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1 /mproving software productivity is the key to reducing 
the rapidly widening gap between the demand jor software 

and our ability to supply it. 

Software Technology in the 1990's: 
Using an Evolutionary Paradigm 

Barry W. Boehm, TRW 

Thomas A. Standish, Unlversity of California, lrvine 

In this artic!e• we offer a vision of.the future. 
It has become eYidcnt that there are scrious problems 

to address concerning the producti?n and support of 
computer software and that a signíficant effort is needed 
to improve the situation. 

The demand for computer softwar~ is skyrocketing, 
and the means 10 mcet this demand are glaringly inade
quate. In the national economy, thc need for. software is 
growing rapidly as organizations strive to increase pro
ductivity through automation and to improve product 
versatility and market appeal through the use of com
puters. 

Iri systcms wherC software is ti critica! component, it is 
essential to obtain soflware that performs well, docsn't 
cost too much, anc..l is maintainable ovcr the projer,;ted 
system lifetime~in short, software that is re!iable, af
fordable, and adap10ble. 

The central quesrion we address in this anide is how to 
achh!\'C a state-of-practice in the 1990's where we can . 
buiiJ embedded compurer system software with ade
quatc levels of productit:ity, adopiability, and re/iabi!
íty-that is, what will it take to achie\'e PAR by 1990? 

.To answer this q~estíon, we take a g!imps~ at the quan
titative dimenSions of the software demand-supply gap. 
How big is it? We cife severa! economic.analyses of.pro
ductivity that lead rather forccfully to the conclusion 
that there are no .~imple panaceas for the software prob
lems we face. ·To the contrary. the econornic analyses 
strongly indicate that we must make a wide-rangii.Jg, 
substantial att3ck on many constituenr problcms over a 
long period of titTic if we are to be successful. In shor't, 
the overall'irnprovement we need must come from a largé 
number of compo.hent improvements, ·each of which 
contributes meailingfully, but nor overwhelmingly, to 
the whóle. 

We are cOnvinced that succe~s in combatting the soft
ware dcmand-supply gap can com~ only i~ we learn to · 
manage a large number of variables •killfully and if the 
components to the overall solution integrare well. Com
pleteness and integralíon are,. theref~re, two key 'con
cepts in our vision. 

~fany components of the soft,vare produc,tion infra-· 
structure need to be irriproved and integrated, and we ex
amine various stages of growth or the computer industry 
with an eye toward identifying catalytic forces that can 
be employcd to stimulate the adoption of greater Ievels of 
·shared infrastru~ture on which value-added production 
methods can be based and that allow for improved pr~ 
ductivity. 

This sets the stage for introducing the various elements · 
of our vision of the future: how the Ada program can be 
shaped w serve as a catalyst for the introduction of 
highly integrared, complete software Jife-cyde support 
environmcnrs of high polentiaJ payoff;· effe.ctive policies 
for rechnology insenion; policies for srimulating the 
adoption of greater levels of shared infrastructure; and 
how a proposed Soflware Engineering lnslitute can pfay 

. a key role in collecting, intcgniting, and spreading im
proved tools. practices, and skills. 

How might the future be different if the improved 
elcmt:nts we ha ve envisaged v.·ere in place and operating 
.<uccessfully in the 1990's? \\'hile we believe that no new 
technological breakthroughs will be needed to accom
plish the improvements we· scek. achieving organiz.a
tional brcakthroughs· will be essentiál. Such organiza· 
tional breakthroughs must succced in collecting and in
tegraring tools and in providing integrattd suppor't for 
software pra'-=tices of proven effectivcness. · · 
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Reducing the software supply·demand gap 

A major technological concern confronting us in thc 
1990's is the scrious and rapidly widcning gap betwcen 
thc demand for software and our ability to supply it. As 
reponed in Boehm~ and Martin,l thc nationol demand 
for software is rising by at lcast 12 pr:n:cnt pcr ycar, while 
the supply of peoplc who produce software is increasing 
about four percent per year and the productivity of those 
software producers is increasing at about four percent 
per year; this leaves a cumulativc four-percent gap. 

Estimatcs of the current shortage exceed 100,000 soft
ware personnel. lf this gap continues to widen ~~arate of 
four per~cnl per year, it will mean a short fall of 800,000 
to 1,000,000 softwar~ personnel by 1990. 

A primary means of reducing this gap is to fínd ways to 
increase the productivity of the software peopte.that we 
do have. Sorne extensive eco~omic analyscS of ~oftware 
prOductivity options, bascd on the Cocomo sOftware 
cost-productivity model dcvelopcd by Bochm,4 have 
becn done for TR W) thc US Arrny. 6 and the De pan~ 
ment of Defensc. Together, thcse studies reached the 
following positive cOnclusions: 

(1) Significan/ productivity gains require an integrated 
programo! initiatives in severa/ oreas. These are as include 
imProvcments in tools, methodology, work environments, 
education, management, personal inc~ntivcs, and soft· 
ware reuse. A fully cffective software suppon environ
ment ~equires imegration of softwaJ e tools and office 
automation capabilities. 

(2) An integrated software productivity program can 
·hove an impressh:e payo//. Productivity gains by factors 
of two in five years and factors of iour in 10 years are 
generally achiev3ble and are worth a good deal of plan· 

ning and investme~t. 

(3) JmproVing software producliuity invohres a long. 
sustained effort: While thc payoffs are largc, thcy require 
long-rang~ commionent. There are 'ho easy, instant 
panaceas. 

Based on these conclusions, it appears that contem
porary software organizations coU!d. initiate signifícant, 
long-range efforts to improve software productivity by 

. . ~ 

• a faclor of two by 1988 and 
• a factor of four by 1993 

. Even if wc only achieved 70 percent of these gains, we 
could noliceably close the supply-demand gap by !993. 

The above analyscs indicate that productivity increases 
of the required rnag11irudc are achievable by sufficiently 
widc:spread pursuit of po!icies of judicious investment 
and by the adoptioñ of ~oftware practices of proven ef
fectivencss. \Vhcthcr the leadership and collcctive will
power necded to accomplish this can be mustercd is a·dif
ferent qul's_tion. A national software initiative could play 

·an influential role in stimulating awareness of the prob
lem and its feasib\c solutions; such an initiative could 
also hclp organize the collaboralion of enough people to 
clase the gap. Although stiff chaiiCnges must be faced, 
success is clearly possible. 

integrated software infrastructure lar the 
1990's 

Successful soft \>.·are productión rests on many layers 'o f 
infrastructure. Figure 1 illustrates how applicati_ons soft
_ware in DoD mission arcas, such as avionics and corn
mand, control, communications, and intelligence, or 
C 3I. relies on these layers of support infrasúucture-for 
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example, on. application-.speci~c technology, geneml
purposc support tt;chnology, proce.ss technology, edu~a
tion, tcchnology trans(Cr l.'apabilitics, and management 
skills. 

Suppose we envisage a fu1ure software suppon en
vironment e~compassing a JI or' the elemcnts in Figure 1; 
.suppose, also, thar thesc elements are wcll-integrated. 
How would such a support cnvironment diffcr from the 
environments we have today? 

In point of fact. nearly al! of thecomponcnts ofthe en
vironment il!Ustratcd in the figure have sorne sort of im
plemcntation today. However, there are two main prob
Jems with these existing componcnts. First, they are 
laigcly immature and incompletely developcd. ExamPlcs 
here are rapid protoryping Capabilities, rcquirements. 
aids, APSE (Ada programming support ~nvironmem) 

· ·masler da1abascs, por!able KAPSEs (kernd APSEs), 
etc. Second, the componcnts are·j)oorlyintegrated-for 
example, tools supponing different phascs of the Ji fe~ 
cyclc; obsolcte acquisition regulations, spccifications, 
and srandards; enviTonments iequiring the mastery of 12 
distinct tool command languagcs todo one'c; job; people 
nm trained or qualified to use advanced capabilities, etc. 

lf we could correct rhcse shortfalls in the existing DoD 
and Sllppon cOntractor environment, most of the DÓD~s 
current software problems could be elimülmed. Further-

Tabla 1. 
Growth stages In the computar Jndustry. 

STAGE! D~CADE 

1 

SHARED INFRASTRUC_:c.T..:Ucc.RE::._ __ VA..;:;LUE·ADDED ISSUES 

1950 

11 
1960 

111 
1970 

IV 
1980 

V 
1990 

VI 
2000 

None 

Shared Ulililies 
Media _Standards 
Algori1hms 

HOLs 
Vendar Utilities 
1/0 Slandards 
Plus Prevlous Base 

Vendors·Une OS, Utilities. 
Plug-Compatibte Maln· 
lrames. Commerciat Soft
ware Packages. Basic Soft· 
ware Environments, Plus 
Previous Base 

Ada 
Por1ablé OS. Utililios 
Portable Environments 

Networklng Standards 
Sorne Mainframe Standards 
Nebula. 1750 

Knowledge·Based Applica· 
tion Standards, Program 
Generalors, Component . 
Ubraries for Sorne Are.1s 

Shared· Ulilitifs 
Media Standards 

MDL/HOL 
Mixed Penptlerals 
1/0 Slandards 

Software Unbundling 
Slable OS lnlerface 

Portablo OS 
Envlronmenl 
Networking Standards 

App/ication Slandards 
Mainframe Standards 

Application Standards 
lar More Complex · 
Knowledge Domalns 

more, as thc discussion in 1he preVious section has sug~ 
gcsrcd, the Do O Could rcap an estimated sOftware life cy· 
ele rroductivity gain of a factor of four if it could achieve 
thc fully intcgratcd environmcnt dcpicted in Figure l. 
Su eh analyscs and conclusions apply equally we!l, · w~ 
bdieve, to nonmilitary computcr tcchnology. · 

Thus, a key elemem in our vision of the state of soft
ware practices _in the 1990's is the .auainment of a fuiJy 
populated, fully imegrated software cnvironmcnt that 
modcls the structure- illustrated in Figur'e l. 

Certainly. sorne of the software practices effort in the 
current decade must be devoted to developing new tech· 
niques and l·apabilities in areas SUl'h as rapid prototyp· 
ing, requirementS aids, reuSable software component 
libraríes, etc: Dut the major portian of it must be a 
carefully planned and coor~inatcd program of cnhanc· 
ing and refining existing technical, personnel, manage· 
rial, and inStitutioniil capabilitics ro flt within, and per· 
form as, a unificd environmelllal structure. In short, we 
need to define and intCgrate complete suppon environ
ments and put them into widespread practice. 

Befare we describe sorne f~rther elements of our vision 
of the 1990's having todo with the catalytic role we en· 
visage for the Ada program ~nd the role a propcrly con
cci\'ed Software Engineering Institute could play, we 
necd to makc so me obsen·ati'ons about forces in·thccom: 
puting maketplace. Jt is essential to understand the 
nature and evolution of these forées in order tó master 
the technology trafjsfer proc'c:sses that we believe are re
quired for success. 

The computer lndustry environmenl: 
· stages of growth 

The dependence of significan! producti\'ity gains on a 
high level of shared suppon infrastructure has been 
demonstrated for a number of industrial advanceS in.the 
past: see; for example, the articlc by Graham._7 The com· 
puter industry J:tas gone through several stages of 
growth-stages in Which higher levels of shared infra
?tructure led to in creases in productivíty. With the auain· 
mem of each new Jcvel, a succcssful rcsolution of the 
conflict between the fo!lowing two opposíng forccs in the. 
computing marketPiace took place: 

(1) An antisharing, anristandardization force motivated 
by the desirc to retain one's existing customer base, and 

(2) A prosharing, prostandardizalion force ffiotivated 
by the desire and ne'ed to improve User's productiVity in 
order to keep them as customers. 

Tó progress froni onc infrastructure level to the next , 
requires two primary ingredicnts. First, a technology tha~·-. 
is sufficiently mature to support siandardiz~tion and im. 
proved productivity dnd, second, a set of catalysts to get 
the improvement proccss far enough along to overcome 
the antisharing forces. 

Tablc ! prcscnts six stages of growth in the computer 
industry, ca eh roughly correspondinS to a decade; Thes~ 
are characier"ized in terms of thc shared infrastructure . , 
availabie to. Compu~er users at ·ca eh stage. and Íhe prifnai-~ .. 
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value-addcd standardization versus installation-unique
ness issues bcing resolved by thc industry at thc time. 

Thus, for cxample, around 1950, ·thcre wa~ no real 
shared infrastructure, but the technology was bcginning 
to raise issues such as 

, • Should punch card formats be standardizcd in the 
interests of data sharing, or should multiple 
(80-column, 90-column, etc.) formats continue and 
proliferate further? 

• Given that Lockhecd, Douglas, and· North Ameri
can are competitors, should they share mathema
tical routines and system utilitics to promete com
mon productivity? 

By 1960, these issues were largely resolved in favor of 
shared infrastructure and improved productivit>'. By this 
time, though, similar ncw issues had arisen over such 
items as th~ use of HOLs and I/0 standards that al\owed 
users to choose between several options for peripheral 
devices. · 

Right now, the computer industry is roughly at S.tage 
IV in its evolution. hs shared infrastructure currcntly in
eludes sorne vendor-linc operating systems and utilities, 
allowing the choice of plug·compatible mainframes and 
commercial software packages, and the begínnings of 
portable _operating systems. and environments such as 
Unix and CP /M. 

Sorne of the majar sharing versus installation-unique 
is~ues prevalent today are 

(1) Should mainframe vendors support portable 
oPerating systems and software environments, thus pro
viding uscrs access to more productivity options ai the 

'risk of. losing I!Sers tied to vendor-specific operaling · 
systems, utilities, and software environments? 

(2) In particular, should those be based on Ada? 
(3) Should software houses developing their own sort

ware environments (for competitive advantages or soft
ware product sales poteÍttial) merge their products with 
common-use standard environments? 

( 4) Shou Id the industry establish at least interim stan
dards for local arca network interfaces? 

There are many strong, conscrvative, antisharing 
forces around today that could easily cause the balance 
on these issues to tip toward insrallation-specific pro
liferation and reduced value-added produclivity poten
tia( in the US. ThiS: is a mauer of sorne national conccrn, 
for. it is likely rhat our worthiest international com
Petitors.will opt for s~ared use and highcr productivity, 
thus giving themselves a real ~o~npetitivc edge in th~ com
puter industry. 

The pioposed DoD STARS program is this country's 
major opportunitY to tip the balance on the software
related issues discussed above in the direction of shared 
use and higher productivity. Via maturation of Ada
based operating systems.- utilities, · and software cn
vironments and a sct of cata\ysts (R&D contracts, tcch· 
nology transfer actÍ\1ities, and sy~tcm comra~t in~.:cn
tives), STARS can ensurc that thc u:chnology base 
evolves into the necessary shared infrastructure. 

November 1983 

In our vision of the future, wc see a state ofpractice in 
thc 1990's that embraces the use of complete software 
lirc-cycle cnvironmcnt.c; that improve productivity and, at 
thc samc time, \m pro ve our capacity to produce software 
that is reliable and adaptable. To gct from here to there, 
we will nced to adopt increascd le veis of shared in-. 
frastructure, we will ha ve to intcgrate much of what. is 
possible to do in isolation today, ánd we -will have to 
achieve effective- technólogy insertiÓn of the resulting en
vironment. 

Our vis ion of the 1990's 

For the purposcs of this article, think of the STARS 
program as the.~mbrella· under which all of what rollows 
happcns: also consider the Ada Program and the proposed 
Software Enginecring lnstitute (SEI) to be pans of it. 

Software producth·ily. policies. While software pro· 
ducers ha ve ample incentive foÍ" attempting todo some
thing on thcir own about software productivity (for, 
among other reasons, attempting to maintain a competi
tive post u re in the industry), sorne nationalleadership in 
this matter would greatly he\ p. In fact, ·the maintenance 
o'r the current US technologicalli::ad in software may de- · 
pend critically on natio~1al leadership in maut:rs of pro
ductivity, and failure to address this issue at the national 
leve! may mean forrciting that lcad to other nations. 

\Ve envisage that thc STARS program will take sorne 
action to achieve the desired propenY of software "af
fordability" in the 1990's. As we have shown, we feel 
that vigorous pursuit of. productivity irnprovemcnt 
polices could achieve this aim. 

Guidclincs -for setting up an in-house productivity 
project could b< issued by the Do D. These ;_,ould be in 
thc samc spirit as the current DoD CAD/CAM initiative 
to devclop guidelines and suppon capabilities to improve 
the productivity of DoD equipment manufacturers. 

For software, an initial set of such guidelines has . 
already appeared in the literature.2 As part ofthe STARS 
program. productivity project guidelines called, say, 
Productionman could be drafted. These guidelines could 
thcn be circulated to the computer software community. 
at large and could be fine tuned in the fashion of 
Steclman, Stoncman, ~·lethodman, and Educationman. · 
Appendices could providc a few case histories, and the 
SEI could serve as the laboratory for cvolving a working 
model free for all to adopt. \Vhile severa\ corporations, 
such as IBM (Santa Teresa) and TRW .. currently have 
such projecrs·. an explicit model in thc public domain-· 
onc that has the right characteristics for effective 
technology insertion-could providc imporrant advan
tages for software dcvelopmcnt in thc: US in the 1990's. 

Wc foresec that the DoD could formulotc and adoptan 
cffcctive means to spread software prodUL'tivity policies 
nationally by (1) producing guidelincs in a form tíke Pro~ 
ductionman under a STARS program act!vity, (2) making · 
the Software Engincering lnstitute a living showcase for 
Productionman and ensuring that an easy, effective 
technology inscrtion path forit is providcd, and (3) seeing 
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to it that DoD procurement Policies ;equire the adJ;UJJi 
of effective soflware productivity plans by contrac:tors. 

In our vision of thc surtware world of the 1990's, weo 
predict that effective leadership from the STARS pro
gram wiJI hclp bring about Our scenario wherein 70_per· 
cent ofthe software producers Will have quadrupled their 
productivity by 1993. By making this productivity leve! 
an· important goal and by providing thé guidancC' and in· 
cenlives to ~ccomplish it, the STARS program could 
rnake it happen. Without focus, leadership, and the will 
ro do it, however, it may not happen. · 

Software procurement policies. We forcsee that the 
ST ARS prograrn will stlidy procurement po/icies and will 

· draft, tune,. and cause to be 3.dopted sorne procurement 
po!icies that are to be i.Jsed in connection with govcrn· 
ment·procured Ada_ software. Sorne elements of such 
policies are already under discuSsion with respect to the 
requiremeni to use certificd Ada compilers on Ada pro· 
gramming projects. 

As new techniques mature, procurement policies may 
have to be revised to take advantage of associated 
benefits. For exarnple, if rapid prototyping techniques 
emerge to enable contractors to ~uy.inforrnation that 
reduces risk in the early stages of a software projr<.1:, 
sorne revisia·n of procurement policies might be advisable 
to aJio~ prmotyping to be incopOrated into the develop· 
mem cycle (without the comractor's being accused of 
"coding before writing his BS specs.") .. The current:in· 
itial DoD use of competitive concept defini[ion contracts 
is a good step in this direction, but it is not yet well sup
ported by DoD policies and proc_edurcs. Hcre is another 
exarnple: lftechniques are developed that allow the reuse 
of reliable software componcnts, sorne incentives may 
need 10 be built into the procurement process tO i:.n· 
courage contractors to reuse components rather than 
rebuilding their own employirig (othel'Wise profitable) 
cost ·plus practices. 

• "J • 

silicon for sreater performance, and (4) APSE virtual 
workstation standards and local network protocOI stan
dards to enablc simple porting of Ada app!ication sOft· 
ware without. }:laving to chang'e ·imcrface and network: 
communication protocols. 

We also foresce that the SE! could spearhead this ef
fort by pulling together pieces of the Ada progran¡, such 
as the oncs just described, activcly soliciting community 
input and managing the evolution of related Proposed 
standards and s~ared agreements, providiitg a shO~case
of hÜw il all works, and providing the means to integrate 
the technology into receiving organizations. 

The Software· Engineering lnstitute. \Ve envisa&e the 
founding of a ricw, national·leVel institute to carry out 
improvements critica! to anain!ng the state of practice 
needed in the 1990's. 

We belicve that existing institurions can't do thc job. 
A powerful ciualyst with considerable. influcnce is 
needed-something that can provide a bridge between 
ex.isting · organizations in. govcrnment, industry, and 
'academia: something capable of bringing thcse. exiSting 
institutions into cooperative endcavors. We doubt this 
c~n be accomplished from within. 

The Sortwáre Enginc~ring·Institute could 
act' as ari integrativc agent to achieve 
a consensus on critica! new aspccts 

of'shared infrastructure. 

An institute like the SE! could play severa! inf!uemial 
roles. It could collect and integrate existing tool~ into 
common, unifii:d, software life-cycle support frame-
works. Such an institute coull.l actas an integrative agent 
by energetically soliciting community opinion and help-
ing the.comrnuriity to achieve a consensus oO Critical new 

The role of the Ada program. The important thing aspects of shared infrastructure for the 1990's. Addition-
about Ada, in our opinion, is no.t so much theproduct as ally, it could furnish effectivc institutional support for 
the process. The process involves getting a wide corn- the teChnology insertion procesS. This proceSs needs to 
munity of sometimes competing imerest groups to come be .carefully plañncd and m~naged, and .if it is not 
together, formulate an agreement about sharing a way of vigorously ~upported, an essential part of the overalljob 
doing business, and then liVing with it .and reaping its cannot be accomplishcd. 
bcnefits. The product, Ada, is a medium of exchange in A key feature of technology transfer is ro haVe people 
which future sharing and· cooperarion can take place. from the DoD, industry, and academia rotating through 
Ada may rePresem a critica) new' element of shared in· the institute. Such rotation wotild have the a_dditional 
frastructure facilitating value·added commerce. benefit of kceping the instirute fresh and vital Over.time. 

In our view of the 1990's software world, we envisage · lt would thus be a magnet· for top talent without being a 
that the' Ada proccss could be used repeatedly ·¡n the talent sink. . 
1980's to achieve shared agreernents and pro vide a shared Technology insertion happens gradual! y and may be· 
infrastnicture to enhance productivity. Sorne possible the single biggest obstacle in the way of the STARS pro-
eXamples are· (l) ponable, standard programming en· gram's success .. Organizations wiU not adopt neW tech· 
vironrnents-mature APSEs with complete life-cycle nology unless (1) they hear. about it and have the oppor-· 
support toolsets,8 (2) an Ada software reuse library and tunity tL see it work; (2) they know it is within their 
retrieval system, (3) a standard "a·code," or Ada economic mearis to aCquirc Ú; (3) it is demonstratcd to 
rnachine codc, which cou!d be cheap!y reproduced on their satisfaction (either by in-house pilot projects or 
ncw targct machines (in, say, a mnn·month of labor), credíblc dcmonstrations "elsewhere). that it yields g~d· 
and which; like Pasca!'s p-code, could providc a cost-benefit irnprovcmenis; and (4) it can be rcadily · . . ' 
rnachine-independent way for supporting Ada software learncd. While sorne technology insertion happens with- , . 

1 

but which could also be microcoded or imp!emented in out any explicit lcadership or maóagement,•we.envisajie•· · 
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thatthe STARS·piogram.will stand a better chance of 
succ_ess if: itS technolog)'' inSertion comporients are ex
plicitly planned, managed, and furided. Here, the SE! 
can play a big role, and our vision ofthe 1990"s holdSthat 

· this is exactly what it will do. 
The SEI should select one or more key applii:ation 

areas arld apply the institutc's advanced Ada mettiÓds to 
the actual construction of Ada software systems for real 
.target comp~ters. In the process, lhe SE! should demon· 

· strate vastly improved productivity (compared to current 

computer software. The Ada language would be a 
widesprcad mcdi.um of exchange and librari~s of Ada 
software compónents would ser the sta&e for an im
provcd economíc sy<;tem of value-added production in 
which software components could be acquired in the 
marketplace, assembled into ne.w prodticts, and then 
sold in the marketplace after value had been added. 

01)6 

; ¡ 
' ' 

· baselines), should write the software for adoptabilityand 
reliability (and spearhead ad~ances in our knowledge of 
how to produce Ada software with these characteristics). 
should derh·e from its created apptication a library of 
Ada software components (to pro vide a basis for ·soft
ware r~use), and should support technology insértion. 

· Thírd, the Software Engineering lnstítute would be a 
showcase anda technology inscnion agcnt for effective, 
integrated, complete software environmcins supportin"g 
key application arcas. It would illustrate the new meth
ods and techniques, quantify their benefits,. construct 
credible cases showing that the new methods and tech
noloiies in fact work well, assist in te¡;hno.logy insertion 
into receíving institutions, and spearhead educational ef
forts to spread the new way or doing bu.~i,ness. 

' ¡ 

.. , 

.. 
.1 .. 

· The SEI can do all of this by · 

•. publi_cizing it~ work and methods and givirig detn~n
strations, 

·• rnaking sure its methods and equipment are afford
able for others to acquire, thus paving the way f9r 
acquisition. 

• giving st~tistics on its projects that demonstrate 
great cost·benefit results, 

• providing course materials to educate people in the 
use of Ada methodologies and APSE toolsets, and · 

• through the uSe of rotating assignments of person
·. nel on a two-way street from the ínsthute to the 
organization receivíng the technoloSy, engage in 

. actual technology insertion activitics. 

Thus, the most important mission and function of the in
stitute, after shaking down Ada methods, is its tech· 
nology:transfer of tho~e methods into ~ppropriate receh·· 
ing organizations. 

lt will be essential to have an affordable Ada-based 

Fourth, improved procurement policies would provide 
guidance and incentives for software reuse. They .would 
also allow for the incorporation of prototyping into con
tracts to buy informatíon to reduce risk, and would en
courage the spread of productivity improvemcnts; these 
improvements would. pcrhaps. be seen initiaHy in the 

,_dcfense contractor community. b~Ú. would la ter sprea_d 10 

' the entire commercial softw~re c6mmunity as successful 
ilJlplementations .Proliferate: 

Fifth, cducat_ional Inaterials v.:ould be available to 
trai~ practitioners in the use of good tool~ and,.effective 
practices. 
. Sixth, and finally, all of these capabilities would be 

· integrated into ~he cohesive frarÍ1ework of the "smOke
stack" diagram given in Figure l. The easy, consistent, 
mutuatly reinforcing use of thcse capabilities across the 
entire software life cycle will improve the produclivity, 
adaptability, and rc:Jiability of the software maintenance 
process and products at least as significantly as it wi11 im
p'act software dcvelopment. 

This world of the 1990's does nol require an unknown 
· meihod for rehoS:ting APSEs. Our vision of the future tcchnological breakthrough to achieve its significant 
isfl•t going to work ifwe lack an effective means to rehost" .. PAR gains. • What it does require is a lot of thoughtful, 
Ada software 'arld if vigorOus institutional support for carefully coordinated hard work to·improve all the com
technology insertion cannót be cOunted on. ponents of our existing software process and environ-

Putiing 1t all together 

~uppose the VarioUs partS of the VISIOO we , ha ve 
sketched become a reality and are in place and opora· 
tional in lhe 1990's. How · will the world be different? · 
Let!s list sorne things we believe will differ dramatically 
from the world toda y. . . 

Firsi. software manufacturing i'n this country woüld be 
vastly more productive than it is now. In fact, it would be 
over 300percenl more productivo by 1993. Thiscoúld be 

'the case, not at the sacrifico or.'software quality, bul 
rather with the simultaneous achie_vement of improvcd 
adaptability and reliabiliry--in short, we would have 

· achieved PAR, and the software demand gap would be 
closed. ' 

mcnt in ways that make them more individually cffective 
and mutually reinforcing:lll 
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Second, we would have in place (or at least in the initial 
stages of technology insertion, to be honest) a set of 
shared agreeiDenis that wóuld form thc backbone and in- · ·on the oth!!r hand, we belicv~ invc\tments co search for tn:hnologicol . 

brc-alr.throo~h~ in_wftware tc-chnology are certainly wonhwhilc nnd could 
fl'a;Structure for a flourishing comme.rce and excha_nge of produce en·n more signiticant PAR gains . 
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Appendlx 

lmproving software productlvlty: 
an economic analysls 

How can we address the problem of increasing soft
ware' productivity? One 01pproach is to analyze the cost 
drivers that contribute to the cost of software products. 
Sorne of these cost drivers are controllable, and by in
vesting w provide software projcct resources or by fol
lowing selccted policies and disciplines, we can control 
factors that improve productivity. 

For example, the constructive cost model, or Cocomo, 
described in detail by Bochm,• estimates the cost of a 
software project as a funcrion or the program size_in 
delivered source inmuctions (DSI) and a number of 
other cost-driver attributes summarized in the figure 
below. · 

This figure shows. the productivity range for each 
attribute; in other words the relative productivity in 
DSI/man-month ascribable to the given attribute after 
normalizing for the effects of other anributcs. Thus, the 
1.49 productivity range for the software tools attribute 
results from.an analysis indicatíng that, all other factors 
being equal, a project with a very'high Ievel of tool sup· 
port will require only 0.83 of the effort required for a 
project with a nominal leve! of too! support, while an 
equivalen! project with a very low level of tool support 
would require 1.24 times the effort required for the 
nominal project, or 1.24/0.83 = 1 A9 times the effort on 
the "vcry' high" tools projeCt. The "very high" and 
••very low'' ratings and muhi pliers Correspond to specific 
levels on a Cocomo rating scale for tool support4 and 
to the results of analyzing a database of 63 software 
projects. 

Given rating scales for thC software tools attribute and 
for the other cost .driver attributes, it is possible to per
form a produc,tit,ity audit of a software project to deter- , 
mine the weighted~average produc.tivity multipliers chai
acteristic of the project in relation to the nominal mea-

sur"es in the Cocomo model. Then, one can investigate 
srveral future scenarios representing varying levels of:in
vestment into productivity-improving me3.sures. The 
table bclow sum~arizcs ihe analysis of the potentiaJ im
pact of the software initiative on DoD software produc· 
tivity. 1 The 1976 multipliers are the a,verage of.the DoD 
projects in the 63-project Cocomo darabase; the 1983 
multipliers are an estimate of current practice; and·the 
1993 multipliers are an estimate of the results posSibJe -. 
wilh a majar DaD software _initiacive. 

The table shows that a productiviry improvement·pro. 
gram that simultanequsly realizes severa! cost-driver al
tribute improvements could imprOve productivity by a 
factor of 4.34 betwcen 1983 and 1993. (The potential 
gain for maintcnance may be overstated somewhat, 'as 
the last thrce factors apply less to maintenance than :to. 
devclopment. On the other hand, the lower Cocomo 
maintenance multipliers for modero programming prac- ¡ 
tices partly compensa te for this effect.) 

.Besides providing an estimated productivity gain, the 
analysis gives insightS for determining which tools and 
poli des to emphasize in a selected productivity improve-

Estimated DoD soltware lnltlatlve lmpact 
on software productlvity. 

OoO Average· 
· Cost Driver Elfo~:Multipliers 

1976 1983 1993. 

Use of Software Toots 1.05 .1.02 0.85 
Use of MOdern ProQramming Practices 0.98 0.95. 0.85 
Programming Language Experience 1.03 1:02 0.98 
Software Environment Experience 1.05 1.03 0.95 
Computer E:xecution Time Constraint 1.25 . 1.18 1.11 
Computer Storage Cónstraint 1.22 1.15 1.06 
Computer Turnaround Time 1.03 1.01 0.90 
Reduced ReQuirements Volatility 1.17 1.15 1.00. 
Retool Avoidance 1.06 1.06 1.00 
Sotlware Reuse . 0.93 0.90 0.50 

Relative Elfo~ 2.01 1.54 0.36 

PrOductlvitY"Gain L30 4.34. 

' 
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rnent strategy. Moreover, it provides a valuable fralpC· 
work for tracking the actual progress of a produclivity 
program and for determining whcthl!r its goals are ac
tuallY being achievcd. 
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Structured 'P~ogr~mmin~ in a Produdbn 

Programming Environment 

F. TEHRY D!\ 1\Eit 
Abslract-Tbis prtpcr discuc;ses how strucbred progrnmming 

methodology has be en introrluccd into n lnrgc ¡1:odu<.tion progrnm· 
ming organizatioo using an intcgrated bct flexible approach. It 
next analyleS the advantagcs and.dísarlvantages ~f each componcnt 
of thc meth0dn!Ogy and p:escnts sorne quantitative resu!ts on its 
use. lt concludes with rccommendations hased on this general!)' 
S~lcccs:dul t!:xp<:rit'IJC<: 1 which c0uld be uscfnl to other organi2ations 
interí.'stcd in impro\'ing n·liability and productivity. 

lndex T~rms-Chief programmer teams (CPT's)~ dc\'Clopment 
support libraries (DSJ...'s), structured coding, structi.ned program
ming, top-down deveiQpment, top-Uown programming. 

L JNTRODUCTIOI\ 

AT thís ·J)oint ÍH tim(·, t.hc~ id1~as o! ~f..rueturl·d pro
gr:unming have gainf:'d widcspicad atceptallce, nol. 

only in acrrdemic .cirdc~s, .bu1, a !su in org:mizatinns doing 
production progralJlmÍng. \Vhat is p~rhap:;; not :-:o wirlely 
appré<·Üt..tt~d, howt·ver, is t.hat. the or~H.BÍi'.ati(,us, pro-

,,dures, and tonl~ assoc~at~;d with. ~.he imp~('nH:ntation 
st.n!cf.nrt':d prngr:unnnng are crlttcal to Its ~:ucr~ess. 

tis is part.icul"'rly tnw in production prov.ramming 
cnvironrnents, whcre prograrii systerns (rnt.br·J' .. th::~.n 
single progl'ams) nrc developcd, and t.ll(' ai.tain1nent uf 
rcliablc, maiútninnbl(• ~oft.warc on t.ime and v;iLhin c:ost 
est-iniat<:·s is a prinH; mnnngcmwnt obj('ctivc. In thi;:; 
envin,nrnr.ilt, mndnle l!:vel coUing· and dcbuggiu~ ru·.l,jvitics 
typieally accounl- for about- 20 pcre;cut of thc eff,,rt o¡wnt 
on soft wnre dey¡>_Jnprnent [1]. Thu~, narrow npplir.ations 
of s.trudurcd pro~ramming idcns limiteJ only to these 
activit.ies. )~ave corrrspoudinp;ly limitrd Lmwfit:-5. It. is 
thcrefore dcsirahk to adopt an intcgrakd but Ocxibk 
'npproach iucorpomf.ing t.lte ideas. into as rriany a!'-:peÚ!::l 
of proj0cts n.s. pos:-;il.Jle to ar:hicve maxínnun rcliaUilit.y 
improvt~mrnts and cost fifiVÍngs. 

IL BACii:GitOUN'D 

Thc !Bi\1 Federal Syslcms Division (FS!l) is "'' 
orgunlz::ttitm in~·olverl in prod~tction progr~ulw1i1,1g on a 
largc sea[ c. Althou~h mudr of it' software wm k is pcr
fnrrned for fed~..·rnl, stnt.<', nnd loeal govcnlln(·nt.nl t1f,!;CIH:Ír:;, 
the division al~o í.'(Jotructs ,,;¡.h privat.e busÍIH':.;s <'nkr

prif.cs for t·ornplex sy:-;.tems devclnpliH'nt. work. 'Vork 
st:opc rangc::; Íl't"Hil lr.H:1 than n. mnn-ycar of effort on Hmall 
nroject.s to thousands of nul.n";'y(•ars spent. on tlw dt•vclup-

nt· nnd inaintcnnnce of largc, ev~lutionary,.lPllg-term 
oyS(CillS such· as 't.he Apollo/Skyláb gro\md 'up¡rort 

?\1nnuscri¡lt rcc•t:ive(l Fehrunry l, 1!17!i. 
Thc nuthor is with lBM Fedcml Rystems Division, GaithersLurg, 

i. ·~ Md:.20760 ... ·. . . 

software. V:1ryinv, r.u~fnuwr r('quirrnwnt~ Ticcesf'iUtk thc 
usr uf a wide varidy of hard\\·n.re, progra1nrning laugua~r:s, 
Hoft \\':1 n: tooiH, docu 111(:1Jta t ion JlrotcdU~f.· . ..;,, managr:ment 
techniqnC'S, de. Prohlcms rang<· from software mainte
nanC'e, through ¡mre applic:ltÜnlS prügr:lnlllling u:,íng 
comrnN<:inlly avail:thle (1pcrating S)·::-t(:Jn:-. and progratn·· 
prudw:tf::1 to U1C c¡¡ncurrl·Tit dt.'Vl'ln¡m¡('llt c·f ccnt.r:tl pruc
e~:-;o!·:;,· JH.'ripberals, finnware 1 supptJTt s~JftwHre n11d [tpplir.a
tion:; t;;oftwan~ for avionir~ rNIUÍrt~Jllf•n1s. Thus, wit.biiJ this 
single C•rganiz:üion eR.Il hl: fuund a wid(• range of ~c,ftwan· 

dt:'VI~lnpment- cffort.s. 
FSD haB always bcrn cr~ncerncd wi.i.h the dcvelopmcnt 

of llJCI!T n.:~iáblc prngrams thn;ugh use of improvr•d soft
ware tools, tl'dllliqu(•s ::wd mail:l!;t'JIH'IIt metbocl.i. }lost 
rcccuf.ly, FSD ha:; bren active in thc dcvelopmPt:t of 
~trl)(:t ur<'d prngramn)inJ,"; te('hniqtH·s [2]. This ha.s h·d to 
org:•.nizations, procTdtln·;-;. uncl to<ll:" fqr npplyinp: t-lh~rn to 
production prog:nunming projf'ct.~, particul:uly wíth a 
tww on~alliZittion cnlled a chi('f pnJgrnmmer-tcnnl (CPT) 
[:3]. The ieam, :1 functicm:d (JrgJnizntion b.12r.d w1 stand
ard su¡~port tool~ ;;nd disciplincd applicn.tion of ~t.n.H.:furcd · 
prugrntútning principh:~, harJ its first trial 'oa :t majnr 
soft.w:rre de\'cloprncnt- dfnrt- in 1%0-71 [4], [:,]. Jn thc: 
threr·. y<·nr~ ¡:;inc(~ t be r.omr}Jet.ion of that cxpc·rimental 
projcct., FSD has l-wen ÍllCOrporntiJJg s(.ruc.t.urr.d prugrarn
millg 1cchniques into mm;t of its ~;oftw:trc d<~vdopment · 
projcds. Bc'causc of thr scopc anrl di,•rrsit:; of l-hcsc 
proj<'cf~, it. was iJr1pu~sible to adnpt nny single Hd uf tools 
and procerh1rcs or any rigid f.y¡w of organizaticm to nll 
or eve11 toa mnjority nf t-lzmn. And lwtuuse of the ongoing 
11aturc of many of t.h{•sr. systcms, it v .. ·as necrs~a,ry to 
introduce tbcse t-c('hniqucS gradually ovcr a pr.riud nf 
f::ew:ral y<•ar~. lt. i~ helít~ved th:-~t· rtuy software dcvelop
nwllt (Jrgani;r.nt.icm r.:m in1pn~vc Ow reliability n.nd rcduc:c 
the {'\!St.':i of it.s softwan· projt·ds U:)ing: an approach 
similar f.o tita t. dt•f';cril)('d hcreiri. 

111. PLAN 

To iut.rnduce lh~~· id<:a~ of slruf'ttJr<.'d programming 
in1.o FSD work pratt.ir('s and t.o ev:duaü~ thdr use, a plan 
with fnur majoi' C'ompo!Jt•nts was imph~mrntrd. First 1 n. 

set of ¡~uidelines w:1.s l·::;f,{¡bJished tu Jdinc t-hc tem1iHology 
n,i;sil<'i:lt<.•d \\~itlrt.he idc:aH with s11fiieicnt prcci.sioJJ to pcrmit, 
th(• iJtt.rodur~t.ion !UHl n~¡·astircmrJtt of individu:1l c:ompo
nenf:" of f.he overall mPthodolo.(!y .. Thrse guidelinC's WL'fC 

puhlíslu:d
1 

anrl dirt'elives rl'gnrding tlwir implt:ment:üion 
\VC'H' ~~surrl. R<~cbr11l, Sltppnrt tc1uls ami met.lwdi)lngirs 
wc~rl~ Oev~~1o¡wd 1 partieularly for projrrts u:-~ing <'olnJnl.'r('ial 
hanlwarü IUHJ opcrating: systt~ms. For tho.:.;e projccts 

. ·-.; .: :n·;.,Ii;i'n~i~ .fr;,//iERR.· 'rtansactioru oñ 'soá1~a~ E'ngilu•e~n¡:, 
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Fig. 1. llierarchy of techniqu<'·"~· 

whcr~~ t.l:\:~e wen: not r:mplnycd 1 standards basc·U on thc 
df:veloped Lools r:nabled them to providc thrirownsupport. 
Third, dur;umcntn.timl of th: techniqurk nml tonl!:i, and 
cducat.i,)n in tlu·~ir u.s<>, wcre both carric;cl oÚt. TtwZ{e 
wcre drmé on a f,rn·ad S<'!llc <:nvering managcmf:nt tr.:h
IIÍqT¡rs .. pru~rnm1ning ntf:tilodologi~~:-, nnd r,](•rir:al proce

dufcs. Ponr!.h, a nH~:t:;urenH.'nt prograrn wns est:\blishcd to 
provlde (.bt:t for tr:('hnolo~_\· evaluation and impro\'tmwnt. 
Thi::; pro gro rn includcd b!lth broad' mca;Jllrc:-ncnts \d1ich 
were intn,duceJ imtnl~di:lldy, anJ dl't:1.iled mrasure
nwnts ·,dJit:h rcqui1Td sub:-:tnntial d('Vl'if![llllt:nt work ami 
wt~n~ i:ltrodlltl~d la ter. Tlw f¡f~Xt fo11r snhRPctions eovPr thc 

. corn¡x,rh'/1 t.5 of this plan· a1ul thcir implenu·¡¡ t 3.t ion ir~ dct ail. 

:l. Guiddines 

A numhcr of iruportant con~ic!erations irifluenccd the 
c:-;tabli:.;Jum·nt of a St~t of gnid1:lint:S for thr. ;lpplicution of 
struct11n:d !lf0g:i'arnnling tr_·r.hnolo~~y witl1iJJ FSD. First 

· aml.mn;;t. importanl, thr:y had t.o permit. aJnptnti1..r1 to 
thc widt: variety of projr.ct r.nviro:HIH'Ills cJ,::,nihcd aiHJVC. 

Thi:-; rrqnir1·d thnt. tltey b1: nsdul in j)fiJgr[uu Jnaintenanct: 
sit uat ions where unstrm·turr.d progrn.m sy~km~ Wl'fl~ 

:\Jr,·ady in bt:Íng, as.Wl~llas in situations wherc~ Colnp!c•tdy 
!\!·\\' Ry.-;t,:!ll:-i were f.o he dc·n:Joped. Sf'(~_uncJ, thl')' had lo 
allow ftJI' t.llf! rangc C•f pn'ICI.'.-;!oior..; ar11l op,:rat ing sy:-;tt."ms 
in use. Thi~ nt•ct'."f'itatcd t. he dcsrription of iundinus 'to be 
pr,,vidL"d ir::;t_end of :<¡)(.:('ifi('. ·too\:; to lJ'~ w:t'd. Third, 
tl1ey ha<l to nllow fcJI'- Jiff¡:renr.;es in N~::lí-IÍ7.:..~tiuns ancl 
n.wthnd.··!r~~y (e .g.. spC'CÍ!!t.:at io11s, doeurrot·n tnt ion, r:<m~ 

·ugurati•Hl Jn~lrl3.g:t•Jfll':lll) f«'(¡uin'tl (•r in 1\'-'e un vari'II\S 

· project.~. 
The ;.;niddines re~ulting (rom the.';;c rnnsid('r:ttion::; 

Jescribt.: a hir·rarchi('a\ :;e t. of four Cf¡mpone:lt;.;, graphkally 
i\lu:;t-ratl'd in l•'iR. l. \Vith one limitt~U CX('\•ption, ll:S<' of 
t he CfJmp•mt·nt nt nn,v levd prc~uppos<·s ust' of tbose 
ht•low ií, r:vi~ll thoug;h ccrta.in cornponents could be uscd 
mo~e ii1dcpcndCntly. Thus, by bl'giJl!ling at a IL'\'t:l wliieh 
a projt:ct'~ environment nnd. ::;t:tlw; pt·rmit, n.nd tht~n 

progresfing upwan.C projccts can CVt_)lvc gr:~ tunlly toward 
full use nf the tcchÓology. 

l) Devclopmer1t Supporl f1:hrari~s (DSU $) ~· Tlw:intro-

dnctory leve! is the DSL which is a too! dcsigncd with 
t.wo key 'prindplcs in rnind. . 

1) 1\ccp eurrC'nt project statu:J organizéd and vbiblc 
at all timr~. In this way, any programmfir, manager or 
tlPCr ean find nut tlw status or st.udy an appm:tch dircctly 
\\'ithout dcpending on anyonc C'lsc'~ intcrpretation. 

2) ,:\fnkc it po~.·üblt: for a !ibrarian to do tlu~ mnjority 
of lllJrary rnainttmanec, thus st·pn.rating dt;ricnl from 
intr.llt·ct.nal ~u:tivit.y. · 

A DSL is norm:t.l!)'· thC' prirnflry n•s.pt~nsihility' of a 
S<'r:rcktry or clt·rk tr:.dned as n progranuning lihmrian. 
l'r0grnmml'r:-; interf:tee with tln: cornpl!tr.•r ·primnrily ' '. nlr(Jit~h thr lihrary and th(' -prngr:tmming librarian. This 
atlows bett1T t·ont.rnl Of coJ•tputcr nttivity !tnd t~n511re3 

t.hnt tl1c 'lilJrary i~ alwa.yx Ctlrnpll-t'' :tnd cut"rcnt, thus 
r(·ducing rni::unrler:-lt<UldiJlE?;S and in~nnsi;:;tl·Iwic:-J. T n gt•ncrnl, 
t \¡¡~ library sy!ltr·;n is t-he prin1c faf'tur in incr1':ising the 
visi!Jility of n. de\·doping projf:ct and thus redudng risk 
nncl incrcasing rt!liability. 

Tlw guiUdinL'.'l fnr <~ DSL art., dS follfJWS. 
1) A libmry ~ystt:m providing the capabilitic:l described. 

in Bt_•r·t iun I [l .. B l) IH"lo\1¡~ mu:;t be uscd. 
:2) Thc lil•rary sy:;tcm mu;',L be 1ts1.'d throughont thr. 

d(•ve!opment pmcc:;:;, nut just to storc debugg(·d :'lOUrcc 
(.•r obj('cl C'nde; f(lr ('X:tmp~e. 

:~) Vi:-;ibility nf tlw current &tn.tt::i nf the rntirr: projcct, 
n~ wdl a:-; pu.::t hist1JI')' of sourcc ende <lCtivitics and run 
c.xt•cutions, ~hr)tlld hl· providcd by the cxtrrnj,l library. 

·O Thc visihility r•f tln.• rodc~ ~lwuJd be such t-hat thc 
l''Hh· it:·a~lf !'t~rvc~ ~¡,; the pri!:h.' 'ret'Ht'11C'(' Ít;r q\il::iti{)n-':1 
of data fnrmat!'l, pr,··grain opL'r:1tit1n, ('te. 

.'i) Filin¡; prd~edun·~ mu.st be filithfully wlhcred to 
for al\ runs, wlll'tlwr or nnt H1·tup is pt"rfnrmcd by n 
librarian. Howrv,~r, use of a traint:d lihrnrian i;; n:corn
lllr:nded. 

2) Structur.~d Cr;diii!J.' In nrder to provide for use of 
~truclttn•d Jlrr;grarnr:·¡Jng: tr•r;hnít¡ues on ¡n~tiLttcnanr;c 

as wcll a.s d~~·¡·J•)f¡rnr·nt projr:,~ts, it wus ne1:t:ssury to 
sc:par::tü• thr:-rn into t.wu· components. In FH [\ thr:n, wc 
di~·~ iogui:-·h h••t.>\.{';;n thüse pradicC's U~t:d in system 
d·~v~·lopmt:n1· (top-down devclnpmcnt) a.nd tho::;c us-2d in 

. . ' . . . ' . 
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Fi~. 2. Contrul structurts. 

cn:JiiJg ir1Jividu;d progrn.m ILH;duk-; (.stnl!:tun·d coding). 
Our \l~l· uf t.la~ tan; u~trw:t un:d r·r1rlin¡:;" in thc ¡~\:idr·lint·~ 
tln1~ rdNs prilJ:r~rily to ~tnnd:1rd~ gw~·r·rning' lllodn\,. 

01ga:1ization anrl const.ru<"iiilll, :1.11d control fltr\\" ·sithin il. 
Thc thrL'f' basic t:rr!Jtrul (!(}\\' figun·~ amlt•.ru nptic;J¡aJ oncs 
shcJ\nl in Fig.· ~are j1\:nniHr·U. 'fhe g-uid··liJH'~ :il~o rcf¡_•¡ 
toa. Guidl' [G] (sce f-::l:dion IJI-C hdo,,·) whi1·h rontnins 
g;cr.cr:1.l inforn•atioTt ami ~~?.ndard:-; (t;r .r.:trur·tur .. :d e~Jding, 
as wdl as dckiled :st.a.nclarJs fCJr m·r of vnri11ut-: pl'(>¡{ram· 
ming ln.ngung~s. Fin:"'dly, tbcy rcquin.: th:tt C11dr: fH· rt!vicwcd 
J,y somrúiH! otlti.'I' th:1n flH· drvdr•¡wr. TliL' cJ,•t<Likd guidt·

Jine~ (r_¡r ¡..:trudurcd programming are :-ts fol!uw::;. 
1) The convvntiulls p~:tn.Llishcd ia th<: St~·uclurf:d 

1
'Pr.:J(JN111:1Hill[! Gu.irlc sllvuld Ll' full(l\H·d. Ext<•p!-ic_~ns 'to

. onvcntto:1s ltHt::;t IJt:: dtn~unwnted. lf :t bllgun.f',l' 1s not 
.oYrrc·rl in t-hc Guidc, tlH:J, u:-;c of a Jr¡rn.!ly gdlt·r:ltul Sf.:l of 
tony,~Jttiuns t:un,'!i~tt~nt \\·itl1 t.lll! rule¡;. of :-;truf:turNI 

Jli'OgranHnin¡!;, i~ :i.r·cC'pl alJlc·. 
2) Tlw tuJ\: :;hqH]d l)(' I'i'\"i(•\\'l'd ior fUII(:tir¡¡¡:d intq.o;rity 

a:1d fvr udht·n·Hu~ to ll1L' stnwturwl ¡¡rogi:l:llllllH;~ tl,Jl

YI:ntitdlS. 
3) A DSL rnu.-:t. bl: u.--nl. 
S) 'l'o¡.•-))t,/t.'fl /Jc¡·,:/t!JII.'I•--;,,(; Tl•p-d(I\\'Jl d,·\·vlupliH.'Ilt 

rder!-i t•1 thr jlt'IJr,·:~s of r·oJH'llJTt•Jd <k . ..;jgn and d(·\'('ltlp
uwnt uf prngr;un sy."Lí'Jll.'-' ~~¡,¡¡l:tiniJÍg r_non• tl:;lli :t sin¡.?;le 
COI!l]'ibl.dt· 11nit. 1 t r(•quirrs dr~n·lnp!rWnt t>~ ¡il'(,('i·t·d in a 
way whid1 nJi!liPliZI~S intr-rfn<·<· prohil'lllS 1\llt/li:.Jlly PH

colm_tl'rl'd durint~ tlw infl·gratiun p!'on:~:-; t.y¡1ir::~l of 
';bot-tnllHlp de\'l'l.,pnwnt" b:"~· int<•gratin~ rwd -h.· . .::tin~ 

· m.odulL'S as ~Oi'll :1~ t h1~y ar~· dt•Vt·lopf'd. ( Jt lH"r oppqrt u ni t i•::> 
providc~J :trl' for tlu" followiJlf.( 

J) A pr1)jcd to st an up mt>rc· gmJuall~· :ntcl rcdw·c 
t.l\(' tot.'1l Jtl:ltl))ll\\'t·r rl'quirr·d. · 

2) ConiJntln timt" n·qt~in•HJI'Ht:-: to ht' ¡..;pr".:1d nwn: 
cvcnly ov<'f thc· dl'Vc:lopnH·n( ¡H"riud. 

3) Tht' \ISl'T IP ,,.11rk uwjor port.inlls <•f til1· .o.:y.~kllll111l(·h 
_ carlii·r rmd idt·Hi ify ~~r,1o.:~ vtTur~ bt·fnrc éH:(·t·pbJII'l' t t·."ti ng. 

4) ;\.Tn~t- (\(u.~· '-')"SÍt'll1 1o IH: ~~~··d lollg l'llnli¡~}¡ hy th~ 
tinw it i~ dt"!iYl'rrJ that !J(¡\.J¡ thl' tt.'lt'f and tl11! dt:vd~•¡;cr 
havr rolrfult·JH'I' in it..o.: rdiahility. 

The t.i.'rttl "tl•jHI!.JWil" 111:1._:..' lw SDillt'\\'lt:\1 ¡¡Ji,.:.;Jc•adiil~ 

bkt!ll {.¡}(\ litr:r:tlly. \\~hat. 'top .. down dt'\'t'loplllt'll!· n•ally 
unpliPs ÍÍl t'VlTydny produd ion pro~rammiHr; j¡.; t lmt onc 

lHJihJ..; th1: ¡.;~·l:itc.>nJ ill n way whid1 idl':tll,i·· di:,~inaie~ (<•: 
JJHJI't' ¡ r;tt:fic:dly, mi!!irnÍ7.''~) writi:t;; :r11y <:fJlir: \\'h:H" 
t('!-!fin;~ i~ tkp~·ndf'J¡;. on otlwr <:O!k Ilnt :\'t·t writttn, or 
(rtl data \\·hidt nre not yl't aYailable. Tlii.~ n·r¡uircs eardal 
pla11nin;.!: vf ! he dr·\'t•lo¡nllC'JJt· f·WriU!·Bt'(' fo¡ :t brge !'y."'t~·m 
con;.:i . ..;tini!: of inany prngr:nn~ tnHl data ~¡·t:-:, :;ill('(.> ~··nll.~ 

pro¡._;r:liJi:-< will han-· tu J,l' pnrti:.Jl:'l·· (;011\plctcd h{'f"rc 
uth~·r JlfflgranJs <:U!l JJ,_-. iJI'gl!II. Jn praf·ti•·P, it alsu r('rC:•g
nit'.{'o.: t h:1 t f.>.xi~l:ncif·!'. ¡¡f cu:-;tunl!•r requin•rnrnts or schí·rh1lr: 
JJHI.Y {t¡!'('l: dt·\'i:tt,irm~ from \\'!J:¡I woulrl ot.hc·r·,,·isl! bP :1n 
icl<oai dl'n·luplllí:nt !-'t·q~:,·Jtrt•. Thc guid1·linP:::: fur t<;p-dm•:n 
devd•Jjllnc·Ilt nre ns f¡,Jjüws. 

l) C:tule Cllrn·ntly l.~cing di'Vl·lop<·d ~hr)nld dcpcwl (m]:; 
on cudc:· ·~~In·ady (lJH'r:ltiiJn::l, 1·xecpt in i!wsc peortiuns 
wlwre d\'vintifln~ frr¡JJl thi~ prtrl.'f'd\lfl_• !!re justifi,·d h~· 

!-:iptti:ll r·in:r.un~ta.uecs. 
2) 'l'Lr! prujPet ~r·lwrlulc should rdlr:ct :1 contirHiing 

int1·;;.rat iLlll 1 fl:5 par', of tltl· dl·vdoplt:t"llt proci-..~.0:.. 1('~,1h1¡s 

din·dly to sy~t1;m lt•st; a:< ,_,¡lpn~(·d 1.; :~ di.'Vi·ltl]•n:~·l!t., 

f(,lJn\\'Cd hy int<ograiiorl, (¡¡Jb.r\",'('(l J,:,· ~Y~'tt·Jn f¡·st. c;y,.J~_~. 

:~) rnie m:lll:IJ::!;f'T:-: of t.JH' r-ffnrt f.ihrrnJd ·}¡n.,v{: :l._iti•JhJcd 
a ~~ r l:f·t u n:1! pr1 1gra lllllJing 1 >ric'nt [!ti,,¡ J l'llUn-'l· (f'f't' S· .. :,:t if,n 
llf-C lwluw). 

1) St rut·turt:d ct~d:n;~ and 3 d(•vdopnH·nf- suppnrt. 
1ibr;¡ry :-;,;·:-:tl_:w HIU:-:t- hv ll."o:d. (Bel':111~1.· O!lj!,tiÍ!lp; Jll'•ljl'd;-' 

ltl:'I.Y :1ot J¡¡· :1hlc to i:~:;t:\ll a P:·a,,. :Jil inJplPmPnt:Jtion of 
OJJly stnu:tun·d todin!-': is :l<'(:(;phbk jq t!Jf's<· r:-a~rs.) 

4) ('f''I''R: A CPT j,.; :1 ÍIIJJdioJr:ll pnrgr;:unnin,.(organiza
t io11 huilt aronnd a !l!ld('tJ.-; r¡f thrcc t•x¡H:r.it·twed ¡wr . .::.onH 
cl•Ji ll~~ \\'c ll··ddi 1 H.'d ·¡r:t rt·..: (\{ 1 lw prugr:11 lllllin~ d1~V!'lopn:cnL 
pmr·~'·"~ \J;;in~ t hl~ f¡·eltlli<JlH':" and too!:-; .rh-:-:crila·d nL<•n·. 
Jt. is :rn Drg:Jui;:m.ion un¡qlll!ly ori<·nt.Nl toward tl!c tt•1:h·· 
niqw·~ ;1rHI ftJols :11HI is a ln~:ical tHII~~~v.d-h (rf thcir in1ro
dudion :ll:d u:-:1·. l>t·.·:nill('d in ddail ·lll [:{]-·[:1]. it lt:t.o..: h(~t·n 

us¡•(l I'XI\·Í¡,;ivl'ly iu F~\) un projN·b rnn~it1~ up te~ np
pro:x:ÍPI:t!•·ly JO!){)()() Jint·~ of Sollrt:t• t•l)dt."~ ::lllcl is l;('jtl~ 

(•Xp('!'itlll'!llf·d .n·itl1 cm hrgcr pwjrd.'i. Tlw guiddi1H·:; fc•r 
Cl'T's :1 n· :ts foflows. 

l) Un<· p1~r~c1H, tlH· clJ.id- J!rogr:unúwr, should lun·e 
t:OIIlp],•ll: i('l'llllit-:d IT3pi;Jl~;ihilit.y (nr tlH: <'n·ort .. He fdt(lllld 
Prdin:u i!:; iJ,~ tlh~ n~an:!1.',•.'r o( tlH' Cltitc·r JWPplc. 

2) Th,·r¡• nlw>! bt• a backup progi:Hnmcr prt'pur<-d to 

ns,.;unH· thc rolt~ of chid prop;mllllll{'l'. 
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:~) ':fop-k•vd l'ndc ~c~JIH'Ill!i nnd Uw crit.iral 
p:lths of ln.\\'cl' lcvt•l ~q.!;lllt'ttt:-; :-illotdd lJí! ('nd •. ·d 
chicf :1m! h:u:kup pro~r:il:unt:r~. 

!:tllll·rol 
J_.y the 

4) OUwr prngrilnlmt~rs ~htH!ld be add~·d tn tfü: team 
only to eodc Kpl'cilic wc~ll-:J,!!irll:d fnnct.i()n.-> within a tr.:une
work L"~!.abli:->lu;d by tlu~ ehit•f :uul b:lrkup pn11<~rainnwr~. 

5) Tlw chid :md ·ha<~kup prngnunllll'rs mu:;t. n:V1ew 

the codc produl"ctl·hy ot.lwr mernbt.•rs of thc lc;un. 
n~ Top-down devdopnwnt., strudurc:d eodiug, ami a 

DS L must u~~ u:--:t;d. 

B. Suppurl 

Rnppurt of ~l~Vt!ral typc;; is TH'cc;-;:-;ary in nnlt:r t.o ¡wrmit 
eiíect.ive imph:tJlCJltati~~n of, . :tnd arhievt~ tn:t:xin;um 

hr-nefih fnmt, t-lw idc·as of strudured pi·(·¡~r:unming. 
Dc~vrlopnwnt ~:upport lihrar!c.'i, intr(Jduccd· abovc', nrc 

a. n~co¡~nizcd and n:qui~·l:d CtHnpnncmt (lf th(' metilodology 
employt~d in 1'~)1). ~tand~trd:-> ar.:~ m·c.·c~;:;ary to 1•nsun! n. 
C:Uit~Ísti'IIÍ· appro:H:h and tu lwlp n:alizr.• _l)t':J~·lih uf Íl!l
pro\~t·d prt~j 1 ·ct c·nmmuniea! ir.Jt¡,o.; .nnd liltl.JJngc:tlJi!ity. Pro

ccrl:u·t•:-: ·nn• l"'.'quircd for clrf't'J ive n::e uf iht• t.onl~ and to 
¡wnnit funf'!.i~·~n:ll hn·nkup anr\ impnJV('c! ovcr:lli i.:tl1("it'JH.:y 

in tiw pn•gr:ll!llning lJJ"IJCt'.':.-..:. Fiunlly, c,flt¡·¡· t1•chniqw:.~ of 

de:-;ign, pro~ran11n.Ín~, .tf':~ting, and Illanagr:ntPnl c:nn h1! 
}¡¡~Jpfu_l in a ::;tructur¡·:-d prn¡;r:unmitJg ¡•¡n·i:·oltlnt:llt. a::; 
wcll :l..~ in n cnnvdlticnrt11 une'. 

1) nsi; .. ,_. The JH·t:d fnr and v:iluc of u.:~J/!3 !Jnth a.r.; a 
m:c1.':-:sity ft¡f :o:trnrt.un:d p:r~,gnunming and :l:-l :~ vc~hicle 
fur projct.:1 t'IJitllllUIIÍC:Ition ::nd tuniJ·nl, h:L" l;t:('ll thor

oughly COYnf'd in [{l-{7]. .E:1dy work O!; lYU . .'::; i11 1-'~.;1) 
CL'J<L:r0d r_;¡¡ t.lte prc",·:i.·¿>Tl of libr:lri¡·:-; for pr·-~jcr.t."'i w;ing 
lH.\f's Sy . ...;t¡··¡nj:1(jQ O¡n:r;ltit;g ,::.;yfilt'Jit and Di.': k OpN:üing 
Sy.-:tem itt h~dc·h prograJJHc"Jing dt~\'t·lupnH'tlf- .'JituatiPtl~. 
SnlJ:-:rq:IPllt w·~wk on USf.':-: in Fl":}J.> h:l.".:i l'Xtcttd<.·tl llte 
suppt.ll"t to srnnc of tht.~ JJJII-Sy.c:;t<~m/.'HiO equipnu:nt in 
w;e .'l.Jld al!'.!! ÍntrGd1J('(•d itd.t:radÍVI~ f.):-:; f.','") for t¡:·:e bot.!J by 
librarbn:-; :ulll progr:tlntnt"·r;:< [S]. Ft:rtlu·rulO!"f~, a ;;Lndy 

t)f gt "lll'l",'l 1 i"l.'! jll j !"('Jlll."l 1 (S fnr J):~ J /s }¡;¡_;, b•.'!'ll JWff>)ITiiCd 

undt'f i:unt rae!. to t.lH: Unitc'd Stnf.H; A ir FPrec :tlld h:ts 
ht:(·!l publi:~hl;d in un: DRI/:-; are now :1.\"i!il:tlJh: f\.1" {IIHl 
in lbt~ on n·t";;~~ progr:11nming !-'n1jc:ch in FSD. 

.A DSL kl'l.'p::; all !ll<:HJiine. rr:a.dublc chta on a ]jrojt!Ct-

sm:rce t\:di:, oi1jel't· codL', li11kag(; r-ditor lrrnguag1:, job 
CC'Itt.rnl bll¡~tL·¡g~:, test d:tb,· :md so on·---in .a ~r-l"ies uf data 
ticts which ('11lllpris.:~ t.b;..! in1.t:·rnnllihrnry. Sin~~e :di dntn are 
kc-pt interli:dly and ;¡fí' fully hacked up, t.hc:n! is no. ne1:d 
fur progr;ull:lli'rS to r;r.ncr:ttl] or maiut.1in t.heir own 
per:-;on~d copit",..;. Corn~~pomling to c.1d1 t.ypc c1f data in thc 

intC!ITlDl JibnHy, 'fhrro is n s'~t of current sLttus hinders 
which r_onipri.sc tbe. cxterwd ·Jibrary. 'f}¡c·.·:c m·p fi!cd 
centrally a!l(l used by n.ll n:; a ~:~t.arhlrtrd mc;tns of· c:om
muni¡;ation. TlH:re i~ al~o a ::(.:t of arr~J1ivcs of supersukc.l 
st"':!tlu; .j1:1gc;s which are n.'t:lincd to as.5i:.¡t in di.-;a.'-itl'r 
J..'CCO\'PrJ', n.nd a sct of nm b!1oks cont.ainíng run n;:;ultR. 

