<<Y low conc<nt t~leuc dtdo,.ted lo oyllem clun-up ud ~· 
SUU<IurinJ. Bul !he ,;, prc'-'din¡ "'lcaÓu w«t •~hocvod "'''h 

'""'''' <hOnlO "'"' ond. lrom lhot i>oinL of '""• did nol 
"'"' lho ptoce.,. Thus, of 1120' is abO on o.eros• rol• rolcaso, 
il •houlol nol oou .. problemo. ond 11 wou)d oocm o low riok 
olrOI<gy lo inoludo R20' on oll lho .. ll<mo "m l'oblt IV. lhot 
will oimpJJ!y lh< IUbO<qu<nl crootlon ond inl<¡rolton <>f the 
<>.«>11•<-IY lOfl" ITS teloasc. , 

Tito lis!, in priutoll O!d<f, o! th< new propo .. t oltowo o mui· 

mum incr<m<nUI ¡:.ro..-th (159) wo)l undcr '""''· h io o 
"''""o/"""" jud;ment o.id eoporKn« whtlhcr ol "'ould bc 
"''"' to d<loy lit m l< "''"' S& n<w module< on<l nom S wilh 
S7 lo Rll" lhrr<hr ochievin& tlo< "'Y ¡.,,. wnl<nl rclo .. e 
noenr.oncd """"· Woth th< onlmm>Lion boforc th< ro;d" ot 

"no\ ""'"~'' 1<> '"'"''" ¡!.,, ~""""'" ''""' oddrtoon•l rnlor· 
molton, ot lht •<ry '"" onswen lo tho quo.,tono r•~><d •n 
S<euon V·ll4;. -..<>uld be roquired. Hm•e•<r, lh< dOiite lo 

"''"'"''" Rll' ptobl<ms '""'"' lh< odophon o/ lh< tom· 
pl<le plan" rn Tohlu IV ond V. 

In ,,..,,;., odHo .. ble "''"" inrerv;l> lor rh<>< tel•••••· w< 
b¡,< our """'''" only on '"' modulo ch•ngc couno •nd 
cl.,ngc "''· fh< con<lr>inh on th< 1"''""' "'"'PI• do no\ 
P""'" lh< lr.IJ '"''~"' whoch -..ould con.,der m<><l<ll bucd 
on fo,. 6(ll. and U~< 1010 •«oonl •ddition•l dal• 111 10 
rn/J <h>n~< ""· irurl<>non\ouon of lh< '""'PI<I< pilO appcitl 
lo t<qurrc Hl d•r•. '-'1 9 m""<hr.. wh<«•• <>d"sion of J• 
ond $ wor.ld 10du<< thc pt<dt<"d """ "~""'d lu "'"'' """ 
monohr.. Thir. I<C{>rttm<ndotion tonn<>l b• o.l.<n '"'""' willt· 
""' mor< ¡.,fotm>loon ol l•<>lh > 1<<1"""' ond • "'"'~'''"1 
n•lure. ond an "'"''"""'" o>l nth<r onWO>l mO<!clr.. ~ül 
lh< n<td lo1 • "'·'" b .. < ¡,., Rll' out;r;euo odopl>on .,r lhe 



mulmum occepiob!e •<~••" inl<l'ol. R21' will now in<lude, 
al lb< >«Y luOI, ITS (<><<PI l<) ond DSM, Thio in•ol•<l 11 
¡ .. ,, 910 new nooduleo, on .. ,.,.,,, ¡rowth thot c.nna1 u«· 
ful!y b< furthe1 opU1 bctwecn IWO or more rolus<s. A01um· 
in, o chonc< froeli<>JI of, "Y· 70 l"''«nl {fi,, 6{d)), <>f o on· 
'"" 1ho1 11 <>P<CI<d lo conl>ln !i9i! m<H!ul.,, w< e"imole 
1 loto) ol 4200 d.,n,od mod"l" 1n lh< rel~"'• mony wolh 
multipl< eb>n¡u. Son<:< lbtrc woll ncw hue b<on "'"" nur 
'"""'' cban••·nU r<l<o,.o, i1 O«m$ poaibl< lo plon for 1 

chon6< 111< of ll-20 m/d, yo<ldln& o polenliol rclcue ¡nlernl 
of und<r 9 montho Thol lo, u wauld oppcu lh>t, by odopi!RI 
lh< new otrate¡y, oll al lh< ori&inal dunaa ond addlhom 
<<>uld be oehon<d m oboul tbe ume lime, ~ut muoh "''"" 
r<l~>bly. lotor< <<>onpl<T< onolyois, howe•er, b,.ed <>n od<li· 
lionol doU, oth<t models and tokin& iniO o<~><>llnl tbe op<d.J 
no tu•< ol lh< rolusu mr"'l w<H leod lo a r<commen~OIIon lo 
lneroue lb< combined roleue lnler,.lto, ,.y, two yun. 

11 further qu•lif••won mull oloo be odded, /lo proposod In 
•he T<•is<d plan, 1121' .. m >1ill be o tdease wilb <l«.,i•• in
<rernennl srowlh ond il llt<relor< lo~<ly to yoel~ •ilnifocanl 
prohlemo Th< >•ldotional fa«lhal 1he <•iden<O ondi<al<l in· 
<<>mrl<tt pl•nn1ni. reinfm«> con<orn and <>p<<l•tion of 
troubl< ohud. 11 "therefore ol>o r<comm<nd<d 1b11 Rll' be 
onnounced u an < • p< nmenlll r<luse for npmore to ""''' by 
S<leoted ""'"In o ••n<IY of envuonrnenl> ll wnuld b< fol· 
Jo .. ed olt<r on onlerv•l of ~thops on< yur by on Rl2', o 
cl<>n<d up SYSI< m, >uit•bl< fe< funltor < volullon 

•! Fuoal wm•n<n!S- Tho preccdu,, "-"ion h., pr<I<IIO<<la 
<<Ítique ol o plon, ond cutlined on ollernall•< whoch 11 bdo"e.ed 
l<thn><olly mor< ouund. Th< <U< <onsidered is bo.ed <>no real 
oi1u.:11on, thou¡h in ¡he ab•cncc of <oonpl<l< onformotion de· 
<ut. hn< lud lO be ln•<nl<d. Bu! lb< doJ>ils ore no! importonl 
lince lb< obje<tlv< hs bt<n lo d<monstral< o melhodolon. 
Sof¡wore plonnina eon ond should be bued "" procou ond 
IYJI<m m<01Ur"' and modelo, oblained ond moml .. ne~ os a 
eon1iDuin1 proe<u ocli•ity. Plon> muU be reloltd te dynuni< 
<borocuoistico of the pr<>«U ond >Y<I<RI, and lo 1 hr "Oiiol '"' 
ol ohonJ•· By ron1in1 lh< plonnin1 proe<Sl on f•cll, flr~re• 
ond mod11>, all<tnoli,.J can be- ~uonlllolo•<l> ccmpored, 
dlci>iono <on b< r<l>l<d to reoh¡y ond ri>ko o:>n b< evo1u01ed. 
Software plonnin¡ mu>l no loo~r b< bo><d ><>ldy on oppor<nl 
bu1meu needo an<l morket con•i~<rlliono; <>n monog<mcn!~ 
lo<ol P<tiP«Üv< ond inlunion. 

VI. CON!'LVSION 

Th» pop<r woonoltteo 1~< ~id<lr held ""'· for•t <>pr<,...d 
'" G>on,.,lt lA21, <hal lh<« is on ut~onl n«d 1<>< > ol>~«rlon< 

.,¡ wl!w"< '"~'"'"""~· Thi• douuld f.o""'"' the w•l· 
··frecll•< pl.nmn¡, design, eon><ruclion, >nJ n'<intrnan« uf 

off"'"" P<<>l'""" lh>l pro•id<,ond 1h<n """'""' lu Pt<>•idr, 
"lid '"'""""' t<> olol<d (pouihly <hongiu,) prohlem1, '" 
'"'"fa.lury onoplem<nlai!Ons of (pouob\y clwo¡<n~) '"'"P"'" 
opphc.,iono 

Follo'""' o brO<l doO<USlion of lh< n;olur< uf wnopu"' o»~< 
•nd of lh< prug¡,um, 1loe poj><r <•ll<><lucod lh< ""' SPl ,¡,..,. 
'''''"'" lhol •J<lt<sses lh< <u<nh•l <vohHounory n•luoe ol 
""""' lyp<J ol prt<¡nm> ond <>l>bl,.hu lht ""'""" ni, 
<l<l<rm '"'"1 >P«• l«ohcn 11 lit< <rot<uon for nun<>oluto<on, 

In tho oubsequen¡ discuuion of lh< con«rt•. si,n•f.<>n<< 
ond p~ucr of lb< P<OJram hlc cyd<, no dctoolo of lofe-,·yel< 
plonni"& •nd rnonO&<m<nl m<><!<il. u 1uch, hne b<en '"' 
d•~<d. In p.,l!,ul.r, "< '"" • '.,·rc ~"""""'d '""• ,.. 
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IO<H«, ••~ <<liobihly n,o~<l> ISJJ-I&Sl. 1\ppro•chto lo 
PIO<CU ml><lelin1 ~ued <>n <qntiltuouo modelo l7ll, l, S 1 lll•r 
o!oo no! boen includod, nor lu.• !he voUI \opl< of >oflworo 
oompl<I!Iy 186)-189). 

II.«CJniúnJ !he inuinoie not~oe of PI<>JIIm <bon&<, lb< 
¡,,., !hol oppcor lo &ov<rn th< dynom•co O/ !bo "'olution P<o
c<oo wore inuoduoed, Amonl lheir olh<r impliootiono, lhe 
lowo indicllt lbat proi«< plons mu•t bt T<lo!td lo dynomk 
<horoclenot!cs of the proccu ond syot<m, "'d lo 1he 01oli>1ico 
of chan,o. By rooiÍRl tito plannin& p<aoe., on f.cll, fl¡ur<s, 
ond modob, oll<rnatino con be QU•nhtalivoly <omPor<d, 
denliono ean bt nlat<d 10 nal1\y ond r»ks ean be ev•luot<d. 
Soflwo,., pl>nninJ musl no ]onr'l b< bn<d oole!y on oppor. 
enl bu<ine11 noed• ond mork<l con>id<<>liano; on monoge
ment'o loc.J p<"p<<ll" and int•ition. Te ollullr>l< litio,'"' 
huc included a bueleump1e of lh< opphc.ollon of "'o!ut<on 
dynamlts modelo to releaoo pl•noiOI. 

Many o/ tito concepll and l<chniqu<> ptosent<d in !h., 
pape1 could find wide applieol!ons oul>ide lh< op<oifl< or<o 
of ooflworo syolemo, in other industroe>, ond 1<> •oriol ond 
occnomie oY•l<mo. 
pur<ued Itere. 

Un/onunat<IY 11t>1 themo tannol be 

1\C KNOWli.O<i" lN T 

fi"lt ond loromO>l, lhanko '""'' bo «l<ndod te L. A- ll<ltdy, 
a d= <"Uobm01n1 loo >lmo<l 1<<> y<011 t.t.ny o<h<n, p&rll<· 
ulorly eolio o; u" ond •<><><ioloo 11 A Lt.t Sil, 111M, Imperio] Co¡. 
l<l<. •n,J wc; 2.3 h"< <onlrihuteJ <luough lhtir conomcnls, 
qu<Siior~, criti:¡u<, >nd oro~in•llhou'ht~ 1111 al th<m d<oenr 
and recejve the oulhor'• pOI el u! o<~ no~Jed,menll ond 1hon~, 
for ,,,.,, indo.,.l,u\ ond eotlecl"< conlr!butio"•- The outt.or 
would lo~< lo sin¡lo out Pro!. W. t.t. Tua~, for <he mi.jOf can· 
l<ibution h< mod< on hi> re<enl •i>ol lo l.nndcn. A !so, oin«r< 
lh•nto !o Dr.G, Benyon·Tin~cr, Dr. P. G_ llormon, and Dr. C 
Jon<J for 1heir d<lail<d and oonstructiv< <roloeiOm of on earl¡ 
dtofl of thi.o p•pcr and R. B•oloy for hos arlis! oc '"PI"'n. Fin&lly 
lb< &Ulll<l< would liko te odno,.le~¡e lhe eon11on1 ouppozt'o 
~is wi!e, without whioh noilh<r (be wo<k aoolf no• lhi$ pape 
woold h"e boen pcuible. 
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INTRODUCCION 

EL PROPOSITO DE ESTE DOCUMENTO ES EL PRES~~TAR A InyESTIGADOR 
DEL DEPARTAMENTO DE ANALISIS DE REDES EL USO DE LA BIBLIOTECA DE 
SOPORTE DE PROGRAS, ASI COMO EL PAPEL QUE JUEGA ESTA EN F.L DESARROLLO 
DE LOS PROGRAJ.1A.S Y SISTEMAS. 

S-1-1 

ASPECTOS GENERALES. 

EN GENERAL Y DURANTE MUCHO TIEMPO HA SIDO RESPONSABILIDAD DE LOS 
PROGRAMADORES EL DiSE~AR, PROGRAMAR Y MANTENER LOS PROGRAMAS Y EL CODIGC 
GENERADO. DADO QUE USUALMENTE EL TAMARO DE LOS PROYECTOS TIENDE A 
AUMENTAR ASI COMO SU COMPLEJIDAD E INTERFAZ CON OTROS SISTEMAS, EL 
PROBLEMA DE MANIPULAR Y MANTENER PROGRAMAS SE TORNA EN UNA TAREA 
DIFICIL. LOS ARCHIVOS DE ENTRADA Y SUS MODIFICACIONES NO SON . 
FACILES DE MANTENER: MODULOS FUENTE OBJETO Y DE CARGA PUEDEN NO SER. 
EQUIVALENTES, CAMBIOS PEQUE~OS EN TAREAS PUEDEN TENER EFECTOS CATASTRO
FICOS EN EL SISTEMA, OEMAS RESULTA "RARO" QUE EL MISMO PROGRAMADOR 
SE PRUEBE SUS PROPIOS •ERROREs•. ES DECIR SER JUEZ Y PARTE 

POR LOS MOTIVOS ANTERIORES SE HACE 
DE VITAL IMPORTANCIA CONTAR CON UN SISTEMA DE CONTROL CENTRALIZADO EN 
EL CUAL SE LLEVE LA AOMINISTRACION DE LOS PROGRk~S Y SISTEMAS 
DESARROLLADOS. 
SE ASIGNA UN "BIBLIOTECARio•.EN LA TAREA DE MANTENER LOS PROGRAMAS 
DAR RESPALDO A LOS MISMOS. AS! COMO LLEVAR UN CONTROL DE LOS 
ELEMENTOS Y PROGRAMAS QUE CONFIGURAN EL SISTEMA. 

~-!-J. 

LOS DOCUMENTOS QUE }'ORMAN LA BIBLIOTECA DE SOPORTE DE PRC..;RAMAs 
SON: 

PROGRAMAS FUENTE 
PROGRAMAS OBJETO 
PLAN DE PRUEBAS 
NORMAS DE CODIFICACION 
NORMAS DE ANALISIS 
NO~~S DE DISEÑO 
NORMAS DEL ROL 
ARCHIVO DE ENTRADA 
ARCHIVOS DE SALIDA 
REPORTES 
MANUALES 
ESPECIFICA~ONES 
RPC, 
DDPC 
Y R:IRMAS DE LA BIBLIOTECA 



PROPOSITO DE LA BIBLIOTECA 

EL PROPOSITO DE LA BIBLIOTECA~DE SOPORTE DE PROGRAMAS (BSP) 
ES EL DE PROVEER UNA METOOOLOGIA SISTEMATICA Y CONSISTENTE PARA: 

• ASEGURAR EL CONTROL TECNIDO Y LA EVOLUCION DE CADA ELEMENTO 
DEL SISTEMA. 

INTERNA. 

. PERMITIR UNA FORMA DE ADMINISTRACION Y CONTROL DE LOS PROGRAMA~ 

.USO, MANTENIMIENTO Y RESPALDO DE LOS ELEMENTOS DEL PROGRAMA 
ASI COMO TENER SIEMPRE LA ULTIMA VERSION DE PROGAMA Y 
DOCUMENTO A DISPONIBILIDAD DEL USUARIO. 

LA-BSP.SE COMPONE.DE DOS.PARTES, LA BSP EXTERNA Y LA BSP 

::>-!-'Y 

~L (:OMPONE DE: 

1.- DOCUMENTOS RELACIONADOS CON EL PROYECTO, 
2.- DOCUMENTOS RELACIONADOS CON EL CONTROL "INTERNO DE LA ESP. 

LAS RESPONSABILIDADES DEL BIBLIOTECARIO SON LAS DE MANTENER 
EL CONTENIDO DE LA BSP EN UNA FORMA ORDENADA Y SISTEMATIZADA 
Y LAS LABORES QUE TIENE QUE DESARROLLAR SON LAS SIGUIENTES: 

-CATALOGAR TODOS LOS OOCU~~NTOS, LISTADOS Y MANUALES. PROVEER 
A LOS USUARIOS PERIODICAMENTE DE UNA LISTA DE PRODUCTOS DENTRO DE LA 
BIBLIOTECA, 

-DISTRIBUIR COPIAS DE LOS'DOCUMENTOS Y PROGRAMAS DE ACUERDO 
A LISTAS DE DISTRIBUCION 

-TENER LISTAS DE LOS P}\OGRAMAS "TERMINADOS" EN PODER DE LA 
BIBLIOTECA. 
DISTRIBUIR Y GENERAR LISTAS DE ESTATUS DEL SOFTl'i'ARE, 

LA LIBRERIA INTERNA CONSISTE EN TODOS LOS ARCHIVOS y DOCUMENTOS QUE 
FUERON GENERADOS Y QUE ESTAN BAJO LA CUSTODIA DEL BIBLIOTECARIO., 
EL BIBLIOTECARIO ES LA UNICA PERSONA AUTORIZADA, PARA MODIFICAR LOS 
ARCHIVOS, EL RESTO DE LOS INVESTIGADORES SOLO PODRAN LEERLOS, !o1AS NO 
MODIFICARLOS SIN LA PREVIA AUTORIZACION DE LA BIBLIOTECA Y SIGUIENDO 
LAS REGLAS PREESTABLECIDAS Y LAS QUE SE EXPLICAN EN ESTE DOCUMENTO. 
LOS ARCHIVOS INTERNOS DE LA BSP SONt 

PROGRAMAS Y CODIGO FUENTE 
PROGRAMAS O ELEMENTOS DE PROGRAMA EN CODIGO OBJETO. 
CAMBIOS,-TODOS LOS CAMBIOS QUE FUERON LLEVADOS A CABO EN 
ARCHIVOS PROGRAMAS MODULaS MANUALES ETC., AS! COMO LA PAPELERIA 
QUE DIO LUGAR A DICHOS CAMBIOS, 
PLAN DE PRUEBAS Y RESULTADO DE LAS MISMAS, 
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PROCEDIMIENTOS DE LA BSP INTERNA 

LAS SIGUIENTES FUNCIONES SON LLEVADAS A CABO COMO PARTE DE LA OPERACION 
CON EL OBJETIVO DE MANTENER Y GENERAR EL CONTENIDO INTERNO DE LA BSP. 

1.- GENERACION INICIAL DE ARCHIVOS.- CUALQUIER PROGRAMA, TARE!,, SUBRUTINA 
MANUALES ETC. HAY QUE HACER NOTAR QUE LOS PROGRAMAS QUE HAN SIDO ENTREGA 
A LA BSP SON Y HAN SIDO PROGRAMADOS Y ADEMAS CUMPLEN CON LAS NORMAS DE 
CALIDAD, DISERO Y EL LENGUAJE DESCRIPTOR DENTRO DEL ENCABEZADO DE CADA 
MODULO O PROGRAMA. CUALQUIER ELEMENTO DENTRO DE LA BSP ESTA CONGELADO 
SIN EMBARGO CUALQUIER CAMBIO DE ESTE PRODUCTO "CONGELADO~ SE DEBERA HACER 
A TRAVES DE LOS PROCEDIMIENTOS DE CAMBIO/CORRECCION/ ALTERACION DE LA 
BIBLIOTECA DE SOPORTE DE PROGRAMAS. LOS ARCHIBOS DE LA BSP ESTAN A 
DISPOSICION DE LOS INVESTIGADORES DEL GRUPO DE AR. 

2.- MANTENIMIENTO DE ARCHIVOS.- CUALQUIER CAMBIO DE MODULOS BAJO 
EL CONTROL DE LA BSP SE DEBERA HACER BAJO LOS LIMITAMIENTOS DE CONTROL 
DE CAMBIO. Y ESTOS DEBERAN TENER LA AUTORIZACION DE MAURICIO-
MIER MUTH, O DE ROLANDO NIEVA, ADEMAS SE DEBERAN DE LLEVAR LOS PROCEDI
MIENTOS QUE INDIQUEN SI DICHO CAMBIO SE DEBE A ERROR EN EL PROG~~. 
NUEVO PEDIDO DE CFF-CENACE. ERROR EN LA ENTRADA, ERROR EN EL RPC, 
ETC. LA BIBLIOTECA SE HARA CARGO DE REGRASAR EL MODULO AL GRUPO QUE LE 
RARA LA CORRECCION AS! COMO LLEVAR A LOS PROCEDIMIENTOS PARA ACTUALIZAR 
CUALQUIER OTRO MODULO QUE RESULTE AFECTADO, LA BSP TENDRA LISTADOS 
~oFICIALESw DE LA VERSION A SER DISTRIBUIDA. 

5-l-~. 

3,- CONS"!RUCTOR DE MODULOS DE CARGA.- LAS VERSlONES ACTUALIZADA~ Cf. 
LOS MODULOS DE PROGRAMAS DE COMPUTADORA SON ENCADENADOS POR EL GRUPO 
DE DESARROLLO DE PROGRAMAS." TENIENDOSE UN MODULO EJECUTABLE, ES 
RESPONSABILIDAD DEL BIBLIOTECARIO EL VERIFICAR QUE DICHOS MODULOS 
CORREN, ESTAN COMPLETOS, PASAN EL FILTRO DEL VERIFICADOR DE CODIGO, 
ASI COMO EXISTEN LOS DOCUMENTOS DE RESPALDO, UN ARCHIVO O MODULO 
GENERADO ES PROPIEDAD DE LA BIBLIOTECA Y POR TANTO SUJETO A SUS REGLAS 
Y PROCEDIMIENTOS. 

' 4.- REPORTE DE ESTADO DEL SISTEMA.- CADA VEZ QUE SE LLEVA A CABO ALGUN 
,CAMBIO EN LA CONFIGURACION DEL SISTEMA (ACTUALIZACION, CONSTRUCCION 
DE MODULOS) LA BIBLIOTECA PROVEERA REPORTES PERIODICOS SOBTE ESTADO 
DEL SISTEMA. Y SU CONFIGURACION. ESTE REPORTE CONTIENE EL MODULO 
ASJ COMO TODOS LOS COMPONENTES DE QUE SE CO~PONE. SE GENERA1l 
TAMBIEN REPORTES DE CAMBIO EN LA CONFIGURACION. 

5.- REPORTE EN PROBI.EMAS DE SOFTWARE,- ERRORES Y DEFICIENCIAS ENCON'L'RADM 
EN LOS PROGRAMAS O ARCHIVOS DE DATOS DEBEN DE SER REPORTADOS A TRAVES O~ 
LAS FORMAS QUE YA EXISTENTES, TANTO POR LOS PROGRAMADORES, COMO POR 
LOS USUARIOS A LA BSP. ES LA RESPONSABILIDAD DEL BIBLIOTECARIO LA DE VN 
NUMERO DE ENTRADA A LA FORMA Y SEGUIR LOS PROCEDIMIENTOS ADECUADOS PARA 
QUE EL ERROR SEA CORREGIDO. SE DARAN TAMBIEN REPORTES DE PROBLEMAS DE 
CERRADOS QUE SON LOS QUE YA HA.~ SIDO CORREGIDOS. SE DAN TAMBIEN 
PRIORIDADES EN LA CORRECCION DE PROGRAMAS, 
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'\lC:.l:lA~ E~ "'L 1'•,->ArHl [•E F.FI~OA O IJIOL CAIHO r:::¡ l::l ~ISTE.,Ao ESTA PFilOIIIO.tO 
f~ "'lJAIU i>fl·) lól Llr'l~.l? Ofl "Rf'IY~CT'1, n JF:FF !lfl r..RIIPO fNtO••JUNTO CON El 
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CIIIL ')'1110'<'0:: ·l~_rl'' i'"'f '>f 'ESTA PAC'CESHH'tO ALI;II"'A lNFORMAClON ERFIONEA 
Sr;; ~'"'•'11r,n "L t'';!lr.'~'':,t C!ll'~ F."' C""'!lJCJONE~ "~íQIH•.lLES•, F.STE ERROR SE 
•'I;~F r:nPI1¡::r.,p:¡ !'il~"l'; nr:: FNTI<~!>AR EL PRMliJCT", 

;U.J!'l ••• I;'H~ T!"i"l nE ~~?nottF:"'-"i !lf. CAT~UH";;-N LO rllJI'; r.AS! NO TIENEN 
• l''"~•:Tn F"" ~.1. FL ..;¡~r.-.., •• ,..,, "'~" !<f.,JUIF.:~E l)IJII SOLliCJON INMEOIAT-. 

5-/-10 



1 

• 
F ,, <> ' • .'1 

fr. ,,.,.,,u.,.,;c,·r!"l rF ~"•t rStf r;;: ~.:-~,:~ ··~ r,n·F-It.oVl <,•:A ~F:"'lf. (1f Frunus 
'l•l!;" F"l~r->4" o>A;>T~ ,·,o:: 1.(.~ 'Jn~<J'tE·,Tf•~ ~VTff<'-tr,<:; "~-' I.A .>.!;P 'l( .I."EKAN 

¡:<¡fA:'I Fn~·~~.'l 4 r;r•·,·rr-..:•••~T(l,. •~T C·"MO Fl liS<• ,-,.,-LA "IS•·.o..'l , 

~F~¡;~,C~f'l"'l •'"' '~'-"'1·"'"'• l'l!'o l"VO::<TTr.Anl\f.ll"!'! l'fl !'iPtiP!' OF !JF.'IAIIfHlllO OE 
P<>n.~-¡~-~~"> r•;; ~!'"~~"J" ~l "PC V ~l "'1PC PiH)r,'-'~"A'~.I.~' t~nru<LO'i V SJ.<!Tf:.'"AS, 
L"15 .;IIAI.F~ ,.,¡:;..¡;_,"_ •.'.t·.i¿<: C'lNF'l··'AR Ll TNf\li;~Cf('II~FS 01'1. PLAN f<f PRUEBAS. (.'1 
L. ~C"'I<>tl~·.H~Tlli">Aol •l~l Pl'f'i-'l~•·o•lilt1 F."'TII<=(;,IO ~:('11'\Ut:'ll\ t:n~PLIOTOS A, LA 
IITF'Lf!'TI"r:A f.O:: Cl):>;u-Jf- PI; PI:'!(;C¡,•'A<:;, fSTrlS •·r·~liiL'1.'1 PF.AE'! CtJI.!PLJ~ CO~ TODAS 
~A<¡ ··'l~~AS V~ p~c~STF~L.EfTii4~. 

oCliF;;>'H) ('11~ l_t<> ... '"'J~If,r.¡F'I llll'" lf.••c:• ..:L "A•,I•~Ltrn>C:II.,fi\ITO/Pólrlr,R."'A• 

no:; 4Ct10::f.ln" C•"~"·' L•': V'"~TnNf'l 1,1-l.;-o,,rus l>nR 14 P.SI'.VF.•~f L• fOR~!A Y EL 
FJ~'""Ln. 

Fli""~ l•f TP~r·<=•.o¡<¡¡\\1 r¡~ !'<"Fh.\'-'f.- 1 [J ;>¡,¡nr,RA"'~.<: FI)F."TE Srlt< 
F•rT~r.AoH'IS ~ '-~ ~~>~P·lFC~ VTt q.,A FIJll·q ne: ToJlp<; .. ,n¡n"' OE SOFTr:A¡..(. (FTP• 
;O'.-.::-~¡; 1<:··~~ ,,.,, ~'l•"••o P~r.~ r~'li. \'ER.-;¡('Ir.o ,,.,. C:~'U ~O(•IoLO ll"E !';( 

r:r;fWO"I:l')l'> a r.~ .l,t,:~t_ TH-"•C:t r~ <:Ft" <-oQfO..~<HS I'I'F·~ff'>Jf'S f1 Pl~()r;RA~•AS 

C""""~r.¡nn,, ·' ~CTiiii.T"I:tClnt·~~. 'E loEfF ~-<~cr.;.o P(<"•;<><"Nf¡l PRFST~A ~L RPC 
~ AL :J.'l"r• ~-~r' """"·'/ ,,;:-""' lf'~f•" "' l.lo".!EO:n 'H· CIJóiT>IOl liNICO .t.~IGta(IO 
P~:< L' II.T~LinT~.-:• ¡,¡o- Qr;>f"l'lTt; 1)<: i><>ry:j,IHHS. o 
f>-":'•Tt'.l n~ r:r,r,---~. 0 A ~~ To"i'I·A <:F :'l;"'F O!F-"Rf••r;-1 li< Sf t. A flrTP¡::r:A f.lllf. :O.F 
H1~lJ ~q '1>"1 ;.·.-¡• ;:-;-,. "'"'t¡r·•r "4''• C~fA-'1: L: ;..ry\,¡:~A ·v¡;- .. Sl'1"' OfiCIAL 
•l~ "'"~ •. ..,.,,,Ln "'" t~ ·'l~l.Tnt<:C' ,, ~;,.o;:¡ :;T:;l~··~ !Joti'VO ,LI' f:i<Al PUI(i<E 
~Cl" •"lll~ ~< ~:··•- .r.--,).:-rr~(T,\• ~,.: r•.: ~·~~-~Tl"'"~ YA o;NTI><"r.A<Hl r OIJE SF liSA 

.-:o• O:"~' II'T'• ¡,•¡ ~<,IT~•A ~·iJ~I/n~. F" 0:::1. Rf_,,t:Lr,,. Of IIPS $E 
.-,~·~e f'•nTA'-' ~¡ ~· T--'>TI ro<: =!N• 'll""Sli'''i r.~~·ri'Of'A O(!~ ¡:f! P~('"\"lf~A EN 

- ' 
~flFr·""" ;-~-.;c., .. r,·,1Tn .:::•· ,.,,,<.,r;_wr~ (.~f.''· 

s-1- 'l 



( 
l'or .................. Rl:. V 1 S l Cfol 

) TIPO ~PO DESCIUPCICJI PEOIA · 

00010 API10JWXJ 
POR POR 

~~ . ª ~runD.a.cron ¿qruqo ='lOlEn!lLUi!tfo 
~~Para ei.Avanco do la Cloncla,A.C. 

~ - .... INDICB 
REVISICNF.S 

. ~ 

Cl!SERVACIONI!S: 

. 

. 

S- :J~J 

1 

ElABORAOO PJR 

. 

. 
. 

) 



1 

TJ1UlJ} DEL PI«1YECI'O: 

NlJ-IERO DE PRilYEC'ro: 

EUJY)QO: 

REPORTI! DE PROBI.ft.IA.S EN SOFIWAIU! 

StlBP'tOOJIAI.!A 

N. IOIUZO: 

"SI 

FEOiA 

FEOIA I<EPOOTAT.O ---------- P<J' -----------

FEOiA crru!Er.Itn --------'--- RlR -~--------
~~oc=c=cc---------c-------c---------------
mnaoo&m~--------~--~-~-------~ 
PRUEBA EFECIUADA. --------------.;___-----------'--

PRIQIUDAD DE OJRRECCION CRITICA. 

• 

1ESCRIPCICW DEL fRRm. 

SE IN::UIYE USTAm 

PR~ ASIGK4.00 ----------------------,--

REFERENCIA RPC -------
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TITULO DEL PROYECTO: . 1'!0!A . . 
NU!'B<J DE PRlli'FCI'O' """""" Sl~I'ROrnA.'\\ . 
ElABORO: AmoJUZO: 

REP ' DESCRIPCION STATIJS OBSERVACICM'.S 

. 

. 

STA1US 

P - REPOíG~ EN PREPAAACI~ 

E - REPORTE ENTREI'>ADO AL m'ITE 
DI! CAJ.'BJOS A lA UNFitl.JR.ACIOH 

( occ ) 
A. • Rl!PORTE APROBAJY'l POR OX: 

. 

. 
' 

' 

R - REPCR.'IE ltErnr\'UJXl roR CCC 

I - R.EP01UE IMP~ArO 

X - REPOIITE J!EFERIOO 
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FÓR~AS OE T~NS~ISihN DE SOFTWARE 

Tm.JLO nP.L PROYECm: FEO!A 

NJo'ElW DE PROYB:10 : 

ElABORO: 

NWERO nE O)NTROL DE BIBLIOTECA: 

DDFC 
RPC ~-==c-::ENfR==Ir.:-:~~------ SISIDIA. NUEVO 

RPS 1 'S .=::-:=c::':::c:-::---- N:J.IB!m i"RCn!A."'AOClR ------
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. 
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RPC DDPC ser 
. 

FEOlA 
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ACE No. . PAGINAS C'JJo'BIADA ( m:ERSION/ELOONAA S J FEOlA 

. 

. 
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. 
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EVAUIACION JUdSCI 
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~ DE ·PROYECm: .. 

SCI 1 

SI 

o o 

o o 
o o 
o o 
o o 
o o 

AUTO:RIZO: 
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. 
SE At::B:TA LA Kl!X.IlJJU!lA.D, IN"J'ERC.A1lBIAlHLI!'I\ ETC. 

SE AFECTA LA SEQIII:Ifli.D DEL SIS'l'fM\ 

SE AFECTAN lAS mJEIIA'i, OPEJlACIONES DEL SI~ 
. O MANI"ENIMimiO DE P~ 

o 0 SE AFECTAN UAMIALP.S 0 USUARIO 

0 0 SE AFECTAN l1lS PROCEDOOEm'OS DE Pll.llEBA 

1 0 0 SE AFECTA EL ~MIINJ'O DEL Pflt<iONA.L . . 

!
SI aNreSTO SI A C1.JI\.UPIER PllF.IUITA ANTEII.J~R, ENTI'CE.~ lA SCI ES.DE Cl.ASE I 

SE AtTIOIUZA CAJ.lBIO DE 11-n:NIER.IA SI 1'Kl 

' ' 

ji RIZO e,..v.q¡IO: FEOO: -------,------! 

OBSERVACIONES. S-;l-6 
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Perspectivos on Software Engineering 

MARVJN V_ lELKOWITZ 1 
]OBt;tut• {()T Computor Se!<!~«• ovtd Toch=/Q¡;], Natwnal IJ"""" o{ StO'Ido>Yd.!, W""'ii>¡rto~. D C. ~ 
....,¡ I!<pwtm•nl of Comput.r S<i<~. U,;,.,..¡¡, o{ Mt.ryland. U.liq< p,.,.J.. M.,hmd 20742 

Sott.r-~ ref<n 10 U.• ,.,.,_ ol <r>ai.Ínlooftwor< o)'St«DL lt ....,._ 1oooo1y 
to1.o<hni.¡u .. whi<b nduot hil:b oort..~ root &lid o:<>mpluity whil• i:>o:reaoing ~l.iobility 
ond modillability. ')'hia po¡>t"r outlin .. tho procodu.- ,...¡ in tho dov•lopment of 
eompuW ooftwan, omphuizinl ~ ooltwan d-.olopmo11~ ond pU>poi.D<iDI arou 
wb<,. probl..,.. niol and ooi..UO... how b«b po_,i_ Solutioll> &,m both tbo 
""""""""'"' ond tl1< ~ po\nto o! V.ow ore lhen .;-.n for many of lh
prohlom ,,. ... 

K~ and P"""- <Ublicatico, duo!.,._..... <-.P-~ 
~ ckaigo ~ II'DLI. oof'tw.,.. ,.lio.bilit~, .ofu..,.. dov>!opn><nt hlo cyd<, 
ooft"""' o,U. .. .ina, otru<IUred pro¡nmrning, "'p-d<>wn d..,(ll. l<>p-down devolnpmont, 
v&lid.otion, Y<ri!it.Otioa 

IJHRODUCTION 

Software d~velopmem woual!y prn<H!da in 
one of two ways: either the programmer 
works alone in designing, implementíng, 
and testing a AOftware eystem. or he C. • 
member of a group of from thrH up to 
~veral lmndred, working toget.h~r on a 
large software AyAtem. Altbough software 
engíne<!ring emb111~ea bot.h approache$, 
h~re we are intei"<'Sted mainly in ln¡:e-sca!e 
program development. 

Wben the VerrazanD Narro"•• Bridge in 
New Y<>rk City ,.. ... started in 1959, officia18 
eotim.o.ted tbat Íl would cmt $325 million 
and be complete<! by 1965. lt is U.e Lo.rgeat 
•uspensiDn bridge ever built. yet it "'U com• 
pleted in NDvember 1964; on target and 
within budget [ENR61, ENRG4]. No simi
Lar pattem bu been ob.erved when we 
build oofiware oyatems lar;:er than those 
which had been built previolllily. 

Software is often delivered late. lt is fre
quently 1,1nreliable and usually dpensive to 

- -- ~ 

maintain. The IBM OS project, which in
volved over 5,000 man·yeara of ellort, wu 
yean late (BRoo75]. Wby is bridg~ enti· 
neering so euct while .ofi.,.·are ~ngineering 
floundenl so? · 

Part ofthe answer lietl in.the greater ease 
with which a civil engineer CBn Ole<> the 
added comples.ity of a larger bridge than a 
software engineer ilie comples.ity of alar¡er 
program. Part of today'a ""aoftware prob
lem" atems from ourattempt to ntrap<>\Rte 
from personal experiences .,.·iLb enudler pro
gl"lllTI$ to large oystem1 pro,grr.mming proj--· We begin here by outlining the gen~ral 
approacb u-"'<1 in developing program prod
uets, emphu.iting aapect.a "·hich are atill 
p<><irly unde"'tood. Later, we enumerate 
tlie techniquei which have been used to 
aolve these problems. We do not attempt to 
cover all Df the relevan\ topics in depth, but 
we give manY noferencea for further read. .,.,.. 

Software engineeno are currently ltudy· 

--------
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ing the cauaea of these problerns and the 
mechanisms of sohv.·are developmenL 
They """k both constrainta on program
ming which will render software leos expen· 
si ve and more reliable and also the thPOret· 
ical foundations upon which programA..,.., 
built. Software engin...,ring il; no\ the e.ame 
u programming, although programming is 
an importan\ componen\. lt is no\ the study 
of oompilera and operating oyotems, al
though compiler writers and operating &ya
te m implementors use similar lf<:hnique&. 
lt ;,. no\ deo:trical enginnring, 8Jthough 
electronics does provide the basis for imple· 
menting the computer [JEFF77]. 

Soft.,.·ace engineering is interdisdp!itury. 
lt uses mathematica to analyze and oertify 
algOrithms, engineering to estimat.e costa 
&nd defme tr&deoffs, &nd mttnagement aci· 
enoe to define requiremeniB, asse .. riJks, 
oversee personnel, llnd monitor progrea. 

'--- ---- --- ·-

1. STAGES OF SOFTWARE OEVElOPMENT 

The oomplcxity of a large eoftware 5jiSUlm 
surpuses thc comprehension of ttny one 
individual. To bett.er control the develop· 
ment of a project, wftwace managen ha ve 
identifi<'<l sU oeparaUl stages through whioh 
eoftware projeoiB pa.ss; these stage5 are col· 
lectively called the softuoore deveWpment 
li[e cycle: 

• RequiremeniB &nalysis; 
• Specification; 

., • Oesign; 
• Coding; 
• Testing; 
• 0)l<'ration and maint.enance. 

Fíguno 1, a pie chUt, sbows the spprol.i· 
maUl amount oftime each •tag~ takes. The 
atag"" are discussed in the foUowing au}>. 
&eetions. 

llequ!rementa Ana!ym 

This first stage, curiously absent from many 
projecta, dellnes the requirementa for an 
aeceptable eolution to the problem. The 
statement '"Writ.e a CoBOL prograrn of not 
more than 50,000 words to produce payroU 
checkA'" is not a requiremcnt; it is the par· 
tial 5J>f'Cification of a computer wlution to 
the problem. The compuu.r is merely a wol 
for solv:ing the problem. The requirements 
&nal~ focmes on the interface between 

INIOGU!IOI<
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the too! and the people who need to use it. 
For eumple, a company may collllider sev
era! mdhods of paying illl employees: !) 
pay employeea in cash; 2) use a computer 
to print payroll chedts; 3) produce pa}TOU 
check.. manually, or 4) deposit p>~yroll di
rect!y inl<l employeeA' bank accoun!A 

Other aspects, such as prooessing time, 
cost.s, error probabiiity, and e han ce of fraud 
or theft. must be considere<! among the 
bllSic rt-<)UÍrement.s before an appr<>priate 
aolution may be chosen. A re<¡uirementll 
anal;'llis can aid in understanding both the 
problem and the tradeoffs among cnnflict
ing constrainL'I, thereby c:ontributing to the 
best solution. 

'Hard requirement'l and lhe optional fea
tures mUAt be distinguishe.l. Are there time 
or space limitations? What facilities of the 
system are likely to change in the future? 
What facilities will be needed to maintain 
different versions of the system at different 
Joc·ations? 

The resourceA needed to implement the 
system must be detcrmined. How much 
money is available for the project? How 
much is actually needed? How many com
puters or cornpul rr srrvices are affoniable? 
What personnel are svailable? Can exlsting 
so!'tware be used? Aflcr the first queslions 
are answered, proJect ~~ehedul"' must be 
planned. How will progreso be controlled 
and moniwred? V.1>at ¡,,., bcen learned 
from previoull effort.s? What checkpoint. 
"ill be iru.erted w measure thls progress? 
Once ail these questions have bern an
swered, speclfication of a romputer solution 
to the p~blem may begin. 

Spe<;lllcatlon 

While requirement analysis seelul to deler
mine whether to use a computer, specrfi· 
cation (alao caUed d~{úlitum [FIPI>77]) 
seelul to define precise! y what the computer 
is to do. What &re the inputs and oULputs? 
In the payroll e.ample: Ne employ..., rec
ords in a disk file? On tape? What i! the 
format for each record in the file? \'ihat ís 
the funnatfor the output? Are chee)u¡ lo be 
printed? ls nnother tape to he writ~<en con
taining infonnation for printing the checlul 
offline? Will printed rep<>rTS accompany tite 

checka? V.'hat algorithms "ill be needed for 
computing deductions such RS tu, unem
ployment and health insurance, or pensioo 
paymeot..? 

Since commercial ayste!Ill! procesa con• 
siderable amount.s of data, thc database il 
a central coocem. What filca are needed? 
How willthey he formatted, accessed, up· 
dated, and deleted? 

When the new system supersedes an 
ol<ler process (for example, wben an auto· 
matic pa~TOll system ...,places a manual sys· 
tem), 1he conversion of the ~xisting dat.s· 
ba.<e to the new forma\ mu.st be part of the 
de~ign. C<.nwrsion may require a speciai 
program wbich ill discarded after iiA f!l'St 
and only use. Since the rompany msy be 
using the older oystem in iiA day-t.o-<lay 
operation, bringing the new sYStem online 
present.s a prohlem. C..o the old and the 
new sySI€!Ill! run oide by oide for awhile? 

The answe113 t<> th•s• questions are set 
forth in the /wtctional q;eci{i~alion, a doc
ument describing the propo.sed computer 
solution. This do"Ument is importan! 
throughout the project. By defmlng the 
projt-et, the spccification gives both the 
purcha.<er and the developer a conc...,te de
scription_ The more precise the spedlica·. 
tionA are, the lesa likdy wil! be enors, con· 
fusion. or re-criminations la ter. The specili·
cations enable test data to be developed 
early; this means that the pNformance of 
the aystem can be tested objectively, oince 
the t.est dat.. "ill not be influenred by im· 
plementation_ Because it describes the 
scope of the 110lution, this document can be 
used for initial esümatea of time, personnel, 
and other reoources needed for the proje-ct. 

These specifiClllÍOns define onlywhat the 
sy.stem is todo, but not hoW todo it. De· 
tailed algoritb!Ill! for lmplementation an. 
premature and may unduly constrain the 
designers. 

Deslgn 

In the design stage. the algorithms called 
for in the specifications an. developed, and 
the over..U •tructure of the computer sys
tem takes shape. The syatem must be di· 
•'ided into small parts, cach ofwhich is 1-he 
re.pomibility of an individual or a small 

Comput ... s,,..,.._ Vol lO. No, ,,J .... 1•" 
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team- Each such module thus defiocd must 
have Í!.'l constraints: its fun<•tion, sile, and 
spo:ed. 

As submndu!es are specified, they are 
represente<! in a tree tl'lagram showing the 
nesting of the sy>;tem'o oomponents. Figure 
2 illustratesthis for a typical eompiler. Thio 
iUustration, sometimeo called a basdine 
diagram, is not by i~lf an adoqua.t.e spec
ificntion of the sy•tem. 

Because the solution m.ay not be known 
when the design Sl.age st.arts, decomposition 
into small modules may be quite difficu]\, 
For older applkotiona (&~eh liS oompiler 
writing) this process may becorne standanl
ized, but for new oncs (such as defense 
svstems or spac...:raft control) it may be 
<Íuite diffieult. 

A comrmm problem is that the buyer of 
a S)"Siem often does not know exac!ly what 
he wantB, esl"'dally in state-of-the-art 
areM such as defense system.o. As he sees 
the projcct evo! ve, the buyer nflen changes 
the specifications. lf this <>ccurs too often, 
the proj""t rnay flounder. We disruss thís 
problem later. 

Codlng 

Cading i.'l usuaUy the easiest st.age. lligh
le•·el lnnguages and structured program
ming simplify the task. In one study, 
Boehrn (BoEH7~J found that 64% of aU 

' 

oo•v•• 

...... CODI 
OINUAlOI 

UMOQ\ PO<Nl 
•<ANN<t ..... ••o"n •OUTINU 

OIAD 

errors occurred in design, but only 36% in 
cot!ing. Hnmilton and Zeldin [HAMr76] re
port that in the NASA Apotlo proj....,tabout 
73% of aU ~rrors were d""ign errors. We 
ha ve manered coding better than any ather 
st.age of 110ftware development. 

T•stlng 

The lesting stage may require up In half of 
the total effort. Inadequately planned te.t
ing often result.a in wot•futly late de!iveries. 

During testing tbe eystem is presented 
v.itb data repres.ent.ative of that for the 
finished system; rhus test dar.s r•nnot be 
eh osen at random. The test plan should, in 
fact, 00 designed early and most ofthe test 
dat.n shoulrl be" specified during the rlesign 
st.nge of the proj""t.. 

Testing is di,ided into thr.e di..tinct op
erations: 

1) Mrxlu!e /esling subj""t.a each module 
to the test data supplied by the pro
gramrner. A test driver aimulates the 
software environment nf the module 
by containing dummy routines U> t.ake 
the pl&ce of the actual subrouÜne8 
that the tested module calls. Module 
tcstin¡ is sometimes called unit test· 
ing. A module that p"""es thcse test.a 
is relensed for integration testing. 

2) Jntegrali<rn lesting tes\8 groups of 
componen\>! rogethcr. Eventua\ly, this 
procedure producea a ct~mpletely 
tested sy•tem. Integra.tion testing ft&
quently reveals errors mi""ed in mod
ule tests. Carrecting them m.ay ao
count for about a quarter of the tot.ll.l 
effort. 

3) Systems lesting involv"" the test of 
the completed sysr.cm by an outside 
group. The independence of thia 
group 1s importan!.. 

The buyer may also insi.'lt on hio own 
sy~tems test, or =cept<JIIu I<'BI, before for
mn!ly accepting lbe product. Comparison 
of tbe performance of several aystemo (sucb 
B.S those af a given 110ftware product airead y 
available · from several oources) is called 
benchmark testing. 

During testing, many criteria sre used to 
detennine correo\ program e%ecution, 

Ptctll<l:2. Samptoho.o<lin<diogr=dOTH"Oo'lp~•r. Among other importan\ criteria, the p..,. 

piQCUO -

1 
' 

! 
' 

! • 

1 



--- . . 
·'1 

! 
• 
1 • 

. ' 

l 
1 

:1 
1 

- 1 
" 

• 

¡ 
1 
1 .... ""' ... ~~ .. , ... 

' 
1 

1 -
! 

1 .... .. . . ~ .... 

-------~-------------------. 

Perspeclill€s on Software EngineerU.g ,., 
g1Rm Íll e<>nsidcred correct if: 

1) every statement has been e•ecuted at 
lel!.llt once by the test data; 

2) every pat.h thrnugh the program has 
been ex~o:ut.ed at leaB! once by !he test 
data; and 

3) for cach specification of the ptogram, 
teSt data demonst:rate that tlle pro
gram performa t.he particular &pecifi· 
calion con-ectly. 

These three difJeront criteria ohow th8t 
thero is no single acceptable criterinn defin
ing a "well.tested" pror;ram.. Goodennugh 
and Gerhart [Gooo76) propo.ed 8 set nf 
consistent defmitions for "teating" and 
ohowed th8t oome 'of these definitioTIA of 
testii>g are, in theory,"insufficie"lit. We re: 
turn t.o this subject later. For a our.·ey of 
good teating techniques, see [HUAN75). 
" Clase\ y rolated to t.estíng""' verification 
and validation (\'/V). A system is valitla.t~d 
when testing ahoW11 th8t the aystem per
fonm arcording to its sp«:ifications. A sys· 
tem is v~rifled when it hu been pro,ed t.o 
meet iUI SpedficatioM. CWTent techno\ogy 
is inB.dequate for achie,ing both theu ob

it.s specifications. In cnntraat, a reliable 
program need not be correct, but giv"" ac· 
ceptable answeno even if the data or envi
rorunent do not meet the assumptions made 
about t.hem. We would Lilte a system to be 
highly rohust, that is, to accept a llll"ge c\RM 
of input data and to procesa it rorrectly 
under adverse conditions. Parnas {P ~JtN7f>] 
describes a corree! sysu.m a.s one that is 
fre<. from faults and has no erron in it.s 
intemlll data. A program Íll re\iable if fail
ures do not uriously impair ita satWactory 
operation. 

Operating systelllS with ,"fail-soft" pro
ced~ illusu-at<> the differ~nce betwHn 
reliability snd corTectness. A det.e<:ted error 
causeo the BYStem to ohut d<>wn with<>u~ 
\osing infonn8ti<>n, po&!libly ustaning s.fter 
error recovery. Such 8 system may not be 
corree! beeausf, it is oubject to "<TTlS, but 
it U re\iab\e beco. use of its consisten! oper
stion. A real-time program may be correct 
as long as a seru<~r report.s correctly, but 1t 
may be unreliable if bad sensor roadinp 
have not bHn considere<!.. 

jectivea. A validated systern rnay rnisbe- Figure l shows the dispositíon of ooftw....., 
h8ve for cases not induded in the test dat.a. costa in developing 8 new project. But this 
A vcrified system U corre<"! relative only tQ can be the wrong chart! Thc activ:itie• noted 
the initial specifications ·and ·assumptioll.'! in Figure 1 are only 25% to 33% of the effort 
8bout the operating environment; fonno.l· required during the life of the system. Fig

. proofs tend t.o be lengthy, TilAking them · ure 3 illustrat.es th8t maintenance costs uJ. 
,..bject 1.0 error or incredulity. Crrtifira.tion tim.o.te!y dwarf dcve\oprneitt costa. 
sometimes refer& t.o the overall proceSA of No computer syatern is immut.able. Since 
creating • correct pror;ram by ,·a\idation a buyer seldom knowa what he v•ants. he 
and verification: se\dorn is 08tislied. Prohably, he will re-

In certifying 8 program, three temumÜ.t queat changes in the delivered syatem. Er· 
be distinguished. A /o<1u.r~ in a system iaan ron~ rnissed in t.esÜng willlater be discov
~vent "·hich mMks a viol8tion of the ayo. ered. Different inst.allations will need spe
tem's specificatioM. An error¡. an item of. ci.al modificatioM for loCal conditions. The 
information whkh, when proce.,...d by the mttno~ement ofmulüple copies of a oystern 
nonno.l algorithnul of the OYStem. produceo U another difficult problem that mus! be 
a f8ilure. Since error recovery may be built- handl...t early. in. development... Once the. 
int.o the prograrn (for exrunp\e, ON units in fU"llt \ine of C<Jde t. written, the atructure of 
PL{l), not everyerror "-ill produce afailure. the reaulting maintenance operation may 
A fault i.. a mechanical or a\gotithmic de- already be fi1ed, so it is best to plan for it 
fect which genero \.eS an error (for eutmple, then. 
8 programmin¡: "bug") {Dr.>;s76a). The di•ision of effort indicated in Figure 

Reliabi!ity is 8. concept which must not 3 greatly affectll oyst<:m development. Be· 
be confus...t váthcorrectneu:A C"OITedpro- cause of hidden maintenance costa, te-eh· 
gram is one th8t b8ll been provHI to meet niquea that rush developrnent and provide 
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' f'oGliRB a_ "J'ru• •florl on """'Y J&rr<-!i<alo ooftwue .,.. ....... 
for very early initial imPiementati.on rn.o.y 
be t:rading early e~ecution for a much more 
extensive maintenance operation. 