· TogcthCr, thcsc recnrd t.hc activitics·-(;unTnt an1l his
tor.ieoll-of Hll entirc projcct aiiCl kec:p it completdy 

. organi1.cd: 

Fi~~- 3 .. 

USL 
,\l•rhine 

y 

Pt-<.lj~.::l 

libt~1Y 

D~L ()¡>f'mtions. 

'Thc maclllll!~ pmce_<lurc~ 1 n~ thc na.rnc implics, are 
t:ll:tlogcd prt"!Cl'thlf(·s which 11crform in.tt;rnnl librn.ry 

iuitbtioa, tlpd;ttin~. compilat.ion and te.st 1 bmsekcr.ping 
nnd termiwd.Í,)n. ;\fn;-:;t. of :hc:m are used by programming 

librnrians by nw<lli'-:i r,f simple control <:ards they have 
becn trained to prl'pare. 

Thc office pi"\!Cc~durcs :\re a ;;ct of ''dl~ril"al algorit.hms"' 
u sed by the prngnunming librarbn to !uvokc t.hc m.:-tchinc ' 
JifOC<:thJres, tn pn·p:1.re th(~ input <llld file the fHltput. 
Onc"r. ll nr..•w codt~ has ht:·~~n Cl"t~:üed aJJ_d pbcc•l in tht: libmry 

initi:tlly, a pn',~ra!llHH:r nwkt:s :u.lditii.JWJ aud corrcctions 
to it prim:u·ily by marking up pngcs in thc externa! 
Jihrary an·d :.;;iving. thcm to thc programming libruri:.tn 

to mal~c up control ami data cnrcL; to caw:c thc corre
.<:;ponding ch:mgt:s nr :~dditions to he nuHlc _tcJ thc intern:1l 
lihr:uy. r\s :1 r;;:-;ult.,.dc.•rical dT~Ht. and wastt;d t.imc on t.h~ 

part of llw ¡m·;~rn:ntm•rs a:-e si~nificantly rerlllced. Fig. 3 
.1hnws tht~ wnrk !lo·,\· aml tlw central role of thc program-

nlin~ \ibrariun ~n t}w JH'Ot!(~ss. ~Inchinc :wd officc proc.e-

du,.cs for a typic:d 1):-:)L are dncutncnt~d for prugrammel·s 
in [n] :md f.";r lihrarian" in [lO]. . 

f?) 8tandards: To suppol't strúeturcd coc.Hng Í!l thc 
varinus langu:tgeB 11~ed., st:1mbrds wf'fe r'~r1uired. Thcsc 
covcrcd thc implcuwntatil)tl of the cüntrol flow figun~s 

in ench bngnagc as wcll a.s fhc COilVt.:llt.Íuns for form;~tting 
ancl ind~~ntin~ progr:tm:j in th~1.t lan~uagc. · 

'l'lwrc m·c! lnur ~tpprncwhcs which can be bken to pro
vide t.h1! ba·.~ic. and. optintHll coütml. flow figures in a pro
gramuiiug hnguage, and each was uscd in ~crt::tin situa.

tiun.'rin FS D. 
1). The fi~·,un;~ nw.y be dir·¡~dly availa.blr. as statements 

lu tlw bngu;¡~r~. In t.he e~t:;U of PL/I, all of thc basic 
figures wcrc (;f this varid,y. In .. Cc~bt;l, thu IF'THE:-if:T.."'i-f 

(wlt h slight re;;trictions) n.nd thc n~U:\TIL (ns a PrmFOHM) 

wcn~ prc:;;ent.. 
:!) The fJ!-!:Uft'~ may he C:l.'~Í}y :.;imulatc~d wüng a few 

:--t:lillbrd :)lllt.cmcnts. Thc CA.S~: statemcnt Hl.fi.Y be rradily 
. 1 . 
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simulated m PL/I U~ln~; an indl•xed noTo nnd n. L:\.HEJ. 
anay, with rnch r;-~.se i1nplementetl vía a I>()-group l:JI(liug 

·~oTO to.a eouunon null ~Lntemr.nt following all c:ises. 
.. -f A ~;tn.ndard JH'(·.pron·Hsor mny be ust·~I to augmeat. 

thc blt.':iic langu.1gc stn1emcnts to providc IWC(·~sar.v 

fca.turcs. Thc rnar;ro asscmbler has. bccn u_scd in F;3D to 
adrl .st.ruct.uring fentun.•s to System/3601 Sy~tcllt/.;{70 
and System/7 Assemhler Lnngungcs. 

4) A special prct'fHllpilct· may be writ.tcn to c-ompile 
nugmcnted l~wgua~c 5tat.etnCnts int(J stand:~rd 'onc~, 
which may then be prut'f':":'led hy tlu:-- ncwJnal CO!Hpiler. 
Thif' 'úu::. do11e for th(· Fortran l:tngn.}gr:, which directly 
contnins ~llmost. none of thc nceded ielturc~. 

Thr1 re.-::~¡Jt l'f lt.~ing thC3l: four npproaehes was a rnm
plcte set of fi~un.:s for PL/1 1 Cobol, Fortran, anJ As· 
f:cmbler. 1i.r.:ing 1hcs·t..! a:-: a hase, f;Írnilar wurk was also dd11e 
for &:'\'er:d .c:.pccial-fn¡rposc lnnguagps w:cd in FSD. 

To n:::.:;i~t. in mnk~np; programs re.3.dahle and in ~tand
ardizing cornmunicn.tiims :md librn.rian proc:edure~1 it. 
was _desim.hle t hat programs iu .a ¡:!;ivcn hnguagc~ l:ilwuld 
be organizcd, formatted nnd indcnted in tllC .. ~:11ne wa~i. 
('l'his was t.rur. Of thc Job Cont.rol and Lif1k Editor 
Langtlrtges as wcll as of, thc proccdural lang11:1ge:; Jf"lüll
tioncd above.) Coding convt•Htinus wcre devclopc:d r'or 
rach coYcring the prrmittr:d eo11trol stpJCturcs, ~egmel!t. 
form..'.l.ttillg, n.aming, use of commcnt..-::, bbel~. tillÓ in-

.· 'nt.~tif 1,1!. ~tll~l f(:t'~ltd·~~f!:. ft~f ~tl.J C~J~t,n:~. fllJW aiH! ~j)Ctial 
. .g., 01 J..:-;, CLO.-,l-. 1 nJ-,(.L..Hl:.) f;t.tt.<.tnCJh:-.. 

S) J>r(lccdurcs: An ·cs:-enti:ll asprct of tiH..: ust~ of DSL's 
is t.hr stnndardi;~,at.ion (1( the procednn'~ asf'rJciatt~cl. with 
thcm. Thc maeliinc proc(xlures u~r.d in ~Ct.ting up, mairt
taining and tcrrnin.'1t.ing the" librarirs wrrc mcntioJwd 

'above in that conncdion. Howcver 1 thc l'fTi('e procc:durcs 
used by librarians in prcpnriug runs, ex0.ellting t.hem :md 
fi1ing t.he results are tdso quite cxten.sivc. Thc.<;c 'rrrc 
dcvclopr"l and d<;cument.cJ [lO] in a form rendily usablc 
by nonprograrnrning orientcd librnrians. 
' 4) 01/,cr: Whilc thc n bovc eonstitute tlw bull; of the 
work orig:inatcd by FSD, crrtain other tcelmiques and 

'procedures havc bccn ns~lmilatcd into the mcthodolof;Y 
in varyi11g degrcr:.s. Thcse inelude m.'1.1wge1nent t.ecltJtique:;, 
hicrnrc!Jy plus input-process-out¡,ut (HIPO) diagrar .. s 
and structured wnlk-throughs. 

FSD has been active in thc dcv~lopment of man:tge
mcr~t techniques for progr:unming prnjcets. A hook [1] 
resultin~ from a rnanngemt·nt · CCJ\.tr::;c :mJ guidn used in 
FSD has bccomc gcnernlly nvailablc. As top-drmll dcvdop
mcnt and st.ructured coding camc int0 USC 1 it hccame 

'S.pp:ucnt that tmditional managcment.· practice~; would 
havc.to be substantinlly re\~~cd (sce Scction IV-C helow)_. 
An init.ial cxamín:1tion was done, nnd a rr.port [12] w:ts 
i~:~sued which has bern very valuablc in guidi11g managers 

o using "thc new mcthodology. Son1c of this material 
mis now Leen uddcd to u rcvis"d c<lition. of t he. FSC 
Progrmmning Project M ana¡¡emCIII G'uidc [1 :!] fnnn which 
thc·book mcntioned nbove wns dr:iwn. 

A techniquc cullcd 1111'0 dingi·anJs [í"] . .[1·1] develop•"l 
by the IllM Systr.m Dcvclnpmcnt Divbion (RDD) has 

~ovr:d val u: :l.~ k Íll ck:-;~gn a n; l d.1 'tmn.cnb lion in t.op-d~~~·n 
dcvcl(IJHlH;nt .. 111 PO t·mi:-:.i:-:ts of a f:ct of OfK'ratÍllJl:Jl dj;¡
grnms whir.h gmphically describe ~~H~ funetions of n 
prop;rttm :-;ystcm from thr: gcucr:d to t.hc <lc1:1illevl~l. Not 
te., be tollftt:-::ed witll llciwehart.s, whicl1 dt·scrilJt'. pru
ccdural 11ow 1 lJ.lPO di:tgran1s prm·id.r; a conn.•nient 
mcans of docurnénting thc fundioru; ident.ificd i"n thc · 
dcsi.~n phase of a tüp-drH•;n devclt._~pincnl. cffort. 

Structurcd wnll;-t hrou~h~ [7] wcrc: dcn•lopcd on an 
SDD CPT proj1;ct. a;-: n formnl mcans fnr dc:-;i~·;t1 :m(l r.odc 
rcviews "durillg thc den.•l(¡pmcnt. proe.P~:;. U~ing: 1IlPO 
diagi·:tlll~ nnd cvc:niually 1.he ende it~clf, thc devr.iiip(!r 
"w;tlks tbrnugh" his cfTor1R fnr t-hr. a:dc·wcrs. Th~·:-:c 

lattu- may con~i:-:t. uf tlw chief or baclo..l!Jl prc)gr:trnm<:r. 
(or lead progr:ún:ner if u CPT i:-: llnt hcing rmpln~·ed), 
of.her prn~r:lmmers and n rcprest:ntativ': fron~ ilrc group 
which will form.:tlly tL•:-:t. thc prngrams. Emplln.si.s is flTl 
errur avoida!1CC :iTld dcter.t.ion,· J":(lt c:orrcction, and the · 
nttit.11de i.s open anO n.-.~r;ddcnsl•;c 011 t.hc part. (lf all· 
part.iripatdR (t()da_y 1s rt'\"Íev-;t)r will }_.,¿ tomnrruv;':s n~

VÍt..!wt:e). The n~vicwcrs prepare fo'r t.L~~ walk-t !Jrough 
by st.ud)·iltg thc di:1gr:un~ or ende bdt~re tlH: ltier:tinf':, 
and f(1llow-up b the n·;o;p<~_n:iibilit.y c,f 1l!(; n~vie;w¡~e, whn 
mw4 notify üw reviewc'rs üf C(Jrrceti \'C nct.ions t:1 kl~ll.· 

Once tlH~ fundanwn~:tl 1(1nh; aiHl guidclitw~ wt·rr- p~:t:th· 

Jislwd) it w:L'l IH'f;c~::-;:uy to bq.dn di~:H·1nin:l1 i11~( t.!w1n 

throu¡..dli,ui. FSD. :.rurh c·xpt'ri!l"lr·n1:;1 w•,rk h:1d :dn':1dy 
hccn done in dcn:lopil!~~ t he ttJc;J~ and ¡~tlidc,li!ll".; t lu'Hh 
seh·0~, so t.li:1t a c:1dre <1f pt.~nplc f:11nili:lr with tlu'IH wa~ 
alrcady i11 lJo.~ing. . 

l\lost uf the dor.urncnt..atio.n h:l!-i l.1et:n rdt.:rred h 1 ~tlJoYe. 
Thc ¡~rimary rcf<:rencc f(Jr progr:1mtn1'I"i-:' w:lS ~ ht.~, FSC" 
SlrNcllo'ed. l'togrannilill(l Guidc [G]. l11 additin11 tu fhc_: 
8tand:1rcls for each J:mgtt:\r~c and for u~e. of ] )~~J/s 1 it 
conlaiucd genernl infnnnat.ion ()ll 'the use of t.np-d''\\'Il 
dcvclOpnH.:·nt. ancl !Jtructur('<l cudinr;1 ns well as the pro
cedür~·s ffJr making <'XCt·piiuns tn t he bbnd:uJs whPn 
ne,:c-.::;~.try. lt. als(1 containr'd pf,wi.c;iom; for ~ect.iuns tf, he 
a.dded locally wls!!ll !->JH:ci:d-purpn.sr~ l:tng;nngcs or lihr;Jrie:-: 
wcrc in u:->e. Distrihut.t~d t.hroughr)tli F~D~ ilH! Gui1lc b1s 
he1;n updat.Pd and h; still tbe standard n'fercncc for pro
graiumni~. Thc FSC P!"O{¡tanwti1l{} J.ibran"an 1

8 Un/de 
scrvet~ a similar purp()!->e fur liiJrarian:~ awl a.b:o h:H; pro
visioJu for local Ecef iuw~ whcrc necC'~J~try. \Vhilc. thc use 
of the manos for ;..;ystcln/:~no As!)emblcr Languag(~ w:1:s 
ínc!uckd in t.hc Proyra11mting Gu.ic!c~ arldit.icmal dflCU
ml:nt.:tt.ion [l~lwnK av:lil:thlc f_m t.hem if desired. Fin:tlly, 
nwnng<·mcnt documd>I.;Hion in tho form of [11 J{l·l] 
wa.B stl:-;o nvailahl,:. 

Jt wa.s rt•cngniz .. d t.ktt providing ·documr.utn.tinn :1lorw 
was not suflicicnt to pcrmit most. pcr~nnncl to lft,gin 
appl_ving t.lw tcdwiqut•s. A series of ct.Hirscs {onc ftlr C':teh · 
majnr langu:lp:c) wn~~ ::·l'f, up to tr~tin cx1wricnef'd l:'SD 
prn~rannnN:-: in. st.rud.un:tl progr!trnruing :md DSL 
tcchniq~H·~:. 1 .a~tinv; :!;-, liou_rH, thef.e courscs providcd 
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. . d . . . 1 . ll 6 uu;t.rudton au , morP_ tmport.:wt. y, prnctiCf! fiTil 1 (mH~ 

whidt forct.•U thc próp;rammcrs to bt~giri the transition 
proct.'ss. Once :lll proi.~rcunmc·rS hn.cl htx:n int-roducrd to thc 
idt'll." thcsc courscs wcrc discont.inucd, :mcl_ !'itrncturcd 
prop;rn.mming is now inrluded as part, of thc b.ru.ic pro
gr~Hnmcr training co11r~cs g:ivcn to ncwly hi~ed pt~r~otmd. 

Thc :-1..1mc situa ti un hdrl tn1e for Jnanogrr.~ :u¡ wdl :¡¡:.¡ 

pro~rammcr~. Bcc:msc FSD wi:::hcd to a.pply thc nicthod
olugy as rapidly as vossiblc, it was dcsirablc to acquaint 
mamtgers with it a.nd its potcntiai imrncdi:l.ldy .. Thus, 
onc of the first act.ions tAken was to give a half-rlay 
oriC'ntatinn cou~c to all FSD man~tgerg. 'L'hi~ pcrrnittrrl 
thcm to cvalu;.ttc thc dcpth to which thcy coukl b~giu 
to us1_~ it on currcnt projccts, an<.l to lH'gin to plan for its 
use on propoS:cd projC'cts. This was thcn follmved up by a 
12-hour coursc for 'experifmCcd progmmming rnnn:tg('rs, 
acquainting thrm with rn:magcment ami contn.•l trch
niques peculiar to top-down devclopmt•nt and structurcd 
codin~. (It. · w_a.'S cxpr.ctcd t.hn.t most of thc:;:c rnanaKcrs 
would :d~o attenrl one nf the P.trntturrd progr:1mming 
coursrs dl·!:cribcd aboYe to ~cquire thr funrl~mt:-nt:1ls.) 

Ar;ain, now that most progr:1mminJt; m.:\n:tgC'rs havc 
n~c~~ivt~d t.his form of updatC', thc mutf.•ri:tl has now hcen 
inchtdt>d in t he nc¡nnal programmin¡.; managcnwnt coursP 
givcn to all nt.•w progranuning managers. 

D. j\/ rnsuremtrtl 

Onc uf thc pr_(lhlf~ms of the prodüction prllgramming 
world i:-; that it ha~ nut rlcvclopcrl good ffi(•asurés of its 
:H:th-itif':-). V:u·iou~ pnst d'forts, moxt.. t1ot.ably thc Sy:;:tcm 
Ucvelopment Curpnrati(Jll sludies [Hi] have attCmptcd 
to dc·vl'lop mcasim:mcnt and prt·diction tcchniques for 
producti0n programrning projects. The general results 
h:n'<' bren tha.t a n11inbcr of vnrinhlcs must be accuratcly 
t:t'timatcd Úl yidd evcn rvugh co.st. .nnd schedule. prc
dictil}n~, a_nd tho.lf the hig~l';;t faeturs nn~ the experit•ncc 
and ~~bilit.ies of thP programmr.n- inv0lVcd. ~rcY<:>rtheless, 

it was fclt in FSD that sorne mr~~.~urc~ of nctiv·it.y werc 
nrtdt>d, nnt. so m u eh ior pn:diction :1.s ft)f ~~vHluatioil of t.hc 
d(·~n·~~ to which t bf> met br"Jdology w:ts hr.•ing app!iPd, f.ht~ 

n·linl)ilit.\' and pr•)thwtivit.y., imprnvcrnt•nt.'! whi,~h werc, 
:trhievL•d nnd thc prll~!em:; whieh werc I'X¡'JNÍt.:>ncr.d in its 
ust!. To thc;;c cnds. two typcs of mt'a:c;ur~ments wcre put. 
into .effcct. 

Thc first typc of nH'.a.St:rement, implemcntcd immedi
atcly, was a month.ly rcport rc'}uircd from e:lch program
ming projcct. In :tddit.ion to somc qu::mtitn.tive da f.:\ 0n his 
. project, cnch man;fier was rcquir(·J lo st. •. 1.tc thc r,,]Jowing: 

1) the tota.l numher of ¡)rogra.mmers on the projcct; 
2) the numher currcnt.ly programmírig; 
a) t-ht.' numbcr u~;ing Sf.f\JCturcd- coding; 
4) th~ nmhhcr (Jf pro~ramming g:roups on t.hc project; 
5) thc numbPr of CP'L''~; 
6) whcther a DSL wn.s in use; ruld 
7) whcther top-down dcvclopmcnt wa.'l in use. 

Thcse figures wCre Summ.arizc<l mon thly for various 
lcvcl.:; of FSD tn..'tnngcmcnt and wcre a valua.ble tool in 

~ .. 
···~-·-· ...... --··-· 

cnsuring that. th~ mcthodültl~Y was indcl'"tl bdn~ intro
duce<.!, M wl'll a~ that thc guiddiw·s wcre b-cing folh>wcd. 

1
. . 1 
he Bcconcl l.ypc of mC>:\!:'Urt-·mcnt. wu..-; a mw;h rnorc · 

r.omprchcnsivc onc. lt rcc¡uin:d :-¡, gr,•at dcal of rcsc.arch 1
\' 

in it.s prep:\r:ttion, .and cventuaHy took thc form of a 
"qurstionnairc from which dutn wcrc cxtracted to build 
·a mri'\.~urcment da.ta bas-e. The r¡ucstionnnirc contains · 
105 quc~tions orbnnizcd into thc following cit;ht. sc:ctions: 

1) idcnt.ifi<"ation of t.hc prnjcct; 
2) clcscription of t.h.c contractual ern;ronmc11t; 
3) dcscription of the pcr:::olJncl environmcnt; 
4) dcscript.ion of the personn('l therit~lves; 
5) rlt>scriptinn of t.h~ tcchÍlical environment.; 
6) dcfinition of the sizc, ·typc and rcliability of the 

progmm;; produccd¡ 
7) itemizat.ion of t.hc finn.ncinl, corripu_ter and man

pow('r n:~ources u~.f'd in thdr developmcnt; and 
8) definition of thc schedule. 

Thf> qHP!:'tionnairc i~ :ulmini~tered é"Ít fo11r pnints rluring 
thr lifrtim~ uf cvery proj('rt. 'Thr first püínt is at, thc 
b('ginning, in whi('h :\ll rptL•stions art~ :mswt·rC'd with 
~::;timatrs. The next ndminislr:ltion i;-; at the cnd of thc 
der.igr1 pha~.:c, wh('n thc initi:1l ~st.im:tte.~ nrc updatt~ll a.s 
nccr~s:1ry. It is np;.:1in fill<·d out halfwa~· thr!.'q:~h dt~velop· 
rnC.nt:, whcn actu:d figun~s hcg:in to bt~ kill;wn. And it is 
c.omplctctl for. t.he last t.ill"U.! aftC'f t.hc sy:-;tcm has bl!cn 
t(;stcci and d1•livert•d, and all results are in. The fuur point.s ,. 
providc- for 1ne:tningful compnrisons of c;;;tim..'ltcs tO . 
actuab, and :tllow ~ub.~l'qw:nt projr:ct:;; to ~lr.1w useful 
guid:mce f,,r t he ir own p!anning. Thr:: data L!l.~c pcrmits 
n~ports to bt~ prrp.:Hf'd autonutically and statistical 
comparisons to be made. 

IV. D!I'LE\!ENTATION EXPERIE:-.ICE 

Each of thc four componcnts of thc mcth;,úology which 
FSD has imroducC'd has rc::ultcd ·in subst antia! bcncfits. 
Jfowcví•r, (·xw:ricnce has also revc:~.l~d th:ü their ap
plication i . ..; rH'ither trivial nor t.rouhlc free. This ::.ection 
prCSCl1b :1. t¡tW)itatÍVl! .:ma}y:ÚS OÍ the t~xpcri<·nCe lO date, 
d0scrihing hot.h:the n.dv.:1.ntages and the problerns. 

A. De·vrlopme,¡l Support Libmn'es 

l.[ost projects of :tny size h:1vc hi:lttxícally gra·vit.'tted 
towa!'d use of a progrnm libr[~ry .::y.stcm üf some ty.p13. This . 
was ccrtainly true in FSD, \vhich had somC highly ·deYel· 
opcd systems n.lre..1..dy in place whcn thc ínethodology was 
introducerl. These wer(' primarily used aS rnechanisms to 
cont.rol the code, so tha.t dificring vt:rsions of ongoing 
."ystcrns coultl be :i'.!t;:r"cg::üed. In sorne C~\srs thcy pro,:idcd 
progra.m developmt'r,t scrvices :-iU<:h · a.s compilation, 
testing, and so fort h. HO\\'t~ver, non e werc being used 
rrimarily to achicve thc goa.ls of improve'l communic.i.
tions or work funet~,malization which are the direct 
bencíits of a DSL. In fa.ct, the general attiturle toward 
the scrviccs tlwy provided was that th¡;y WNC there to b~ 



used ,.,·hcrt hl.Jd if tlH.: pr11grammer:; wisln.·(J. ?\lost (;(,de 
in thcm \\o':LH pn·~u.nu.:d priv:d,~, witb the usual t'Xeq'•tions 
t.f muero Hl1d ::.uhrnut.in'; lihr:\rip:;. 

·im: flf tl1•; 11111~1. ¡J;fi!<.:ult. J>l't)bkiH::> in tlu~ intJ,)dutliol~ 
rt!Jf~ } );){. hJi[I/!Jil!'h Wll~ tl1 ('1¡/l\'iHci~ lilll(ditlg Jd•ljJ•d:; 

11_\ld tlwi1 ¡"·, .. ,,.¡¡¡ lil.¡'!iJ'\' r.\'l!tr:n~r~ fHitiJiqJ l~t·illwr 1Ju, 
l'f)i¡Hil·¡•uH'!dll 11<!1' t,lw lJ•l";tf~l ;,¡ f¡;...:¡,. 1\ J.r:-·:1, 1·~ 1111 l•t_nr•h 11 

llll\l.l!ll:!!'fJP_~J•t _f.uol n:.; a Jll"'f,I'WlliiH'I' t:rJJI\'I'!d<•!ll'l'. A J.<ru

grnmtnillf.:: lih:-:Jri:m't' prillL'll'Y rcS]JOJISihility i:; tu lll:t!l:lJ.';.-~

ment, in thc f;tns.c of :-;uppr,rting control of thr ¡_,rujr~ct.':} 

8:"-Sct~ of codc rmd dat:t-analo~~qu~ to :1. c0ntn,\!rr's 
rcspon . ..-:il.~ility to mm:a¡;P:-:Jf'Ili of supportirJf! r.()Jltrt11 of 
finaucial n.s:-et;.;. Tbc projcc~ :lS n·wholc ~f¡r,u_lci' lw cittirc·ly 
depend(·llt ür1 tl1c DSL fvr it::: op¡·r:d.iou, tLIJd this~ :nure 
Hum hny CJtl1tr Crih'riorr_. ls tht' dettnninillf! fottlr¡r in 
wheth(_:r ::. lihrary sy:~u~m Jm~!~fi:' th<~ guicleli11e.'; n;~ a DSL. 

\Vhen all funct.ions nrf! pF.vidcd, ami a projrf:t. implc
mcnts a )JSL, thr-n a high degrce oí visi~~ility i.s availahk. 
Programnwrs use t.he fiourc·~ c·rHlc as a ba.-;it nwans of 
communictttion :1nd n·ly (Jll it to an.swt•r (jlll'!-ition~ on 
interfaces or sugg¡·;;t ap¡.•ro=tclr(·:" to thvir prohiPms. · 
1\fanager.~ ttsc thc ende it:.1·Jf (togdhcr with thc ;.;unrtnary 
fcaturc~ ()[ rnorC ~;r.~phi:-;!.if·ated DSL's) to dc·te~mitJC tbc 
prügrc·~s of tl1i: Wrlrk. C;-;t·rs al.-:o lJL'II('fit, l'\'l'll a t. :lli ('arly 
Rhtge CJÍ i1r1plr:mc~ntatio1J, fp,JJI the reacly av~¡j]J1bility of 
thc tpst d:1t-a :t!Jd thc p0t=~ihilit.y, of usin~ part- <rf tlu· 
dcvcl•:tpiil~ sysh:m on :tn cxp<.·rinreutal ha:;is withuut 
intrrfl'n'l'IC~'- with or frurn tbr: re.-;t. 

' 

The vi!'ibility ·in it::;clf is vahJ:lb]c~ f·\·<·n on a lai~sr-z
, f:irc h~.:Oi . ..-:. n\lt. ,ylJr·n it j:=;¡ C:411!pl1•Ó \\·itJ¡ \\'C•Jl-m;:n:lgf:d 

odr:-I'L":1ding p!O<:l'Jure;.;, it abu proviUc::: rl'lia.Lility im
provrnH:nts. Tbc .. walk-th. :\mghR descril rrd abo ve, or 
equiv;t](:nt proct·dnrt't-;, rnsurc thJ.t sonJ('n;1c in addition 
to thc develnper. rtvicw . .:; thE~ eode, Yl-rifyj¡¡g th:~t- l-h{: 
spccificatic,ns han~ b<~en ntldrt·:-''ir!d, eheckiltg tl1r~ pbnncd 
fct>t CO\'(·r:q.~c, :tssisting in !;·í:lurl:uds compliance and, b~t 
but- not lt::1sl, <:onstructivrly c'ritieizing thc: cnlltL·nt: Whilr 
thc r,•vicw proccdure is (1bviously grc:1tly facilitated hy 
concomi!ant u:-oe of :-:;tructun·d ¡lrogramnlilq:.~, it. h pusHil.llc 
witlwut. it ;u,d wa."i indiJdL·d with t.he D~L guiddinl'B to 
cncour:1gr• its :tdoption. 

Tlre .:rrc-hiVl'f' whif'h an~ :en intl'gr:tl p:1r1. PÍ It DSL priJ
vide :w :1Lilit.y to rí'fcr tr1 t"trlif'r vcr~in11~ of 11 rnutirH~ .. -
somcl-irlle:> u.c.;t·ful· in tr:tcinr, inte11t wlwn t\ pro¡:-;ram i.>j. 

pass'-!d from h~rnd t(J hall d . .\rtm.·lmporl:tn:ly, thcy gi\·l: a 
project. the ability to rrcovr:r früln a di:-:i.stcr in whicli 
part of its' re;:;ourccs are dP.-:troyrd. (lt i~ Jl'-:rh:¡p:=; obvions 
but. worth mcntiuuing thn.t this will not l1e compll"lc 
insur:iÍ~c~·~ unl<·ss _projef't n::uwgt•mf'nt sc~<·S to it thnt. the 
backup data ~ets are storcd phyRícally ::it.'paratc from 
t.he wnrking Vf'rsions.) There ·was nu initial tcmh:ncy 
in l''SD to o\'Pr-collL~ct ~111d. tn ovcr-formr1liw thc archiving 
proc·~~:-;. It appear~ unnr.n·.ss~try to n~tain u:orc than n. few 
grneratiPns nf obj{·c:t Ctlllr, run resuhS :~nd so forth. 
The source code nnd tc:-;t d:lta p:rncmlly w:unuJI. loii[~Cr 
""etcn.tion, but ev(•n hen' it r.1pidly bec(Jillt'S imrractic:d· 

J s.'lvc nll version~. In gcncrnl, suflici('ni arChive:-> ~houhl 
be retnincd to pfovidc complete rccovNy t:apabilit y wlwn 

u:wd i11 CtH1jnudion wilh the bn.ckup data ::;cts, pliis cnough 
additin1w.l to providr: b:Lck rdt·n:flC(~.':l. 

'Tht· kt:}J:\Tflli"H -nf fullt:t.ic,l¡ ildf(¡dlJCi!Cl hy tlH; DSL 
r,flic<: l''t¡r;t':ílur~·s h;¡,..; 1\\'11 111::itt lwJtr·lit~. 'l'!Jt' ,Jl.JYi••lt:'i tme 

i:; 11f 1••\\i'l'l:íl t:11~t.. till'illl¡.!,li 1l1t: U;-.t: uf dt~ri1·;¡] Jli:l'r.•Jilll·:l 

¡,¡d.•'•H] ,-,f jll'••~'.lltildill'l ... rl11' _¡d·••f:IIIJJI lt;'ll¡¡lklrlt/1<<1, J\111 
f:dtljl 1\IH!I~!IIIF, Jrt~fÍ\'ilif':i, t\ ¡,(¡~rdfil'lli!I./HJd¡i\.,wtJ J,,,¡wfll. 

f'<l!llt~:t :dr<•ut. rlll'lll~!h 11~~· rc:.¡dt.i1!g 111rq·¡· (•'.'fH.·~·nt.rn!cd u.c:·~ 

nf prn~;r:rJnlll'.'f~. H.,. rr:dufil!g int•:rnq,tions, libr:Hi:ill~ 

:trrord t he prugrn.mmerf; a work cr.viromil!:llt. in whirh 
errors are lc:-:s likC'ly to or:cur. Furthennorc, tln!y j)ermit 
prn~mrr.m~rs to work on more routin~s in p:l.raUd th:o.n 
t~·pic:dl~· ii' the (;a~c. 

Tht· la~t Jll!lj0T br·ncfit exrH·rir.Hr.•:"d from a D3I. r.:~ts 

in i\:-: ~llppnrt nf a r,ro:;r~1mmi:lg rnf::J.~~Irt·!nrnt n(~Ívity. 

By uut ntn~d ic:d ly <'Olkc:ring; ~~a t i.~tics d tl1f~ 1 Y!'('-"' d~·~t"r;:_~c-J 
:thnvr_!, tlwy r.ún c:nl1HllCe our .~hility to m::Il."if!:C ;-1t~d im
provc tLe pr••grallllllillg proc,·.'-;s. Tbi: .<':11·ly D~L':; in 
FBD <lid nc1t i1Íclud(: rnc·asun:Jn(·JlT il·;dur<~~~ :1.nd 1 }¡e I1rxt 
genNaticm i:s ordy hc~ginni11g to cotne inh1 U.'r~ .. St) u. iull 
a;.;~<·s~rm:nt. c~f this :'llppnrt is not yct possih!0. 

It wa$ JiflicHlt to convinct~ F~D projects in !'Omc <'-:1::c . .:; 
that ll well-qu:dir1cd prt~grarnm.iu~ lihmrian <:.:·uld I.IC!tidtt 

a projccl as llHlch :ts anot}¡r_•r progr:-ttnmer. In fact., tlH·re 
was flll initial tt·ndc·ncy 1o u~c juninr pm~r:umnn3 or 
progr:trilnH:r tedmicians to provid!• libr:1rian Sll!J}'rJrt .. 
Thi:' h:td twu dis:ulvanLrgcH ~~nd hence i::: not re('nm
mend(~d. Fi1.~-;., tire u . ..;r: uf prr•gramrning-qu:1lifh·d fH'I'SilT~rlt'l 
is not. nt~r:f!:'i;.'l.ry bectu.r.;r. t1f thr wi'll-dcfin~d pr•Jcrdurcs 
ínhen·nt in tlr~: D~L':::. U:>c of- <•n·r-qu:-lliG~.:d inrlividu;r.ls 
i11 somt c:.t~es h·d to hon,>d(•rn and ~lÜPIJ." work with a 
n~sulting loss <,f rcli~~bility. SN:0nd, sueh )>C'rsonncl can:wt 
JiPI'form rJthf~r m•cc:-:s.ary 'func1ions wlten nced~·'<l. (hw. of 
tl1c adv:n!tn;;t·.s uf usi11g: r-:ccrr·t:1.rit~s ns librarians is th.'i.t 
tiH!.\' t;llt Uf;C: hnth skills dlt·ct in·ly c'rver_t.h(• lifct inw r,f a 
t.ypical pmjec:t. During dcsign ar1d dncumcut.'l.tion pl:a~a~s, 
tl1ry c:lli prp\·idc fyping uJui tr;1.nsc.:riptiun s.::rvices; 
whilc during t{ldiug·:¡ntl t.<·:.;tinb ph:1:~t:H, thcy <::l.II pcrform 
t he JH:c'i.kd lihr:1rin.n work. 

Hcl:tl.l·d to .!!ti.-; i.-; thc nc(•d to proviJc bae-kup lilmtri:m 
sc-rvic1:~. lnJul,~t. r .. 'l.~:,;s t.hiH lws be<~ll :tcCoi~plislwd thrc•ugh 
inform:d cross--proj.,ct r-hariug N through tmnpuiary 
:1S~l11nption <d the dutic:; by pr,¡gr:lmmcrs. 

Twt) pi·ohklil~ rcr11ain in ,clc:frniJ1~ con¡plctdy thc role 
of libt::l ri;ms. Fir . .:;t, t hC' incrca~úng USl' of illtt·r3.CI ivc sysi-<·ms 
for pregram dew~bptnent i~ forcing an evolution of 
lihrari:u: ~kilb u.~ward tNmin:1l opcration and t·~st. supp0rt 
rttthN th::n cnding of ckmf~!'::; :md PXteh~i\·c filing. Tbc· 
mosl l'IT(•('.tivc divininn of labor hetwcf'n pro¡immmer :md 
lihrarian in suc:h an cnvironmcnt remain.s to he detcr
minf'd. lt. nl~r.· nppcar.:-: po:>::üblc to use 1ibr:uians to assist 
in documcnbti•,n, such :L-'3 ín prepar:1.t.ion of HIPO dia
grnms. SecoHd, FSD has a numhcr of sm:1.H projccts in 
locnt.imr-; rem1.te frorn. ihe major oíiicc comp1cxc;; nnd 
suppnrl facilit ic~:':-.. frCqurut.ly on cu~t.omcr prcntiscs. He re 
Ú Ífi twt alw:tys poSHiblc to u'sc a lihr;uian cost-cffectivcly. 
In tl1is sit.tJ:l.IÍon,· hettr:r <kfiuition of thc progrnmmcr
hUrari:l.n . rd:tt.iouship in t.lw int(Tntive Mystcm dcvclo¡r 
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1ncnt environnwnt mny permit snnw drgrre of develop
Ttwut. :111d librari:m ~upp0rt from tl~c Ct'ntrnl f:u~ility 
in::;ttad uf rcquiring .1..!1 personnd to he <in-.sitc. 

JI. Struclured Cnding. 8 
St ruct.ured coding \V:lS scp:1 ra trtl from t op-down 

dPvdnpmcnt priltJar.ily to pcrmit, ongoing projt~Cl.'i t.o use 
F:ome of the methodolt~~y. Cnml,incrl wit.h u~aw• of a 
DSL, it providcs cnh:uwcd rcaclabilit.j.i of codP, enforccs 
nwdularity (and th.us encour:!gt·~ changrnhilit.y) and 
I~l~lÍnl:tinabilit.y, 8Ímplifits t('BL.ing-, mHl pcrmits in1provcd 
managC':tbilit,y 3Jl(l accountahilit.y. Tlwsc are :tll well
kntJWll heneftts and nectl not ht: dalHJl':ttt::d on hPre. An 
addit ionnl, unplanned for, rcr-;ult nf ;:il.ructurcd f;oding 
is Ú1at it tcnd~· tn encouragc thc: pr(JpPrty nf :1lnc:dit.y 
óf rcfnencp/' which improvi·s períorm:-~ncc in a virtual 
~;y~tf:ms cnvironnwnt. 

Tht~ introduction of strueturcd coJing: was not Pa::ily 
nchil~vcd in FSD. Thc hroad v:nidy of projrcts, bnguagr::; 
and ;.;ujlport has afn~.:tdy lH:en m(·Jltionr.d, and thl~ c.lcvclnp
ment of .DSL's, the Cuides [GJ, [lil], ond !he cdncatinn 
prngram werr. neccs:3ary br.fúrr widesprcad applirat.ion 
of the rnethodolng:: cnuld takc plrtte. Furtlwrmore,. the 
Üngoing naturc of many (,f the ~y.:..:u:ms rnr-ant. th.1t struc
fun:d coding cr.¡dd take piare only as modules werc 
n.'writtcn or rcpbr.c·fl. 

This gradu.1l introduction cn.•:1tf'd :-. pr(tb!em c•f'cduca
.tion ti1,1ing. Pr:wtieally, iL wa:3 nJqSf, expt~dicnt tu ltn\.'C 
prr.tgr;lmmer.s at.tl'ltc_l tl1c Nlucaticm Ct)!ll'::iCS ht:I.WCt~n 

n.~·.':'ignn:cnt:. Tlw IJ:Jtnrc of 'the C'.Jtii'S('3 wa:--:: .... w:lt that t.IH:y 

in1 rod11t:t~d the tc·c:!miqtH'S and ¡,rovided f;omt; initial 
pradi~e. Yet tl:t•y req11ired suL.-tantial \\.,Jrk t.'xp.erit~nec 

li::ing tlw it:chn:que~ to be fully ('lfcct.in:-. i3t ruct.urr:d 
c0di11~ n.·quircs tlw d~;vdupmcn1. of n. whule lit:\\' .o:d 
r,f pcr:-nn:d pattr.~l'l!:> in prngr;IT,llt:ing. L'ntil olrl hahits 
art: llJtlt·anJPd and rcpbcnl· by nr~'r orws. it is difficult. 
fr11· pfogr:i.!'lllnl·rs tn fully aprrcciatr_~ it:-¡ :u!v:lltfng(>.:..;, For 
1.•(".'-t l'(':·til1~. 1hi:·: \\·ork c:-:pcricnr:c and ihc f¡Vr·rcumÍll,L( 
of th1~ n:tf\lr:ll rf'h:et:tllci~ ro ch:tn¡:r hnbit~ ·"ho1tld fc¡Jiow 
t!H.' tr::inin,!!: imlJH'di:ttcly. This \\';¡:.; not ah\·:1.v:; !\':t~;ihle 

:u1d rf':-:ldtcd in fome lr;.~:-; of cducatinn:d i!l'fc·c:fivc:lu~:::s: 

:\ .~:r·c:nnd prohlt'lli :·,·re. .. <:~~ J,¡·cau:.:¡~ (>[ t.he n:al-time oat.\ll'f~. 
c)f :1 ~ignifi1::·111t. frar·ti•m r;f FSD'.;.; progrnlfliHing hiÍ~'iness. 

Ht·rr the diffi,·;ulty ~ras onr: of (h·mnn~trnling ilttl . ..;tmc
tnrr:d c•.Hling was JIIJf.. dv!dnu•nt.1l to ('illH:r c::.eclnion 
~j-)t'·,•d or. r.:ore utili;.:ation. \\'hile ii. i.-:; diflicult. tn ~;,~rify 
the :Hlv:!lH:~ges '!;l:llltitnti\'Pl.Yr a \•:orking con!':"t~J;~ns hascd 
o;¡ t•xpcri;::ncc hn., :tri:·H:n :!lld is ~Hppori.rd by t he r¡_·.-mlt~ 

of one íntNnnl c:..:pt·rirnl'nL un :_1 rc:t!-time ¡nultipnlcf";.::-:ing 
sy."'tr~Jn. f;imply ~f:lted, it i.-; th:d, the addcd Li~:te and 

'1ht..•Ught Tl'(jllil'.f'd to ::t.ru<:tlli'C n. rrr!;:rrun pay off in bdtcr 
corc ntilization and imprtJvNl· tdlit'ilmcy ·\vhic:h g·~nN:dly 
are tomp:1ralJIC to tlw cfl'cet.s M:hit:vcd in unst-nH:t.urcd 
prngr:1m~. hy extew-;ive optiJ¡,izat.i•:n of r,ritir::d pnrtioni-l. 

· Jt is .nlso usdnl to nrJ1(~ that, even in "criiic:d 11 pn,g:r;un:.;, 
ri rdativ¡Jy t'mall fr:tdi(ln of tll•.! c~od~:· is-rc:d!y time <Jr 
cor~ scn.'Üt.iv~;, ~~nd !.b~,.;; fract.ion n•nj: nr.1t j11 ftH~t '>e idc·n
tifiable during C()din~. H1~nc.e ii.r is prob;¡b}y [t bctlcr 

st,r:l.t.t•gy to use Rf.ruct.llrt.'<l coding thr'oughout to brf;in 
wi1 h. Then, if pcrform.1ncc bot.t.Icnecks: do .nppc:.1r n.nd 
canTl()t., be resoln•d ot.hprwi~c, :l.t most snull units 
corle must be hand ·inilnrcd to rrmcdy t.hc problrms. 
t.his \\'ay thc vi.:->ibilit.y, man:tgí'abilit.y, and m:üntHin
:d,ility advnntages of .struct.urcd coding a.rc L'lrgcly rc
tainC'd. · 

P,•rlwps thc mn:::t difficult, prohlcm to · ovcrcnmc tn 
:1pplying ~truct11rcc.l coding is t.he puriRt !-iymlrumc, in 
wliieh the goal is to writc pr·rfcct.ly ·.struc.tured code in 
evPry ::;ituat.ion. It mu~t. IJe cmphn:;ized t.bat strudurcd 
coding is not. an Pnd iD itsclf, but is a mcans to achicving 
lwuer, rnore ruliable, more rnaintninahlc progr:1.ms. In 
l:iome ca:;cs (~.g .. exit.ing: from a-loop when a s,;a_rch is 
complete, handling iuterntpt condition:;;), religious ap
plic:tt.ion of thl' figures :1llowrd by i.hc Guidc may produce 
cod1~ \vhkh is less readnble than that whir.h rnight contain 
a coTo tL~.g., to thc cnd 0f thc lonp bloek, or to rcturn 
frmu the intcrrupt. handlPr toa point ot.her th:tn the point 
of intcrn1pt). Clearly thc cxceplinns niu3t. be limited if 
di:-;r.iplinc is to he m:lint.·"tiJicd, but. they must be pcnnitted 
wlH'n drf>;irnhlt:. To ensure tll:1t exccptinn.-; nrc justified, 
FS D rer¡uin'S dorunH.•nt:tfion and managc.mcnt approval 
for l.'!lCh one. · 

C. Top-1Jown Dr1.'1'll)pmenl 

~\s defincd in :-;,·etinn Ili-A 3), tnp-dowH dcvdr)pment. 
is l he. :;f'qll,:ilf!illg of pr(•gram sy~tem dcn~loprncnt' t,, 
c:liminatC or av1.1id interface problcms. Thjs pern)i 
dcvt.:·lupnwnl. :wd intt'grat.ion t-o he r.rtrried out in parallc 
:md provi,J:.-; additi11I1al ndva¡it;,gl,-._:.; sur.h n . .;; Parl;.·· avail
:lbilit.y dbcu.'-."crl rhNc. 

T1;p-down d0vl•J.,pment is· t.he mnst dií!icult of tlw fonr 
r:omponcnts tu int.r;1ducc, prnb,:d>ly hecau:·:e it rnr¡uin;s the 
ht:'nvir•::;t involvernr.:nt :md changcs ni .1ppro:1eb on tht: part 
uf pn.,gr:trnming- 1n:magers. Top-ilo-wn dcvdopmr:nt has 
pn:.found effcCI::i Cdl traditic.Jnal pr()gramming mao:!gl'mcnt 
mr:t hodo!ogy. · \\'hi!(: t he .~;uidtlint::S sowH.l :-,itnpl~, t.h,·y 
n·quin~ a grrat dt·:d nf r;trPful pl:lllning and FUP•'rvision 
to c·:~rTy out. thon•ug-l;!y in prndic(', cven on a f.:: ·, ... !t proj
rct.. Thc impl~~mt·ntntioil of t.-:1p-down den:~·.~pment., 

mi Ji k e :-;tructui·cd re ·di ng nnd DSJ. · . .,, t hus is bcJth n 1 n:lllage
llll'nt and ti. Ero~r:unmirÍg problt.~rn. 

Ll't us di~ti11gui~h fl.t t.his point hctwecn what might 
br! called ~<top-d;r\\·:• programming" nnd truc top-down 
ck~n·J,,pnwnt. 'Vhi!e thf.:y wer~~ ·urigina1ly usr:d iütér
chanw~:lhly :wd t.hc gui<h•linr:s. do not di...:tingui~h between 
thr.m, thc t.wo t.r:nns are v:J•¡~·:hle in delineating lc:cls nf 
sr.r.1pr: _:md Ct'ltn¡ Jk.-.. i 1 y a~ lZ..:il~ e •f t.ht!_ rnct hndnlogy incn:nscs. 

'1\qHlown prog1:itin11Üng is primarily a :::ínglc-prngrn.m
nricnt.c(l C:l'nC(:pL ft npplÍI!S t.o thc dcvelopmt:nt nf .n 
11 pru;_!;ra.m/' t .. ~·pica!!y com;i~tihg rJi onc or a f·~w load 
Jl'l/Jdult-s ·~mJ a number of indr~pcndcntl:r compilahlt:.' 
twitR, which is dev1:lopr;d b)~ one or' a ft!W progrnmmcr:-~; 
,\t, thi:; levd of cnmplcxity thc prnhlems a.re primariiJ'' 
l'n~~s d progrn.m r.!c:~iir;n, and .1pj~¡:uachc·s l:iiH:h as 11 levels 
uf obotmct.ic•n'.' [17 _] :md C.lills' Ex¡;aneion Thcorern [2] 
:He u!-:ed. \Vithjn t,his Bc_ope of ,if;vdoprncnt externa} 

---~-~-------



¡H·,¡h}cms and en1L.:i r:1ÍllÍS :1r<· JJf•t ns nit.ic:ll a~ Íllíop.-drJ\\'11 
d(•vclr)pJD(:n f, ;¡ tH_l whilt · ;n:: n:t)!,f.'lJ¡,tnt in vol \'t!flH'JJI i . ...; 
r ·111cl, it nevd JHd _\¡¡;~o prvv:t~in.:~:J:< in tttp·-riO\\·n·dt~Y~.~lop-

: J\·í:tny (Ir F.< 1 r~; ~-,¡c:~·(·.--sful Jlroj~·ct~: havr· \Lit.·d IJllly 
top-:ÍlcJWJI prot,";r:tnor:tin~! ~:nd the ('.\¡wrir·tt~e g::i:ted on 
t!1cm ha.<:: ltcc·n 111o~:t. valuab!t:. 

Top-dr >wa d(:\'elr 11 mwnt, on t.h~· other h:md: i:s :t IHlll t íplc- . 
prc.ogram (>rientc·d id•·:1. It. applit>.;; it1 th,_~ dvvc-lc.plli\'!11 uf H 
11 progr~trn sys1cm,' 1 typi(':11ly eCJn:-isting üf rn~tny load 
modules ;-¡nd prrhap:; n lnllldred (tf mr¡r~> inck¡wndcntly 
compilabl~_~ uuit~, whitb i.~ dc\·r·h .. prd L~~- onr.· or m()rl: 
prngrammíng tkp;,rtmPJti ·" wit h {in: or mure. pt·(Jpi 11 in 
t·:-tth. ?\uw 11F: pn,l,Jep~;.; t·\p:llHl t~J t1¡r,.:..:t• (lf sy:-:ir·m. 
nrchih~ctur.-:, :):1rl e:xternal prcr~•lr·m.:-: ~tlHI {'0!1.'-=lrainl.s 

Lf·tomc t hf": rnajtJr on,_.~. Thc ¡,:·nr;,r~nH:-:: iu 1 he :;~·~t t'lll :Ú1~ 
u:::unll~· i:1terrkpr.·tH!f•J1l r111d hnn· ;, l:li·gf• numlJt•r of iHtt:r
fa.ccs, pr.rh:ipE din:etly but :1!:-;o fn·qtwHtly throngh ~}¡arr~d 
dat:1.sr~ts or romnHmic:Jtinns lirw:-:. Tlwy may o¡wrate in 
nFn·c th:1n o1w prqc~:~:;or coJH'III'r<·ldl~----for exampll~, in ;t 

Sy:-;1('m(i <~fn~_nt <·nd'' and n Sy:-itt·m/:f/0 ''hosl '' C1r mny 
inv<Jlvc bardwart: dt·.n·loped ('.'-PI'['ially for thr s~·::-:tC'llL 

The comph·xity ()( :-::uclt :~ ::~·:--:.tr•JÍl rn:1h·~ m:tn,·t~í:nwtlt. 

ilwolvenwni. in its pblJJting :1nd den·lophH'lJt. t·:.:~t'ntial 

C'Yt'n wlwn <'XtE·rn:ll Cú:IS1r:iintsarr minimal. Jt im·oln•snll 
n:.:pcr.ts l~f-thc.· projt--.C'f from ils itH'<·pti,)n to its termination. 
For cxam¡~le, a ¡wnp'~::al for a proket t<• be impiPillf~ntt·d 
top-duwn should diffN fron• onc for a COI\\'f'IHÍI,n:d 

-nt t.om-up) ~mplcmenl a t ion i~1 t-he proposrd 1nmming .el;.;. :IJI(l w;:lj.!.''~ of r0mpu11~r titflf'. Funf't-ion~ tnli.;.;t. },e 
carefully ~m:1l:,·zr·d durin~ tlH! !',\':'tPru de~i!!,n ¡,hn::-(• tn 
('ll~urc thal. 1-lw Jl!'tH.Jieal :--tpprn,'H:h to tr,p-down .dcvdop
I11(~nt. (prc_..:(:ntcd in SN·.1ion 111-A ::í) al•fJ\'(•) <,f minimwl't 
cede nnd dat:-~ dvJH·ndetl<~y is u.r·1· and n dctnih•d imple
rn.C'ntat.ion secp·,~·nr~_• rnust he pl:ill!lf'd in arcord:JIH?f· with 
thL~ ovcrnll pwp<wrd plan nnd !-::thcrl•rl<'. The dr.~i~~n oi tlw 
sy:-;tem v;·,ry ¡H·~~h~thly should diff¡_•r ~:ig-nifif·antly frmn wlút 

it would ha\'(' ltt'<:ll if hottum-np dt~\'i:lopmriJt. werr. to br: 
UBed. Durin~ irnpl,·rue!lt[d ion, pn,~~n·::;:-: uútE-:t. he• I'I"LOIIitor~·d 
vln tire l )~) L 1o t'P!'III'c t h:•l 1 hi:-: l't'qli<'HC<.'. is hr~ing fqllowrd, 
:tnd thf•ir !:'<:hnlull-.-..: are lwing nwt. Thr. t'arly ~t\'ailahílity 
nf p:1rts·nr tlH· :-:,\'.--t('m mn:-:t IH' ctlnnlin:lít•d with thc u:;:t'l' 

1 if },e iutt·nds lo 1.\."-;t' lhc~c part~ for cxperinlt"'tltat.ion or 
'¡H·odnct~un. An <'llfirdy difT('r<·nt. t.\·pc of test. plnnJnust. he 

'prrparcd, for iJwn'nH.:ntnl ksting c~ver the cutirc pcriod. 
Hatlwr than traeking individual com}JOnent!-i! th<· mnnav,cr 

'lw!-:1 Hw more diflicu~t ta~;k (•f"t.raekiiJ~ thc pro~n·ss of the 
·systcm ns a wh\)lv. ln n. bní.tom-up clevclopt~tE'nt.,. thc 
'cnndit-inn of tbr:- .:-;yst.cm iR UI"Ually not known uut.il thc 
iutcgrntion ph:1;-;t:, when it sudd¡·nlr lH·com('S a. crit-ical 
Íh'm. In ti1p-dnwu work, the cunditinn nf t-ht~ syst.cm 
mu:-t :dway~; hi: kmn,·n, hnt. thi:-; lowwlt·dgi'. t•nnhlf's tlw 

'tn:tnngcr to idc1dify probll'mH r.arlier nnd to corn~d. them 
'ülc t-here b ¡-::f ill time to do so. 
lÍl t.ypie:-tl ~y:-::tt·m develnpnH•nt cnvimn.nH.'n!s :-:uch r~s 

tl10sc in 1•':-'D, however, <·xtPrnal con:-:tr.'liHts 111"1' t.hc n1lc 
r.athr.r 1-lwn t.lu: l':'>itt'ptinn. A. nser will lmvc ::;dwdnle 
rcquircnH.:11fs \\'hi~h nm~t be met-. A parti<~tilar data. 
set must he d<'signed to int.l•rfacc with a.n exist.ing 'syst.em. 

9spr:cial lmnlw:tre 1nny arrive lntf~ in a devpJopmc·nt eydc 
and lll:t_:,.: v:try fr(lill ·t.hat. desircd. Thc~r: arl' t.)·pi<~:il of 
situ:diuh.'-i :11)t, dir<:r;l.iy \IJHk·r· dtP dcv!dopcr . ..:' cnni.rltl 
wbic\1 b.n•p profound pffr·ds on liJe s1:qucrH:t· in "\rhicL 
the sysli~m i:; pn,duccd . .:\mi' 111<~ Jll:t·llag¡:r's jn\¡ hc¡;rltllt:-: 

still 111ore cump!:·x in phnning :md ¡~oJJt,J\Jlling dcvclup
nwnt-. Eaeh of thc:-:e c:..:tcnwl cunstraints m:~y forc(~ a 
deviation from wh:1t \rould otbcr\'.'Ísc ht• n. :-iiJ~pk. no

de¡wndency dcvd1q1nJí·ttt r--:"IJIII';IC't~. Provi:-::ion n:ft.\' h:tvc 
~·) lH! Inn.dt for t('~t.illb, d(•t'Ulllf'IJt.'ltiPn, and ddivcry i)[ 

produr:ts :t!. int('mwdi:ltf~ poi1¡1.-: iJt the O\'l'f·Jl\ {')'eh~. 

Thi,- will typie(dly 1:hat1g~· tht! . ..:chi·dult· lr•)!ll il!\' id~!:d 

onP,. and will Jlrob:ddy inrn::¡:-;;· dw cnmplcxiLy nf the 
nwn:i¡_.;t·IIJI'nl jol,_ Ti!i'.- i.: t'/;··~·ci:d!:,· tnú· nn a ,-~·:·y hr¡.::e 
pn,jt·t·t (~1:n·:·nl huwlrr·d _tlp_,n~:llld liw·:- ¡,f :-:•.nu·~ .. ~-,rJ,: nr 
JWJH·). f:-.in<.'(~ :1ny r1·:lli:-'l i~.~ . ..:clll'diJ!I- rn:l_\' ,.r(·!l r('(~;:!rt· 1 b~tt. 

maj1;r suh~y:3H'lll.:; !w dl~\·r·loprd i;J p:tr:~!iP\ :utd j¡¡¡,•g-!·:ni.'Ü 

in a n:'arl.'· éun~·f.•Jltinnal f:t:::hiun fhopr.ft:IJ_, .. at ;111 earli(~r 
pnint in tinw th:1n the t•nd of thP proj('ct). T(•p-d,·,,\-~ 

dcvt·lopnH'nt was c:urir•tl oL.lt ~l!cct:;:;sfu1ly nn :t pr.,ject 
of ·lOO 0()0 liJtcs of ::;oun·r cndt·, th•: lar~t.·-:t l..:nll\\11 1t"• the 
auth(lr. to date. . 

\\'lt.-·n cnnird t~J its fnlll.'st. c•:--:tent., top-down dl·\·c·h.~p

mcnt of a lar"g(! ~ystr:-m probah\_,. h:>..~ g-n·:lkr c:J\:f'L·_: t"lll 

rr.lial~ility (and thu:'~ indin·etly. r•ll prndueti,·i!y) th:tn 

nu~· (¡f hrr compe>!t(-'nt nf t lu: nwt hodt~!l ~.~~~-. l·>.-~·1\ ·.dH·n 
Cí~m¡H·t~·nt- m:wa~.(:nwnt, ·¡.<.: fu11y d,•\'llll·ct t1.' it:-:. il!1ph•
mrntat-ion) thcrt· an~ two uthc•r. pn.hlt~lll_~ \\'bi<"h ~-:tn :tri.-;1• 

anrl must }¡¡: pl:tl1ncd ír,?·. Thc.-:~· l,otl~ rt·btt:· lo 1.b~ ~ .. v~·r
lappin~ n:ilurc of <h·:.:ign, dl'Vt•l,_,pmc·nf- :u1d Íit\~·gratÜ\1\ 

i11 n t.op...{lnwn C'II\'irt)Ilfll!.:nt.. . 
Tb{' fir . .;;t nf 1hc·;-;e concPnJ:-: ·the natnn.~ of lil~llt•rials 

doc·uniPntittg 1h(~ :::y..::.tem dl':-j~,, u, be ddi\'f:n:d 10 and 
rcvil·wed hy the u.-:L·r. Typiedl~·-· :¡ w:~~r n·(~civ•~:-: a program 
dc·.-;;igrt dorumcnt ::t the eud <,f tlu: dc.-::ign plw~c :111rl must 
<~XJH'I.'::h'; his et1ncurrenct~ },t,fnrc ckv('lopmcnt. pn:c\·r.ds. 
Tbi:; is illlprrt.rfil·al in top-<lnwn drvrlnpnwnL hcr·:nJ;.;c 
dcvvlopmt•JJt 'nliJ:-:l prorc('d in !'illlW :ueas hl'fort· <k-.;i;;n 
is I'?Otnplctc in otlH·r:-:. To ~~in~ :1 liS('r :t CIJJnp:n·a\)1<· op
portlltJit.y, a d•~ta!kd fttnc!Ídtlal :>p.¡:eifit'ation· i.-.: dt·:~irahlc 

itl:O:I(':Hl. This de;.;r,ril"'t'B :dl (':'dt•rnal :1:::!wds of :t ~~_\":·~lt'IH .. as 
wdl :t:~ :tll.\' prílf'f'~:-:itlg :¡Jg~·~ritllnt:-; 1Jf ·eollt'Pl'll t(l n u~~·r, 

hut. doc¡..; not. IÚldrc~-"' the ~_\'3it•Jn':' intf·nt;d J!· . ..:i~ll. Thi;::; 
1ypc uf ~pecifieafioll is pwh:;hly ltVJIT n•adily :-1."-"imilat('{l 
by typical u~cr.s, is rnorc tn<·aningful th:ut n. ck:::ig:tt- dtJru
mrnt. anrl. !'hould pn;-;e T!n prnbll'nt::: in mnst ~it ~~~~t ious. 
\-VIl('l't' !ltat!danliz('d p:-oeurC-'ment, n·gulat io11s (st¡c:h as 
t.he Vnitcd Stat(':..: Ctn-l'rnuwJtf 1\rnlt:·d S1:rv:c:t•:..: 1'rorure
nwnt. Tiq:~;ulat.ion:..:_) are in cfú·:ct-.: 1hcn (~fTnrts tnu;-;t. be 
m:<d.-~ f0 !'t'<~k CI:Cl'ptinns (As top-down fkn·lop:n0.nt 
lH:con\t'S mon~ pt·¡·v:tkrlt, l iwu it. i)--, Ju,pcd that. rh:UJgt:s t(l 

tn r:uch' prot·l•tlnn·;.; v.-·ill din~ttly p~:rmit. E;llhllli~sion of 
t-his t.ype of ~:prciíic::t ion.) 

'l'lw :-;¡•coml pwb1cnl is n1w nf t.hc .mn~t. S(~\'l'fl~ t.o be 
eJH'Otl!H·l'n~d in :tTI_\· of the {'(ltllpúrH'nt:-: aud is Ollt' of t.hr. 
mo;.;f. diflicult. to d(•al .... ·ith, Jl.·lt:1."' lo do wit.h tlu· dt·pt.h 
to whi('h a tlc:-;igll :-;hnüld !1e ('[liTÍi·d hl'fon~ impli'llll~llt:d.inn 

jg lw~un. 1f a romplcte, ddaikcl dt':>ign of an ent in~ sy:-;tem 
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to 
is Uür{e, ami implemeutation uf kcy Ú~tk in all arpas is tl!Chnical maUcrs. Thr. chid rcmain.s rr~ponsibilc for 
carri4:d tnlt hy thc prf•¡;rammcr:-: who hqón t J¡,~ projcct, tedmieal cu:::tonwr interface :ts wcll n.s the other tWo 
thcn fhc work rcrnaining for progr.1mnú·r:; addt·d h!cr types of Iil<uÚq;ewcHt; in nw~t. c:tscs this makt·s the situ:\
is rdativC'ly t.rivbl. In .-:;onw L"nvironnwnts tbis m:ty he tion manngt•a!Jlc, ~llld i(not ·thí'n nddit.ional ~:upport ran 
pcrfe<.:tl~· :tppropri~tu~ :\lid pcd::tps t:Vt~n rk~iralJle: in tl!.her~ h(: providt:J wher~ ncct.kd. 
it. may il'ad lo dissati~.:f:lction and poor moralt! un the part Thc hacknp pro~rammcr role is onc that SN'm5 to canse 
of thc bll'eomcrs. lt. cnn be avnidcd by n·engnizinv; t.h:ü · pC<fple a gn·at ct(•al of diílicul.ty in accl:"p!ing, 'prohably 
d('SÍgll to (he ~ame l}('pth 1~1 :\ll art~flS uf lllOSt t>)':itt~lll!) i:; hcr,:m:::e thcrc :lfC OVCftOilCS of ¡