The maintenanc:e problem is somrtimea 
referred to "" the "parts number e>plo.sion. •• 
For nample, a certait\ syst.om cont.ains 
component.& A, B, and C. lnstallation 1 fin<b 
and rcports an error. The dueloper fixeo 
the error and semis a """"'-"'ted module A' 
to all installations using the •y•t.em. 

lnsuUatioru; Il and 1U ignore the replace
ment and continue ""ith the original sy•tem. 
lnstal.latioM l and 11 discover another error 
in module A. The developer must now de
tennine whclher both o[ the&e error!l are 
the same. sin<:« differiilt •·ersioM of module 
A are invoh·ed. The correction ofthis error 
involves correction of both A" (for 1) 1111d A 
(for 11) }"ielding A" and A'". There aro now' 
three versions of the sygtem. 

To avoid this growt.h. ayst.ems ofun ,.... 
rrive update•, callffi rel~ases, ot ftxod in
tei-vals. A useful tool for dealing .,.-;th myr
iad maintenance problems is • ··ay.;teiDI 
datab&'IC" started during the speciflc•tions 
stage. This d•ubue records the character
istics of the diiTerent insutllation.o. lt in
dud"" t.he proc..dures for l"t'porting. teoting. 
and repairing erroro befort' distributing thr 
coriections. 

Themeo ol Sottware Englnurlng 

lt should be dear that each &nfl,.·are devel
opmcnt Stage may influen~e earlier al.agea. 

.The writing of ~c.otions give$ fe-edback 
for en!uating resourre t'"'luirrmenu; the 
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design often revea!J f!aws in t.hese opecifi
cationa: coding, tcsting, and operation re· 
veal problem& in design. The goahl of soft
ware engineering are thus to: 

• Use techniques that manage oystem 
complexity. 

• In~rease oystem reliability omd corree\· 

"-· • Devclop te<:hniques to predict software 
costa more accurately. 

In the following lleCtion.o, we discus& Rp· 
pro&ehes to ..,me of these problems. The 
liat of techniques is divided into tnanage
menl and programmer issues. M&rulgement 
issues concem the effective organization of 
personnel on a project. Programmer i.ssues 
concern t.he techniques used by individual 
progrtunmers to improve their perform
ante. 

2. MANAGEMENT lSSUES 

A manager controill two major tesources; 
peroonnel omd computer equipment. This 
se<:tion oun·eys techniquea for optimiring 
the use of these resoutces. 

· Sl•e and Coot Control 

A project may fail when management is not 
aware of devcloping problcms; a year"s de
lav comes "one day Rl a time"' [Bnoo75]. 
F&i:ed with cat.utropbic failure (for eillm
ple, needed hardware is de!ayed ¡ aix 
month$). a resouttefu! rn.o.nager can usually 
find ahumatives. However, it is easy to 
ignore day-to-day problem1 (such "" oick 
employeco or many erroro during testing). 

Most ptoblem!! C.C.,ur at the interfac(IS of 
modules written by diff=nt programmers. 
Since the number of auch interfaces is on 
the order of t.he square of the number of 
individuals involved. the prublem becomes 
unwieldy wben tbe number of persons in a 
development group growa to four ot more. 

. Aa an eumple of the Communicationa 
problem. assume that a single programmer 
is capable of writing a 5,000-line progr .. m in 
a year, and thet a programming o)-.tem 
requires about 50,000 lines of code and is to 
be completed in two yearo. Five program

.mers "·ould seem t.o be sufficient (..,.. Fig
ure 4a). 
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Pa.pectiw• on Su(twnrP Engint·erin~ "' llowe•·er, ihe five programrners must 
cornmuniute wilh onc anothet. Sn~b com
munication take• time and also <•a usos sorne 
lo"" ln produái•ity since fmding misunder· 
sU>od asJWCts v.ill requir<' additional testing. 
For this simple nnalysis, B.."<Sutne that eacb 
cornmunication path '"costs" a prognommer 
250 Jines of rode pcr ye~~r. Eacb of the five 
programmers, tbt•refore, can produce on!y 
4,000 lines pet ycar and on!y 40,000 lin"" 
are complcted witbin tw<> years (•ee Figure 
4bl. 

This means that eigbt progratnmers pro· 
rlucing 3,250 lines per year Rre actnaliy 
needed in nrder lo produce tbe tequired 
50,000. A manager is required for dircction 
of this large effort. Thcrefore. in surnrn.ary, 
cight programmers and a manager, cach 
produdng an average of ,1,000 lim•s p••r yt•ar, 
are actually needed (see Figure 4c). 

As we shal] see, simply counting lines of 
code is not n good way lo e•tirnate pmduc. 
tivity. The figures in thia exarnple llle only 
giwn to illustrate a point, but they are 
rcpresentative of tbe problem. There are 
also techniques d<-signed 1.0 limit this rorn
rnunication• "'explosion"' and to increase 
programmer productivity. 

Projecr P&rsonne/ 

Software can usuaUy he di•ided into three 
categmies: 1) control pr<>grarns (such u 
operating systeln$), 2) oyst.ema programs 
(such as compilcrs), and 3) applications 
progrnms (sucb "" me mlillagement •Y•· 
tems). A single prugrammer working on a 
control program can produce about 600 
linea of code per year, whereag he can pro
duce about 2,000 lino•s if working on a sys
tems program and nbout 6.000 if working 
on"" applications program [WoL\"74~ The 
type of task certainly affect.& the productiv
ity that can be e~pected from a given pro-

FtGUR( •la). Sin~)e wojoc"' ~.000 lin .. per Y•li
r.o.OOJ lin .. in ,...., Y'""' lno ec<nmiiJii<•tiocl J>.. 
'""""" P"'gr•mmen;). 

8 

FtGUkO: <(b). FIYE·mt•mb.r •roup. •1m !in .. P'" 
ye&r - <O.(m )!neo in '""' yuro (t.n oommoni<.out"' 
pairo). 

e 

Flol!RE •1<). N,_.momber t<&m.' .1.00J JU... ptt )'ür 

- óO.(m lU.eo in two J•.,. (36 rommunkallon 
pall-o). 

grammet. However. as the ptevious exam
ple dernonstrate., tbc organization of per-
6llnnel also affects peñormance. For enrn· 
ple, with tbe approach of deadlines, docu· 
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mentalion is oftcn givcn lower prioñty. 
Howc,·er,.,.ince 70% of the tola! systcm cost 
m..ay occur during the maintcnance state 
(whcre the documental ion is heavily u""d), 
this may be a fahe economy of effort. 

Use of a librarian is one "'ay to avoid thi8 
problem. A librariRn provides the int.-rface 
betwoon the pro¡ramrner lUid the com
putcr. Progrll!M are coded and glven to the 
librarinn for in.<ertion into thc on!ine proj
e<:t libnuy. The actual debug¡ing of the 
module is carried out by the progrnmrner, . 
but chan~es to the offidal module in the 
libra:y are made by the librarian. Th~ """ 
of a liLrary is further ~nhan<t•d when an 
online data management system is I!SW. 

The """ of a librarian has another bene-
ficia! effect. All c·hanges in modules in tbe 
proj~>« librar)· are handl.-d hy onc imli,~d
ual and ru-e casy to monitor; they are often 
re,-icw.-d by the project manager before 
insertion. This prennts "'midnight 

• patcheo'" from being quickly incorpornted 
into • system and forces the programmer to 
think carefully about cnch change. lt al•o 
gi•·es the manager discipline<! product con
troland hell"' ,.;th audit trails. 

On larger projpcta, a le~hnical writcr may 
perfonn much of the documentation, thll!l 
frceing programmer'S for the lal¡ks for which 
they nre most skilled. 

The ru\mination of this trend is the chil!f 
progr11mmer leom ronccpt dcveloped by 
IBM !BAKf!72]. The roncept recognizes 
tbat programmerA ha~e differcnt levels uf 
~ompelen~e; thercfme. the most competent 
should do the Ullljor work, whi\e others 
function in aupporting roles. As the earlier 
cxample ahows, interfacing problems 
greatly reduce programmer ¡Jroducti•-ity. 
The rhief pmgrarnmer tcam is one way of 
limiLing thill complerity. 

The chicf programmcr. an e~ceUent pro
grammer and a neative and weU-disci
plin.-d indi>idual. ill the head of !he team.. 
He may be five or more times more pro
ductiva than \he lowest member uf the 
tearn (BoEHi7]. He functions BJ the t.ech
nical manager of the prnject, dcsigns the 
system, and writcs the top-level interfaces 
for ail m..ajor modules. 

lf a ¡>rojee\ i• lMse, a tea m may also ha ve 
an administrativo manager to handle such 

resporu;;ibilities as budgeling time, vaca
tions, officc •pace, and other resources, and 
reporting to upper-\ewl m..anagemen\.. The 
adminislrative manager often administers 
S~everal programming teams. 

The backup programmer works ,.;¡h the 
chief programmer and fills in details as· 
sign.-d by the chief programmer. Should 
the <:hief programmer !cave the project, the 
backup programmer would t.ake over. This 
means that he also mll!lt be an exceUent 
progrnmmer. The backup programmer also 
fulfills an important role by pro,•iding the 
chief progrllffimcr "ith a peer "ith whom 
he can discu.<S the dcsign. 

There are also two or three junior pro
grammers assigncd to the team to writc lhe 
low-level modules defined by the chief pro
grammer. The tenn ""junior'' in this rontcn 
mear"' "less expt•rienc~d," no\ "less capa· 
ble.'" As &ehm states, the best results OC· 

cur witb fcwer and better people. 
Using the example illustrated by figure 

4, a chief programmer team of five indi,id
uals hru; on!y seven communicntions paths, 
and the chief prograrnmer, being that rare 
individual, can produce more than bis 
quota of 5,000 lines (see Figure 51. Thus 
produc\Í>-ity per programmer could be 
greater than 5,000 lincs per year, in•tead of 
lhe previoua figure of only 4,000. 

The team has a libnuian tu manage thc 
projcct librru-y-both tlw online mo~ule Ji. 
brary and the offiine project documentation 
(also called the project notebook). The 
projcct nutebook contains, among other 
things, reco.-ru of eompilations ami test 
runs of all modules. lt i.s importan! tu the 
team structure, since all development ill 
now accountable and open for inspection, 
and t·ode is no longo"r th~ '"privnte property'" 
of any individual programmer. 

Programmers ha ve \raditionally been re
luctant lo cxhibit their products until com
pletion, since disco•·er.-d errorA have tradi· 
tionally beco viewed 8.'1 " pers<>nal failure. 
The absurdity of this approach is dear 
enough. If the ego element i.s "'mov.-d from 
programrning. programmcrs may openly 
ask others for advice when \bey n.-ed lt, 
instead oftrying toso\ ve oll prob!ems them. 
selves [Wt:IN71]. 

The terun may lnclude other supporting 
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... ~ .. P~rs¡><!t:lives vn Softwar~ Erlf¡Ítu?f!ring '"' 

FICURE ~ F_...<r "'m""m;..,u..,. po.tho ¡, • <hiof --
personnel such as ...,retaries and te<:hnical 
writen_ &perience &howa ths.t ten is the 
upper bound to team Gire. 

This stl'ucture, however, wil1 nDt Mlve all 
problem.s in development. With a sm.o.ller 
nuiñber ·. of' indivldu.US' involved,'" compe
tence is crucial. h U. not possible to "Work 
around" 8 nonproductive indi,~duol "'one 
might do in 8 large project, Thero ue also 
ex\.remely JSrge projects where 8 group of 
ten is simply too smail to t.ackle develop· 
ment. l.arger telUnll are not efficient. 

A man-month, or the 8mount of work 
perlormed by one individual in one month, 
is a deceptive me........, for estimating proj
ect productivity. A project re<¡uiring four 
programmers for a year cannot be com
plet.ed by 48 programme~ in one month. 
The eumple ·of-•the ·&0,000 line •Y"tom 
needed in two yean showa sorne of the 
problema inherent in tJying to ••change 
programmers for time. "Adding manpower 

to complete a project. As pr">'iously men
tioned, the Verrau~no Nll!Towa Bridge in 
New York City w&S completed at the pro
jected time and .,.¡!hin the estimatOO 
budget. How W85 such accuracy achieved? 

Most engin..,ring rus,;plines ha ve highly 
deve\uped methods of estimating resource 
nceds. One such technique ill the foUowing 
(GALL65]: 

1) Develop an outline of the require
. ments frnm the Reque~~t for Quotation 

(RFQ); -•· ~ •. 
2) Gather similar information, for u-

ample, data from similar projects; 
3) Select the basic relevan\ data; 
4) Develop eatimates; 
5) Make the final cvo.luation. 

• Although thi.o approach has be<!n advo· 
cated for software development, 110ftw""' 
proj~cta have difficulty passing St.ep, l 
[WOLV74). Engineers have been building 
bridges for 6,000 yeara but 110ftware systeJTUI 
for only 30 years. Prior expcrience to de
ve!op the true re<¡uirerrienUI may no! be 
available. Moreover, "'ith very little back· 
gruund to build on, the developer has little 
knowledge of oimilar systetnll to ~ in evo.l
uation (Stop 2). 

In developíng the estímate! (Step 4), the 
fol!owing te.ska mus! be unden.aken: 

4a) Compare the project to •imilar pre· 
vious projecta. 

4b) Divide the.project into units and 
compare each unit with similar unitA; 

4c) &h...:lule work and estímate re· 
110urces by the month. 

• 

-·-· 
to a late softw-ue project malees it later" 
[BHOOi5J. New personnel divert e~istíng 
per>~Dnnel needed to train them;, they re
quire more aupervision; they romplieate 

4d) Develop ot.andards that can be ap
plied to work. 

¡ 
! 
1 

oommunication and int.erfete with the de· 
signsince they areunlamiliarwith the proj· Note thu for St.ep ~a), the lack of P"'· 

•ioÚ:..e•perienoe ,res.ent.a a continuin' ecl structure. • _ 
Howevcr, man-months do serve a pur- proble_m. Also, foi- Stop 4d), an adequat.-

poae u a useful meuure of project roota. oet of "'-"_nd~ doea not yet erisL . 
By adding more data, such as !he rate of E•penence ':" .the key 1<> accurate esu- .• 

~ u•ing man·months, accurate rost estima· __ m~t"'_n. Even cJVil eng~_neenng proJ_ecu n_u.y 
• tii>n ce.chniques can be utilized. '~'hes.. ,u.. • fail biodly when est.abhshed u,chmques are 
e•plained in the following sub&ection. • . not foll~wed_ Although th~ Verrazano Nar· _ 

~ ·rowa Bndge wu the world a largest awpen-
Est!IIUilliofl TfiChnique• • aion b~dge, illl enpn_~rs had much e•peri· •• 

'"' ence "1th other stmilar structures. On the 
_,,..,, -~ One of the moa~ importan! aspect.a of en¡i- :or oth...- hand, the A.lulum _ oil. pipeline wu ~~-l. 

neering ;.. estimating th~ resourcoe n<-e<lKI n!ima.ted to C'Q6l $901) million. ye\ by mid· 
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"" 1~77 the t·ost hn<l risen past $9 Lillion 
[E:-.'R77J. In this C"-"', the desi¡;n was al· 
tered continuously as thc federal go•·em· 
m~nt imposed new envirunmental stan· 
dards (that is, Changing si""Cifícations), and 
new technologies were nceded 10 move 
large <¡tlanti!ies of oil in a cold weather 
environment. Previous HJ>Crience was on]y 
marginally helpful. 

Rt•SL!lts fr<>m com¡>uter hudware relia· 
bility theory are now starting to play a role 
in software estimatiun [PUTNii]. The cu· 
mulntive e>¡wnditun•• owr time for largo· 
scale projects have b""n found 10 agree 
c\o..,)y with !he follO\>~ng equations: 

E- Al!-•-~'¡ 

"here E is the tQtal amount spent on the 
projec·t up !<> time 1, K is the total cnst uf 
the project, anda is a measure ofthe Jnall· 
imum e•penditures for any one time period. 
This rdaiionship is usual[ y t•xpressed in it.s 
differ<>ntial form, called a Ilayleigh curve: 

where E' is the tate of e~p•nditures, or the 
amount spent on the proj<"ct during ~ear 
number /_ Since 7()';{, of lhc rnst Of a project 
occuNI during the maintenance slage, it Í5 

not "urprising that the ma•imum ••J'<'ndi· 
tutes will ocmr just before !he pmrhwt is 
released, a time when it is wually assumed 
that the effort is v.-tnding down before ter· 
mínation (see Figure 6). 

The Rayleigh curve has two parameten~, 
K and o; howe•·er, a system can be de
scribed by three general charactcristieg: 1) 
total <"flS!, 2) r~te of expenditure, and 3) 

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

F'IGu~O: i5. Yearly rote of ••pono:ht"""' OppJ'O>ima"" 
tho 1-\.oyl.;•h <olo>••- Total «>ot ¡orto und., <Ur><l 
~K.~~ 1/T..': ro«- "Kot<·• . 

completion date_ Two ofthcse characteris· 
tics are enough to determine the constaniA 
K nnd a. When a prnject is initl,terl, the 
proposed burlget is an estimarE of K, and 
the available personnel pennits a to be 
calculnted. Assuming lhnt requirotn~nt 
analysis determines that thcse figures rep
resen! an acrurate as.<essment of the com· 
plexity of t h~ problt•m, !he <•si ima1<-d r-nm· 
pletion date (the date whcn the e•pcnd.i· 
tures reach B maximum) e-11n be computcd, 
and thus cannnt ]Jc set arhitrari!y during 
the requircmcnt.s or spedfication stage. 
11ris method pro•ides the basL• for a tQst 
cstlmation strntegy that hns h<>en applied 
to Mnaller project.. in the 100 man-month 
range [BA~r78]. W e may be close to a m.ath· 
cma1-kal theory of cost estimation which 
will grcatly n•rluce our necd to "gue"""' at 
proje-ct co.slll. 

M1IB<llones 

A mile•tone Í9 the spedlication of a demon· 
strablc evem in thc rle,·elopm<"nt uf a proj
en. lllilestones "'" •cherluh•rl by munage· 
ment lo meaoure progress. "Coding is 90% 
"'>mplcte"' is not a milestone be<:auoe the 
manager cannut know whcn 00% uf the 
code is complete until the proje<:t itself Íll 
complete. 

TI>ete ru-e many candidates for mile· 
stones: pu!Jlication of thc funetional speci· 
lications, "-riting of indiddual module do-
aigns, module compiling withoul errors, 
unit.. that have been tesled succea>;fuliy, 
and 80 on. Milestones ru-e scheduled fairly 
of!en to detect cru-ly slippage.l'BRT c-harts 
m ay be uscd to estima te the ~ffect.• of slip
page in one stage on later st.ages. 

Rcporting forml! can give infonnation 
uscful for eslimating when a future mile· 
stone .... ;u be reaehed. A general proje<:t 
summary, describing such o•·~rall charae
teristic• as syotem aizr, cost, <"Ompletion 
dates, or complexity, can be rosubmitted 
"'-ith each milestone. Change reports can be 
suhmitted ench time a module is altered. 
The use of a librru-ian prohably rneans that 
surh a fonn already exislll. \\'eekly J><·rson
nel and compu1"r rrports monil<>r exprnd
itures. Allhough they arld a minor O\'erhead 
!O the proj'-"'1. the infonnation he]ps m.an
agement keep abr-east nf progress [BAsr78, 
WAI.s77). 
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.. Perwectil'f!B on Softwo.r~ Engineering 

Deve!<>pmenl Too!s 

Compilers and oertain d~bug¡;in¡ facilitie~ 
have heen ~t·ailable for sorne time. In con· 
tras\, other programming aids are new and 
experie~re with them ill less estensive. 
C1"038 referendng. attribut.e listircs, and 
symbolic storage maps are cxamplcs of such 

rity that can arise when many people with 
difl~rent objective• l>ecome invo\ved in a 
project. A consisten¡ dnign is ¡...,. prone te 
crron; beoause the user can foUow a simple 
set ofrules. 

Commual Sysrem vaild~t>O<> 

o.ids. Auditors or dat.abase systelll8 tan help A wo.lkthrough Íll a management re,;ew to 
to <:<>ntrol the organi.r.ation of the develop- · diaro,·er erro,; in a system. In One study, 
ing system. The Problem Statement Lan. THW discover<:"d that the cost of fuing an 
guage/Prnblem Statement Analyzer errnr at the roding stage is~bout ¡,.-ice that 
\PSL/PSA)' of t.he · ISDOS · project nf the nf fixing it at t.he de•ign 5\ll.ge. end cau;hing 
University nf Michigan is one of the first it in testing eo11t.o about ten times as much 
dat.abase 8}"5tems fcr prcviding a module 811 it does in deo.lgn !BoEH76]. 
libra!)" for sl<>ring wurre cude. ami include:; A walkthrough is &<heduled periodically 
a lan¡¡uage for spet•Jfying interfaceo in •Y•· for a11 !Jersonnd. In auendance are the 
tem design which can he checked antomat- project manager (chief programmer), the 
ically ITEtc77]. RSL/SSL is a similar R)lll- pen<On reviewed, and severa! ct.hers knowl
tem designed to sp<•cify requiremcntS and edgeable about the proj""L One r;ection of 
te dnign interfaceA ,.¡,.a data management the system is sel..:ted for nview and uch 
svs1cm !DAV177]. individual is given information about that 
. An alterna ti ve approa~h is the l'ro!lfam.. section (for example, de•ign document for 

mer'• Wcrkbench de,·eloped by Bell Tele· a design•waikthrough, rode for a coding 
phone Loborateries !DOL076]. A PDP 11 walkthrough) befcre the ret-iew. The per· 
based sys1em provides a se~ of support rou- .• son being reviewed then describe• t.he mod· ~~···· 
tinu for module de..,Jopment, library ule und~r study. 
ma.lnteORnce, d<K"Umentation, and testing. The walkthrough is intended t.o dete<:t 
Propn "''" of the~<e facilities allows att·ess· Prtors, not te corree! them. At.o, the 
inj! information in an easicr, contrclled en- walkthrough is brief-not more than two 
vironment. hours. By eyplaining t.he design to cthers, 

Rellabl1111 
..• . ..... the perann reviewed ia likely t.o diseover 

. .. ~ ...... ,_ vague speclfications cr mí;.<;ing conditicns. 
An importan! point fcr management Íll 

that the walkthrough is not for personnel 
CoMeplua/ iniPgril)', unifonnity of style evaluation. lf t.he person revie,.·ed perceives 
and aimpticity of stl"Ucture, are usually t.hat he ia being evaluated. he may attempt 
achieved by minimizing the number of in· to cover up probleJJU! or prcllent a .. ~?!~ 
dh;du~!:'. in the projecL A chief program., picture .. ~, , 
mer team gready enhanceo conceptual in- An informal yet \"ery effective versicn _of 

Conccptuattnregr>ty 

tegrity. the walkthrough Íll codr reo.ding. A second 
A small group minimi.u& rnntndict<Jry programrner re•iewstherode for each mcd

aspect.o of a de.'iKn. In the PL/1 languRge, ule. This technique fr.-quently turns up er· 
for exHmple. the I'ICTUHE attrihute dec. rors .... hen the ..,eond n•oder, failing lo un· 
laration may be abbre,;ated as either PIC derst.and wm~ upecu cfthe code, as\ul the 
o!: P,"but'in format specifications it may '· ati;hor for an explanation. ·- 1 , ..... , 

only be P !ANSI76]. In Fo«TRAN, the right 
side of an 811Sipunent statement can he an 
arbitr!U")" arithmetic expression. but DO 
loop índices ffiWI\ he intcger COI\I<t.ont.o or 
variables, and subs<ripu to arrays are )im. 
ited 10 &even basic {OTIO$ [ANSI66]. The"" 
are difficult idiooynCrades to rememl>er. 
They ill~trate a l•rk -of rnnceptu.al int~g- _ 

3. PROGRAMMER 1SSUES 

Each stag~ cf the ooftware development life 
cy<le h"" it& o"n r;e¡ cf problems and oolu
tions. The mru;t advllTlted te<:hnique& apply ... 
te the lllllt otageo; the fU"St stages are the· 
k811t develcped. For uarnple, t.e.•ún1 and 

!_ _______ -- -------
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. " 



'"" .I/. 1'. z~ll"'" u o 

Mhug¡:in~ prohlt•m,; ar~ appart•nt to ,.,..,_. 
pro¡:rammer. tl><·>e to<>l.< are th<• ulrle>t and 
ni"'' arh-~nr~d To•chni<pJ<•< ¡,, imt"'"·ing 
eudin¡; "''''" denlop~d ,,..,,_ The mo.'t re
c~nl de•dupments ha\<• rebterl to re~uire
mt•nt,; and .<pet ili<"olioll,, Althou~h 11\Hil_\' 
technical )"oblerns ha•·•· not ht·en i'(>IHd. 
an effectj,·e methorlolu~·· Í< em<·r~m~. So me 
of the.<r tt•chniqllc·> art• ¡>re<Plltt·d 1n the 
fulJo,. ing sub,ectLu11-<. 