18('(;ond-be!":t'' in thc n:unc. 
totally \lHIWCt~ssary. The inili~d syst1:m (!cHign work (the Pr.rhnps tlw n:1.me coulcl Le improvcd, but thc functions 
overworkcd· tcrm ~~~w.:hit.ect.ure" f>lill ~ecms to he ap· thc backup perforrn:-; are es:Jcntial ami cannnt lll~ dis
proprÍ:l.b.:! herc) .should c·oncC'ntratc on :-;¡H~cífying all pcns('d with. Onc of thc primary tencts of m.anagt:mcnt 
rnodulc:s to be dcveloped :md nll int,.:rmnduhJ intí)fL'\cc:::;; is that cvrry man:1gcr. should id.cntify ami tr.'l.in his suc
Those modules which poH~. f'ÍJ.!.,nilicant :-;d!cdulc .. dc\·clop- ccssor. This is úo le!)::; ti-uc on a CPT ami is a nl:lj•.)r n":tson 
ment flf ¡H.:rfl}rll\ance prol>km:;; ,:..;hould lw idcutifil:d. ancl for thc cxi::-tcnce of thc backup position. Tt is al::u highly 
dctailcd dcsign work ami key codc writ.inh d~)l\P. cnly on d('~irablc for the chit'f to havc a pecr wíth' wh01n he can 
tlwsc. This leavcs :-;cope for crcativit.y an·J ori¡:?;inality on fteely and Ppcnly interact., <"spc·cially in thc crit ical stages 
the p:Í.rt (1[ thc ·ncwcr progr:unmcr5, ~ubject obviously (1f f:)':->V~m de~ign. Thc b:\cknp is thus an csSt'nlial check 
to rcvi¡•w :lnd.conr:urn:nre through norm:d projer::t ddign :uui'halance ún the thief. lkcau.'5e of this, it. i:i impL)rtant 
contrul proccdures. On :)t)me projects, the l_k:-.if,!;n (J[ entirc that. the chicf han~ the right of refu:--al on :\ proposcd 
S\ipport :-:ub.--yst.t·rn.:.: wit.h interfaces to ;1 main !>1Uh:3yst(·rrl l1ackup; if he fCl•ls that an opcn f(>btic,n.~·hip of mut.wd 
O!tly tl¡n111gh stand:ud, ~tr:tightfllrward d:1ta scts have tnr~t :t!Jd.n·:-:]lCCt cannt)t he achi<·VI;(I, thrn it i.s Uf.:.t:•less 
b<:(•n ldt until hte irtlhf: projcct.. !\ut1~ th:tt whilr Uds m3y to procrcd. Thc requirc:nu:nl- th.at tlH~ .b:\ckup he a peer 
~~~lvt.'. tht· prnh!crn~ Cti ch:dl1~JJge :md 111/Jf'al~·, it abo po."i('!) a c•f thJ.• ehid :d:.;u slHlUid nut be w:Ü\'f.·d, sin ce it i.;; :1l·says 

ri:--k th:1t. th•: difti1:ulty i1:1s lJ,:t·n IHJd(·rt'."itim:lt..:d. Thu.-;, possil,!e t.h:1t. ;J. backup will bt! c~tllcd· un to take O\'Cf t.he 
hrrc :1;;:tin 111!\H:q~~:HH~flt i.:' ciJJtfrnntt:d wilh a diflic:ult, prnj,~d nnd !llu:;t .. h~~ full.\· r¡nalifit:d tn dn so. 
drTbio11 whu·c an iH(OITITt a~:-T~~nll'nt may be lll'arly One nf thc _limit~ on a CPT i:- tlw ~tinpc nf a projr.et 
impo:.;:::'ibJt~ tu f(.'tOVer fmm. it C:lll l'l~lSOt¡ai,Jy Urltfl~r!akl~. Jt is ditrietllt rnr a ::;ing}c 

D. C'l'T's 

Thr int roduction of· CPT'~ :-hould be a nat.ural out
l!rnwth 1¡j t!)p·dl.;,,.¡¡ dc:\'fbpmcnt. Thi:; is bl':('au~e 'nf the 
nccd in c•.1111fJlctc the sy...;tcm ;¡n·hitr:dnr~ anU dcvdop 
a nur;lf•t;s befon.• m:u1y Jlrl'i!rantnwr~ can W11rk in par:dlrl, 
:1ml bi.'l':tlt~e nf th~~ rdi{tnce cm a DSL, wltid1 .c;ugfw~t thl~ 

tl~!! of ;~ ¡.;mall, hi~hly·~¡wci:dized team at thc lJI:gin11in~ 

cvulving into n. l:1r~1'r tc:u.n latr_:r. Th.; a~c of n. ;.;maller 
~roup ha~ul nn a nnclt:us <.•f experit~net:d ¡H:np!t~ lt·nd::: tn 
reduce: tiH' communic:1tions and cnntwl prnblern:; cn
count~:r\'d. 1111 a t~·piml pr<~jcd. C:-:c nf thc; c'lthcr tltree 
('( •m pi dlt·Jt t::=; of t. he rr 1t'l !tndnln!!.\' t:ll ha nc~.·.;;; llll~:-iC ad v:l!l
tag~:." tlti'liii,l.!h stan~l:tnli~:a·rion ar111 \·i:-;ii·!ility. 

In l•nh·r r~~r a CPT to functinn dftc:tiv<'ly, thc c:.hid 
pr¡Jgr:!n:mcr .mu:-;t h(· gin~n thl' timP, rr:-cpo.n:::ihilit.y, ami 
:wthnrit:.- to p~_·rf~~rnt th.e technit:al direction of thr~ proj
cd. In ~~.•nH~ cnYirnnmc:iJI~ this po~(·~ no pn·blem; in F:::D 
it is r:r.1mrtimC'!': difficult f() :v:hirn~ ht•c:~u~c of othcr 
df'~ands which Jn:ty be lev:<"U t!pon the <.:hid. In a cont r:1ct. 

pr0¡:!;r~mrning en·,ironmcnt he may be caHcd upon to 
perfnrm threc di:-;tinct typ•~s of activit.i('s: ~cchnical m:m-· 
hgt:ment---·the su¡H·rvision !)[ tlh~ devclnpmc:nt procP.~:; 

itsrlf, ¡J('r:-onncl rn:'l.n.:Jgt!TJH:nt-thc :;.updvision {)f . t.hc 
Jk'Ople n:pt)rtin,g hJ him, ;uH.l cont.r:wt nÍ~\n;~.g(~mcnt--the 
supcrvi~ion Úf the reh.t.i0nship.s with tiH~ customcr. Thc 
lattcr in particular can be a very timl'>CO!ISI!min6 func
tiiJn :md a !sois thc simpln;t. to sccurc as. ... i .. t:li!CI! nn. IIciH!e, 
mnny FSD CPT's h.'lVC a ¡1rogmm m.:inn~d \vh11 h.a~ t.l\c 
prii.nnry cuHtnn~er intcrfncc respolJ~ibility in nli non-

.· 

CPT to get rnuch hrg1:r than c·i~ht p('op!C' and ¡.;f ill pcnnit 
th~: ehid and hacknr to <~xcrr:i~c thc l'~~entÍ:!I nmonnt of 
cuntrul :tnd :-;upervi .. jnn: Thu~, cven at thc produttivity 
rates .nchicvahlc: hy CPT's it, i:-; dif!J..ctdt. for a :-:ing\;~ te:1.m 
to produce rnuch more 1 h.:u1 perhap:; :!O.QOt} li:H':-i of c:üdc 
in its first y(·:1r and ::>o·-40 000 liiws <.dtt~r thP nrchit~ctl.rre 
i:; C(Hnpll.'tc :~mi thf: t1~:1m ha:~ gr6wn to fuil ~ize. Lnrge 
proj~:ct~ mtlSI tl·wrcfnrt: Jook to inult.iplc CPT\, which can 
l1t! \mpleuwntt:d in t.wo wa)·.-;. First, intcrf:ux·:; may he 
f~stabli~bed :H1d indc¡.H~ndent. Sub~y:;tcm~ may be dcYdüped 
ccmcurrt·nlly by S{'\'l'r:d CP'f's :wd tho::n integrntt:d. 
St>cond, a :'Í!tgk CPT may he e~tahli.5ht'd to do archi
tccturc n.nd nudcu.~ lkvelopment for t. he Pllt irc Syst4~1H. 
It. tlwu can spin off ~ubordinatt! CPT's to- c:nrnplr~tc thc 
<kn:lo¡•in<'llt. ~;f tht'se ~ub~ysti:lllS. Th1! lattcr appn"Jaeh 
is inhcn·nt.ly more appcaling, ."iincc it carric."' t!H' pn~cept.s 

. of i1¡p-Jown dt·'.·clopmcnt throu~h int:lct. Tt. i~ al:::t;. nlllrc 
difiir.ult to irn¡¡\r.ment; the ~~x¡)i'ri1m:nt und...:r way by thc 
authnr was Jtnl, fnlly succ(·~:-;illl becau~~· cquirn~c:nt heing 
d,~\·clr~pctl rrm~urrcntly bm int11 Jdinition prnblems n.nd 
r•ren;nt.cd tn¡c tt¡p-dnwn cleve!..-¡pmcnt .. 

lt is. diflkult. to i(l<;nt.ify prohlcm::; uriir1uc W CPT's 
whic~h differ frnm thc;:se of top-down ·dcvt.•\r;prncnt dís
cu~sed abovr .. Perh:tps thc nw.'1t .<Úgnificant one is the 
elalm frcqw.:nt.ly h.:~:ud thn.t, ':\Yt!'vc h:1.d chief progmmmer 
tc-.nms in pb.c~~ for years-~tltcrc's not.hi:1g new thcre 
ior 11·~." \Vhik it. i~ tertainly truc th:tt mn.ny of thc ;;lc
mcnt.s ot' CP'P:J are not new, !.he idcntiftcntic.n of the CPT 
as a pnrtic1thr furrn of Ílllll:t.inrw.l nrgani~::1tiun w:ing a 
rli~ciplincd, prl!Cisc wcthod(lll.>.(!;y sufli.ecs to rnake·- it 
unit¡ue. ,In particular, the emp}ul.!;it; on 'vi:ühility .und 
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Fig. 4. Product.ivity trend. 
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· coutrü! thn_,ugh m:uw!;(:Incnt. C11dc rrvir.w 1 formrd :;truG
turc·d pr(lgninnning tt.:dlllÍfJUt.:S anrl DSL's diffrrclltiate 
t.rue_CPT's from nthcr forms of prilgr:unn,ing h·am<; [18]. 
And it i:. thi~ ~a1ue. ~t·t. of featurcs whirh mal:r: 1lw CPT 
nppr,.,arh En Y:¡hJ:;.hlc in 11. productinn prngr:tJillllÍJ~g 

enviroflm('nt wh~.,·n· clv . ..;P. tOIJ(rul i~ cs . ..::cnti:tl if C(Jst and 
sche:dule L.'lrgds'arc to he md. 

· V. MEASUI:EMEI\T RFSULTS 

· ·• lt is not. púj.:úh!\~ 1 Lccau:-;c it would rcn~al Y<lluablc 
Wbm.inc.ss data; to preS('llL iignifi¡·uht amom1ts (_~f qu:wt.it:l

tivc infnrmntion irt thi:-; p.1¡wr. At this time, the reE.ults nf 
the mc.'lsureTncnt proé:lm do ~h~~w substant.i:d improve
mcnts in prt"~gramrnillg produdivit.y whcre the lit\\' 

tccllll1)1ogy }¡as Lef.·n u~t:d. fig. ·l is an id('aliz(:'cl Vt·rsion 
of a11 actuul grnph whcrc c·.-v:h point rcprC'sents n con¡pJcted. 
FSn projcct-. The horiz(Jntal axi.s rccords thc prlcf:Jlt:tg0 r¡f 

structurrrl c:odt' in 1he ddi,·crcd product, :md thc VC'riic:tl 
axis rccords thc productivity. (Thc li1tü-r ind1Hles all· 
effort on thc prc1ject, illr-luding; :nwly~i..,, d0~igu, t.esting, 
manasemrnt, sujJport :m'1l d(lcumentfitir1n :;s wcll :r=> 
coding nnd ddn11_~giJ1g-. It n.lsn i~ lmscd 0uly (!ll d1·livcrml 
code1 so that. tn·nrt u~cd tQ produce driver;-;} corlc writtrn 
but repluccd, ~te., ·tends tn rcduc,-~ t.hc mr:1surcd pmductiv
ity.) · A weighV:d least squarl's fit. to. thc poillt.."i ou thc 
grnph shows a bC'tter t.han 1.:"") to 1 improvcm~.:-ut in thc 
coding ratc frorn projccts which u~c no structurcd pro-. 
gramrning .to those cmpÍnying- it fully. Since thv::c datn 
wcrl' dt.•rivcd fr.om t.hc JII<.Htthly rt·ports (:-;er Sect.ion 11!-D 
abovc), thcrc wns no opportunity to test tlw cfl"l.:cts of 
othcr factors such !l.s lanb'Uag:{'s or cxpr~ricncc, hui tlw 
resufts Wl~rc ncvcrthrlcss cncour~1gin¡;. 

It is also pos::;iblc, bccausc the data hnve aln·ady bccia 
rcleased elRcwhere} to make onc qn:mtitflt.ive cmnparison 
bctwcet~ product ivit.y m tes cx¡wricnced u::;Ín¡.!; vmious 
·ompon·ents of the tcchnology on 5o me of the prog-ramming 

.:.upport work wh.ich .FSD pcrfo1:mcd for t.he Nat.ÍoJ1:ll 
Acronnuti~ and Spucc Admíni.'lt.r!l.tion's Apnllo nnd Skyl.:tb 
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prPjcct.o::. Thi~ conqmrison i::) especi:dly significant lwc:lU:;c 
thc. primnry idC'ntifinhlc rhM!g,t.- in :~ppro:tr.l1 ·wn.s the do:-pon'"-' 
to wl.ich thc nc:·.~· wctbodology was u.~tcl.'; thr- JH'(,¡::t~, 
C'xp~·ridlCc: lc:\·ci. manageitlCIÜ :1nd ~upp;1rt wr·:·c :1~l 

t'ub:·'lantially t.hc :;.:n1w iu cach an·a. (Uthcr factors rn:t_\' 

h:n·t: yari~>d ülso, but thr:ir efTects :ne rlnt rh-ar 1 anil tiH'y 
Wf'l•' not, ronsidnl·d im¡F•rl:mt J¡y th!· ¡wrt.iei¡•:tr:t:.) 
Fig. [) ~how.-; _ t})f' pwd111:livit.y rat1·s :l11d thl' ci'•lliJI{I

IIc·nt.~: ¡•f í.lH: t.cchÍ111bgy u~c,J. Jn the :\¡H1llo prt\jt:rl.,:t r:tlc 
of llGl byte~ of nrw ol1jt:d cod(~ pcr m::m-munth \•:a<> 
cxpNicnred <m tlL{: 'gruiJild SU}Jpr1rt :-irnul:ttÍon \mrk. 
(Ag:!.ÍJJ, n.ll numl.H~rs are b3std on ovt~r;dl Jln·~jcct c!Tt•:l.) 

Tl1is \\·ork l.l.'ied nnnc of thr: r.ornpr;n¡:JJt.-:: dbcribl:d i:: tliis 
p:l{H~f- ln t.hC'. din•etly C(llnparnb.Jl' dfort on the Skybb 
prnjcr.t., a DSL, strnC't.urcd r·,·Hling1 rtnd t.0p~d11\\·n dend.-.p
nwnL. wcrc ~11 cmployed, :utd a r~llc of 37;)6 byic.":' c~f 
nc·w r:cJdc pcr m~:n~Bwnth was :-tCLic."n·rl-:dmo:::t t\\·ice 
a$ m\H:h ncw codc was pnJdU~l~d with ~light.ly more th.'ln 
half t.hc eíTorl. Jt i:.: int-e]'(:st.ing :1lso tn i"c:nwrk thnt tltis 
wn~ :u_·hiC\'C(i"on th~ plalllwd !'chcdul(· in spitc r1f ovcr 1100 
filrm;tl rh .• ·mr;r:l maclc during thc dt·vdopmcnt of th:i.l, 
prodtJCL, nl•mg with cuts in Loth m:mpr.wt'r a~ld cornputcr 
ti m~. Finally, w!Ji!1:. t.hc in~pruv<'na·nt rnay res!. to so1nr.~ 

extrnt. 011 t he &imihr work done p~·C'vionsly, t.his w~s not 
d<'munsí rat.cd in tlH' pn.r:dlcl mi!'1:..:inn opcrat.ionS cont r·nl 
.wurk. 'J'J¡¡·re product.i\·it.y dNrpp<:d irorn 1.147 to 8-t 1 
byte;.: per man~month on corup:nalrk work wbieh in 
neilher· c:1.sc uscd alt~·t!Jinr· other t.h:tn .1 DSI-:'. 

In ndd.iti0n to making· rcliahility measuiement~ .:wd 
ddcrn1ining prodoct.i\·ity ratr~s, thc me~:.:urcment nct.ivity 
has Sl'f\'Cri a nurnliC~r of ot.h<'r US(·Ít!l pu-rposcs. FirsL it 
has bui!t, up a sul>:-~t~mtial data base of infonaation about 
F81_) ¡.:.:·0jcrts. As _llC\\.' dat~ nrf' submittcd, chc:rks :Ul' 

m.'ldc tn ensurc it~:; valitlii.y, ttnd qucstioJwble d;d:t :~re 

rcviewC'd bcfore being addt·d. 'fhc rcsult i.s an incrcasingly 
consi:;U~nt and uscful set of dat.A. St(:ünd, it ha.s cn:1hkd 
FSD to bcgin studit•:;; t •H t.lw vnlue úf tl1e component.s of 
tlw nwthod{llogy. Third, a.nd rí'latt;d, it nlsn pcrl!lils t.he 
study uf ot.lwr factcmi ((•.g., cnvironfncnt, per:'ionncl) 
alTedin~ projceL nctívity. Fourtlt, il. is used to-nssbt. i11 

reviewi1:g ong(1Ín~~ projccts, where t.he ohjectivc dah it 
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contnin.~ ha ve prúv<'n quite v:1luahlr.. And fift.h, it. is us1~1l in 
· cstimat.in~ for propoHcll pwjcc1s1 when~ it :tffonb an 

Opporf.HIIÍI._\' \ü COill{):lfC tl;C IICW \\'1JJ"k again.st :->imilnr 
wnrk tlone in· Uw ¡~a~t., awl tiJ ident.ify ri;.;ks which may 
cxist. 

VI. CONCI.USIONS 

Hr:flccting on thc beadits of strud.ured prngmmming, 
orw i::; st.ruck by 1 he fact. that t he tcchniqueti illnclamrutally 
are dircdc1l townrd encourtlging ·pnlgrnmming disci¡Jiinc. 
Historically, prugr.'lmming has bccn n very intlividualistic, 
unrli::;CiplitH'd activity. Thus, introdudng di:-:ciplinl! (in 
the fnnn of practiccs which most prngramtnrr::; recognize 
as hcncfir:ial), yiclds douhk rcwards·-the· .octvanbp;cs 
inhcrent in t he mcthnr!olngy itsr:lf, plus those Juc to hettcr 
·standardir.a t. ion and control. 

lt. should be clcar at this point t.h:Jt, FSD's cxpericnce 
has bcen a vcry P<:;;it.ivc onc. \York rcmain15 lo be done, 
p:utieularly in thc m:tn~gernent. of top-·down dcvelo]>tm·nt 
and thc formalizat.inn and :1pplication of CPT's. Ncvcr
thell\~S, ¡:,:..;f) i.-; fully C(Jnunittcd ·to npplieation of thc 
nwt hndolugy ánd is cont in u i ng to rcq uire i ts use. 

ln rut.n,.-·;pr·_d, the pbn .:lpfH::t~ tn h:tvc• l1eeu n. suct:t'tiS 
nnd conld :-:crvc as a modd fur o't.iu·r org:ltliZalions intcr
estcd in·appl::ing t.he id<":l-". Thc F~D cxperil'ncc :-::hmrs thnt 
thi.~ is neit h('r ettsy nor r:tpid. It Ltke.-, .o..;uiJstauti:d tiq1e 
anfl cfTort anrl, most itnportant, commit.ml·ntí3 and suppt¡rt, 
from m:nu~~cmcnt., to equip !.111 organizat ion t.o t!.pply the 
mct hndok;).!:_:.:. 

Tn :::umnl~trizc, it nppcars that once a !Jase of tools, 
Rlttnrbrds, :tnd r._dw:;ltion ;~:xi:-;t..;;, it is mu.<::t nppropri:úc 
to lJcgin \-rit h u:;e of DSL's, ::.tructure1i cc,ding atHl top
do.wn progr;ttnming. Then, whcn th~~ prx,plr,·, know-hnw, 
ami c.•ppr)rtnnity C>xíst, top-d!,Wll devrlopnH'llt :sho11ld he 
applicd on :1 few larw;e, ~:nrnplcx projeds to yirld an 
cxp¡·rit·nccrl gr(Jt¡p nf pcoplc and tlw rcq11in:d m:tn:tgc
nWilt tedwiqt:t·:;. p. i:; likcly that on~ nr more of t.he:-:1· m[l.y 
nl:;o prc:Scnt t he opportu11ity Lo introduec a CPT. This is 
es:-·enti:llly the appma('h tb:1t FSD ha.s t:tkt,a, and it 
appe:u-s to lH! :m· cxcl'llcnt way to int.roducu ::;tructured 
pn¡gmmmtng; 
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Modeling Software Behavior rn Terms of a Formal 
Life Cycle Curve: lmplications for 

1 Software Maintenance 
WI(LA KAY WIENER·EIIRI.ICH, JAMES R. llAMIUCK, w:~lBER, IEEE, AND VINCENT F. RUPOLO 

Ab.l"fract-fn thi~ p:lpl'r, o formal nwdcl of !he stiftw;uc lll<tnltl:lding 
pat!ern, · thc Raykigh moJel. is tksnihcd onJ lhcn applicd lo f<lur 
lbnk ... ·rs ·Trust Cumpany (BTC<l.) m·w dt·velo¡)llll'll( projl'th po.,,c<>sing 

c"lllupl.:,t..• tifc cydc m:Jnl.,;~ding ti:.Jta (ru:1ir:trmncr phasc inctuJed). To 

l'il tln: R:.rylcigh curn: tu a projccl's m:mlo"Jding scorc~, (oonlinc:u) 

rc~rcs~inn \\'3S u~eJ ~o obt:1in lcast sq¡t:lfcs cstim:~lcs uf thc lbylcigh. 

parameters, which, in turn, W~.!rC usrd ro gl.!rlt'r;Jtc thc R;_,ykiglt man· 
loaUing t·.urve. For :111 four prujccts, tJ,:vi:ttlon frnm thc R:tyll'igh L"UI\'~ 

\\as snl~ll ;.¡nd con,tlnt thr<>ughout tia• :;,¡ftwarc dcvctnpmcnt ph:~scs 

(i.!..' .. pr~·iimin;lr}' Jcsign through implcnwnt:Jiion); howcvcr, !he Raylcigh 

curve l"Ott.~istcrnly 'kvi;ttcJ !'r(}fn thl' :tctua/ m:mloadin!! duriug systcm 

m:1inten:Jntc, umkr ... ·.~tim:tting thc :mtount of m:~ndf1Ht l'."\¡Jendec1. 
Kc~triding m;.¡intenance m:weffort lo m;wpower c.xpcmkd on rcp:Iir 
uf syst ... ·r:l faults (''l''ITfl't>lin•" maintcnant·c) rt·sultcU in a.;int~lc lbyleigh 

... ·otw th;tt ~.:ould be Jpp!il·li ovcr tlw L'lllirc HTCo. lit'l• cyclc. Furlill't· 

lll<~rt', thi~ corrccfivc ptJrtion of the m;!intcnaJJcc dfnrt couhl he aCC1i· 

t:l!dy lnn:~.·astcd f¡nm thc Rayki:~h cun·c lit tu softw:Hc d;:vdoprncnt. 

lmp!iL31iuns uf thl'SC finJings for software m:magcmcnt Jrc'Ji'>cliSS•~d. 

fndex Terms-Corrc.::tive maintcn:tfH"~. d~·vclopmt'nl prokct, rmpid· 

c:tl, fitted ~..:•H"H', fon:eJsting softwarl.' maintcn:mcc, f!!rm:~l moJel of 

, SIJfJ•.\"arc lifc cyd(', proj~·ctcJ curve, Ray kigh moJel~ ie.~idual .<>·~ore. 

I~.;TROOUCTION 

PREVIOUS rcsc~tÍ"ch un thc m:!llcffort Jc,::Jding of Jll('dium 
lo brge sede softw:.lfe dcwlvplllCllt proj~t"!s ¡t~\·cals ~l 

b:t->i..: tll:lnlu:.H.Iin~ pttern over time: initi~¡Jiy, thcre i:'i :r risc in 

rn:u:ctT(1:1. lnlil>\\"l'd hy a peakint: :wJ thcn a 1~1iling off /13], 
[1-~j. Th:.:: time '>":!tying natllfl' of a suft\varc prf)j~~.:t's work 
j)Jdfil·~ i~ b:.~:-.t~d un thc follt,wii;g ra:ion:.d~: a snff,,·¡nc project 
'-'1ltails :h~ St)]utit)!l l)r :1 fi.xcd nui11h~.r o! problcllls. Al cach 
P•Jint in ti m~. buth thc lcvcl uf ~kili :lVaii:Jblc for ,ofving prob· 
!trllS :111d thc· sizc of !he ~ct of unsolv..:d probkms avai!:Jhl..::: for 
.<>ulu:i<Jil \\"ill v:u y r l 1 J. ll "2]. Siii¡_'C thc ratc of probkm fi.:Sll· 

lnti1.11l is ini1ucn..:~d by buth t~t'-..'H.H::., it tGo will vary 0\'CI time. 
Pr:·sum;! bl y. m :111 ¡mwc r u t iliz:.!! ion r~~ tlct·t :-. 1 hL' ra te l;( p rnhk!ll 
rcs( .. !iJ~iun: hl'ncc, thL' time dcpt.:ndcn...:y in ¡Jw lll:!npowcr u~jge 
Cl.lf\\', 

l11 Fig. 1. thl' tup p:tlll'l il!lJStra/C':'i two nuthcnJa!il:d ft:nc:!ot\li 

tha! llave bccn propn-:;cd as JlHH!t•ls of lhe work ratc on soft
w;HC dc\·~lopllll'nt projecto;,: thc Raykigh ll4J and thc sccant 
squ:!rcd [J:)j í..'Urv~s. Ob~crve th:it íur lw.rh curves; tite man. 
!o:.~ding rist·s unlil it r~:1ches 3 lhlint uf maximurn lllanpowcr 
utilizati~m :H time cqual tl~ lm 01'x. :\t this point, the m;nJ!oading 

:.l:mu~.lript :l!c\'iv"..'J .-\ugust 9, 19&2:r~.:v:wd July 19, 19R3. 
\\'. 1\. Wit'lll.'r·Ehflkh W:l\ with lbllkl·rs Tru~! Ccrn¡-.any, New Yurk, 

~--· )' 1 ()(¡()(1. Shl· is ll• lW wi lh :\ T,'{ T lkll .I.:Jhur:t turico;, l'i~cdaway. ~J. 
l. H.l!.::ndt:k i~ with ll:tnkcrs Tru~.t C<~mp:;ny, Ncw York. NY 10006. 
V.¡·. !tu polo Í<;.Witfl lhn and Hr;.uhtn:et, lkr~·t'ky lh:i!!hl~. N J. 

bcgins to decline atan increasingly rapid ratc with time. llow
cvcr, thc lllJIIPO\V~r dt.>Cs not (fukkly fall to zcro. InstcJd, at 

1¡, lile in!lct.:tiun point uf thc dcdin¡ng curve, thc m:l!ll~)ading 
bcGills to decline at a slvwcr :tnd slowcr ratc so that thc m;.m
loading drops off vcry slowly. For largc selle softw~Hl~ dcvcl· 

opn:~~nt projc,.:ts (projCL'l'i with linc:~ _nf cuele> l 00 000)) t m.n 

is vc1y dosc to thc tim~ uf initial üpt.:L.llional capability [1-lj; 
hcncc, the rising part of thc m:111!o:;ding curve conc~ponJs to 

thc clcvclopmcnt cffort of thc prnjcL"t lifc cyde (that is, the 
pk1scs pbnning through iluplemcnt:ttinn). ami thc f;_\lling part 
of thc c.urve to thc opnations :l!ld m:linicnimcc phasc (wltcrc 

thc principal work is "hug 1\:dng," minor modifk:Jtions, <md 
'!n!J~tn..::cmeTtts). 1 

t\!though both thc R:Jy!ci~h and sccant squ:~rcd (Parr) func
tions h~tve becn sl10wn to approxinute rl! ... ~ Jll:tn!,Jading p;.Jttems 
of actual software dc·.·eJ~_~!Hilfnt prujects llJ, thc lbyleigh 
curve h::Js bccn analyzed murt· extcnsir~ly. For exan1plc, thc 
R:J.ylcigh r..:urvc lt:ts hl't'll :1pplied 10 sevcr:d hundrctlm.::dium to 
!:nge sede soft\'::uc prt*'cts in thc :tr~:ts o(lugistics, pcrsonnel, 
3t'I.:OlllltÍilg, and Cllginecring rJQj, !I·tJ: more I'CCCJll]y, it has 
b~cn ::;howa tu apply to sm;¡~kr ~ ... ·:tic prujects in a r..:omlncrci:tl 
crl\'ironn1cnt [21]. llowevcr, i:l much of this cmpiric:Jl \Vurk, 
it is nut :.llw;.¡ys dc.lf \1.-'llCthcr prugr:.~rn m:dntcn:.~nce was indudcd 
in the lifc cycle <~Halysis. SC\'l'ral Cc)nsiUer:Hions sutg¿::;t that 
scdhv:uc m:dnll:'nancc m:1y ll:n:..; tcli_<leJ nut tu b~ inl'iudcd. 
Fir.~t. :t<.:Cnratc main!t.:nancc Hl;nllo:Jding data is dit'ficult tu 
obtain in organii.Jtiuns that <.:on10inc the maintt.:nan•:C' of st:V· 
eral cxi'>ling. sortw;nc sy::-.tc111s Íillo une maintcnJnci.! prujcct 
f ~O J or carry out m:lin tcn:n1cc in 1:111 de: m wi t h Sllft \>,:;¡ r•? dcv~.~]op

!IH'Ill (programmcrs lllaintain uld systems that thcy dt'vdnpcJ 
wliilc, at thC SíllllC tilllC, implelll.:II!Í!lg JlCW SOft\Vare). S~~cuncJ, 

a prujcct's offki:ll tt:nnin~l~ion d:Jtc (<tnd hcncc tl!c Jh)i!lt al 
'.\"hi..:h tht.! syst 1~tll rcceiv~s· no funhcr J;J;!intcn:llli.:C) ir;; :ubitrary 
·ulll in!lucnccd more by c.:o!Jurnk :.tJú.l m:tn~tt:,l'ri;~l. fJ~'i.tln tÍLlll 
by int1 in sic for~·cs uf thc prujcct liie cy~..:!c [ 1 J J. Thi¡d, form::ll 
:J·:countinj proc~~uurcs f'or rCCi.Jr•Üng the :!mnunt Llf n::-:ncffort 

1 ~iotice that th~ ~o..:ont ~qtt;nc:d :md l~ayh:i¡..d1 fanctións J.r..: almost 
ith.:;tl;c!l in the dL"clini:1;: ri;•in·h:nH! p.•;tion nf the nnnlo:Hllng ~·un·c 
(i . ...- .. dmin~ maint;:nance), hut di(!.:.·r in the prqjc..:t\ car!y SI:Jgt'~. This 
i~ br.:..':tu~~.· :t!thuu.~h bc.th fun ... ·tit>n~ h:m.: infinit<.' p<):.iti~·o..: t;,¡iJs, on[y thc 
·.~t·:.llt! .\qlLtred t'ltrvo..: h:1s :111 ini!Jiitc n1.':·!:l~ive tail. (T!Jc lbykigh curv..:. 
:1 di'>rtlt~IÍ!HtPUS functintt, ¡., 7.l'rlJ for ::a ih'¡::ttin: t.) Thus, thc sc..:Jnt 
stp:.trt ,¡ tniHkl uckrwwkd~l's prdim i1~:~ r y d'f,; t donl.' on :1 pwjecl hdor~ 
ib oflil·i;d _.;t:trt tl:tt·:, t 0 (duc to dft)rt <".\!)l'!HIL·d nn ro.:qairl'nh:nts ,w:.dy· 
~~·~. ft·:J:,ihility ~!!!dk.~. :llld lunctinn:d \pe..:ifk.llillll'>), Wh\.'re:tS thc lby
kirh l"liii'C C.\ dude,\ J'rotll ;¡n:Jy.~i~ 1kvdupment -.nnk J(J[lt' p!inr !u th<.! 
_q;¡f! of thc prt1jcct. 
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fig. l. Ft>rmal r:wdd<> oi th~· :wftw:ue \ifc cyck. TIH' hlp p:HH.:l prt'· 
scnts ;¡ cnrnp:HiSLJn of wnrk p10fik.' ¡•rvdil'!t"d by th~.: ~ccant squ:ucd 
(dottcd \in·~) :md Rayki::h (~olid linc) rnoJtb. Th..: l><J\tum pam::l 
(t:~hn frntn [211) prcs..:nt\ th ... ~ ri'>..:. pcak!n¡:, :~nd c.,poncntjal taihdf 
bcha·.-itli of thc normalind R~yki~:h functit;n 

f(x') = a[(x) = x' • e--'·~/:! 11(x'), 

x' =x/o, u= l. 

expended are typic:.llly lc:tst Jikcly to be implcmentcd Uuring 
systcm maintcnancc [ J 7] . 

In summJ.ry, al!hou~h both the Raylri~h and Parr modcls 
have becn shuwn to approximate thc m:.~nlo~Hiing pattcrn of 
soft,,·;,¡rc Jcwlopmcnt projccts, th~re is a p:wcity of cmpirkal 
dat::~ do~..·umcnting thcir ack·quacy in clcscribing thc owral! lifc 
cyclc---mainh'll:.JIH:e ph~1~c induded. An empiric:d dcmon.;;trJ· 
tion wou!J ~~ dcsirabk sincc, if ihc mode!s ~lfC shown to apply 
over thc ·en tire lifc cydc, thcn this wou\d me;_¡n that une cnu!J 
predict <t ~uft warc systetn \ n1:li n t cn:10cc rrquircmcn ts so le\ y on 
tbc hasis of a manpowcr rurvc fit to dcwlupmcnt manlu.:~dinp.. 
Tliis is an extrt'lllCly pü\\··crful in1pliration of thc formal lifc 
cyc!l~ i.lppro:J.ch to software hch:1vior, and \HlC that is of consid
cr:J.ble pr:1..:tical import:mcc, Cspe .. :íally in \ight of thc fact that 
as much :JS 60 pcrccnt uf thc work done nn a system is soft

ware m:tintt:nath.'C IJ4j. 

MODELING SOFTWt\llE l3EIIA\'IOR IN TERMS OF THE 

RAYLEIL!II LIFE CYcLE·CuRVE-AN E¡.,lt'lRJCAL ExAr-H'LE 

In the. prescnt stuJy, t_h~..~·:.H:cur:Jc)' of onc fumul modcl ofthc 
software life cy~..·lc, "thc Rayldgh curve, w~s analy:t.cd "for soft
ware pwjccts iti il \.'O!l!lllL'rcial programmingl'HVÍW!l!llC!lt. Four 
ncw dl'VI..'il)pmcnt. projcds pos~cssing 1.:ompktc manloading 
data (:'ystems nuintcn:1ncc indt!dcd) wcre sc\cctcU for analy
sis. All projrl.'lS WCJC mcJium-si?.cd dcvclopmcnt prnjccts 
(ddivcrcd Jincs of coJc <XO 000; SCl' T:1hh: l) implcmcntcd <lt 

thl·· B:lllkl·rs Trust Clllllp;HlY ("BT('n.) du1ing the p..:1iod frlllll 

1976 tu 1930.2 Thc Raykigh function was sclcctcd as thc for· 
_!na! lifc q·~.:Jc tlliJdc-1 ~incc prcvious rc~,t'art:h [il J ku.l indi." 
catcJ that it cou\J be applícJ tu BTCo. projcct's dcvc!opnh.'nt 

cff011~. 

' Aepf.''illg tl!t~ Ruykígll Curve to Suftv.:are Li[e Cycle 

To <lp¡•ly tite onc p:1r::unctcr Rayleigh function 

O<x~(f) 

(1) 

(s~.·c Fi¡.:. 1. bottu1n ¡J:Jiil'l J tn thc ~oftWJ! e Ji fe cyck. ( 1) m u 51 be 
modifk..! :JS fCJJ!t,·xs: cbpscd tiul\' from ¡¡,,. >;tJrt vf 1.h.:· projl·.::! 
'1 wi!l L-· :i.i_d:•.,titu:l'li r(ll X. IÍ_Illl'. (lj" p.:-;Jl~ ;¡:Jtq)lJ',\'•.'r fm¡n \\·¡¡¡ 
be suh:.;~itut~·J for thc Haykigh pJr:¡n¡,:-¡c-r o. and a s~'C1.111J 

p:Ha!nctn, K, will b~ intwJuccd in tu th·: ~·qtutk•Il. Thisr:u:ll:l· 

etcr ;¡djusts rhc nnn!oadins, at e~~~h \";;:ul! l'C t by thc con:.;t.~Jnt 
K to takc into ~Jú.:outtt diri'crcnccs in ¡'rujC'C\ siZL' duc tu thc 
total mancrrort. T!liS ~l'(Otld p:tr_:l!llC'l~r JeprCSCI'c!:' thc {¡){:Ji 

cumubtivc lll~ncff~Hl utilizcd by .tht' ~..·nd of th\.' ]HlljCct ;tJld 
is l'qu:t! tu thc arl'a urHkr thr R:Jyll.'it;h.curv~..·. Thl' two·para:n· 
ctcr Raykigh fun~:tion c:m be represcntnl :JS t'ol!ow:-;: 

(2) 

lf (2) is rcwrittcn JS: 

y, [(1), 2al • Ke-" 11
, 

(3) 

thcn it can be ubst:tvcd th:1t thc R:.Jylcigh runction is nuc!c up nf 
two time varying componcnts. Onc colllponcnt, 2ar, in~··h'ascs 
lincarly ovcr time, whih: tllc sccuricl comp()ncnt, Ke··ar•, is ;¡n_ 
cxponcl!tblly dccr~asing runctio.n ovcr ti1ne. Prcsumably, the 
mancffort JoaJing at 1 rcflc1:ts thc nlllllhCr of prtlb\CillS thJt 
can he solvcd at t; thercfort:, (3) statcs that thc numbcr of 
p1oh\cms sulvcd ut 1 is cqtJ:tl to the numb..:r of problems .:~vail-

' ablc fur so!ution at t, Ke-ar , times thc prohability that a 
prob!elll wi\1 be sol ved .:11 1. 2al. 

Fig. 2 iltustratcs thc cffc.cts of thc a and K p.:!rJnh.'ters on thc 
lbylcigh cut vi.!. Thc top p:.tncl indicJtcs th:1t thc cffcd üf the 
a paramctcr (scak paramctcr) is to comp1c-ss or strctch out. thc 
man\l):.tding Jistribution and hencc the duration of thl' project. 
Llrgc a val u es (small fma' v:.~Jucs) r"esult insharply pcakcd Jll:lll
loading distributious with r:.1pid manpmwr bui!Jup ami phasC· 
out (projccts llf short duration), whilc small a v::~lucs (Jargc 

2 Unfortun~tdy, comrll'tt": tifc .:ych: man!,lading curvt.·~ \\"ere not 
:~vailah!t· for o\hl·r HTC,). nt":W dcvd.ipment projc'l"IS. Thh ¡, h..::c:lUSC in 
!he HTC~o.'. 1.'nvirnmn..::r¡t a devdopmcnt prnjc...:t terminJICS nnce ti!L· .~ys· 
ll'm hl'L'Uillt'S up1.'ratinnal. (l.<> IHainlt'!IJt!l'C plLISO.: ¡, assi_gncd tu a dillcr· 
cnt pruj~.-1 tcam (typcially ll'S(J\'Il:'>ibk 1\H th..:: l'Pn\.:urrcnt tll:tinll'nancc 
1Jf nwn)' similar sy~tcms) or l'hL' it:;; m:1intcn:1n~·c i.~ crnbc1..hkd within 
thL' su hscqu~..·nt pha.;c of a .nwl tiphase app!ic;sti\1n L'l"fnrt. Cun~cqucntly, 
mainll'll;tllCC rnanloadin¡~ kmkd to b.: una.,.:!il:!hlc for UTCu. den'l<lr· 
uwnt Pfll.Íl"l"ts. 1·\n l"our dL'VL'Iupllll'lll rnd•:l·!s (BACCI2, CASIICl, 
t\CCI"t\ N LY. ;¡nd Af:CFSS 1 ), hon\·~·wr, 1 hl·ir !•i;untcnam·c t.::!lliS SL'rvi~..Td 
onlf thc .\ingk' sy.~IL"IIl\ rcques!s. Th~..·rL·f,ltC, fpr H\C.~C t"llUf pt11jccts, 
n11npkt~..' lllanh,:tdin:'. di~trihutions cou!d lw ~·bl;tincd th~1t indulkd thc 
main!<.'ll;ll!l"C pl1asc uf.lhl' prujl'd lifc t·y~·k. 
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Systt:ln ~llP lDt-'1 l'rnjPct rfforta 
(in::lu:linq Po~t-(in Pruccl!urlll 

Oiw1sion lin0s of 
Project /~.!me CoJP) 

1 f'lll li·~•P nt d ti o)n 

in M.!n-Montrts) 0 l"anqu<HJC! llsP.d 

ron:lJ 1 Systetns 
UL•vr~lopment 

r:,•tt:odolo'.ly 
(SDM) · PrOjC'cl Purpose 

19"J.6b-i1.~--------,¡¡,;~T(;-H7l[ i!l'·-----LTT6,-:-Tl.ií:-·---p¡:-o·v-i'71~S proccsSlñg-·ror-
~:~Jnd~JI''"Pnt and requla-

CAS!\Cl 34,677"LCC !S3. 71 1'.'1 

ACOA!~LV ~O.lll LOC 1 'l3. ~ l·t'\ 

AlCf SS 1 ~1,200 LOC i·D ,17 ;1:1 

FURTRA!I, MACRO ATCo. SDM 

CUBOL B!Co. 5011 

COI10L llTCo. SDM 

tory n•port ing. 

Proct~S<'S the ILtlance 
Rcpnrt 1 nq dnol /".ont-y 
lrd~~fer Rpporting 
JHO•!u(tS 

Prov~<lcs proo~ssin9 for 
fCfJIH'tHIQ Of lir'ldOciaJ 
{t•CCI)urot -~Mlysis Stdte
rr.c-r•t'>) dfld mJO<JQetnent 
(rl'lnt.ne ~fofitability of 
ll reo. who I~Sd le cu~tomcrs) 
Jnfon~dtion 

RetJi 1 hdnldnq J¡lplic~

tl•~n <JeSlgnPd to provlde
lOOJui~y and hQlo1 Cdfld
tlilltleS for r.t .. .,c~ing <Jfld 

Sdvln•:s dCCounts: 

----------------------·------·-·--
3Effort is dc-fint:d as •. ;unwL.lliVI! numbcr of BlCn. ~taff and vl!nJor personnd on thc projcct fnr cach nwnth of thc 

projcct's duration (lmanmonth = 125 manh<JUrs). , 
hl'r<·j~Tt m;¡nlo:lllin~ 1\:lta wcrc obtain~·d frnm BTCo.'s fin:¡q,:ial rr¡wrting systcrn. Data wcrc v:;lidatcd by rcconriling 

moillhly manpowt:r cstim~!lc~ t1g:linst man~:üunts gi~·~·n in act1!;¡J 1nanp~,wcr cXpl·nJiturc rcports. 

lm:1 x V3lucs) rcsult in more gradual d!:Úributions (''~trctcllcd 
out" projccts) of long..:r durJtion. Thc K p:H:Imctcr (bottorn 
panel) cha11gcs ()n\y the total effurt undcr thc curve, hut not 
tht.: sh:tpc (dcgr;:>~ of pcaket.lncss). 

Anaf.,·tical Tet'hniqucs 

Two h:l<;i;.: tcd1níqne' wcrc uscJ for.thc Raylcigh t:urv~ fitting. 
f7ir:;t. rcgrcssion :uulysis·' was u sed to oht:lin k:.t'>i squarc:; cstí
nl:Jtc~ t.'! thc_ fbylelgh mndcl's ¡nr:tmcter:-.. K and a,whkh, in 
IH!ll. m.::'(' uscd to genl~r:ttc a pro_i1:Lt\ R:~ylci;;h m:ulloading 
~.:ur\'C. Sccund. tllc diffcrenccs bdwl'L'Il thc ub~cr\'cd :tnd (ittl'd 

lb~·Jci¡;h m:ullu:tliing SL)I!'.'S,(thc t(·,idu,.d :->t·o¡cs) wcic <:lll:ilyzl..'d 
tr• ida:iify re¡.;iuns uf poor mude! fit. · ·¡ hesc di.rferenccs are 
ilnp•.tílant bet::Juse they rcv.::1\ w\H.:rc in th~~ soft•.v<trc lifc cydc 
thc R:tyki:;h L'tlf\'e i~ Join~ ponrly. Thus, by an~dy;:i:lg thc 
resiclu:~l ~cPrCs ü\'Cf time, une can dl'tl'rmine whcthcr thcrc is 
syste:n:it ic Ucp:u t urc (ro m ·t he fi t tcd R:¡yJeigh equ:1tion. 

JEqu.:.t:iun 1)) i~ n"n\in.-ar in its paralnctcr.~:c.:or.seéju~·nlly, f!'ln\inc;¡r 
ka~\ '(j\l;lf~'<; '''!:rc:.~inn. ~brqu:.~r(,Ú !'f'-'·.'úlur..:, w:¡s th·: rlC.~r~·o.;..,¡,,n t\'ch· 
niqt•C u~ed fu~ the CIH'>I! llllinc. ThL' \í:nq•t:lldl pruced•tr~ is :1n itcr~ti\'<: 
p.~r::m~'i'-'r ,;:,¡n;¡:_s¡],¡¡¡ :o.:d;niq<JC (i.e .. it k~'t'ps ;¡;visin,.; !h..:: p:tr::o:h.'h!r 
~·--:i:u:J:e-: tnHil it c.•n\·cs~~·'5 tt1 lhl.' fin:!! k:!~t ~qu:trcs t'}tim:th!-;). Therl!· 
f<)r~·, ini:i:d \':dut·s ft'r til'-' R_,•yki~:h ¡-:HanH:Icrs lh't:dt:c! tul.Jc spcciJi~.·J 
[·l]. To ~·ht:,in thc~e initi .• J ,¡afling '.';J]u..::.,, the R:tyki;-h fun~.·tion wa~ 

~ ev:.slu.¡:-;-:..1 f<1r cn:ry par:ilm'tCI ~·o::lbin:,ti~:n in.\ r~·gic1n ¡¡¡" Pl'\~ibk par:un· 
~.·:::r v:tlue~ d·:Cined by v:.:rrin_!.· /( from '21) t.r40fl lll:lnln\Jil!il~and v:~rying' 
a f:,,m 0.05.)5 t•r 0.01.JU5 (c.,roe~:pOJtldin¡.; lo r111 ;¡x::: 3 tu ~O munth.,). 
Tb~";·: p1r1i.:;d:n A'. ! 111 :~x v;d:ll'~ I'.'L'fl' ~t·krt·:d t•n thc ba~is uf prior 
fL'\\<!fc'h wh\eh indit:.:.tlt!d th;l\ BTC1:. dl·•·~~~~~rment prt•jt'<!lS le:llled lo 
o.::.-:llil'it A:. fm:t.\. valllt':> tll:ll f•;li within thi~ rq•i"n (,•.:e T:J!Jk.H in [21 J). 
:\ ll'duc..:,l ~t.:.t '.lf p:1r:11lll'!l'r C'llllhina!Ír•n.s in :he p~r:lltJvtrr 'f':tt'<.: sur· 
ftHllldir1:; the point wit:l the ~m.1lh'\t t•rror .'-!lln qf "'!U:1res w:ts !h•:ll 
csamint'ri :;nd the p:lir wirh th:: min]ntum crroi ~.u m fJf ~qu:tfi'S w:1~ :.t~t·d 
(\) st;,rt pf¡' tht~ i"ter:ttivc estimation. 

Fig. 2. Eff~·ct 

eyrk ellil'<:. 

eon~f;1lll ,A·. 
a eon~t:ul\11. 

MANPOWER UiiUZ.l.TICN Cl:RVE 
y'•2Ko:t-oll 

SHI..P( Cf UFC<IT Ci')T~rour.c,.., ~OR C:O~<Sft..<.,)T TIY'!:·TO.f"U,..: 
8\.Jf O:F~lilt~o• 1(;~.~:. UFCIH Ufll!~tlfo0~. 

~ • 02 ~.:,;¡ .llL (•.,IR\I(S 

(JI chanfin¡: raramctcr va!;lcc:. (K a'nc1 11) on Raykil:h !ifc 
Th•: !•J]l panel illll\lt.lll'~ the dfl'l'l of v;¡ryi11g a ~:iven a 
Tlw buft•Hil panel ~h!JW.\ thc l'Jfl'r..:t <>f v:11yin:; K giv•:n 
cr':ti\en frorn fl2J.) 
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TABI.E 11 

=::~==:=.-=--=- 4 --~Y~r~~~- (-~<~~ Fr ~- 111 ·r_~;~:::!:~~:;~--~~~~-c--~-~--=~==--=--:::_-==-==-====~ 
PortÍ!>II ol tiff' Cycle AnJI.Y71~U 

_____ E_~ i r•! l i ~...s._l_o:._ ___ _ __ _jy~-t~:-!·'5...~~-~:lJ~~~-()_,~_1¡ _____ _ ____ 2_1-'__S_l~~ !:!.~-~~0.~·!~-':_Qn_~-- ~-,. 
trli!ll ' ,, b ,. 1> 

t tlndl 
~:~:.":o ',i!'>~ g:,~ 

~><IX 
fJ~~ Y~l 

,,. 
'• 

Coro! id, Coof id. Confió, Cc·nl id. Conf i rl. Cor•f id, 
i'_q_i rt J r~ ·;1. Pci rt .!!~~-~!_- f'_:>_i nt _l_r~t_v.J.:. ~OiE_~ [ nt v 1. ~~'.1 1 n: v 1.:. ~C.l;"-.!:_ _!._1:-_t_::!.._-_ 

t~.:u t 
~37 170.~2 8. 37 1.% 180,%· J60.J5 8.70 7,69 83.35 72.53 14. 4ú 12 .4~ 

l<:!ti .23 8 .t:-~ ¡y;_s, tU:l2 94. 17 11 .62 

(t~~·(l( 
-íJ7:r.:; i 13. 7! g¡ 5. ~-1 133.83 J :'J'J. ::0!1 S .61 ~.Kl 100,(.3 83. {¡;J llJ.t;r, ~-Cj-1 

\ti•:. ~.:, 6.Hl' hll. ]H 6.H3 117. 7() 15.50 

ACCP:.t yd 
-Yi&-.Y; \/!J. 74 tl.ll 1. !!l Jn.!lJ 1 )(.-51 o. )4 l. 7'J J',s .o ~36).4~ 31 ,1,"¿ 13. '_;1) 

l';)]. IJ'.! <L 7U lli'J.O'J Y.o4 5-;S. 4Y ~ 17. }.") 

ACCE S~ ¡l' 
--of:~-1 t Lo.Ul 4. ~4 ~.U?. 02.73 6í'.~] 4 .<H 3. 7~ !\·1, ~.<¡ 7?.U3 1 ~. ~;tl ¡.:. ~i.J 

~¡_,. }'~ !¡. J<• Wl. ~,J , .. 9(1 91. g 1e. rn 

3 Tot:J.l cumui;:,th·o: rffort (in m<n;nwnths unit~) n.:¡wnd<.?d on pwject. 
bl·· . f ' J· d. ¡· . . . rmr o p~·ar: man ~~a m;; rn lo!Oirtlls) srnce st:Hl ot prujL'l't. 
cTimr Jh'riu<h 11 and 12 ,_._,duckd i'rnrn Hl:lint¡,;nam·c only an.1lni~ du..: to in:Jccrrr:rt..: m:rnlo:!ding colmts. 
dFitted_ parallll'tc:s in m:lintl'nam·..:: qnJy k:.bt squ:n.: solution ;m· hi¡!hly nq;:Jtiv..:ly corrdat~·J (-Ü.99S) \>o"Íth lar¡;r 95 per

c-ent contrdcncr rr~\Uns. 
cTime p('ri\>!h 9 ami l(J l'.\t'ludo:d from maintcnonct' only analysi~ d11C to inaccuratc manhx.ttling count'i. 

Rcsufts ofRaylcigll Otn't? Fitting 

Estima~es nf Ray!cigh P(:ramN('rs: T:rblc. ll, columns ! -4, 
prcs~o'llb thc lt:!<JSI squ:Hcs ('Stim;.¡tes tlf thc Raykigll pa!alll· 
etcrs. (Observe that the t 111 H p:u~1mctn i~ prcscntcd in pl~~rc 
of the a p:H<ttnctcr.) B~Jth point JIHI intcrv.dcstini:Jtcs(thc two 
('XIrt'llli:' puints in thl.;' ¡nrametcr's 95 p1.'I'I.:cnt confldcnr~~ intcr
VJI) are indudcd. Th~' puint estima te rcfers to thc sin giL' ''bl•.it" 
estímate of a mudcl's paramcter \\.'hile tlw intcrv:d estímate 
indica tes a rangc of likdy valucs within wilidt thc_ parameter 
lies. Thc intcrv~d estima te is importan! bc1.·ausc it indkates thc 
degrc(' of variation anwng "Hkcly" par:nnctcr valucs. Foral! 
fou1 projc;.:ts, thc rangc of K, lrna~ v~dut.:s cnnsidcrcd hy the 
data as not unrcaso1tabk for tite truc v:ducs nf /\, fmax are 
fa ir!)· tight, implying good least squarcs so(utions. 

Thr bcst fitting Raykigh curves (gCJICr;Jtcd IJy suiJstituting thc 
fitted paramrtcrS· k1ck into (3) for thc time pcriuJ~ :l!lalyzed) 

tor~ctlwr. with the aciU:!I m:mloaJing di:o:tributions :ne prcscnted 
in Fig. 3.4 Notil'c thJt in al! four fittcd curves, thc cmpirh.:ally 
dctcrmincd time of initial·opcrational capability td (cq\Ja! to 
17 for BACC 12, 1 O fur CASHC 1 , 16 fur ACCTANL Y, ond 8 for 
ACCESSI) Jocs not coinciJc with thc tltt1.•cl time of peak man~ 
1o:rtling, t,.," (cqn:d Jo 8.37 for BACC12. 5.91 fm CASIIC1, 
8.11 for ACCTAr-iLY, 4.54 for ACCESS1 ). R:tlhor, 1<1 is :tJl· 
ptoxilll;ltt•ly twírc lma' (~d:::::: ~ fma:-.) and thl!rcforc o..:¡_;u1s ne:1r 

4Twu pf thL' HTC'n .. lift• r;•dt• ph:r.,L'"· i·L':l~ihility and srrrv~y/analy~is, 
\\l'fl' l'lllittl'd frum th~- .Ji fe qTk an;rlysh. 'J'[¡j, was b~·cati~L' ~l.!vl'ral 

im·c~tiratLlrs 1161 h:nl inJic;ltt:tl thJ.t tlh'SL' initi:d ph:~~l'S :rr~.· nnl p;Ht uf 
.a projL'l'!'s formal Lkwlvpnh'!lt. Ctln,l'qncntly; thL' starl of thc prujc~:t 
t0 wa~ 5L't l'qualto !hl' bq!inning of prdirnin:uy dcsign. 

thc rnd of the Tbykip.ll curve, pJst the point Óf infll'ction 
(ti= l.?trn:~.J· Putnam [IS] h:ts indict!(·d th:tt ftH nh:ditHH

~il.l't.l ~ystcms (18 000~70 000 linesofcudc),/ 111 ;~, isapprnxl· 
matcly in~dway hctwc~.·n .thc start of thc pruje~l t 0 and t.1: 

hcnce. thesc Raylcigh cun·es indi~.:ate thJt BTCu. d..:'vclopmcnt 
projcds pCak in thc rn:mucr as othcr llJtdium~si;.cd projccts 
rcported in the liter:~turc. 

L):amination of Rl'Siduals:. Impcction of fig. 3 revcals t wl) 

basic rcsidu:JI scotc p3ttcms: (lu thc prc~cnt c_ontcxt. tcsiU· 
UJI scotc5i rdcr to thc .. differeJh:e bCtwecn. actual :wd Ray!cigh 
m:mlo:ttling valucs at time r.) First, exccpt for ihe initial 
undercstimation at t ~ 1 (a finding also icp01lcd by [21] '). 
drviation from the R<~ylcigh modcl is small and constant 
throughout thc phascs pr_climinary dcsigu through implemt.:ntJ-

~\\'icncJ-Ehrlich el al. [21] intcrprctcd the R;~yldgh mndcl'~ initi:1\ 
undl'n.',li!n<rtion of projrct Jllanln.1ding (;ti t"' 1) :J\ illdic;ltiv~· ofbilurc 
to i<h:ntify tht~ "truc" start nf thc prnjl'C'I. ThL·y sut:gcstcd introducing 
a [n(,l\inn (migin) p:Hallll'!L'r into thc Raylci~·.ll cquation in ord:.:-r tn 
sta ti~ticJily cst;~blish thc puin t of zo:ro man!oadin~ ;~nd hcncc !he prnji.'l'l 's 
slart date. [f lhc kKatiou p:ttdrtH!ter, "}, is illl:Of!JOrated into (3) thcn 
thc rt·sulting rquatit)n 

)' = /(1) = 2Ka • (1- ,) • ,,-a(I->)
2 

(4) 

is cquiva!l'nt tu thl~ Wl'ibul! function with a sh:lp<: paramctcr cqual tn 2 
[6J, [H]. (l':namckr ¡.; adjusts thc"rúanh,:Jding :11 l'Jch n!uL: nft br :1 
\.'o!lstant to t:rkc into arrouut ditTI.·rl'llVt'.~ Jll\llllJ~ pfl•icl't'i in lcrlll~ tlt' th1\ 
tnt:d lli;IJKffort.) Thl· IC"Ulh uf nttirn: thl' \\"l·ibult fmwtinn lo JIIDil.'l.'t 
tbla indj,·;¡tcd that at1huu¡:h tliC l'ffcci of tlll' p¡¡f;IIH\'tl'f,W;¡,~ IP fl'ti(h'<~ 
th1~ cnut ~lrur uf -~qu:tri'S (:1 IL'sult abo r~·rortcd by [1] ). it n·suttn! in 
an nvnp:1rautcterizcd modl.'! for somc data SL'!S. Apparrntly. f1•r th1'St' 
dal<l :-.ets, thl.' dat:l ~('tt' inadcqu;.~tc to allow l'.~timatiou of tlrrn· p:II:Hn
l'lcrs. Thcrt'I\!Cl', tbl' p;rranrl'\er was dimin:tll'd frolll (4), ¡¡rul t3) tit 
ditl'l"tly lo tire d:~ta. · 
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Fig: 3. Actu:II.manloading scorcs together with best fitting Raylcigh 
curves· for four BTCo. ncw dcvelopment projccts. In thh anai}rsis, 
Raylcigh curves werc f!t to projects' manpowcr scorcs ovcr thc en tire 
life cyck (i.e., phascs prcliminary dcsign through maintcnuncc), For 
BACCt'2 (top lcft), thc Ufc cyclc cxtcnds from t = 1 to t = 29 (devel· 
opmc11t: t = 1-17, maillh.:nance: t = 18-29); fnr CASIICl (top right), 
from t"' 1 to 1 = 2J (tlcvdopm<.•nt 1 = 1-10, maintcn::m¡:c: t = 11-
21); for ACCTA~l Y (bollum lcft), from 1'" 1 lo t = 25 (dcvclop· 
ment: t ·.-: 1-16 dcveh.)JHncnt, maintcnancc: t = 17-25); antl for · 
ACCESS l (buttom right), from 1 .. 1 to t = 46 (llcvclopment: r ::$ 1-8, 
mainh:nancc: t = 9-46). · 

tion. Socond, the Raylcigh curve consistently deviatcs from 
the actual manloading al the end of the project lifc cycle, 
underestirnating thc maneffort eXpended during maintenance. 
For two projects, BACCI2 and CASHCI, the maintenance 
manloading riscs and 1hen falls in a Raylcigh·likc fashion, while 
for one project, ACCESSI,.the maintenance manning appears 
to follow two small Rayleigh·like curves. Sincc the "enhance· 
mcnts that occur during maintenance by their vcty naturc 
n~ct?ssarily rcquire dcsign :md development (they give the sy;. 
tcni Cr!pabiliÚes n6t callcd for in the original functional spcci· 
fication~), it is not surprising that DTCo. maint~nance m~inning 
tcnds to tollow its own separa te Rayleigh curve. 

Forccastilig Software·Maintenance [rom the Development 
Dcrired Ruyleigh C11n'e 

By il1e time the BTCo. opcrations phasc is rcached, approxi· 
matdy 86 porccnt of !he lotal lifc cyclc cffort has bcen ex· 
pt·ndcd on tl~vcloping thc software systcm 6 

· Slnce, by this 
point, a significant · numbcr of nwnlouding val~cs cxist for 
fitting a Raylcigh curve, one should be ablc to use the Raylcigh 
curve fit to a systcm ~s ~cvC!opmcnt effort to prcdict what its 

6 This v:.~luco wa's obtained by intcgrating thc Raylcigh manloaJing 
curve (J) Trom t =O to .t.= td, fd = 2tma:c• whictl givc.~ thc cumulativé 
manpowcr utiliza~ion at td. · 

--··---. -··--·-- -.-

manh1a~ing requircmcnts will be during maintcnance.' ·A con. 
dition for forccasting maíntcnancc is that thc dcvclopmcnt and 
maintcnan~c munloading V<llucs be. dcscribCd by thc samc Ray
leigh fum:tion (i.e., thnt both s~ts of scorcs ·lic on d1e samc 
Rayleigh curve). To dclertninc whether this is true for thc 
BTCo. Cnvironment, one nccds to compare the Raylcigh curves 
derived from llTCo. projccts' mointenancc phóscs to the·Ray· 
lcigh curves dorived from their developmcnt e!Torts. lfthctwo 
sets of Rayleigh parame1eis, K anda (tmox), tend to bc·simi· 
1ar, then this would cons~itutc strong empirical eviJence for 
thc ability to forecnst mainl~nancc bchavior. from a develop· 
ment derived Rayleigh curve. 

The results of fitting separote Rayleigh curves to.llTCo. proj· 
ects' development and maintenance. efforts 1 'are presented in 
Table U, columns 5-12. For .thc dcvelopment manloading, the 
parametef estirnntcs appear to be r~.asonable cstim:~.tes since, 
for aH four ·projects, the probable parameter valucs cluster 
tightly about the point eslimates. In terms of !he maintenance 
manloading, thc least squares solutions (columns 9"12) appeai 
to be desirable save for onc project, ACCTANL Y, duc to thc a 
parameter's large standard error and its high correlatio.n with 
thc K parameter. Table I indicates that for all four projccts, the 
developmcnt and maintenanCe p:.trametcrs nre hi'ghly ~iscrep: 
ant (compare BACC12's Raylcigh paran;eters K':' 180.96 man· 
months, tm,. ~ 8.2 rnonths based on development data with 
the parameters·K ~ 83.35 mnnmonths, lmox ~ 14.4 months 
obtained from maintenance dota), suggesling that thc two sets 
of manloading do not come from the samc Raylcigh curve. 
llence, one cannot use Rayleigh curves· dcri~cd from BTCo. 
projects' devclopment efforts to forecast future mnnloading 
requircments Juring systcm mnintr.nance. 

The Haylelgli curves derived from projccts' dcvclopmcnt 
ond maintcnancc cfforts projccted over thc cntire life cyclc, 
togethcr with the. adU<ll munloading scores, are presc~ted in 
Figs. 4 and 5. (In Fig. 4, pr9jccting maneffort loadi1igs into !he 
maintenancc phase is. nccomplished by using thc dcvclopment 
function paramcters to gencrJtc manloading values for subse· 
4uen1 time periods. In .Fig. 5, Royleigh manloading values for. 
project developmcnt wcre obtaincd by using thc maintenancc 
functiÜn p3ramcters to gcncratc rnancffort v:ducs for earlicr · 
time pcriods.) Observe that in Fig. 4, allhough the projccts' 
developmcnt manloading closely approximates. the Otted Ray· 
lcigh curvcs.8 the m~intenance manloading deviates markedly 
from the projectcd Raylcigh pallern. In Fig. 5, Raylcigh func· 

7 In fitting Ra}·lcigh cun·cs to projccts' ma.íntcnancc manloading data, 
the time se ale was properly adjustcd with n:spect to r0 .' Thus, thc m a in· 
!enance time pl."riods' 1 values wcrc sct cquaJ to the nurnbcr of months 
foJ.Jowing the st:ut uf preliminary dcsign. . · 

l:i In ortlcr tu .'ílatistkally evalunte lhi.! Ra>·lcigh curve''\ goo\li1C~5 ·of·fit. 
a chi-~quarc t~.H [ 1 R 1 w:1s pcrfurmcd on ~.·adJ proj1 . .'~t\ :~ciua! venus tlttcd 
manluallin!{ ~..:orr.~. Thc Idea b'~hind thi~ is to l't.l!n.p;ac thc ubs~~nl('t! 
nnnluading J\,r :t ¡dvcutlmc pl'riucl !IJ thc numb~·r that wr,uhJ be C.\pC~~tcd 
on th~: ba~l~ of !hl' hcst fitting Rayh:igh curvt'. Thc (.·ompari~on r.an bt' 
m a de in su eh a wa~' th:~t thc rcsulting test. ~t:nistk ha.~ ::111 approximatc 
chi·:sqliarc di\tribuliun, with dcg'rcc.~ of frt:cdom d/l·qual to ¡¿ ·• 1 - t 
p .. _ is the numb.:r of ctlls (time pcrio.d.~} and r i~ !he number of p~ua~n· 
ctcr~ cHinntcdj. Thc rcSults of ,the chi-squ·arc test applicd lo Jcvctop· 
mcnt only rnanloJding wcrc :1\1 highly nonsignincnnt ~nd are as follows: 
BACCJ 2: x 2 

" 2.B2, ponlcd d¡" t J, p.;; 0.995; CASIICJ: X2 
• 3.05, 

pool NI df" 6, p <; 0.9; .ACC"J"ANL Y: X' "4.8 poolcJ d[ 0 12, p <. 
0.975; ACCESSI.: X2 "2.85, puukd d[" 4,p <."0.15. ,. , 

l 1 
i i 

l 
! 

f ¡ 
·1 
( .. 
j¡' 
( 1 
! ' . ; . 
" ' ' ¡ . 
\' 1 
\ ¡· ,. 
! 
1 



•· 

- ·. 

WEINER-ENRLICH ct al.: MODEUNG S/W UEHAV10R 

~ 
... BACCI2 

.... ..... 
Q • • • 

~ 

20 

" 
10 

• 

.. ... • •• 

CASHC1-

.. 
• 

• o ... 

i 'ti =:; . 5 •• • • • •• 

i
-< ••• • :· •• 

D O 1 O 0 1 ·.;::-. . . 
o ---..------.-~ O ----,---r·->,.._......, 

o. J:) 20 3.) o 5 J:) 1!1 20 25 

.. . ·. 

• 

Tlt.l( IN t.IONHiS SINC( START OF PROJ(CT 

., 
• •• 

ACCESS1 

.. 
ll¡.? . . 

•. 5 .. . 

~ ... . 

6 

~ . ·.. ,:.·.~. 

j 0~ .. -r-,--.-=:~~~ o ·~"· ~.--·. 1. 
o 5 ~ e·-~ 25 o » ~ -~ ~ ~ 

Ttt.tE tt-t MONTHs·SiNCE srARr or PR-OJECT 

Fi~. 4. Actual manioádíng scores together \víth best fitting Rayleigh 
rurvcs for four BTCo. ncw dcvelopmcn't projccts. ln thb analy!is, 
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into mainten.tn.;e. Fitted versus projectcd-Rayleigh curves are dcnoted. 
by different symbols. 
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Fig. 6. Comparison of Raylrigh curves .dcrived from BTCo. projccts' 
development \'ersus maintenance efforts; projcctcd ovcr the cntire 
life cycle. 

tions also charadcrize software maintcnance,9 but thcse func
tions diffcr from the development Ray!cigh curves and hencc 
do not describe software deve!opmcnt. . 

Fig. 6 prescnts the projects' dcvc!opmcnt and maintenancc 
dcrived Rayleigh curves projected over the entire lifc cyc!e . 
Observe that · for al! four BTCo. projects, the point of peak 
mar11oading occurs la ter in the maintenance curves, rcsultine in 

· distributions with more gradual buildup ancl phascout than the 
stccper, more sharp!y peaked devclopment curves. Since the 
effect of increasing lmax is to increase thc manloading at the, 
end of the project (see Fig. 2, top panel),, large lmax va!ues 
are required for thc maintcnance curves in order to drpict the 
large maneffort expenditures that occur during systcms main
tcnance .. What thcse curves signify, then, is that at BTCo. 
more effort is being expended on software maintenance than is 
prcdicted on the basis of mancffort expended during software 
development. In sumin"ary, BTCo. development derived Ray
l~igh curves are poor predictors of maintcn~nce .~taffing since 
they significantly underestimate the amount of manlo~ding 
required . 

IMPLICATIONS FOR SoFTWARE MAINTENANCE 

In arder to undcrstand the implication of these findings for 
systcms maintcnance, first considcr thc types of activitics that 
are pcrformcd during this phase of thc· software life cydc. 

9Thc- results of thc chi-squarc test applicd tO maintenancc only man
Joading werc also all.rwnsi¡;nificant anrl acc us follows: UACC12: x 2 = 
0.25, pontcd df= 2, p.: 0.9; CASIICt: x 2 = 1.27, poo\cd df= 3, 
p ~ 0.75; ACCTANLY: x 2 =!.OS, poolcd df = 1, p.: 0.5; ACCESSt:. 
X = 5.0, poolcd d[-= 8, p < 0.9. · 
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Fig. 7. The Raylcigh curve as a model of the BTCo. lifc cycle, givcn a rcviscd dclinition of software maintcnance. The left· 

hand panel prcscnts CASHCl's actual manloading scores (maintenance marlloílding restricted to corrcctive maintenance . 
a·ctivítics only) tog'cthcr with thc bcst fitting Rayh!igh curve. A comp;~rison bt:tw~cn CASHCl'$ dev~lupmcnt and main
tcnancc dcrived RaYlcigh curves' projccted ovcr the en tire life C}'Clc is prcscnted in the right:hand panel. 

During maintcnancc, a system typically cngages in sevcrol dif· 
ferent a~.:tiv·itics dcsigned to rcstore and reta in operationa1 effec· 
tiveness. These include correction of system faults, pcrfor· 
manee improvelnents, additions and modifications to cxisting 
functionality, and support of ncw software and hardware. Only 
thc first of these activitics, identification of original design 
defccts and error correctioñ 1(i.e., "correctivc" maintenance 
[7]), are intrinsic to the programming task: In contrast, the 
lattcr activities (termcd "pcrfective" and "adaptive"'mainte·
nance) are the result of factors externa! to the programming 
process that are difficult to predict: for examplc, !he mainte· 
nance group's initiativc [19), availability of new hardware 
devices and syst,ems soft,(,are [5), tight developmcnt schedules 
{9), and changes in the business and user environments [3 J. 

The majar result from the preseilt study-that more man
·cffort is expended on maintenance than was predicted in tcrms 
of a devdopment dcrived Rayleigh curve-suggests that for the 
. purpose of life cycle forccasting, only sorne, not all maintenance 
activitics be included in the maintenance phase of thC software 
life cyde. For systcms that peak in the manner of BTCo. sys· 
tcms (i.e., where lmu = l/2td). it would seem that only corree· 
ti ve mJintenance should be included. This is beca use, first, 
c'orrective maintcnance reprcsents the culmination of thc soft· 
ware development process and, hcnce, its maneffort should be 
predictcd from systcm dcvelo¡imcnt. Second, recall that by 
thc time BTCo. projects enter the maintenancephase rd, the 
inflection point of the Rayleigh curve has passed and the man·. 
powcr is lcvcling off at an inCreasingly rcduced ratc ovcr time 
(seo Fig. 1 ). Sincc the manpower is assumed to be proportional 
to lhc ratc of problem rcsolution, thc long tail of !he Rayleigh 
curve implies that the numbcr of problcms solved is small and 
relatively constan t. Dctcction and repair of software system . 

faults (where the fault is dueto faulty irnplcmcntation, weak· 
ness in design~ or incorrcct func1ional spccifh.:ntions) \vould 
also socm to exhibit a pattern of lcvcling off after thc initial 

startup period. Therefore, only corrcctive maintenance effort 
should fall along the same Raylcigh curve that applies to sys' 
tem devclopment. 

For one project, CASHCl, maintcnance data was available 
. conccrning the amount of maneffort expended {per month) on · 
"bug fixing," modifications to conform to functional specifi· 
cations and new · enhñncements. 10 .Thc first two categories 
cxcmplify repair of systcm faults; conscquently ,thoir joint man· 
effort should correspo.nd to corrcctive maintenance. Fig. 7, 
left-hand panel, prcsents the actual inanloading distribution 
(with the maintcnance manloading restricted to only these . 
two maintenance activities), togethcr with the fittcd Rayleigh 
curve. The chi·square test was highly noniignificani (X' = · 
5.33, poolcd df = 9, p ..;; 0.9), ittdicating that the actual man· 
loading values conform to the Rayleigh modcl. (Observe that 
there is no lendency for the Raylcigh model to underestimate 
manloading during maintenance.) Thc bcst fitting Rayleigh 
curves derived from CASHC1's developmcnt and maintenance 
efforts, projected over the en tire lifc cycle, appear in the right· 
hand panel óf Fig. 7. The fitted curves are very similar to each 

. other and to the ovcrall Rayleigh curve in the first panel, due. 
to thcir almos! identical Rayleigh parameter estimates (K = 
130.03 rrianmonths, lmax = 5.48 months for both deve1op· 
ment and maintcnance; K= 133.83 manmonths, lmax = 5.61 
months for developmcnt; K = !31.04 manmonths, lmax = 
5.93 months for maintenance). This result indicates that the 
d_evdopment an~ maintenance manloading come from the same 
Raylcigh distribution; thus, a single Raylcigh curve applies. 
over .thc en tire software life cyde. l!cnce. we could have uscd 
CASHCI's devolopmcnt dcrivcd Rayleigh curve to .predict its 
maintcnancc manpower staffing. Thus, given systems that 
peak in !he samc manner as BTCo. projects, if one considers 

1°Th e authon would likc to acknowledgc the assistance of J. Ácc.a In 
obt<~inillg·thcsc lluta. · 
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only thc maneffort expended on corrccting origin;.l dcsign and 
spccification faults, plus bugs and errors, thcn this mancffort 
can be predicted from d~ve!opment maneffort using a Raylcigh 
life cycle curve. 

Although this finding comes fr o m an analysis of only onc 
projcct, the rrsu!ts suggcst that at BTCo. the Rayleigh curve 
may app!y over the entire software life cycle, when given a 
restrh.~ted definition of sOftware maintenance. ThiS may be an 
important implication for :nanagcment sincc it impli~~ that one 
docs not ha ve lo know the propcrties of the developed so urce 
code (c·.g., sizc, structurc, syntax) nor tire software quality, 
to estimate a systcm's correctivc maintcuance requirements. 
lnstead, one has to know on!y thc projcct staffing during soft
Ware development to make thc nuíintcnance forrcast. Thc 

· eínPirical work a1so has implications for managing software 
enhancements that extcnd an existing system's capabilities. 
Rather than !umping al! software enhanccments togcther with 
system fault corrcction ~nder a single maintcnance Catcgory, 
enhanccincnts should be. organized as separate software projccts. 
This is beca use, when included in the maintcnance pirase ofthe 
software life· cycle, cnha,ncements result in man\oading curves 
that do noi exhibit a Rayleigh pattern throughout the cntire 
lifc cycle. However, whcn managed as scparatc projects, sys
tem cnhanccmcnts do fo!low the Raylcigh curve [21]. Conse
qucntly, therc is grcater opportunity for software planning and 

. control undcr this !alter software managemcnt stratcgy~ 
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' Research on Structured Programming: An 
Empiricist's Evaluation 

IRIS VESSEY ANO RON WEBER 

Abstraer-In spite of thc widcspread acccprancc by acadcmics and 
· p~actitioncrs-·of st.ru~tured programniing precepu, rclatively fcw fonnal 
. cmpirical studics have b~cn conducted to oblain evidence that cithcr 

supports or refutes the thcory. This paper rcvicws the cmpirical studics 
that have been undertaken and critique-s thcm from the viewpoints of 
thc soundness of thcir methodology and thcir ability to contributc to 
sdentific u·ndcrstanding. In· general, the e\·ldence supporting pC~ 
gramming rrccepts is weak. A framewmk for an ongoing· rcscarch pro
gram ls outlined. 

Jndex Temu-Deslgn, experimcntation, human factors, languagea, 
performance, 

l. INTRODUCTION 

A S a basis for improving the quality of software, the pre· 
cepts of struclurcd .programming are compclling [221. 

For the academician, the mathematics of software ha ve a new-

.. anuscript rcceivrd Novcmbl'r 1 O. 1982; rcviscd Au~ust 19, 1983. 
Thc authors are with tlu.: D!!partmcnt of CummeH·c, Univcrsity of 

QurcmJl<JJld, Si. LuciJ, Qid. 4067, Au!!tralla. 

found elegance and rigor. For the practitioner, structured pro- ·· 
kramining concepts have strong intuitivc appeal. As a result, 
the area has spawned a multitudc of disciples, and many books, 
articlcs, and courses have appearcd, al! offering some dose of 
the ncw elixir. 

Whcreas conceptual developments in structured programming 
have been forthcoming, corresponding empirical developments · 
have been slower. Several researchers havc bemoancd tite un
substantiated nature of the theory [2 1 , (24 1 _ · Sin ce ultimately 
programming is an empirical scicnce, the acid test of a norma· · 
tive theory of programming must be whcther or not the prin-, 

· ciples dcrivcd from the theory produce cost-effective changes 
in software practice. In the final analysis the theory of struc· . 
tured programming amounts · to nothing more than an in ter-. 
esting intcllectual exercise if these c~st-effectivc changes do 
not result. 

In this papér we examine the preccpts of structurcd pro
gramming from the stance of the cmpiricist. Our purpose is 
singular: wo sock to show 'that thesc prccepts, which ntany re· 
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scarchers and practitioncrs ho!d fervently, are in-a poor state 
empirically. Our intent.is not to be destructivo, for we count 
ourseJves among the disciplcs ·of structured programming. 
Rather, we examine the nature of the underlying problems 
in obtaining cinpirical sUppOrt for stru.cturcd ·prograJlÚning, 
suggest why thcse problems cxist, and indi~ate ho\Y they might 

'J/ ' 

j: '· 

be rcmedied, al least inpart. 
The paper proceeds as· fol!ows. Section Il examines struc

tured programming theory and eva!uates how well it enables 
empiricists to gcneraie rigorous hypotheses about the effects 
of structured programming on software practico. Section III 
cvaluates the naiure of the hypothcscs that ha ve been pioposed 
so far, especially in terms of their ability to contribute toward 
understanding versus prediction. Section IV sur~eys theempir· 

· ical work that has been undertakcn on structured programming 
and argucs that .the problema tic results are a manifestation <(f 
poor theory, poor hypothescs, and poor methodology. 

!l. STATUS OF THE THEORY 

It is perhaps surprising that as empiricists we start with an 
cxamination of th~ status of structured programming theory. 
The empiricist ¡:annot ignore. the state of theory in an.arca. 
Good thcory .is a prercquisitc lo good empirical work: it in
creases the likelihood of any empírica] rcsearch undertakcn 
being succcssful; it enables the strategic propositions to be 
identifieJ and to be tested; and it enablcs the empiricist to 
direct research toward understanding as wcll as prediction. 

So far the theoretical work undertaken on structured prO· 
gramming has tended to fol!ow two streams. The first stream; 
which we !abe! the "characteristics" stream, is typified by the, 
work of Dijkstra [13] and Dohm and Jacopini·[6]. lt sceks 
to show, for cxa~ple. that any program can be written using 
certain v.:ell-dcfined cOntrol structu~cs. or that a program writ· 
ten using these control structures can be proved corree! [27]. 

· Wltile the charactcristics thcoreticians hold imp!ied beliefs 
about thc cffects of. structured programming. on software 
practice, so far they do:not secm io have formÚI!y articulated 
thcse beliefs as !aws of interaction linking use of structured 
programming with softv.·are practice performance critcria: 
As such, their work is only of passing interest to the empirícist 
as it provides little basis for designingstudies aimed at testing 
the effects of structured programming on practice. 

The second stream, which we !abe! thc "effects"stream,docs 
a!tempt to model how use of structurcd programn1ing might 
affcct software· practice. Unfortunately, it has made little 
progrcss. Onc nccds to be careful to distinguish bctween the 
rash of claims made for thc effccts of structurcd programming 
on practico. and mode/s that carefully articulate rclationships 
among the variables -of interest.. Jndeed, from rcvicws of the 
litcrature and c~nversations with colleagues, we ·are still un· 
aware of any models of this Iatter type; for examp!e, a modo! 
that explains why, in a given time period, for a structured and 
an unstru~turcd program .containing the samc bugs, a pro· 
grammer is ablc to discover more bugs .whcn cxamining thc 
structurcd program. Nevcrthcless, the rudimcnts of such 
theorics now exist. For example, Tracz [42] and Frost [171 
point out how ihe results of psychological rescarch on human 

'. 

information proccssing might· providc substancc to the claim 
that stru~turcd ¡nograniming f:.h:ilitafeS programmcrs under-. 
st:mding the logic of program codc-in particular, the limita. 
tions of human short·term mcmory sceln rclevant (e.g., [31.' 
but sec a!so [1 !]). And, in thc arca of complexity theory,, 
Simon [4 1] long ago argued tltat systems which survive ha ve. 
thrce charactcristics: they are organized as a hierarchy of sub. 
systems, their subsystcms are loose!y coupled, and the interna! 
components of a single subsystem'are tightly cohesive (see also 
[32). [33). [48)). 

There is still a substantial gap, however, betwecn casual. 
theorizing based on psychological concepts or complexity 
theory and models that attcmpt to define prccisely the rela
tionship between, say ,'structured code, dmnking in short-term 
memOcy, and some software quality charactcristic. Indeed, a 
mammoth task remains. Boehm et al. [5], for examplc, ideo. 
tify 1 I characteristics by which ;oftwarc quality ca1i be assessed. 
Theor_ies must be constructcd linking those psychological eón:· 
cepts or system complexity concepts thought to ·be re!evant 
with each of these quality characteristics. Asirle from the 
difficulties involvcd in Oeshing out the nature of the re!ation
ships that might cxist, there are onerous tirhc requiremcnts to 
invcstigate empirically each· of the candidato re!ationships 
ideútified. In this sense, thercfore, structurcd pÍogramming 
thenry is '¡na son y state, and ·this beco mes e ven more apparent 
when we examine in the next scction the status of structured 
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Given our condusions on the empirical status of structUred 

programming hypotheses. 

Ill. STATUS OF HYPOTJIESES 

. ! 1 i 
programming thcory, it is unlikcly tha t ltigh-quality hypothescs 1 . .1 

will have been proposed and tosted. Hyp9thcses are generated l ,¡ j 
off a thcory; thc quality ofhypothcsesand the qualityoftlicory · Í .: J 

are incxtricably bound. Ncvcrthclcss, an analysis of the status 1 'i 
of structured programming hypothescs providcs somc valuable, • ·. 1 

insights into why effects theory and empírica! rcscarch ha ve -., •. ',: ·¡ 

bcen Ooundering. 
Ultimately, the cmpiricist's objectivc is to evaluate a theory i 1 

by testing hypothcscs gcnerated from the theory. In attempting j .1 1 

to accomplish this objectivc economical/y, thorc are two con- ·, · .. (. 
cern:.: first, the extent to whkh a test' providcs p~edictive .. '11 
power versus undcrstanding; second, the extent to which a test ·~ · : j 

· evaluates a stratcgic hypothcsis. . : : J 

In terms of the first objective, idcally the goal of scicnce is ·r-¡ 
to provide understanding and prcdictive ¡iower with respcct to .•. :.·

1 

1 
some phenomena. As Dubio [!4] points out, however, in 
practice these joint goa]s are rarely achievcd con'currently. il 1 

Typically, undcrstanding is obtained without prcdictive power, ;~ 1 

or pre~ictivc power is attained but underStanding is not en·· ~:~t 
hahnced. Indbri

1
ef, he exp]a¡b'ns tkhe p~radox asglfoUhows. Webcan .····.·,l_l

1 

ac 1evc pre 1c ¡ve power . y ·nowmg enon 1 1story a out •. 
the variables of intcrest. Given this history, statistical method- ·i 
n!ogics can be u sed to predict onc system state based on another ! J.J 
system state. Precise prcdiction may depend on!y on precise 1 . 1 
dcscnptwn of system states and prcc1se measurement ofsystem 1 lJ 

statcs, not understanding. Undcrstanding; on the other hand,, . .1··.·,1:1~: l. 

usually can be obtamcd only by limiting the domain of phe- ~ : 

. . . . . . : ·:-, ' ·¡··.. . • . ., ,: •• ' • ,' 1 
f. · .·:·· · , .... , , :

1
.',ll 
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nomcna analyzed, dellberatcly simplifying thc domain, and 
focusing on broad relationships. These stratcgics limit thc 
predictive power of the model de,ised, however. 

Blalock [3] characterizes the problem in terms of choosing 
the appropriatc "leve) of abstractioil" during theory construc· 
tion. lf the .lcvel of absiraction is too high, it is difficult lo 
make the theory opcrational in the sense of devcloping !estable 
propositions comprising variables that can \Je dcfined and mea· 

'

cd preciscly. As more variable' entera thcoretical model, 
1 complexity of interactions increases, and executing a test 

, thc model is no 'longer straightforward. Nevertheless, too 
much reductionism must be resisted in that it leads to tritc 
"theoretical models. Care must be taken, howevcr, not to gener~ 
alize and to abstract to a level that is untestablr.. Hence, rc
scarchcrs strive for "middle range" thcorics-thcories that are 
neither too general nor too spccific. 

In tcrms of thc empiricist 's sc.;ond objcctive during hypothesis 
testing, the scarch for strategic hypothcses is motivated by a 
dcsire for parsimo_ny-a desire to preve, improve, or disprove a 
theory quickly with minimum effort. Strategic hypotheses are. 
those hypotheses that deal with "notable happenings" in thc 
values of the variables of inlerest. For examplc, if the interac
tion between two variables is rcpresented by sorne polynomial 
function, strategic hypothescs would deal with maxima, min· 

. ima, and points of inflection. Recall that in the previous sec-
tion we cmphasizcd that a large number of possible relation
ships may nccd to be enunciated in a thcory of structured 
programming. Hcnce, many proposi\ions to be tcsted may be 
gcncratcd off thc theory. Furthcrmore, each proposltion may 
nced to be invcstigated in terms of s_everal metrics cxisting for 
the variables of intcrcst. For cxamplc, Doehm el al. (S]!dcn
tify 151 nwtri.;s for thcir 11 quality charactcrislics. Cicarly, 
testing the stratcgic hypothcses first is critica) if parsimony 
¡, to be ach.ievcd. 

: is our contcntion that, with few exceptions, the status of 
.. ,e "cffects" thcorics in structurcd programmin~ is such that 
lhcy do not con tribute to.undorstanding nor do they facilitatc 
!<:lecting strategic hypotheses. In general, thc thcori~s ho.vc 

sought predictivc power, though they ha ve not bcc11 cspecially 
successful in this rc~pcct, either .1 

As a basis for oÚr·argumcnts, considcr, first,.Tablc l. The 
rows rcpresent major phases Within ·the programminb process; 
the columns represent the various types of programming activ
ities [ 1]. In a more extensive analysis, further dimcnsions to 
the matrix would be addcd; -for cxaffiple, dimcnsions to repre
sent program complexity or thc way in whü:h programming 
teams are organized. 

Consider, n,ow, two levels of abstracÚon. At a moderately 
high level of abstraction, assumc we are trying to Ucvdop 
theory and genera te hypolheses relating use of structured p!O· 
gramming and various quality attr.ibutcs of new programs. For. 
cxample, we might, employ thc quality attribute' and their 
associated metrics describcd by Bochm el al. (5]. Thus, we 

· would attempl to describe the interactions between slructured 
prograrnming and portability, structurcd · programming and 
reliability, structured programming and efficicncy, etc., and 
then genera te hypotheses based oii our· model. Note we are 
dealing with a column of the matrix. . . · 

Alternatively, we might attempt to buÚd theoretical models 
for a phase within an activity-a ce// of the matrix. Al this 
lower lcvel !Jf abstraction, again we would define various 
criterion variables of interest and attempt to describe the rela· 
tionships between structurcd programming and these variables. 
For cxample, for the coding phase in new program develop
rnent, we might attempt to model the effects of structured 
programming 011 the understandability of the code. 

Wltilc research al the column leve) may contribute to our 

1 Asan aside, it would. be intcresting lo c"tunlnc thc plcthora of clalms 
made for structurcd programming and analyze thcm from a prcdiclion/ 
understanding pcrspCctive. We h;¡ve not attemptcd aó cxhau~tivc _in· 
vestigation ot' all thc litcraturc on stru~turcd pro~ramming, and so oqr 
vicws are colon:d by th:-.t partkula.r subsct of thc litcraturc with which 
wc are familbr. Nc.vcrthclcss, it S4.'Cms to us that the cl:dms madc are 
prcdominantl)' prcdiction-oricntcd rathcr than undcr~taÍldin¡!-oricntcd: 
Pcrhaps thi~ rcOeds that comult:lllt~/practitioncrs who :trc primarily 
int•.:restcd in rcsults duminatc thc litcralurc r:\thcr than sCicntists who 
hopcfully me rnure intcrcstcd in undcrManding. 
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prcdictivc powers, we argue that, at this time, rescarch a!t2 
cell leve! mus! be undertaken if we are to irnprove our under
standing of the effccts of structured . programming and our 
ability to idcntify thc stratcgic hyputheses.' We cannot provc 
our point so we attcmpt first to mnrshal support for our view 
by cxample. Suppose severa! replications o(an expcrimenr 
show the following result: if structured programming is used 
to produce a new program, the total numbei of labor hours 
expended will.be less than ihe number expendéd to produce 
a program ·or equivalen! quality when structured progromrning 
is not used. Scientists are nO\v cornpelled to ask: why do these 
results hold true? To answer this question, they must induce 
!he laws of interaction betwecn'structured programming and 

labor· hours expended to produce a new program. lt quiekly 
becomes apparent that sorne complex intcractions exisL A 
researcher might be confident that decreased testing time is 
associated with use of structured programming, but they may 
nor be confidcnt that decreased coding time is associated with 
use of structured programming. lf the possibUity exists that 
structured programming is associatcd with both increases and 
decreases in labor hours expended on the various programming 
phases, '-•ill it always be true that use of struciured programming 
is associated with dccreased ~evelopment" time? For "'simple" 
programs, for example, is it possible that structured pro
gramming is associated with increased labor hOurs ex'pendcd? 
lndeed, Kernighan and Mashéy ¡23] question the usefulness of 
structured design techniques for simple p'rogranls. 

In Jttemp~ing _to answcr these questions, researchers are 
forced into a process of disaggregation. WheneVer the rCJatiori· 
ship between _two variables must be explained, It can only be 
accomplishcd_ in tcr.ms· of a process dcscription incorporating 
variables on a lower leve! of abstraction. In theory conslruction, 
when, therefore, is this disaggregalion proccss .likely to stop? 
Wc :.Hgnc it stops when researchers are confident in the vJ!idity 
of the assertions underlying the theory proper and the derived 
relationships of interest. These assertions con>titute thc axioms · 
ofthetheory.3 · 

To illustrate thc process, consider again thc previous example. 
In attempting to cxplain why decreased labor hours expended 
On ncw program development wcrc associated with use of struc· 
tured prograrnming, researchers might give the following 
propositions. 

1) Two phases that comprise the new program development 
process are coding and testing (axioin). 

2) Decreased labor hours expended on coding are associated 
with use of structured prog~Jnuning (axiom). 
· 3) Dccreased labor hóurs expended on testing are associated 

with use of structured programming (axiom). 
4) Decreased labor hours expended on new program develop• 

rncnt are associated with' use of structured programming 
(derivation). 

2We recogni1.e that ccrtain theories are pathbrcaking in terms or thcir 
r.cncrality rnthcr than thcir spcdfidty; for examplc, 1-Jnstein's theory 

.. ot fcl:.ttivity. However, these thcorics tcnd to be based on a s_et of re
strictciJ thcrJrics and empirical works that are ahcady wcll advanced. 

Clearly this theory stanJs or falls on the basis of the trutli 
of its axioms.4 If. rcScarchers are co1lfidcnt that the axioms 
are truc, thc disaggrcgation process stops. lf thcre are doubts .,. 
about onc or more of thc axioms, the disaggregation proce 
continucs, the ax.jotÓ becOJ1tCS a dcrivation, and ·new axi6r'n~ 
are· forrnulatcd in terms of variables exprcsscd ata lower leve! 
of abstraction. 
. Unfortunately, the claims (propositions) made for struetured

programming are not logical consequences of a carefully con
structed theory. We are not aware of any set of.axioms and 
dcrlvations; consequently, it is impossible to evaluatc · the 
axioms on which the claims res t. Moreover, it is apparent.that 
the claims tend to be made ata fairly high leve! of abstraction. 
Even if it is possible to induce the theoretical model used as 
the basis for thc claims, in·light of our arguments above, we 
conclude that the axioms will be dispÚted. 

To further illustratc some of thesc problems, consider the . 
claim made by Yourdon [47] that structured programming. 
will load to fcwer testing problems. · From an empirical ie
search perspectivo, this claim is hopelessly vagu-e. Yourdon 
givcs some indícation ofthe criterion variables he· has in mirid: 
he believes structured programming will reduce the effort and. 
cost of testing Jarge prograrns and enablc large systcms to be 
released with fewer bugs. ' · . . 

Consider, first, thc issue of effort and cost. We do not know 

.1 

., 
! 

• 1 

--~ 1 

what is n\eant by efforl, but presumably it covaries with cost, · • 
so we examine cost as the critcrion variable. Yourdon's focus j 
is large programs. Howcver, it is unclear ·whctlier he is con.,.'·· .·~ ¡ 
cerned only with tl\e testing phasc for new programs (a single 
cell in Table l) or with the testing phase for any of the four. . 
types of programming activity (a row-four cells in Table !). 
lf his focus is a single cell, although he does not say so, it. 
secms possible to induce a theoretical model based on relation
ships among cost of testing, easc of program undcrstanding, 
undcrstanding and mcmory clustering, clusteríng and structured 
programming, etc. lf his focus is a row of Table l (a higher 
levcl of abstraction), more uncertainty is likely to exist about 
the validity of any relationship posited in the theory. For 
example, are the processes required to understand a program 
the sarne for new program development and perfectivo main: 
!enance? lf not, docs structured programming facilitate both 
typcs of understanding required? 

Next, consider the issue of the number-of bugs existing in 
large prograrn relea ses. The criterion variable is a quality char
acteristic of the final product of the programming process 
rather than the product of each phase. Again, it is unclear 
whether we are dcaling with only new program releases (a 
single column of Table l) or all types of programming activities 

'(four columns of Table !). Given the proposition, it is aif in
sightful but frustrating' exercise lo try to induce the under- · 
lying theoretical modcl. Ncvertheless, assuming that empírica! 
evidencc shows the proposition to hold (it has predictive 
power), from an understanding perspective, why do es it hold? 
We are certain· that the response of researchers atternpting to 
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30ñce thc axioms úf"a theory are stated, thc dcrivations (thcorics) 

are a logical conSrqucnce. lf thc derivationS prove wrong, a);slltning 
the systcm uf logic h·as becn·appUcd. t.:orrcctly, thcn thc axioms must 
be wrong. 

4 DJa!t~ck [3J points out that an axiom in thc cmpirical scicnces is 
diffcrent from an axiom in mathematics. In m~thematics an axiom is 

. a trut·h ~tatcmcnt takci1 for· grantcd. In thc cmpirical scicnces it iS an 
assumptioil that is "olmost universally acccptcd".(our emphasis). . . . . . 
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answer this qucstion is that they will commcnce thc disaggrcga-
tion proccss and analyze the effccts of structured programming 
o" •!te introduction of bugs during each phasc of the pro-

. ~ rling process. 
wt do not mean to be disparaging in our analysis of Your

don's claim. The development of theory in an arca typically 
requircs the concerted efforts of rnany researchers. What we 
havc nttemptcd to do is convincc, through cxarnplc, that the 
clnims m;,¡dc for strUcturcd programming :Jre in a sorry state, 
primarily beca use tite underlyirÍg thcory on which the hypoth
cscs depcnd is \VC3k or noncxistcnt and the choice made of 
a levcl of abstraction for thC resc:trch so far ha~ bccn inappro· 
priate if understanding is to be obtained. lnsofar as thc prop
ositions and the underlying thcory remain in a primitive st:Jtc, 
it is unlikely that cmpiricists·can dt:sign cxperiments or undcr· 
take surveys or field studies that contribute mcaningfully to 
our undcrstanding the · cffccts of structurcd programming on 
software practice. Furthermorc, it is unlikely that the empir
ical rcscarch can procecd in 3 parsirri.Onious fashion since the 
stratcgic hypothcscs cannot be idcntified. 

IV. EMPIRICAL STU!JtES 

. In this final scction of the paper, we surveythe ernpirical 
studies undcrtaken, with which wc are familiar, on the effects 
of structured programming on software practice. Our con· 
clusions on thc status of structured programming tlieory and 
hypothescs do not auger wc!l for the succcss of empirica! 

Adies. Neycrthelcss, the empiricist is concerned with the 
WJirical, studies carri~d out in an area for three rcasol)s. First, 

the results indica te whether thc theory.scems to ha ve 'potential 
in terms of explaining or prcdicting phcnomena and is, therc
fore, a fruitful onc to pursue. Second, there is a concern with 
whether the rcsults obtained havc contributed to both under
standing and predictive power. Third, especial!y if the results 
of differcnt studies conflict or the results conOict with the 
theory, tiJCre is a conccrn with the quality of' the empirical 

· research mrthodology used. 
The following thrce subsections examine briefly the labora

tory studies 1 ficld Studics,andsurveys,undertaken on the effects 
of using structurcd programming on software -practice. Most 
of the analysis is couched in terms of the framework we estab
lished in the previous two sections on thcory and hypotheses; 
'namcly, whethcr a theory undcr!ies thc hypothcscs tested and 
\vhether the leve! of abstraction choscn facilitates understanding 
or, prcdktion. We liave treatcd traditional mcthodo!ogical 
hsues in a cursory way, in spitc of their importance. In the 
fourth subsection that fol!ows, thcse issues are addressed by 
' way of a summary critique and evalu~Üion. 

The series of studies by Siine, Green, and Guest examincd , .1 

the effccts of four control structurcs--.a branch-to-label (Go- l1~ j 

TO) and three versions of a ncstcd conditional (tF·THEN· ~:. [ 
ELSE)-on vari_ous performance mcasurcs. In ge·neral, thc rcsults ·· ;: 

1 

support use of the nested condÚinnal o,ver the branch-to-label, --

1

, 
a!though one version of the ncsted conditionál caused syntax 
problems and inhibited subjects producing an error-free program ·; 

1

1 

on the first attenipt. The programming languagl'S used were 
artificial Ianguages developed specifically for the ex pe rimen t. 
Thcir grammars werc·very límited. ' '¡· 

Simc, Grcen, and Guest had theif subjects ~ndertake program ·· 1 

. composition (dcsign. coding, anJ tcsting) an_d pro~rJm com- . r· 1 

prchcnsion tasks. In trrms of the leve\ of abstr3~:tion issue Jr · 
discussed ear!ier in the paper, their rescarch pro,·i(ks an inter- · 1,, 1 
esting case. To illustwte, consider theif'!977 study !40]. The i 1 

composition task involvcd three phascs: design; roding, and ;·· 1 

testing. The program spccifications wc-r~? given ,and documenta- - ~· ¡· 

tion and im¡)lemcntation were not required. Jhc independent ~· 
variables manipulatcd werc control stru.;ture and indcntation-- Í· 1 

thc branch-to-labol program had no indentation. At nrst gllncc, i J 

thercforc, accordiug to our previous arguments. thc rcsearl'l1 · 1 

shou!d provide prcdictive powcr rather than undcrstanding f; 1 

bccause it was not confined to a cell in Tablc l. 1.-.•.¡
1 

Note, howcvcr .· thc ctePendent \':triables used. So me a·re joint. 
pehrf1~rma1 nce mcaSurfes for two or th.refe progra1

1
nming pha(scs !:: ) 

w i e ot lers are pcr ormancc mcasures or one p 1ase only sce \ 
Tablcfl). Thc number off semantic crrors and the number of [: 
error- ree programs are unctions of how well the design and , 1 

1
'. 11 coding phases wcre performed. Compositio~ time is a function 

of the time consumcd iri the design, coding, and testing phases. . -~~1;'¡1 The number of syntax errors, however. is a function of how ! 
well the coding phase was perforrncd, and erior lifetimcs may ·~ 1 

be a function o( how wel! the tcsting phase was pcrfÓrmed; . ·¡ l 1 

that is, for both criterion measurcs, they apply to one pro- 1 1 

gramming phase only (a cel! in Tablc 1). :. f 1 

Consider, first, the results obtaincd'for error lifctimcs. Onc · ~-·,. 
vcrsion of thc nested ·conditional outperformed thc branch- ·ii.J 
to-labcl and the other version of the· ncsted conditional. lf ( · 
we are willing to make the (hcroic) assumption that thc fre- ~·~ 
quency and distribution of error types is the 'sa~Jc across lan- V:¡ 
guages after the first compile, error lifetimcs is a performance _f 1 

mcasure for thc tcsting phase only. Sime, Creen, and Guest \,j 
askcd the inevitable question: what aspect ofthe control-struc- · · 1;-j 
ture facilitated tcsting? They induced that there wcrc two : 'i 

. l ~ 1 

typcs of tasks in volved in programming: classifying information ; ', 1 

taxonomically and co'nvcrting taxa into a linear sec¡uence .. Thc ! ~; 1 

first task involvcs idcntif.yin<> tlic aclions to be performed givcn 1 ·, 

a set of conditions are fulfillcd. The sccond task !y pifies the 1 '1 
,_ coding phasr: convcrting the taxonomy into. program instruc- 1 : , f· A. lAboratory Studies tions. During tcsting, both tasks must be pcrforrned. Sime, ' t j 
¡· ·un~:~::k!:, ~;~;·,i,~e:f;.~ts0:~r'~~:~ ,'i;u::::,c~~~:~:~~"~:::~~ ~~~~;d ~~~:t ~~c~to:,~~~~~t;::~t~:~:~:~~~tsa::de~:~;.;:.~~::~~~~ t;~~ ·' . ¡:• i 
Í ··:,";~,:~;~~ii~~- co~;~et:dc~~s~:~ ~;;~~':,~i~::li~;d1:~ t~,:~~: i~:::,~~~~~a::~/i:~;.0~:~f7::~~~.'~bs~::~t:~s ::s i;1i1~;~r!ta~n:~·~ 1 .. : .. ~·1 
(: of the iasks cxamined, thc typcs of subjccts use d. the types of ccll in Tablc 1 had been invcstigated. ,; j 

¡
f.: prograinS· uscd, the progranuning bnguagcs iuvcstigat!!d, cte. In contrJst, t:onsidc·r thc- rcsuli for the numbcr of scmantic 

1
1!'

1 
•• ~-

~ (38]. Furthcrmorc, thc summary rcsultsc{llumnshowstho.lt thc crrors-thc numbcr o.f scmantk crrors was les:; for th!! ncst.ed 
r 'support obtaincd for structurcd ptogramming is probkmatic. conditiunals. In our view it ¡~ impossible to determine W~\C~her". ,-. : -.:1 J 1 
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this can be attribu1cd to better program design, bcttcr program Wcissman [46] studied the effects of control structure and 
coding. 1hc existence of inJcnta1ion, the nature of the control indentation (paragraphing) on program tinderstanding. In his 
structure med, or the existcn.;c of an intcraction effect; that is, first experiment he found no effects on sevcral criterion vari· 
multipk cdls in Table ., are confounJed. Program dcsign in- abks that he used (see Tablc 11). In his sccond experimcnt he. 
vol ves· extracting taxon· information. Coding involves con· found a positive effcct for control structure on thrcc scJf. 
verting taxoninformation into sequenee information. How do · evaluations of understanding anda positivc cffcct for indenta
the dcsign and coding processes proceed? One alternativo is tiori on the lirst self-evaluation. 
that the programmer designs lirst and then codcs. Anothcr Whilc his research provides sorne support for S\ructured p·ro
alternative is that design and coding procecd concurrently. lf gramming, it contributes little to understandingwhystructured 
this sccond alternativo is the "case, thc di"rferent control struc- programming may facilita te program comprchensión.5 Clearly, 
tures may facilitate design rathcr than coding-hcnce, the dif- program comprchcnsion is an important prcrcquisitc to per· 
fcrcnccs :n thc numb.cr of semantic crrors that rcsultcd. lf formingdifferent typesofprogrammingaclivitics. But differen' 
programmcrs started with a common dcsign (taxa), perhaps types.of comprehcnsion may be required to pcrform, say, re 
therc would be fcw differrnccs ·in the numbcr ·of scmantic pair maintcnance versus adaptivc maintcnancc. For cxamplc·, 
errors resulting using.the thrcc languages. While prcdiction has sw · . cmman s experiments also have some U.nportant methodologkal 
beCn·enh~nced, undcrStanding has not; pr~blcms. S ce, e.g., (3 7). 
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!5 ' 
to correcta bug, only localizcd comprehension nwy be rcquircd, Their results emphasize the need to disaggregate thc attributes 
whercas to tnodify a prograrn to bcttrr mect üscr needs,global of a structurcd program--control flow, control structurcs, in
-.,rnprchcmion may be rcquircd. Thus, comprchensionnc~ds · dcntation~if undnstanding is to. be obtaincd.· Shcppard et al. 

re studkd :it the cclllcvcl in Table 1 rather thJn thc co!UIIIIl used thrcc versions oL1 program: one with a com·olutcd struc-
1,;~·cl. turc, üne wíth a '.'natur:1lly stru¡,;turcd" control!low: and one 

'Lucas and K a plan [29) in vcstigatcd program compositiun with a "strictly struct uted" control flow. In thc compiehcnsion 
and program modification. Thcy used an experimental group task thc naturally struct.urcd and. strktly structurcd control 
and a control group, thc subjr:cts being studcnts with somc flmVs uutperformed thc conv0tlncd versiOn, but thcre was no 
programrning expcrience. Thc only i.liffercnce ·between the difference in performance betwccn the naturally structured 
two groups \'-'as that the experimental group could not use thc and strictly structurcd vcrsions. Similar rcsults were obtaincd 
GO·TO. Rcsults for the composition task did not support for thc modiJ1cation task. 
abolition of the GO ·10 .6 . Results for. thc modification task, from an understanding pers,pccti\'C, thc probll~m that now · 
howevcr, did support abo.lition of the GO ·TO. exists is to dcl.errnine the extcnt to which ·control flow (pro. 

From thcir dependen! variables, it is ctifficult to induce thc gram design) versus control structurc affects the results ob
theoretical modcls that motivated thrir choicrs. What. for taincd. 7 Since no difference existed between thc naturally 
cxample, is the naturc of the relationship between abolition structured and strictly structUied ye_rsions, ·jf thc control flow 
of the GO·TO and ·compile time or object -codc size? Mort::: (dcsigns)· wcre thc same or Simillr, the variation in control 
ovcr, in terms of the leve! of ab~lraction used, it is difficult structure seems to ha ve had littlc cffect·. But it sccms the can
to sec how thcir research would contrihute to understanding. voluted program represents a variation in botll thc control Oow 
Again, they worked· at the column rathcr than thc edil evo! and the control structurcs used; thus the separare effects can-
of Tablc l. not be disaggregatcd. 

Lave [28) examined the effects of control·flow(including Thc lcvels of aggregation problcm also cxists in terms of the 
structured constru'cts) and indcntation on a subject's ability dependen! variables. Considcr, for example, thc dependen! 
to understand a program, mcasurcd by the pcrcentagc of lines variable "accuracy" in the program inodification task. Given 
of code corrcctly recallcd after the program was studicd. For tiwt the programmcrs were ablc ro modify the naturally and 
students in an introductory Fortran class, he found neither strictly structurcd programs more accurately than the con-" 
structured constructs nor indcntatiOn had.an effCct. For grad- volutcd program, was this thc rcsult of thcm bcing ~ble to de. 

_.ate computer sc_icnce studcnts. he found .that use of struc· sign mure accurate modifications, code rilare accurale modifica
wrc_d constructs had a positive cffect. Indcntation, howcVer, tions, or both? 

still had no effcct. ·In addition, in light of results with the In summary, thc results of the laboratory studics on struc
undergraduate studcn ts, he askcd the graduate studcnts to write tu red programmillg are cquiyocul. Moreover, in·tcrms of fut u re 
a one or two sentence explanation of the function of each p·ro· rcscarch, many of the cells in Table 1 ha ve yet to be invcsti
gram module. Thcse explanations wcre scorcd on a·S·point gatcd, only ccrtain software quality a !tributes havc so far bccn 
sea le as a mraSure of undcrstanding. Ncithcr control tlow flor examined, and, in our opinion, beca use of the levcls of abstrae· 
indenlation hadan effe(:t. Asan aside, Leve found a high cor~e· tion problcm, the existing research con tributes more to predic. 
latino (0.67) hetwcen the subject 's ability to recall a statemcnt tion rathcr than to understanding. 
and thc logarithmic · transformatión of thc sizc of the largest 

· B. Field Sllldies program they had written. 
As a program quality measure, where program undcrstanding 

can be placed in terms of Tablc 1 is somewhat uncertain. Con
~ider the thrcc types ofmaintcnance activitics shown. From a 
columnar pcrspective, prcsum:..~bly understanding is a prereq· 
uisite to effcctive analysis~ design, ancl tcsting when mainte.· 
nJ~ce must be carried out. Dors structurcd programming h3vc 
3 positive effcct for.each of thesc phases? From a row pcrsp!.!c
tivc, are different types of undcrstanding requircd for the dif· 
fcrent typcs of maintenanceactivitics? Ag<-~in. prcdiCtion versus 
undcrstaÍtding is thc rescarch dcsign issue at hand. 

Thc three studics by Sheppord et al. [36) manipulated con
lfol flow (including structured constructs) in tluce tasks
~.:~.:•rnprehension. modification, and debugging. They found 
tupport for structurcd progr:unming in terms of thc number of 
HJtcmcnts correctly rc¡_:allrd aád the' accuracy o f modiftcatio~ts, 

Tablo lli providcs an ovcrview of the field studies under
takcn on thc cffccts of using stroctured programming on soft
ware practico. Our analysis of ficld studies will be bricf sincc, 
in general, the nature of ficld studics prohibits them from 
contributing much to undcrstanding as opposcd to prcdiction. 
Moreover, little theory lindcrlics the rcsearch undert<:~ken so far. 

Of thc four studies Iistcd in Tablc 111, only two provide cvi. 
dence in favor of structured programming. wUJston Jnd Felix 
[45) collcctcd data on 60 complctcd softwore dcvelopmcnt 
projects and cxamincd 68 variables to determine whethcr 
thcy corrclatc<.i' significantly with productivity mcasured as 
the ratio of delivcrcd lines of sourcc codc to total effori in 
worker·months. Twenty·ninc variables showcd a significantly 
high correbtion· including use of structurcd progr~unining and 

' ' 1 
. ' ~ 1 

' 5 1 

1 
¡ 

:t no supp0rt in terms of thc time t~kcn for modifications 
.:.nd the time taken for Jcbugging. · 

.,¡ 
; · ..•. ·.'/ 7Thi~ problcm al so u mlerlics thc wúrk by Weissman { 46j and Love 

{281. Wcis.~man, f<H L'xamptc, attL'tllptcd to manipula te thc complcxity i 
of cuntrul fluw indt:pcnr.h:ntly of usin~ suu..:turcd constructs. He found · ~<.·<.:.:_· 11 ·t-. . ' ' Í · lh'!~ rellults are sus¡lcct.· Thc studL·nts rcccivcd no '\pcdJI" ti<Jinbt¿; 

~ ~ \tru.,;._tui:ed prognunming, and Lm.:as and Kapkln found C\'idrn~:c of a 
~ ·~tnmg cCfecL · 

l ' 
~. .., 
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lw t,:nuld not dl'\"~·lnp a progr:un using ~tructurcd cunstnh,:ts th:.at had u ft 

thl• diftkulty (impossihility) of umnipulating L"Ontrul llow inJcpcndL·ntly ¡' 
~·omplcx l"untrullluw. ~h.-cabe (30] pruviJes a formaLtn:.~tys.isshowing. 1 
of .usc-m:Cg:..':.:.t:r~u_,'_'.:."_::_·~~c:..·o_n_st:_ru_· c.ct·é''~.c:''-.;.ec'·•>.,'; ~~·.:.,.;_;"-'·ce.··::·::-_,;~-..:_··.:.! ,_,· --'--"'--"-'---~.';.:.•·.:.· '.:;".:.'·"-·,_·''-: ~ 
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use of top-down development.8 Both produced a posilive 
effecl on produclivity. 

Yossey and Weber [44] collccted dala 011 447 operalional 
cornm~H.:ial and cleriCal Cobol programs in an Austr:tlian urga
niZJtion anrl two U .S. organizations. Thcy cxamincd whcthcr 
use of structured programming affcctcd the exteni of repair 
maintcnJnce necded' on a program; that is,maint'enancc nccdc.d 
to. corred logiC err.ors identified aftcr .thc program had bccn 
releascd initially or mairitained subsequently. In the Australian 
úrg:¡nization they found top-down (modular) design resulted 
in a decrcased amount of rcpair maintenance. Beca use of in· 
sufficient data, howcver, thc cffects of thc three structurCd 
control constructs cou!J not be invesligatcd. · For the U.S. 
orgJnizations, neithcr top-down design nor the control struc
tures had any ef!ect. Perhaps the most important finding of 
th..:ir study was that repair maintenance activities were infrc
qucnt for the three org:.-tniz:Hions studied. For thc Australian 
organizJtion, 90 perccnt of programs had two Ór fewer repairs 
carrkd out; for thc U.S. org:mizations 1 92.1 and 94 percent 
wcrc thc corrcsponding figures. This does not auger well for 
a cb.im to thc effcct that a signitlcant practicill advantage of 
usmg structurcd programming is a decrcasc in a nurnber of 
erro~s existing in r.eleased prograrns. 

L1wrcnce [2 5] .:ol\ccted data on 278 commercial programs 
from ~3 medium- to l:uge-scale Austra\ian organizations. He 
cxamincJ the effect of using structurcd programming on pro
du.:tivity, UeflncJ JS th~ ratio of the number of pro!.:cdural 
lincs of sou:-..:1! cod~ to worker-hours. He found no cvidcncc 
in supp~..Ht of top-Jow:1 design or st1u..:turcd control constrw.:ts 
as a m~.?.:ms of incrc:.~sing prO!!rammcr pr'oducti\·ity. 

V\·sscy [43] stur.li~d 353 Cobol programs from thrce com· 
mcr·..:bl org:1nizations to determine whcthcr use of structurcd 
progrananing (top.~.h)W!I desi~~n plus St!\!cturcd control con· 
~tracts) ;df:ctcd thc tinte to dc.velop ptOflríllllS and progwnnncr 
ptodlrctivity dc!incd ;.~s tht' r:1tio of thc number of pwccJurc 
Jivision Un(·;, of coJc to Workcr-hours. ShC found no l!vidcncc 
to suppo rt use ·o f stru.:t"urcd progratinn ing. 

~ In sro.mnary, :he cmpiridst would not be encouragcd by thc 
s~1pport found tor use of structurcd progr;.¡,mming in thc ficltl 
studics carrkd oul. · Is furthcr cmpiric<.tl rcseardt worth pur· 

8 frc)m a '>tali~ticnl viewpoint, thcir study .~ulfcrs Ir o m prohkm~ oC 
m u ltil:oUinearitY. 

------·~----e-
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IJCOJr.wntng 
~rovL>d do< ... 'U!T'l:ntatton 

suing? Have methodological problcrns in the exisling studies 
nullificd the results'1 Have thc "right" questions been asked? 
Again, we argue that thc answcrs to all thrce qucstions are 
botmd up in the nccd for a more extcnsive "effccts" theóry 

1 

:1 
of structured programming h? be cnunciated. Without this 
tht!ory the cmpiricist tests obscure hypothcses is unclear about 
the variables of interest, is unccrtain how v~r,iablcs should be 
defincd, measured, and i:ontrolled, and has little sensc of the 
slr.tegic hypothescs to test. The existing studics do little to 
contribute lo understanding and an "effects" theory. They · 
llave al! becn undcrtaken al a fairly high leve! of aggrcgation,l 
a1mcd more at prediction ratlier than Uflderstanding. . 

1 

C. 'Sun•eys 

Like field studies, surveys, by their very nature, are unlikely 
to c~ntribute much to understanding. lndecd, therc are fewer 
chances to enhance understanding in that opportunities for 
follow-up are more constrained than for field studies. Un!ess 
questions on thc survcy matcr.ials ha ve be en designed spec.:i fically 
to C11hance understanding or respondcnts ha ve, and avail them· 
se! ves of, opportunit ics to explain why an effecl occurs, surveys 
give only a global rcsults piel tire. 

TJble IV pwvides an overview of the suryeys ~ndcrtaken ~n 
strudurcd programn1ing. Holtoh [:?0] survevcd 33lar(Je oroani-. o o 

za~.io?s in the Los r\ngeks arca anJ found 23 ofthem had imple
mented "improved programnling tcchnologics'' sufficiently for 
thcm to be able to report thcir expcrience. Using a 4-poini 
scale, he askcd uscrs to rate thc irnpact of thc various tech· 
nologics on softw:ne, programming staff, and usl!rs. He found 
that rc:;pondcnts claimcd use of structurcd programming {de
fincd. in terms of thc thrcc control ~tflll.'turcs) prim~lfily re· 
sultcd in more ~fllt.:icnt <kbugging ami tc~ting. bctter quality 
(c.g., more error-free) programs being pro9w..:ed, and easier 
and les:; c.l)Stly prograrn maintcnanc!!. Use oftop-dmvn design 
~llld ~mplemcntation prilnarily rcsulteJ in more dfident de
bu!!t,ing. a11d tcsting. dcarcr ¡¡nd more use fui progr:l!nming sys~ 
tl'!ll do(tllncntation, and !uwcr dcvclopment costs. 

1 fugo {21] rcports a worldwidc sUivcy o( 309 OrganizatiÜns 
using .thc so·¡_:;J.llcd (inprovcd programming tcchnologies. In 
tcrws uf siructured code, thc primary benefits claimed wcre 
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reduccd debugging time and r.om.pu ter time f or tcsting, rcdm.t 7 gr amming do es n~)t !J~v<; a strong, p~rvasivc cffcct that Wi.!Sltcs 
projcct elapscd time, icUuccU prnj..:ct labortime,rcdtt~.:cdcrrors out thc inOuent:e ~·)f·othcr fáctors cm J.>rogramming practicc. 
mad"'. anJ rcUuccd m:!intcnancc. In tcrmsofstructuJcd dcsign, lf thc cfi'ccts of using structurcd programming ateto he fu!ly 
d: lJDry bt:ncfits d<~irúcJ wcrc a dccreasc: in thc numbcr of undcrstood, carcful controls will ha ve to·bc cxercis~d orcr any 
('fft .• yrnade and <t decrcas<~ in thc labor ti in e spcnt on dcbut:ging. cmpiricotl rescarch undcrtakcn so that only a fcw factors are 

Uentz and Sv:anson [26] survcyed 2000 datd processing a\lowcd to vary, at lcast in the initial 'stagcs· of thc rrsearch. 
mi.lnar.~·~s. Fwm 487 responses rcccived, thcy found that uscrs Tightly controllcd exp~riments raise anothcr issue, huwevcr. 
d:Jim~~d structurcd prngramming rcs.ulted in more ~tdcquate de- As more and more factors are controllrd in .an experimental 
sign spc...:ifil:ations, itlljlW\·cd qua\ity of thc original progJalll· sctting, thc rcscarchcr is thcn bound tO ask about thc practica!_ 
nliug, and im pwvcd documenta t ion qua lit y. N-:vcrt hckss;" signi fkanL·e of thc factors tha t are e xpcrimcn tal! y m a ni pulated. 
thcy found no rc!Jtion:.llip bcl\vccn use of stru.:.:turcJ ptO· U\tinwtcly, somc type of clfcct can be produccd if cnough f3c
~rJmmin,:', ll5t.:r knuwlcJ~· ... ·.and programnwt clfc...:tivrncss.. This tors art.: LOIItrol\eJ! Shcil [37J points out, IW\\'CYl'l, tl13t the 
¡indint; w:;s t'Sp·.:\.:i;dly inlpvrtaiit sj¡1..:1.', in J factur analysis of rt:!ativc importa!KC of tlwsc f:1ctors thJt ate coiltrollcJ VL'rsus 
:6 prutrJm m:dn:~n:1ncc ?Wb!c-m itcms, uscr know!cdg~ and thost: that are ,·aricJ is an issuc of rc:tl·wurld significw:..::: . 
..,;üe.r<nn;ncr cff~ctiv•;ne~) :JC<..:ourncd fu: 71.4 lJI.!rl"cnt uf thc In krnl'> o[ the Sl'~·ond quest:on, we h:i\·~· J!Ücm· .• ,!cd to. ' .. 
cnmnwn problem vJrb.n ... ·~.?·. · demonstrJlC th:lt rdnti:;c·Jy_liltk of tht> rc:::~rrh h:1s hccn di!· 

'sübje:.::t to thc normal qualifkations ahout comparing surYcys signcd in su eh a way th:J.t it contrihutcs to understandin~ thc 
..:ornprising diffcrcnt rcspunJent popuhtions, using diffciO.:::nt cffccts of structurcd programming. Admittcdly thc ~mpi1icist 
r~spow.c sc~llcs, cte., thcrc are some cvm.nion findings in the h:ts a puar thcorctkal b:1sc on which to work, but to SL)OlC 

5urvey~ by llolton aOd Hugu: ustis SL'C use of structurcd pru- cxtcnt understai_tding still can be obtaincd by cho1.'sing thc 
~r2-nuninf, resulting in ptn!!rams bcing produccd with f('wcr appropri:ttc rcscarch leve! of abstraction J.nd implemcnting 
error:;, dccrcascJ dcbugr-ing and tcsting costs, and decrcascd car¡;ful experimental corltrols. f-or tbc most part thc tcsc:lll'h 

maintcnancc custs. Howcwr, tht:ir studics givc littlc insight has failcd on thc first count and, as we discuss below, it has 
into why thcse rt>sults ·uccur. cu·nverscly, Lit:ntz. anJ Swamon failcd on thc sccond count al so. 
dwsc thcir problem itcms ata leve! of aggregation thal gives In ~crms of thc third qucstion, the cmpirical. work ihat h:ts 
somc insight icHo why thc bcncfits found by Hulton and llugo bccn caflicd out oftcn hos bcen badly nawed. Shc{l [371 aml 
might oCcur: bcttcr design, bcttcr programming .(coding?), ilrooks [91 providc cxce\h::nt anJlyscs of sorne major rnct_hocl· 

'

bctter documentation. Of cuursc, why structurcd pro- ologkal pruhlcms with thc !JboratqrystudicswchJvesurwyed . 
· ming Frodúccs bclter drsi~n, better l~oding, and bctt¡;r \Ve do not reitera te thcsc prob!ems. Ncvcrthcless, thc;c is ouc 

C\ll .• umcntation is anothcr issue, but ag:lin, we emphasizc thc · mattt'f mooted that we bciiévc is t:cntralto any furtht:r cmpir
importancc of chooSinu thc "right" levclofrest:arch aggrcga· ic:ll resc:uch undcrtaken; namcly, wheth.:r thc complcxity of 
~ion if understanding is to be obtained. programmcr skill prccludcs succcssful cmpirical rcsearch üsing 

As a fin:-tl point, thc rcsearch by LiCntz and Swanson raiscs ·a classical experimental approach. · 
::.nothcr issuc that is an overriding conccrn for structured pro- A common fcaturc of the results obtai~cd for thc cmpirical 
~ramming research; n:unely, that user knowledgc and pro- studics undcrt:1kcn so far on structurcd programming is the 
grammer effcctiYL'ncss s·rcm to havc import:Jnt effects on soft- large "within·subjects" variancc and thc low pcrccntage of 
warc maintenance costs. This finding is supportcd by othcr variation in the dependent variables accountcd for by the in
ro;oarch. For exarnplc; Ilochm et al. [41, Rubey <'1 al. [35], dependen! variables manipulated [37] 9 In classical expcri
:11:-td Gbss ll8] found a large proportion .of crrors in scvcral mental tcrms, this mcans that thc rcscar~hcr necds to control 
sofiwarc projects thcy examincd to be dcsign errots that arase '()thcr factors that are aff~cting thc depcndent variables if thc 
S~cause thc software <lid not coJnply with user requircmcnts effccts of the inc\cpendent variables of intcrest _are to be bcttcr 
(:;ce also [lO}). StruL·tured progra.mming can do little · to· undcrstood. Of coursc, thc obvious qucstiun is: whJ.t ¡¡re thesc 
rtrnedy this problcm. Structured analysis, however, úoes varioblcs that need to he controllcd? Like· Shcil {37] ond 
4ttempt to improYc comrnunkations bctwccn thc designcr and Brooks [S), wc contcnJ that subjccts oftcn use subsuntially 
:.;sc:r {12]. In this lig.ht. thcrcforc, rcscarch on stnh.:turcd anal: diffcrcnt 01pproa~hes to so\ving programming problcn1s, sucil 
;;sis may ha ve gr('atcr practical importante. that manipulatint~. say, thc syntax of J progr~muning language 

!J. O~o·erall O"itique and Hl'aluolion 

We rcturn tu thc thrcc qut:stions askcd at thc bcginning of 
::his SCL·tion. ls thL·rc sufficicnt rvidcnl't:: to show tlwt furthcr 
':Htpirical rcscarch is wt1rth pursuing? llave thc rcsulls ObtaincU 
·.rmtrihuted to undl•rstandiug versus prcdktion? ls thc cmpif
:.-;;JJ reScarch methodologic:.llly sound'? 

tcrms of thc fir;;t qucstion, in our opinion thc cmpirical 
:·.\ults are supportivc of structurcJ prugran11ning but not L~om·
;·-·:lling. Therc are kw ncgativc IL'su.lts; thcy show cithcr no 
~:frcct or a positiw .cffc¡;t whcn strul'turcd .pro~~l'~llllllling is 
·~:t:d. WhJt se_cms ckar, howevcr, is that use of structurcd iHo-

is unlikcly lo accoünt fur much ofthc variation in pe1 form:mcc. 
Thus, it is thcsc diffcrcnces in approach that nccd to be 
controlled. 

Programming is a prot:ess of :ipplying knowledge structures 
(domains) to a problem to obtain a solution ultimatl:ly cx
prcsscd in a progranuning language [7]. By a knowlcdgc struc
turc we mean, very looscly, a general solution methnd. Floyd 

9This rcsult is not 4.:ommon to al\ studirs-Lawrcnl:e f25J r~ports 
comt'•H~Jtively .~mall within·suhj~cts v;.¡rbtinn. llc contnh'nt.~ thal thc 
naturc l)f thc ta~k m ay bl\ an important n•nsidcration: L·omph~.\ :~kcbr~1iC 
and ma/.1.' prubkms m~y be quitr.: dilfl'l"-'n.t from <.'Oflllllt'rl·i:ll' Cuhol 
Wlllk. 

,,,. 
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[16] tl:nns :t knuwlcJgl' strurturc a .. pu:Jdigm" of ¡rrogr:.un
ming. For cXamplc, two paralligms lknowkdgc stru(lllrcs) in 
prlrgranlmiug urc thc br:JllL.:h-anU-boum.l tcdutiquc and thc 
Ji\iJc-:tnJ..¡,;oi14llt.'f tcduliquc. An cxpcrt progr:.~mtm•r who 
knUws thcsc tcdmiqucs 1ccognizcs spcdfk problc111s ·as bl!ing, 
pa!lil.:ular cxampics th:Jt ;.nc amcn:.~b!c tu sulution u~ing lhc 
lCdllliqucs. 1 he nóvkc progr:.tnHncr may confront th\! prob
lcm and be lcft l1ounJeri~1g. Newell and Simon {34] distin
guish bctwecn cxpcrts JJH] noviccs prcdscly i1~ this way: thc 
claburatcness of thc knowlcdgc structurcs possrsscd by thc 
prvblcm solver. \'lhcn a high leve! uf skill is necdcd to sol ve 
a prublcm, thcsc diffcretH.:csin kuuwlcdgc structurcs are likcly 
to account fnr a l:Jrgc pmponiun ofthc v:Hiancc in pcrfmm<úlce 
:.unong subjects. Shcil [37] argues cogt'tttly that programming 
is a highly ski!lcu "ctivity. He comcnds !37, p. 118]: ""llow· 
cver programmcrs' knuwlcdgc bases 2rc actually or~anizcJ, 
thc-ir ~xislCIICC! :.~nd sizc sccfn clcar. Hypothescs whicll posit 
thffer~nct:s in cither individual aptitudt: ur task ditTiculty are 
therefurc, at le:.~st~ extrclllcly difficult fo invcstigate, ;_¡s thc 
cnomious size of tlic knowlctlgc bases bcing drawn On iluply 
tsk) that diffcrcnt individuals appruach the same t2sk with 

grammin~ langu:1gcs tllat i1nph.:mcnt ccrt:tin knowlcUgc struc
. tures? F!oyJ [16J clc;uly sccs structurcil programming as 
n1~1nipulattng knuwlcligc strul·turcs; it is thc ''dominant pura
digm in n1ns.t l'uncnt tn:a tmcnts uf programming mcthodol~ 
(uur cmphasis). In our Vicw thc answrr is not clcar-cut.,, 
some cxtcnt it J~pcnJs on hmv onc defines structurcd pr'ü
g.ramming. Whi\c wc ag;-cc that top.down dcsign ::md ;.~Jhcrence 
to thc thrcc stru~.:turcd control structuri!S constitutc a very 
general paradigm for solvi.ng a problc111, a ch:.tractcrization of 
strUcturcJ programming .tu include rules of indentation, com
mcnting, etc., may mc:.tn tlwt implcmciH3tiun issucs rathcr 
than knowkdgc structurc change issucs are bcing considercJ. 
In any case, whcncvcr rcscarchcrs are manipulating a variable 
cunsidcrcJ to be an att'ribute of strlictu~cd progr:unming, it 
hchoovcs thcm tu ask whcthcr thcy are in;ulipubting knowl
cdgc structurcs. · ur languugc implementa! ion mudes or buth_ 
lf resc;¡rchi.!JS are manipubting knowlcdgi.! structur~s~ subjc~.:ts 
tnust be :JJequatcly traincd in th~! kno\a,.·lcdgc structure. lf 
t he rescan.:hcr is manipul:H ing a languagc ilt~plctnen tation moJ~, 
thcy must cnsure thut thc subjccts uscd ha ve homogcncous. 
knowlcJge structures if thc rcsults are not to be confounded. 

• 1 

v:.~stly dift'crent resuurces." · 
Cons.idcr, again. thc nature ofthc phaScs im•olvcd in thc pro

grmHning proccss. Clcarly~ at lcast sO Hit: of thc pluses rcquire 
high-tc\·d skills tlut tradirionally h:.tvc bccn acqtiircd through 
t.'.\¡>CI li:ncc rathcr than l:JUght fonn:.dly; fur CX~IllpJc~ tht' dcsign 
and t~o·s.t ing/Jc.:bug.ging phJscs, and pcrliaps. at times, ·C\'Cn th(' 
coding phasc [7J. lf, for cxamplc, rc~~:Jr¡,;hcrs ·aucmpt to in
vcsti~:atr: whcth.:r 3 éhange in SOillC progr:lllllllillg iangtt3gC fca
tli!~ hJ~ J bcnetid:tl cffcct on prugramtni11g pcrform<Hh.:l!, thcy 
111u~t ,,:usurr: that subjccts in thc1r cxpr:rimcnts use thc sJmc 
k no'' :cll_::..:" sHlll'turelSJ to sol ve t!ic problem. Othcnvisc, it is 
i111pu:-.siblc to know whct/ter pcrforrnancc v:..triations can be 
;!tlribuH:d w thc ch:Jngr:d LHiguage fc:..tturc. Thc "real" qucstion 
tilo: rL'St.';trch~r is allctnpting tu ans\vt.:r is: given a progwmming 
p:.~LtJiglll, lww ·wcll does thc languagc fcaturc implcmcnt the 
pJradiglll'.' Floyd [16. p. 458J exprcssr:s this point more clo
qu~n~!y: "1 be lleve tlli.Jt 1!1.: continuct.l adv:.~ncc ofprogramming 
os a ..:r:tft rcquirr:s dc\'cloptncnt JJH.i Jissr:mination uf bngu:.tgcs 
•xhich su ppon thc majur p:.Hadigms of thci r u ser 's cuJllll'llltlitics. 
Thc tksi6n or' a bnguagr: should be pn:ccdcd by cnun1c"ration 
<d. thc~ .... , p.:uaJi_8ms, inl'luJing J swdy of the· ck·fidcn,:il.'S in 
¡,r..:~~~r:rlíllt:ing c:Ju~~,J by Jiscouragr:mr:nt of unsupported plra· 
'!i;n1~ ... l'ni;:ss ti1..: p:lTJtJigm is co~rtiülkd in any cmpirk:d rc
s..::.J! .. :h. !l;t.•reft,r..:, thc l:tn~:.iagc f(:ature:) \\'ill dcfy sy~t•-'illJtic 
StlrJ)·. 

HmY. ihcn. L.::Jn d:Issic:.~J cxperünent:1lists determine whcthcr 
th.::tr ~~lllJ~'I.:t gwups haH' hotno~_encous knowlcd~c stnJcturcs 
wh.:-11 u:-t.•y :-tttcmpl a p:..trricula~ prngraru¡;-¡ing prublem'? Onc 
:u.:-tltl',~h)!L•gy til:i.t 111ight be uscd is prnwcol analysis-·having 
sulJj<.:~.:Ts Llik_ :1\uud whcn urH.lert~lking :1 progr:.unming tJsk und 
then ;Ht<dyL.ing their protocu:s to idt:ntify similarítit.:s anJ diver
t.o;.'nc:.·s l7]. Thc tllCthuJulugy is still new, and it has its sharc 
l)f prui1k-n1s llSj ; ·ucvcnllclcss, in tcrms of a diffkult task, it 
is ~u i<ll!JUrt<tnt start. 

In li~:!H of thcsr: 111t'tiwdulogic•li dinlcultjcs, considcr, fin:.~lly. 
the ruture of sttlll'IUJr.:d progr~unming. !S. it an Jttcntpt to 
mudify knowledgc structmcS'! ür <in •1ttC1Ilpt In improv~.: pro-

V. Su~t:-.tARY AND CoNCLUSIONS 

In this paper wc have sur.vcycd and an;!lyz~d thc ex.isting rc
sc:.~rch on structurcd prugramming from thl.' stance ofan empir
icist. Wí: h:J\'C profcrn:d four n1:1jor argum.:-nts: lirst, that the 
thcory cnundating thc effects of stru~·turcd progwnuning on 
softw:.trc pr;1cticc is rudimcntnry and in:¡Jcquatc; sCcu1.1d~ th:.t~. 
this la e k uf tht:ury has inhibitrd thi.• fonnubtiun of hypothcs 
that .cuntribulc to both undcrst:J.nding Jtid prcdktive puwcr , 
third, tlwt until the thcory h:1s bccn devl'!üpcd, it is nut possiblc 
tu identify thl? stratcgic hypothes~.:s :JIId, :1s a conscquencc, 
carry out parsimunious cmpirical rcscarch; anJ finally, that thc 
cxisting cmpiricJI work rcllccts thc shoddy state uf thc thcory 
in that it dncs not cffcct a coorJinatcd who!c, nor h:~s it as.pircJ 
to undcrst3nding as opposcd to prr:diction:. · 

The preccpts of struyturcJ programming are compdling, yct 
the cmpiric:Jl evidcncc olJtaincd so far '¡s cqui;·oc31. Good 
t.'lllpirkal rcscarch is incx1 ricably bound to thc cxistcn~.:c of goud 
thcory. UnfortuHatcly, \Ve do not sce1n to ha ve undcrstoud 
thc urgcncy of this rclationsh!p in terms of our currcnt work 
on' struct u red· programming.-
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probkm solving c:\pertisc in c~mtputcr pro· 
gr:rmming Jnd debugging. 

l-.... ~.' ;--i~~ 

Ron Weber fl'Ccivcd thc U.Com. deg¡ce frorn 
the Univcrsity of Qut:l'nslund, St. LudJ. Qld., 
Australia, in 1970 and tl!c M.ll.A. ami' Ph.O. 
dcgrec.~ from the llnivc¡~Íty of ~linne~ut:.t, 
Minne;¡poli~. in 197S anJ 1977, rc~pL'ctively _ 

Sin~:c 19t-H he has bcen l'rofl'~SlH of Com
meJ~c at the Univer~ity of QuL~cns!and. Ilis 
rcst~:Jrt:h intcrcsts induúe cornputcr control 
and auJit and structured tt~dtniqut·s as ¡¡ mani· 
fcst<Jliun uf a gcncr:.d thcory of cornplcxity 
ólpplicd to :.utifacts. 
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Use of Software Engineering Practices 
at a Small MIS Shop 

TERRY C. SNOW 
~o \ 

AIJstract-This papcr describes thc sOftware cngincering practiccs uscd 
by thc .\liS Dcpartmcnt :1t Unitcd Tcchnologics Microc!C'ctronics Ccntcr 
(l"DIC).- 11 describes thc lifc cyclc of a software ch:wgc and thc con
huls t•stablishcd lo implC'mcnt thc ch:-tng:c. Scvl'ral softw:~rc tonls u sed 
by UT~IC to Jcvclop and control software dewlopmcnt ar~tl intcgration 
are dcscribcd as wc\1 as mt·thods ust•(.r to intcgrate vendar softwar.~ 
packagcs with in-house devclopcd !>Oftware. ,\ computt·rizcJ systcm 
fcH tracking ami controlling usNs' rnodific:ltinn rcqucsts has bct•n dc
vdopcJ. Software rcquircmcnts for a small 'liS shop are c.,amincJ :tnd 
compan::d to thc r~quircmcnts for largc softwiuc dl•vclopmCnt projccts. 

l. lNTROlJUCTION 

~OR some time, 13.rgc ~oftwarc dcvclopme.nt projects have 
_t'1 uscd thc btcst softwafe enginecring practiccs to irnprovc 
proJuctivity and reduce errors. Companics including SDC, 
Ford Acrospace, and TR\V are involved wjth J:.ngc suftv,:are 
projt:cts anJ have dcvelopcd software enginccring ·lH3ctices 
th:ü provide configur:ttion control, intcgration of multiple 
software releases, and indepcndent test .:md :,alidation func
tions. Now thcsc s:Hnc software cnginecring pr:1cticcsare being 
opplicd ot a small MIS shop within thc Unitcd Technologies 
\licroclectronics Ccntcr (UT\IC) in Colorado Springs, CO. 

11. UD1C BACKGROUND 

UTMC' provides intcgrJted circuits for use by othcr com
panics within the Unitcd Tcchnologies Corporation (UTC). 
UT~1C allows thL' UTC Companics to t.lcsign thc drcuits using 
1n intcrnally dcvcloped CAD too! and providcs thc back·cnd 
m:mufa..:t'Jring for die produccd. from a wafcr manuf:1ctured 
by \1ostC'k, a sister UTC company. 

UTMC hardw:1rc configuration l:Onsists of tlncc VA.X-780's, 
two VAX-750's, anJ OliC VAX-730 connc¡_;tcd by Ethernet. 
:-.1ost L'T.\1C cmployecs havc termin:1ls in thcir officcs, many 
of whkh. c:-~n be connectcd to any VA .. '< via Ethernet. In adJ.í
tion. Decnct lincs· connect the UT~IC computcrs with com. 
puters at Mostek. C:urollton. TX. Thc software Lonfigur;:~tion 
for the ~liS sectiml is shown in Fig. 1 .· Business software con
sists of accounts P.ay.:~ble. payroll, general lcdger~ bud~et, 

personnel~ documcnt control, m:nkcting. and projcct control 
software p:1ck:1gcs. totaling ovcr 500 000 lincs of Cobol and 
DatJtrievc codc. ~1anufactudng software consists of work-in
progress. engint:cring data collection, en15inccring :malysis. anJ 
:1ctivity pbnning systcms tut:1ling over 1.2 mi!liun lines of 
c~)bo! and \lacro code. D:lta illL'S consu111c approxitn:Hely 
sou 000 h!llá.s (.~Só rnillion byks uf infmmalion). 

'.l:P111,,·riJ•! n'l'l'ivcd August 1, t 983. 
Thr: author i.~ with !hl' !JnitcJ Tcduwlot;ks ~licwrll'l lronil"'> Ccnter, 

Colur:Hlo Sprin:;s, ({) 80907. · 

111. NATURE OF A SMALL MIS S!IOP 

The small M !S shop which providcs business opcrational 
support diffcrs from a large soft\varc devclopmcnt project in 
severa! kcy fcaturcs. The small ~liS shop tcnds to satisfy 
software rec¡uirc111cnts by purchasing a lnrgc number of off. 
the-shelf softw:.1r7 packages and intctrating them. This pro vides 
a largc diverse libr:ny of soft\varc systcms without nccding to 
maintain a largc dcvelopmcnt stall. Thus, the snull ~liS shop 
tends to be more of an integrator of softw:uc p3ckagcs than a 
dcvcloper. Softw:uc Jcvclopmcnt const it u tes' enhJncemcn~s 
tü off-the-shelf and contractor-dcvelopcd packagcs so they 
mcct company rc.quiremcnts. Thc cmphasis is on pruducing 
a reliablc product instcaJ of high-volumc productiun rate. 

Thc largc librar)' of software togcthcr with thc ncccssary ' 
tailoring and/o: cnhanccments to mect corrcctncss rcquire
ments dicta te a need for 

• configuration control 
• control of software rcleases 
• scP;úatc intcgr:ltion of production and test systcms .A 
• indcpendcnt test and valid:ttion of a.ll software C'nhancW' 

ments. 
Becausl.! large software devclopmcnt projccts havc thc same 

basic requiremcnts, simibr' software cnginccring practiccs can 
be applied both to largc and small M !S shops. 

IV. SOFTWARE ENGINEERlNG PHACTICES AT UTMC 

UTMC's MIS scction is rcsponsible for satisfying the soft· 
ware requircrnents for severa} Jcp:utments: Finance, PCrsonnel 
Rcsourcc.s, Communic<~tions, ~lanufacturing, Tcchnology 
Dcvclopmcnt and Assurance, Phnning ami Administration, 
<~nd Customer Support. In arder lo prioritizc work, provide · 
st:1tus inform3tion on outstanding projccts, and ensure thc 
rcliability of al! modil1cations, thc MIS scction Jcvcloped a 
set of software. cngineering practices .. The users nf the soft
ware systcms ac~..:cptct.l these pr<tctices very well bcc<Jusc the 
systern provided a method of rcqucsting changcs and tracking 
thc progrcss of thcir requests. 
UT~IC's software engincering prncticcs cmphasize system 

~..:orrcctncss while providing configuration control. The goals 
a¡.e to providc systcms that satisfy the u_scr rcc¡uiremcnts and 
ensurP. thc rcli:tbility of the finislwd p~oducts. Thc company's 
r-..liSscction controls the intcgr~tion of 01;111y divcrse software 
packngcs into thc conlpany's total software rcquircmcnts. 

Prugr:tmmcrs antl cnginucring !:'.IOllps li:tvc· SL'paralc rC$pDL 
bilitics at UT0,lC. Two thrcl!-pcrson pro¡_;ramming te:uns, cach 
with a leat.l programmcr, are rcsponsihlc for thc dcsign and 

0098-S5~9/0700040~SO!.OO © 1984 IEEE 
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Projeet lead•t Aeeap1adf 

í 1 

~:•lo~~ Sourca, Ob~ 
n-ofh) Com Proe•, 1M 

Copyllb• ., •• ,......,.., 

by SW Control 

Fig. 2. Software control ¡,;ycle. 

coding ilf 3\l software cnhanccmcnts. Thc thrce-person systcm 
cngincering group defines u ser rcquiremcnts, providcs softw:uc 
intcgrJtion l"Ontrol and software intcgration, providcs quali~y 
centro! valiJation of software. anJ. controls and maintains the 
datJb:"!SC. 

Thc software control cyde is illustratcd in f-ig. 2 .. Th~ cydc 
be~ins with a uscr sub1:1itting a rcqucst t6 the MIS scction and 
cnd;; with f!nala,c..:eptance of the complct~d chJn~.e by thc u ser. 

Sin·.:e tln? \liS se..:livn supports thc con:pany's ~oftware 
. nccds. he:.!'.')" intt•r:!.:th)n ;dth_.thL··u~crs is r..:::quired. The ~!JS 
scction h:H dcwlop;:-d ,, ..:ompuh.'rizcd sy~tem that :1llo~vs us:;r.:; 
to subrmt systcm modifkation rcqu~sts (S~1R's) to !he \115 
Dcp:utmcnt ~sec Fig. 3 fur S~tR fnrm). · The S\ IR tr:1cking 
systcm :.l!lows .. complete tra..:king of an S\ IR frorn submission 
through rroduction and test. Thc S\IR tracking system is· 
written in DJtatricvc, a datJ man::tgemcnt langu:.~ge for DEC 
<.:umputcrs. lt cunsists of ovcr 15 proccJurcs to al!uw for 
irncrJctive Jat3 input, status disp1:iys, :md :-cport gcncration. 

Thc S\ IR trackíng ;;ystcm is ac.cessiblc both by thc MIS scc
tion ;md thc uscrs. lt gi\'cs thc uscrs !he stnt11s of thci~ s:..tR's, 
and p!Ovides a complete sct' uf rcj1orts thi.!t a!Jnws tln: ~liS 
scction m:m:t¡;cr to 1~1onítur thc prCJgrcss of thc p..roup. 1t ~liso 

supplics thc infurm::~lion to a gr:tphics pad::t¿;c· l_I{S 1) that 

produces five monthly multicolor progrcss charts for manag~
ment revicw (sce examplc Figs. 4 and 5). RSI was dcv~lop!!d 
by Bolt Bcranck ami Ncwman, lric. to ¡,;ombínc basic statislical 
analysis capubilitics wilh a grapltics package to produce bar
graphs, histograms. curve. fitting. a m! two- ur three-dimCnsional 
graphs. 

After the S\-1R is prioritized by a .high-lcvel managemcnt 
committce, it is given 10 programmers whO use top-down 
dcsign am.l structureJ progrJillll1ing tc-:huiqucs for dcsign 
<tnU ~levClupmcnt. Progr:Hnmcrs use ~tructurc charts ami 
psnedocode to devclóp thc Jcsi~n :1nJ t!Jcn cDnduct J review 
w.:llk-through of the design wit!J tllfir lcatl. ¡~rn;;r~mmcr before 
coding bcgins. Al\ dcvclopmcnt is pcrforn1·:-J interJctivcly via 
computcr tcrmínals. The prugrammcrs takc nuximum ·actvail
tage of thc DEC dcvelopment tools including forms man3gc· 
mcnt systcm (F\IS), Datatricve (qucry bn8u:ogc), VAX·Il 
Dll~IS, DllQ (DB~IS query langu:oge). and Cobol. 
F~1S is a too! uscd for dc·,·eloping form applications to run 

on o. YTJOO terminal. F~1S associates L'unstant data \'.'ith ti,,.. 
form. not· the applicatiun p10gr~un. rcsulting in simplificd ~. 
pHc:nion progr<Hll maintcnancc :llld incrcascd application pro
gr:!lll. llcxibility. Oatatricvc is a data mo.nagcmcnt tool that 
Jlfll'.i~lcs hoth intcractivc and progr;nn-cJlbblc acccss to data 
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SMA BACKLOG BY MONTH 

JNt .. ...... 
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..... 
-- b.-- BUS SYS BACKL06 
-<>-- TOTAL BACKLOG 

Fig. 4. SMR backlog by month. 
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in file oq..:ani;:1tions. lt is a compr~..·hcn.sivl~ qucry. atHI rcport 
writ(..'r witlz full updatc c::~rahilitics. VAX·I 1 DB,\1S is a fui]. 
:,l.:lk COD,\SYL-cornpliant dtitaiJ:Jsc mall:tgt'llzl'.lll systcm ha~cd 
nn the \•,'IHkin~ Oocumcnt of thc ANSI Dala Dellnition 
L:znu.zJ:tge Cornmítr·~c (~farch 1981). DBO is usr.d !() cnzul.uc 
cuUe structurc·ns :1 dcvclopmcnt a id for pro~ra1t1mcrs :I~ccs:;ing 
thc databasc. 

Thc Ucvclopcd nr cnhanccd sortw:zrc· is turncd twer by thc 
pro¡;ramrncrs to :.;;·.-:tem cn:~incering fur indcpcndcnt test an 
v;rlidatio~. ·This providcs a qu;,dity control check for UT~1l· 
ch:vdopcd ~oflw;uc as wcll as for nff-thc·:diCif and spcdal 
"cont r:H:tOr·dl:vclopcJ software packagcs. A two-lc·,rcl test 
whkh consists of a rcgrcssion test ;md a tc.st of thc ncw capa· 
bility is pcrformcd for ncw rclcascs. Aftcr thc changc is vali-

--~-:._ __ ._· -----· _.-
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datcd hy system cngíncCri••,g, MIS releascs it t.J thc uscr for 
fi¡¡;:¡} <i~ccptancc trsting. 

Aftcr thc sr)ftw.:J.rc is acccptcd, thc systc111 enginccring group 

il_l)'i!ftcs it into thc pwductiou systcrn .. Thc diffcrent sofl
,.¡~_Jjclcasc vcrsions are maintaincJ h)• a lJEC software library 
sysreln ,·allcd Codc ~!3nagcmcnt Systcm (CMS) .. CMS ollows 
thc oper~tion:d version of thc suítwarc to be mJintaincJ in a 
production !i!)r3ry whilc dcvc!opmcntal \'Crsions are m3ill
wincd in test librarics. C~tS is J program library systcm that 
memhrrs of a softw~rc projcct use asan aid in program org:mi
z~tion, devdopment. and maintcnance. lt allows projcct 
mcmbc-rs to rctrievc cop¡cs .of library tllrs. makc chang.es to 
thcse CC'p!cs. anJ then rC[I!JCC t!Jem in tJw libr3ry. lt aJlows 
mor.: th:m onc ;->rojC~t mc;r:hcr to '''ork on the SJ!llC file ~~t the 
s;,¡m::: time without lo~ing any of the modifications. Sincc 
UT~tC :liso rrccives soft\\'JH' rckases from vendors ro thc sJmc 
modules that üT~fC progrJmmcrs are mod!fying, C\1S is uscd 
to mergc rnodifications into a single sourcc module containing 
both scts of changcs. 

Relea se vcrsions of thL: software are built with the a id of thc 
~lodl"ic ~lona~cmont Systom (r-I"IS). M"IS is a too! that auto
m3tcs· building software systcms via ·linkage conmwnds. MMS 
interfaces with OIS to !ook for clcnients in thc CMS library. 
~1MS dctermino::s thc _components of a software system that 
have changcd and updatcs only thosc cornponcnts. CMS and 
~1~15 a\so proviJe security controls for codc access/rcplaccmcnt. 

Since unte uses many software packagcs déi"Ciopcd by.out
sid~ vcndors. many of thesc sam"c engine.:ring practiccs are 

( ticd to thr vendar softwJre; users are involved· with bÜth 
GJ_./'miniilf! requircments and final acccpt::mce tcsting; all 
software- rcleascs are ~horoughly tcsted by \liS before rclcasc 
to prot.lurtkm: and thc S\11< systcm is uscd to track and rcport 
crrors to the wndors. VcnJor supplicd software must be com
p:lliblr with thc l'Xistim~ UTMC VAX archih:...-turc which in
c.lud~s by~·red produc~~ suCh as DB~tS, Datatricvc, Forms 
M:uwgcmcnt Systcms, ami Common Dat:..~ Dktion.:uy. Modular 
system dcsign of Vendor supplied softw:.~rc is a key sclection 
áitrrion as wcll. Product packaging for UlMC purchascd sys
tems must indudc interna! nnd cxtcrnal spcdfications, uscr 
documcntation, sourcc codc. exccutables, linkagc commands, 
data com·crsion routines, and all· supporting job control pro· 
cedurcs requircd for sys_tem implcmcntat.ion and opcrationJ1 
usage. 

----,-,~:-c. ""'"'- .. ' . 
-'-

Beca use thc prnduct sclcction critcria are strictly cnforced. 
thc time rcquirciiiL'IItS for implementation and ·intcgration are · 
minirnizcJ. Minor modific:ltioHs to lin'kagc modules and job ~ 5 
control codc are usually rcquircd to customizc thc software 
package for opcrational ·use. ÜH the ;1vcragc; it t~1kcs threc 
days to insta!! a majar software relcaSe.from a vcm!or into the 
test system. ft takes one to thrcc wceks to throughi!' test thc. 
package prior to implemcntntion of a fully operatioml systeril 
in production. 

Each muntlt, the UTMC ~liS sltop proccsscs ovcr 30 uscr 
rcquests v~-1rying in scope from onc day to severa! months for 
compktion. Use of.the above control and develnpmcnt pro
cedures, allows for 

1) com¡)lctc knowlcdge of .:-urrent status.· of all requ~sts 
2.l a quality pH,duct thJ.t is \ve!! tested 
3) user intt.:r:tction in dcfining reLJ.uircmc-nts. 
4) u ser acccrtancc of cumpkted produrts. 
Thus, UT~1C has demonstratcJ ~hrough thest' pruccdurcs 

th~t many of the software engincering practiccs rurrcntly uscd 
by leading software dcvelopmcnt companies·--configuratiOII 
control of software relea ses. intcgration of software into pro· 
duction antl test, <Jnd validation of s~ftwJrc-c:m <J. !so apply to 
smoll M !S shops. 

Tcrry ('_ Snow rcceiVl'd thc B.S. ;,¡nJ ~t.S. dt·
grers in mathcmatks frnm the Univt:rsity oi 
Oklahom:l. Noumn, OK, in 197(1 and 1971, 

· rt:!>pCctivd}' _ 
From 1972 to 1976 11(' wa~ ~ (PmputL'r Sy"· 

¡. tcm An~ly~t fur the Unittd S:a:L'-' .\ir Force. 
He workcd l)rJ thc Sp;Kc Dden~e Ccntrr Com
putl'r Syst1~m fnr thc North AmL·rk~Jn /\L'tos¡,~t-.:e 
Ddense Comm;utd. Fru1.n 197(¡ to 1981 !Le 
WOI~t:'tl [(lf the Systcm lkvdnprn,·n: CorpPI:J· 

tion as thl~ Sp:u.:c Comput:Jfiunat c~'lltl'f Sllt't
warl' Mana~er rc~pnn~iblc f,,r prupv\:1l..; for JII'W ~uftw:uL· ~y~lem~. ¡¡,. 
supervised ~oÚ\\':Hl' íkvdopment for man-m;~~·hint: intcrf:n:e. ''Pl'JathJg 
systems, and application dnt:l11pmcnt. In !·dJ¡u;~ry IY81 l1e j11Í1h'd tl1e 
Unitcd Tedtnulur.les Mkrol'lcctrunic.~ Centcr to c.'i.{ablbh tlieir ~liS iJl'· 

p:utmcnt. As ~tiS manag:cr he is tl'.\ponsiblt: fur bu;;;in..:-ss and manu
facturing softwar..: sy~tems. 

~Ir. Snow is a mcmbcr of thc Phi Et:1 Sif:lllil, Phi ~lu Epsilon. the 
Nationalllonor Sodcty, ami is an affiliatc membl.!r of IEEE Computcr 
Soeicty. llc fl'tciv~:d tlie A ir Force Commcndation ~h'l!al. ~orth Amer
ican A ir Lkfcmc Command Certifica te of Ac.:hicvcmcnt, :~nd Ccrti.ficatc 
of RcL·o~nition for Ouisw.nding TCdmical Support to thc SpJ.ce Dcfcnsc 
Centcr. 
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mt1ch had bl·c'n'atlemptcd at onc time. Accurdinglv. thc instruc-. . 

2
.tion continucd ·.¡n 1974. ¡_:onccntrating on ~urcLDrogr;!_!!~-=

mi ng. top-dowh rrng_r~un m}_0_g.:.-.:~~ r~_(_~~l_t:\;,!-f. -~'.<!.11~.- t_h !:0~g_l_l_~:-2'.~-~ 
rr~-¡;m-:-de~.z~gnrm·~ua~¡-the \;tttcr h~ing the ~ubjert of this . 
pap~~-A·s-;;-r-C~il~;rthiS furlht.::r "d\'ori';. II~C nr lhe~c four tcch
~i_q.~~~~-~~s_b_ccph1~ >!..5_~~-!E.'!.P~~Iic)~ 1~-~t~:::~YTo: ~-1-his in ~:~St~'g'¡titOn 

· intó the <'ther tcchniques continued in IY75. with Hicn.rchy plus 
Input Process .. Output >HIPO> also showing•grcat promise as a 
system analysl:tool.' 

Thc lngic srccificati01i stanJards that havc becn used at MC.~l'· 
TOare rl)u~hly_ equi~'aicnt tu detailed tlowchans·. in 'which num
bercd English sentenccs "re suhqituted fur the various flowch••rl 
symnols. r\s dctaiicd tlowcharts were limncrly u sed to crea te the 
required detaiL ~o wcrc lngic s¡k'l~it)cation standartls . .-\lthou~h 
_flO\\Tharts and logic srcciliration stamlards proved at.iequatc: for 
smallcr and !cSs (O!llpkx applic-ati~m~. it was n:cognized in thc 

early 1970s th~ll more ..:umple\ appiÍL'<Jtinns are l.:'orresrondingly 
·more difficult :lo' Jc:-,~ribc and spccify by thc use of 110\Ví.:harts. 
·That incrcasing size and complcxity ofitpPiiéations had gradually 
:outgrown thc capahility anJ se ore uf earlier lt~!-~iL' specifications 

Y.• as thc primary condititm that set thc stagc for thc new tcchnittue 

of using a program dc>i~n langua¡!e. 

Program design language 
.. ,. 

The·prográm dc~ign Janguagc that is prescntcd in this papcr is a 
too! for dc:sigi1ing pfogram~ in detail prior·to coding .. At MC'\U· 
TO. the program c.ksig1i_ langua~e is· u sed hoth as a lan¡;uag.e ami 
as a program. dcvclopmcnt mcthodnlogy. Thc pmgram design 
languagc is syntactica/ly s-imple ami supports structurcd control 
figures' tailorcd fnr PI/ 1 and COI\Ot:. The syntax nf the ·ianguagc 
is 'ilcscrihed in thc Appcndix. Tnp-dnwn progr;un Jc,·eiC>pment 
meth0dology and elcmcnts of ,·¡¡.,;\\:ise .. refin~mcnt'' and lcvels·.of. 
¡bStr~;_c~~n :irC~ U se-d .. witil thC · i)r¡,gl·a~l_·_~~s_¡g_ñ_ ia11gL_1ag_e~.:~· Thc 
mc'it,odology is dcscribcd in this paper. r\t MCAUTO. pro¡:ram

: mers use the p'fogram design language in conjunction with struc
lured walkthroughs. top-down implcmenlation.'' and structurcd 
prognunming."·' Although thc v;lluc of the program Jcsign lan- ·¡ 
guagc has nut bccn evaluatcd apart from the othcr ~~cchniqucs. 1~ 
thc languagc. is bclicved to be a major contributor to increascd 
pmductivity. · · · •. · . 

Thc prográm design languagc. as a form of pseudocodc. has the 
following charactcristics: 

• Notation ·¡s u sed to state program 'logic and function. in an · 

caSy·to·reild. hlp..:hJ-bottorn fashion. 

• · lt is not a compilan! e languagc. ·· " 

''· 
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• 1t is an inf\lrmal mcthod of cxprcssing ~tnJcturcd lrlrogram_
min~ !u gil'. 

• .1 t is ,similar tn a pn'gt":unining l:tnguage (su eh as CtHlOL or 
PI./ 1 ). ln1t is lhll bouml hy formal S)'llt:H .. ·ticall:lngu:lgc i·ules. 

• Convcntil)fiS cxist that ¡wrtain tu thc use of structurt...•d tlgures 
und indcnlalion toa id in thc visual pen.:c¡Hion of thc logic. 

• The primary purposc i'>· to cnablc onc. to cxpress iLicas in 
natural English prose. 

• The lang1J:1ge rwrmits cnm.·rntratilHl on logical solutions lo 
·pn)blcm'i, rath('r than !he fo1:m anJ constraints within which 
tbc solutinns must he ~tatcd. 

• Thc langu<i.ge ll'it:S nlW.'Chart rcplacements, program docu
mentati\),ll, and tcchni....:al conununit.:atiun al alllcvcls. 

• Prt)gram dcsign i~ cxprt!:sscd reaJahly. anJ can be converted 
ca sil y ln'cxecutablc code. 

Thc progr~nl" de~ign lang1wgc was initially u sed to teat.:h struc· 
tur~J pnn~r;unming lo thc programrncrs. As a tcaching aid. the 
Jang11ag~ hclpc(J th"e programmcr!'i make thc transition to think· 
ing in ti!nns of 't hieran.:hy uf routint:s that consistcd of basic 
structurcJ .ligurcs.'· \Vhcn programmcrs startcd to implcmcnt 
applil.:ati<ln systems using fl{)w charts ami other earlier methods 
i"n which tht programs w~~·c of thc nonhicran:hi<.:al and nonstmc· 
turcd !)'pe. thc relining proccss includcd making hicrarchi.:al and 
structurcd -rrogram dcsigns. U sing ~he p1 ngram Jcsign language 
rathcr than .;(n{Ctllrt·d flow<.:hart.s or structuring thc standard log. 
Íi.:· sp~..:cifk:atiuns provcd to be thc t:asiesl way to improvc the 
rrogram 1.ksign. C:mtinued use antl rdinlo!ment of thc bnguagc 
h;.1s cstahlished it as th~ mcdium of c1mi<:e for eirher crcating or 
rdlning a ddailcU program dcsign. ~h~t~g_~~!~~?rc_ c.xptr_~~.~~-~ 
with HiPo is necdl.'d. it pre~ently ;ippe¡j,rs that HIP0

1 may be·_ 
t.:o¡l:;~ thc nil'lf¡ú;n·· ~~(~-h(;iCc for sy!'ltcm dcsign. and furtht;f.J.>.~-~-·· 
WiTIC ·:t¡·¡·~-x~:~~lie.tl't"l.ri·pl·tt--t:¡,r·~letdill'd program· design. In time, 
-¡·¡·¡¡~) >f~~~·y he·;~; u~·:eYúf tu· á-nalysts ·aS tt~e program dcsig~~~}~h.·:.. 
~-l~·~-~¡_" _1_s_ tn prugnnnmcrs. 

Top-down program design 

· Simplicity ¡, a kcy anributé In thc program design language syn
t:.tx. 4-.:VHVcntion:, for whkh are gi\"en in the Appcndix. In g"en
CL!I. \\ hen tht.: lant~tJ<tgc i:-. wrilh . .'n ~;cl·ortling lo the guidclines to 
he dis .. :us~~d in lhi..; parcr. st:.ttcment~ in thc htnguagc are casy to 
tr:.m~flll"lll iDh) progr~uns. 1\lorc illlport~lntly, !.~e simplicity f~_~c~ 
t~c di!.~ig~1~r;l. _\~~ho is usua.J_Iy __ a pro~rammcr. t~;-~c1nc·cn·~~;l~~~ .. o.n 
dt:vclopirn: thc dct~tilcd h)gic of a·pro!.:rarn.· \Vhilc the syStematic 
applicatio~ of the progrom tiesi¡:n ia~ 1!·u;ge facilitates prograni 
tlcsign. thc !anguagc is nota simplistic mc.ans of doíng thc whole 
job of programming. DctailcJ prograrn d.csign is an iterative pro
ccss. with the po"ibility that' details discovcrcd in the later 
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slagcs of úesign m ay lcaú lo moúifications. in previous po11ions. 
Ailhough c~periencc in using thc lan~uagc aiHI f<m¡iliar.i,ly with 
thc application may rcdu~e thc· impact of such im:idcnts. <:me 
should usu~tllr plan to complete a Jetailcd dcsign hefurC' starting · 
lO codea prl)gram. Sincc thc pfogram desi!!n langu:tgl: is ea~ia 
to changc lor rt:-writcl than actual code. deanin!! ur a progr~11n 
dr\ign in th~tt langWtfC is u~ually more cost-cft't:1.:tivc than l.'lt'<tn· 

ing ur program <:odc. ·¡he rrimal y objc~:tivc in dcllning \t rro· 
ccdure for thc systcmatic ¿tpplicatiun of thc program dcsign bn
guage is to proviJc a general ~e heme uf things to he dune dtding 
dctai!td prograrn úcsign. 

Thc systcrnatiC applicatiün of thc langu¡tgc is to apply the prith:i
ples of top~down programming lo t_hc úctai.leú rrogntlll de~ign 
function. whiCh wc tcrm "tor-dmvn program Jcsign." Thi~ im~ 
plics that the pn.H.:·c~~ lll" program dt:sign car~ he_ dcscribt:ú <ts· a 
hicr:n-chy uf discrctc functions. whi~..·h further i1hplie:- that thc 
work pn1duct (thc pnlgranHJesiJ:!n) slwuld br a hi~..:ran:hy of di~
crctc unib that case progr~un impkmcntatiun in 't top~down 

manncr. 

AccorJing lo prograrn Jcsign languagc _conventions. thc di:-.crctc 
~nits in thc case uf pro~r~Htl Jesign are one-entry-onc-exit rou
tincs (as in ~tmcturcd pro!.~ramrnmg 1 that are no largcr than onc 
pagc. 1 n mtJSt cases, l.lll thc dctaikJ Jogic for a progt~;iin docs not 
fil on onc. pagc, a fotet that IC::~ds to a squetzing down of det;til 
into lower-/cvel routincs. and rcsults in a ntunbcr or hieran.:hic.al
ly relatcd routincs. The syntax and convcntions of th~..· program 
design languagc promote a program lfesign that rneets the ohjec
tives of top-down prograrnming. An exarnplc that shows .thc 

. squeezing of detail into lower-lcvcl routines anú thc formation of 
hieran.:hically relatcd routines ís givcn in t_hc fullowing ~rction. 

Top-down program design .e·xample 

The top-úown dcsign pro<:css may be rcgarded as having thc fol-
lowing three úistinct phascs: · 

• Detcrmining n·quircmcnts. 
• Abstracting functinns .. 
• Expanding functions. 

Obviously. thc time and effm1 needcd for cach of thcse phases 
depends on the designcr's c.xpcricncc ami ahility. ·l.ikcwise. the 
particuiar way in which the funetions are dcsigned dcpenrls on 
the amount and organization of thc source information. lf thc 
sourcc data for a progrúm design úo not induúc completed file 
dcsigns, rcpo11layouts, anú user input definitions. then the appli
cation system dcsign is not reaúy to be expanded into a úctaileú 
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program design. f\.1l,rcovcr. a system dcsign should include. as 
ncccssary. flinctinns that thc pror.ram should pcrforni and any 
constr;tints on th~ rru~ram (sudt as tidd cdits or scquettces of 5 
~..·akulatitlns ·1. l:vcn aftcr assumin~~ that onc has at leas! thc míni-
mum sy.-;km·ltvcl ~Pcritk·atinn fnr the prognm}. thcre may still 
be wiJt: vari~ttinns in thc lt:vcl ami vnlumc uf dctails and in lhe 
organization of thnse details. Tllc optimum system specification 
is a hierarchy of uscr-oricnted fum:tions that indudcs only those 
dctails that are directly related lo a uscr's rcquircments. 

The establishment nf practica! guidclines for thc optimallevel of 
detail :t.ml organization for sy.stcm-lcvel specifkations rcquires 
thc active etlop\.'i"Jtion of hoth" analysts and programmcrs. 

(\ \Vhcthci· done by analysts or progr<.~nuners, the following three. 
hasi.: runctinns of Jetailed rrngram dcsign must still be per. 

< (1..ll"lll~d: dctcrmin..: the 1:cquircm~uts. ahstnu.:t thc functions, ami 
l~.:xpanJ thc functions. · · 

·,\t the time of ~~ detailed program design, thc· dete"rmining of pro~ 
gram requircmcnts l..":on . .;,ists primarily of studying thc systcm 
sp..:ci_fi..:ations for the prograrn. Arly itcms th;tt af.e vague. miss~ 
ing. undeJineJ. or cuntradictory should be clarificd hcfore.plung
ing: intO JetQill'd program design. lf thc systcrn specifications do 
not. at somr pnint. proviJc a simple .':ltatcmcnt of u ser n..:quire"
mcnts. lhcn· writc down SlH.:h itcrús· as thcy bccome apparent. 
This point is crucial btl.'ausc thc.: abstractivc pruccss should be 

. il1 lcrms ·~-,f thc.: u~er·~ rcquin..:menb. l.ih.cly sources ;.ú·c thc deflni· 
tion~ o·r output rt..:ports. fill·s. scict.:ns. etc. Thc report specifi~a· 
tio;l~ fnr. a :-.irnplc rcport gcnc.:ration program rnigiH yicld thc 
folh.J\Ving fum:ti111lS: 

r\CL'UIIItihtl': tDtal sales fur each salcsman. 
:\ú.llilltJbte tntal sales fur cach Ji:-.trict. 
:\;,.:(umul:.11~ tu tal sales for a!l districts. 

Examination uf thc iopul spccilkation for th~ program might 
re,·ealtlll' following .. :onstraints: 

Thc sales lile has only o.nc kínd uf record. 
• E;;1o..:h sales rcc.:on.l incl.udcs salt:sman name and numbcr, and 

district numhcr. 
Sale:-. rt'Cln·dc;; are in order hy salesrnan identifkation within 
e;·t.,:h Jistrict. 
Thcre may h~ ~e vera! sales rccords for a salesman. 

AJditional constraints. such as- '_'skip to new pagc after printing 
a dist> ict total" mighl be fnuml. 

lf it is assumcd that thc spcc·ifications al the suurcc spe¿ilication 
lcvd of dcwil du not c.xrrcss thc ttsl.'r's ·requi1:cmcnts, thc objcc· 
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functions. 

ti veis to build a coniplete list at this leve!. 11 is not nccessary to 
organizc thc list. Rathl!r. onc ~houki concentrate on disc'overing 
all the functions that thc user wants to he perfurmed. Asouming 
this critcrion, one might rcasonably eliminatc all the previously 
listcú functions and constraints cxcept the following: 

• Accumulate total sales for cach salcsman. 
• Accumulatc total sales for cach.distriet. 
• Accumulatc total sales for all districts. 
• Skip to new page aftcr printin~ a di.<trict total. 

At this point, a discussion with thc analyst or user might he 
profitáhle. In any case, thc requircments should he thoroughly· 
undcrstood. so that ahstracting the functions-which is .dis
cusscd in the following >cction·-may be starll:d. 

A b).tra~.ting_\he __ f UIKtions._ comi$1s .. of__d is.;:rirnin~.t _ing bet ween 
.fu.t_1ctions that are subfunclions an~ tho:-.e that are. m a in func- · 
tiuns.~_To hegin abstracting the functions. one first de~ides 

wli.Ci'her therc is onc function. in the list that implics ;rll the 
others. lf thcrc is nonc, thcn the programmcr invents such a 
comprchcnsive function 1 i.e .. he ahstracts a general statemcnt ). 
For examplc. the repon rrograrn functinn mi~ht he to ''Summ~
rizc Sales," which implics that all the othcr sales functions are 
subfunctions. In that case. what are the rclationships arnong thc 
fivc functions on a main and subtünction basi ... ? A guod starting 
point for dccisiun making is tu urganizc the list by grouping all 
functions that havc relatcJ inputs or outputs and hy ranl-ing 
cach grour in ·a most~gencral·to-most-Uctailed ordcr. Since thc 
report program has only onc input file and one output rcport. · 
grouping is not rtcccssary. Ranking the sales functions yields the 
following gcncral-to-dctailed list: 

l. Accumulate total sales for all districts. 
2. Accumulatc total sales for cach district. 
3. Skip to new page aftcr pÍ·inting Jistrict total . 
.4. Accumulatc total sales lür cach salesman. 

lt appcars that 2 and 3 are at thc samc functionallevcl: that is. 
implics 2 anJ 3 implies 4. This relationship suggcsts sume minor 
reordering, which is brought out by thc fullowing list: · 

.. 1. Act·umolate total sales for all districts. 
2. Accumulatc total sales fur cach Ui\otrict. 
4. Accomolatc tutal sales fm cach salesman. 
3. Skip to new page aftcr printing district total. 

Compare thc ncw list with thc rcport layout and note that thcre 
is a good match-u p. especial! y if thc basic functions are e.xpaml-
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cd tu dcsignatc thc various totals that are to be printcd as fol
lows: 

. A l. 

lll. 
Cl. 

:\ccumul;tte total sales for all district'\ . 
Accumulatt.: total sales 'fur cach Uistrict. 

:\~.:cumula te tola! sales fnr cach s~lesman. 
C:!. Print total sales for each saksman. 
B.:!. Print total sales flu· c:;ch Jistrict. 
B.~. Skip In llC\\.' pa!!e after printir:1g di.-;trict total.· 
A2. l'rint total sales fur all districts. 

At thís ptlÍnt. tht.•. fl)llowing thrt:c functional len~ls havc heen 
ídentifi~J: al! districh. cach di:-.trkt. and ca..:h salcsman. EÚch 
functiunallcvl.'l tontains a mixture of n:lativcly simple functions, 
e.!! .. print and skip: and llW!l! ·rcncr:d furh:tions. c.g .. accumu
lute. Gcnerally. une ..:annnt (oJ~..· a pro¡;r~m1 from ah~trüctions of 
funclion at this h:vd. Dl!linitinn'\ of th.c ll.ln-gcncr3l functioñs 
mu~t he expandcd until all furh.:th,ns :m: sull_icicntly JeflncU. 

7 

Tl~_e ___ ~\pantling of function~ c.:on~ists ~)r rcpcating the folhw.·ing expandlng 
_r~;,, r ha~\ ic Si-é¡;;--¡,¡j·¡-n-;¡rntú-t"Ct"íúi"lS-í il~t.nc··¡:r~s ¡go .. h ·:,·\;é bCell··s¡;¡:j¡~ tunctions 

'--

c. i-l~nfi J:· s-iillj;i i ¡¡~j--¡,·, h.: c¡~J~~-1-:. s;:h.·l· t i1~n .. a na !y S is." s·r;CC)fi(·;¡t¡¡;n·:·· 
~lJH.I Vt.:rifi~·-,u!o;l·.-.-ril~ <•pprurri;lt.: point at which to stl~P-dei'~-O~iS 
on a progralll!lll'r·s ·familiarity with thc progr~tm de'\ign language. 
:-,trurturcd (Htl!_;ramming. ••nd the f'um:tion~. lhually. thc grcater 
a programnwr·~ c\pcrkm.:c with tllc program Ucsign language; 
the high~r will be thc kvcluf dctailthat he uses. Thal is .. when a 
programmcr lir\t start~ using the languagc. more dctailct.l dcfini-
tilin~ an: ncc,kd 1 anJ wríttcn 1 tilan are nc('dCJ aft~r he has hc-
c(,mt: aLI..'l!Std!l!L'd to using the languagc. lf a n~xt lowcr leve! of 
c.\pan~inn ~.11 nanH:d fum:ti~1ns rcsnlts in program ~esign lan-
gu:•gl? ~t;tlcnH:nt:-. that are prP!,!rarn l'OLic. thcn thc ~.:urrcnt lcvel 
üf c.xpansion is probahly sullicicnl. Of t:ourse. if all thc state-
mcnts can :tln·ady he transfcrrcd intu <.:odc un a ~HlC-fl)f-unc ba-
sis. thL' dcsign is .::~,mplctc . 
.. -· ··--·- . 

' .\de<"fing u /Ímclioni::-. thc first _--.,tcp in c.\paiHJing thc furu.:tiuns. 
--~~;p.¡,;--;.u;ñ·"'~·h¡;t·~J·~.il(:~_~mTí y ·he·--.-~~-~·~)-~-~¡·;, íshcd .. in .. -~; -i~;r-dOWñ 

~~·;,,;,J~r~--;n;;~t- ·is ... ~ .x 1 ~a ;;~¡- tii~:··l,1¡;hesi .. k~;éT-~-;~~ · YCi -u~;Jc·ríliCu) 
fu;~~Í{Üil ncxi. \Vhcn farcú with ;¡ dJtlicc tlf undcfincLI fum:tions 
:i.l thc ~:une kvd. the nwin-lín.:. t'r nH)'l in1portant J'unrtion. is 
usttally cxpandt.:d tiPil. ln·the pro!-!-nun e\ample uscJ in this pa
pcr. the fun.ctiun lahe!ed ,\ 1 is thc na_lural candidatc for bcing 
e:xpamkd hrst. Sinl·~ thc c.\¡~an~ion of :\ l may pruduc~ another 
function that nct:ds C:\pansinn. it is prcmature to asscrt that B 1 
::-.hu~dd be expandcJ ncxt. After having scle,.:tcd a function. thc 
nc-.d ::-.tcp·is tü :malyze it. 

------·-·------¡ . 
J. A na/y :ing 11 _li111Cf ion~.¡.., .. t ~c. _prm:-css _ of..JL'.l' id i n~ .. -whaf __ m_~!~ l -~e 

lj~;;;etz)~~--;-i!"lijll¡;-¡¡:-;· t,ivcn function. This is somctimcs refcrn:"tf 
• • ...... <.- ... -- _, __ , ____ ~----- .. -·---------1 
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to as hrcaking a function do\vn into suhfunctions. ln the cvent 
that mt~or subfunctions ha ve airead y bren dctcrmincJ.,. analysis 8 
may con:o:.isl of dcfining supportive subfl!Jh.:tions. Fur cxample. 
H l. B2. and 11:: are majur suhfuncli•>ns of A l. Supporlivc stib-' 
funclions of A 1 might be thc following: 

Sct total for all districls lo zcro. 
Add district sales ¡,, grand total.' 

Since A is thc highcst lc-wl in thc prngram, thc follnwing d;¡ia 
pron~s:-.inc; function'::i IIHJSI al~u he done: 

Üpcn files. 
Close ·f¡J,·s. 

Aftcr thc subfunctions havc hc•en identified. thcir rel:ttionships 
to one ;-¡nothcr can be srccilied. 

' 
,-------~-------·---------·· 

\ Spt'Ct"/"rinr.: rdftlúm.\hi¡n of thc various subfunclions is accom-
p-1 iST1-~-J -i~}--ü sing ¡·hc~¡·r;¡;;:¡-;pr¡,~ t·e-·c~~ ~J- ii T~; ñ~5~z;nJ.i s ~·;u·~ t-~~--~~-T-c(;n

.@-figü·rt.~s. ~'Sp~cificati<;·n rll:1 y be" cJÜn~- ·hy u si ,;g -~-" ¡s·,¡·r¡g -{¡·~~ta 
varfahi·~~-s~-(lr it may rcquire thc dcfinititHt uf new data variJhles . 
New dala variables should he notcd as such. to faciliU•te both 
the eventual coding of ;1 function ami thc e.xp<..~n~iun of /uwer
lcvc-1 functions tluring dcsign. ·1 n cffcct. subfunctions antl thcir 
relationshir~ to one anl)ther sh<'tlld const_itute e! complete dcfini
tion of lünction. For e.xample. the A leve! mighl be spccified as 
follo.ws: 

Summari~t· sales 
. Opcn files. 
Set total for all districts to zcro. 
DO WH II.F. more süles data. 

Accumulatc total for a district. 
Add total for distric·t lo total. fllr all districts. 

ENDDO 

Print total sales foral! di"--ricts. 
Closc files. 

In this cxamplc. thc ~tatrmcnt ·· Accunwlate total for a district" 
rcfers to thc B· and C·lcvel functions. We. thcrcf{Jrc. procced 
with thc ~elcction. analysis. antl ~recilication of the B· antl 
C·lcvcl functions. 

A ('Uilllllla!t' total.t(,r a di., trii"l 
Sct total for ;1 district to zem. 
set· ci.lrrcnt district to district in sales record. 
DO WHII.L currcnt úi..;trict m;1tches districr in saks record. 

Anú márc sale~ data. 
Acctlmulatc total for a sa/esman. 
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Auu total rnr a salcsrnan !O total rora uistricl. 

t'N DDil 
Priut tptal for a di~trkt. 
Skip toa ncw page. 

Acnunulate tuftil f(,r a .wle.\lllllll 
Set total for a salcsman to zcro. 
S~t l.:urrent salcsman to salesman i1~ sales record. 
no \VHILF \.:tliTC':Ill salcsman mate hes salcs111an in súles record: 

And curr~~nt dislrict matchcS district in sales rc~ord. 
A nd morc sales Jata. 

Add ~alt:'s Jata lO total for a salcsman 
Rcad sales n:..:ord 

EN IJDO 

Print total for a s:tlcsrnan. 

A pro!!rammer \.vho is cxpcricnced in stJ~uuurcd programming 
shnull,l flnd thc specificat.itHÍ ;1nd cxpan~ionsjlJsl givcn rclatively 
ca:-;y to ende. AithlHtgh somc of l_hc lnup (onditi~.ms have only 
hl'cn named k.g .. more sale~ th1ta 1. thcir ·expansion into code 
~hould lll)l rose :• g.t'l~at probkm. Befo re doing any coding. how
CH'r. a little t!~:-;\.,; dlú'king is u.ft~n lúunU lo be of valuc. 

9 

Sddom (an practica! programs be complete! y defined on a single · veriflcatlon 

ra)::.C u'ing tht: prog.ram Jcsign Jan~uage. ~Jnre JikeJy, thc first 
pa,!!C uf mall:rial that is v.:rittcn i1l that languat!C names thc func-
tions th~1t <tf'C tn be c-.xr:tnded on anothl'·r ragc. Thc Hrst- (or 
highc•a-, lcvcl pa~c llf progr~tlll dc'i~n langt1a¡;e statcments dc-
lln .... ·s thc cnvin,nmcnt 1lf the lowcr-lcvcl fu1h.:tion. Aficr the 
(.'()Jnpktit\11 of OllC ragC in that Janguagc. it ÍS oftcn u'sefuJ lO take 
a ...:hc...:kpont aml·\'o.~rify thc (úmplctcness and correctncss of a 

· fnm:tion that i:-. dl.'llncU hy thc program Uesign languagc. In··Joing 
!he \Crifi.:.:~ttiun. it may he ht:lpful In list thc various comhina
¡¡1'0" nf illl'llh m:edcd to te.:~\ a rotllinc. in dTcct. tu detlnc-at 

. h.:-~t'l in part ~- what nú1:-.t be Jone tn test !he program. In any 
c, ..... ,li. 1lOC la:-.1 tlhlHHJ_L!h examinatio1i nf a unit of Jcsign dcscrip
tiun hcforc pr11CL' ..... Jing to low\.'r-lcvel Jesign or coding may save 
:-.uhscyw.:nt fC\\·ork. Fnr e.xamplc. altcmpting to pro~.:css cven 
w;c rc..:orJ hy tlw e.\;,mplc report program rcvcals the nced for a 
Tt'<td-,ak..,~rc...:llrd ~tatcmcnt hcforc thc flrst DO \VHII.E at t_he 
hi¿;hc..,t kvcl. i .... · .. Slllllfllllri::.(' .\'till's. 

Experience and conclusions 

,\t ~IC.-\UTO. thc following ma_¡or advantagC.~ of using the pro~ 
~ram dc:-.ign J;nlg.uagc in:\tead of traJitional techniqucs for de
taikJ progr¡m1 Jc,ign ha ve hcL'n ohscrvetl: 

f:.ase nf \Vf'i!ing prograrns; 

' -'!.'.·~·._, ,•'.· .··,· .. . 1 ' . . -' ¡~¡. •lfl. '. ,{ ':-;,, ~ 
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Easc of changing prot:rarns. 
Transferability intD ~triH:lurt'd '-'Ode in a top-do\\'T\1-nanncr. ! O 
Easc of rcading programs, l..!~pccially hy nonprogr;1mmcrs . 

The readability aspect contrihutes to thc cffcctivcness of struc
turcd walkthroughs for nonprogrammers. Sinn• the program de
sigo lant:uagc is inh~1 cntly hicrarchical and ~tructurcd, it al so 
contributcs to thc succcss of tnp-down develnpmcnt and stnJc
turcd programming. AlthllU~h furthcr expcricnce is ncedcd. it 
appcars thatlhc functional oricntation of HIPO also Jends itself 
to cx.pansion into thc progi"am design language. Thu~ thc use llf 

thc languat_!~o: CllnlributC's tu tht:: su~o:cL·ssful u~~.: of thc othL~r pro
gramming tcdmiqucs. 

Thc ~yStcmatk applic~ltion llf tilc prPgrarn design Janguage is not 
a cookbook ch~ckli!\t for tksignint: programs. In practicc. thc 
individual ~tcps-espccially thosc involvcd in expandi~g a dc
sign-tend tu be done simultanl'ously. rathcr than sequcntia!ly. 
lnitially. thc progra·m de,igner may he slowcd dnwn hy his unfa
miliarity with manipui:lting ÍJO WHILI'S anu IF TltEN"Et.SES lO 

accomplish his purposc without rccoursc to GO"ros. With expcri-
. ence, progran1 J~signS an.! usually cn.~atcd more realiily than 

otherwise. The resultan! dcsigns are typically of hctter quality 
than tradition<il program Jc~igns. The bcttcr quality of f)rogi·ams 

. designed using the progr~~m dcsign Janguage is· rctlcctcd in rcla
tivc case t'f implcmcntation anJ maintcnancc. and by thc ab+ 
sencc of proüucti(m errors. 
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Appendlx 

The sytltax of the. progr~m de.-;ign languagc indudes provisions 
for exprcssing the ltirce hasic lügi~: ~:on~tructs (l~r figures) of 

. stnJ<:turcd pl'l>gramming: SE()LENCE. tF TllEN ELSE. and DO 
\\'HILE. In thc pro!:_:ram desígn language. thcse constructs have 
hcen augmented with the PERFOR~t UNTIL amt CASF. constructs. 
Each lu¡:i.: ronslruct has a dcfinile and simple syntax. In addi
tiun to the stah.:mcnt syntax. conventions have heen estahlished 
for. the use of indcnlatiun and thc si7.c uf sclf-contained units of 
lht"' prngram dl!sign !<Jng.uagc. The SHJUEN\E construct is used 
to describe any actinri or wurk that is followetl by thc ncxt se
<.JlH:ntial constnu:~. In control stn1cture forms. SEtJUENCF. is rep· 
rt:scnted by thc function uf a ~uhroutinc hlm:k as shown in 
Figure l. whcrc f is 1hc ae~inn or work to be done. Syntactically. 
SE<)l+NCE rcprcscnls a simpk English sentcncc. with at least a 
vcrb andan nhje~:t. In ·practícc. the .languagc is most meaningful 
when action-nricnted statemcnts with ohjects that are natural to 
the problem ·a• e uscd. Compare. for cx.imple. the following sen
tcnccs: "Print." with "Print xyz." and w11h "Print gruss sales· 
for ~alesman." 

The IF THEN EI.SF· cnnstruct is u sed to describe binary deci
sions. 1 n its nwst general fúrrn. that logic constntct is u sed to 
dcs<..:rihc -the con~itinns unJcr whi<.:h one ·or tv.:o ac.tions are to be 
takcn. The con1rol s1ructure for Ir THEN FLSE is given in Figure 
~. Thc symbol is 1he predicate lor liS! ofcnnditionsl. and fand g 
are alternative actions. Note ihat f ami g may indude any of the 
lngic constructs. and are nut limitcd to hcing thc SEQUENCE • · 
con'lruct. The general synlax .of thc IF THEN ELSE constmct is 
as follllwS: 

11' P 
'IHFN f 
El. SE g 

ENDIF 

Thc lf, THEN. I'LSE. and ENDIF shoultl always be vcrtically 
aligncJ and displaycd in all capitah fnr case of rcading. When p 
c,msists of multiple simple conditions. each conditiori should be 
wriltcn on a separaie line. and all conJitions ;hould be vertically 
aligncd. as. f<>r c.xamplc. in thc following way.: 
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fig..,re l Control ,rructure for 
the SEQUENCE logic 

c.onstruct 

figure 2 . Control ~truc:ture for 

the 1f THEN ELSE 
logic coratrucl 
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figu;e 3 Control struclureo lo( 
!he DO WHilE logic 
COr>)lr'-ICI 

fig..,re 4 Control srrvclur~ for 
th~ PEI':fORM UNTIL 

. logic construCI 

IF No more data or 12 ~·· Oiffer~nt dcpartmenl. 
Print total dcpartmcnt sales. THEN 

El. SE 

ENDIF 
Add :-.ale umount ro total Uepartment s<1lcs. 

The IF and ENDIF conditions are rcquired. When. howevcr. ei
ther thc THEN or the EI.SE clause is not needed. thcy may be 

omitted. In othcr words. the following are syntactically valid 
forms of the IF THEN ELSE logic construct. 

IF p 
TIIEN f 
F.NDIF 
and 
IF. 

El. SE 

ENDIF 

p 
g 

The DO WIIILE logic construct is uscd to describe the repetition 
of an action undcr prescrihed conditions tlooping J. Thc control 
structure for DO WHit.E is shown in f'igure 3. whcrc p is the 
prcdi.:ate lor list of conditions¡ and .f is thc action lO be takcn . 

. (Note that Figure 3 is ·a dccision loop in which the action. is titkcn 
when a condition is true. J 

The program dcsign language syntax of thc DO \\'HILE construct 
· is as follows: 

DO WHILE p 1 

f 
'ENODO 

where the DO WHILE and El'•moo conditions are vertically 
aligncd and capitalized. ConsiJcr the following pseudo codc 

· 'sequcnce that is b<;sed on the example in thc body of this papcr: 

DO WHILE More data and 
Samc district: 

Accumulate district sales total. 
Read next sales record. 

ENDDO 

The PERFORM UNTtL construct is nscd to describe looping. whcn 
COH.OL is the target languagc for implementation. Control struc
turc for PF.RFORM UNTit. is 'shown in Figure 4. where p is thc 
prcdicate. and f is the action to be taken. PERFORM UNTIL dif
fers from tho DO WHILE in that the I'F.RFORM l.iNTIL lo()p exits 
when p is true. rathcr than whcn p is false. In ·etfcct. DO WHILE 
pis equivalen! to PERFORM UNTIL not p. By using a PERFORM 

. '· . ,,. 
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UNTII in thc J'n>~ram dcsign languagc. p may be writtcn _exactly 1 3 
as it i' wril!cn in COBOl.. thus avoiding the erro~s that might -
tKCur in doi.ng a Boolean inversion of p from ·the DO WHJI.E of 
thc pr~1~ram Jc~ign language tu the PI:KH>RM UNTII. of COBOL 
Thc prngr:im dcsign language syntax of·the I'ERFORM UNTIL 

logic l'~1nstrm.:t is gívcn as follows: 

PFKI"ORM UNTII. p 
f 

t·:N L>UJOI' 

whac thc PFRHJKM I'NTII. and FNDI.OOI' are vcrtically aligned 
and ~apitalized. An cx<~mplc fragment takcn from thc tcxt and 

c\¡Hcs~cJ in thc pn1gram dcsígn language is as follows: 

I,ERI"OR~I CNTII. No more da~a or 
Differcnt disiricl: · 

t\ccumulatc di..,trict 'S~!Ics tot;ll. 

Kcad next sales record. 
t:NDLOOP 

In C<lmJ'aring this fragment with the no WlliLE cxample. note 
that thc lllop conJitions havc becn ínvcrted; 

Thc C.-\SF lu!!iC con..,tn~~:t i~ used tn ~imulate a branch table. In 

thc arrn1priatC :-.Íttlation. CASE c:.tn he an cflkknt and ctfcctive 
· altanative to multiple !<veis nf ncsted IF THLS El. SE statemcnts. 

. ' Thi~ ~,.·,)n..;tnll'l m~1y ht: applkahh: whcn une ~lf:n fun..:tions ·¡s to 
·he e\ccüted. dcpcnding on the value of a single variable. The 
control structurc: for the (.'\SE cán-.,truct is ..;hown in Figure 5A. 
Figure '1!' i' thc lf -i'HEN HSE logical equivalen! uf the CASE 

con~truct. 

The rn,gmm t.ksign lcutguage S)'llla.\ of thc e ASE construct is 
gi\·cn as follows: 

c,\sE variable or 
Value 1: · fl 
\'<1lue ~: 

\'alue 4: 
Valuc 3: 
f.\ 

Value n: fm 

F;'\l[)( :\SE 

Hcre. "variahle" is thc variable ¡,, he checked fLH· the various 
··valucs." amJ ··valuc .i" is a spccilk val u¡,: t.lf thc· v·ari:.Íblc to ftS

~ociall~ with thc e.xcc11tion uf the function f;. whkh appcars On 
th~ samt.· linc. Note th.at thcrc .may be more valucs 11 than there 
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synthcsize information. A convention has, therefore. been 
aduptcd. Simply stated, thc convention is that .a single unit 
should no! exceed onc page of standard 8 1/2 x 11 inch pap¿r. 
Furthcrmore. ea~·h logic cons_truct should cnd un. thc samc ·page 
on which it bcgins. In practice, this rcsults in a package of onc
page units \Vhere voluminous nested functiPn"' are rcpresentcd 
by simple names- whcrc thcy are u sed -thal are then dl'lined in 
detail un scparatc pagcs. bsentially. the prugrarn design con
sists of a numher nf subrout in e: s that are hierarch icall y relatcd. 

ktprint OnJ('r N11. G~:! 1- 5U.\:!. 16 
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S9ftware Engineering 

BAlmY W. BOEHM 

Reptintcd frum JJ:Er: TronStl<tionson Comp1Jft'r5, Vol. C-25, NCl. 12, Decembe:r 1976. 
Cop)·rip,hl ~; 1976 b;: The Jnstilute of F.ler.trkal and Ekctronks Engineer~. inc, · 

Ahslrnct -This papÚ providcs a dcfinitiun o( the tcrm ''Roflware 
cnf~Ínccdng" anda ¡;un·cy of the curt('.n1. state or thc nrt o.nd lik€ll.Y 
futur~ trr:mh in tlu.· fiel d. The survey c;ovcrs thc tcchnology avail
shlP in t.lot~ \'&riou!> r•ho!-1(!5 oC the software life C)'cle~--requirementll 
cn¡.::ii~C'crin¡::-, dC'sign, coding, test, ond mA.intcnnncf'-Elnd in.the 
O\'f'rali urea uf t~oftwttrc man~¡::-~·mcnt ttnd integrnted u~chnolog_v
mnr.H.:erncnt n¡JrH"f:Hc:bP:o~. ll is orit~nfed primarily towurd discus~ing 
thc doro~:~ in of applic11.hility d tt'chniqut.•s (wherf' and whcn th1~Y 
wt,rk), rather thuu hr;':\' thcy work in ddail. To CO\'cr thc latt.e-r, an 
cxtcnsive sct of 10-t rt>fl'rcnccs is provided. 

Indo:. Tetm!i--Computcr software, data systems, informntion 
sysleli?-"· rescarch and developmrnt, s<Jftware dcvclopmC'ot, sofr-
Würc cr.gineerin~. soft"·,ue maJ;l;n.f{l'mcnt. · 

l. !NTHODUCTJON 

THE ·annual '('osl of software i!l' tire U.S. is 
approximet.ely 20 billion dollars. Its rate of growth is 

.considt>rahly grcat!·r Hum that ofthe econ,Jmy in general. 
Compared to lhe cost of computN hardware, the cost of 
soflware is condnuing to escala te along thc lines predicte~i 
in Fig. 1 11 j. 1 A rccent SHA RE study [2] indkates further 

'

ttf soft·.vare d\?mam..l.ovcr.thc: years 1975-HJ05 v .. ·ill grow 
'"ideriluly faslcr (about 21-23 perccnt pcr year) than· 
e growth rate in software suppiy at current cstimated 

grol\'th rates of the software labor force and its productivity 
per individual, which produce a combined growth rale of 
aboul 1 J.5 .. 1 7 percent per ycar ovcr tire years 1975-

. 18R.'>. 
. 1~ addition, as wc cont.inue to automate many o( the 

proccsses which control our life·style-our medica! 
equipmenl, air traffic control, defense system, personal 
records, ba.nk accounts-we continue to trust more and 
more in thc reliable functioning of this proliferating mass 
of software. Software engincering is thc mcans by which 
we attempt lo produce al! of this software in a way that is 
both eost-cffedive and reliablc enough to deserve our trUBt. 
Clearly, it is a clisci¡.rline wiricir is importan! lo establish 
well and to perform well. 

Tliis paper will be¡.:in with u definilion of"software en· 
ginecring." lt will then survcy thc currcnt•liltc ofthe art 
of tlre disci(Jlinc, and concludc with nn nssessment of likely 
future tre11ds. 

!l. DEFINJTIONS 

Lelus begin by defining "software enginecring." We will 
define sóftwarc to include not only compulcr programa, 

.Ianusaipt. rccciwd Jun~ 24, 197fl; rt:vi'ied Augu..'4t 16,1976. 
'l'h" nuthor i:-; "with the THW Sy!'ltNns nnd Encrgy Group, Redorido 

Bench, CA !10278. . 
1 Anot.her lrc:ild hfls bern added to Fig. 1: the growth o( aoft.wnre 

mai~tcnnnce, which will he discU!h."'ot.'d lt1tt>r. , 
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but also the asgociated documcntalion requircd to devclop, 
opera te, and maintain the pn•grams. Hy ddining software 
in tlds broader sense, we wish to cmphasize the neccssity 
of considering the r,cneration oftimcly documcntation as 
an int~gúll port.ion of the software dt~VE;!lopmcnt process. 
We can th(•n combine t.his with a definition of"engincer
ing" lo produce thc followinf: definition. 

Software E'ngincering: The prnctical application of · 
scicntific kno_wlerlge in the design and constructio~ of 
computer programs and the associuted document.ntion 
rcquired t<• develop, opera te, and maintain thcm. . 

Thrce main points should he macle ohoul this definitinn. 
Thc first CtJnccrris th~ nece:;sity, of considering a brnad 
enough intcrpre.tation of the wurd "dcsign" to cover the 
f!Xt.remdy important activity of ~oflwarc·requiremr.nts 
t•ngirlt'~ririg. The sre<.>nd point is that the definitiun should 
co1·er thc cntire softll'are !iCe cyclc, thus'including those 
ACtivit ics of rcdesign and rnodificrttion oftcn termed 
"software maintenance..'' (Fi~-:. 2 indicates the overall set 
of ncti\'ities thus cncompassed in t.br~ definit.ion.) Tlle final 
point is that our slore of knowlcdge ahout software which 
can rC'<dly h€' calh:d ''sci(·ntífic knowledge" is a rathcr small 
base u pon which to Luild an cnginec:riúg discipline. But, 
of course, that in what makes software cngineering such a 
fascinut.ing challengc al this time. 

The remnindcr ofthis paper will discuss the state ofthe 
art of software engincering along thc !in es of the software 
life cyde depict.ed in Fig. 2. Section lll contains a discus· 
sion of software requirements engineering, with some 
rnention of the prolrlem of dctcrmining overall system 
requiremcnts. Scctinn IV discusse,; both prelinrinary de
sign nnd· dPtailcd design technology trends. Section V 
contains only a brief discUssion of prugramming, as this 
t<Jpic is also covererl in a companion article in this issuc [3] ... 
Scction VI covers both software testing and t.he overalllife 
cycle concern with software reliability. Sectiori VII dis· 
cusS<<s the highly important but·largely neglectcd area of 
software maintcnance. Section VIII surveys soft.~are 
rnanogement concepts and tcchniqucs, and discusses the 
status und trcnds of integratcd technology-manugemcnt 
approaches lo software deveiopmcnt. Finally, Scction IX 
concludcs with nn u.sessment of thc current stule of the 
art of softwa~e cnginccring with rcspect to the dcfinition 
abo ve. 

Ench section·(sometimes aftcr nn introduction) contains 
a short sunnnary of curren! prncticc in the nrea, followed 
by n survey of curren! fronlier tcchnology, and concluding 
with a short. summnry of likcly trcnds in the aren. The 
survcy is orientad prirnarily toward discussing the domnin 
of npplirability of tcchniques (whcre nnd wben t.hcy work) . ' 

~~;)~¡¡i~;;l¡;;:,;,~/~~¡~t:::;~~f':i·k;,;if;/i: ~;\ .,;;{<'-1;',,~;/ ,;~:!\:,;.~;' ,.,:~::~~.' Í;) 
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Fiy,. l. H11rdware-snftware coot trCnJs. 
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Fig. '2. Software life cydr. 

· rather thali how they work in uctnil. An extcnsive sct of 
n·ft~n~!H_'t·s is provided for re;:1dc-rs wishing tn pu·r~ue the 
·l<ttter. 

ll!. :3<JFTWAHI·: REqt;IH~::>tEN'l'S ENGINEERINC; 

A. ('rft¡'c·rli Nnture o{ Software l?equirt!ments 
¡.;!l,i.,1i. n l'ering 

Snftwnrc requirc-nlentS engin(·Bring is thc rli.'iCÍplinc ror 
dt·\·elupiJ)g 3 cPinplete. consisten t. u·n:unhiguou.~ spccifi
cation-which can serve as a basis for.connnon agrc(·ment' 
among al\ part:es concerne~--descrihing u;hfll thc :;oft
wnrc pn.ducl will do lbulnut how it will do it; this is tu be 
done in the design spccificatiun}. 

The extreme importance of su eh a speci[ieation is only 
now beciJming gene rally rt:cognizt:d. Its import.ancc derives 
fr(¡fll twq m~till char8ctcri::úics: l) it is casy to dclíly ,,r avoid 
doing thon,ugh!y; an<l2) deficiencies in it nn~ verydifficult 
and cxpt:nsive !.o cc.irrect In ter. · 

·Fig. :J shows a summary of clirrent expericn<:r: nt IIHV1 

l'tj, GTF. 151, ond 'l'R W on the relativc cost of correcting 
software errors as a function of the phase in which they are 
currected. Clearly, it pays off l<J invest eff<>rtin finrling 
rf~quiremc:nts crrors early and correctin~ therl1 in, say, 1 
fl1:lll·hour ratbcr than waiting lo find the error during 
uperations ¡1nd lwving t.\1 spend tOO man-hours ~orrecting 
it.. 

Hesides the cost-to-fix prohlem<, there are other critica! 
prohlems stemming frorn a lndc of a good requirements 
Spl'cification. Tl"·,e indude IG!: 1} top-down designing is 
impossible, for lack of a well-spccified ''top"; 2} testirigis 
impu~sible, bccause thue is nothing'to test r~gainst; 3) the 
u:;er is frozcn out,. b€cause-there is no clear statement of 
whal is being produceu for him;· and 4} management is not 
in control, as there is no clear stat.ement of what the project 
te~m is producing. 

B. Current Practice 

Currently, software requirements specifícations (wht:u 
th"Y exisl at all) nre Kenerally Pxprcssed in free-formEn
:d!:;h . .'l'hcy al1ound wit.h 8rnhiguous terms (''suitnble," 
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PHASE IN WHICH ERROR OETECTEO 

Fi~. :1. Software validntion: the pricc nf procrastinátion. 

'icient," "real-time," "nexihle") or prerisc-,ounding aerospace, and government orgnnizntions ha ve paid for it 
terms with unspecified ~lefinitíons ('~optimum," 1199.9 and are suctes~•fully using it. The U.S. Air FOrce is cur~ 
percent rcliable") which are potential seeds of rlissension rently using ancl sponsoring extcnsions to ISDOS under 
or lawsuits once the software is produced. Thcy ha ve nu- the Computcr Aided Requircments Analysis (CARA) 
merous crrors; onc rec¡•nt study 17J·indicated thnt tbe first program. 
iwlepcndelll re,·iew of a fairly good software requiremenls lSDOS basically consists of a problem statement lan

·.specification will find from one to four nontrivial crrors per guage (PSL) anda problcri1 stot<·ment. analyzer (PSA). 
page. PSL allows the analyst to spt'rify his system in tcrms of 

Tbe terhniqucs used for determining software re- formalized cntities (INPUTS, UUTI'UTS, REAL WOH}.D 

quirements are ¡;eneralty an ad hoc manual blend of sys- ENTITI~~S), classes (SETS, 'ctWUI'S), relationships (USES, 

lems analysis prillciples [8! and rommon sense. (These are UPDATES, GE:-.IEHATES). and other information on timii1g, 
the guod ones; the poor ones are based on ad hoc manual data volume, synonyms, attributes, etc. PSA opera tes on 
blends of politics, preconceptions, and pure salcsmanship.) tbc PSL stat ements to produce a numbcr of useful sum
Seme formalized manual techniques ha ve bt~en used suc- marics, such 3R: formated problenl. statements; directories 
cesgfully fc;r detenriining business system n·quirernents, · and keyword indices; hierarcbical structure reports; 
such as nccuratcly defined systems (ADS), and time au- graphical summaries of llows and relationships; and sta
tomated grid (TAG). The book edited by Couger and tistical summaries. Some ofthese capabilities are actualty 
Knapp [9) ha e. an excellent summary of su eh techniques. more suited 1 o supporiing s)•stcm d_esign octivities; this is 

C. Current Frrmtier Technulogy: Specification 
.Languages and Systems 

1) ISDOS: Thc pionecr system for machinc-analyzaule 
software requin•ments is t.he !SilOS system dcvolopcd by 
T- · ~,roew and his group nt t.hc University of Michignn 
f. ..~.t. ww; primarlly devcloped for husin~ss system ap~ 
plication.<;, bui much of the syst.em And it~ r.oncept~ are 
applicable to othcr aren". !t is the only syst.cm t.o hnve 
passed a market and ovcrations test; severa} commcrcial, 

• 1 
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often thc mode in which !SDOS is used. 
Many of the current limitations of !SDOS stem from its 

primary orientat.ion toward bu~incss systcms. ft is cur~ 
rl'nt !y difficult t.o cxpress real-time performance rcquire
ments and man-machine interadion requircment~~ for 
example. Othcr capabilities are current.ly missing·. such as 
support for confígurution control, trac:eability to cic$ign 
nnd rodc, dctailed consist.cncy rheCking-, and Hutor~wtic 
simuiHtion gt~ncration. Othcr limit.a~.ions rdll~ct. dr.libcrate, 

. .sensible de~ign choices: the output. graphic!:i nrr crude, hut 
they are produccd in slandard ti 11, X ll in sizc on nny 
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~tandard fine printer. .Much of the cnrrent wnrk on 
. !SIJOS/CA!(,\ i• oriente<! towmd rcmeilying S\l<'h lirnita
tiuns, and pxtenUing the systcm to further supporl suft-
wan• desi(.!n. · · ?. O 

:!) SIU~f': The m~~st extensin:' :Hid powt>rful s_vstefl~ ft1r 
f:oftware requiremenls spt.~cification in t~\·ideiH:e tnday is 
th<il heinl~ .devch~pt:d u11dt.'r Uw Software Hequirr.uwnt~ 
Fn:;im·cring Pro¡(ral;l (SHEP) hy THW for the U.S. Anny 
lbllisti'C i\·lis;.;ile Defense Advanctd Tf!chnnlo~y Centcr 
( ~~~ lllATC 1 ! ! !. J · !J :1\. l'orliono <>f thi" cffort u re derivHt ive 
of !S DeiS: it '""' the ]SI JOS data mann¡:c1nent. systcm, 
:.lntl is primarily organized ínto n lr-mgu.1ge, the requirC
nwnts slatement l~nguage tHSL). and ;m analyzer, the 
rcquirenu.·nts ~\·alu:lt.ion and validntion sy;.;tem (HEVS). 

S K El' eon.tains a nmnhcr üf {'Xt en:;ions and innovat.i<JilS 
whi,.:h are needed for rcquircmt:nb f~ngincering in real-time 
~(ll"tware c1(!VelopnH:nt. prujf;f:ts. In order to represent. 
n~<d-time pcrform<.H"ICe rcquirc:nent.s, the individu.:.l 
t\mction:.d requirrml~nts can he joined int1.' st.imulus-re~ 
SíWnse r.t:tworks called H-Nets. In order to fucus l'R.rly 
at!l'ntion on software. testing and reliability, t.here are 
<'n¡Mhilil it:~ for designatin¡~ "validnt_ion poiu,s" within thc 
H-Nets. For earlY requircrnents validation, therc are 
capabilitie.~ fnr ;1utomatic genrralion of functiollol simu· 
lato;s from the n~quirenH'lltS stnterntmb. And, for :-~dap· 
tation to.chang!_ilg r.:>quirErllent . ..;, there are cap<:~bilitie:;, for 
confi¡..:uration Cl)ntrt:Jl. tracenbility tn dcsign. <~nd extensive 
ieport. gt:nf'ra~if~n anrl consistency checkiiLg. 
· Current SllEP lim.itatio.ns ng~lin mostly retlect delih

erale rif•si::!n decisi11n~ ccntered around the nutonomous, 
highl;: n·al-tilnL· pn,(:ess-clmtroltwnblem of halii:;tic missile 
.rkr"t~nse. (';1pabi!i"tics to reprcst~nt lnrge file processin~ and 
man -machinc intt-ractions are 1ni~sin;~. Portnhility is a 
problem: a/:h.n1gh S1.lntt!' pnrts run on ~evcral machines, 
o1. hcr parts ~,r th~ systcrn run only on a T{-ASC cum¡,uter 
\'-"ith a \'e:ry powcrfnl but exptnsive.multiculor int.ernctivc 
graphie~ tErminaL Howev(:'r, the 5ys.tem hu:~ been desir .. ,rncd 
with lhf: 1\::\e of compilcr genera toes and e~:lcnsibility fen
tures wldch shuuld al\ow these limitations to be rem
erlied .. 

3) Autnmntic Programminji a11d Other Approaches: 
Unc!rr 1 he s¡:un:.;9r~hip of t ~1e Defense Ach.·rin(ed flcsearch 
F'rojcn:.:. :\~cncy \OAl{PA)~ :-:.:evernl rtJ~carchers are at
t¡_·mptin~~ tn dt:vf'lup ''tiUI!Hnntk }Jro~:;:-Hnlning'' systt'IHS 

to repl;:ct• tlh .. ' f1H1dior:s of curr~ntly performtd hy pr~1·· 

gr:Hnmeis. lf SilC(e~r.ful, could. t he y drive software co~t.::. 
do;•:n t0 ?en)? Cica.r!y not; hecau.'-'~ there would still he the 
nr:cd l. u clr:termine what :Software the sy;;lrm ~;hould pro
duce, i.e .. tbe software requircments. Thus, the methods, 
(~r at Jt.n:-:t the forms. of r.11.pturing sofhn~rc requírements 
are of cen1 ral concern in autornutic programming re· 
search. 

Two 1r::1in rlirections a1e-lu~ing takcr~ in this rescan:h.. 
One, cxe,;!plified by the work of flalzer nt USC-ISI [1 ·1\, 
is to w, 1rk wit.hin a gencrd prohlem cont~.::xt, rdyirlt~ Í)n only 
¡Ieneral rules of information prt)('C!·H.•-ing (itcms mu~t he 
definrd <1r l"t:ceived before tlu:y ar.e u.:wd, nn "if" :-.!~c~1!d. 
have l,ot.h a "then" anU ;Hl "else," etc.) to n·~wh·'~ ::..m~ 

:' 1 

. (1: ·.: . ·, ., . ' .:11 ' 

hi~uitie~. ddú:irucics, or ineon~i~lt!ncies in t he prohlem 
sLlfenJent. Tl1is approach CIH'otmicrs formidalJlc l'roblems 
in natural 1an~uage prot:essing and rnay rpquire further 
rest.dd.io11s to make it tractnhle. 

The other direct.íun, exr•mplifit•d hy the work uf ~1artin!·· '
1 

al. !vllT l U> l. iS to wo~k wit hin a part.kular prohlem arca, 
súr.h as invenl.ory t:ontrt)l, when• thcre ís (•nough of :1 g-en-
eral modcl of Software requirelnents and fH..:ceptablc tcr
rninology to make thcprohlem.:; of T('Solving ambiguities, 
<ll•ficiencies. ancl incom=d.<::ll:ndc!"\ reasonably tract.able. 

This second approach has, of course, been U!iC'd in the 
past in vuriou:; forms of" "programming-hy··que.stiÚn· 
naire" und application ~em:raturs [1\. [2j. l'erhaps the mt;st 

-witk•ly u~ed tll'l' the parnmderizcd npplic·alion grncrntors 
clevelnped for w;,• on the 11\M Syslcm/:l. lB M has sorne 
more ambitíou.s cfforts on requiremcnt:; specification 
underway, notnhly one called the J\pplicalion S<>ftware 
Enginecring To<•l \lGj and one cnlled ·lhe lnformation 
Aut.omat \171, hut furt.her information is nceded to assess 
their (:unent ~tatus and· directions. 

¡\nother avenue irivolvPs thc formali:t.ntíun and speci
fication of required propertic::. in n ~oftware specification 
(reliahility, lllaint.ainability, portabilit.y, cte.). Some success · 
has hecn expNienced hert! for small-to-medium systemS, 
usi n~ a ·· l""\e1 ¡ ui remen t..;.;. PropE>rties !V1atrix ,; to hclp n.nalysts 
infcr adl!ilifHla·l requirerncnts implied hy such consider
alions [18\. 

D. ?'rcnds ,A 
Jnthe an:a of requircrncnt.:; sbtementlaP-g:llages,· we wi~ .. 

see furtht·r efforts either to exten>.l the fSDOS-PSL and " 
SHEl'-J(SL capnhilities lo handlc furt.hur nreas of appli
cntion, such as man-fna.chine inter.rlclions, orto develop 
lcn-.guuge varinnts spe,~ific to such arens. lt is.still an open 
question ns to how.genernl such a lnnguage can ~e ancl""still · 
retain its utility. Other open <¡tl<.st.ions are those of the 
nuture, ''which wprcsent~1t.ion Echemc is bf:"~Jt for describing 
requiremcnt:; ln n. ccrtain urea'?" B;...1DATC is sponsur"ing 

· some WL;rk hefe in represeriting general duta~¡noo:ssing 
gystcm rc4uirements for the BMD prol,[em, involving 
Pdri net~. stnte trnnsitinn dingrams, anrl predica te cal
culus [ l l \. but its outcome is slilluncertain. 

"A good ckal mure cm1 and .,..,·¡u be donü to extend t.hc 
c.tpnhility of l'equireml'nts st•1temcnt nnn.!yzcrs. Sorne 
t:•:...l(·IJsions are f;!irly stroigbtft;r·.vA.rd consi:5tcnry checking; 
othcrs, invo!ving t.bc use of rcl<Hional operators to.dcduce 
derived requin:ments and the detedion (and perhaps 
generatinn) of mis~ing requírements are more difficult, 
tending tuward the automatic prograrnming wofk. 

Other auvances wiU in vol ve the use of formal require
mcnts· stat.ements to improve subsequent. parts of thc 
s0ftwnre life cvcle. Exmnplf~~ include rrquifcments-dc~ 
sígn·codc cons .. istency cheCl<ing (one initial effort is 'un. 
derwny), thc autornatic l?~nc¡at.ion of test cases from · 
quirement:-1 slatcmenls, anci, of eour~e. th~ ndvances tu 

a•ltr,matic prq!,ramming involving the ~ene¡·o.ti_on of code 
ÚCI•l requirements. 
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Progre!~s will not net.:C'~sarily he evolutlone.I_y. thouglt. 
There is alwáys a ~ood ch:mce of a breakthrough: sorne key 
conn·pt whith wiil simplify r.nd formalize large re~il,ns of 
•' problem spacc. Even then, though, there will always 

ain difficult regio11~ which will rcq'.tire human iJ1sight 
and >;ensitivity lo come up with an acr.eptable set of soft. 
ware rcquircmen!S. 

Another l.rcnd iti,·oh·es thc impact of having formal, 
machinc-analyznblc requirements (and design) specifi. 
catior1::: on our overall irwrntory of software code. Bcsides 
improving Sl_.ft\l..'arc rPiiability, this will mak~ our software 
rnuch mOre f'or-tRh!e; users will not be tied so much toa 
p:uticular r;w('hinc C11nfiguration. It is interesting to 
~pecllli1te o:l what impact this v .. ·iiJ hnve on hardware ven· 
dors in the future. 

IV. SOFTWAHE DESIGN 

A. The Requirements/Design Dilemma 

. ldcally, onr would like to ha ve a complete, consisten(, 
v<Jidcll~:·d, unarnbiguous, machine-indept.'ndeut gpecifi
eation uf Slltware· rcquirerncnts hcfore proceedinr, to · 
softwaré ciesign. However, the rC'quirem~nt.c; are not n·ally 
yalid&t,:d until it is ddermined that the resulting sy:>tem · 
cnn he buih. for a rea::onab)e cost-and todo so requires 
.developing one or more software designs (and any nsso
ciated hardware dcsigns needed). 

~
'his dilc~ma is .complicatcd by thc huge number of 
rres of frecdom availahle lo süftwarn/hardware system 

,,~oigners. In the 1950\; as indicated by Table 1, the de.· 
sipter had only H few ulternatives to choose from in se· 
lectiog n ceiltral processing unit (CPU), a set of peripher· 
als, a programming la~¡guag-e, andan ensemble ofsupport 
software. In tlw 1970's, with rapidly evolving mini· and 
mici<.,cómput.c:rs, firmware, 'modems, smart tcrminals, data 
rnanagemcnt syst.ems, r.tc., th,e designer has an enonnous 
numhr~r of alt.r.rn3tive deslgn components to sort out 
(possibilities) and to seriously choose from (likely choices) . 
!3y the 1980's, the mimller of possible design combinations 
will he f<>rmidnbie. 

The followin¡: are sorne of the implications for the de
si~ncr. 1) lt is easier for him todo an outst.Bnding dcsign 
job. 2) lt is easier for him todo a terrible design job. 3) He 
needs more pc•werful analysis (.ools to hclp him sort out the 
alternetives. 41 He has more opportunities for designing: 
to-cost. 5) He has more opportunities to design.nnd de
vclop tunable sFten1s. 6) He necds a more flexible re
quircments-tracking and hardware procurement mecha
nism to support i he above tlexibility (particnlarly in gov
ernm~nt systems). 7) Any rational standardization (e.g., 
in pro~riunming lanr,uages) will he a Lig help to hiru, in that 
it reduces the !lumber of alternntives he must consider. 

·:urrent Practice· 

. Software dcsi¡:n is still nlmost. complet.elv a manual 
¡>roc:essc Then· is relatively little effort dcvoted·to dt'sign 
valklation ami risk annlysis hcforc committing (o a pnr· 
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TAIILE 1 
Desir,n Df'}:iers of Frcedom f()r Nt~w Dar;¡ Proce.ssin¡;¡ Systems 

(R<HI~h Estímate~) 

E!cnwnt · 

CPU 
Op-Codr.s . 
Pnipht~rals (per function) 
ProgrJmming !anguagt: 
Opúatinr, systcm 
Data managernent systi.-m 

Choices Po~sibilitics 
( 1 'JSO's) (1970's) 

5 200. 
fixeJ variable 

1 200 
1 50 

0-1 10 
o 100 

Likdy 
Choices 
(1970's)-

100 
variablr. 
lOO 

5-10 
5 

30 

ticular.;oftware dcsign. Most software errors are made 
durii_lK the design ph;¡se. As scen in Fig. ·t, which summa
rizes severa! software crr<>r analyses by IBM [4), !18) ond 
TH\V [20], [21 ), the ratio of dcsign to coding error; gencr· 
ally cxcr:eds G0:40. (For thc THW data, an error w"s callcd 
a design errOr if and only if t.hc result.ing fix ic·quircd a 
changc in the dctailecl design spccification.) 

M os t. softwar~ design is still don~ bottum-up, h_v dc\'(d
opíng software componcnts befor~ addressing interface '. 
and int.cgration issues. There is, however, incrensing suc
ccssful use ol top-down drsi¡~n. There i~ lit.tle organized . 
kno· . .,·lcdgc of what a software designer tloes, how h~ doc·s 
it, or of what makes a good softw:m· dcsigncr, alibough 
some initial work along these lincs has been done by 
Freeman [22]. 

C. Curren/ Fronticr Tcchnolugy 

Helat.ively little is availab!c to'hclp the designer make 
the overall h~rdware-software tr.adeoff analyses and de
cisions t.o approp"riately narrf?W the large number of design 
degrees of freedom m·ailable to him. At the micro leve!, 
some forrtialisms such as LOGOS[2:1j have heen helpful, 
but at !he macro leve!, not much is available heyond gen
eral system rnginPrrÍltp; tcchniques. Somt help is prOvided 
.via improved teehniques for simu1ating information sys
tems, su eh ru; the Extendahle Comput"r System Simulator 
(ECSS) [24j, [25], whi<:h make it pos.<ible to develop a·fairly 
thorough functional simulution of the system for dcsign 
analysis in a considcrably shorter time than it takes to 
develop the complete design itself. 

1) Top-Down Design: Most of the helpful new tcch
niqucs for software design fall into the category of ''top-· 
down" npproaches, wlwre the "top" is already assumed to 
be a firm, fixed requirements specification and hardware 
architeclure. Often, it is also assumed that the data 
structure has also been established. (These assumptions 
rnust in rnany ca<c.• be considered potential pitfalls in using 
such top-ilown techniqtws.) 

What the top-down upproach does well, though, is to 
provide a proccdure for urganiz{ng und developing the 
control si rur.ture of a program in a way whiCh focuses early 
attcnt.ion ,;n the ci-iticnl issues of inte¡~rRtion and interface 

· ·definit.ion. lt hegins wit.~ a top·level C'xpression of R hier
archicnl control structurc (often a top Jevel "~xecutlve" 
roUtinc ~·untrolling an "input," a "process/' and pn "out-
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used than the levels-of-binding guidelines, although they , put" r<>uline) and proceeds to itcratively refine each suc

cessive lower-level componcnt unlil the entire syslem is 
specified. The successive refinements, which · may be 
con~idercd as "1evels of ahstraction •· or "virtual hiat:hines" 
[2fi], pn.vide a number o'f ad~anlages in improved under
st.anding, coinmunícation, and verificati_on of. cumplex 
designs [27], [28]. In general, though, experience shows that 
sorne degree of early · attention to bottom-level design· 

m aY abo he becoming more comp1icated as they address ..,,• !' 
surh issues as dislribution of responsíhility for erroneous.A 
inputs [33]. A long theoe lines, Draper Labs' Higher Ordc .. · . j 
Software (HOS) mcthodology [:l4] has attempted to re- · 1 
sulve su~..:h ihsucs vi a o. :;ct of six axiOms covering re1ations 
b"tween modulPs and data, including res¡xinsibility for' 1 

1 
issues is necessary on most projects [29]. · 

· erro.neous inputs. For cxample, Axiom 5 states; ""E3ch 
module controls the rejection of invalid elements of its own, . 
an<l only its own, input set."2 . 

1 

Tl¡e technolo¡zy of top-down design has centered Oll t;YO 
maíri issues·. Üne in vol ves establishing guidelineS for Jww 
to pcrform successive refinements and lo group lunct.ions 
int•J ·modules; the other involvcs tel'hniques of repre
sentin . .g the design of the c~ntrol structu_re aúd its in ter-

. action with data. · 

3) /)usign Representation: F'low.charts remain the.'main 
method currently used for design representation. They 

·ha ve a num ber of deficiencies, pa;tictilarly in representing 
hierarchical control structurcs and datá interactions. Also, 
their free-form nature makes it too easy to construct 
complicated, unstructured dcsigns which are hard to un
derstand and maintain. A number of representation 
schemcs have been developed to avoid these deficién
ctes. 

: 1 

2) Modularization: The techniques of structured design 
j30} (or composite design [31j) and thé modularization 
guidelines of Parnas [32] provide the most detailecl 
thinking and help i11 the are a of module definition and · 
refinement. Structllred design establishes a numher of 

· successively strcmger ty¡ies of bindin¡: of functio11s into 
modÚles (coincidental. logical, classical, procedural, 
c<nnmunicational, informati,;,;al, and functional) and 

. pwvides the guidelinc that a function should be grouped 
willo those functions to which its binding is the strongest. 
Sorne desiguers are ahle to use this approach quite suc
ce"sfull;·; other.; find it useful for reviewing designs but not 
for formulating them; and others simply find it too am-

Tbe hierarchical input-process-output (HIPO) tech
nique [35] represents software in a hierarchy of modules, 
ea eh of which is reprcsented by its iitputs, its outputs, and 
a summary ofthc processing which connects theinputs and 
outputs. Advantages or' the HIPO technique ~re its ease 
of use, e ase of learning, easy-to-undcrstand gr~phics, and 
di,ciplieed structure. Sorne general disadvantage¡¡ áre the 
ambiguity ofthe control relationships (áre successive lower 

·¡ 

. ;: 1 

' 1 

: ¡' 
,, ' 

~: 1 
·f. ' 
¡: 1 

·! ¡ 
higuous or complex to be of help. Further cxpericnce will · i 
be needed to determine how m u eh of this .is sirnply a :! PmhlemHnn nri:;e, howevcr, when oi-u~ furnislies such a desigri Choice · ; . j 
)carnin", curve effect. In general, .Par nas' mcJdUiutizatíon with the pnwt!rt~f .:1n aximn. Suppn.<H~, fnr cxamplc. the input setcontitins , 1 

h n hu~t· t~thle ora mm. ter file. ls the module stuck v.ith thejob"uft.:hecking ,. ,. 
~ .· crifcria.an~- guideliries are u;¡ ore straightf~nvu.c~ and widely . it, by il:-;df, ev~ry time'! · · ·· . " .. , [J. 
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leve! modules in sequence, in a loop, or in an if/el~e rela
iionship?·i. the lack of summary information about data, 
the unwieldincss of the graphics on large systcms, and the 
(rS!nual naíure of the tcchniquc. Sorne nt.tempts have been 
··ts!iáe to automate the representation and generation of· 
HIPO's such as Univac's PHOVAC Systém I~GI. 

The structure charts used in structured design I~OJ.I3lj 
rcmedy sorne of these disadv:intagcs, alt.hough thcy lose 
the advant.age of rcprer.:.rinting thc proces~es connecting thc 
inputs with the oútputs. In doing so, though, thcy provide 
a mon• compuct'summary of a module's ínpuLc:. and outputs 
which is less unwieldy on large problems. They also providc 
sorne extra ~ymbolog-y to re m ove at least somc of the se
quence/loop/branch tllnbiguity of the control rclation-
ship,. · 

Severa! other similar conventioris have becn developed 
1371-1391. each with different strong points, but one main 
difficulty of any such manual system is thc difficulty of 
keepíng the design consisten! and up-to-date, especial! y 
on l~tr~~c prohll~ms .. Thus, a numhcr of sYstems hsvc been· . 
deV!'loped which store design ínformation in -machine. 
readable form. This simplifies updating (and reduces 
update lmors) andúcilitates generation of selective desi~n 
suminaries and simple consistency checking. Experience 
has shown that even a siinple set of automated consistency. 
dwcks can catch dozens uf potential problems in a large 
design specification 1211. Systems ofthis nature that have. 

('J\een r<•ported include the Newcastle TOPD system 140!, 
•¡mié)W's DACC and DEVISE systems I2Jj, Boeing's DECA 
\,;_rstem I·HJ. and Univac·s PHOVAC [361; severa! more are 

under develóprnent. 
AnÓtl;er machine-processable design nipresentation is 

provided by Caine, Farher, and Gordoh's Program Design 
Language (PDL) Sy>tem 1421. This system accepts con
struct.s which have t.he form of hierarchical structured 

. prograi!JS, but instead of thc actual Codc, the designer can . 
write •••me E11glish text describing what the segmerit of .. 
code will do. (This repreS'entation'was originally called 
"structured pidgin" by Milis l4:l¡.) The POL system again 
makes updating rmich easier; it also provides a number·of 
useful formattcd summaries of the d<•sign information, 
a!though it stilllacks sorne wishcd-for features to support. 
terminology control and version control. The program-like 
H~presentation makes it easy for programmers toread and 
write PDL, albeit less easy for nonprogrammers. lnitial 
rosults in using the I'DL·system onprojects have been 
quite favorahle. 

D. Trends 

.Once a good deal of désign information is in machine
,.adable form, thereis a fa ir amocmt of pressure fromusers· 
l(} do more wit h it: to genera te core and time budgets, 
<.r,ftware cost- t-•:-;timates, first-:cut data base descriptions, 

. ~;~~ We should wntinue to see s~ch·added capabilities, and 
t,.;nernlly a. further evolut10n toward computer-a1ded-. 
1tsign systems for software. Besides improvements in 

,, .1etermining ami representing control structures, we should 
'i jf "'e progress i1i the more difficult area of data sitructuring. 

·1'-·· 
,•! 

Sorne initial attempts have been made by Hoare 1.441 and 
othcrs to provide á data analog of the hasiccontrol struc
tures iu strudurcd prog~amming, hut with Je<s practica! 
impact to date. Additionally, there will he more integration 
and tra~eability between the requirements specification, · 
the design specification, and the code-again with signif
ican( implicatio11s regarding thc improved porto bility of 
a usCr's Hoftwarc. _. 9 ~ 

The proliferation of minicomputcrs and mirrocb-lnpu
ters will continue to complicate the designer's job. !t. is 
dífficult enough to derive or use principies for partitioning 
software jobs on single machines; additional dr:grecs of 
freeclom and concurrency problems just makc things so 
much harder. Here.again, though, we should expcd ·at least 
somc initial guidelines for decomj>o,ing information pro
cí•ssing jobs into sepárate concurr~nt processes. 

It is still not clenr, how~ver, how much one can formalize 
the software dcsign process. Surveys of software designers 
ha ve indicated a wide variation in thcir design styles and 
appronches, and iÍt thrir receptivt:>ncs:::. to using formal 
design procedures. The key tn g()(ld software dt,sign still 
lies in getting thebest out of good people, and in struct
uring thc job so that the less-good people can st.íll make a 
positivc' contrihution. 

V. i'HOGRAMMING 

This section will be brief, beca use much of thc material 
will be cnvered in the companiun article by W cgner on , 
"Computer Langungcs"•I3J. · 

A. Curren! Prilct ice 

Many organizations are moving tO\Í·ard using structured 
code 1281. 1431 (hierarchical, block-oriented codc with a 
limited number of control structurcs~gencrally SE-· 

QUENC:E.' IFTHENELSF;, CAS~;. DOiVHILE, ai1d DOUNTIL
and rules for formattii1g and limiting module size). A.great 
deal of terribly unstructured code is still bcing written, 
though, often in assembly language and particulnrly for the 
rapidly proliferating minicomputers and microcompu
ters. 
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B. Curren/ Frontier Tecltnology ~ 1 

Languages are becoming available which support ~ i 
structured code and additional valual>le fea tu res such as .. 1 1; 1 

data typing and type checking (e.g., Pascal [45IJ. Exten- ~ 1 

sions such as concurren! Pascal [461 have been.developcd (: 1 

to support the programming of concurren! procúses. Ex- ~ ¡' 

tensions to data typing involving more.cxplicit binding of ii 
procedures and their data have been embodied in recent ¡' 

languages such as ALPHAIUJ 1471 and CLU l-181.' Me- ~ 
tacompiler and compiler writing systen1 technology con- ~ j 

tinues to improve, although much more slowly in the code g !
1

, 

generation area than in the syntax analysis aren. ti 
Automnted aids include support systems for top-down . ~ 1 

strurtured progra1nming such as the Program Support · il! 
Librury !491. Process Construction [50 J. TOPD l4i:lj. and ~ 1 

J·. . . ' i . '. 231 
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nlwuf·one. man-monlh of expert rffort wus_~rcquired lb' how to drvclnp uscful nwthods for predicting software 
prove lOO lin"s of cod" if;'iJ. The largest prn¡:ram ¡., he r"liahility. Sume nutomuted aid5, particularly for static 
provrrl t~orrcd. to rlnte rontaincd about 2000 st:ltemrnt.R code chet~kin~. and for some rlYnamicwtype or as~ertion 
IORl. Agai11, nuto1nat ion ca11 hdp m1t on soníc of t. he com- t'h1•rking, wi\\. hl• inte~rat vd iti t(). f1tt u re programming 
plkat.~onS. Snme automn:p¡{ .veritknt.iou syl'itenis ·l·xist., tnnguages mu.lrompiler~. \Ve sho11ld see sorne ad.dcd usefut(D 
THltahly 1 hose of l.ondpn d o/. lG9j and l.tu~kham el c1l. rrítcria and ;t~SlH:iatec.l aids fllr test completenrss, partic
l70j. In ¡!t'lleral, such systt:·ms do not work on programs in ulnrly a long t.hc lioes of exerci~ing "all data l~lemerit.s'' in 
the ffil)rt• common latlgui1i:('.s such a~ F'1~rtran or Cobol. somr_appropriate wn.y. Syinbulic ex'eeution capabilitics will 
They v:ork in bn:;u::~ges !-.UCh as Pasl'al 1 ·Hll. which has . probahl_v make thcir way ·into automated aids ft)r test cnse 
(unlike Fl)r1 ran.or Cuhol) .111 axiomatic d1·! inition (71\ al. gcneration, monitoring, unci pcrhnps rctc~ting. 
lowing clean expr(':;sion of progrum. statelllents as logical Continuing work into tlw theory of ~oft ware testing 

· pr1 l¡Josit ¡; ,¡ 1s: An t' n·~.:·lh~nl sur\.·py , ;f prngram. verifica t ion s lwu Id provide so111e refi 11cd concepts tlf t c~~t. v.alídi ty, re. 
tcchnoln~:y has ht~en given hy London t?~}. liability, and completeue~~, plus <l better t.heoreticA.l·bage 

Bt~Sillt:S size nnd lant~ua¡.:e limitation~. t.hcre nrc-othcr. for support.inl! hyhrid t{·~t/proof met.hocb of verifying 
. factors ~dti~.:h limit the uú!ity of proriri.lln proving tel:h· proKrams. Prngram proving techniques nm.l aids wil1 be. 

niq u e:;. Colll put ations un '',renl'' varia h lí·~ inv(llving t run· come mnre p\)wcrful in the siz1.: ;uui ran~c of programs they 
cnlion nnd roündoff errürf> :ire virt.ually impossiblc toan- handl,~. and hopefully easier to u::;e and hnrder lo misuse. 
aly?.e with ;;_dequate aeeuracy for mc1st nontrivial program~ .. Hut many of t.heir basic li;nitation~ will rem:lin, pa_rticu: 
Pfo¡;rar.1:; with tllmformnlizable inputs (e.g., fron1 a Sl·n:'.or lady tho':iC involving renl variables and nonformalizable 
where one has just a rough idea of its bin~. signal·lo-noiBe inplJts . 
ratio, l"tc.) are impos~ihle to handle. And, uf cour~c. pro- Unfortunatcly, most of these helpful cnpahilities will be 
gram~ ('t.l!l be pfon•rl to be ~on~istt>nl \\'i~h a Rpecification availahlc only tf.i people working i'n h_igher nrder lanb"'Uages. 
which 1:-; it~elf in'correct with re:;ped lo tlw system's propcr rvluch uf lht·~ progre~~ in te~;t t.echnnlogy will he tmavailable 
fuurtiunin;~. Finally, tlu.·re is noguarrwtee that the proof to the increusing numbcr <1f [1cople who find themselves 
is corre('l or complCtc; in fact, many puhlished "Prnofs" HpL·nding ll\()fe and more time test.iug as::;embly language 
h1_1Ve subscquent.ly ·Uet:n demot;slrated to ha ve' hules in software \'v'rilten for minicon_tputcrs and microcomputcrs 
them lt>:q. with pnor test support capHhiliti,~s .. Powürful cross-com-

lt lú1:-: iH:en snid nnd uften repe~~ted thnt "testing cnn be piler capabililics un lar~: e host. wachinec; ~nd .micropro-
used to dt·monstrnh~ thc.prcsence of éÚor~; but never tlwir. gmmmeJ diagno~tic t<mulaticm C;1pabilities !77} shvuldJ1~ 
nb~.enr::e .. p:q. U nfort\Jnnt el y, if we nwsL define ·~crrors'' pruvitle the:;e people soinc: rdief after a.whilo, but .1 grcav 
tn in~·lude those i'nrurred hy tht two ·\imitations abnve. J,~:d of software tcsting will rcgress hack tn f'arlicr gcncr
(t:rrur~ iu :-;l-Jeeific<ttion:-:; and errt)rs in proofs), it must he atiun "dark age~." 
admittl-d that "prt>:::r,ram prll\'ing can be uScd to denwn
strate th~· presünn: uf crrnrs hut ncvcr their absencc." 

7t Foult- 'J'oft·rance: Program.s dtl not have to be 
('rror .. fJ ~·e to be reiiable. lf une·could jusl detcct crroneous 
cun:puLd inns as they (JCCHr and comJJI~Jl:icüe for them, one 
could :1l'hi{:ve reliable operation. 'l'hi~ i.:; the rntionalt be. 
hi n~i se !Jeme:=:; for fa u lt- t1 ,!eran t sú ftwnre. Unf ortuna tely, 
both d(•t(:r:t_i~,n aJH.l compt:nsation are r~.rmidable prohlems. 
Sorne pr11gress has becn ¡nade in the ca~e of software rle· 
it.'Cti()Jl :1nd compcnsatidn for hardware errors; see, t~H 

· examplv. the t~rtie\,•s by \Vulf [7·!J and Coldberg [75]. For 
soft ,.,, ¡¡ r r~ H rnr:;, Ha miell has for rrmlated a cont:ept of sep
arau:l~· -pr.J;.:r?rHr<H:d, tdtf:rnate "rcco\·cry hlocks" !7GJ. I t 

· appt·~n:-: :tttracli\·e for p<Hls of the error comp~n~ntion 
acti,•ity. I11It it is still too early to tdl how well it will handle 
tlw errt'Jr detection problem, or what t.he pricc will he in 
progrur:n sltJWdown. 

C. Trr¡¡d,.,· 

A~ wí: cont.inue to collect and.analyzc more ánd more 
data !JI\ how, whlm, wh('Ú~. and why pc(¡plc make software 
ern,r;;, ".':e will gct EHith.•cl insight.;. on huv.' to ;lvoid makin¡~ 
such erron;, how t.n organizu OtJr valid;d.ion strat.egy and 
tactic;; { nc)t only in t.tsting l)ut thrüughout thc ~otb.,.•flr~· life 
r.yde), howto dcvelop or evaluate ncw automated ait~s, and 

,, . -

VIL SOFTWAH¡' i'viAINTENANCf: 

A S cope o( So(tu:are llfainlerwnce 

Soft\vare muintenunce is an extremcly important but 
high\y neglected aclivity. Il:~ impurtanLe is clcar from Fig. 
1: ahout ·lO percent ,,r the overall bardwarc-wftwan, dollnr 
is g:(Jing intt' sofL,Vare.maintenan(;e today,11nd this numher 
is likely tn ~row l.o abn~t 1)1) percent by lfJSS. lt will con
tinue to grow fQr a long Lime, as \Ve continue tq add to our 
in\'Cmtory of code vi a development at a fnster rate t han we 
make code obsolete. 
Th~ figures a hove are onl.Y ver y 3ppruximatc, beca use 

our only dnt.a Sf¡ far are bu sed un highly apprnximAtc dcf~ 
initiuns. it is hard .to COJilC up with an unexcept.ional def
inition of softwnrc maintenance. Here, wc define itas ''thc 
process llf modifying existing operational software while 
leaving its prirnnry functiolls intact.'' lt is usC'ful to divide 
soflware tnainleuance int.o t\~y·o categcJries: software 
updntl', which rcsults ia a changcd fmlctional specification 
for liw software, rtnd software rcpnir, which lca 1v'eS t~"'\ 

f\uH.:timKd sprcit'ication intad. A good discussion ofsorv 
ware repuir is gi\'eu in t he paper by Swanson !78], who 
dividL':-. it into thP. si.Jbcatr~~ori'e:s úf corrcclivc mnintcnnnce 
((Jf procc~;sing, performance, or implernt'ntat.io~ failure~). 
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adnplÍ\'C maint.enance (to changes in the processing or data 
environment), ánd pcrfective maintenancc (for enhancing· 
performance or maintáinability). 

For ~ither update or repair, three main furlctions are 
invoh-ed in software maintenance [79j. 

Understanding thc cxistinR software: This implies the 
need for good documentation, good tracenbility hetween 
requirements And ·code, and well-stru'ctured and well-
formatled code. · · 

Modifying the existing software: This irnplies the need 
for software, hardware, and data.structures which are easy 
t.o expand imd which minimize side effects of changes, plus 

&,¡sy-!o-update documenta!iun.. · · 
~lieualidating ihc modifird software: This implies the· 

need fur software structures which facilita te selective re
test, and aids for making retest more thorough and effi
cicnt. 

Fullowing a short discussion of current practice in 
software maintcnance, these three functions will be used· 
helow ás a framework for discussing current frontier 
teChnology in software maintennnce. 

FJ. Currellt Practice 

As indicatcd in Fig. 6, probablyabout 70 percentofthe 
overall cosi of software is spcí1t in s.oftwarc maintenancc. 
A rerent paper by Elshoff [80j indicatcs that !he figure for 
General Motors is about 75 percent, and that GM is fairly 
typical of lnrge business software activities. Daly [51 indi
rates that about 60 perccnt of GTE's 10-year lifc cycle costs 
for real-time software are devot.ed to maintenance. On two 
Air Force cornmancl and control software systems, the 
maintenancc portions of the .10-year life cyde costs were 
about 67 and 72 percent. Often, maintenance is not done 
very efficiently. On one aircraft.computer, software de
velupment costs. werc roughly $75/instruction, while 
maintenance costs ranas high as·$4000/instruction [81!- · 

Despite its size, software maintenance is a highly ne
:t.ed activity. In general, less-qualified personnel are 

a'lSigned to maint.enance tasks. Tlicre are few good general 
principies and few studies of the process, most of them 
inconc4isive. · . 

Further, data processing practicesáre usuhlly.optimized 
' 
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Fig. 6. Software lifc·9·cltl cost hreakdown. 

around oth<'r criteria than maintenance efficiency. Opti
mizing around devclopmcnt cost and schedule criteria 
gencrany lcads to compromises iri documentation, testing, 
and.struct\Iring. Optimizing around hardware efficiency 
criteria generally leads to use of assembly language and 
skimping on hardware. both of which correlate strongly 
with increased softwaremaintcnanre costs [lj. 

C .. Current Frontirr Technology. 

1) Underslanding lhc J.:Xisting Software: Aids here 
ha ve largely been discussed iu previous sections: structured 
programming, automatic formatting, and code auditors 
for standards cOli>pliance checking to enhance code read
ahility; machine-readable requirements and design lan
guages with. traceability support. to and froin the code. 
Severa! systems exist for automatically updating.·docu
mentation.by excerpting information from thc revised codc 
and comment cards. 

2) Modifying thc Existing Software: Sorne of Parnas' 
modularizution guidelines [:l2j and the data abstraetions 
of the CLlJ [48j and ALPHAHD [47jlanguages make it 

. easier to minimi7.e the side effects of chim~es. There may 
be a mriint~nan~C price, ho~ever. Jn the pnst, St'me systcms 
with highly cuupled program< und associuted data struc-

. . ·~· • 1 • 
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: ,,. lt;re~··i1ave had diffic~lties with data IJa~e updati.n¡:. T~ 8 Poor l'fannin¡J: Gcncrally, this leads lo large amount.s 
may.íiot he a prohlrm wit.h today's data dietiuaaiy mpa· of waste<l effort and id le time beca use of lasks being un
biliti~'s, hu t. the intt>nicti~lns hu,; e not yet bee"ii investigatcd. neccssarily performed, overdone, poorlY synchronizéd, :or 
Otlwr ait!s to,-módífi<:atif•n are Rtructured _codt', ConGg-u~ poorly interfilced. ' 

'· ·ration manag"emímt techniques, programming :mpport li~ l'oor Co"ntrol: gvcn a good plan Í$useless when ít is n~t 
hrn~ies. nnd pron·s~ t~on~;tru'ction systcms. ·, kept up-to-date ami uscd to manngc thc project. '· 
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:1) Há,alidatin¡¡ tl!t' .'\f•>di{ied Softwure: Aids he re wcre Puur 1/e.<ll!ace /;'.<timation.: Wit hout a tírm idea of how 
discussr.d earÜer under teSting: they in¡,; lude Primadly te8t n1tu:h Úme and fffort a t.a:-;k shoultl tnke, the manager is in 
d<:itn m.anagcmcnt sy~tems, comparator programs. and a poor pusition lo cxercise control. 
program structüre aiinlyzcrs with Some \imlied cap;1bility Unsuituble Mcuwgement l'rrsonnel: As a very general-
fór selective re test una!y,is. ,t,.tement. snflwHrc personnel tenrl to rcspond. to problem 

4) GPneral Aids: On-line inh'Htctive sY~tems lwlp to situations as desiguerS rather than as managers. 
rt)move one of the main bottlcnecks involved in software Poor Accounlability Structure: PrOjects are gcnerally 
rnaintenan_ce: thc loug turnaround 'time.s for retesting. In organized and run with v·cry diffusc delineation of re
addition, rnany of t.he!-ie systems nre providing hl'lpful spunsibilities, thus exaeerbat.ing.allthc above problCms. 

· capnhilities for tcxt_tÚiiling und software module man- /nappropriat~.Succcss Criteria: Minimizing devrilop-
n::ement. Thcv will he discusscd in more ddail under menl costs and schedules will gene rally yicld a hard-tÓ-
.. :\·T:.mal.!(•ment anrl Intc~ratrd Approa\'hes ·• below. In maintain produd. Emphasizin¡~ "p<·rcent coded'' tcnds to · 
ge1wral, a good de al more work has hrrn dnne on thc gr·l ~e1o)ple coding early and t.~1 neglcct. such key ndivitics 
mnintainability a-:>pc"cts of data husf.'S arld data slructures as requirc1ncnts a11d rlesign validntion, test planilirlg, and 
thnn f11r progrnm structureS; a goorl survey of data hase draft wwr documentation. 
th.:hnology is given in .a reccnt special issue ·or ACA.f [Jrocrastinatúm on Key Acti!l!.ties: This is e~peciálly 
Compul.i'n!i Survep !HZ!. prevalent when rcinforced by inappropriate success· cri-

[)_ Trends 
teria as abuve. · 

H. Current Frontier Ter.hnology 

1) Management Guidelines: There is no lack of use fu!' 
mater~ul to guide software mat.l.'lgemfnt. In g~ncwl.._it t8.k. 
a hook~lcnglh trPAt.l.nt!nl. to arlc:quately cov(>( the" issU111111""" 
¡\ number of books on t.he subject are nuw availnble I8<>J . 
-.¡n:q, hut for Y:-trious reasons thcy have not stronglY ln
tluenl'ed !-ioftware nw.naúement pr.actice. Sorne ofthe l_Jóuks 
kg., Hrooks 18:~•1 and the collections by Horowitz (86], 
Weinwurm 1871. and Buxton. Nnur, and Handelll88] are 
collet:tions of very ¡;nod advicc, idpns, and experiences .. but 

Thf~ incrcast~d Ct"lncecn with Iife cycle costs, particnlarly 
within the U.S. Doll!o:q, will fucus o good de"! mure al
tt'ntion on ~oftware mai ntennnc(~. !\lo re data collectio!l and 
nnal.vsi~ on t h(· ;.;rowth d_vnarnics of ~oft.ware sy::;tems. su eh 
;¡;.; t lw Ht:l;Hiy-l.t·hman studies of OS/:JGO {8·11. will lwgin 
!ll pnint out tlH~ hi:d1-l('veragc arpas for ·improvcment. 
l·:xpli\·it mec!Hliti~m~ t~Jr confnmtíng n1aint~inallilit.y is..<;ues 
:·:-~rJ_,. in ! hr d(·,·elnpmf'nt c_vclt', such as t he require
liH:nts-pro¡;t'rties matrix I!SJ and the desig11 inspect.ion !4) 
will lw rt·fincd and u~ed moré e>;tensin.·ly:. lil fact, we may 
C\'olvt· a more gt·m:ral concept of .o;oftv.are· quality nssur
anee kurrc:ntly· foru:-;..;ed lnrgt'ly on relial;ility o>ñrems), 
.in ,·e' k ing- su eh ncl i vit ie_s as indt·pen(_lcn t revit~ws of sr>ft
w:..~re rl·quiremcnb ~1H.l design ~pccificntions by expert.;; in 
~~~nwan· m.:lintainahility. Such acli\·itir~: ·...;ill be enhanced 
cc:n~i(h·rabt:; with thC> udnmt of more pt•werful capabilities 
j"qr anal~·zinl-{ ID<H"hinf'·rUH.b.hle rer¡uireme~ll<.; nud design 