Verlllca!ion ond Val1daloon 

Vrrification and •·alidat ion hnndllle and in
I<·Ktatiun 1 <·<nngJ ,.¡ a _,_, ,, <'lrl OC<'Ilp_,- "'""' t 
hall of !!"· de•dopmr·nt time of a projo•et. 
Many del>u::ón~ aid.< ha\ e been d,·wloperl 
lo facihwt•· thi.< o•lfun: """' are Írllplt•· 
nwntetl "' pr<rgrant_, to '''" ,OJl\t•leaturt• uf 
a •Y•I<·m_ 

Aulomated Tools 

Tia• t•arlio·-' ami"'"" prin>iti<•• dt•l>u;~ing 
!tl'>l>< \\('l't' !IH' dump "ll•lthe tran·. A dWII/' 
¡_, '' li.<till~ .,¡ th<· t•um~ut~ .,¡ tl>t• nMchin•'' 
tra•mnn·. TI,, lt>till~ ,.,,., "IH'll n·tt-.tl 1\ll· 
Jutt•lligif,f•• dat~ "' ,.,,.,,.,, l:n!<<ll"n,\\>·k, a 
dum¡o m;(l' nnt 1~· lahen Ull\\1 l<>ll~ "alt•·r 
tht• fact" ,.nrl tlw '''""'' ,fllll' ,.rr,¡ llla_l' "''' 
th<•tt he a¡opan·m. A lrut·o• i< a prinwut 
sho"·ing tht· t·aflll.,. uf "<'lt·cwd l'ariablt•< 
afH-r <·adt •ta\t·nwnl i' ''"'t'!lkd. It """' 
lwlp a ~· o~ramm .. r 1 o dim11 N t' 11 • ,-.._ 

These l<•rhniqut·' ar~ not '""ally t·ery 
efft'\'\Íte lot•c;m<o· tho•_l' '"1'1'1-" nnah d;l\a 
wnh link tu- no iulerpn·ta!lou ~lort• ;ld
t'aJU'ed nwthod< are nt,..lo•d t<> rt~luee thi, 
dma '" an in<<"lllgdolt•lnnn. 

Fhmgraph aualy«-r.< an• c;tpahlt• ot dt•· 
tecting rd..rt•on·,•; lo ''"riabl<"< 11 hirh are 
n~tt·r initi~li'<•d "' neHJ r<"<N'tl HiLt•r ,.,,_ 
c~il'ing a talu~: <ht"<' u_,a.dl_t' LndÍ<'alt• <'t'· 
rol>'. Te<l d:na p•o~<•mwr• are al<o at·•il
abl,•. As><•rt ion ,.n,.,-k,•ro ' ahd:l1 <' 1 hat gi\\' n 
conditiono o<l'e tna• ,\1 indi.-;Ht"<l p.,j¡¡;, ni a 
pro~ram_ ,\utommit' H·ritiowion ')''""" 
ha 1 e ¡,,.,., implemt·lll<·d lol """11 I.Ln~""~'" 
¡K''" :m 1 ""' 1 " onl•<>li.- ''"'''"1 '"" h.<> 1"'''" 
pro¡~N·d a~ n prat'l j.-:¡} nw.lll> for ,-alid.uiu~ 
pn<~mln> in a tntJTv t'<otnpl<·t knl~\l.lg<". '11~<• 
P:·H./1'.'<,\ '."·""''" i< "" ,.,antpl.· "' a ,,..,¡ 
for n"-<Í<tin~ in ,¡,._;~., :tud 'J~"<·iti<ali<'n. 

-'.tHih<>li,· rlumpo "'"1 1""'<·~ ;>re g<'Il<'rat.•d 

«nh eompil<·r~ lik~ !'LIC /('«0<\\~:1] or 
PI.L~! (Z;;¡,;75] lb""'~""'lth<- and 1--1•• 
( llA" ,, ;r, 1 '"" <'." marty nf ,¡,,.,,. "-'"¡_, 

c~mt.-cai<On 

l'rn~ram• can hp teritierl .u 'f•t·era! lt·wk 
Con"-a)' ( CO.'<tl'7~ )li>l" t·i~hl dtffer<•lll 1 er
itic•tiun t·nnditinL": 

• A program cnntain• n<> svntacm· er-
ro.,., 

• A progratn ''ontnill< no «><Hpihlinn er· 
roro or faull-' during pro~rnn< t·u~u
tlon. 

• Tht•oe t•xi.<t '"''data¡.,, 11hi•l1 1he 
prn~ram ~ite,, cnrrt•('t an_,\\t·r-. 

• l'or typical ~<'\<uf !t<! data, tho• pro
~ram g< 1 ,,, ' '•rr<·<"l ""'"''' 1 '· 

• l'or dittkull '"'-' .,¡ 1<·>1 d;({a, ¡he pro
gratn ~¡".' t'tlff~t! an.<ltW,, 

• For ;<11 pn._,¡¡,¡,. '"'·' <>1 d;na 'lhtriL are 
valid wi<h n·.-.¡>t·ct to tlu· pr<>hltm 'P<•c
;rtuuion. th<• P'"~ranl ;:itt•, t'<><Tt·< < nn· 

'"' ., '· 
• Fur .di ¡w_,_,¡¡,¡,, '"'' uf ,-,,¡¡,¡ !<"1 ,¡,,,, 

d!l!l all j¡)..pf,l' t•on¡jj¡i.,n,-.. .,¡ ''''""'''"'' 

inpul, tlw !""~""" g;,-,., ''""'''' an

''"""· • F:'r ,.¡¡ 1"''"¡¡,¡,. in¡otLI 1h~ ¡•<o;:r;,m 

~"''' "'""'''' ""''"''·' .'<unw p<·<>plt• me <>ptit!ll>l«" 1ha1 ntw d:o.
<"U\!!Jllt-1<• auwm:oti<' pru~ram <t•rtli<·mi•m 
11ill 1"' l"""hl••. Tnd;11·', ,,_.,¡,. nP<'I'al<' a 
pu>!erit~ri, dt•o!l<>ll-'tratiit~ that a ~i<en pro
gran! t~ork<. T<lmornm ·,. tnol.< ttill al"'' up
t•ra!t' a pritni. lwlp1ng ¡., tl~'l'!np !'""~'"'"' 
"¡,;,-h ·"'' mrr~\'l hetort• th~,- ;trt• ~nr nm. 
"'"'h t u<~• t"an reilure tlw n momll of h•"' 11\" 
n•t¡«Í<P<I ¡,,.a ''""'l'l••lo•d ponj,•o'l [D111>7<;¡, 

\",•rt!i<-.<lion h'dtlliqou•> h,,,-,. th~ f.,¡¡., ... 
in~ ~e<wn<l <¡ru«ur~<. A prupnm ;, "'l"'" 
«'r<lt·rl h1· ,, tlu\1\'iL,\l <. ,\"'"'Ía!o·d \1 i1h t·;ull 
a "· i " t tw 11 " " t · ha < 1 1" " 1' r etl i<·a tt•. m llt•d an 
"·'"•rtiwr. lt _1, ;, ,¡,,. "-"""'"" n:-.•nri.<ktl 
11ilh "" ""' t•<\\t'JÍ!l~ '""''Illt'lll .~·. an<l .!'. 
\$ lile ·'·'"'rtion <m tlw are tnllu"i"~ tl;.
•tn<t·nwn<. < lw\\ t he >~m.-\\tt•nl "11 . \, i.< 1 n:e 
a11<l it >lnlt·lll<·nl S¡_, <'V<'lllo·d. lltt·n a.<.'<-1-

tion .-\, lltlllw lr\u•" """' [>,. f>rnl't•<it.-•·e 
Fi~"re 7!. 

'j'],j, Pl'«<<'ó' o·:~n J.,. I<'P<'C!I<•tl luo <"U< h 

''·"''"'''"' in.< l""~r·'"'· Jt .-\ 1 ¡_, th<· ,..,....,. 
tinn inmwdi.u..J,- jlltTt'd1ru: tht• in¡ont tttH!o· 
lo• lllt' llml<'h,\1'\ 1111:<1 i<, lhc• ÍI\Í\i.<i ,.,,,.,.,-. 

. - • 
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'"'"' of • P'<>l'"""-

lW!l), anrl if ;\, is tiH· "-"Ntion at the "''' 
nodc lfor ""'mple, tlw lin.<l ""-'<·r<ion l, then 
th<' ~Ull<m<·<ll "]f :1 1 ¡, trut•, ar,d tht• pru
gram is t•x••<'OJI('d, th<•n A.;,""''' 11ill ht· 
the lheorem that staleS that !he [Jr<>¡¡ram 
m~N.< its s¡><·cifo~ation' 1.-1 1 and .4,) l>ee 
Figut<• 8). This "l'l"""'h ""' formali¡o·<l h_,
Home [!l<J·\F<m] ,_,¡,,, defLrw<l ., ,,., .,¡ ·"
iom• for d<'1t·rmining !he efft>ets u¡>>n 1he 
asSNtion, lpr<"euudition' ""d pn•tcomrli
tiot") ¡,_,. ""' h ólal!'Jllt'nl lC' 1"' lJ\ ,\ '""~"·'¡:~. 
Thu• Hrif,·i¡¡~ pr,~ram c·orreum-,, re
durl'~ lo prut·m¡: a tiWhTOm <>1 th,. pn·dicato· 
cakulu• 

l'••1titkmi<>n to·<·hniqw· dt·tt•lopno.·m " 
still in a pr.•liminary ""~'' m1<l ,¡,..,. nn! 
m< <'l th<" dlallellF•' .,¡ ,, lll'lll<•nt la<~•· '"' 
l<•lll. In arl<lition. '"'""'"'''' «·rlltio·""''';" 
,,..~k lll tlu· ><'lke <h.<l !lw mlllllll ll•·••rtinn 
¡, pron"<l ln<e omh- it llw !""~""" ll·rmi
nau•,;_ ,\"""""'" ""''l<nd., ""' '"''"1'·,¡,¡, . .,¡ 
pwvin¡: terminntioll. Hmo ,., o·r. t~n11in,Hion 
~an often 1"' proHd infnnnally ho· tho• llro
g r" llllll<' r. 

A typtcal "l'l''"'"'h tn pno\'Ín¡• ti"" pm· 
gram loop• wrmin~t<· ¡, tht• fullo"in~: 

11 l'md "'"'" nuonbc•r !' lh.tt j,; ah1a•·· 
nmmt•gat i•·e " it ¡,¡, t lw luup 

21 Show thm for o·a~h ,.,~,·utinn nf th<• 
lnop, /' b dPt'tl•mt•nlt'd by a1 lo•n<t a 

r"~d """""''· 
[f hnth •·ondnion' ato• ah• a•·• ln<e. th<• luup 
lll<J'I t l'ltllilHI\t' lwto ,,.,. !' ¡,,., Plllt·· n··~· <1 ¡,-<', 
A ]lllo~l'.lllll<l<'l' ~thn ll>l'• >11<"11 rulo•<, t•lell 
informalh-. woll >eldom \lfÍlt• ll<>ntt•nninat· 
ing 1""1"-

Cnneidt·J tloi< )111'~'""' fr.l~IL\t•nt: 

wl>il•· ''--'do 

'"' 
!.N <¡u.nHÍt\' 1' bt• ti«• '''!"''""'"" 1-.t. an<l 
IN /'til reh•t to tlw •·alu•• ol /' <lurt!L~ <iw 
ith •·••·nuiun ,.r 'h,• 1'"'1'· llera u.••· _, <.• "'"" 
be '""' fur ,.,, .. h '"'" it<•Jaloo!L, _>-.\ ¡,al-

20~1 

way• nonn~~ati•·•· ~nd emuhtinn 11 i> ,;,tti•
fi<.'d for each ''"'<:utitHI nt tht· l<x>p """-~ 
the lot>p contain' th<• "'"emenl ,\ :~ .\+ l, 
l'li+ll • Pl<i-L ,ati.<f,·in~ cnn<ILlion ~). 
Th~rdor~ lht· loo¡> mu>~ · t <•rmillat~-

Certtfícatiotl \\tll nnl ,oh-e all ""' ><lfl· 
warr ¡JJuhlern,, althou~h it ¡, "" impnrtHnt 
tool. G•rhan and Y eluwuz [ Gt:l<ll ~~ J h~, ~ 
'h"" n thm tho•r.• an• 111'111\- pll h)i,ht·<l "< ,.,. 

ufit•d" pr<>~Jan" that ''""'"''" ''"""'- r:.-e., 
•·•pen' t·rr. 

Goodenou~h an<l Gerhnrt [Gtx>ll:.5] ha>P 
claritio·d the <oncept- <>1 t•·,ttn~- .-\ dvmam 
¡, t h<· so-L <Jf J><·rll LL"thlt· llljJtl <.• lll a )ll "~1 '111 L. 
.ond a ¡,._,¡ ¡_, a "'1»<•1 o! th<• <lomam. ,\ 
¡,._,fin¡! cril<"riom 'W'tit"o·-, "hat ¡, "' he 
1 t·<ted tlor ~'amplc-. >¡><·t·oi'Lt at LtJil<, ,, ll.<t a,, .. 
"''"'"· all patlt.<>. 

A "''' ;, """'l'h·l<· ,r tlw '"'' n, .... ,, • llt h.
Jc·o¡uiro·rn•·m- of ¡;,,. h·•IÍlli' < ,¡,. ''""· «n<l ,, 
''"Hl)li<·L•· 11·>1 j..; ·'"C"'"/Í<i d ti"· i"'"•"•t:IL 
Ki•~- <"<Hf•·et ro·•ult.< llLr ,.,,.,¡, Ítll"•' lll th•· 

'''"-
\\'illi t]tl''<' ddillill"ll', lt l' t'<IIL <fo-llll<' )JI"' 

~'·"" n•lt.\1\llil\· nn<l >"<lliolit\-_ ,\ !"'""""" 1< 

r·.-liab/o· ol ""''~'· l11uml ,...,;, ;_, lt'\t·alo·d ¡, 
o•n•n o·ntnplct,: .,.,, ,\ !""~'""' ¡, 1 olio/ it 
,.,.,.,.,. ••t'tW ;, ro•w•aleol lry '"'"'' <umplo'l<' 
lt'>L 

11· n h 1 ho·<~ d··ronit ion<, .,., "' ,,1 imp"' t ""' 
,..,ult.• """ ¡,~ IJI'II\'e<i. Amnn~ tli<"><' au•: 

o lf n pro¡:ram i< hoth rdiahl<• ami wli<l, 
th<•n Íl ;,, '"tl\.'t'l Íl ollld lLIII\ it .1(1\' 

comph·te ''''' ¡, al.<o "'cct•><tul. . 
o TIH" .-riteriun "~""''""' t'>t·n· path" i; 

not >alul, tl~ere "'''' pru~r:o111- all ul 
11 ¡,,.,.. lt''l ·" ·1 < •llt'<'t'<'< 1, hut "hte h 1 ,,., •· 
dm·t• the ""'!\~"'"lito tur ''"""' inp11t. 

\\'hile· 1 hi< 11 "'"''" orl. i; ·'"""'" h.n t ,.,.¡,. 
nicnl "",¡ ¡, ILnl ,tpplic·ahlc• lo all !"""'""'· 
tnin~. it i.• an intponant •trp in lortn;llilill~ 
thi.< ~rt·;<, \\',. tlOW ha><' ;o[,,,;,. 1"' talkin~ 

f'o• ,, ""' l'r'"l"'",, .t, "'"1 , 1, .,.,, '" "''''" -"'"""' 
""''·"'"' .,( ·' '"""'"'" 

, ... ,,,.,, ... ""'' ·~ '"' '"· ~ .. '· '""' ,.,., 
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gramnwr's ta~k is ma1le eaw·r when 1he 
com¡m!<•r do~s "'"'e work 

StructutPd Progtammmg 

A mojor d,.,.,.¡,,lmtont in f.!Cillta!Íng 1h~ 
programming tn,k ¡_, kll~'-'n a_, .•truc/.,rl'd 
pro¡:rmnmin(1, l'ohtrh ha• ~<-<·n •·rnme .. u;k 
called "gotol"'·'' l"'"~rcommÍnK. fottl;. 
nau-ly, tlw dc·lome af><Jut "to goto or not to 
¡:oto" hao mn~tl;- di<ap¡wared, and ><>me 
dt·m L<lt•1o< ha\<· c·mt·r¡~cd. Tlw ¡oremi••• o/ 
struc·turt•tl pn>~rammLn~ is t<> u.<o a small 
•et of Rimplu ~mnrol and ddta <Uuctur<> 
,.,-j¡h simple proof mi<·•. -~ prn~rmn th,·t> ¡_, 
huih hy ""'tin~ thee.• «atemt•rn, ,.,,¡,¡, 
each otht•r_ Thi; metlmd re><rÍt'l-' the num
ln·r of c<>ttn<<"tion' ht·tw~<·n l>"'~ram !'""' 
and th•-tt•h-'" impt·meo the t·omplt-h>·n.•ihil
ity and !<·liability ot ¡)¡,. pro~r<tm. 

The if-tht•n-t•l"'· whil('-du. and ,, .• 
<¡UCO<'t' >La[(·m••ll!' <>H·" l"lllJI><>>th '"Lg
~estt·cl '<'1 uf t'Uil\ t.,: >\ ntt """' tor t ¡,¡, "'i>'' 
.,( ¡>ru~tatnmin~: hul\t-H-1, \h<·rt· ¡_, n"thin~ 
"".,,.,¡al""'' tiH·rn. ]{,,,rlt [1(~,-·,·7-l]l>a, 
argu~d Lhat th<" gol<> "'"''''"'"n' '' ;,,,.¡,._ 
\"ant t<~ the trt"' goal- nÍ """ ti>n•d pr<>
~ramnm>~. 

Tht•S<· .•L m pi<• < ontrol ;t "'' L« "'·' Lt•lp 1" u· 
grammcr. t'<Hit_v pr"~'·"'"· ""'"atan in
lormal 1<·"·1. Fu• ''"""1''''· " pro~ram ''"" 
¡,.. '"1'"'·"'"""'1 "-'a l<n><·ti»ll ''"'" "-' inp<>t 
<lata to ;,, tn>tj>ltt d.lt.>. :-iup¡>U'<" ¡hl r<•p
r<"M'nts n ."-'"glllt·tll uf a program ~iH•n hy 
¡¡,,. lollowin~ i f-1 h<"tt-<·1 "' '"""""""' 

if f~XI tho·n "'" ,.¡.~ h!" 

Ht•cau"· l'utJct Í<>J" {! 1\JL<i h an• 'imph·r 1 han 
funt·tion ¡; tht•ir ,;pe<Lti,·ati<>th >huuld l>t• 
"impl~t. lf tlwir >p~t·ilk;HÍ<>n> ar.• knm111, 
lltt• u1 ••tall fur)('\int> ¡ ;, <1<-iitkd h; 

{\ ,¡ • Oplxl -· ~~ '" v 1 •"" .. h<.m_ 

Tlw pw~ramm••r ,·an ··~]"''" Llh• fonnal 
dt'littiti«tl of ¡m I<•J<'L> ol li11· <Ítttpl<'r tll•lt
tJition> <>1 R ami 11. 

1~1n~u"~''·' <ttdt _,_, .-\t.•'"L. 1',1~<'-". "'"1 
tt•J-\aut .<ttl><c·h <>l 1'1.!1 <<>ttllihuh• to ~"'"' 
ptn~rauttttin~ ¡mtt·tit't'< l>y ¡>runt\in~ th,.,.. 
fa.-tliüt••- In orclt•r t n r<·¡oaio ¡.-, '" t'l!.l ~ ·_, lat ~ 
of ''""'1<"'''• ""'' ;'>il ¡»•-pr""'"'"·' ¡,,, 
trnn~I.H Ít1~ "t•ll·;tnt<'t <Or<•d ¡»t•tuln-F< •1<· 

"! "''" 1""~"""' ittt<> \nt<' f'oLO t H '~ 1"" ,. 
ht•t•(l d,•\<·l<>pc·tl[IIL ¡;;o;j .In if·tht·u-<"1"· 
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ha< h~t·n acldt•d t<> dw nt•w Fot<rt<-•~·77 
~tandar<l, nl<lwu~h a gt'Jlt'ral whil<" ¡_, .<till 
m~<.sing lmm tho l~ngua~~-

S>.<ler>> D<~.«gn 

A tt·<·hniqu~ relatt•!l lo "ructuro<i pro~am
nting ;, ltL(J-d""" ¡/t·,,ig¡o. in 11hi<h a ]Jr<>· 

~~ ¡tJnnwr li N lot·nudat•·• u •U l¡ro<L tLn~ "" ~ 
,ittgle >1Uh·m~nt. whtch is üu•n H¡>andt·d 
inw um• nr ''"' nt th<- basic cml\r<>l >mt<-
t<Lr<"' nwoLti<>nt·rl ,·,triLer. Al eadt l<·<el Lhv 
functiun i.' ~'¡>atltlt•d in mcre,hin~h- ~rcatt·r 
dc1ail unttl the ""ultin~ dc,cript<U!l h, .. 
cnme_, tlw actual ""tl'lt•laLJgua~t' l>r<>gr;ull 
itt -ome pr<>grallttlltnK l.Ltt~ua~"-

¡;,¡,.~ lhi, approach. al,u callo-<! -•1<'/11< 1•<" 
1 >{im•JJl<'lll ! \\'1 {t'l 7 1 , \\"t I<T7 ~]. dH• 1"""""" 
¡, h io·rat, ltj,·,olly S\ rttt < u1 ,., 1 a"'] ¡, de><'l tl><·d 
¡,,. •ucn·,_,¡, ~ relilwrn<-nt.•. Each r..:inémetn 
;, int<:rpJ<•k<l ll\' '' lerritJ~ '" "Liwr Jetiow
JILUII' ul \\(H<h ;, ¡," c'>!l'>L•OI.<·nt. ('<mU·J'It

ll>~ dtÍ-' mt'tht><!. Wmh '""•--<: 

1 '"""Id l•h· '"'''"" ,¡,,,, '" '''""''' '", 1,,. !· d '" 
,.,,,., 'lo.>< '" '""' '''"'''"" ' ""• ,.,,, .. ., L '"" ,-, ''- '" 
•U• !: > ,.,.1{ """r.uo<l . • ,..,,;,.,.,"'"'"'- "'t•1•!u•n' 
"'"'"'""' 1.,,., "'"""'"'"' ''''1" "''" ,.{," '""" ,¡,.,, ""''"' .~c-,, ..... , ... ,, ..... ,., .... , ... ,_,,, -''"' ',,_. 
1><- ""'""'"''' mL !M th<- ""-''· '·' .·,,¡ /"''"""'' 
"""uf • '"""'•"' ~·,.,-. "'"'"·'' h "' 11 '" ;., '\' 
L lw ,.,,¡,. ,.¡, ,¡ ¡,,,¡,,,,, ¡,¡.,, h• '"' .. :;, , '"" ih "'·"'' 

'"'''hLC· '" np(,,., 11..- ''"'''·"" . ., ,,., ,,.,,¡,.,"'. 
o!'l<t '".,,..,...¡¡_tu,.,_,_ tho· (,.".( ul <vtot•l•n« >n 

u ... t>'""·'"'· ,,,¡ '" , .. ,,¡,,, ,,¡,,,,,1. ""d "''" 
'"' '" ,¡ ''"" ,,, .. ( '"' ((•(, "''" "{'(,,. """'' ""' "''"1· 
u!"'"' " ¡untcut ... l< n<ln•n~· n '"""""' "·'"' 
...... ""'"'''"'1 '" ,-~o.,,,.,j "' ....... ! • .,¡ ''""')'""' 
11«1".(\\ti<IC< 1' ~:•ti 

O¡><·r~tÍtl~ _,,-·'lt•m; .trt• nften m<><lded as 
hi•·r.1t<'hit•.< <>f uh•lrad '" ,.¡,rrw/ m.t< hi"'"" 
fllt<l,,77]. .\\ th,•ln\1<"'11t•lo•l pj LiH'>.'-'Lo·lll 
i; tlw ph,»i,·al hatth<~t'<'. l·:atlt "'"" l~wt 
pr<>l'itlt•, mldni<>tt,\l ,-a¡m/o¡{Jii<•,_ t>t :tiiU\\;t· 
hl<• ]1\0H lÍ»Ll' "" d;na. '""1 ln<l<'> '"'""' <>1 
tiH• detatl, »la l<•l'<'t' 1,.,,.1. f'or <"-"""1'1.·. it 
om• ¡,.,-,.¡ an•·,_,., tlt,• ¡~<~in¡: h.tnh,,or,•.<>l 
th<• (l>lt\jlltlt'l atHiptt>ll<l<'' ,, 1;\l~l' l'ilLLHtl 
"'''""'" l•>t' .di,,¡,,., ]"'"''"'"'· ... ¡,,., ,,¡,. 
,¡ ''"'' """ him-- al hi::h••r ¡,., ,.¡, ,.,., h~ tm
plo•tt\\•nl<-<1 a• il tho·\ h.td uLtlitttih•d lll<'lll<><,l 
'''" ,. tht-' ,],·t.ttl " <<ltlLttdJ,•d 1>1' .1 1''"•'1' 
¡,., t•l. 

The """''"!" <>1 a 1"''~""" ,¡,.,,¡¡:,. '""" 
!.'""~''' !1'111.1 lo .Lt<l ;, tiLi, ,¡,."'1"1'"'•'1>1 

,., .... , ...... ,, ......... '"' '"·''' '- '"'·' ,,-, 
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about ~uch c<JnCept.<; n.• reliahility anrl cor· 
recuwss. 

M<Mn Tome Between Fa''"'" 

Whilo• U6eful f<>r focuHÍ!l~ nur all o•tlt ion, nll· 

aln¡:io·s wilh other cn~in~<·rm~ íwld> rnu<l 
be us~d "ith «<r<•. Rehnhihty ¡, une ar~a of 
incomplet<· an.;lo¡:ie.<, Th<· conn•pt of mean 
IWI<' /Je/11<"<'11 /ai/u!(· (,\IT!JF) <h·s rwt ap
ply <lirenly lo software ahhou~h it som<•· 
limes¡, use<! a• if it do.-<. 

Sy•tcm• huilt frmn phy<Jcal < <>tnpont•nt. 
w<•ar out. tr.nL<""'" faol: rnol<n.< hurn <>ut: 
sol<l<•rcd juirus break. Thi, is a!S<> tm~ ior 
th~ hardwar~ uf th<• compua•t. Hou-e, o•r, 

tlw ln~tcal '""'!"""'"" .,¡ ooft11arc ""' du
rablt•, ,\ gi' <'n pro~ram will alwa_l'' produtt• 
the ,o;.; m<· ans"-er lor th" <ame Input."' Ion~ 
"' tht• hardwart•due> not faiL \\'lwn a wll· 
"al!· nw<luJ,. "laik" it ]l,, b,•ctl pr<•oentPd 
Wtlh llll mput th.Lllin"llv ne~t•alo•<l an ,.,,,.,. 
pr<·M·Jot fmm the "arl. 