are fragmentar_y ami bcking in a consistent, i~tegrated;life 
cydc approach. Snmc of the books (e.g., Metzger ISD]. Shaw 
and Atkins 190]. Hice el al. l~ll]. H.idge antl John"m l92j, 
and Gilrlc"lecve l9:ll, are good on checkli,ts and proce-

1 ~ ; 

. specii"i(·;¡tions. Fin;lliy. ackancl~s in autorn3t iC progrnm
min¡..: \1-lj. llf,j ~}lfHlld reduct~ or Plimillafe sc1me maínte
lliJ!lCP ;ll:t i\'ity, at lc:ast in so me pnihl('nt domnins. 

VIII. SO!·"I'\\'AJU·: l'vLI.'iACJ·:~JJ.:NT ,\NIJ lNTEC:t(ATEJ>. 

Al'l'l\0.\i:I!ES 

.4. Curn-·nl Prat:tice 

dures but (exccpl lO sorne extent thclatlcr lW<J) nre !ighl 
un t.he human as¡.Jcct.s of manag-ement, such as staffing, 

.uwtivation. ánd mnflict resolut.ion. \Veinbcrg 19·1 1 providcs 
thc rhost hclp on the human aspccts, along·with BrÓoks 
¡~;,¡andA ron l\"ti•l. but in turn. th'ese threc hooks are light 
un checklisls and proceU.un.-s. lA sc<.:oucl vol u me by A ron 
is intendcd to covcr Hoftwart~ group and project consider
alion!;.) N une oi" i.he bouk!i ha ve ~n ndt:quate treat.me"nt of 
some itetns, larp:ly beeauSe they are so poorly undcrstovd: 
dlief amcmg: these itcms are software cost and resource 
estimation, anJ softwure mainten::mce. 

Tht·rr are mon' opport.uuitics for irnprovin~{ soft1.nue In thc .:Hea of software cnst estin_1ation, the pnper by 
produl't ivit.y and quality in t. he nren nf u1anagr;nent t.han \Volverton [9t)j rprnain:.; the nwst:usdul Sl)Urcc of help. It 
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;;,. an_vv.:lwn~ dst~. Thc di!TnenCt! lwtwevn l-:iOft.warc proj(!Ct i:.; ~trtlngly h~lsNI on the numher <Jf object instructip·---
•;:' !-.IH't."f'S:-.<·s ami J"aih1n~s has mo:-:;1. ol"t..m h4;cnl.r;H'¡•d t.tJ goud (mndified by complcxity. t.ypc of application, nnd nove 
¡, 11r Jlfll¡l" pr:H-:titt·s-in solhvan~ m:mag-!~lllfml. 'l'h+! l,i¡..:gr:sl 11s the detNminant of ~ullwnrc co::-;t. Thi:> is a known weak 
¡-~:.' S'l_ftw 11 rt: lllilllllg~ lllCJ\ l prob!f.'rn.s h!lV(! geucraJI y iJCt'll t.iw ' ~)JrJI., but !lO t. Ollt! [or wh ich UJ1 H~rt:pliJ.h}c inlpTO'r'('llh:llt h:lS 

~~-. · ~· . . . ~:ol~,o:ving_: - surfared. 01le pos~~ihlc li;1~ ~~r improvemm1t ffiigh!. he nlunt{ ·; ¡ 
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'" [97] and ~thc"; sonui interesting inil ial results ha ve be en 
·· -.:'· · .. · obtaincd he re, b~t their utility for practica] cost estimation 
· · 'rcmains to he dcmonstráted. A good reyiew of the softw!U'c 

·. ,• 

,, 
.. ' 

cost.estimation arca is contained in [98]. · 9 Q 
2) Ma11a¡;~mcrll- Tcchnology Decoupling: Anófhl!r 

.ificulty of thc a hove books is the degree lü which they u re 
dcc<,uplcd from software tcchnology. Except. for the Ho
.rowitz nnd Aron books, they say relat.ively little about !he 
u'c of such. advanced-technology aids as formal, ma-

·. chinc-readablc rcquiremcnts, top-down design approachcs, 
structured programming, and automated aids to software 
t.esting. 

lJnfortunatcly, the managemcnt-technology decoupling 
works the other way, also. In the design area, for cxamp!e, 

·. most treatments of topcdown software design are pre
·sentcd a' Jogical exerdses independe.nt of user or economic 
con•iderations. Mosl automatcd aids to software desi~n 
providc lit.tle support for such management needs as 
configurntion management, tracenbility to code or re· 
quircmcnts, and re:sr.urce estimation and control. Clearl~.>, 
thr.n• necds u, be a closer coupliug bet ween technology and 
munagcmcnt thail this. Sorne current' efforts to provide 
int<'grated managcment-technology approaches are pre
sented next. 

3) lntegrated·Approachcs: Severa] major int.egrated 
systcms for software develo.pment are currently in opcra
tion or under development. In general, th.eir objcctives are 
similar: lo achieve a significan! boost in software devel
opment efficicncy and quality through the synergism of 

mificd appronch. Examplcs are the utility of having a 
mplemenlary dcvclopmenl approach (top-down, hier

archical) and sel of programming standards (hiera.rchical, 
structured mde); the ability to perform a software update 
and at the sume time perfurm a set of time! y, consistent 
project stnt.us updatcs (ncw version number of module, 
closure.of software problem rcporl, updated status logs); 
or ~imply thc itnprovemcnt in software s}'stcm integration 
achievcd whcn all P"'t.icipants are using thc samc devel
opn;ent concept, ground rules, and support so'ftware. 
' The most familiar of the integrated approaches is the. 
IBM "t.op-down .structured programming with chief pro· 
rrammer tcams'" concept. A góod short. description of thc 
conccpt is given by Baker {49]; an extensiv~ treatment is 
available in a 15-volume series of reports done by lB M for 
the U.S. Army and A ir Forre [99]. The top-down struc
tured approach wns discussed earlier. The Chicf Pro
grammer Temn centcrs around an individual (the Chiel) 
who is responsible for dcsigniug, coding, and integrating 
the top-Jcvcl control struct.urc as well as thc kcy compo-
nents of the team's product; for ma'naging and motivating 
the leam personnel and personal! y reading nnd reviewin~ 
all their code.; and also fur pcrforming trnditional man
agemeJítíind customer interface functions. The Chief is 
~'Bistcd by a Backup pror:rammer who is preporcd at 

time to t"k" t he Chiefs phu:e, a 1 .ibrariun who handlrs . 
JOb suhmission, eonfignrnt.ion cont.rol, nnd project slatu~ 
accounting, arH.I aOditional pr,}g-rammcrs and Hpeciulists 
as necdcd. 

" ', .. In general, thc overall enBembi~ of techniqueshas been 

,. ' '. : ~f.': .. ·,,· .. 

had mixed results [99]. It is difficult to'find indiv.iduals 
with cnough enerr:Y and t.almJt to pcrform all'the above · 
functions. lf you find one, the projcct will do quite well; 
otherwise, yo u h~vr concentratcd wost of the pnÍject risk 
in a single individual, without a good way of finding out 
whethcr or nut he is in troublc. The Librarían and Pro
¡~ramming Support Library concept ha ve gerierally been 
quite useful, although to date the concepl has been ori
critcd toward a batch-proccssing developmenl environ
mcnt. 

Another "structmed" integrated approach has becn 
dc,veloped nnd used at Sofl'ech (:18]. lt is orienied largely 
around a hierurchical-decmnpositinn de-sig:n appnwch, 
guided by formalized sets of principies (modularitv, ab
straction, localization, hiding, uniformity, complet~ness,' 
confirmability}, processes (purpo.sé, eoncept, ml:cha11ism, 
notation, usage), and goals (modularity, efficiency, reli
ability, undcrstandabilityJ. Thus, it accommodates so me 
economic considerations, although it sAys little about any 
othr,r management considerations. ll nrpenrs tu work well 
for Sofl'pch, but in general has not been widely w;similutf'd 
elsewlwre. 

A more managemcnt-inte.ns.ive integrated approach is 
the TRW software dcveloprnent methodology exempliiied 
in the paper by Williams (50] and the TRW Software De
velopment nnd Configuration Management Manual [ 100], 
which has heen uscd as lhe basis for severa! rcccnt gov
ernment in-house software manuab. This approach fca
tures a coordinnted set of high-levcl and detailed man
ngf~IIH:mt objectivrs, associat.ed aulomnt.cd aids--st..111tiards 
compliance dwcker::;, test thoroughncss chcch:rs, pfoccss -
construction aids, reporting systems for cost, schedule, ccire· 
and time budgets, problem identification and dosure, 
ete.--and unified documenwtion and managem(mt devices 
such as tbe Unil Developmcnt Folder. Portions of thc 
approach are still largely manual, although lldditional, 
automation is underway, e.g., via the Hcquiremcnts. 
Statcment Languar:e [13]. 

Thc SDC Software Factory [101] is a highly ambitious 
attempt to automate and integra te softwaie devclopment 
lechnology. It consists of an interface control componen!, 
thc Factory Access and Control Executive (FACE), which 
p·rovides uscrs access t.o various tools and data bases: a 
projcct planning and monitoring system, a software de
vclopment data base nnd module managemenl system, a. 
top-down devclopmt•nt support system, a set of test tuols, 
etc. As the system is still undcrgoing dcvelopm!mt and 
prcliminary evaluation, it is too carly to tell what degrce 
of success it will hnve. 

Anothcr foctory-type approach is the Sys(J)m Design 
Lahoratóry (SDL) under develu¡uiwnt. at the Naval Elec· -
lronics Lahorntory Center (102]. lt currcntly consista. 
primariÍy of a framework within which a wide rangc of aids 
to software developnwnt can he incorporated. The initial 
iustullment contains text editor~. compilcrs, asscmblcrs, 
ami microprogrnmmcd crnulators. Later addit.ions are 
envisioned 1.o indúde dcsign, deV(!lopment., and lest uids, 
and su eh mmH1gcmcnt aids ns prugrt~s~ .reporting, Cost re· 
porlin¡¡, und ""l'r prnfilc ar~i:Jiysis ... 
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SDL itsclf is only a pnrt of a more amhitions integrat.cd 
approaeh. Al_{i'A 's Nation<tl Software Works (NSW) ]102]. 
Thc initial ohjective here hn:-> h~en tn clcvclop a ·~\Vorks 
Managf:'r" which will HliPW a ~oftwarr developer ata ter
minal lo aecess n wide variety ·of ~oftwnre t\eveJopmcnt 
tools on various cmnputers a\':¡il:thlc ov(•r the ,\I{.PAN8T. 
Thus,· '' dcvelopcr might log into the NS\V, ohtain his 
sourrc cod~ from une r.ompnt.\•r, text.edit it. on ~nother, 
af_"ld perhaps continue to hand the (Jrogrrun to ndd.itional 
compuLers for t<•st instrumcnl:1tíon, compilin~. executing, 
and postprocessing of uutput dnta. Cuncntly, an initial 

' version of the \Vorks !vlnnagrr i~ opPratiünul, along wi1h 
a few tot"lls, but ~t is too rarly to assess t.he likely otitcome 
and payoffs of the project. 

C. Trends 

In t he are a of m::magPment technic¡ttes, w& are prnbably 
enterin~ a consolirhlt.ion period, particularly as the U.S. 
n_.n p'n.:ct·eds tu implemcnt the upr,rades in it.s standards 
and proeedurcs calk·d for in the rCI."L'nt DnO Dircctive 
'•Oiitl.~9 [l 04J. The re,;ult i ng gow·rnnH,nt· in<! nstry efforts 
shmdd produce :1 se~ of siJúware manar.{~ment guidelin-:s 
which are more ronr,i~tent and up··ltl·date with today's 
tec:hnulogy Lh[lll the une.-~ curmntly in ll~f'. lt i:-; likely 1hat 
th~y \o.,:ill also be more comprehensihle and le~s encum
ht"!red with DoD jarg<1;1;. this \\:ill muke.thcm more useful 
to the :-:oftware field in gen~ral. 

Effons to develop intc·¡.¿-rnted~ semi¡¡utomated systcms 
for software de\·elopment will continue at n heulthy clip. 
They \Vill run into a number of chnlkngcs whi<:h wi\1 
pmhahiy t<1ke a fe•N yenr::. to work out. S0me :1re technicnl. 
:-;uch a~ th~ bck of a :r~~od technological hase for data 
str_urt1 'ri n~ nid::;, ami th(' liJt·mida ble pn ¡},le m of integ-rutin!:j 
('olnpiex sofl\vare sup¡;ort toül:-:. S(Jme ;Jre econoq1ic antl 
munagt·ri<.d. su eh a.:i.th~: prohlems of prieing servic(•s, pro
\·iding ltJ(J\ warranties. a1:d rontrolli.ng the evolut.ion ofthe 
s:·stt~m. ( >tbcr::: are enviroumental. sur:h as the.proliferution 
nf minic(lr:1puters anrl. mk·roc,,mputH~, whích wi!l struin 
tht- cap:1hility of any !\Uppurt :;y-:.lern to kcí:p up-to-dute. 

Evt.·n if the vnrinu:-:. i!lte~t·ntr.d s~·stems do not "achieve 
all thé!r g(lals. tlH:re will tw R numhC'r·t,f majar henefits 
from the effurt. One i~ ot' course th;ll a larger numher uf 
support tílols will bt·c:omc é\\'~\ilrdJ\e toa larger numhcr of 
p('nph· l:motlwr m:1jor thannel of tools will slill continuc 
U• expand. thnu¡.:h: th~., indep~~ndent software products 
marketpbt·el. :-..1ure i:nportantly, thüsc s~·stems which 
ac!lir·q• a degre~.of conct:ptual in1egrarion (not ju:-ot a 
frt.·c·f11rm tool hox) wi!l elimina te a P.,rcat denl uf the SL'
mt!ntlc l.'!jflfusion •.vhich curreJJt.l_v ~lo• .. •;s down our gro.JUp 
effürb thr_uughout. the snftw:tre life cycle.·\Vhere we ha ve 
learnéd how te; tal k to each nther about our· software 
prnbi~:.ms, we tl'nd todo pretty well. 

IX. Cn:-:ci.t rsJoNs 
' I ,el us nuw n~.:st:s:; the curreltl st~tte of thenrt of tools <md · 

techniqut·~.; which are IJeing uscd to s{)\vL' snftwart.:' dcvel
opwr:!ll. problems, in turn1s uf our original dcfinition of 
soitwart~ L'ngincerii1p;: the praclicafapplic:uti(m of .5'i"t.en.tific 

knu<J.'ij.·.dge m the tl('si¡.;::1 :.1r.d con:--.truction of so!'t.\vore. 

. -' 

TADI.E 11 
30 A pplicahility o.f E xi!:l Íllb SL"i('ntific Principies 

Dimcnsion 

Scopr Aons<; 
Lite Cyd~ 

St:ope At.·ru-;s 
Applicatton 

l:ngim:.:rin~ 
Econvmics 

Rcquirl"d 
Trainin)-! 

Snn~c principie.<; fnr 1'Óill· 
po11l'tll .:nnstru~o:lilm 
;tnd i.lct:~ikJ dcsi!:n, vir
l\t;i\\y non~.· f•)r wstl.!m 
cksi~n :wd inkgr<tlion, 
~.· .~ .. a\gnrithllls, <~uto-. 
m;1t~l tht:ory. · 

Snmt: prin~ip!~s for "sys
tt.•nü¡" snftwan·, virtu
:11\y non~ for ;¡pplica
tir)ns software, l'-.g.., 
discrct(' mnth~matical 
Slfll\..'lun:s. 

Vcry ft!w .Principies 
which apply tn systcm 
l'~onomks. ~-•~·· al~o
rithms. 

Vny fc-w prjn,:iplt::'i for
mulat~?d for ("Onsurnp· 
tii)n Uv kchnii;iau_c;;,. 
t'.g., sfru~.:tun·~t~.·odt!, 
hJsi..: m:1th packngcs. 

Many principlt's a .. · 
plic:.~hlc :tcrosS1 
!ifc cyclt!, c.g., ,J 

<.:llllllll unkation 
1 hcory, ..:ont rol 
thcory. 

Many principies :1p~ 
p\i..:able across 
\..'ntire applkation 
systl' rn. e- .g., con
! rol thcory appli· 
C:!tion. 

~\·taay.principles ap- · 
ply wcH_to sy)!:tcm 
<.'C<""li\Oilli(S, C.g., 

strcngth uf mate
ri<.tls, o¡ltimization, 
anJ ~.·ontrollhe· 
ory. 

~bny principies 
furmul~ted for 
l:Onsumption by 
h.'dlll i..: i:nls, e .g .. 
lunUbooks for 
structural d~sign, 
sucss tr~tiilg, 
m<1intaínability. 

Table 11 presents a summary assessrncnt of the extent to 
which curre-n t. ~~>rtware engineering techniqUes are has. 
ün sol id scient.ific principks (versus empiriénl hcu~istilr. 
The sumrnary assessment CO\'Crs fuur díu1ensions: the 
cxtent to ~·hich existing S\ientific prinripiC's apply across 
!he entire ~uft\,.:¡¡re lift! cyclt•, ncross thc entire range of 
snftwnre opplications, acros~ t~e rnngc of engineering
economic analy~;e~1. requin~d for s(Jftware develof>mrnt, nnd 
nrross the range of per.-nnnt'i available to pcrform software 
developmcnt. . 

For rer:;¡ie~tive, ~similar summai-y assesSment- is pre
SC!Jted in rl'nble 11 for hardware engineering. It is clear from 

· Table 11 that software en~!ineerin'g ís in n very primitive 
state a.'-1 cunq;arl'd tn hnrrlwarc engineering, with rcspect 
to its range of ·scientific fo_undatiuns. '!'hose scicntific · 
principlE!s avail::tble lo ~upport software engineering ac.l

.. dress prublem' in an arra we shn\1 cal\ Arca 1: detai/ed 
d~·-·úun and cndin~ of .... ·ystems suftu·'an; hy e:r:perts in a 
rpJa tivcly ('con(Jf;7 ic.<s-i ttdcpend,'nt C(mtt~xt.. Unfortunatcly, 
thr mo,!;t prcssing :-:;nftware development problenls are in 
;H~ aren we shnll f::t.ll Area 2: requiremr.nts analysis de:;ign, 
tPsl, arzd mainlenancr: of applicotions so{Lu;are.by.tech
nir:ian'i:~ in an ettJrwf!iic.'!·drit·cn cnntt:<t. And in Arca 2. 
m1r ~cicntific foundations are so slight thut one c~n seri-

:t Fnr P.X!irnpl<!, a rcr.ent ;;urvcy uf l-1 iu::~lallatilon:; in une l:lrl;!C org<~.ni· 
ZH! Ítln prndiJl'echhe fnllf)win!! prt,fi!t~ nf it~ ''averagl' coder": 2 Yt>.:it,5; ·~--t. 
lt·¡.:l··lt•\·d t~rltu~ution, 2 Vf!:tr:; ~oftwarl' c:qH.:tit'nl'•!. fi1miliarity w~:::. 
prng:r:tnHning !nnJ;It<t¡/:.f'l:and:! npplkutions, aud ;.:;_•ncwlly inl;ové·f;_'-:, 
. ..;lqppy, itlllt•xib!t·, "in over hi:1 tw:al," nwl.und•:rmunagcd. (~ivt·n the 
C!•nfin,cin~: innt·U~I! in demélnd fnr c;,,ftware JH'rsnnm•!. onc ~huuld nol· 
li'-~HH\t.' th:Jt 1 bi.o. l_'lpkn! prorilc will imprnve /Utl•:h. '!"Lü:o; has stronr. im
plir;,~tion" fnr t-fft·f:tive Eoftw¡¡rt~ f~tt::ineNin¡! h•t:hr:,Jiogy whi•.:h,like ef· 
ft:ctive hoftw.:Hc, must 1><:> wéll·mutc·hed tothe w•¡,p]e who rnust use it. 

2:18 .· .. 
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STRUCTURED WALK-THROUGHS: A PROJECT 
MANAGEMENT TOOL 

IBM CORPORAT/ON 

A bstracr: This document describes lhe structured walk-through, a too! bcing u sed within the IBM Sys
teins Devclopment Division. Experience to date indicatcs that thcre are major benefits to its use both 
thc programming project team, and for the qua!ity·.of thc software they produce. 

This dcscription of structured walk-throughs reprcsents the collected work of many peop!e with the Sys
tems Dcvelopment Division. Spccial acknowledgements are expressed to Wil!iam·s. CammaCk, David 
R. McRitchie, David E. Fishlock, and Henry J. Rodgers, Jr. 

·l. STRUCTURED WALK-THROUGIIS 

Project managcmcnt has long recognizcd the nee.d for periodic reviews as a vehiclc for determining 
whcre the ¡;rojee! stands in relation lo its schedule, and for identifying arcas that require special atten
tion. Gcnerally, howevcr, these cxercises have been looked upon with misgivings by those who must 
submit thcmsclves to the revicw. 

Thc situation which· Ciassica!Jy arises during thc 'review is onc of conOict and hostility. The revicw takes 
on thc appearance of a witch hunt and the reviewer finds himself in the position of inquisitor. At best 
the revicwees fecl they have little to gain from this encountcr and most probably feel that thcy will 
come out of the review with a list of "to-dos" which will only serve. to put them farther bchind in their 
dcvelopn1cnt schedules. More damaging still is their belief that the longcr the !ist, the longer the 
indictrnent against them. They feel that they will !carn nothing in the revicw which will help them 
attack their unique problems; and moreover, they feel that they will spe11d a large· and unproductive 
portian of the meeting just bringing the reviewer up from ground zero. . . . 
The structurcd wa!k-through described here increases the value of these reviews beyond a dctermina
tion of schedule variance and problem identification,. and eliminates many of the· negative aspects. 
Within IBM the structured walk-through is: 

l. A positive moti.vator for the project team. 

2. A !earning experience for the team. 

3. A too! for ana!yzing the functional design of a system. 

4. 

5. 

A too! for uncovering logic errors in program design. 

A too!.for climinating coding errors before they en ter thc systern. 

6. A framework fór implemcnting a testing strategy in para!lel with dcvelopment. 

7. · A measurc of complcteness. 

A structured walk-through is a generic name givcn to a series of reviews, each with din'ercnt objectives 
and each occurring at di!Tcrcnt times in the app!ication devc!opmcnt cyc!e. Thc basic characteristics of 
the walk-through are: 

l. It is arranged and schedulcd by the devcloper (revicwec) of the work product being reviewed. 

2. Managemcnt does not attcnd the walk-through and it'is·not used as a basis for employee evalua-
tion. 

Reprintco.l from Struclurt'd Walk·ThrouRk(: A Projc•t'l Managtmt'flf 
T<~l. h~ IBM; Au¡~:ust 1'}7J. Cllpyright \6 1973 by_ IBI\t Corporntion. Rf-. 
rnnted by permi~sion. - · 241 
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3. The participants (revicwcrs) are given the review 1ltterials 
expc<.:tccl to be familiar with them. 

prior to the walk-through and are 

4. Thc walk-through is structured in the sense thal all allcndees know whal is lo be accomplished 
and what role they are lo play. 

S. The emphasis is on error detcction ratbcr than error correction 

6. All lechnical members of-thc project tearn, from mosl senior lo most junior, ha ve their work pro
duct rcvicwcd. 

2. 1\IECII AN ICS 

ThC: objcetives of the structured walk-through will be diiTerent al ditl'crent stages of the projecl. The 
basic rncchanics will. howevr.!r. rt:main thc same. Th!..! revicwce, the pcrson whose work· product is 
being revicwcd, is responsible · for arranging the meeting. Severa! days prior to the meeting the 
reviewce sclccts the attendees he fcels are rcquired, distrihutcs his work product to .them, .states what 
thc objectiws of the walk-through will be, and specities what roles the rcviewcrs are ·lo play. . . 
Although there are no hard and fast rules as to who thc reviewcrs should be, the idea is for. the. 
reviewee to pick thosc intcrested partics who can dctecl deviations, inconsistcncics,· and violations 
within thc work proc\uct or in thc way that ít intcracts with its environment. Typically, but not neces- . 
sari!y, the reviewers will be project teammate> of thc reviewec. For example, early in the project, when 
a major ohjcctive is to ens'urc that the .,ystem is funclionally complete, thc reviewec might want user 
rcpresentativcs. Or. if proerammcrs and analysts are functionally sepirated, and the objcctive of the .' 
watk-through is to cnsure that thc programmcr.'s interna! spccilications match the analyst's externa! 
spccifications, thenthc progr.tmmcr wou!d want the analyst to attend. Within IllM, il is not uncominon 
for a progr;unmer to reschcdule a walk-through severa! times in arder to ensurc that a particular 
reviewer will be avc.ilable. 

A typical walk-through will include four to six pcoplc. and will !ast for a pre-spcciftcd time, usually onc 
or two hours. lf at the cnd of that time thc objcctivcs have nul bcen mcl, anoiher walk-lhrough is 
schcdulcd for the ncxt convcnienl time. Somcone is designated as thc recording sccretary. This person 
re,·ords all thc errors. dis~repancies, exposurcs and incunsistcncies that are uncovercd during the walk-· 
thcuugh. lhis record bccnmes an action Jist for the rcvicwee and a communicatiun vehicle with thc 
re\·iewcrs. 

In addition to thc substantive qucstions which ·wil! hopefully arise in. the rcviewer's mind prior to the 
walk-through, he will undoubtcclly detcct minor mistakes such as typos, spellíng, grnmmatical and cod
in2 syntax crrors. Thesc can be handlcd severa! ways. One way is to instruct cach rcvicwer to .makc an 
error Jist and pass it to ihe recording secretary at the bcginning of the walk-though. Anolher way is for 
eaéh revicwer to cover thcse error·; with thc reviewee otnine. Or, thc reviewers can annotate thcir 
copics.of the work product and rcturn it to the reviewer at the end of the walk-through. Thc ímportilnl 
point is that thc walk-throt;gh should be conccrned with problciTls of grcater substancc (i.e., ambiguous 
SP·c~ilkations, basic design llaws, poor Jogic, inappropriatc or indlkicnt coding techniqucsl. 

\techanícaJJ;·. what takes pbce cluring the structured walk-through? First,· the revicwers are requested· 
to <.:ommcnt on thc comp!ctCness, accuracy antl gcncrHI qun!ity of lhe work procluct. Major cunccrns 

. are exprcsscd and idcntilicd as 'arcas fo¡· potcntial -foll<iw-up. The rcviewee thcn givcs a brief tutoría! 
0\'Crvicw of the work product. He next "walks" the rcviewers through the work product in a step-by
step fashion which' simulatc; .thc function under invcstigation. He attempts to takc thc revicwcrs 
through the material in cnough detail so that thc major concerns which wcrc e.xpressed earlier in the 
meeting will either be cxiJiained away, or brought into focus. New thoughts and concerns will arise 
tlurinu thi:; "manual cxecution" of the function, and thc cnsuing discussion of thesc points wi!l ciystal-
lize e;·cryone's thinking. Significan! factors that require <>clion are rccorJcd as they emerge. . 

A key elcmcnt·regartling :he structured walk-through is its relationship lo the ,projcct test st,ratcgy. · 
Within lB~!. the structlircd walk-through is part and p¡¡rcel of a parallel test strateg)', .and in fact, the 
"manu¡¡J cxccution" is often drivcn by formalized test cases. This is discusscd more fully in Section 4. 

lmmetliatcly aftcr thc meeting, the recotdirig secret:try distríbutcs copies of the handwrittcn ,action lisl 
to all .¡he attcndees. lt is thc responsibility of thc rcview~c to ensurc that the points of conccrn on the 
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action listare successfully resolved. and that the rcviewers are notified'of the actions and/or corrcctions 
that havc been takcn. (This lattcr point is importan! bccause many of the revelations which arise 
impact thc rcvicwers, particularly if they and thc rcvicwee are teammates.) Managemcnt does not dou
ble check thc action list · to ensure that thc outstanding problems ha ve been rcsolveél, nor does it use 
this list as a basis for employee cvaluation. Rathcr the action liGt is considcrcd 10 be a tool uscd to · 
improve the product. 

3. AS PART OF NEW TEGIINOLOGIES ... 35 
Structured walk-throughs have becn implemented within IBM programming groups which are using 
structurcd programming, top-down development. development support librarics and team operations. 
In fact, the use of walk-through as described in this papcr has evolved to its prcscnt position bccause of 
thcsc new tcchnologies. 

Thc visibiiity inhcrent in structured programming, the idea that code is mcant to be r~ad by others. the 
enforced programming conve·ntions, and the simplificó program logic make it easy for the reviewer to 
be. "walkcd through" code segmcnts. 

The use of HIPO as a top-down de.sign and clocumentation toollcnds itself wcll to the structured walk
throu;<.h. HIPO's graphical represcntation of function give> the reviewee tile luxury of somethin~ con
crete and tanGible through which he can take thc reviewcrs in a step-by-stcp fashion at increasing lcvels 
of detail. 

. A developmcnt supp.ort library organizes and structures the cmerging system so that the details can be 
easily rcviewcd. In addition, the Jibrarian can. also serve as thc recording secretar)' for the walk
throughs. 

The concept of a tightly knit team wbose members possess unique ·skills and who are in e lose commun
ication with each othcr, is logically supportcd by thc idea of a walk-through. Sincc thc chief program
mer and the backup programmcr already rcad code, the cxtcnsion to everyon'· rcading code is not a 
maior iump. Additionally, therc is value in the walk-through asan educational too/. Becausc the chief 
pr;gra~1mer antl thc backup rrogrammer design and code the top Óf the syst~m ftrst, thcir initial walk
throughs serve as importan! learning experiences for the other tea m membcrs-- both in terms of design 
and coding techniques, and as an introduction to the system. 

Within an application tlevelopment cycle, there· are severa! major milestones and·many minor mile
stones where thc walk-through lechniquc can be used. As an example, a manning curve for an applica
tion devclopmcnt cycle in which the new technologics are being used might look as shown in Figure l. 
Thc managcmcnt M this projcct could decide that one condition for succcssfully reaching the. milc
stones listed in the left hand column of Figure 2, is that thc item·s in thc right hand column mus! have 
bcen rcviewed in a structured walk-through. In this sense the walk-through tracks pro~ress and serves 
as a meaningful mcasure of completeness. Majar milestones where. structured ·walk-throughs might be 
employeed includc cnd of system planning, end of system design and end of dewlopmenl. 

4. PARALLEL TESTING 

The structured walk-through can serve lo establish a framework for parallcl testing. l'arallel testing 
implies: 1) the development of test cases and testing proccdurcs in parallcl with thc development of the 
system, and 2) an indepcndent tester who is rcsponsible for implementing the test strategy. 

When using team operations~thc tester would logically be the backup programmcr. In large, function
ally separated, organizations thc tester(s) might come from un indepcndcnt group. 

The tester builds a product in much the samc manner :ts thc dcvelopcr docs. Thcy both start at the 
same place, with a set of.functional spccificatio.ns. The developer, .howevcr, looks at thc specs as a 
builder might look at blueprints, while the testcr looks al those specs in the way a building inspector 
ri1ight look at blueprints. The tester, like the inspector. attcmpts to cnsurc that the spccifications meet 
ccrtain standartls, and that the product matchcs the specitications . 
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Figure l. A typical manning curve [oran application dcvclopment cycle. 

· ¡\ functioml program spccilication can be boikd down to a sct o[ cause and efl'ect rclationships: 

e "lf thc accumulat~·.l FIC,\ ct'euuction is equal to ·or greatcr than Sl0,800, then return the 
dilfercncc 10 net pay." 

o "Whcn thc On·hand balance falls bclow thc rcordcr point, transl'cr control to thc EO()'routine." 

o "Set the transmission linc to inopcrative and notify the network control operator if the retry pro-
cedurc filils.'' 

lnitially ihc teste.r takes the functioilal specifications and brcaks thcmdown into.a series o[ cause and 
ctfect stalemCnts. Rigorous testing. means that e\.lch of thcsc cause and cfTcct rclatiÜnships must be 
tcstcd. That is to say. thc testcr, using some [orm of tabular. or graphital assistance, must determine 
whether cach catt>c has its desircd e!Ttct. Unfortunately, this not •liways casy todo. lf it were, tcsting 
wotild not be a problcm and systcms would be more error free. Cause anct effcct relationships tcnd to 
string tOgether in complex logical chains. Therel'ore, it is not always obvious what is n cause and what 
is e~n effcct. In addition. analysts an designers don't apply the samc discipline to. their specifications that 
thc programmer must apply to his code. Rather .. they tcnd toward free flowing prosc. resplcndent with 
inconsistcncics.' Neverthelcss. the product which thc tes ter is creating will cvolvc into a formalizcd set 
ot' machinc rcadable test cases, rcsiding in a test lihrary. which bascd on the quality of his cfforts'and 
the thorou¡;hn•:ss with which he breaks down thc furKtion<~l specifications, will test the code. 

Within lB:\·! thc testcr pia)'S a key role in thosc structurecl walk-throughs(which relate to detailed design 
and programming. The tcstcr vicws thc walk-through as the vchicle which formally brings him together 
with .thc úevcloper. A !'ter the rcviewec walks the rc\icwcrs through the work product to bring every

. une to a cnmmon leve! nf undcrstanding, he passcs control of the meeting to the tes ter. The testcr 
presents his test cases. onc by onc, to the r~vicwcc. t\11 partici~ants observe as ·thc rcviewce walks 
c;~ch test case through thc work product. ln.:onsistcm:ics and errors are spottecl in thc work product 

• Thc Englisll !angu;¡g(; i~ not JH¡t~o•d for its ¡¡hility ro oprc:-.s l.'ompk.x rd.llionshir..; .,.,.¡¡t¡ prt.~(i..,ion. l't!lhaps 
thc futurc \\itl -~ce us c\·oh'L' into SITu.:turcd :-.pcritkation languagc:-.. A .'okp in that dirc..:tion wuukl be pseudo 
t"Ol.k n:lfT:ltÍVL' a:.:-.ol'iak•d with :-tructurcJ progr<ttmning. 
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ITEMS Tü llE REVIEWED V lA 

PROJECT MILESTONES A STRUCTURED WALK-THROUGH 37 
End of System Planning Projcct Plans 

System Dcfinition 
Task ldcntification 

Majar Project Milestones · 

Major Project Revicw Functional Specificalions 
"Technical" · Work Assignments 

Schedulcs 

Muliiple Minar Milestones 

• Detailed Design Interna! Specifications 
HIPO Package 

• Doding U ncompiled So urce Listings 

o Documentation User Guides 
Programmer Maintenance Manuals 

• Interna! Spccifications 

• HIPO Package 

End of Development Dcliverable Product . 

• Codc 

• Documentation 

Figure 2. The tablc shows items which might be reviewed using structured walk-throughs at vanous 
times during a project. The minor milestones would be repeated as the system grcw. 

and also in the test cases. The recording secretary is responsible for recording problems that relate to 
the product, and thc tcster is responsible for recording and correcting problems that relate to his test 
cases. The tester's goal is to produce a complete and non-overlapping library of test cases which will 
validate the final product. · 

Thc· evolution of the test library proceeds in parallcl with the system. While the system develops from 
functional spccifications to interna! program specifications and HIPO diagrams, to source code · and 
finally ro compiled code, the tester is il'ldependently developing the test library from thc function.al 
spccifications, to cause and cffect relationships, to manual test cases, and finally to machine readable 
test cases. By the time a subset of the system is rcady to be compiled, the test cases will be included in 
lhe test library and can be drivcn against the compilcd code. · 

This parallel evolution:or the application and its test cases, synchronized al each development step by a 
structurcd walk-through, ensurcs a thoroughness and a discipline which cannot be achieved when test
ing is handled as a follow-on to development. 

S. PSYCHOLOGY 

The intcrested readcr may wonder why management doesn't take a more active part in the walk
through; or 'more speciticaliy, why management docsn't use the action list as a measure of employee 
performance. The answer is that management could, but only at the expense of losing sorne of the 
values of thc walk-through. 
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An csscntial ingrcdicnl for a successful walk-lhrough· is an open and non-defcnsivc attilude on lhc ¡iar( 
of lhe participanls. A prc>duclive ~lmosphcrc is onc in which lhe rcvicwce makcs il easy for. lhe ·-' 
reviewcrs lo find problems. !le should wclcomc thcir feedback and should cnwuragc lheir frankness. 
lf. howcvcr, he fccls that he is being cvalualcd by what occurs in thc walk-through, and by the sizc of. 
lhe action list,. he will naturally tcnd lo supprcss critirisms. He will be defcnsivc ami unrcceptivc lo 
new ideas. !lis ego will be staked Id lhc work product and he will ha ve littlc motivation lo. use the ses: 
sion as a lcarning cxpericncc. A successful walk-lhrough, by comp~rison, is one in which many errors 
ami inconsistencies are uncovered. 

The role of the rcviewers is one of prcparalion, non-malicious probing, and problem definilion. If lhey . 
are lcammatcs of the reviewee, it will not be u'ncommon for thcm to discovcr that hidden relationships 
exist bclwccn what they are devcloping and what is bcing reviewcd. Ambiguitics will come to lighl 
which will require further clariftcation a!l(l ddinition. lf for no othcr rcason, managcmcnl should value 
thc walk-through for its contribution as a communication too! among thc developcrs. 

Sctting the propcr psychological atmosphcre for structured walk-through is kcy. An organization· utiliz
in~ tcam opcrations, top-down dcvelopment, and structurcd programming can do it rathcr naturnlly. 
Since ·the chief prograrnmcr and the backup programmer will produce thc initial design and the most ; . 
critica! codc in the systcm, their work products will be the lirst under review. Because thcy are more 
senior and more closely attuned to management's dcsires (the dcsign prograrnmer may in fact be the . 
manager), they are in a position to establish the proper framcwork ancl attitude surrounding thc walk
lhrough. In addition, these initial walk-throughs will serve as a learning.experience for the team not 
only asto thc walk·through mcchanics, but with respect to the system itself. 

6. SUl\IMARY 

Our expcricnce· with structured walk'throughs has be en most cncouraging. Undoubtedly there ·are a 
number of ways thcy could be modified 10 fit other organizations. The.central idea, liowcver, shoul~ 
rcmain thc same; i.e., to · convert the classical project rcview into a productive working scssion which 
ntJt only tracks progrcss but which makcs a positive contribution to that progress. Outwardly manage
mcnt involvement appears low, but in reality structured walk-throughs provide .managcment with a 
\Chidc for c"tching crrors in !he system al thc carliest possible time when the COSt of corrccting 'lhem 
is lowest and their impact is smallcst!lll · · 
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capltal-intensive technology and reusabilitv 

What is capital? 

Capital is a stock rather than a flow. In its broadest sense il includes the human popula
tion; non-material elements surh as skills, abilities. and educalion: land, buildings. 
equipment of all kinds; and all stO<:kS of goods, finished or unfinished, in the hands of 
both rirms and hou.wholds. -Encyclopaedia Britannica, 1968 

To flirt iscapltal. 

Striking similaritics between in
dustrial and software technology ha ve 
led to considerable borrowing · of the 
terminology of industrial technology 
for corresponding concepts of soft
ware technology. For example, the 

. tcrm·· "software cnginecring" cm-
phasizes that the construction C>f soft-· 

0740-1459/84/0700/CKmSU\.00 •.~1 19R4 IFEr 

r 

- Tht Mikado, Gilberland Sullivan 

ware is an engineering task. Terms 
such as "software tools" and "soft
ware factory" suggest that paradigms 
of industrial production are being 
adopted for software production. 

The terms "capital" and "capital
intcnsivc," first introduced in the con
text of industri~l technology, can be 
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Electronic steam engines 2 
Large central processors are the s1eam engines of the computer revolu· 

tion. The shift from large central processors to personal computers is 
·comparable to the shift from steam engines to combustion englnes and 
electric motors. The nineteenth century transition from cumbersome 
energy supplies to cheaper, more accessible sources of energy is being 
paralleled in the 1980's by a shift from inaccessible large computing 
engines to accessible small computlng engines In every home and ap· 
pliance. 

Watt's englne, shown at rlght and r~:-· 
below," marked the real beglnning of the -~~. 
age of steam. In 1765, while repairing a , ! ·/· . ·_ . .. ; 
Newcomen pump, James Watt recog- ~ r. 
nized one of the machine's main dlsad· ¡:u~~·~<~~--/~ ~ . 
vantages. Condensalion of the steam f· ~-_'. ") :/ -....... f ~-. . 

~~~~~r~: ~~l;n~~~~~~~~~e~!~¿~~:~~: ~{

1
:: ~;~{~~~:¡·~:=.:_~~:~:;: __ -_·, ~---! .. 

machina introduced cold water lo con- ~· 1 . 1, \:..~ :·.¡':f 
dense the vapor, but every time the J ,, "'' .

1
! 

steam condensed, the cylinder cooled ft ~'..J_-

1 
.r .• ; , ¡ .·? .1_¡ ; 

off. Thus, much of the new stoam was U - [ ¡ 
wasted In reheating lhe cyllnder. ~~ ':¡ ~ '• · 

Watt's first innovallon was the con· '-_·' ::.. rf. · ill '\:- ~ ~- ¡' / .... _\, 

denser, a separate compartment in ~ 11! 0 
which the steam was made lo con· lf{' 'r,J ~ -··J :·-·; 

~' •• ,. 1 JV • 
~~~~:n~fn~eftt ~~~hc!I~~==~J:~~a~~dH~~ J k-.- '_·lf_·,-'~~~ ~- ---- ... ,, ~ 
most important contribution, however, ¡ 1 1 _ ;¡_ 
was in obtaining rotary moUon.ln 1782, ~ ''r·· ·] : § 
he constructed a double-actlng englne r::-~'-"'1 f 'J~. 1 ~ <C 

that, through a series of cogged wheels, . l'it;..!.i..l4_ .L: --~-- __ i. '' i 
transformad the rocker arm's aller· j - E naling movement lnto a rotary move- ~ ;_.J • _ ....... 
ment. Later, Watt equipped his engine wllh a governor anda pressure gauge. 

The lirst Watt engine was lnstalled in a coal mine in 1784, the same year that 
Arkwright and Crompton achieved the complete mechanization of spinning. Thc in
dustrial revolution was entering its most active phase, and within a lewdecades, the 
technological plclure .changed radically .. By 1800, 52 of Watt's engines. were 
operating in various types of mines, one had been applied toa drop hammer, and 84 
had been installed In cotton milis. 

•J ... -. 

-~~.:.,.: •t J¡¡J~L\~:- :t~~~:i,:! '.'e: ';0: :{ :.t_~i>"oj'.~\:_~~_:._'~''-'.-~"; ~ ~-' ',, r' ,.'! '" '· ., __ ,·.·,, ';i_\ ~--

" ' ; 
applicd to software tcchnology. Soft- f, 
ware tcchnology, like the technology,. 
that fuelcd the industrial revolution 
was labor-intcnsive in its youth andis· 
becoming capital-intensive as it 
matures. 

Economists such as Adam Smith 
used the term "capital," along with 
"land" and "labor," as one of three · 
factors of production. Because Karl 
Marx, in his book Das Kapital, em- . 
phasizcd thc exploitation resulting ' 
from thc ruthless use of capital to 
maximize profits, the term carne to 
have bad connotations. The ensuing 
arguments between classical_ and 
Marxist economists about who should 
own capital resources ha ve sometimes 
obscunid the more cen'tral question of 
how capital resourccs should be 
harnessed for the benefit of mankind. 

We are here concerned with the 
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fl'f p 
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in ~b 
thi:ie 
tri't'u1 
::.~e ( 
enh:í..l 
T~ 

~arl1_ 

in ter. 
Public benefits of capital, irrespective 

1
: . 

d~Ye 
of ownership. Our purpose is to un- ¡ ari:. 
dérstand how capital goods enhance in 'S( 

our productivity in building bigger . 
00 

t 
and better software systcms and, more -.i 1d . 
general! y, in managing our growing .. , . 

' .::.:· ~~ 
stock of knowledge. Intuition suggests _ . ,.: •.• 
that a production proccss is capital- · ,, ... 

b-.'th 
intensive if it requires expensive tools fccn 
or if ít involves large startup expen-

. ditures. Software development is be: 
coming increasingly capital-intensive: 
its tools are becoming more powerful 

· and expensive, and it requires greater 
carly investment to reduce later expen

. ditures. 
Machine tools of the industrial 

revolution and software tools such as 
compilers are both reusable resources. 
Moreovcr, any reusable resource m ay 
be thought of as a capital good whose 
development cpst may be recovered 
over its set of uses. Thus, it seems 
reasonable to identify the notion of 
capital goods with that of reusable 
resources and the notion of capital 
with that of reusability. 

The idea of reusability subsumes the 
economic notion of capita.l but is more 
general. lt includes capital resources 
not only for industrial technology but · 
also for software technology, re-.' 
search,. and education. While a:on-
omists reserve the term "capital" for 
reusable industrial resources, the no- . 
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' <am-Óft- r tion of reusability is domain indcpen

.-. [~are;~ r.:· dent.• The charact~rint_ion of_ capital 
- theld. • ·\¡..;r, tenns of reusabtluy ts not ¡ust ter-

[ 

0 f ~s ~~-·.)nological slcight of hand; it pro
ac- s 1! 't: vides sorne real insight into mech
are l. h : anisms for enhancing productivity and 

~
da¡~th t . reliability in any technology. . · · 
m- ~1.t ·! · Capital goods such as a lathc or an 
act /fee ¡ asscmbly line are reusable· resources · 
a:- 1~1 1 for producing consumer goods. Cap-· 
dt- :m- · ita! goods such as compilers and oper-· 
lo- í_ng ating sYstems are reusable resources 
act . 10 for producing application programs. 
ve, ~.tO Programmers are reusable resources 
h- ~~· . in thc production · of programs. Ac-

·\ 1iíld tivitics such as education which con-
1 tribute to programmcr productivity · 

M 
.. ''#. ln.:.esf.·: are capital-intensive in that thcy 
·" 

10 enhance the reusability of people. 
.\t' ¡;be Technologies that rely heavily on 
~- ld• · k .• ' capital goods are called capital-

li#.~'~. 1'!'•- intensive technologies. The process of 
- ... :y- .JYe 
~- .,: \m. dcveloping capit.al goods is called 
ú:) Jr b · capital formation. Capital formation 
"·. .• 1· in software technology is dependent 

h •j 
H. 

he 

r<:>- . 

:ve 

1!· 

n. 

"' 1-

rer ,- on the implementation of concepts 
f':C and models rather than on the con-
.~ {tnc~truction of physical machines. Our 
· ¡~ :'j\ '];encralized notion of capital includes 

1 , • both conceptual and physical capital · 
0\S f . b b'l' 1·· • ormatton ecause wc sce reusa 1 rty 
~~ 115 a key denominator. . , 

1* · Reusability is a general engineering 
t'7 · principie whose importance derives 
F · from the desire to avoid duplicaiion 
f:'!.· ~ánd to capture con'tmonality in under-
¡'f taking classes of inherently similar tJ· ·iasks. I(provides both an intellectual 

r
, • justification for · research that simpli-
~: . fies and unifies classes of phenomeria 
F' · and an economic justification for 

. f!. · · developing reusable software products 
1~ . that · make comptllers and program-
1•·. • rners more productive. The assertion 
·¡?: ··that we should stand on each other's cr . 

.1. shoulders rather than on each other's 
fl!:. · · fcet may be interpreted as a plea for 

1

::".. both intellectual and economic rcus-
:;. '·. · ability .. 
f7. · The initial economic motivation for 
e· 
1 • ~ • the development of gencral-purpose 

· !""' computers was the rcusability of com-
ut· 

( ·,puter hardware. General-purposc 
Ucomptll~s are a capital-intensive re· 

sponsc _to thc information proccssing 
needs of socicty .thnt allow critica! 

. computing rcsources such as the cen-

tral processing·unit to be rcused one 
rnillion times per second. Less critica! 
resources su,;h as thc Computer mem
ory may be reused for programs and 
data with ·vcry different behavioral 
characteristics. 

Thc changed economic balance be
tween hardware and software has 
resulted in changcd pcrceptions of 
what is capital-intensive. When hard
ware was the dominan! cost in a com
puter system, attention focused on 
computer efficiency. E ven Fortran 
was regarded with skepticisin because 
its compiled code m.ight be less effi
cient than machine language. Time
sharing operating systems were carc
fully crafted so that a single powerful 
processor could bc.shared (reused) by 
many users. With dccreasing hard
ware costs, attcntion has shifted from 
the reusability of central processing 
units to the reusability of software and 
the productive use of people. 

Technological changes which took 
severa! decades in the industrial 

· revolution are being compressed in the 
computer revolution into a much 
shorter time. The greater specd of 
technical change means that capital in
vestment must be recovercd more 
quickly and that enhancement and 
evolution consume proportionately 
more resources than in a slowly chang
ing technology . .This contributcs to the 
fact that maintenance and enhance
mem are the. dominant costs in the 
software life cycle today. 

overvlew and organlzatlon 

The drive to crtate n·u~ble rather 
than transilory artifacts has aesthetic 
and lntellectual a., well B<i economic 
motlvatlons und ls part or man's desire 
for línmortaUty. lt distlngui>hes man 
from other creatures· and ch·ili~:ed from 
primitive sodeties. 

We explore a variety of capital
intensive software activities, including 
(l) software components, (2) pro
gramming in·the large, (3) knowlcdge 
enginecring, and (4) accomplishments 
and dcficiencies of Ada. Each topic is 
presentcd as a self-containcd section 
that nm be rcad imlcpemlcntly. How
cver, the artide as a wholc prcscnts an 
integratcd vicw of capital-intcnsive 

software technology that is 
than the sum of its parts. 

'. 
greater 

Part 1. Softwar: component~are 
·the capital-intcnsivc building blocks 
out of which lárgc programs are con
structcd. Wc review the evolution of 
software components and examine the 
relation among subprograms, data 
and process abstraction, and object
oriented programming. we· contras! 
the computation model of block
structured languages with that of 
distributed programming languages. · 
The role 'of libraries as rcpositories of 
knowledge that organize the interac
tion of software components during 
both progiam development and pro
gram execution is cxamined. A tax~ 
onomy is devcloped which suggests 
that thc study ofsoft ware components 
is maturing into a subdiscipline of 
computer science wiih considerable 
structur~ and substance. 

Part 2. The evolution of life-cycle 
modcls from the waterfall rÍtodel 
through the operationá.l (rapid pro
totyping) model to the knowl~dge
baséd model is examined. The tension 
between efficiency and · modifiability 
in the design of large systcms is 
discusscd. We give examples of the 
reusability of concepts in both 
theoretical and experimental com- · 
puter science, indicating th•Ú the value 
of research contributions and -con
ccpts can be mtasured by the same 
rnetric as software prod\lcts. Applica
tion generators generate software 
components of high granularity in a 

· specialized doma in and takc advan
tage of the reusability of the gen' 
erating mechanism and of the reus
ability of the environmeht in which 
generated software components are . 
embedded.· 

Part 3. Software technology is con
'cerncd not only -with 3J11plifying the 
productivity of thc programmer but 
also with arnplifying man's mental 
capacitics in other areas. We suggcst 
that knowledge engineering will play 
the same role in the managcment of 
knowledgc that software engineering 
plays in thc managcmcnt of software. 
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SUBPROGRAM . 
CALL 

The syntactic interface of a sub
program definition may be viewed as a 
socket, and subprogram calls may be 
viewed as plugs that are plugged in at 
the time of subprogram call. Sub
program parameters may be viewcd as 
prongs whose size and shape depcnd. 
on the parametcr typc. The number 
and type of prongs of a subprogram 
call must match the number and type 
of corresponding slots in the socket 
corresponding to the subprogram 
definition (see Figure 1). 

Syntactk interface specifications 
are a weak forro of specification suffi
cient to determine that components fit 
togethcr correctly, but insufficient to 
determine thc correctncss of computa
tions of the rcsulting software struc
ture. However, weak iriterface specifi
cations are tractable and useful in thé 
sense that they allow consistency be· 
tween specitications and invocations 
of software components to be checked 
and enforced at ·compile time. Strong 
semantic interface specifications are 

SUBPROGRAM 
. DEFINITION 

Vi 
. . - ..... d 

Figure l. Plug-and-socket modcl for subprograms. 

w~!4!7. ...... ,-~.::~~ ~~·:?¡'T:~ .. ·~~··:Ill:s!lilli!J~~~:m-!!"':q'· -;~"71; ~~"";~~~~~--~~":',...,...~ f'· WU<>---.--;. fUNCTIONI ~------a~TH!':I:.::.; 
~--=&~:.. ~~ . .:!·.-,.~~ill.i·~-~~~·.-·Z·>~ .. a··ilJ, ~"~-~· ¡¡· ·~Ei~,·i!··~¡¡/..~{~· ·."·~,~w:~~~~.J 
figure 2. Fun~!ion abstraction . 

Figure 3. Data abstractlon • 
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1 
intractable in the scnse that they do. 1 NIL' 
not always exist and their corrt~tness ~d6~Stror. 
cannot always be verified. This dis~!l . -~~nly· 
tinction is intrinsic in the language itiali: 
design of Ada. , coro< 

Ada sepáratcs the syntactic ínter· . TI' 
face specification of a component tY a; 1 

from· the body that implemcnts the face 1 
1 

componen!. Ada's weak syntactic in~ integ 
terface spccifications have been tion! 
criticized on the grounds that they are Stro 
insufficient to determine program ducl 
correctness. On the othcr hand, it can men 
be argued that the design decision to The· 
use weak interface specifications as a app' 
basis · for enforcing compile-time in e 
terface consistency is in fact one of 
Ada's strcngths and represents an im-. 
portant contribution to language 
design .. 

One of the purposes of an interface 
sPecification is to capture invariant 
properties of the static prograní so 
that they can be checked and en
forced by the compiler. Strongly· 
typca languagcs such as Ada en force 
compile-time type consistency by in
terface specifications. The program
ming language NIL,' dcveloped by 
1 BM at t he T. J. Watson Rcsearch 
Center in Yorktown Heights, is de
signed so that not only thc type but 
al so the statc of .initialization (type 
state) of variables is a compile-time 
invariant of the static program.2 lt 
permits strongcr compile-time invari
ants 10 be specified in the interface, 
stronger compile-Jime consistency 
checks that guarantce proper initial· 
ization of variables befare they are 
used, and finalization of variables 
after they are used. 

Programming systems may be 
characterized in terms of the 
thé interna! interface specifications 
among theircomponents. lnterlisp and 
Unix have weak interface spccifica-

mer.¡ 
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tions, whilc languagés for application 
programming have strong interfa'ce 
specifications. The Ada cnvironment 
requiremeius were a pionccring at· 
tcmpt to spccify programmingsystems 
out of strongl)' typed components. 

' 1 
rl 

'i ¡1 
1 

'1 •The acronym NIL stand'i ror Network lm-
plementation Languagc. 1t has nothing todo ·J 
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:0 ., NIL's notion of interfaces is even 
es · stronger than that of Ada smce not 
::_~ ·ly, the type but also the state of in-
,., .lization of va,riables is known at 

:r 

.-
-. 

.• 

,, 1 ··'·,,.' 

compile time. 
The trade-offs between the nexibili

ty and efficiency <'f vcry wcak inter
face specificat_ions and thc guaranteed 
integrity of strong interface specifica
tions need to be' better undcrstood. 
Strong interfaces serve to increase pro
ductivity during program dcvelop
ment but may limit expressive power, 
Their cost-effectiveness is greater for 
application programs, where develop-
ment and maimenance are the primary 
bottleneck, than for system programs, 
where efficiency is the primary con
sideration. In principie, a good com
piler should be abk to transform 
strongly typed modules specified by 
the user into efficient untyped interna! 
modules, but we do not yet have suffi
cient experience to do this well. 

· Function and data 
abstraction · 

~ In the dewlopment r;;¡ the u~derstand-. 
ing of complex. phenomcna. the mosl 
pol\!·erful tool a,·ailable to the human 
intellect is abstractiOn .. Abstrarlion 
arises from a recognition of Similarities 
between certain objeets. situations, or 
processes in lhe real world and the 
decision to concentratt on thcsc similar· • 
ities and to ignore, for the time being, 
lheir dirferences. 

-C. A. R. Ho.,., 
Notes on Data Stmcruring, 1972 

Many different abstraction mecha
nisms have been proposcd as the basis 
for a software components industry, 
each representing different building 
blocks from which programs can be 
constructed and each resulting in dif

. ferent paradigms (methodologies) for 
programming. In this section we 
describe the features of function and 
data abstraction, and illustrate design 
and interface issues with examples 
from programming languages such as 
Ada. 

Function abstractions may be 
.pecified by input-<'utput relatio.ns in 
which · every input x determines a 
unique output/(x) that depends only 
on the input x and on. no othcr d~ta 
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(see·Figure 2). Thc uscr is aware only 
of the input-output specification and 
not of the way the function is im
plemented. The specification con
stitutes the interface to the user, and 
the implementation is hidden from 
the user. 

Funetion abstraction may be con
trasted with data abstraction in.which 
the information hiddcn from the user 
includes data as well as function im
plemcntations. Data abstractions 
havc an interna! state that "remem
bers" the effect of past o¡)erations 
and allows components to use past 
experience to modify future behav
i<ir. The effect of an operationf on an 
input x is no longer uniquely deter
mined but may depcnd on the inter
na! state s (see Figure 3). An opera
tion f on a state x may result in an 
output, y= f(x, s), andina new state, 
s' = g(x, s), just as in finite auto
mata. A given data abstraction may 
in general support more than one 
operation that shares thc common 
data structure. For example, a data 
abstraction for a stack gcnerally sup
ports push and pop operations and a 
test for the empty stack, all of which 
operate on thc shared common state. 

Whereas subprogram interfaces 
specify a single function f, data 
abstractions may specify a set of op
erations/1,f2, ... ;¡N, cach asso
ciated with a hidden state transition 
funetion g 1, g2, ••. ,g N· Each oper
ation may be viewed as a socket into 
which users who cal! !he data abstrac
tion are plugged for the duraticin of a 
cal! and are then unplugged. 

In designing interfaces for data 
abstraction, the following issues must 
be addressed: 

(!) What kinds of resources should 
data abstractions provide to their 
users? Should they provide opcra
tions, types, variables, or sorne subset 
of these resourccs? 

(2) What rules should govern the 
granting of access rights to users of 
an abstraction? 

Ada allows package interfaces to 
contain opcrations, typcs, variables, 
and other linguistic constructs. This 
wide interface (you can drivc ·a tnn:k 
through it) may be constrastcd with 

thenarrow interfaces of CLU,which 
permits just operations ~,be speci-

9 fied in the interface, and of NIL, 
which permits just types (of mes
sages) to be specified in the interface. 

.Updatable interfaces may increase 
accessing efficiency but cause the com
¡:ionent to lose control ovcr informa
tion in the interface. Moreover. thcy 
violate the principie that interfaces be 
compile-time invariants. Interfaces 
become dependen! on values of vari
ables rathcr than on invariánt inter
connection properties of components. 
The trade-offs betwccn efficiency and 
integrity in choosing betwccn \vide and 
narrow interfaces are similar 10 those 
for global variables. 

In Ada; acccss rights to abstra.:tk>ns 
' -declared in an enclosing block are in-

heritcd through the block structurc 
mcchanism. Access rights to library 
components are not restricted bur 
must be redundamly mentioned in 
"with". clauses, thereby allowing the 
compiler to track dependcncies among 
components and facilitating compile
time type checking for imponed rc
sourccs. Thus. "with Q" placed be
forc a componen! P specifics that the 
resources of Q are imponed into P. 

Ada's compile-time binding of 
componen! interdependence may be 
contrasted to runtime interconncction 
facilities provided by operating sys
tems. NIL embeds operating system 
facilities in a strongly typcd program
ming language. It allows the program
mer to establish dynamic interconnec
tions by treating ports as updatable 
variables whose values are connec
tionsto ports in other processes. Here 
again, there are trade-offs between the 
efficiency of compile-time binding 
and the flexibility of dynamic network 
interconnections. 

Function and data abstraction de
termine different paradigms for pro
gramming .associated with different 
partitionings of a computatiori into 
reusable and varying parts .. Function 
abstraetion emphasizes reusability of 
functions for varying data, while data 
abstraction emphasizcs the reusability 
of data objects for various operations 
that may be applied to thcm. Function 
abstraction is· bascd on a paradigm in 
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which programs are the primary cap
ital goods alid data are considere<! to 
be consumer goods, supplied as input 
by the consumcr and rcturncd as out
pul to the consumcr. The data ab
straction paradigm vicws ct:ua objects 
as the primary reusable resource and 
sces funcrions as consumers with a 
shorter lifetime than the objects on 
which they operare. 

Process abstraction 

}-unclions are abstrart operutions. Data 
abslractions are abslracl variables. 
ProcCsses are abstro~ct compute~. 

Process abstractions are similar to 
data abstractions in having an intcrnal 
state and a collection of operations 
that may transform the interna! state. 
TI1cy diffcr·from data abstractions in 
having an indepcndently executing 
thread'of control that determines the 
arder in which operations become 
available for execution. They have 
ports through which uscrs may obtain 
·synchronized access to rcsoUrces of 
the process. Access iequests are placcd 
in a queue from which they are remov
ed only when the proccss is ready to 
handlc them (see Figure 4). 

Two kinds of processes may be dis- . 
tinguished: 

(1) concurren/ processes, which 

:·Abstraclion and reusability 
ThB ro!ation between function 

and data abstraction is captured in 
lambda nota\ion by the expres· 
sions [.\x.l(x)] and [1\1./(x)]. The 
tunction abstraction p.x./(x)] can 
be app!ied toan argurnent a in the 
dcmain ot 1 to yield l(a).lt captures 
the r2usabi1ity of tt1~ function f fcr 
a range ol va!u-ss 0i the variable :z:. 
Ir. contras! the expression [1-1./(x)] 
él!~ows the set of functions appljca· 
b!e 10 x to vary. lt may be thought 
of as a data abstraction because !t 

, captures the reusability of a data 
objec1 x for a ranw~ ot app!icabte 

· functions l. This example illus· 
traks lhat ditferer>t abs;ractions 
of thl? r:<nmssion f(x) correspond 
t1) difftdent choíces of what is to 
rr~Jni"1in fixed (reusable) and whnt is 
t~;·iJe ;J!Jowed to'v2.ry. 
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may communicate through shared 
data in a global memary, and :! O 

(2) distributed processes with no 
sharcd data that communicate only by 
message passing. 

program evolution during both the de- :_ 
velopment and ihc cxceution of long:, . 
lived distributcd crnbcdded systcms? 

Concurren! processcs require a·· 
mechanism forprotecting shared data 
from concurren! access. TI1is may be 
accomplished by monitors,J which 
protect the set of operalions of a data 
abstraction from concurren! access by 
queueing al! calls in a sequcntially ex
ecuted monitor qucuc. An altcrnative 
mechanism is the atomic objects of 
Argus.' which permit concurren! read 
operations on a data abstraction but 
protect against concurrency during 
write opcrarions. 

Distributed processes do not nced a 
mechanism for protccting data from 
concurrent access since there is no data 
outside a distributed process that 
needs to be protected. Ports can serve 
as the mcchanism for data protcction 
as well as the mechanism for process 
synchronizalion, thereby achicving · 
linguisric economy. 

In designing interfaces for process 
abstraction the fol!owing issues must. 

'be addressed: 
(!) Are there essential differences 

between the interface needs ofdata 
and process abstraction? 