Tlw ,\ITI\f nwa<U"'' tht• time¡,,.,.,,.,." 
rt'\ t'l.I<Ínt<,, ul t J'(''"'- Th1•. 111 1(11 11. tlt-pellli' 
<>11 tbt• ki<>d.< ,.¡ inplll' l"'''t'tLio•d. ,\ ,.,.,,. 
pilt•r \1'0•<1 only lor -hort julb lrun> •Ut<IPnt> 
m ay ha<<· a Ion~ ~fTllF: lotll il n j,_,u<lrl,.nl.< 
u.<c·d tnr ntl,.r ·'l•l'ilc:tti"tt-', "·' ~ITHF "1·"· 
<lt•t'l'<'il-"' •h . .rpl;· ao un'"'l"'""'d t•rour; "'" 
~>No'Í>«..J .• >. lnr~<' ~1Till' ean thu• ht• int,·r· 
prdo·d nnk t« an iwlit-;uion uf pn•.•<hl<• 
n•ll.dotlit,<. "'" ''' .t 1"""1 ol iL 

Error Oays 

s;,, (' ¡,,..,,¡ ('!'rltlical inn of lar~·· ¡·la"''' ni 
prn~tlllll' ¡, •till llt\.1lt"innblt•, h•<hmt¡Ht'" 
for '"""'"~\in~ th~ <·ahthn· olpm~mm' ar.• 
>1111 I«•Íit~ t'm"ido•r.·d. ~¡.,,, ,.¡ tlw-.· ll"l'il· 

"''''"'-' '"""-'Lit'<"¡(¡,. '"""!"'" ,f ('11'(\[> d"
,., ..... ,.,¡, «lndt .,,,. '""'""''d tn bt• repro·· 
""""" i< <' uf t lw !<>tal mmtht•r uf o·rrur> ¡m•,. 
t•nt in tht• ')-'1<'11<. autl hellto' a """·'""C ,¡ 
tlw ,.,. 1 i;chiln' ,¡ tlw -'"' ,. "'· 

~lill, [/<.hu.7<ij d,.r,,;., ·"' '"'"" ""·''"a 
m<·nsun- <tming th"t utn• o·tror r<•main, un
dt•lt"t'lt•d Íll ,, ""''"' fm ''"''da\, Tlt<• total 
tmnol«•t ol ''""' d"" itL" ''-'"''" is ~<>tll· 
puh•d loy .<tttuming. lor ,,,.,.¡, "'"''· tlw 
len~ t h ot t imt• t hm <' rrnr 1< a.- in ti w '; '"' n t , 
A hi~h <'Tn>t' d.t_\- o·nulll m,«- 1<'\(·,d llPII\' 
erro!'> IIH!m- tiP>Í~Ill m long ILio'tl t·r<o>t'' 
(pour tlewl<>ptti<'<Ll )_ 

( '""'"'"'"' '"~ •'" 1'.-1 '"· -'" ~- ''""' 1"'" 

• 

Thc ""'"TlllltÍ<m ¡, m.Hl<• th11t il a 1"''
gram i.< delLI'<'t'<"tl \\Íih a In\\ ''""' dav 
~ount. then tht•re ¡, a ~"'~1 ~han«" that it 
«'ill n·main lo« durin~ iutu re u.-e. llo<~ ~· o•r. 
two nwjor ¡mobl•·m., n-rnain ht·l"rt' thi< 
me!\.'llrt' can ¡.,. <~itlell' '"''d. fiN. tt is 
diflieuh lo di<emer wh~n a (Mrllcular error 
tir>et t·mdetl n S\'i'tem . .'óecond. it n'la\ ¡,,, 
dim<ltlt to olowin sueh inlurtnouion fr.,m 
thc <lt•< dnper uf ,, d<•li< ,., t·d produt l. 

Programm<ng Techn1qu~• 

>ie<·eml author; ha•··- <Ot•ntJOm•d thm Ült• 
numbtot of lint·' or <orle produt·t·tl b_,- a 
progmrnmer in a giHu time ,.,,¡_, to he 
iudt•¡wtl<l<•nt .. : th••hn~tL<<~e u•o·<l. 'l'IH• <m· 
plie.< tbat hidu·r le<d l"n~ua~<'.; t·nhnne~ 
pr<J<Iu<-n<·ity [111«~>~.-•. H.\t.-~7j. Thi, ¡, 
\t'U<" ['\e!\ tbt,tgit """tlll>h- [;Lt1~01.Lg~ 1""" 

~ram• ,,,. l'"'''lllitlll\' tll<ll<' dlici••ILL, tlwir 
poH·mial ¡, 'eltlum leali~t·<i in ptm·ti<"<·-

Th,· ~oal.- ;,. ¡[,., dopill" J·arlv hi~!~<·r ¡, ... ,.¡ 
l~n~.,_,~,., '"' 1 '· 1 o 1 "' a¡,¡,. t" n¡m•;; ' l<·OJ 1;· 
.Lil al~·ornltm .lll<lllan-i.,r,. it <nt•• 'r~iu.-nl 
madÜtL<· bm~ua~<· 1''"~"""'· "!'he ,-:r,-;,.,,.,. 
uf t lw r<·,uhillg < ,,¡,. "_,_, all impor: ""'. Thi
¡,.,¡ Lt> """''a"''"'"'""' i11 Ft<H"t 11 1'.' ,,-;.:,,~ 
lro ll L t ht· '' "'"" 11 t' o>f L lw lll \1 7•J-I ¡,, "l:id' 
it was <lt•wlupo•<l lfur '""'"'l'lt-. <lu· 'hr,.~· 
<~ay hrand1 ol ,¡.,. "rithtn• t<;· 1FI, Au:nt, 
whido "''" <lc•<vi"P'''I '" " lll.« ¡,¡,, .. ¡1"1'" 
~en<it•lll "~'· ,,¡ o·<tn<·-<>in~ al~o<itlmt><. rtHI· 
tained t·om:ep<> «hO•t' imp1Z·nwnta1ion on 
~on«·ntionnl har.l«an• Wa< ineflio·Lt·m h·.~ .. 
ret"OII>Í•>ll, call-l•;··nome•; thi' ma< '''l'hi11 
"h ,- ,\ 1 ( ;¡"' ¡_, ""' " id<·ll· "'~d. 

ll.<" titl' ~~~~ \~Jo~),. Ít .11'"-' ant•(,t'<l t)HLI 

,¡,,. laii~Uaoo' >h<>llld In<;¡¡,,,. "t iting tlw 
1''''~1-<ILL a1ulthat tht• lll.L<'ilLIL<' ,¡,.,,¡,¡ ¡,, 
d<"<~ll••<i tn <T<'.Lh' an cflio·i,.,, nuHit<h' ,.,. 
<iromttt·nt. Tml.« thNo• ¡_,a d.-tinll<· ,¡,;u 
towa!tl '"'"~ Lito· bt1~11a~c· tu lltal.o• 1'1'"· 
~""" 11 ,¡,~ and < 1 "'''""''tllatln!l "" ,¡,.,. a nd '" 
protlun· rdialolt• :md , ,,, t ,-,·t -ot't" ,u,._ 

Thi> doe, ""' "''''"'· h""'"''''· th.,. ,:ft· 
l'l\"11<'1" ¡, i~lllll ,.,¡ wd:!\ _ 1\"ho•J "'" l'l.'lpo 1· 
1\\Ll.< ihP '-<ÍtltL~ ,,¡ >Lmplo• i""~I'IIIIL' '-IW<<' 
''"'nllion ,;,,. ¡_, t¡mt<' ¡,.,~- l'.\~\'.\1. """ 

de,i~!lt'll lO ''"'IL!do· <"Ott<l n!< t< \\ ho>•~ 111.1· 
..¡,;,,. c·o>tl!' ¡, Í!l••lfl<wtll. ~;,,,, h:nd"-•"''' '' 
it''-' l'\["'"'"'' th:LOL l""~!';t!!<lll<''-. ro•h,¡),jj. 

it;- 1""' 1 ... .-.,,m. a "'·'!"' I.L<·wr: Th,. pro•· 
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ha-• bt,cn ddim•d [C.\1:-<75]. Thio l)'l"' of 
languap· wmain• '"" otrue!ort·>: 'mnt•r"" 
SyntaX <>f l""j(' W\I<•01C'O\ l\]1''·'· i>U<"b '" jf. 
th.,n-el"'· whilt•, and M"t¡ut·nct• lor t·•m· 
ll<"Cting com¡mm•nt.<, andan "inner"" syntax 
that currt">]lnnd< tn th<· "pplic~timt ho·in~ 
<lesign<"<l. Th<· inn• ·r .<_\ max i< En~li<h ""'e
ment orit•n<ed, ond ¡, e~p.tt>rled . .<t•p IJy 
Step, until it expn•."-<C< tht· algorithm in 
sorne pro~ramrnin~ langu,,~e. f'igor<· 11 rep
rc.-cms n11 '''am¡olt• nf a 1'1 JI. dt"i~n-

lt shmthl he nott•d here that P:-'1./I'::'A 
and l'I>L complement t•ach otllt"L 
l'SL/1'-"A i;; a 'i"'<"ilication< tuol <hot \'ali
<4o<~'- e'"" • ., t dat ,, t>-a~t iot'l" o·t•n t" ', mod
ules lmt<·rfnc~.-J. A ,,->tt•m hh I'DL ¡, u'e· 
fui fur tlt·,erihin~ o !';\<t·n modul~ al am· 
\"vr-1 of olt-t1nl. l\oth !'.SIJI'SA aol<l \'llL 
ean < """ ihut~ '" '"" t·o·-" ir< a IM~t· (>Jo,jt•ct_ 

E<tr< thnu~h <i<"\gncd l'mm <In• tn¡t 
down. nnut)' '--' -l•·m• "'~ implo·m~n1«1 from 
tlot• hlJ1\<Htl LLp Lo~·lt·«-lto<t\IJ1t·; Rto·liN 
<"<>rh·d with driHr- '" '''·'' 1i1•·m. tiLtll IH'\1 
rno>dulc•. u•itl~ dw•o· lm<--1<'"'1 r<otJ1Íno·•. are 
noldt•d, ~nd tia• •)'<l<"lll ¡_, lomh up. 

Top·d""" do'' r·/r.¡<nH'Itl ¡, 'motltvr l•, h
«t<¡ll<' ¡,.,. implo•tt><·ntin¡\ hit•t.ll'thit:dly 
;trueturt•d pro~rarn<. Ho•n• the l<>p-l•·n·l 
r<>utinc< nr<· "ritto•u n,,, atlol low<·r lt•H•l 
l<JLL\ill<'<, t•al]¡.,j l/U/1.1', ato• \1\lllt"tl l'l Ít<l<'l

f<t<"e ""h tlw•<>- Tlu• <tul>• "'"'"' '""""1 
aftcr printmg a >imple "'''"-"o~e ano) ma,
rp¡urn """"e lixt'<l l"><nplt• H·;t •·nlut·•- Th~ 
Stub ¡_, .. ,.,.on,.,lly l••plnc,.d hy tht• lull \lWd· 
u le whit h tH>w ttwlndc•• l'all• t o r>t ho·r ><u 1>'. 
In thi.< ntnnner nn entin• "'''"-'"' can be 
gradually ti<·Hin¡wd. . 

lf u.«·d t"atdulh-, tino L<·o·hniqw· ,.,.,, he 
<'aluablc•: lw\,-,,, o·r: the ""' o•rn 's cort,·t1<«"''" 
¡, a'<'utr\t'tl, not Jll"<>\t"rl, until tht· la;¡ <tul:< 

""'" l'l"><'l.lll"Hf: d"n 
1' ~·, .. ¡ m.mmun< ,.¡,.""'"' uo" lt-t · f 
llECl.\t\E O<u.o"""'"'- ~· '" int''""
m:<"l .. ~I<E l«! IL•t "' ""'''' '"· 
"'·'"""'"'- ''"' ,.¡,.,.,,.,0 "1 ,_,_ 
t"l \\ !lii.f. """"' ,.¡,.,,.,.O•I• m¡,,,,_ 

"'"" • 0""-" o•l<tm'nl nll~t. 
"'"""""' • '-'"'~' ul tw" •o"! '"'-''"'"'" 
f::-< t> 

III·:Tl'l<'' '"'·""'o""''· 
f::-< 1, "'·" 

f"Hwm; '' l'llt. uf • l''"'''""' ou fn~t ~~.- [,,,,_, 
.lonh·nt m " lt<t hoth•! '-' ntox ,, '" u¡o¡•-•' •<M', """'' '""·" '" , ...... , ·-·~-1 

'· .......... ~ ""'" ··- \ .. , '"· ~ .. : -···· ,.,. 

ha~ bef,n f<1llaced [Dt:.'<;..:7fia]. Th~ d<><·u· 
!l<t·ntanon ;peciftt·, !he .._..,un>!}Üon, nn 
, . .,,.¡, -"uh. F"r """nplo·, if 

/u 1 • !f ph 1 (IH·n J<l <1 ,¡.,. hrAI 

"a progrom fragm<·nl callin~ "'"h' ¡! nnrl 
h, th•·n f-" ill h~ corP·L't u ni<· if tiH· mwlult•' 
«•·ntually r•·placin~ th~ ;~ub< K anrl h are 

\'ia tup·d<hl n de•·~lopmt•ttl, a u>er «·r• 
tho• top·i<'-'l-1 int<·tf,,,., ![) tlw .<)'<t<·nt -"'')' 
o••trlt•. Hl• ~atl then tuHke ch•n~e' relatin•l ,. 
t•asiiy ami ;oon _\no! her approach "uh th-,_ 
><ltn<· goal i< <lemllr ,. enh<Jr¡¡·o·m''"l [H 1-•t 
7.1[. L-_,ing thh teclll<t<¡u~. a "docet <•f the 
proiJitm i• for,¡ de><Í~no·d ami Ímplem~¡\\o•d, 
Thi' ~i,·o·> the u•er a nmnin~ >.<>«·m ;·.nly 
ill th<· liio· <".' '1<• <~h<·'l chanKt'' are ea,ier to 

""'"''- Thi.< Pr<Jl'~." ¡, repeat<•d l<l do•wlrop 
"'"~.,.·-in·lt· largo·r .<ult-c¡_, ut<til <h<· ftnal 
¡tr<~lnct ¡, deli<H~d. 

ll""'l.' (lllllo<J~_-,¡ ¡,,.¡¡,.-"., tha\ ,¡,,. lir-·1 

\'O'i<Íon rol n ''''"''" l' al"'"-' "till"'-'" 
n"a)·." ht••'"'"~ the mncret•· >¡><-,·if«·ati<>n' 
f<>r a q-,u·m an· ofll•ll not d<-titwtl llnl<lth•• 
,_,.,, .. , ¡, < ""'Pi•·«·d. a llll\e '-' lwn ¡¡,., ;,;, illl 
l<l'tHinel m•·• ·t • tho "'' 'l"'"olio ;il '""' t :ll 1 «· ,. 
¡~u>rly. lt ¡_, olwn dwa¡wr and ta-t•·r '" 
rd!ltilrl a'.'''"'" lr<«n .<tr~tt'h ti"'" 1<> try 
'" motllly "" •·xi•ting l"'"i<H 1 to nwl"l tll"><' 
>i><'l'ilieatt""'- llnwt•<'o 1'. ,o do•«·lopc·r ~ttll 

ul't~n cldin·r •Ueh a modilied 'Y'"'"' "" a 
""¡>re·rdt•a'<.'' if a ,¡,.:nllin~ Í< tl<'ar amltht· 
]Hit'Ch,,,,., >' <lunatlding r;•,;ult.<. Thc• huyo•r 
tll<'n ettllt•t• «tth thÍ-<<ero.nll, t<•plc•!o• with 
'""""· ulltil he throw' i1 away or ha.< !lll' 
prnduet n•IHttlt. lt<·nnit·ec·nh!mcetttent rnn 
rnnk,• r~hui 1<1 '"~ 1,•.<.< ' haot ¡,. ,¡, ... ,. tl"' 1 ,, ;, 
<l runnin~ .<y<!~rn l<lul nw,·till~ all llw <t'

q\tiremen._ 1 t•arl<· in 1 he d~t t•l«p<!t<'«l ,-_, dt• _ 

Perlorma~co lsoue• 

Tht• cho. .... ·n al¡:uo n hnt> aml d:l\.l ~ln«'lllt't•< 
h~w a mud1 ¡;-n•:uo•r inlluo•o,-o• "" prtl~nmt 
l"'rf"'"'""' ., · t ha!! ,-.. el,• "1" i 1 ni11<ti'"' "' l lw 
pro~r:t!«t<lÍil~ l.mgua~··. ll<• '""' .-lt<H>.•i«~ .ltl 
nl¡:onthnt. <he pro~r,ottmwr f1Ke' th••>e 

q '"' ,-"" " ' : 
• Can 1'1'<'<-im"l)' "'""'" ""1'"""' ¡,,, 

LJ>t•d'.' 
• 1f a '"'"' nw~ul<" tn\<>1 lw wru "'"· "h,l\ 

a\g.,rithnt- ano\ okna .•l!ue!urt•, l-'il\ 
gl-'<' ''" o·llitit•L<\ '"hllitorl.' 



f>ro~rammin~ bn~u·J~t·< """11.' inrlude 
standard matlwma<iral functit>n.< ,, .. -h "-' 
~i¡l(', ]<J~.m l hm. ;IJld H]<I:IH' H" ot, Tht'_l' ~1\'<' 

tln• pro~ramnwr r~a<l\' nect'.« 1" hhrarit•' ol 
•tnndard ""'ft""'~ pa.-kac<''· Thi' allow< 
tlu• pn•gr.ommt'l to "·"' lt·•tJI" "' pr<·<·iolt< 
work. lll prq>~rin~ pr<>grom• lor >tamlard 
hhrari<•.<, analn~> h~' o• int ludo·d man\' op
tion' in a_,,,~¡,, par~ae•· •¡ he• <'llt·ct ,.; .. ,lo~ 
a lnr,e~ <"tnuht·.,nme pat ka_ee "hi<h t' mef
ficit•!\1 ¡,.,.,_.a<t>t• tmh- a ,m.,IJ pan ni it i_, 
appli .. al>],. at apv Ot\t' ,;,,.., ThH <':Oil bt· 

a\'oi<ied hy in<t;<llim: no<JI<iplt· In-ion< u! 
1lw mO!lulo· fur ,.,,.¡, -']l<'<ia! , . .,., .. 

~!ml\' "1'1'"""'""''' "'"""" 1.,,- """'' 
p~< ktOgln~ and ""' ni ,.,¡,,;n~ •olo"'"''· 1 )<J. 
fi<•uhie' i11 nchit·Vill~ thi> indutlt·: 

• ld~rotihin~ ~·hoch ,¡,,nolmtl algnrilhm 
w ¡><u·b~<·. Tht- ¡, ,·a<i•·r in matlu·
matinol an·;" "'d' '" ,, ar"' i• . .,¡,..,, i ng 
inlt·~noLi'>n. dillc·rt'Jiti.«iuH, ami"""'" 
comput~tion> <hau in "'""'- <U<I>·nu
nwllt';ol an·'<' -'"'¡, '" ¡,.,,,,,,,.,_ .oppli-

''""""-' • Tmn>]KJrting ami inlt·rl,u-ing \\Íih 

pJtka~,·d ... 1111.,,. ·"''""' '"""''" [,,, 
l!et•n "'"tlt· "i1h i'"'~"""' .,.,,..,1 i" 
r<·a<l-tlloly nwmuri~< whith plu' iuto 

""'''"]"'"'''''"'· ,,. 11'1\h lllll'll;l(,' 
,,.,,.,.,,.,,., "" '''""1"''~' "'''""'"' .\ 
mnjor ¡owlolo·on ""'" lie~ i11 imerlat·illg 
""''""'" ,¡,,,.,-,¡_,_- ,,, o<lw' ,,r,,,.,,.,., 
,,i<H'<' 11«-1'<' ""' no ,.,.,,.,,1;.,.,., ·""""' 
)u·lp ;, ,,u,.r<lc-d ¡,_, ,u,·h "''""!"' "-' 
tite "pip•·li<"' .. i11 ¡;:--;1:-;, '' loioh pru
vid•·-' a ~··nt•ral ''"'""""'i~alion; d1a11· 
nel b"'" , . .,, pro~"""' 1 H< n ·;.; 1-

AI!JOfllhm Analys .. 

""""'''""'-' t]\l• i'"'"''"" '["'' i~<.llit>ll ¡_, 
rool tloanw·;ohl~. a11d olw an.oh--1 '""'' tioul 
<h<• h~>t 1"'-"il>l<• al~uroohm_ -~ome<Íillt''• 
hmt<'\<'l. Lho• 'l"'t'il<o'"'""' t·an ho• C~llt•l•'tl 
tt> !''''""'a mno<' t•lllo'Í<-«1 ><<luown. In"'""' 
"'"'""e,·; "'' can ,bu" 1ha< ,¡,..,,. ,,.,. "" 
~l¡:t,oilhllJ> ~""""""''¡ '" ¡,. t•lll<·i,·nl ill all 
ra~t·.<; lu•ro• "1'1'"'" 11\Lalt• .ol~uri,hm< 1 lm< a o,. 
dfidenl in mo<l <'·'·"'' hut ''""1 nol ~¡, t' 
ex"t't.<nltUH•II• tl\11>'1 ¡,. ,,,d_ 

Tht• la•t f'.,mit•r tran'l"'"' illu<'ll ""'-' 1 ¡,.. 
nto>t effit-io•m lorm lur <'OIUjiU< iu~ 1 ¡,,. Fu m
¡,., l!';llhlullll, a Lt·<·hniqut' uso-lul iro """" 

fo>rm ,,.,¡_,,¡_, ((:'"" ,¡:,¡_ Thi> """'f'"'" ¡_, 
¡,,,,,,,¡ on a linO[ o·'''' ol P"irll.< m1hvr lhdn 
ooro a !'011Lp[o·x ltLlt·g<HI '<hldO i; ¡,,,,¡,.,lO 

,-ompu!<•. Lm~'"'"'' '"'"1·'"' IP·"'iu~l in a 
nHn t•il<• r illll•l ""e, ¡,,.., eh .m~in;: 11w -•Pt·<'·, 
olieati<>n <'atL I"'JilJi1 " "'""' ••IIÍ< ¡,.,, "'ILJ· 
¡ion. Any •lrll<~ «f S -~rniMJ], in an arhi· 
tn<n· n•nt<•>l·lh·o· [,o,K<J.te<· ,.,, IJ<• p.tr-<·d 
¡, rim•' ul """''' ()f.\'••.)1 j\'<JI'~Ii7j: hm>· 
t·l~r. a proermnmin~ !."'~""~'· n<·o·<! nnt iu· 
tlude all fo·a!""'" ol Ull ;Jf]Jllran· <'Wll~_,,. 
'lw<' b11g<1ago• ]'\.•C.\1. ¡, "'' t•xnmp[,. <JI a 
bneua~o· "bid> can¡,.. 1'•'"'',¡ by a d<-tt·f· 
rnini•tio · 1 op-olu" n pa t •o·< in '" ''"'~'' 1 im, · ol 
<>l<lt•t Ut.\'r lo\11<>~~~- 11 IH• aoe liH• w s~l 
],,neua~t· •pt·t·ilka1iun;, ..,-,. ~an eh"'"'' !lu· 
[nnguago· and ]Jt• "'"'"'lc-<1 "''h t•Uio·i~nt 
,., '" 1] ,¡ lo• ,_,_ 

\lam· prar<i<·nl ¡wohl<·n>-', >Ucb a_, ¡.,h 
"ht·tluling <>r to<·l"-<>ok '""""''dil\' 1].,11_ in· 
;<•h<· <'llllt<<>·<ali-.n .,¡ ,, ,.,,,,¡,¡""'"''iall:·-
1.11 ~·· "" m 1 ,.., ol ~ 1 « · '"· 11 ·,., e_, m>d _.,·lo ., ¡ ;, " 
ola IJt·•l --.lu¡j . .,,, In :i, .,. ,,.,.," m,,·: lw 
],.·ll<·< In ''''"i<L tlw .,.,.,,¡, t•.r .< ·'"''"l''·'-
11oal but ~,,.,¡ """'"''· 11'<- ,..,-,.,,.,,.,.,,, ,¡, .. 
l"'~"'' 111· w •. ;,¡,. JWI'Iu:~¡ ''" .• '"''""~''" 
ul th,. "·"'''•' a<l'l .t ,,(ai<·.,I-LI~e•-,.;1 '<il'lo·\ 
ol ;oborulnn au.<h ,¡,_ 

Uhc¡~ncy 

lu mm•;· "'"'" tho• r<'>L<II, ui ;o]~onilh.,-,i.
,,,,,¡_,-,,_al!' tonl Hl<·<"i"• crot•OI~h '" h,•!p 
tlw l""~'"''""'·r: <hu, Wp n~t'<ll" ulft•r lo·t·h
uiqm•c 01 hid> ,.,.,, ht•lp ¡,,.,,,. ,oud 1 ''"''" ,, 
'"' "'"'-' ni i10c•ll1do •nr·\-. 1 )ne -"" ·h wol ¡, "" 
<ljilinm.mg C<>lltpilt•r -"hi<·h. fur '"""' 1.-tn
gu:<~~"- ran \'it•ld .•it;nil'w;nH illll"""'""''"-' 
jJ,<J\\'Wi!<j, '[llt• <lli!Jt' ,,( •Oll'h Onol-, hn"· 
el't•r. io limiu·d (K-<t"T~l] antl m~,-¡,, r~· 
aliu<l only lor ¡uog<HII" "¡,¡,.¡, a<o· ,,,,,¡ 
,¡,,., , IH•u~h '" Í"-'"1\' <lw im<'''""'"' '" 
"1" in ú,,, ; .. n. 

lhoe ol dw """' l'""''llul .oid_, Í< ti•<' 
/1<'</fl<)¡f',\ /ri.•I"!.'I'Uf/1. 11hith 1<'\t',,[,, ho\\ 
t•llo•n ead1 -'""''""'"t ul a pru~ratn ;, <'\t'

nJic·d. 1< ¡,. 1101 1tll<l•tl'•<ll<> tind <h.LI ](1'; o>l 

tli<• """''"'''"'' '"''"""' 1<>1 ~¡o•; oltlll' nt•
' '" <nn 1 in"• ¡K~ 1 · 1 ~1 ]. ,\ pru~r;lllutlt•r "hu 
t't>lltt'lllr;Olo'-' nn oho.•t' "l>t\\l[,•uo·• k," <11 hi
al~olllhlll" '·'" '""¡¡,., >'lgrLLli,·uiOI j><·<r'•'ltt\
all••· IIH[>rt"<'nt<'l\l< "'a .,;.,;.,,um io«o•,l· 
nh•Ut. Thi" 1 ,., IH11<]ll<' h,,_< [, t·n Ll•<'<i io L "'""' 
i"lt'lac·<i-'<· "l"'"""'g '·''"'""· <«dt ,_, 

...... ,, .. ,,.,,,,.,,.,., ,. __ , 1". ,,, '-''""" "''·' 
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\JKIX nnd ~!Ul.TIC~. "hich •tart~d ou< 
as hi~h-l<·nl ];m~na~<" <operatin~ _,,.,1<"1\b. 
llottl<•nt·<k< ha,·•· h,.,., t<•]lln("(·d by"'"'"'· 
bl> ]an]:Uage routm~, Í!l ].,.,., th.m ~1)': of 
the sy,.tt·m. 

Tt>eory ol Speclhca~ons 

One are;< of .,,¡¡warc• •·n~irwr•r!Og 1hrtt Ls 

now un<ler stwh ¡, •V<I<·m 'I'''<Lfic· .. tions 
The ohj~cti,·~ ;; to -uit~ the >]><'r:llicm ion, 
<•arlc- u<inr- a metalall~"'W'· l)n, pl;oc·eo 
reMriction> oll thc <],.,[~n anrl ma\' lwlp 
estaLii>h "hoth~t tlw >]1"'-'lfl<'atio~• are 
llld. 

An <"Htlv e"llnple of .<uch a "P<•cifonnioll 
"~' tlll" .,·,·call<•rl ''¡!nl<>lh· prn~rammin~·· 
[lltll<f>.~. l\.~1"171]. 11 ¡, l""i''"th· l'nlkd 
''"''"'''"''d I""~"'Tllllllllg.'" 11 ,,._,[J'Íll> th<· 
f<mH uf •tm~m<·tll• a prn~ramnH·r nta\" U•e, 
hui 1his lc··UÍ<'IÍ<on t'olllllhut<·> lo ''""'1"'" 
I~<•INhi]ity .tlld o·nh;"" , .. a <"on<·< 111<"" 
pwo!. 

A >o·cnnd "'' "' •ud1 rult·• o•rnpluy< the 
, . .,,.,.,.,,, .,¡],.,,,¡_rol abctr.i<li""· Ílllntlll.(· 

tiun hiding, mul lli<!OIU]<· inl<'Ji.l<llll' to re· 

"';,., ""'"' '" ¡),.• illl<lllal >lru<!UI<' "' 

d""" !''"""·' [l'\1<~7~] ,,,,.,,¡¡,,.,¡ tll!·.-·· 
id~a' "lti.-h "''"' '"""l.m! ¡na<:tin•' .,¡ n· 
¡wn l""~ranllu•·r-. ]],. rltlln•·• <i.u.t '"a 
l'ollt•cll<<ll of 1"~"·"1 ,,¡,¡,., tó, ''"' h wi1h a >L'l 

uf a!lm' a l¡l ~ <1 a 1 e,. P r "' · ,., 1 LL " ., <' an tlw " b~ 
wrill<·n '" hid<• tb- rt•¡•fl"<"lll-'iÍ<>ll o! tlw.«• 
uhi<'< 1; j IH<i!' >l pat ,<( l' llHHilii<·S, Th,• IN'I' 

manip<lhll<'·' tht• uUjt•<'l~ ¡,, ,·allin~ tlw ·'1"" 
~ial pr<>«~lutt.,., 

S~H·Ia] bn~<>.1g~c 11\,<1 faoiillnw tlw tl>e 
<>f di<''<' <UJ\\'<'1''- loa\'<' ho•o·u de<"<•i<'IIL'd 
Anlüll~ lh<'>P nrt• Et'("!.lll (l'ot•t:77(. CU; 
(I.I'K 77]. ond ,\ 1 1 ., '·' 111 > ( \\' 1 ·1 ' ;,; ]. Th<'<P 
l:onp"'~"' ptl!nit pl·,.~nnnm<'l'> to do·fine 
ah<tra<·t rl.u~ ty¡><·- hn,·m~ tlw 1""1"'"·'' '" 
''""'l'"'la!<· th•• u·pt''"''ntali<>ll <ol tlw hogi
<"al ohj••• L.< [1.1.<1; 7.-,¡. 1\'ht•u ''""' '"''''"''' ¡, 
·'" i.<-<ll<', llw ""'o! ;ol«tm<l "1\i<~"t.< !llll<l 
¡.,. """""llc•ol lo:· q·n:hnmi:aiÍ<oll ¡¡,., ,.,. 
;<mpl<". ¡,,,.~;,, ,;g,..d,¡: ;., 1hi, .-:..-. llw ,.¡,. 

" '"''1 t :- 1'•" n "' n. < ~·· "' a " · ,·a¡¡,.,¡ """" : "''' . 
Att<>dl<·r kinol ,,. ,,,.,.;r..-aoiun .,.,,_,;,,, ,.¡ 

"hight•l' <lHI<·I '"ll'-,\1<' "'"'ILI•" \)1\1...;1 
(11 \~tiO<i]. whi<·h art• .1 «'1 ni,¡,'"¡""'' 1hat 
Sf><'<'Íf,· a]h"'"h],. Ílllt•r.wtion' ;HlU'Il~ pn><"· 
pe<c•e Í 11 a 1 v:o] · l Íllh' .'\'cl<'lll, ( )[ n' ll\ ÍP<ll p! U· 
hibit.' '' 1'1''"'''"" ftnin ¡·untwllillg j¡, """ 

"""'''"""' '"~'"· ,.,,, '"· ·'" '· '"'" '"'' 

~XL·r:uiÍoll, ther<·hy rttlin~ out r<·< u r.-ion in~ 
<lo·•icn. ,\luJ[)u·r "'¡""' >10\<'' lh.Lt no 1nod· 

<Ji<· l'Ollllr'LI., ¡,_ """ lllj><ll oi,H.< <p,!t'L' ;IIHI ¡, 
tht•rdoro•unah!<•IU alt,·r Íl• lnj><OI ,·ariahl•"· 
\\'hil~ tho·,., "'¡""'-' '"'' uot <"UILL]>It•\L•, olwy 
m<· o¡,," ''''l' atl<>rlllaliling 'i"'"LIÍt·ali<Jns 
f<>r -''."~a·rn de.<i~oc 

SUMMARY 

ll<o<-hm ¡,,_ <tated '''"'" prindpl<·s that 
¡,,,.e h<-lj'•·u ot¡:."HLÍ"' llw t<·('hlli<;ll<'< ,¡¡ _ _. 
<:tt<>ed in thh 1'"1"'' [ll<H:HOI;j, 

1 ) .111""'1!~ li'Íili< " "''<l"''ntirr/ /J¡i• f.' d<• 
¡>Ion. Thi., rm·an.< to lull<o" Llw "'11\\;<te 
,¡,.,.,.¡,plr.<·n' lil<• <,Wl.• uudirwol e~rlit•r. lt 
llllow, for lt·<·dhaek "hil'h updal<'> pn·dou.
<1 .<g<·.- a.< tht < ""'''' 1"' .,, ,., of 1" ,,,.¡"'" ,¡... 
,.;,;,n, ¡.,.,.,m,. unkiH>~<n. lt <'llt'OUIO~···' 

mtl<·<tolll'' '"m"''·''"'' 1'"'~'~''· 
~1 l'•''l'•c;¡¡ ''""'"""'" lulidati"'l. Co·L· 

tilv P:uiL "''" H·lill<'lll< '",¡a llt«dulo·. L'·<· 
"'ilkthmll~h; tUI<i e<orh• "·~<ii:t~. lli•;•h'· 
lht• hi<·omehieal """'''"''' ,.¡ :lw -· .. -L<·m 
,.¡,.,,¡,. 111 ;di olo" '"''"'""'' '" 

.')1 .\[oil/t'l/11 di-<i/'fiiJ,.i f•l"'!l!•'! , . .,,. 
tr<>l . . ·\11 "'"1"" ,,¡ "1'1"1'' ,_.:, .. ,~" ""'''· 

""'"'' "'"'' ,. ''"'"· ""'" '''" '""""'"''""· 
ml<l "'' 1< '' til-' lt«lli<i ¡.,. !om.all.' •PP' m ~•1. 
Cha:1~<·~ '" olro<'Lillh '"' ''' ,d u.-.":". :•o Oil .r.•c· 
¡,.,,. mu<t lo,· '" ¡, 1 1\· "'"' "' ,,,. ''" ; ,, '' .' . '"' 1.'• · d. 
(.'odc• t'<'Hdi""· pr<o]t·tl r•·l•"nir.~ ].,11,'·. 
hr.orian>, a rl~,· .. )u¡mu·nt ilh,.n , a,,] .\ 1" ~·· 
v\'\ ,,..,,.¡""'~ "11 <'<llllril>ot•· '" llu• L'oal. 

-!1 ¡;,,,, <'11/W!J<'<'d lf'jl ,¡,.,., '1/',Ci/ll<'d 
f!IV{!IW/111111!¡!. l'J./1 a!\t] l'.\ ..... '\1. h:l<t· 
~uod <<>lltrol :tnd olat;l •ll\l<tllr~o. ]'o•·· 

l'"'"'·''"l, ,.,¡,1 "¡,¡, 11 '"'~''"''"' Fnll 1 "·'" 
lor 1 ¡,,.,,. ,¡ tLWl """· 1 ),,_,.;ript ¡,.,, 1 ,., hnÍ•I"'" 
>ll!'h a.< •lt•¡mi.«· r<"IÍm•mull. m·,H•ol ,\,n.\ 
ah•tl'll< t Í<Ho.- all< 1 d.n.\ 11< '" ll<'l "''" L ,¡,, ou Id 
j,~ U><·d. 

;,1 .ll11i>r1tn" c/,·ar "''""'""'''dir.'. [',e 
mii,·.•I<>IL<'> tn "'''"'""' 1""~'""'· .1nd" l""j. 
''''""''.¡,""k to moniu•r •·a< lo in<li,[<ILial', 
dl(lrlc. 

,¡¡ ¡·,,,. l•<"ll•'r m11/ ¡,.,,., /"'<>f!/1'. TI,. 
d11<'1 l""~•·atLHlL<'f wam. in "bid, t•adl Ín· 
tlt\u\nal ¡, -~ilh·ol ami a<T<>llll::<hl,. l<>r hi.
·" """·'· :<nd P"" lll'•"<l]l,<o'll ,. 1 ''"''' •k d. a id
in th<> dl"rt. 

:o .1/<linlaill """'"<lmml '" 
!'"'"'"· ""''1·· ""1." ¡,, llw 1 .. -,,: 
Ítlll"""'"'' "'· 1\,• "''''" '" "''" 

""i"'"' ,. 
'"'¡, ,. ¡, ,,. 
ti ..... J,,p. 



menU\ in •nftware en~ineerm~. hut do tl<!l 
""crilice reliahilit;· fur mor\ifoabolit_,. "hilo· 
pu!"uin~ th<·m. 

Progrt";s ha.• heen made in undep;tandin~ 
ho"·lar~e-scnle ,_,fmme "'·'"'"'' art• htllll, 
yet mor<• n~··d-< tn loe J.,;,., Maoa~t·m~nl 
aids mu~t [,., imptu\'t•d and proj<"<t o;ontrol 
t<-ehnique• dc,doped. The r<>lc uf ><•hwart• 
man~g•·mcm ~' cnmi11~ mort• 10 r<'>ernhiP 
that of engim•cnng manag,·m~m in ollwr 
disc~>lines We can nu longt•r .~ffunl co.,tly 
mistak<·• wlwn _,._,,.,~are"' lar~t· >uul "" 
depend so rnuch on them. ).lo>t impur· 
tantly, wc must be patient: we need '" gain 
~xr><·rh•nce un which fmurt• theurit•s c«n 
rcly. 
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Making The M ove . . ... 

TOStructLired Programrning 
by Edward Vouracn 

The best way to ensure that people will resist the change is te try to im
plement all the new techniques at one time. 

Th< mo<l common obioetion to muc
tur<'ll pro~rammi<>g , t•k"' tl1e form, 
'"Golh. it sound' grul and we'd hkt "' 
do it, but. . :· More <pecJfie ameks 
ha>< t>een levele~ a¡;oin" tbc HOFORM 
ot•«ment •nd oth<r {Omt> o! oubrou
tin< c~ll>, againu ne.t<d Ir mttm<nU, 
and again" the cl1mination of 0010 
st¡lemeM•- A more >ublle and P""'"· 
fullorm o/ >llacl ;, thi.: '"Ob, you're 
iu>l tal~ing ab~u\ modulor rrogram. 
min¡: ,..,·-. bc:tn doing lhat for «o 
years!" 

Forot<'Jc!ured progr>mmm~ lo hol< 
lhe prop<r opport"nity to oho" 11> 
>lr<ngthl ond not bo re¡oc<od outc¡¡:ht 
by an mg•m,.lioo. con•i~era<•cn 

ohould be:''"'" to the>e <¡u~¡',oci: 
l. Whal will lile spe.:ilic oh¡<Cilon< 
• Are thor< an¡ po"nrial di<>d'·•n· 

• that m>) h< e>pcmne.:d as o 
'""11 o/ "''"g the <OChnJqu"? 

2. V.'hioh o{ 1~< te<hniqu<> •houJJ 
be ane:npt<d fir,;t. as•uming 1h>t y~u 
e•nnot uso them all' For '"mple. 
should Y<>u >llempl 10 "" •1ruetured 
p10~tammin~ fir>t. and. thcn ¡r¡.· lop
dowc d<>ign on • IOI<r pr<)je<t? 

). \\'hol lind or programming 
prni«t •h~LJld )'oLJ be~in wilh a< ..,, 
t:t¡>túmottJ ID derno:>>.U~le U.. t>e.=. 
1ia ,( the nruaured prngurnminJ 
~ohniques~ 

4. How •hould you <Valu>l< the 
'""~" of lhe Hfl<'fim<nl! 

Comrnon obiections 
·. l\ 100uld · h< . u~rcali"'" 1<> .,.""''" 

lhat strue<Llred ·prr>r;:r>nnnmt. ·top
down do.rgn. <:h10/ progr>mmu l<>m•. 
llnJetur<d wal~throu&h< (<>ne pm
!tammer n~lom• hU oode to a~hers). 
progr:om hbrui.n<. >n<l nrncluT'<'d de
oigo ~ould be oocep:od wrthoul argu
menl in an) org>m>->tion. H<1< are 
'"''" of tire mor< cummon objecti<>.u: 

·J. ~hn)' man,~er< ond pro~ram. 
men; point out th>t lh< ""ICtur<d P«>· 

'ming l«hniqu" or< prim>rily 
Jed for, 1\cw ~e•d•'J'OlCol proj. 

•.• f"r rnaiot<,...,neo of "'"""'8 un. 
lln,rCitrrd pr<>grom<. thc¡· oecm ID be 
o/ lin111<d use (th<>,gh !~< l!bnri:m 
«>a«pt and lhc wuclured w>tl •• 
l~tr>L>th concrpt would •t•ll be q"itc 
u<eful). This point io b"'i<=>ll) ••hd. 
ll>ou¡h ;,.,. uouaJly pcwtble lo odd Dew 

~~··· .~::·."·.·~¡..'~:;:;:}.~' 
'::..~.:~~~-=.:t . -....:. .. _... . 
:":".=J;.~~-- ' 

~.:;~:': -~~-_:;~:,. 
... - ---~-·~~~ ..... •.· ·- .,,.·.-.-.....----, .... .., .. ·-~·-,.' 
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. -.·.·e-=· ...•• _.-~ •.. •. 
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oectiom of codo Jn • tO¡>·down Slrtt<· 
tur<d ma~n<r. e g .. "he~ com?lotolr 
new fc>tures ue b"ng addcd to a •y•· 
l<m ar lhe rcqu<!i o{ a u•er. 

1hi• problem m>) be •ohed e"n· 
tu•ll¡ ""h tho aid of "'>tructurin~ en· 
gin<>" tltat ,.,¡¡ automo<icoll)' c~nven 
unS!ructured lo~tc into "ructured 
forme "'hile >u<h an '"enginc'" ••nno! 
magicall)' tran<lorm "'bad" cO<Jc int<> 
•good" codc. it .,.;u .. ,.,,, /O< ter somo 
'"nda rdiT>tion. 

2. Sorne manager> point out thal 
theit prognrnming projem .,, l)pieal· 
1)' loo "noll to "quirc a te.¡ In of pr<~ 
p•mmen: lherefore. they ar¡ue. th<)' 
d~n'! netd on; ol 111< new ""pt~~rom· 
min¡¡ pr<><luc~vily" techniquo•. Stnee 
mNt maO•I«• app>rentl; are not pr .. 
p•red !o fir< Tn<"! of thcit mcdtoer< 
programme" •nd «pl3cc them "ith 
one highly co,percnt chief pto¡;r>m· 
rner, "'' mu<t a<ecpt thi1 ub"otion •• .; 
faidy •al1d onc-but onl) IN t~e ohi<f 
progr•mm<r !<am <On«pl. 

1herc n no re.11on ""'' th< "illin~ 
pr~·~rammen in lh< OtB.>~i,;tiM. even 
"otOing h)' thcm>"il<s, c~uld n<>t u .. 
illttctured pro~rlntmtn~ and t~p..Jown 
d<>ign. 

). Still other m•n•f<n objo<l to th< 
<o<l of lraintn¡ th<lf pro~r>mmcr; in 
lhe IO<hnrques of llrn<lured ~r~gr>m· 
minB. Thn traio1n~ ncrci>" is admil· 
udlv nonlr!'tal. tht'ugh il dcpmds on 
rhe progrommcr"• <>r<ri<ne<:. {Junior 
pro~r.mmc" lcant 10< technjque• 
more e:uil; lhan ••~'"· prog<on>mer,;; 
lhe author"• group "'ioed 1 ~O pro
gromrmn in an Attm>!~art ~"'"'""""' 
•!"n<~ prior to begonn'tn~ our payroll 
pr~je:t. •"d of th< ;o "ho ooureJ al 
th< tup of th< d.ul. <t¡¡ht "'" novtc< 
pro¡¡rammen ,..¡lh le" thoo •i:< rnon~'u 
o pe nene<.) 

E•" o/ ttaining al•o depenó on tOo 
prcgr>m:ning l•ngua¡:c. the tec~oi~u•• 
ore ¡;enerally ""eu in PLfl. """"· 
•~1)' e")' m <OHOL, and moto dl!:iou!t 
in FOOT~,,.. •nd u~emo:¡ l>~gua¡:. le. 
geoeal. ,.. found tha: programmcn 
require three 10 "" da)• el e!•woorn 
trainJng to l"m !he le<hniq~"• •~~ 
opprolimately onc monlh ol pro. 
g"mming (~hcn thc_l' '" at 1<>!1., 
proCu"h' u :he¡ .. .,, pr:viou1ly) lo 
becom< comlo,able "'ith the new 
"ohniqu<l. Th< io><Um<nl in trainiog 
is thu1 re:a::·.el; ,,,¡; c~mt.rcO 1< le.: 

bcncli:t '""' '""" dit.:u"d "":~e~"· 
ced•n,1 >co::o:,. 

~ The ~""''" o(te~ h•• :~ D'«r
come t<c·C,nic.l ob:coll,1tl\ r>i;,d b) :.1: 
pr~~rommer1: th<>< o~jc"ion• mo1l 
lreq~entl;· come from ""icr p'O· 
gr.<mmei,, m,tn)' ~/ "Mn• ·'" no•• 
proje:: ko~ers. ,..¡._o uii: (~nél:. :.o•li 
the "~no.! <>Id da;-•"" ol '~" I4G; ,,d 
tire 6Sl'. The eo,~,non Pf•'l''"'''"'" 
oritnte<l oO,eeti~m ore: it i< "''""d 
ond incon-.nJCnt at fin<: the pro
¡romming bng•Jo~c "in>dequ>t< lor 
th< >trict d"cipline imp<»ed b¡· $1lU~· 

tured pro~r;mmU,g. tt " nol obvtous 
. lhJJ the "'" •p~roaeh w•ll a:¡ually 
,,.p thc l-<Mfitt d"cms<d >1><1'<: •n~ 
finall¡. the<c" o =~eern that the tOp· 
down Oltuotureé •;:rroooh "'llll~•d to 
lfemcndro~•ll incffidont P'o¡:r>m•. 

Th• o~l.~ordn"'s onJ L0000'<· 
nicnoe io l~rg<l)' • m•tl<r oJ training. 
lhe 'l""''i~n M lan~,.,~e •dequac; 
c.n be • rcle~·ont one. ond onc •"'"'" 
mj~ht be to con"""' the pr~gr>,nm<ti 
(•nd lh<lr m•n>~en'l tn bctin u>~ng 
"lll and thc othcr AIGOL·III.< Ion· 
ru•&" in preleron<c '" th; pri:Tiil ... 
coo<>L·like ond fo••~•~·h<< Jan. 
gu:tg"<. 

Th< o~jection •bout e~cj<n<>' <:tn 
onl) b< on<~cted b1 orreolin¡: :o ¡he 
prorramm<r"s <<>mrn~n l<r.><: <h< bat· 
!le /m et~:icnc¡ is ,,ncr•ll¡ "~" or 
lo<! ., !lo< •¡·mm or rtc;;Ilm d"''" 
le~ el(<.~. b; n>alin~ wrc the 1\'Uem 
i> runnin~ on •n emooent h:orlworc 
cMf•gur.llron. anJ th>t it ;,,., doirtg 
th"rnS• it ""n't "tntor.Jcd In do), :tr.d 
""' •llhe o,.¡,JJI,no le•·el (i.e .• "hote 
L~e prop"rnm« .. ,._,,..,·· • miet~•<~· 

ond o' '"o ¡odul¡in¡: rn • subrouttne 
c•l)). 



Obvio<J~). !h<r< are <eme U«f>
tiOM to thi<, in 1ome rool-ume >)'"'""· 
ter Hample; but •• Prcle><or Dtll Wult 
ol Cornegie-~lellon Uni>, poiniS out, 
•·Molt computing ""' are .::ommo!t«< 
ir - oomc Gi d~:icm:)'·'(..-,tOOIII ooo-

1- .chie>ing. <tl than for any 
o. ,;ngl< rc,.on-1odudioB blin~ 
I!Upidity." 

5. ln •ddition to prcgrammot re.. 
training eom, many :nanagen obje~ 
lo the eo>l o! d"cloping ncw <tandords 
to eonlorm te thc n<w progr;unming 
t<ehrliqu<l. Somo org>niuticn• may 
h>'c onl)' tt<e~tly fin.,bcd d.-clopiog 
•tandard• for testing-and thcy tcnd to 
b< "bottom-up" .:andard1, tn direCl 
oontru1 to lÍI< <op.<fo·~o methodolor;
.,rrcntl)" being ad,oeatcd, '.'."hile the 
"'"'o/ d.-·cloping mw mndard1 may 
""ell be •ub.,antial, Íl i< d•ffieult to 
thinl; <Ji •nr """Y <>t a•oiding ''· ln
dced, even il structured programming 
h•d not appearcd on Ú'l< <e<ll<, •urely 
"'"'' ncw l<chniqu« would c•entu•l
ly 1ppoar, /otoing the volummOUI 
5tandord< manuols to bc re"nttcn •.. 
it .. enu <o be ., ine•i!.able be~ of 
ltfe. 

Thio m•) be an ocodcmoe point. bLrt 
1 \;no~< o[ one l>.rg< ban\. and one 
in•urance compan;- tloat ha•< orP-"· 
entl) rejcctcd otru<tur<d programmin~ 
/or lÍii> '""'" •loM--.1.W -ol ,.n;,¡, 
,..ems rather <>d. 

-<>111< mMasen have <>pru«d 
~ .r tltat the <trU..:tured progr>m· 

"''"• conoept< might not "'"'' (or th>t 
tl!<ir pmtwr.m<" m'•Y,t not b< sutJi
cicntly familiar "'Ú'I thc ne,_- t«h· 
níquel) on • significonl rroject whO>e 
tailurc would havo dJSa>trou.• mnte
c¡ucn«•- Thcrc is a >01} 1imrle >elo· 
!loo to thi< prcblem: Lf you ha>c not 
lfied W'LJ<turcd proBr>mrr,tng belore, 
you probably should not u« 1 cntic>.J 
prni«t •• a "guinea pig." 

1 hovc <<><o Ú'lree projoC'!.< in carty 
: /975 /oil in thm attempt to use nn· 

ous upcets o/ <tru<tured program
ming Ooe ntidwe~tcrn compan¡ u«d 
lop-down "'''"~ olth< pro~r>m Jevcl. 
but Ú'ltn in:cgr>led the pro;:ra.nu tn a 
bottom.up {,,!Jioo t~ hutld • •)~tem
and th<l ·c-ouiJn't -un<lers,.ttd ~>h.- thc ; 
"'top·do~n·· •rrtoach had '••I¡J to 
ri•• them mir•culou' r<>~lts_ 

AnoÚ'I<r oomp>n) in :-,;.,, England, 
m>d< an un.,ucce"t~l attempr ot t11inr 
th< pro~f.L"n i•!•ronan concept, but ti 
oppea,-,; that Ú'l< hbrari>n ,. . ., • >«rc· 
tal}· "'ho ._., rcquired to <r<nd •h 
hont'> a day l)rin~ cn•el~poe> and the 
othcr '"~ hou" lup¡:oorung úte p!O· •... '"'· 

Lnot~cr p<o~r.1mmin¡; "pr~i<et 

faile~ '" ¡,.·.,tcmpt '" u..e-obo chiel 
progrotmtn<r <onco;.t. • In ·~parco¡ 

t~n<>rance of th< ~hol< phUcsophy <>! 
Ú'l< «'ncort, lÍieir chte/ pro~r>mm<r 
did not •Hite Ut) .::ode oluring Ú'le c<>
tire proj<Cl~ 

7. Somc monag<" are conccrned 
that th<)' m•)' no1 be >ble lO 1<< the 
bcne{Ltt of th< ne" t<chnique<. Thi1 is 
olten bceou>< thC)' h.vc no <tati"''' lo 
comparo their current techniques .. -ilh 
the n<w one1. Tobe more hhmt, m>n)' 
organiuttonl h"·e no ideo ho" many 
lm<> o/ debugged cttdc 1hcir pto> 
¡rornm<n g<n<rote uch day, nor hcw 
many test ·~"11 the .-·ecage program
mc. requircs belorc hc dc!i'"' hi> prL>
grar.> to L~e user. l'or havo th<) •n)' 
ide> how maoy rnidual bugl orc found 
in ?•"K'"'" that h.-·e b«n deli•cred 
to Ú'l< user_ Thm, ono of tho first rc. 
•ults o/ struotured programming m>y 
be an unplea>ant •"'1rcness of ju« ho" 
bad thing! aro; "'htlc thi• may ,.e]] be 
unple>l>nl, il can al>o bc • h<althy 
•hod. 

Tl'lc bd ol ">ti>ti<al evidence h., 
bc<n used a.> a reo•.son lor not using 
"ruo:urcd programming; it usua!l) 
ul., Ú'le /orm of: "Oh. ""ell. l"m ptct· 
1) out< our progC'mn10r< '" abo'< 
••erase •ny"-·oy, '" ~<e don't nccd 10 
Uk the<< nc~ t<Ohniqu .. :· 

Sometim" 1h< probl<m " more 
bl>tanll) p{lit:.cal: ~<hen manaoemont 
do« !md out hm< bad 1h< ptO¡ram. 
mmg pt~dlL;cti"" ;urrcntl) "·ti«) tr)' 

ver; hord to '"'" tl up lo "oid lh< 
ob' iou> occu<ation lhot th<) ha-< becn 
domg their job ponrl¡ lor lhe pall '"'· 
<ral wars. A bmle ol preciso!) this 
><>rt i> go'Lng on ·,., On< o/ the lar>cr dp 
orpnizatLon> tn !)ctroit. \O.here one ol 
the p<uplo on tho r<>c.rch •:al'!" h., 
mode iome rathcr intelC1ling iludoeo 
based on • •ampl< ol !00,000 PLII 
ilotcmona: the avcra~ modulc SJl< 

w., 900 <l>lcmcnU (><> much fo1 
•m•ll. indepcridenl modul.,!); only 
four >!alcmon" ~ere t><J..WH!! t ltatc. 
ment< (<o much for thc =umrtioo 
Ú'lat oH rLI! protrammcrs im:incti><l)' 
h<>w about thc threc bast< lorm> ol 
"ntc:med cr>dinB): in 1 iub.,•ntial 
numbcr <>1 '~' ptog,>ml, nooc of tho 
lF <tatcment! h.,o an out clau"; ond 
voriou• oth" $1atoslÍO> sun<>t thal lhc 
prograr:tmen ha-e becn v.rtlm~ ··rat's
n<->t"~odc for :he P"" ><'<tol )0""-

8. Therc io an intcre<tin~ '':uiation 
on lh< precedin¡ ob¡ection: sorne 
"''""8'" worr¡ that lh< struoturcd 
progr>mming teehniques ma> tmpro'e 
Ú'l< P'oCucto•it< ol thm PINC>mmer-s 
by only IO:"r tr.~tcad ol the fi•·e-lold 
improvcmcnl genoroll; adl<niscd. O! 
<:ounc. thi> ma)" b< bc<au<e Ú'le pro
~r•mmers w.-ere alte>d) follo~ in¡: an 
informal "mi-mucturcd. ><111Í·l0p
do .. n•pproach. 

Ne<crthcl<«, •~m< monoters '"""'' 
Ú'lao tite; (aod prc<umably thw rro-
itvnme" u ,.-<11) "''11 b< judged in
«>mpet<nt t! lh<) "r<ri<ne< bs lhon 
a b•e·l<>ld improvemenl! Ono h;,rdh· 
knowl "'hot to ,._. abou! this head-in
thc-<and o~i<<t•on. ""'P' lhc obviou• 

point th>t • 10~ imrro'ement tn pro
du<ti>Jt)- (v.ith e~mmen>ur>tc tm
provemcnl< tll ,olt""" roliabiltl) and 
mamtenancc) i> bc!ter tban no ¡m. 
pro><mcnl •t all~ 

9 Ftnally, sorne nLallJg<I'S •~gg«t 

thal the hnlar< and publicit;- a"o
cioted "'ith stru"ured pro~r.mming 
ma)' te a d•,¡;ui-"<1 lorm o¡ thc Ha"· 
thorne dTcct-i e, thc pro¡;rammeu 
aro mor< p,oductiH bcoau« the) 
l;now the)' are heing OÓ!<n-<d. !t " 
hord lo beli:H lh>t ao)' mar.a~er "ho 
hu 11-.e sligh:c" /amiliati[\ v.ith pro
gramminf wouid beltel-< lhL>, lhough 
perhaps Ú'l>t "Ü1< problem-man)' dp 
mana~en ar< about ., familiar .,;th 
progromming as lh<) are WLih tltc 
th<Of}' ol rclati• it)'. 

E•en il the Ua,.thor~e c!!'«t "'"' 
rel<>ant, >O what~ \l'h; ~ght ,,, On 1he 
Au11ralian pa¡roll pro¡«!, l w., mti· 
cilCd for gi>ing the pro~rammeri te<
>htrt< that h•d the ""'d ">uperpro-
gr;mmer" cmbl;LLOneu "" tho front 
Some pcople lcll th!l "~' an .. unlair" 
meth<>d ol ommrttn¡ t~ in<re>>< the" 
proJuoti"!)'! Dut if 11 contributcd to' 
f11e-folé impro,ement ie. pro;u"'m'n~ 
rroduoti> i1) , ot ",. "o11h ot~ 

Pockin¡; \he right combin" ~;on 
-"• menltoned earlia. <e:nc ~'0'" 

ni,aiLons '" concornoJ ,bou: 1he 
óill]eult; o! impl<menttn1 al! o! the 
~e'-' proEr>mming lcchnL~UC! mr,ul
""'ou<l;. In mo<t sLJch Oil<~<<tonl. 

Iocr ma¡or techniqu<< '" con>i~cr«<: 
>tructured pro¡:r>mmi:i¡;. lOp·do .. n 
implemenl>tiM, chic! ptogr.>.--r.mor 
team1 lv.i~'l !\ruO!urcd "'•l~throughl), 
and thc prorram ILbr>nan_ !n ..-en 1he. 
"'"'' progre1>fv< or~>nho!Lon. 11 con 
be dLificult ro implement al] of the>c 
techniquC! •t th< umc timc; other ot· 
goni,>tJons foel thot "'''" ol tho te¡;h
niquC! ar< llr:tpl; Mt applt<:a~le tor 
Ú'lcir pro¡;:amming projc::.. 

lt is im¡:oortant lo emrha,-Lle Ú'lat 
"·hile thc lour techniqu<> are U>uolly 
used lO¡:o:hcr, 1he) do oc: ha'< lO 1><. 
lt is F"''"~k t<> use !tructurcci prD· 
gr>mnLLng ,.¡,hout lop--dcv.n tmrle
mect.¡,tion, or l<>p-dov.n implcmcnta· 
tion "ilhout "ructureJ pr~rr>mmin~. 
SLmLlorl)'. 11" P<>'<tblo to use thc chid 
prortammer approach "-ithou! usin¡ 
the ltbrari>n conccpl. "' "" vena. 
And it " ¡>:Js~tbi< to u« thc ehiol pro
gr>mmer cone<pt and the ltbrarian 
conccpt-"ilhout usin~ llnmurcd pr<> 
grantming or top-do" n de>t¡:IL-

Wh'Ll< tJCh ol the concep" con be 
tn<d S<p:H>Td), sorne o! thcm orc >1· 
mnst inO>itahh ¡oinc,J ""h othcrs_ 11 
an or~''"'"""" JocoJ<> lo uoc Ú'l< 
chic! pro¡;ramm<r t<am •pproa<h. ot 
olmO!! ol'-'•l' uses thc ILt.,.,rian and 
sorne form M !lruetureJ "aiUhrou¡;h>: 
on lh< other h1nd. l ha>c <cen ><>crol 
prciem ,.hcre the ¡,¡,..,;,n conccpt 
wtu u~<J ...-ithuut Ú'lc chtc/ pro¡ram· 
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MAKING THE MOVE 

obly unwu<lur<d) prog'>m. Howevcr, 
thc manager ond/or th< prognmme" 
1hould k able lo ma•e >omt qualna. 
ti>< judgmen" ahout the pr<>ence or 
obsen« ol <ub<tontial ovorhcad in the 
finool program. 

d. How much '"'' ttmt ''"' r<~u"e<! 
for the projcct~ Spwfioally, "'"' the 
tel! timo d"trobuto<l f•irly .-enl)' 
lbroughout tht projoot~ 

<. Wh>t "'' lhe r.lio ol do"lop
ment <o>" lo mointonanoo cosa' 1< u 
IÍJn~ficantl) be:ter or "'ono than 01her 
"\lnmuc¡urod" projem "ithm !he Ot· 
Jooiuoion~ 

f. Ho" tffcctL>e ""' tht muotured 
"''Tkthrough<' Roughl) how man;
bugs were lound per man-hour o/ 
walkthrough. and roughl¡ how Ion~ 
,..ould il ha~·e tücn 1he ori~lrHII pro
l••mmer lo find !hose bug<~ ~loro lffi· 
portan!, how man)' o/ üte bu~• would 
hove remaiocd unno1iced unül Lhe 
p1ogrom b•;•n running in produclion? 

1 find '~'"'' re>Íe~<ing •ud<eno. con 
<a>ily •poi fi,, 10 ,;, bus• ·~ • "00 
.,.,ernenl progr>m "'ilhin D minu<o<. 
11 Í! impomnl lO roc~gniZ< th31 lhc 
progr•mrr.cr "ho "'ro'< lhe codo"'"-' 
onuall) ~n•inced lh:u hi• co-de "''' 
correc1. ond hi! 1<!1 data "'ould u.uall~ 
be a "11-'<r'ln~ al!cmpt lo conflrm 
lila\ fcdin¡ 

¡. !iow m>nl bu~• "<re d•«<>"<rcd 
during "'" acc.roonco '"'"nr? !loo.· 
"''") bu'\ ""< d"<O'<fCd altor ><1"-

0UJ monü,. of producuon? Ho" doos 
lhi< compon: ""h orher ··normal"" pro
¡ran" 1n lhe organ1<a1ion? O 

Mr. Vou•don. <>"<>•~ont o' Y"'-'•don 
'"" • ~•• <On•u"~d ano •~'""""" on 
"'"C'""' d~•'•~ •~" on-lon• ,.....,. 
'''"'' o,Ol~''" •" tno u.S .. C:•nooo. 
[yropo. onc "'""'"'·•· ,_.~ ~o•n noo 
u••"' ol C·o '"' Eo"'""'""' Coro .. 

wnoro no ""'""'""" """"'~'"''· 
FCO>T>I.._N IV E•oC~t"'"'· ond moth 

''"'"""' '"' """""' "'"''"""' ... , 
C:•norbO E'""'"C- ~· o•vo•opod on 
-·o<·~· Oys<o~ 'or o ~C.O•tbO on• 
forrnbt•O" ••"·~ on t~o C:E__.3~. 
><o h~• out~~·•d O<v•ral <><>o'> ond 
"~"'"'0"' O•t•cl ... "'" ·• C~«ontly 
CO<'nDIOt•nl 0 tw<>-•C<u"'O 00"00• 

•Ad•On<*" P<OI'O''"'""• T.e.-.. 

"""~·•-" 

CRTRMRTIONo 

r. ____ "' ••---- •·-
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An Example of 
Structured Design 

by Billlnmcn 

Producing 11 lines of cede oer hour through structured design and program
ming is ene of the advantages. 

Quic< and accunto d.-eloprncnt o! 
compu1er pro¡um• i> a lo~suandtng 
zoal of lhe dala pre>;c»in~ <com
mu,.it~. i.e<enll)' prograr.>mor> •nd 
~;.tp•m d.,isne" ha" l>t~un to 
'\1:nal«e ..,me o! tl>etr Pf'''"""' b' 

Úin¡ concept< o! mucwreO pro
gramming and "ru<turod d<>•sn. HO>< 
do thcse concop1> int~r>CJ ""h •he 
¡oalo of quic\, and accurat<: pro~ram 
development? 

An nample of how one syslem ""' 
developed u>ing thc>etool> in a hmned 
omouot ~~ oime i> gi><n here. The >J><· 

. cili<:> of thc >)>l<m m•) not be imror
tant-il h•rrmed to be: • '"" ••· 
counting >ymm, nccc.sitaoed b) • 
brge Jmer~ment '""""''~ u.l=h 
bro•• dov.n the co<t o[ thc final prod
uct to com of oompDI'Iont parl•,. thc 
lo\o.e<t t.-·cJ_ Ho><.ver the problcm> 
that >fO<c in the d.-dopmcnt or thi• 
'Y"< m. >nd. thc "'1 thc\ \Ht~ han
dled. ore •mp<>r11><\t Nt:>,.;.. th<><" >=">< 
basic problem• U>U>il)' o.ocur tn d<· 
••.lopment of mo" typeo of >)>«m>-

System overvi"w 
Hert i• a pro~ le <>f th< 'Y"<m under 

di>Cl.l\\ton: 
t. Len¡th of 'l"'"' dcvd<>pmcnt 

----4 month>. 
2. ~lanpow<r-l-1 m•n-mt>nth• (7 

pro¡;r>mme"-2 full tom.__ S 
pan ttmel. 

) .. Scope. o/ 1"~!.-.:t--<-o•~• ·Ín· 
cluded tnt<mal d<'i~n t 1 e .. thc 
buildin1 <.>! dct~tlcd pro~ratn
minl •penfie•tioM . from • 
broad Je><:roptton of the proh
l<ml. progr.mmin8. unot te<t-

ing. inte~nted ""ing. ~ocu
mentation. and the buildtns 
at>d m>inteo>nce o! a l>rge 
data b•••-

4. Totalnumberofhnc•ofcocltn~ 
-oppro,imately J 1 ,000. nut 
induJt,,g >)•lem·•upport co<J. 
ir.~. •uch u Job Control et>d· 
ing. 1"1-data ~encraton. <te. 

S. longu>~<-<O,OL intorf>ctn~ 

the databa>< "ith OLI. 
6. Mochin<-11-" 370/1-IS. ,.,¡,h 

TS0-
7. 0•10 ba>< environment. 
8. Pro¡r.mmer eodong produc"''· 

Ít)' @ ~00 hou" pcr month
th31 ¡,._ appro.,im .. ncly 1\ ltnc< 
pet ~~UI. 

9. !'umber of pro¡r>m• and moJ. 
ul<>-50 

10. ~!edtln t!>Odulo <i:e- 5.4 
p•g~. 

11. T)re of appltea!Jon-finone~aL 
l!. T«~nteal compl<'-!1}'-mdJ 
13. Progt>mmtn]: lo~IC eompl<>tt) 

-moder.uc. 
14. O<Si~n con•iJ<ratton•-><m<• 

tured pro~ramming. stru.:turod 
de•i~n 

A ¡roup ol pro~rommon w:u or~.t
niz<d onto a -,hiel rro~rammor team." 
Thc chid prosr>mmer ""' te>p<ln<iblc 
for the dc>ign ol all pro~ram• He JiJ 
thc ocrual c<'llins ot ><>me mtie>l prO· 
g~>n~>. and or¡oni>cd >nJ coord•n>t<J 
thc rm;,.mmtn~ ol, thc other pro· 
~""" in the <)\t<m. Twn pmgr>m· 
mct> "'" on thc tnm lull time and 
ii>e t>lhcr vro~ramm<n contrtbutcd tt> 
the toam etfon. Pro~ram• werc de• 
<tgned odhertn¡ lO the ¡>IÍnC!pleo of 

"'""'""~ d<>i~n. t'ri~cipalf•·. p<e
gtam> "'" '"'' .,,,¡¡ '"" o<w~•~ 
""lunc"onall) ·· Lar;;< pro~r>r:ls ~'" 
dt'tdcj tr.to mod"b. 0.'1< 'ooto:; o! 
provar:-.• .. ,. \trtJCtu:ed. So Goro 

'"""''"" "'" oltn><eO, >nd "'-'·" 
con\On:ton• o• •tructore~ pro;r•m
mong "''" !oib,.ed. 

Th< O'trt'Íd:r? ccnmaint on t!'.c ,.,. 

tem d<>el~prre.'t "J' '''"'· 1\<t'"" ~' 
contr>ctual oOitg>tton• pro~rom Je· 
•i¡;n. !'"'!""'''""~· de~u~~'"~· and 
impl<mcntattcn O;d to be compkted tn 
f~ur month> "lhe deadline ,.,, not 
e\tend>ble. 

The "'uoturm~ or the data ba>< re· 
ftected • mon~ m<f onenlltton >OJ 
...., ""' ~•sncd for <a>) pro¡:ram 
montpul>tion. At the out>« o! tOe proj. 
ect. only two pro~r>mrnen hod '"'"· 
•i•< data b>« cweriencc. \n pl<p><>· 
tion for fututo on·hne con•i~<r>t•on•. 
th< •;-•«m "'" to b-< updateJ by tr>n•· 
oction• R<f"'"' .,.,e seoer>t=d dtrectl· 
1) from thc data ba<c. In term• ol 
pro~rammtng lo_;ic ccm~l"tt)_ th< 
'l"'m "" .,,,,~htfo.-..;r~ 0\e<ptlor 
,..,.,,¡ interna! rolatton•h•p• T<'i>· 
nicall). the complc"tl ol th< 'l'""' 
"''' nor be)""" th< abtlit> of th< ,¡,;,: 
pro~rammer team 

Oo>s;gn go8IS 
1 he de"~" ~oal• of the "'"m """ 

~rutl> m!lucnccd b) th<>< pro~r>m 

de><l.,pment prtorllte\: 
1 , Spc<J ~~ d<1 <lopm<ni 
~- Pm~ram and •l¡;onthmtc oocu-

J. ~r.,nt>tnab•lm M prugr>m> 
• S)<t<m n .. iboht) 
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Thc tnditton..al c<>n.,d<r>!ion of 
pre>Jue<ioo run <ffocien<:y wu only. of 
ior' · ••1 imp-orun«. h '""' not i!· 
11< 1imply g>'< "") to thc hi~hcr 
pr. ,_ 1hc mojor a!!cntio~ wa, ~,.. 
t<Cicd U,..ar<k L~C bu¡)Jong of > wor~
able >)>t<m. Once thc requoremm" of 
lh< S)'UOm WCr< mct, COOIId<f ... On W .. 

¡i•en to run 1imc el~cicncy 1 Le .. "hen 
lh«< ,.., enough time to ma~e >uch a 
coo>iderotioo. "hich muall) .,., oot 
1he cue). 

St-.ral O<h<m« "etc contemplated 
for or~omziog thc project. Thc only 
way deemcd fea.,ble bocau>< of th< 
timc coo"mol ,., to "''"' program 
•pecofieauon1 "'hil< concutrenl~v pro
gr>mming and lesttng ooher par!< of 
thc l)"<m. Ob>JOU> r01:o~l1 10 thi1 >P• 
proo<h "'etc reoogn¡ze.J _~do« pr<:>
CO<diog; """'evcr. bK>UI< <)! L~ b.Cl: 
ol time. no other "'"""~ ,.,, po"1ble. 
Thi• t);>< ol projcco or;>~•::;¡tioo ?tOt>
abl) should ~· u>d o~l) 1'-hen lhe 
>tlLIO<ion dem>nJ• it. 1~ 1uch a Ca><, 
~"}' clo>< oon~rol >nd co.>rdin>:ion i• 
ao •b•olu!O "'"" brc>u" p-oor com
munkatoono can lcaJ to a largo •calo 
"''""o/ dfort. 

To att.oin thc dc;i~n goal<. alllar~e 
pro~rorm "''" highl) m<;>dul>nz<d- A> 
"''""' •• P"''"blc. a module ""' Jc· 
s' fot S<net31 U>a~o. W that il 
" oe teusohlo in Dll'.er pam of the 
>Y"<m. In thi> ""l tep<tl!tOU> coding 
"'"-' climin>ted or >1 lea" dra>tically 
reduced. Each modulc "•• ph)>ic.Tly 
sep>ral< from any other rnodulc. i < .. 
thc wuroo 1<" "hich compmed a 
modulc ,.,,_, Jo>doped. comp11<~ . .>.od 
uorcd ap.arl lrorn an¡ othcr module. 
Tl'l< in1em <>1 the dcu'n "'•' ro nuU 
-mt>dulo. >m>l1. •boul four r•~eo of 
>Our<c '"' pcr module. Ho,.c>·er. 1he 
si>< of • mo.,lule "'" wloimaL<I\ dcl<r· 
mined b~ in fun01ion Each "module 
had • limoted and "<11-dcfined func
lion, and thc Cn\ ironmcnl o/ lh< 
module "'' hl<• '"' hmued and wclt- • 
definO<!. In "'" manncc the O<CUH. 
funCiiDn> nf a prc"am wcro bro,en 
into >malkr. i>ola".J funooion>. 
Eul~ in tho '""m d<>icn. 11 "'"' 

rc-<o~nJZod thot iho" ""'. dt~crcnt 
le>tl• of fune~ionalll) alon~ "hi;;h • 
propom ::ouiJ ~· d•"Jcd_ An '"mplc 
of l.-el• o/ /unction>l\1•" sho~o.~ bv 
~ dill '""'« ~c:wcrn ~o \::Ir~ e u¡><la{. 
m¡ P1 ~fe>m> '"--'' '"<« patl of the 
"'!l<m." ll~th pro~'""'' ""'' to rcod 
"-" ·:~i~n' •nJ ur~"" lh< d"'" n~,. 
•· ng l<> tbc conl<nh of th< tr>n>-

Anothor "'')' to ,¡,....- an u['<)"'"~ 
pro¡ram i> lrom thc "-'Lilllonal •""""' 
o{ add1n~. Jel<t•ng. or repl•cing d>ta 

'" the Jat.> "''"· Jn th" ca>e. O> o 

!Unt.:ICUOII entcn lho pr~~r.1m. " 11 

UI<Jomed in lo nnc o/ o he thrc< m•t"' 
lm><tion•, ;nd i-o hondlod ;Ion~ oh""' 
/unctionollincs. 

ProBram fle•ibiiLty and 
mooulari%atron 

Thc fi<"btl•l) ol the P'"&'"'"''" lhe 
oy11cm "'"' dothcull 10 '"'"· Ho,.e•er 
two "h""""'''''"' o( thc ')"'"' P<""' 
1<> th.< tan lhal <truelurcd d"i~n p«>
duC<I >Omc ne,bohl). Onc 11 lh3t 

<h>nf<> in;, '"" made wtlh a"''"'· 
mum o/ cfforL The large>t ch>Of< «· 
quitcd four da\1. and lh< ""' l>t~<>l. 
le" tban a d>)' Thc 1econd charac"'· 
'""' io the f>" that errof> were quio•h· 
lO<atod ond corrootcd. 11 oppe;red thal 
lh< ma¡ot factor conHtbuting 10 'l'"m 
n .. ibiloly ""' the i>ol>tton b) fvnclton 
lh>l wao aehi<><O b) "ruo:ur<d de>L~n
\\'hcn a problc:n o<cur>. it ¡, '"') to 
climinatc n'llO\ module• lrom con>id
eration ~on« thw /uncllom may h>>< 
ooohio~ todo""" lh< problcm. 
D>~• coupl;n~ ,.., ""'"''"'1' U'.<d 

i~ tho ontorf,in! el m<>dul<> '-'ith e:tch 
othcr. {Dota muphng """"" "-htn •ti 
in~ol •nd ouoput to •nd from lhe 
call•d modw'e are P'"'d "p.1ram<t<r> 
or ugumenl<-ic .. 01 dao> clcmcnl1l. 
Thc independcnce pincd hcrc en· 
han«d bolh th< rcmobtlot} of a rnoJol< 
and !he i•olottoo o! a module b; /une· 

ln othcr "")'· thc modubr ap
proaoh .ccelera~ed o he dc>el<.;:ment o/ 
the '~"em. Tlle ph;•icol ><p>rollon ol 
modul<> m<>nt th•t more than ont 
pe non couiJ <imulllneously con<nbuto 
lo a pro~r>m_ In f>CI at on< ttm<. fi>< 
progr>mme" "ere ac1t1 cl; "Qt\.tng on 
modul<> o/ lh< somo pro~T>m. 

A b~prt>d~>~:t o/ u>ing a modul,_,. >P. 
proach "'" th< l<»<nmg o/ lh< to[O] 
learning time in,ol"'d in o he lraml•· 
U<>B of pro~romming •p..-cif"'"lion• ;,.. 
lo rodo. .Thi• occurred l:oec>U>c.. .a:o .a 
pro~nmmer complel<d a mndttle, he 
"'" a'"~ncJ anolh<r <~molar onc. He 
>lill hod !he P""""' coding lre>h in 
mtnd and couiJ thcrefNe ~utd.ly 

gr.,p th< "'" pro¡¡flmm.n¡¡ <p«ofie•
toon•-

Anothet fc-anrrc of >dnpnn~ o 
modular approac·h oo:cuncJ "'h<n a 
pro¡rammer complcted a module and 
"" lhen Ir« to "0'' on oth<1 ,.,_ 
t<m•. ln • cun>cntounal 'l"""'· o pro
gro.mmer i> oi<J lo • pro~r>m untol he 
ltni!J>« '" >nd il ' prohlem in ht< "" 
ot <'P«1"C "'"' >~hiic wrllmf 111< 
prog•om. wm<thoe~ mLO<t >Ulfc<. HO>~· 
e>er. if • pro!'f•m" hrol.cn ontn •m•ll 
mn,lLOk>. man' ht<oi.Ln~ P"'"" '""11 
naturoll\, "'"~ the pru~km> invohoJ '" 
con><nllon•l mcth<W• ol pro~rommon~ 
ar< mintmorcd. 

De>pLI< •J14nl>~c. tn """~ • moJ<1· 
lar ~ppr~·c~. thcrc "''" al>O ""'"J.,. 
ad"'"'""" Dnc ptobkm """ in o)le 
in10rf•con~ of me>JUI<>. In •plle ot 

c•rdul >Ucnuon r"<n to the no,. ol 
Jata to onJ lrom oohcr me>Jul<1. lh<r< 
.,,:¡ "'" •om< """"- lh< numher and 
orJcr o/ param<t<fl. th<tt chara<t<m. 
li<>. ond tbt lnt<rprctallon ol thm 

••luco "'" in wme ""'''' m"undcr. 
llood "nothcr prohlrm ><O>< in thc 
or~aniuoion n<e<»>r> tm t~< dlfc:
loon of >ev<ral peopl< "orl.in~ on 
lhe ""'' prohlcrn >im~lt>OC<lo\1~. 
.\IU<!uk• "'"' b<Ln~ J.-o;opod >o 
r>pidl\ lh>l OOMdtn>IIOn of ""'"~
lon\.tng, and 1n<e~raton~ lhcm bc<:>m< a 
l31f< ... ~. 

Structurad walktnrour.n 
Onc ot ohc I<Chn<Gue> tt>" led to thc 

~uid complwon ol rhe pro¡«l ,.., 
!ha\ o/ !he ltrUOIUr<d V.li\.lhro~gh. ,.0, 

"'•ll.lhtoto~h. or "''"'"1 «<:ulion of 
olle pr:¡ram b; the progr>mmong 
te> m."'" done for oa:h pro¡:ram. 

Afl<r; pro~r>mmer h.od comriled a 
ptogtam ind \CfUI\no>cd it for ob•·•oc• 
crrolS. he scnt th< cllie/ progr>mmer 
and ..,,.,..¡ oth<r pro~r>mmer> m

•ol<ed COpie> of ht5 IOUfO< ""· Afie: 
time wa. allowtd fm- thc group to 
e.amine lile "" {to!U>lll' a fe"' 
hoursi. tbe team m<t ond oolle<to>el~ 
p<rlorm'O • mon10l euc~l\on of ohc 
pro~ra:n. A ltll o/ ertot\ ·~..,,mane os 
e.1eh ¡,,.,,,, P••h "'"' h>llo"<d. TI.< 

ontala« """" mt>dui"' "'~-« calhn> o: 
<allcd b~ thc mo..Ju 1e bcin~ "amond 
,.., carcfcll} checkcd .._, weil. At the 
end of the "'"l~thou~h. lhe hit o: 
ermr> "., ~"en to the author. 

In thi> rnonn<r mo1t effOTI wcro 
'""~h< bcf~re any te;<Lng hod OC· 
<'tlrrc~ Mso. lh< rN.m memb"' "h~ 
'"'""''" tho tnl bccome l>miloar "ith 
a patl o( lh< •Y•~<m olh<r ;han thm 
""'"- TCJ• hdp<"d 10 <>tabli>h • com
m<m b_.,e of und<"''"J•n!' of oll com
ponen!< of thc •;>ten>_ 

CoinciJcni:.IU>. ,.hrl< th< lc•m f<

•i<"'e<l 1l:c int<rlo<e »ilh athcr 
m.-.Jul<'- crror> /u<uall~ from m"
communocot«'" 1 "'"" al>o >polled in 
olher m<>JL>/os h· ~"' ai>O MI un
<L'mmon "'ha> o o pro~rom or m~Oule 
'"""" 'orrecol) the hr<t lime 11 ~" 
'"'"J Ono of tho major /acoor> in lh< 

<uccc-• nf thc '''""' "'"' lhe >hOriO<>> 
ol thc oimc >pcnl ;n OCiton~. and obe 
m•i"' controhu<c'l to u'""' >tru<turcd 
"a"lhtOL\¡"h> 

Prog13m testin¡¡ 
une """"' .. n, ,.,,;n~ and de· 

hLtHLn~ '-'<nl >mo~>!hl> """' the f><l 
1ho1 >he ~"";n "'ti!< <~\Iom mcluJ,·d 
r~<•~r·mmong <r<>:ofic~llon• '"' de
""""'"; ~"' conl~ dtJ rro~'"'"mtn~ 
•pcctlicalu•o• Jclinc <he [Ltnctlon o! ~ 

pr~~rom or "'·"-'"'•· ~"' the> al•o f<· 

qomcd """h:,-, '" he tn«ncJ and 
m•mrul.11<d '<•Id; for ollc P"'P"'" o< 
J,-n .. ~~'"~. 

Tho mu<t <ll«tt'< lcchn'4"< "" 
U\lng •n acl\vil) •aroablc in ea<:t> 



• 

STRUCTURED 
DESIGN 

mo.!ule. ln"Í•IIy the a<tÍ>I!)' .,,;;ble ¡, 
.. , up 3> in>oti•c. Al a m<>dule ,..;,, 
invc•~- the ;¡Juc ~~ the actl•u~· •an
able "'"' ch•nge<J te tndtco« t~»t u 

· wu actJ•c. A> mnorel ,.,. relm
qu"hed, the •.ri<Oblc "'"' rwlfned te 
tl>e in•«ive 'late. Whcn a dump oc. 
curred.-u """' e•sy '" """' the p>tb ~~ 
acti•e mO<Jule>. arri"n~ ar the final 

'. 

·-
INACTIVE 

. . ,,,,j 

1 

do"'n ol l•r~c ¡>ro~r>m> onto mOOul"'. 
aod "'"'""'d pro,rommtn~. 

The mojor mt<roon, tho< of sreed 
el Jcvelopm<nt, ,..., ceraini)' en
hancod b) mucrured de;i~n. A modu-· 
l;r prosromming opprooo 1> a lene would 
not h>'<< mode 11 pos,bl< to write thc 

,¡,,~, pro~r>m> ne<ded in the amount
<>1 hme >llolled. 

The othcr de"~" ~oal•-~nobilit) 
and nt>lnt>in.lbrht)----<>nnot )<'be d
l«li•eh .-oluat<d ""'" rhe >)>l<m 
h3> remo<ned rel>li>el) >Uble on '" 

. . 

.: .... · .. 
~ 
.. _····· ,·.-1¡1 

- ' '' ' ' . . 
Fo¡. l. Bt u••ng an ··acl«<ly"" •>«able "'ea eh rn<Xiule. t~.e 11o~ e• oootrol '·"''"'h lhe 
P«>ir.lrn o.an ee n!'<On>"'"'"d •r>ll T"l<>n-acl"e mOCule> i~norod ir. ~eOL.¡;;:co¡. 

ene io which acU•Lt) had cx:currcd 
t .. ~ Fig. 1 l. 

Anothcr u•eful le<:hntque "" to 
displa) the p>ramet<n of • mMule .o 
lhe time el io>ocouon. Bc::>u>e oi d>.t> 
~phng. lh< compl<l< set of rcle•·ont 
dau ""' a»ilable lor d<1ermon1ng lh< 
trate el the module. 

An .:dd<tionol t«:hnique th>1 pro•ed 
W be u><lul "»lhc s>lhmn~ ol llllÍ>
Iics int<rnoll; b} eoch 111odule. T}pi
~ally. a mo~ui< "ouiJ l.<ep mol. ol 
l>ow man• """" " h•J bten in>ol.eJ. 
thc param<l<r> i1 haJ h«n c•lled ,.;,h. 
whot t)'p< ol in1ernal rewltl 11 hod 
~net>Tc<l . .,.,c. Oo.1a of thi• t>P< m•de 
rccon>trU<ti~n anJ onal"i> el pro~rom 
activit)' on <>>) to>l •. Th') ah~ h<IP"d 
lo idenlH) aro» of coJ< tho1 h•J ncvu 
be-en '~"ed Aho. 11 kl¡><.-d '" lo..:al< 
•re~• el ocde thal "'«< .-rll!c>l in Lile 
clficicnl running cf th< pro~ram. 

Summllry 
Th~ m~•• pko•in~ >nJ •urrri•in~ 

a•pc.:l of thc project ""'tOo •m.x>Lh· 
""' with .. ~ich ddruc«ng anJ l«hn~ 

"'"'" accornpli;hed. Ti.i, '""'"'""'"' ;, 
rene<L<d ~) lhe hi~h P'"~r.mmer pro· 
ducti;'ll)' rol< of •PP'""matel.' 11 
li<lc> pcr hour. We tcll thot 'o<>er>l 
foctof> contnbuL<oJ 10 1h10 •u.:C<»
.cructurcd "•I~Lh"'"gh;, thc hrc•k· 

•horc lifcllmc. The fe" ohan'" moJe 
do point 10 >. hi~h Ce~ree o! r.mnllic. 
ObLIIIy. StruOLUrod C<>i~n. U>d Ín COO· 
¡unc11"n '"'h the complemonrar;.· te<:h
nique> of >lrLL<:turcd pro¡ramming and 
,. .• l.throu~h•. did m~\.e po"ibiO > 

lc>el <>f >p«d and acc,racy '" '"''"' 
de-.lopment not pr<l'iOLaly >ti>Ínablc. 
Ba.cd upon our <'f"!ICnce w.ith M. 
•elop•n• '"''""<m. muotue<d d,·,.~n 
i• as powerlul in proollco •• ha• th:cn 
predicood in theQr>. O 

>M. lnmcn •• o "'"'' 0"'"'""'"'"' 
1<" COTE S>'L_.n,o E'<<"on•c• ~>•· 

: '""'" CO<c~o '" M<>unto•n "'"""· C•'·'· 
; .,., r.co--•<> on M "· •n '""'""'*' 
· o<•oneo frQ<"n Now "'•••<o Sto<• ' ... ~.~ . 
' 
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Hi~'RO!JUCCIOt-: 



IrlTECDUCCiot; 

La :finalidad del presente documento de análisis es la r!e propo:-cio

nar la visión conceptual del 

SIST2hlA D!:: BANCO DE SA:'WR::: 

En él se pretende controla::' de una r:tanera o:fectiva todos los pcoble-

mas relacionados con el manejo· de información en un banco de sane;re. ::::-~-
• 

tre estos podemos :1om":l:::-ar aau~llos do? distribución de zangre, ~anejo de 

lo8 donarlo::-cs activos, :-esultar.o de las campañas de do:-¡ación. 

Nuestro principal objetivo se:"Ú ontonccs llevat· el r:~ejor conh·ol po-

sible de todos los :factores que afectan a :m "banco de sang:·e lo;;rán,~oze 

así un mejor servicio a la socie:!aj en alc;o tan importante ~·J.no 33 ~a 

capacidad d•J poder salvar~ la •:ida je :1:'1 se:- hu:nano . 

.4 CO!"ltinuación se _o::-as~nta:-1 J seccio:Jes, las cuales in1'or~.n:1 ··~-2 la 

filoso:fía qu•~ 32 ha segi.l.i.do 2tl el desa:-rollo d¿,l sist-2.na. 



l.- BA3E OS t:J•~!'JS. 

PROCESOS Di':L BAC:co JE SANGRI::. 



• 
Este sistema está enfo~ado pa~a institu~io~es ~o~o el ISSST~. 

IMSS, SSA, que doben llevar w1 '.lstricto co:Jtrol sobres·_¡.:; clínica.> y 

hospitales. 

El siste~:~a e:: idealista, ya q;_¡e no se Maneja infor::-taciór: a:::er.:::a 

de la calidaC. de la san;,;re, como :1u:~ero ::e pla.~u-~h.s o 1-:::.lcocito:;. No 

se incluye este tipo de información ya -::;_ue no se co:1o:::e realme:-,t.;J las 

nececidades de u_,a banco :!,¿¡ aangre; toJo lo 2xpuesto :t co:~tin<.n.ció;~ 

SO':'\ suposiciones Je la inform-<J.ción mínima qu-o se ~3bet·ía ;nA.":l~jar. 
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• 
Consulta 

01 
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-
OJ 
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BAJAS 

base 
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¿Lista para 
/ «;o;ra~ecimiontc 
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ES'l'ADO JE 
DOXADOi\ES 
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2.- MOV!/'.]!i'::lrOS DI;;L BAiiCü DE SA!IGR.:;. REFER,";NCIA (;il.U2A:JA 

DE Pil.QC,;:so::; ";' A::l8:-iiVOS DEL SIST·El>tl\. DES.";iFi'JLLO Dt: 

LOS r.11S~l03. 



PROCESO: 01 CONSULTA Y AC'TUALIZA. 

ENTRADA: Tipo Ce sang~e. 

PROCESO: D~ consulta o ~edifica la cantidad existente. 

SALIDA: Consulta de: a)Cantidad existente! b)Instituciones; 

c)Donadores. 

Genera: Recibo para recoger Cel almacén la canti~ad de 

sanr,re autorizada. 

DESTINO: Administra ti 'lO ó persona que lo solicite. 

FRECUENCIA: C:tar.do se ~equiera. 

OBSERVAcrm;:=;s, Por pantalla. 

PROCCSO: 02 DATOS Y ANTEC.SD::NTES. 

EiiTRAD.4: RFC. 

PROCESO: Dar los datos y antecedente~ de un donador. 

SALIDA: Duto.s como diree;clón, :;exo, teléf'ono cte. 

A.ntecede:1te::; como la fecha de la última donación, 

cantidad donada, peso etc. 

DESTINO: Doctor o enfermera quCJ v-a a llevar a cabo la extracción 

de san ere. 

FRECUENCIA: Cuando se lleve a cabo una donación. 

OBSERVACIONES: Por pantalla, 

PROCESO: OJ DONADORES ACTIVOS 

ENTRAD.lo.: Tipo de san[;rc, 

PROCESO: Generar un listado de donadoras activos. 

SALIDA: Lifltar.io c!a posi.blcs donado"·cs. 

DESTINO: Administra ti ·:o, 

FRECUEl1CIA: Mensualmente o cuando la cantidad límite llar,ue a su 

mínimo. 

OBSERVACIONES: Limita mínimo ol I¡Q% del promc(llo. 



• 
PROCESO: 04 DONACIQ!;ES 

ENTRADA: Archivo de per~onas que donaron. Reo.;ultado de campaíins 

de donación. 

PROCESO: Añadirá las cantidades donadas a la base. 

SALIDA: Listado de personas que donaron con sus cifras ce control, 

Cifras de cont~ol sobre resultados de las ca~pañas de dona-

ción, 

Listado para cartas de agradecimiento. 

DESTltlO: A1r.:tinistr;;_tl '<'O, 

FRECUI::~:CIA: Diario. 

PROCESO: 05 AL'L'ti_S Y BAJAS: 

ENTRADA: {\l'Chi vo de altas y bajas. 

PROCESO: ¡.¡a~eja altas y bajas de los donadores en la base. 

SALIDA: Listados de altas y bajas. Cifras de control. 

DESTINO: Administrativo. 

FRECUENCIA: Diado. 

PHOCESO: 06 ESTADO DE DONADORES. 

ENTRADA: Base. 

PROCESO: Cambiará el status de los donadores. 

SALIDA: Cifras de control. 

DESTit~O: Administrativo. 

FRECUENCIA: Cuando el listado de posibles dor.adores sea menor que 

el 25% dol pro:nedio ~otal de rionado!·e~. 

OBSERVACIO;I3S: No se considerarán como activos a aquellas pGrsonas 

que hayan donado en los Últi~os 45 dias. 

PROCESO: 07 HOSPITALES. 

EN'l'RADA: Ba::;e. 



PROCESO: Cenera inforrea de cantidad di5tribuída por hospital. 

SALIDA: Listajo, 

DESTINO: Administrativoo 

FRECUENCI;: r.le:-~sual. 

PROCESO: 08 LISTADO DE DONADORES. 

ENTRADA: Base. 

PROCESO: Listado general de donadores. 

SALIDA: Listado de todos los donadores (activos y pasivos) _¡:or 

tipo. Incluye fecha última de donació~. 

Cifras 1e control. 

DESTINO: /dmbistrativo y proceso 05. 

FRECUENCIA: t.ten~uul. 

OBSE?.VACIOiiES: Incluye a todos los donadores aunque hayan rio:-:!ado el 

día anterior. 

Donadores con mas de seis nescs sin donar seran dados 

de baja. 

PHOCESO: 09 ACTUALIZA DATOS. 

ENTRADA: Datos nuevos. 

PROCESO: Actualiza los datos de la Uase. 

SALlDA: Listado de datos vie'dos y nuevos. 

DESTINO: Administrativo. 

FRECUENCIA: Diaria. 

09SERVACIO!-:ES: ?Ür pantalla. 

PROCESO: 10 ACTUALIZA BASE, 

ENTRADA: Baso. 

PROCESO: Depuración de la ba3e. 



SALIDA: Listado [:Cneral para hacer un archivo hia t;órlco. 

Base actualizada. 

DESTINO: Administrativo. 

FRECUENCIA: Anual. 

OBSERVACIONES: '!'oda la información C.e mas de un año de a!lti¡;u~l!ad 

será Guardada e!l cinta. 

PROCESO: 20 ~ARCA UE TI?OS. 

ENTRADA: Archivo de tipos. 

PROCESO: Carga Ge tipos de sangre. 

SALIDA: Listado de tipos de sangre cargados. 

Cifras de coP.trol. 

DESTINO: Jefe del proyecto. 

Administrativo. 

FRECUENCIA: Unica. 

PROCESO: 21 CRAGA DE Dür!AOORES. 

ENTRADA: Archivo de donadores. 

PROCESO: Ca~ga de donadores. 

SALIDA: Listado de donadores con sus datos personales cargados. 

Cifras de control. 

DESTii\0: J;;fe del proyecto. 

Adr.ü 11 i s ~¡'a t l '~"·J • 

FRECUE~:CIA: Unica. 

OBSERVACION::O:S: Se aplicarán l'iltros de entrada. 



P R O ~ E S o O J 

Dado un tipo de sangre non da u~a lista de los posibles donadores 

con sus datos de localizació~. 

o J 

O:<A:JO:\ES 

Ac·rr'!os 

Lü;ta,lo le posibles 

domdora.<.J 



lEER TIPO 

PROCESO OJ 

DONADORES 

FILTrl.AR 

U1FO:l.I•1ACI0:1 

BAS~ 

H1Prl.E1B 



Pil.OCEDIMIENTO: 

se leerá de terminal el tipo de sa~gre desea1o. Se ravegara por 

el set DONA-TIP y se co:nparará la priMera instancia del registro tip:J 

dona :lores. Si su estatus es O se. na·..-ega::-á por el set DATOS y se ob-

tendrá su dirección, r.omb~e. teléfono y sexo. La edad se calcula::-á 

por medio del RFC. En el-caso de que :10 se encu2nt!:'cn estos datos se 

ma:1da:-á '.1..'1. mensaje de erro:- con la base. 

Se escribi::-á:1 estos datos en un c.rchlvo de salida, se incre:71enta:-á 

el contador de a~tivos, En el caso de que el estatus sea l se pasará 

a la siguifmte insta:lcia -':!el tip::. de l:'egist:-o donadol:'es, ir.crenen-:;a:-~:l.o 

el conta:lor do donarlo::-e~ pa~ivos y :>e vol•:erá n co:npa::-ar <ll estatus 

repitiéndose esta secuencia hasta el fin de las instancias del registro 

tipo :ionadores. 

Al finalizar se escribil:'án los conta:lore~J de activos y pasivo¡¡, 

Adicio!"!almente se general:'á un proceso la.nzaC::or (OJ-L) q'H cargará 

las á:-eas y archivos :'lecesarios asi coma el esquema de la base y su 

subcsquema correspOnaiente. 

FRECUENCIA: 

Momsualmcnte o cua-:-~do la :.:a:-~t.i.da(J límite llegue a su m.ínir.to. 

FILTROS: 

El tipo de sangre debe estar entre los que se manejan. 

El estatus tiene que s~ O 6 1. 

Debe existir información del donador. 



PRUEBAS: 

U~ tipo de sangre no existente. 

Esta tus mayor de uno o menor que cero. 

Un donador sin datos de localiza~ión. 

-Que hace si existe una área vacía. 

Veracidad de los contadores (Informació~). 

OBSERVACIONES: 

Se debe mar.ejar ur.a rut~na ie errores-con la base de datos. 

Debe escribir el encabeza-io corresp:;mdiente en ca:ia hoja de irtpresión. 

Esta tus o implica '"' " donaior '" a e ti vo, 

Esta tus l ir.:tplica que el dor.ador e e pas:cvo. 

• 



). - DESCRIPCION DE LOS ELEMENTOS DE LA BASE DE DATOS. 



-- -------- .. 
. . 

. • . 

TIPO CACT . 

. 
T I p o S 

• 
. • . 

Set DO~A-TIP_ Sot TIP-HOSP 

. • 

RFC . STATUS HOSP FECHA "N!JM=LT 
• • 

1 
DO N A D o RE S . H o S p I T A LE S 

• . 1 

s.t DATOS . 

" . . 

. 
RFC D!RECCION NOMBRE TELEFONO SEXO 

. 1 
D o N A D A T o S . . 

. . . 
. 

. 
• . 

Sot DONAANT 
• 

• . . 

• 
. • . 

FECHA-DON NUM-CMJ PESO . • • 

. 
DO N A A N T . 

. 

ORGANIZACION DE LA EASE DE DATOS 



TABLA DE REGISTRO 

DESCRIPCION NEMONICO 

1.- Tipos de sangre TIPOS 

2.- Clave de donadores DONADORES 

J.- Hospitales HOSPITALES 

4.- Datos de ~as donadores DONADATOS 

5.- Antecedentes de los donadores DONAANT 



• _, • . . · .. . 

'J:All:LA ~ 
• 

NEMONICO FORMATO 

l.- REGISTRO TIPOS: . 
• 

·TIPO • X(OJ) 

CACT 9(06) 

2.- REGISTRO, DONADORES. 
• 

RFC X(l2) 

STATUS • 9(01) 

J,- HOSPITALES. 

HOSP X (JO) . 
FECHA 9(06) 

NUM-LT 9(04) 

4 . .- REGISTRO DONADATOS, 

RFC X(l2) 

DIRECCION X( 40) 

NOMBRE_ •. "X(JO) 

TELEFONO 9{ 07) 

SEXO 9(01) 

s.- REGISTRO_DONAfu~T. 

FECHA_DON 9(06) 

····NUM-GMJ 9(05)' 

PESO 9(0J)V9 

• 

!:;ll,MEQ~ • ·-·· 

DESCRIPCION OBSERVACIONES 

Tipo d• sangre 

Cantidad actual_ -En litros• 
• -
. ... 

Regist~o Federal Causantes 

Estado o Activo 
• 

1 Pasivo 

Nombre d• la institución 

Fecha d• entrega afio/mes/día 

Cantidad Autorizada "En 

Registr_9 pederal de Causantes 

Calle, Colonia, CiUdad 
. 

Nombre del donador 

litros 

.. 

1 Masculino 

O ·:.. Femenino 

Fecha de la donación af'i.o/mes/día 

Cantidad donada ~cm}-

Peso a la :fecha En Kg 

' 



i 
1 

i 
' 

·i 
' 

' ' 

D!rcctorlo do Ulo..,n<eo al cuno: Admlnlotcacl~n Jo 
I'To~cctoo do Soll,.on: U al 20 de l'eb:oro de 19112 , 

-------------------------------
!, )Jan V. Almitsuei- MeaV<l 

Cfa, de luz y r:u, del Centro, s;,.-,. 
,, An.oll""' Programador 

Molct.or Ck:ampo 171•610 
· Méxl<» 17, D. f', 
566 r:ll 20 . 

2. I¡Mcto Oorbo¡.l Oo.rboj.ol ...__ 

'". }ele del [)opto, Automatl:uciOm 
, .. _Av, L. Olrdenul52 

M<!>< lo> 14, D. P • 
. .1.67 116 00 lirt. 2527 

'· Orlo ~~<k> E.o¡x>n<to. • ~ .... 
. : TEL!.:VISA, S,A, :• • ,¡,.; 

:·;Supervloor de Slotemoo · 
Arcoo do Do le m 58·4' Pl.o 

-, Cero:ro - , 
1 .' ,Mhloo, O.P.- .-• .,• 

su os 18 

~. Alejandro Floreo Alvorez 

'!• 

S<cretarf& de ~omactao Y Prooupue.., · 
Jele del D::pto. 

' 

EcuadOr 71·4' 
C.n<ro 
D. c .. uht~mo<: 
06010 IM•h:o, D.F,. · 
Sl9 56 52 

5, P.OOolro Cobrlel Mend<'z 
S.cre"'cí• do Q>bunacl<ln 
S..bd!recter de Ana, y Eva, 
Goleano tb. S 
Tlo!ph 
Mé•loo, D,P, 

.S7J5602 

6, juon C.orloo Ooerrc-ro On!z . 

' .•· .. 

Playa Glltorr6n ~19 
Marto 
M~dco 13, O.P •. 

, ,.Jc; ' ... 

l'rul¡¡. de OboldLi.no No·. 14 
!JI l!otre!la 

. Glot.ovo A, Madcoro 
Mhlc:c, D.F. 
537 94 28 

·Av. Hlmno'Nodonol405. 

, 

"O>nstructoro del Altlplono S, A, de C, V, 
lng, deSiotomao 
Prolg. "Mui\Oz 790 · 
L<>• 1\eyoo . 

\" !'roce. Avenido .. , · 
S.n Lulo lt><oo'r, S.L.I'., _-;,.,, 

~-78170SooLWo~C, S.L.P. - • 

• 

·-·. 

,. 

.,. 
7. }orgu' o.,l~rr<z M• coz 

Conoukor•~ en Plono:oc!Oo lncegrol, S.C. 
~cn:r:<c de ln!orm't!ca 
ArtlcuW 123 No. 90 
Centro '• • 
Mé•lcol, O.P •. 
510t&60· 

8, Ma<PJCIII<:rrlfndezTreJO 
Secr<·tor!o Je Pr<>gromaclOn y Preou¡>JOOUI 
hnolloto de Slo<omu ... 

··" . · R•p. de Ecuador 71 · 
"C<:ruo. ·''· 

·' 

·., .. ~ .. ; . •.• ,3 

o, C\Uiuht~rroc: 
.. 06010 M~>loo, O.P. 
'5295:¡97 .... 

.. ~·. 
11. 1'\::dro Moreno Si!.ncl1ez , 

l<>tluotrlilo Reol>lorl, S.A.·' 
(k, de l'toy, de Slot ... 
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