(2) What relation between interfaces 
and components is needed to support 

The diffcrenccs berween the inter
face propcrties of Ada's data and pro
cess abstractions appcar to be some
what arbitrary. Ada's process (task) 
interfaces are narrower than its data 
ab;lraction interfaces, containing only 
entry points (opcrations). Proccss 
ahstractions are first-class objects, 
whieh níay be passed as paramcters · 
and appear as components of records 
and arrays, while sub-program and 
data abslractions are sccond-class ob
jects. 5 

Ada allows interface specifications 
for both data and process abstraction 
to be specificd and compiled indepen
dcntly of their body,(implementation). 
This reprcsents an importan! stcp for
ward in language design because it 
facilitates the use of software com
ponents in building large programs. 
Interfaces are specified and compiled 
early in program development since 
the rcsources thcy define may be 
needed by oiher components. Bodics 
that implcment interface speci
fications aie programnicd much la ter, 
by "body shops," sin ce other com

. ponents do not care. how bodies are 
implemcntcd, provided they deliver 
the resources promised in their specifi' 
cation. 

~~~~-'~""":'::"}~ ... _(7-!'.'~ ·r.:-~'-:~-;'13!;~?,:~~~?: _-,t.-:1,.;_:1_ 
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k~'""'"""·~.::.::;:,:;;,,;:;,.;; ... ¡¡-,.1l<:-'t,;::;::;,;;R··~~-tmiEi1Zlwfi?ll!íili!i!i!iiJS!ii"'~--k;'o·.;o;;~~;.;,.;·,,,{;,;:c •.. ;,j 
Figure 4. Process ab!tlraction. 
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;_·_. . Interface specifications and bodies 

of a given Ada software component 
, are weakly coupled during program 
t '· '•.velopment ·but strongly c·ouplcd 

ring program t'.xccution in the sensc 
that the linkage bctween specifications 
and bodies c<1nnot change during pro-

• ¡ gram execution. Ada is dcsigncd for 
f program evolution during develop-

1 
ment. but it prccludes cvolution dur-
ing program execution. This Can be a 

t sc\·erc limilation in long·líved, distrib-
1 utcd embcddcd systcms that must pro

vide for cvolution antl modification 
while they are bcing used. 

NIL has an approach lo interface 
specification that is very differcnt 
from that of Ada. lts interfaces spe
cify propcrties of communication 
channels bctwecn compcncnts rather 
than of sockcts at the receiving end of 
a communication channeL They are 
not ticd to specific bodies but may be 
imponed by any process that nccds to 
use the interface for purposes of com

. municati<in. Both calling and called 
processes múst import the. interface 

es 1 associated with the channel they will 

1_ -seto communicate. Nll. permits out-
ut ports of a calling process to be 

r, 1 

ce 
)e 

1
_ dynamically connected to a ncw input 

·e 

i-

<· 

port with a compatible interface 
specification during program execu
tion. (Dynamic linking is discussed 
further on p. 21.) 

A given Nll. process may import 
severa! diffcrent interface specifica
tions and present different interfaces 
to each of the processcs with which it 
communicates. This corresponds to 
the intuitive notion that any compo
nen! (or person) is used in different 
ways by different components of its 
'environnlent. 

While Ada's separation of interface 
specifications and bodies represents an 
advance over previous software com
ponen! technology, it places con
straints on execution-tifnc program 
evolution that can be avoidcd only by 
an even looser binding bet,veen inter
faces and bodies, such as that found in 
NIL. This is just one of many ex· 
amples illustrating that Ada's con· 
siderable contributions to language 
design represen! the beginning rather 
than the end of our quest for a stan-

~uly 1984 

dard software componems technology 
for evolutionary, cmbcdded com
puting sytems. 

SOftware components 
of Ada · 

!1 

Ada. superimposes data and proccss 
.. abslraction on a Pascal-based languagl' 
cure. 

Ada suppons a varicty of diffcrcnt 
kinds of software components. lt has 
subprograms for function abstraction, 
packages for data abstraction, and 
tasks for process abstra~tion. lt is a 
good language to illustrate the imcrac
tion among software cori1poncnts, 
both because it supports mariy. kinds 
of components and beca use it is wrong 
in intcresting ways. 

(1.) Ada's conccrn with cfficiency 
resulted in software componcnts that 
can communicate not only through in
terfaces, but also through shared 
global variables· dcclared in textually 
enclosing environmems and through 
pointers to shared data in a "hcap." 

(2) Ada does not properly integrate 
its data and process abstraction 
mechanisms. In particular, data ab
stractions (packages) are not protected 
against concurren! access by process 
abstractions (tasks). 

Software components should nor
mally communicate with their clients 
only through their interfaces. Com
munication through shared global 
data or pointers is not properly 
documented in the interface and 
results in imperfect, unverifiable 
abstractions. Componcnts with 
shared global data are more like pa
tients in a hospital connccted to alife
support system by a variety of tubcs 
than like truly autonomous entities 
(see Figure 5). 

Taking this analogy further, pa
tients can control ingestion of sub
stances through cxplicit interfaces like 
the mouth but have no control over 
substances entering the body through 
the life-support systcm. Software 
components in Ada can similarly con
trol ingestion and manipulation of 
data through interfaces but have no 
control over global and pointer values. 

The lack of protcction 'of data 
abstraction against concurrent access 
by process abstractions can result in 
erroneous programs; with errors that 
cannot be caught at compile time or 
runtime and with uilprcdicatable cf
fects that may inclutle the corruption 
of provably correct components. Er
roneous programs violate basic modu

. larity prercquisites, since modules that 
have. been proved corree! may be cor
rupted by unpredictable errors in er
roneous moQules. 

Thc prC>tcction of shared data ab
straction 3gainst con~urrcnt access 
m ay be realizcd by ( 1) replacing 
packages by protccted data abstrac
tions such as monitors or (2) eliminat
ing the pos>ibility of sharing, both at 
the leve! of variables and at the leve! of 
data abstraction. Linguistic constructs 
that eliminate sharing are discuss~d in 
greaier detail in the next section. 

Distributed processes 

Th(• strong modularity of distributed 
processrs has ih physical origins in 
hardware requirements of dbtrihuted 
~1·stems but · dt!rin•s its logiLal impor· 
tanl"f us a parudi~m for progr~mming 
in thr large. 

Distributed processes model auton
omous concurrcntly cxccuting com· 
puters. They are both logically and 
linguistically simpler than concurren! 
processes with sharcd data. They pro
vide a paradigm for a software com
ponents technology for large, long· 
livcd, evolving programs that is more 
powcrful than that of ·data abstrae· 

· tion. We shall briefly examine some 
open dcsign issues for distributcd pro~ 
cesses. 

One importan! design issue is 
whether to allow the programmer to 

. specify interna! concurrency within 
distributed processcs. Interna! con-

. currency models large computers 
with multiple processes sharing a 
common memory. 1t greatly en
llanees thc efficiency of ccrtain kinds 
of computation. But it also increases 
the complexity of the programming 
languagc, requiring concurrcncY· con
trol within distributed processe.s to 
ensure disciplincd access to shared 
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Argus and NIL 
Argus 4 supports cH~trib.uted con· 

current procesSes called guJrdian.s. 
Guardians commurdcate v:ith each 
other by message passing. Conwr
rent processes within a quardidn 
ccmrnunicate through shnred vari
ables. Synchroniza~ion of ;;cccss to 
shared local data is reaii·,:~.~d b~· 
atomic objects that llave tf1err o\vn 
locks for read and.v .. ·ritn access con
trol. Argus has two synchroni:-:aton 
mechanisms: remole procedure 
calls for inter-proccs5 S'f<lchroni
zation between guurdians. J.!~Ci 
aton 1ic objects for shared cala syn
chro;li?.rttion within gu;;udians. 

NIL 2 supports distrib~ted se
quential processes. !fs prim::i•Jes 
;=!re ~!mpler'than ihlJSe of P.~·gus 
because there ís jusi one kinC of 
concvrrency and no shared vari
ables. lt does not allovJ concurfl.~n! 
access to shamd data to be speci
fied at !he user lev_c!. ·Providing 
concurrency for logic~Hy sequen
Ha! queries ot a databDse is re·Jard· 
ed in NIL asan optirnízation that i$ 
the responsibility of th•2 system 
rather than the u$er. Jf efficient 
and relíable mech.:;nis111s tor rc~liz
ing such concurrericy can be de
V031oped, poss~bly wirh the aid of 
pragrnc.s ~hat allow the user to in
dico te i;;put pcrts for which .con
curren-: y optirnizctions are a:::·
propric1te. then the N!L approac:h 
will become state of th•; att. 

data. Two kinds of ¡irocesses are re
quircd, one to model distdbuted con
currency and the othcr lo model in
terna! concurrency within distributcd 
processes. 

Distributed processes with interna! 
concurrcncy will be called distributed 

. concurren/- processes and may be 
contrasted with distributed sequen tia/ 
processes that have no interna! con
currcncy. Distributed sequential pro
cesses ha ve a simpler modcl of com
putation because there is only one 
kind of concurrcncy rather than two. 
The problcm of shared local data 
within distributcd processes may be 
eliminated. A single interprocess syn
chronization mechanism may be used 
for both process communication and 
synchronizcd datU access. 

DistribÚtcd sequcntial processes 
cannot e:xrrcss concurrcnt rcading or 
writing of shared Jata structures. Ac
ccss toa multi-user database such as 
that of an airline reservation systcm 
must be handlcd through a database 
c;erver process· that accepts queries se
quentially through input portS. How
ever. concurrency for such sequential 
qucries may be reintroduced by an 

· optimizing compiler. 2 Figure 6 il
lustrates how queries arriving at an 
input port of a distributed sequential 
process may be compilcd into concur
ren! queries of a distributed concur
ren! process. Such a compiler maps 
disrributed sequential processes o"r a 
high-lcvel user interface into distrib
utcd concurrcnt proccsses of an inter
nallanguage that supports disciplined 
concurren! access to a shared data
base. 

Distributed sequential proccsscs 
allow thc user to thiuk concurrently at 
thc logicalie,·ei using distributedpro
cesscs as rhe unit of concuricncy. But 
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Fi~ure 6. OpHmiz~tion of distrihuted sequenfiul proccsses. 
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"'' ';,ro"""' "' "'" f ro m .F "'' \l 
troducing explicit concurrcncy purei, ·""'' ,, 

· for purposes of performance. In Pa ~ \1. 

Distributed sequcntial processe,. ''·' S' 
determine a level of logical concurren-' nsJ '· 

ticular. they prevenr thc user fró~· ·,¡, "" 
spccifying optimizations requirinf ;;-:\.'H. 

shared concurrcnt access to data struc.· ::· ... ~JI 
turcs. lcaving such optimizations 10 •• ~ ~c-. · i 
smart compilers. ~-rl':"l' · 1 

cy that may be dther less than ot · ·''"~' \ 
grealer than the Jcvel of physical con: '. R._\· \ 
currency during program exccution. : :~~! u 
The optiniization abovc introduces ex. ; "''" l 
tra concurrcncy at exccution time to ~ .~¡"lün 
improve efficiency. The reverse situa- : ~c.'(cw · \ 
tion when logical concurrency is · ..1:-e t~ \ 

greater than physical concurrency tr.:-m 
ariscs whcn logically distributcd pro- · ""'" 
ces ses are executed al a single physical ¡_ · m .. ~:!-1 
Jocation, either concurrentJy or se- reme 
quenrially. In this case, channels be- \ion; 
twecn distributed processcs may be iln\n 
represented by shared variables so that n«<l. 

· remete procedure calls may be irn- D• 

·~ ··el 
plemenred as efficient transfers of 
control between components that 
share common storage. Sharing in
troduced by this kind of optimization 
is safe because it is introduced by the 
system rathcr than the uscr. 

· of ~~-

Distributcd sequential pr_ocesses 
permit neither local nor global sharing 
of data structurcs, but· sharing plays a 
key role in both optimizationsabove. 
lncreased concurrency is rcalized by · 
sharing of data structures local 10 a 

' process, while decreased concurrency 
allows channels 10 be replaced by 
shared data st ructures global to pro
ccsses. The relation betwcen sharing 
and optimizations that change the 
levcl of coricurrency deserves to be 
furthcr explored. 

Anothcr imponant design decision 
for distribmed proccsses is the philos
ophy for recovery from failures. Pro
grammable mechanisms provide con
trol over recovery by the user, while 
transparent ritechanisms free the user 
from this responsibility and place 
greater responsibility on thc system. 
Argus providcs programmable mech
anisms while NIL hides the recovery 
rncchanisrn from the uscr.6 

Argus programs explicitly distin
guish betwccn volatile storage, which 
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is destroyed by a crash, aitél perma
nent storage, which may be recovercd 
with high probability. Argus allows 

,user to specify the granularity of 
, • .:overy by atomic actions, which 
may abort or commit. The mechanism 
of atomic actions is used to recover 
from software failures and to define 
the granularity of transactions that 
need to be atomic in maintaining con
sístent stat~s. 

Reco,·eT)' in NIL is transpa'rent to 
the user. The system automatically 
takes periodic checkpoints and uses an 
optimistic· rccovery technique to 
recover from failures. Atomic actions 
are therefore not necdcd to recover 
from hardware failurcs. Software fail
ures are handled by thc NIL exception 
mechanism. All statcmcnts(including 
remate proccdure calls) are atomic ac· 
tions. A separate mechanism· for de· 
fining atomic actions is therefore not 
needed. 

Delcgating responsibility for con-
currency and recovery to the system 

. makes the resulting language higher 
1- .vel. But it requires a different model 
'11 1W the problem being solved and dif-

n-
~f 

at 

:e 

a 

... 

ferent language mechanisms to 
achieve the desired computational ef
fect. For example, Argus handlcs 
hardware failurcs, software failurcs, 
and atomic t'ransactions by the samc 
language mcchanism (atomic actions). 
NIL handles hardware failures trans· 
parcntly, software failurcs by the ex· 
ception inechanism, and atomic tran
sactions by serial processes, demon
strating a very different software 
design approach. 

Recov~ry and interna! coricurrency 
are only two of many design issues for 
distributed processes. For example, 
distributed systems · should ha ve 
mechanisms for the dynamic creation 
and dynamic linking of proccsses so 
thai they may evo\ ve during execution. 
Mcchanisms are necdcd for communi· 
cating with externa! dcvices, including 
externa! distributed proccsscs with dif· 
fcr~nt hardware and software charac· 

ristics. A robust tcchnology for 
distributed software components must 
transcend traditional pr9gramming 
language concepts and incorporate 
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opcrating system and ·communication 
tcchnology. 

Objects, classes, 
and hierarchles 

(1) A thin~ that can be seen or touched, 
material lhat occupics space; 

(2) a persoO or thing lo which actiOn, 
thought, or feeling is directed; 

(3) ""·hat is airned at: purpo~. goal, 
ot!d. 

-Definition of "object,'' 
Wtb.sttr 's Dü:tlOnary, 1980 

The term "object" has becomc a 
ubiquitous buzzword that was indc
pendcntly adopted by the operating 
system, progriunmíng Ianguage, ard 
database communitics to denote soft
ware components having a· hiddcn · 
state and a set of opcrations or capa· .. 
bilities for .transforming thc state. 
Both data and process abstraction are 
"object-oriented," but 'thc tcrm has 
been most closely associatcd with 
Smalltalk, 7 a programming language 
devcloped at Xerox PARC that super- . 
imposes hierarchical inheritancc on 
data abstraction. 

The set of classes of Smalltalk is or' 
ganized as a tree strucwre with a root 
class called "object" containing prop· 
erties possesscd by all objects, such as 
the method "copy" for creating ·in
stances of any object. Subclasses are a 
specializaticin of the parent class that 
possesses all of its properties as well as 
properties special to the subclass. 
Thus the class "vehicle," with mcth
ods "weight" and qowner" ap~ 
plicable to all vehicles; could have a 
subclass "car" with metho_d "passen
gers" and a subclass · "truckn with 
method "capacity," Thc subclass 
"car" could in turn have subclasses 
"Buick" and "Toyota. n 

By associating the supcrdass ucar" 
with thc subclass "Toyota," we per
mit callcrs of objects of the class 
"Toyota" t.o use methods and vari
ables of the superclasses "car," "vehi
clc," and "objcct." A new ~.:lass can 
simply spedfy incremental .al tributes 
and reuse attributcs that thc ncw class 
sharcs with alrcady dcfincd classcs. 
Class hicrarchics determine a capital
intensive paradigm for thc flcxibk 
reuse of alrcady dcfin~d data and 

!3 

smalltalk 
Objects in Smalltalk represen\ 

ttwir interna! state by "instance 
va11ablcs," and have opcralions 
callod "methods" which are In· 
·vüked by. "messagl3s" f.rom othcr 
olJjr.cts. Messag8s specify the 
narne ol the objec: being called. 
tho name of the mcthod lo be in· 
vokcd, and actunl parameters ol 

·\he imoked met110d. They are like 
proce::iure calls of conVentional 
languages, -bu\ binding ol the 
mctllVd narne in the message to 
ti1e method actually invoked ·oc
curs at execution lime rather \han 
al load time. 

Objects are creoted from "class 
definitions" which specify 
n;cthods and instance variablt:s 
r.on1mon te objects of a class.· 
Classcs correspond lo types in 

. trarlitional tanguages. Classes in 
Sm,llitalk may inherit lnstance 

·':an:tbles ~nd rnrthods of a ~,uper
c!;¡~~::>. l'he completa set of v~1rl· 
Atllvs ::md rnctho~J::; nvnilable in n 
cl:.1 :3s include5 not on\y thoso 
di'r":tly delincd in \he ctass bu\ 
a!~,o thoS-e defincd in superclasscs 
ol ihe class. 
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program behavior in defining new · core that lends itself to extensions, has 
systcin components. - ! 4· becn extended to support classes; caii-

Thcre ·is a difference between in- ed navors in the Lisp community.' 
heriting auributes from a superclass · Lisp Oavors may "mix in" methods 
and importing al tributes. from a · and variables from more than one 
global ·environment. Importecl al· superclass, resulting in multiple in· 
"tributes may be invoked from within heritance of the attributes of severa! 
an object bu! cannot generally be supcrclasses by a newly defined class. 
called by users of the object. In- ·(The term "Oavors" derives from 
hcrited attributes can be directly in- Steve's ice cream parlor where nuts 
voked by callers. They can be ex- .and chocolate pieces can be "mixed 
poned to and inheritcd by callers. .in" to Oavor a dish of vanilla.) 
They become "owned" by the ob, Inheritance may both enrich a class 
jects that inherit them, and may be with extra features and specialize a 
disposed of by their owners in any class to perform a particular function. 
way that is deemed desirable. In- Consider for example a ciass "win· 
heritance is transitive in the sense that dow, '' whose inst:ances are windows 
if P inherits Q and Q inherits R then P on the screcn of a personal computer. 
inherits R. while importing is. not Windows have basic auributes such as 

· transitive. 
In the terminology of ports, im

poned attributes determine addi· 
tional output ports, while inherited 
attributcs determine additional input 
ports callablc by anyone that knows 

. the namc of the objecL Introducing 
inhcritance for. distributcd processes 
requires augmenting the set of input 
pom to include ports.for inherited al
tributes. 

lnheritance 

The importance uf multiple inheritanre 
as a mffhanism for sy~tem e,·ulution is 
underlined by the f~u·1 that natural in~ 
h('ril::tnce is bascd on the genes of two 
parents ralher than one. 

The Smalltalk paradigm of objcct
oriented programming ·;s sp~eading to 
other language cultures. Class hierar· 
chies of the Smalltalk variety havc 
bcen used as a ba;is for extcnding a 
number of ex.isting programming lan
guage>. and havc resulted in Clascal 
(Pascal with classes) and C + + (C 
with classes). Lisp, which has a simple 

a location on the screen. They may be 
enriched by inheriting attributcs such 
as ''border," "label," and "scroll." 
Thcy may also inherit attributes such 
as "Li~p" or "Pascal" that specialize 
the window toa particular language. 
As shown in Figure 7, enriching 
features may be "mixed in" to the 
dass window without restriction. 
while features that spccialize a window 
10 a particular language are incom
patible with each other. Thus iilherited 
attributes may be subject to integrity 
constraints similar ro those for data· 
bases. In its most general forman in
heritance strucwre is·a relation among 
templares that is automatically ac
quired by all instances as they are 
created. 
· An inheritance structure on soft· 

ware. components mirrors the growth 
of knowledge in a database by build
ing on what airead y exists rather than 
by starting from the beginning for 
every software component. In
heritance of attributes by software 
components is analogous to in
heritance of acquired capital resources 

Figure 7. lnherited enrkhment and inheritcd speciallzation. 
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~ 
and inherited genes from one genera. ~ ·~r 3 
tion to the· next in human societics. · . 1 ~ •ar 
But inheritance of s_oftware com:· ,;np 
ponents is more Oextble "because a '·· . "" 

d
. \1C . 

componen! can be"bound to tfferenr ,11,,ui 
ancestors on different instances of ex. . !'""" 
ecution. In sorne object-oriented · 
systems, the binding may be changed 

~ O~o)\\ 

ft~P'-~. 
even · during execution. This .cor- '" fil. 
responds to genetic engineers chang. '""'' 
ing the ancestors of a person aftcr he 
has becn born. 

Object-oriented languages .of the 
Smalltalk variety have the following 
characteristics: 

(1) Objects with opcrations on an 
interna! state·are !he primary software 
componen!. The interna! state pcrsists 
bet ween successive operations and 
may, for long-lived objects, change its 
set of applicable operations while 
maiJitaining the identity of the object. 

(2) Operations and states may be in
heritcd from previously .defiried 
classes by single or multiple in
heritance so that new functionality 
may be incrementally defined in terms 
of prcvious functionality. 

Thc · first of these characteristics 
defines the essence of being object· 
oricnted. The second defines an at· 
tractive paradigm for organizing a 
library of classes so that new classes of 
objem can build on the propertics of 
previously defined dasses. 

Class inheritance can be viewed as a 
·structural rclation of a library of com· 
ponents. Classes in.Smalltalk can be 
thought of ·as library components, 
since they can be repcatedly reused 
either to crcate objccts or as super· 
classes of lower-level classes. The class 

. hierarchy of Smalltalk determines a 
tree-structured rathcr than a: flat 
library. Class hierarchies provide a 
structured way of organizing com·. 
ponents in. a library so they can be 
systematically retised. 

Librarv structure 
and design· 

LibrJrics promote the reu~ of exlsllnK 
knowlcdge in the crcalion or new 
kno,,·tcdge. 
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Library design is concerned with 
organizing collections of software 
components so they ·can be ·easily 

·ated and used. Program libraries 
:.ilOUld contain not only software com
ponents but also tóols for organizing 
knowledge such as catalogs. In this 

. respect they are like libraries of books 
or tilms. Howe,·er, they differ from 
conventional libraries in that their 

r he , customers are computcrs as well as 
1. pcople. Library tools for welding 

the · • components together into programs 
·ing '¡ must, thercforc, be automati~. By the 

1990's we are likcly to havc "intelli
an ·/¡ gent libraries" that use knowledge 

are about application domains in con-
ists 1 • 

nd 
its 
ile 

1 structing composlle programs from a 
¡ library of software components. 
¡ In designing a program library the 

1
1 fol!owing issues must be considered: 

cl. (1) \Vhat kinds of components can 
In- ! the library contain? 

ed !1. (2) Whát is the granularity and·do-
n- main of application of thc library? 
ty 1 (3) What kinds of clients (pro-
1s grams, peoplc) will use the library? 

&. (4) How are components loaded, 
:s ¡wnkcd, and invokcd? · 
t- 1 · (5) How are components created; 
t- 1 · insencd, inspccted, retrieved? 
a (6) \Vhat rCiations among com-
f ! ponents may be expressed? 
f (7) What kind of knowledge is 

needed to aid .programmers in 
building composite programs from 
libraries of software componcnts? 

In early programming languages 
like Fortran, subprograms are the 
only librar)' components, although 
named common data blocks are ef
fectively a second "data library." 
Fortran libraries are flat aild require 
relations among programs to be im
plicit in the calling structure of sub
programs .. 

In Ada, library components may be 
subprograms and packages but not 
tasks. Library structure is flat; but 
dependencies aniong components 
must be explicitly spccificd by "with" 
clauses. In Smalltalk, library com
"llnents are organizcd into a hierarchy 
.1at allows new knowledge to be in

crementally added to the library 
database. Programming enviran-

::: July 1984·:· 
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mcnts such as Unix may be vicwcd as 
libraries that support exceptionally 
di verse sets of clients and granularity 
within a single system. More gene1 al
ly, any database may be vicwcd as a 
library of persisten! cornponents 
whose lifetime is longer. than the 
operation which accesses thcm. 

Libraries may be characterized both 
by the kinds of componcnts they con
rain and by the way that human and 
computer clients of the library use 
thesc componems. Human clients in
elude managers, analysts, and pro
granuners with di ffercnt needs and cx
peetatións. · Computcrs al so ha ve 
multiple interfaces with software com
ponents, including compiler interfaces 
for program creation, too! interfaces 
for debugging, version contr'ol, and 
exccution-time interfaces for module 
execution. 

Libraries define a collection of 
resources externa! to a given compo
nen! that complcmcnts the resources 
built up within a component while it 

ovnamlc tinking · 

computes. In block-stru~tured lan
guagcs thc distinction between internai! 5 
and externa! resources is couplcd with 
the distinction between dynamic and 
static crcation. lnternal resources 
rcpresented by local variables are 
created dynamically on cntry to the 
block in which they are declared, while 
externa! resources represemed by 
components are fixed prior to execu
tion. Distributed-processing languages 
and operating systems gencrally allow 
execution-time creation and linking of 
componcnts and thereby encourage 
thc programmer to think of compo
nems as first-class objects whose pro
pcnies are not dissimilar from propcr
ties of variables. 

The extension cif inheritance to 

concurren! and distributed processes 
is an interesting library dcsign issue. 
Inheritance is essentially a block
structured compile-time mechanism 
for constructing typcs out of previ
ously dcfined types. In the world of 
Lisp and of dynamically linkcd 

One aspect of t11e exc-:.ution·time environment is !he loading and linking 
cf líbrary comronents. l.anguages like Forlran andAda haVc a loading and 
linking pl1aso prior to cxoculion and require ltle set of cornponcnts and 
thr~ir ~indinqs to caCh olher to be invariant during execution. Loading and 
llnking a m re!ügatcd to ;m operating systcm whose operation is not under . 
t~1c control of the progmmmcr. 

This limitation is um~uly 5tatic and makes an artificial distinction be
tween prograrn evolu~ion during program devclopment and during pro
Q!<J.m executiün. An a!tcrndtive is to allow loading and linking to be per
formed by prograrnmin~J language comm3ncJs during program execution. 
Tnis appro3ch is taken in NIL, which 211ows processcs · to be loaded 

· d·fnamica!ly by executing a crcate instruction, and whir.h al so a!lows ports 
of a crr;atcd orocc3s to be dynamically connected to ports in other pro
ccsses both at process creation time and during subscquent cxecution of 
t:-18 proc~s~. Thc preces ses of a NIL computation may include compilers 
which compi!e new processes and add thcm to the library concurrently 
wiil1 lile execulion of other processes, so that they become available 
dynamically to processos already executing. Moreover. any given process 
of the library can havo multiplc instantiations, each with a different set of 
port conncctions to ott1cr proccsses. 

This dynamic flexibilily in creating and linking processes contrasts 
sharply witt> !he static relations among components in Pascal and Ada. 
Ada was carelully designed to support evolution of programs dunng pro· 
c:nm ceveloprnent, but contains no provision for evolution of programs 
d"ring e·<eC•Jtion. Langu3ges like NIL, on the other hand, are designed to 
~-upport prograrn evolution during both program development and execu
tion. They attcrnpt to combine the dynamic advantages of languages fike 
Lisp with thc slatic advantages of strong typing. They provide an extra 
c!imcnsjon óf reusability which m aY well be an important factor in creatíng 
2n eHectivn soflware tecl1nology for the development otlong-lived multi-
moáule programs. . ,_ · · 

... , .• 1'~· ..• : ·~··· :..,~···.':· · .•. •. 
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;·. SOfTWARE COMPONENTS 
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NO STATE 

... -~' . •. , __ , .. · .. 

FUNCl'!oNS 
SUBPROGRAMS 

k _·.: '~· /,._·· -·~·' _..:.;··-·· .,...--· f',-
t NO INHERITANCE 

DATA A BSTRAC TI ON 

INHERITANCE 

STA TE 

·. ~ .. '.; 
. ,· · .. 

CONCURRENT 
(SHARED MEMORY) 

.. 
' 

• '. ~ l, -. ··- :.': '" • 

PRCCESS ABSTRACTION 

·-'·· 

DISTRIBUTED 
(NO SHARING) 

.•. 

~.-
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. ~ ·' CLU. ADA AQ¡\ T.~SKS. DISTRIBUTED DISTRIBUTEO :,: . 
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l . . PROCESSES PROCESSES. i ; 
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figure 8. T3xonom) _ or soflware compont>nls (wilh examples). 

tation rather than ínter-module com
munication. Dut it provides a rather · 
satisfying, simply structured classifi
cation for languages with data and 
process abstraction and highlights key 
differences in the propcrties of their 
componcnts. 

/' .............. 
( '·, ... 

software components technology is 
a state o( transition. Programming · 
languagcs like Ada were designed as ¡ 
sequentiallanguages and ha ve concur- 1 

rency as a special fcature, not properly 
1
! 

integratcd into the language. As con- , 
currency becomes the norm, process 1 
abstraction will become the central · \ 

distributed processes, access rights to 
componems are· first-class objects 
and can be passed between processes 
dynamically. Dynámic passing of ac
cess rights is more flexible than the in
heritance in Smalltalk but also re- . 
c¡uires more work on the part of the 
programmer. The fiexibility of being 
able to inherit attributes dynamically · 
can ·be important in long-lived sys
tems that evolve during execution. 

The separation between data and 
process abstraction is based on the in
tuitive noiion that data abstractions 
are passive while process abstractions 
are active. All operations in a data 

abstraction mechanism, ahd both data 
and function. abstraction will be de
fined as specializcd forms of process 
abstraction. When this happens, data 
abstraction may wel! disappear as a 
concept distinct from process abstrae-

1 
i 
1 
1 

Taxonomy of software 
components 

Oassified inronnatioñ? 

· abstraction may be passively accessed 
: at any time. Proccss abstractionscon· 
. trol both when they accept an opcr
. ation (by an input queue) and wherc 

tion. 

1 
1 

\ 
~ . Software components may be clas

sified as in Figure 8 .. This taxono~y 
identifies State, inheritance, concur· 
rency, and sharing as discriminating 
characteristics for distinguishing 
among the soft.ware components of 
languages. 1 t pro vides linle guidance 
in classifying the large number of lan
guages whose primary components 
are functions and subprograms (For
tran, Lisp, APL, Prolog) because they 
differ in their mechanisms for compu-

· thcy accept an opcration (by an accept 
statement). Protectcd data abstrae· 
tions, such as monitors, fall between · 

·data and prócess abstraction because 
they control when but not where they 
can be acccssed. Monitors are general
ly implemented as spccialized pro
cesses sincc thc monitor queue is sub· 
jeet ro prccisely the same scheduling 
rules as queues associated with input 
ports of processes. 

Our analysis suggests that the user · 1 
modcl of i:omputation for process ··\ 
abstraction will be that of distributed 1 

22 . ' 
::~·-·. 
3~~~·-·~~---~ 

Our taxonomy of software com
ponents is tentativc and shows that 

' ''' 
. t.. :~:~ . . . ,, . ' •• ••• •• i,·., 
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sequential processes. This requires 
the user to be aware of concurrency 
between distributed processes, while 
concurrency within distributed pro

. cesses (if any) is hiddcn from the user' 
and introduced .for purposes o f. op
timization by the system. ·sharing of 
data by concurrent processes is like, 
wise hidden from the user and· 

. managed by'the system. 

1 

1 
1 
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SOFTWARE MARKETING EXECUTIVES 
.TODAY, 

·· .. 

There are thousands of software products for 
buycrs to i:hóose from ... 
no effective way to compMc Jnd evalu,lte .. . 

A new softwJre mJrketii1g concept is nceded .. . 
... To pl,Ke your new software proclucts in front of 

lots of qualified buyJrs. 

... To lower your milrketing costs by 50°/c, or more. 

... To provicle you \vith the volume buyers of il 

trade show, in a modern personal-sales oricnted 

environment. 

TODAY, 
\ 

We can help you solve all of ybur softwMe 
mark~ting problems ... 

• . . 1 . 1 . . 

'--and move your products quickly at low cost. 

A new computer software marketing channel 
will be ready to start working for you early 
in 1984. 

For reservations and info1'mation, 
cal! (213) 385~5118. 

DO IT NOW! 

COMPUT!R 
TEC~li;~OLOGY 
CENTJZR 

... 1625 W. Olympic Blvd., Los Angeles, CA 90015 

· Reader Service Number 5 
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Changing paradigms of software technology 

The chnnge from a pro~ram.-centcred to a ctat:J:-cenlcred \"lew or programming is 
romparo.hlc ro the 1<1hih frum the earlh-<'cntercd to rhe Mm--centcn·d vlcw of the solar 
s)'stern broughl about by the Copcrnican rnolution. 

As a first approximatian·, the evolu
tion of software tcchnology can be 

. characterizcd by the following phases: 

·• !950's-stand-alone programs 
(transient data, subprograms), 

• !960's--opcrating sysrems, data
bases (rnanaging banks, air
plancs), 

• 1970's-software engineering 
(life cyde, abstraction, metho
dology), 

• 1980's-interface technology 
(personal compurers, modular 
languages), and 

• 1990's-knowledge engincering 
(intelligent components, for 
computers, for pcople). 

In the early days of compuring thc 
paradigm for programming was 

Charll's Bachrnan, Turing l..ecture, 1973 9 

writing subprograms that rea!ized 
algorithms rather than modeling 
complex evolving real-world systems. 
Ernphasis was on computations with 
transient data structures that could be 
discarded once the computarían was 
cornpkted. Programs were the pri
mary capital goods and data was a 
.. consumer good" in the sense that it 

· was supplied as input and returned as 
outpur to the consumer. Subp'rogram 
libraries for cornmon algorithms 
wcre regarded as the principal capi
tal-intcnsive rnechani.1m for reducing 
!he programming effort. 

As a rplic'arions beca me larger and 
more ambitious, thcir naturc changed 
ro data management and embcdded 
computing applicillions wirh nontran-
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"·"!7{J".\ient data structures representing thc 
j;.¿f/Vtate of .an evolving systcm or organ
''·,J ¡~l tzation. Data bccan.e a pnmary cap¡-
.::: ...... • ::..-- 1 rcsourcc since programs often had 
·¡, ·.~· ¡.:·'.·. shortcr lifctimc than thc data struc-
., ,.- J; h" h h d t ·,)' :·, turcs on w 1c t ey opcrate . 
f,'., .. ;: Embedded computer applications, 
{'J c;;:H such as those that control banking 

~j /. ,,:~: operations, airline reservations, or 
f(i.:é~' aircraft flight, require two data· 
)Y{;:-::\';. bases-one for the application and 
~ k'P,• the other for program development. 

!~.~;. }~:! The application dau1base. contains 
< >·'] 1 both permancnt anJ trans1ent facts :'i ~~ [ about the domain of discourse, while 
:.· '~.<:,! thc program development data base ·:' ;~-~ ¡ includes current anct old versions of 
·. · -'~~ ¡ software componcnrs as well as 
( ·.: 1 specialized tools for testing or otlm-
;.~ :~ J wise manipulating thc componcnts. 
•-.'•··"< j By 1970, perceivcct similarities be

!.:...,_:-:.: ! twcen constructing largc. sof~warc 
i f,-' f systems and large physical structures, 
! ; ! 

1

¡ such as biidges and buildings, led to 
i. féi / the bi.rth of thc discipline of software 
: il.J¡ engineering. Thc life-cycle model 

¡Jí" i 
r fJ 1 caused attention to shift from soft-
és _1 ware products, such as individual 
.. ,&.;~bprograms, to the process of soft-
~'are development. · 
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The personal computer revolution 
of the 1980's has ushered in a new 
technology of man-computer inter
faces. 1t involvcs the use of high
rcsolution multiplc-window screens 
that simulate multiplc piles of papcrs 
on a desktop. Muhipk views of pro
grams and data can be handkd well 
by the emerging interface technology. 
The impro.vcd man-computcr inter
face technology is bcing supple
mentcd by an improved intermodule 
interfac·e technology based on a 
distributed rather than a block
structured model of computation. lts 
aim is to provide a sounder frame
work for software componcnts tech
nology than that provided \JY curren! 
block-structmed languages. 

By the 1990's, interface technology 
\vil! have bccome sufficiently capital
intensive to incrcase our systcm
building capability by severa! orders 
1f magnitudc. Ambitious software 
systems that t'ailcd in thc past will 
bccome technologically fcasiblc. For 
cxample; computcr-aidcd instruction. 

July 1984 .. ¡ 

~,,;,L,~i,{~-,(j,_,~ ,;:. ''·' ~ .. ;:, :',,.;,,; 

which received " bad namc in the 
1960's and · thc 1970's, is likely to 
bccome cost-cffcctivc in the 1990's; it 
coulct material! y changc the style and 
pace of lcarning in schools and univcr
sities. Flat-screcn technology could 
cause papcr books to be replaccd by 
much morc·versatile compmer books. 
Knowledge databases could play an 
active role in amplifying our mental 
abilities, both in cveryday aclivitics 
and· in rescarch that extends the fron
tiers of knowledge. 

Ufe-cycle paradigms 

Ufe-cycle models pro,-ide a ·uniform 
frnme\\·ork for prohlcm soh·ing within 
which reusable mclhodolo~Íl'S and lools 
can be dt'\'t'loped. 

Attempts to undcrstand the process 
of program developmem ha ve led 10 a 
progression of life-cycle models in
cluding the static watcrfall model, the 
more dynamic opera! ional model, and 
the futuristic knowledge-based model. 

Fiftil-r,eneration computers 

!9 

Thé .lapancsc Fifth·Gcccration Cornputcr Project is an attempt to 
C1cate ;'\ capi:t.~l·intensivo tt;chnology for knowledgo enyineering. 1o l:s 
centré.:.! tf)emc is to add intelligcncc to the high·band·Nidth interface 
tect1no!o:]y of fourth·gcne:ration personal computing systems. lts pro· 
¡.:m~.ed íl'Ghitectulo includes a databasc rnachino anda problem·solving 
¿;r¡..J inference muchinf). lts propo.sed systcm programming languGge ls 
th·) loqir:: programming 1angua90 l'rolop. lts softwaro includes su~mort 
lur natlirill lungua9e and spéech understanding and problem solving 
'"'"r " v1ide &el of pro!.>icm domains. The project includes not only 
tcchnic.11 gc.ais such. a~. increasing procluctivity and saving energy. but 
ar,,.) so~ial goals such as coping with an aging socict.y. Some re· 
S8<trctwrs regard thc: proj2ct as overambitious. But it has a Worthwhilc 
s2t oi fJOJIG, which, even if not achieved in their entirety, can·catalyze an 
ir::r;.~~ratc·ú rcsearch effort that could,give Japan a technologicatlead in 
de·;ator:>irg con~puting systems for the 1990's. · 

The ba5ic premise of the Japanese Fifth·Generation Computer Project 
is ihat our prime concern in thc 1990's will be the processing and 
m3n'agomcnt of kr.owl~dge. A togic·based language was chosen as tho 
"";ys~em progrr.mming lo.nguage bccause logic was perceived to be the 
bBsic tooi for managing and rnanipulating knov1ledge. The hardware em
Pi1~1sizes the rnanagCment of knowledgo databases, the software em· 
p!¡,:~sizos oroblern solvinq and lnference, and the user interface em· 
phasizns knowledge acq'uisilion by understanding natural language 
j¡-~puts. 

Tic e Japanese have done the computing profession a service ·by 
pn:!~.ent:ng'their vision .of an integrated knowlmige-cngineering en vi ron· 
·n·e~t in such a clear and public mannr.r. This has placed the goal of 
~·~r:hlevinq Such an environment squéut;ly in the public domain. Blll the 
,J;¡p.inu:~n I1.1'.'P a c:lcarr.:r vísion anq are pursuing the goal wlth grr.ator 
:~in\Jll:!·r:~incJedne::;s th:m othor nations and may therefore be the firt.t to 
ociHCVe t110 gool, wittl oll tho commercial and other advantagos that thls 
ei1tails. · .. ' ·• -'!',. 
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~o 
(1) The watcrfall modcl: require- of transformations to a more cffi

ment s -· dcsigt;- i mplemcnt ation · cient implcmcntation-oricnted rcali-. 
-maintcnanc". li1 the watcrfallmodel zation. 11 Ear!y stages are indepen
thc dcvelopment of software proceeds. dent· of computational rcsourccs. 
through a number of stages. Each Transformations from thc problem
stage has documentary output that oriented specification to an efficicnt 
serves as the input to the next stage. implementation are automatic whcr
Early stages specify an informal evcr possihle. Maintenance and 
behavioral ahstracton of whar is com- . enhanccment changes are pcrformed 
putcd. This abstraction is progressive- on the problcm-oriented specifica, 
!y refined into a formal implementa- . tion, which is then optimized. 
tion of how the beliavior can be real- (J) The know!edge-bascd model: 
ized. Maintcnance and enhancement is project databasc, knowlcdge-based 
performed on the irriplemented pro- assistant. In the knowlcdge-bascd 
gram. modcl software devclopment is undcr 

(2) The operational modcl: ex- the control of a knowledge-based ac
ecutable specification - transforma· tivity coordinator. which coordinates 
tions - efficicnt implementation. In · acccss by multiple devclopers and 
thc operational model software de- users and logs the states and history 
velopment proceeds from an execut- of all information in the project 
ablc problem-oriented specification ·database. Thc computer is an active 
(rapid prototype) through a sequence partner in the proccss or program 

e; B 0 
-----------------"-----'-"-"'---'-'.:_:._~ 

i 
¡ 
¡ 

. ' devclopment .. The modcl provides ·a : 
framcwork for automüting a varkty ! 
of life-cyde modcls, including the' 

· .• :i.: ;. 
~ ~:r: ;;,. 

. . 'l\ 
watcrfall and opcrational modeis. ·: 
Howcvcr, it favors Ji fc-cyclc tech
nologies t!Íat can be automated. 

Watcrfall modcl. The watcrfall 
modcl was deve!opcd in the late 
I 960's-before knowlcdge-based 
automation-and is viable with a non
computerized projcct databasc. We 
now have considerable cxpcrience and 
data for projects using this model. For 
example, Bochm l:! draWs on a 
data base of 63 projccts in deve!oping a 
constructive cost modc!-Cocomo
for estimating levels of cffort and time 
schcdules for software projects. His 
results show that th< uniformities 
hypothesized by the modei do in fact 
exist. In spite of such successes, 
however, the waterfall model·has the 
following drawbacks. 

(1) I t is geared to program develop-

;¿·. 

:::.:.: 

:!.:: ment by humans rather than com- . . . 

pu;~~\ docs · not provide. feedback:#: 
conccrning requircments and design r ~-·. 
behavior till late in thc implementa- i ~-,: ., 
tion phase. ¡ 

(3) Documentation is manual, voiu- ' 
~.;:. 

minous, static, and incomplete. 
(4) Maintenancc and enhancement 

is pcrformed on low-levei, already
optimizcd implcmcntation.s rathcr 
than· on problem-oricnted specifica-
tions. 

(5) The bchavioral abstraction' 
paradigm with its inOexibk scparation 
bctwcen behavior and implemcntation 
may be inappropriate for automatic 
life-.:ycle nianagcmcnt. . 

Thc waterfall ·model embodies 
dcvelopment procedures preva!ent in 
the 1960's, before thc poten tia! of thc 
~omputer as an active partncr in pro
gram dcvelopmcnt was fully under
stood. The manual nature of re
quirements, design, and implementa-
tion acrivities requires the system 
dcsigncr to make the majar system
dcvclopment dccisions and cast thcm 
in concrete without any feedback 
from the computer. Voluminous doc
umentation of static system structurc 
at successive poims in system evolu-

., : ·IEEE SOFTWARE.;, 
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~·. 
' jdes a: tion is required, leaving little energy 

;ariery ~ for documenting the process of pro
lg the;, gram developmenL Moreover, pro
odei;, ·am de\'elopment is regarded as com-
te<h-, )ete once an implementation is 

• delivered. · Maintenance is performed 
Í by patching the implementation with

er:ol! :. out any redesign or redevelopmem. 

'· 

~ !:::e! Life-cycle amomation rcquires an 
basd ¡ underlying abstraction paradigm that 

1 nc:::. f is susceptible to. automation. The 
'· We'! traditional behavioral abstraction 
:e :?.2-j ¡ paradigm of the waterfall model idcn- . 
-l. E.:'; ~ tifies abstraction with externa! behav
on a 1 ior and implcmentation with interna! 
)iCl 0 ¡ code structure. Program developmcnt 
me~ ¡' by refinemem of behavioral abstrae-
! ú:-.e tion is not easily automated. Formal 
. 1-b 1 specifications and verification that 

1;,;,, ¡ specifications realizc intended behav-
1 : 2.~ ¡ ior ·are motivated by analogies \vith 
s~.:~. ¡ mathematics and ref1cct a· manual 
tS ~'' ; rather than an automated vicw of the 

e!c;- 1 :~r:;~~~~,' o0/:r~~T~~~i~:~~~~:e~~i~ 
:ce::- •· cation systems provides a warning that ! this form of abstraction may be un-
02;-.... necessarily complex, and suggests that 
o:<';::~alternative abstraction paradigms 

:~ ! :;,:~;:;,;;;::~:::;,%:: ~.":;; 
n<."Cc ¡ operational life-cycle modcl. This 
'~:O- ! model is based on operational rather 
th<: 1 than behavioral abs!raction. An op-
i:~- t erational abstraction of a system or 
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module captures its behavior ·by an 
executable specification in tcrms of a 
problem-oriented model ofcomputa
tion. lnstead of hiding the implemen
tation mccha~ism, an operational 
abstraction explicitly uses the im
p!ementation as a basis for specifying 
behavior. An cxecutable spccification 
is as formal as a behavioral spccifica
tion, but its bchavior is specified im
plicitly (and automatically) by its set 
of exccutable computations rather 
than by.an implementation-indepen
dent formal specification. 

Operational abstraction deter
mines a proccss-orient~d paradigm 
for prohlcm solving. lnstcad of ver
bal rcquircmcnts and a dcsign that 
dctCnniilcs the modular stnrcture of 
!he implemcntation, an cxecutable 

RE 1 July .1984 
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model for an idealizcd computing en
vironment is developcd directly and 
testcd by a high-lcvel interpreter. This 

. provides early feedback to both the 
end-user and system dcsigner on the 
functionality of the intended system, 
and it serves as a basis for developing 
an opÜmized, acceptably efficient 
realization of the prototype. 

Transformation of an executable 
specification into an acceptably effi
cient realization is a complex task 
that requires human dccisions as well 
as automated implementation of the 
consequcnces of human decisions. 
But this task is more amenable to 
automation than the classical pro
gram developmcm paradigm beca use 
1\'C start from a formal executable 
system that captures program bchav
ior by a process-oricntcd abstraction. 

The operational li f e-cycle modcl is 
competitivewith the waterfall model 
evcn in a manual envifonment be
cause of the feedback provided hy ex
ecutable specifications. The payoff of 
the operational model líes in its 
greater compatibility with automated 
program development. 

Knowledge-based m o del. But t he re 
is still another abstraction paradigm: 
the knowledge-based model. Kno'wl
edgc-based program dcvelopment 
systcms based on the operationallife
cycle paradigm ha ve the_ potential of 
increasing software productivity by 
severa! orders of magnitude. 

The knowledge-based model is ef
fectively a specialization of the ar
tificial· intelligence paradigm of ex
pcrt systcms applicd to thc domain of 
program development. It·needs threc 
kinds of databases. 

• A general-purposc, domain-in
dependent environment. 

• A special-purposc, project-orien
ted set of tools. 

• A project database wiih multiple 
versions of application programs. 

Knowledge of the programming 
process and of the program develop
ment pro<:ess is cncoded into a col
lcction o f. expcrt systems that make 
use of knowledgc in cach ofthc thrcc 
databascs. Thc expcrt systcms are 
callcd upon eithcr explicitly by' thc 

. ! '; ' 

programmcr or implicitly during the 
performance of a program develop-
rnent task. -- · -~ 1 

The development of a knowledge
bascd software assistant is a ver y 

. ambitious task whose realization has 
been estimated to require 15 ycars of 
cooperativc effort by severa! institu- . 
tions.ll However, it provides a 
framework for a quantum Jeap for
ward in capital-intensive software 
technology. l\1oreover, expen-sys
tem technology has reached a leve! 
of maturity that should be capablc 
of sustaining systems of this 
magnit u de. 

Maintenance, enhancement, 
and evolution 

Plus .;u chan~e, plus c'est la méme 
ch~st'. (Thc more it changcs, lhe more 
it stan thc sarne.) 

Complex structures, both natural 
and social, are gcnerally the result of 

Oper:;tional and 
b·~ha~:ioral thinking 

The distinction between opera
tionaland behd'Jioral !hinkjng is not 
rcstrict(;d to life·cycle mod.els. lt 
J.íÍSes in rnany areas of coffiputer 
Gcience é.nd also in mathematics 
:-:r,d pt"ysics. Operational seman· 
tics ditlus from denctational and 
~xiomatic semantics. MaHK::matics 
tLdS a bchavioral view ol model 
buildinq and abstraction. The óif
lerencO hctwecn mathcrnatical and 
computational~~im•Js of the: world is 
cssentiál!y a differcnce bctween 
IJehavioral and operational ap
proac:"'s to rnodel building. In 
P''ysics, rclativity theory.and quan-

. tu m H1cory are operational models 
because t11ey take operations per
formHd by an observer into account 
in formulating the model. Opera
tional rnodels of physics rnay be 
contrasted with the Platonic notion 
of absolute space and time that 
underlies Newtonian mechanics. 
Note, however,, that operational 
~t:mantics in computer science re~ 
quires semantics to be defined in 
t¡;orms of the interna\ structu~e of 
~~tates v.Jhile operationatism in 
physics -s-xplains natural phenom· · 
E~na in 1mms of the way they are 
í.\tlGt Hveti and ho.~ a distlnctly opera· 
tional flavor.. 
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evolution of organizations 
The evolution of software sys

. tems may be viewed as a special 
case of the evolution of organiza
tions with both human and com
puter components. Them is a con
siderable literature on the struc
ture, social dynamics, ana adapt
ability of organizations. Al a ver; 
general level, Toynbco's possimis
tic study of the genosic. growth. 
breakdown, and dislntegr~tion of 
civilization-s is about the failure of 
organizations to adapt to changin:] 
environments, and suggcsts th-31 
radical rencwal mus! supplemenl 
gradual change as a mechanism ter 
system evolution. ló The tr:-.t Or
ganizations. which' is a so urce book. 
for Sirnon's Nobe!-prize winninr, 
work on formal models of orqaniz:J·. 
tional beha·:ior, is a good starting 
point for readers interesterJ in this 
area. 1

" Organization Oevelopment 
presents an analytical framework 
for lhe developrnent of -orq;:¡niza. 
tions in terms ot flows of iriforma· 
'tion among their·cornpcnents. 17 

Holland explores the problem of 
adaptation for both n.J.tura! andar· 
tificial systems, emp.t13sizing the 
response of such systems to 
changing environment. ~~ Tt1e 
similarity of modets 'ot larg~ in
dustri:-.. d organization!:i and ldr'lB 
computer systems· is rellected -in 
the cornputer literature in anthrooo· 
morphic t8rminology such as "ac· 
tors" and ··ri1essages" in the mod· 
eling of "societies"· o} interaclin;J 
computer program~. J.j Milner':-:i A 
Calculus ot Communicating Sys· 
tems is an example of a forrn;~l 
(algebraic) modet of communic;:,t
i09 systems wt1ose comporor:ts 
may be peopte or computers. 2o n,e 
8tudy of evotutionary bchavior of 
mixed man·cornputer systerns. ar:d 

. of interfaces that allow cre3tivity 
and growth of people in a coo1pulor 
environrnent, is central to the dsv0l· 
opment of a reusable sottw:Hc 
technoloay· that conibine:~ Clment 
Bffickncy 'o\:ith adapt:lbi!itv to 
ctJange. · 
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cvolutionary dcvelopmcnt rather than 
a single crcativc act. This is also true of 
Jarge software systems. A new pro
gramming Janguage such as Ada· 
evolves from cxpcricnce in the design 
and implcincntation of previous Jan
guages such as Pascal, and in turn 
forms a basis for the dcsign of fut u re 
Janguages. Succcssful programming 
systcms such as Unix evolvcd from 
small bcginnings. They achicved thcir 
success by having a simple corc. to 
which facilities could easily be addcd . 

Maiutenance and enhanceml'nt. 
Large software systems must be con
structed so that modification and 
evolution can be accomplished in a 
time proportional to the magnitude of 
the changes rather than to 'the size of 
the system. 

Large systems that are easily main
taincd and enhanced ha ve the propcr
ty of local modularity and are con
structible in an evolutionary manncr 
from primitive components. They can 
be constructcd by incremental 
10builds" of subsystcms, which can be 
independently tested and verified. 
Thcrcfore, an adequatc solution of the 
mailitenance and enhancement prob· 
Jem dcpcnds on a evolutionary system 
structurc not only for a Jarge system as 
a whole but also for its component 
subsystems. Maintainable systems re
quire not ouly static modularity but 
also "dynamic" modularity that 
facilitares incremental development, 
testing, and rapid prototypiÍig. Solv
ing the maintenancc problem requires 
an evolutionary life-cycle method
ology that allows' complex systcrns to 
evolve from a simple corc by.multiple 
indcpcndent cxtensions. Failing to 
flnd a simple expandable core .may · 
result in systcm rigidity even if the 
system has a high degrec of modulari
ty. So the additional requiremcnts on 
modularity necded to support evolu
Lionary development are an importam 
arca of study, . 

ltcrative enhancement 14 is an exam
ple of an evolutionary Jife-cycle ap
proach. 1t advocates using a skcletal 
implcmcntation (rapid prototypc) as a 
starting point for iterativc rcdesign of 
what has alrcady bccn pmduced and 

_.}~· . 

\ ' 
evolutionary addition of new features : ' 
until the systcm is conipleted. Wher : f' .. 
the sct of tasks needcd to complete 
project can be prcdictcd, they can be ¡ · 
listed in a project control Jist and sys- ¡ · 
tematically schcduled. The approach ¡ 
is uscful cvcn when the set of subtasks ~. · 

.· . l 
and thc cnd rcsult are incompletely j 
deflned. For example, the prescnt arti- \ 
ele was dcvcloped by itúative en- J 
hancement of an incompletc specifi- , · , 
cation, starting from a brief discussion 
of thc capital-intensive naturc of Ada 
and growing by iterative revision and 
expansion to its present scope and size. 1 

The technique of iterative cnhance- f 
ment was first developcd in the con- 1 
text of software engincering but is just \ 
as pcrtincm to the writing of articles ¡' 

and books, where cvolution is an in-
hercnt part of the process of creation. ( 
Text-editing systems and other com-1 j 
puterized knowledge-engineering aids 
greatly facilitate cvolutionary deveiop-
ment of man uscripts ami are having a ¡·· 
prqfound impact on the writing ha bits' ' 

~~t~~::. technical and nontechnical -. 

Evolutionary flexibility. La e k-- of 
evolutionary llexibility contributed to 
thc failure of technologically ad
vanced countries l_ike Grcat Britain· in 
coping with compctition from coun
trics whose industrial devclopmcnt oc
curred la ter .in time. 1t could similarly 
lead to dissipation of the curren! US 
lead in thc software lield to countries 
like Japan whosc software technology
is less dcpendent on old software sys
tems and management structurcs. ln
ability to adjust to changing tech: · 
nology was a cause of great pain and 
social dislocation in the industrial 
revolution. Evolutionary llexibility, 
both for individuals and for the tech
nology as a wllole, should be a pri
mary goal of information tcchnology. 

Thcre may be a distinction bctween 
"evolution in the large" for very 
large organizations with long time 
horizons meas u red in dccades orcen· 
turies and "evolution in the small" 
for smaller (but still largc) organiza
tions with time horizons mc¡-tsÍJrcd in 
months or years. Adaptation to. 
changing tcchnology is concerned 
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with evolution in the large, while de
velopmcnt, maintenance, and en
hancement of a particular system 

is concerned with evolution in 
the small. Tuning of a system 

for a particular set of tasks 
and time horizons may in

crease its cost and reduce its 
efficiency for narrower 
classes of app!ications 

and constrain its adapt-
abi!ity for broader 
classes of app!ica

tions. 

Maintainablc systems should be 
modular both "in the small" to al!ow 
m o di fication of funciiona·l. com
ponents in spccific applications and 
"in the large" to allow changes in 
major components ofthe teclinology, • 
such as the change from sequential to 
concurrent programming or from 
central processing units to distributed 
processing hardware. Systems should 
be designed not only for evolution in 
the small for short time horizons, but 
also for evolution in the large for long 
time horizons, so thill they are ¡obust 
with regard to extension in both space 
and time. 

Thc problem of evolutionary flex
ibility arises in its most acute form in 
the context of adaptation toa chang
ing technology. lt is a bottleneck iri · 
the adaptation of embedded systems 
to changing envi'ronments, since 
maintenance and .enhancement ac
count for 80 percent of totallife-cycle 
costs. Adaptive systems that can ac
quire and subsequently use knowl
edge, such as expert systems or 
thcorem provers,, must have data
bases designed for evolution. 

Evolution involvcs reusability in 
'response to changc. Thus, evolu
tionary systems are capital-intensive 
according to our 'dcfinition. Evolu
tion, adapatation, and maintainabili
ty are additional synonyms for 
reusabi!ÍÍy. 

Reusable concepts · 
and models 

Research in any discipline is judged 
largely by the degree to which its prod
ucls are reusable. 

Reducibi!ity and equivalence. 
· Reducibility of a problem s' to a 
· problemA means that the techniques 

used in solving problemA may be re
used in solving problem B. Reduci
bility is thus a synonym for reus-

. ability. A compiler reduces programs 
in a problem-oriented language to 
,equivalen! programs in an executable 
machine language (a languagc for 

· which the program execution prob
lcm · is already solved). The reduc

. ibility of the context-free grammar 
parsing probiem to the matrix 
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mu!tiplication problem permits the 
algorithm for matrix multiplication· 

. to be reused in parsing a context-free 
grammar. Al! reducibility results are 
effectively equivalenc·e-preserving 
mappings of a problem from a less 
familiar form to a previously en: 
countered form. 

Equiválence is effectively two-way 
reducibility.' Having proved B equiv
alen! to A, we can reuse al! of A 's 
known properties in talking about (or 
executing) B and vice versa. In defin
ing any equivalence class, we are ef
fective!y factoring attributes of the 
domain of discourse into primary at-'. 
tributes that are reusable for al! 
elements of the class and into secon
dary attributes that inay, for the time 
being, be ignored:" Different choices 
of equivalence class determine· dif-. 
ferent abstractions with different 
choices of what is regarded as fixed or 
variable. For example, program
centered and data-centcred program
ming can be distinguished by dif
ferences in the choice of equivalence 
relations that determine primary and 
secondary attributes. 

By defining equivalence-preserving 
transformations we can navigate 
within an cquivalence class and ex
amine secondary attributes for in
variant primary attributes. For exam
ple, transformations on equivalence 
classes of functionally equivalent · 
program specifications ·anow us to 
navigate from a program represema
tion suited to human understanding 
to a representation suited to com
puter efficiency. Life-cycle models of 
program development provide a 
framework for navigation within an 
equivalence class from a require
mems spe.:ification through a design 
specifici:uion to an implementation 
that permits flexible enhancement. 
One of the objectives of expert 
systems is to codify knowledge about 
such equivalence classes to facilitate 
automatic goal-directed equivalence
preserving navigation. 

Models. Model building is closely 
connected with reusability. Mathe
matical logic is concerned with the 
development of models of valid 
reasoning that may be reused for al! 

Specialization-the converse of abstraction 
An abstraction cnaracterizes a class of phenomena by their common 

(inv~riant) attributcs and hides (ignores) distinguishing attributes of 
ins:ances that are not common to t!1e complete c!asS. Greater abstraction 
results in greater reusability and reduces !he costs of problcrn.solving by 
distributing the cost of developing fhr; abstractior1 over its uses, but the 
converse process of making distinctions between instances of an abstract 
class ls also an essentia! ingredient in problem solvír.g. The lawyer thrives 
en distinguishing new cases from precedent-setting abstra.-:.tions 
estab!ished by previous cases. Good information engineering requiros 
shedding excessive Qenerality by rr.aking distinctiors that providé nr;w · 
insights or allow efflcient solution cf tho problem at lrond. 
Th~ converse of the process of abstraction m~y be referred to as 

soecia!ization. Specia!ization may tic technically c!cffncd in terms of 
contexts which constrain the generali!y of the absrraction and may be 
used as a basis for cptimizatlon.21 Thc formal notto1 cf specialization has 
been applied to toy problems. such as specia!ili'ng the "reverse list" 
tunction te finding !he last eiBment ot the reverst?cl' list. and to more 
substantive prob/ems su eh as tlle derivation of algoritllms lar context-free 
grammars and grapll problems. F.xarnples of tr.e prac!ical use of 
specia!ization include supplying paranleters to procAdures, constraining a 
type to a subtype in order to rea/ize greater space or time efficiency. 
selecting an alternativa in a menu-driven gmphics application. zooming in 
to obtain more dntnil in a graphics display, and speciaiizing a 
requircments spccltic3.tion toa particular p;ogram design. 

Since speciatization is as ubiquitoUs and important a conccpt as 
abstraction, mechanisrns for speciali?.::tion deser1e to be clas:Sified anC 
formalized as rigorouSl'J as thosc for abstmction. Schern~s for navigation 
within an equivalence c/ass should make equal use of r.ontrolled 
specialization and abstraction as centrti.l tools in problcrn solving. 
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~ntrpretations of nonlogical sym-Lf"' 
bols in specific domains about whir' .. '·'+' 
-we wish to reason. The first-ord, , J_. 
predica te calculus is a framework for ¡ . 
reasoning about mathematical ob-· t 
jects such as sets, funétions, and r. .. 
predicatcs. Systems of computational . t 
logic such as dynamic and temporal ¡ 
logic specialize !he prediCate calculus '· 
to permit reasoning about dÓmains of ~ 
computational objects such. as pro- ;~-
grams. Systems of modallogic allow · 

reasoning in ·situations where the : t···· ,'·. 
"modality" of an assertion may be 1 
other than conventionally true or ! ' 
false (for example, there may be 1 l ' 
quantitative or qualitative prob- .¡ \! 
abilities of. being true). ¡ 

Semantic models provide a frarne- 1 . 

by which results are computed, or . 

work for expressing the meaning of 1 
programs and programming lan- l 
guages in tcrms of operational 
semantics, which models thc process ¡· 

denotarional semanti.cs, which at- , i;, , 
tempts to modd meamng by abstract'l ~-·': 
mathematical denotations. Denota-

1 
• '~: 

tional modcls are less dependen! on a ~ · : 
particular model of computation , ~· i 
than operational models. Sur opera- i · ar. ! 

tional models provide i nsight into the j .re 
mode!· of coinputation and rnay be l ar: 
useful to designers and implementors !, ' P'. 
in understanding what actually hap- ( cr ¡ 
pens during execution. The greater ¡ in · 
abstraction of denotational models j ¡u 

providcs greater potential reusability, 1 . <~<.: 
but they may require grearer over- ¡ ri · 
head of interpreta! ion and pro vide , Í d· 
less intuitivc understanding than 1 12 
operational models. lf rcusability is ! rr 

· to be enhanced, the choice of an j 0 
abstraction to model the meaning of l, 0 
computational constructs should be 1 
governed by thc purppses for which ¡ fr 
th~ abstraction is to be used. ¡ a 

l 
t 
! 
1 

a 
a 

t \' 

Invariance and regularity. Qis-· 
covery of invariants is a basic para
digm for both mathematical and 
computational abstraction. The in
put-output relation rcalizcd by a. 
function is an invariant for al! pro- -~ 

grams that realize the function. In- ' ,. 
variants of the program state during 
exccution are used as a basis for pro
gram verification. A program P(x) is 
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'h.a- · \. an invariant that determines a uni
e ' be .¡'• form rule of computation for all 

•. arguments x in the domain of P. The 
~rs ' . ·¡, programming process involves thc 
~- 1 crcativc discovery of invariants dur-
er · ing the specification, verification, 
ls · . and realization of programs so that 
1> .. ··¡' demonstrably corree! programs that 

realize their specification can be 
e ¡ developed. Many of the practica! 
ci · 1 tasks in software engineering can be 
S-

l 

r 

! 

formu!ated in terms of the discovery 
of reusable invariants in a class of 
computations or class of concepts. 
:rhe notion of invariance is, there
fore, ·yet · another synonym forreus
ability. 

Pattern reeognition and regularity 
are two further synonyms for reus
ability that are closely related to in
variance. Pattern recognition is con
cerned with the discovery of reusable 
oatterns in classes of ph~nomena. 

·gularity may be defincd as the op
,osite of randomness, anct·has given 
risc to sorne interesting. theories re

. lating to the capttiring of regÚiarity 

· ' ·July 1_984 

(non-randomness) of long digiHe
quences by short ctescriptions." The 
study of the abstrae! theory of regu-, 
larity could yielct practica! insights to 
facilitate the automation of regularity 
in industrial processes anct program
ming activities. 

APPHcatlon generators 

Applicafion gencrators strh-·(' for rcus~ 
ability in a dOmain that is narrower 
th~n a gencral·purpose progrnmming 
langu3ge but broader than a sp('cific 
application. · 

Application generators such as 
RPG or Nomact synthcsize high-gran· 
ularity software components over ·a 
speeializect domain · and provide an 
environment for efficicnt use of the 
generated software componen!. The 
environment generally contains utili
ties such as a tcxt editor. a dalabase, 
anct file-handling facilities. Since 
these utilitics are used only with 
generated software components, thcy 
can be custom-dcsigned for this pur
pose. Application gcnerators can 

• 1'. 
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thus take advantage of two kinds of 
reusability: (1) reusability of ·the 
mechanism for generating software 
components. anct (2) rcusability · of 
utilities in providing a service for 
generated components. 

The specialized nature of generated 
software components is an advantage 
not only in developing thc generating 
mechanisms but also in developing 
thc environmem that supports gen
erated components. The class of 
generable software components may 
be specified by a gencric program 
farnily with richer parameterization 
facilities than traditional gencric pro
grams. Specification uf parameter 
valucs for a generated software com' 
ponent can be guictect by the com
putcr, requiring the user to answer a 
sequence of questions. The choice of 
a ctomain of ctiscourse for an applica
tion generator anct the design of the 
gencric progr'am gcnerator and pa
rámetcr interface rcquire a deep 
understanding of thc problem do' 
main. 
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Application gcnerators for office ·are not 'a necessary requirement for 

'"'\ 1 : 1 

1 \ 
any domain should probably be j ·j 
gcnenitcd by highly skillcd per• "'! 
cxpcrt in both computing and tht ; : \ 

· automation gcncrally have simple all application gencrators. Sorne do
uscr interfaces, ·such as a qucstion- mains, such as the domain of com
naire with qucstions about office pro- ,pilers, may rcquire technical knowl
cedures that.translatc imo parametcr edge of programming to generate ap
"alues of gene.ric software compo- plkations. lf the application bcing 
nents. Simple interfaces allow users generated is importan!, therc is no 
un familiar wirh computers to gener- rcason to insist on simple user intcr
atc application systems directly, but faces. Production-quality systcms in 

Compiler generators 
PQCC. the production quality compilr.r·compiler developed by Wuli. is 

an interesting example of en application generator in an ama wherc a io! o: 
expert know!edge is avaílablc.23 Comf)iler·compilers gonerBtc pro~Jr<::~:s 
for a spcctrum of prograrnrning lanauages and target n1.3Chines whc~~u 
range of variation must be carefully defirdJd. Thcy can rnJhe t)SC of th;:;.'J-5,.:/ · 
considerable knowledge of compi!er wriHnu accurnulai(•d ovr..•r lile· 1:1~: ?,:; 
years. VJulf adopts the strategy of breaking do•.vn the cc;np;/(1 

devc!oprnent process into o !arge numbor of subtasks such as ra:sirHJ. 
syntactiG analysir:. and flow analysis. Ench is hr.mdler.J !)y a s~·eciaii¿'j.:l 
··softw;ioe componen!" \o.:illl.knowledge ábout that particular tas.l<. Tt·,,.; 
program being compilcd is transformad from its source language to~rn 
through a sequence of intE;rmediate representatior1s to its compiied To::-·,1 
by a sewH:nce of applications of r~Ypcrt sub~ystems. Thr. prob\'3ms uí 
identifying subtash's, .encoding export hnow!edge about each S\!IJ~2.S\\. 
providing a rnechanisim for subtasks lo work cooper.Jti'18ly on & l<<~~r.: 
task. and dcfining !he complete spectrum ot .:tpplications mus! initially.llc 
handlcd rnanually. These !asks could ev~;-,tually be autom;;t.-:t1 so that :10! 
just a sií1g\e componen! but a coliec!ion ot cooperating C()rnpor.ents can 
be generated. 

plication domain. Flexibility and 1 
evolutionary modifiability of com- · 
ponents of an application gencrator l 
may well be more importan! than 
simple user interfaces. 

Application generators will make r 
incrcasing .use of ex¡Ícrt systems that Í 
allow computers to use the knowl- Í. .

1 
edgfe of "experfts:• in

11
_the auttomk at_ic ¡ , 1 

per ormance o mte tgent as s m e 
their domain of spccialization. 24 For 1 ¡ 
example, office automation systems 1 
will make increasing use of "expert" . 
knowledge in automating office pro· 
cedurcs. This requires thc integration 
of software enginecring tcchniques 
for creating application environ· 
ments with knowledge engineering 
techniques for crcating expcrt sys-

'1 

tems. A number of recently formed ¡ 
companks are developing application 
gencrators that will facililatedcvelop-.- ¡ 
ment of cxpcrt systems in specifi~c • 
arcas from reusable, prepackage 
software components. · .{ ·; \ 
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the entire systems analysis process. 
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ing system. focusing on functions 
that best carrv out the systcm's 
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People-orlented knowledge engineering 

The computcr revolution "-·ill fundn~ent~tlly amplify man's abilily to managc knowl
tdge, justas lhe industrial revolution fundamentaD)' arripliftcd man's abilily to manage 
physi<al_phenomena. 

Knowledge.engincering is a body 
of techniqucs for managing thc com
plexity · of knowledgc-just as soft
ware· engineering is a body of tech
niqucs for managing thc complexity 
of software. 1t is, in that scnse, as 
old as knowlcdge itself. Euclid's 
Elements, a magnificcnt piece of 
knowledge enginccring, providcd a 
basis for managing geometric'al 
knowledge, and the classificati(in 
techniques of Linnaeus are an 
iinportant examplc of knowledge 
engineering in botany and biology. 
These and other .milcstones in the 
development of sciencc are as 
important for thcir contributions to 
thc management of knowlcdge as for 
their COntributions lO knowJcdge 

···-. 

itself. Knowledge engineering is 
capital,intensive _in the sense that 
reusability is a primary consideration 
in the development of· books, expert 
systems, and other structurcs for the 
managemcnt and use of knowledge. 

The computer's potential asa too! 
for knowledge enginecring was real-. 
ized as early as 1945, when Vannevar 
Bush examined techniqucs for funda
mentally reo.rganiiing knowledge and 
proposed a device .called a mcmex for 
thc storagc, retrieval, and manage
merit of knowlcdge. 21 In the 1960's, 

· Douglas Engclbart proposcd a sys
tematic rcscarch program on the use 
of computcr tcchnology to augmcnt 

· man's intcllectual capabilities.'6 · 

Now, in the 1980's, personal com-· 

' ' 
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The knowledge industt-y 

¡ 

1 
puter tcchnology m ay allow us lo Ncw ways of rcprcscnting and orga- ¡. e ·¡ 
rcalize their pionccring ideas at an nizing knowledgc lo cxploit intc• · ;· ' 

1 affordable cost. tion, animation, and multiplc .\\_ ~- b 
Feigcnbaum, who inlroduced the dows must be developcd. More cffec- ! 1 

term in the contex·r of artificial in- tivetcchniqncsforthemanagcmentof ¡ li. 
tclligcnce, definrd "knowledge cngi- knowledgc by hnmans will comple- \ ¡, ',i 

•Íeering" as "thc art of bringing' the ment artificial intclligcnce techniqucs ; n 
tools and principies of artificial in- for its rnanagcmcnt by cornpntcrs, arid dd Íl 
tclligence !O bear on applicat ion will resnlt in an environmcll! tha!' in-
problems requiring the knowledge of tegrates human and compntational • ! 

experts for their solution. " 28 This managemclll of knowledge. By the s;. J 

dcfinition views knowlcdgc cngincer- 1990's, knowledge engineering will be o· 1 
ing as the art of representing knowl- as importan! a subdiscipline of com- 11 1

1

, 

cdge so that it can be used by com- puter sciences as software enginecring JI 

puters to perform intelligenttnsks. is today. ¡ g 
The present view is broadcr. Bnild- i u 1 

ing knowledge strnctures to aid hu- r¡l,· ' Electronic books man understandiug is now scery as the 
primary objective of knowledge engi- Unhersily teachl'rs should initially be ·l 
n~ering, and inrelligent computer ~ppointl'd·to full professorships and · i .e ¡ 
problem solving is considered a deriv- suffer n n•durliOn in r.mk or sala11· .f a 
ative objective, legJ 1imizCd by the first whencvcr they publish a book or a i· f 
objcctive. The currcnt goal-and mo- paper. Then rcsults will be publi,hed 1 r 

only if Ú1ey are suHicienlly important j 
tivation-for knowledge engincering to warmnt a personal sacrifice. r 
is lo amplify human intelligence, not. . ¡ < 
10 substitutc computer intelligencc for Restruc(Uring existing·knowledge : 1 · 
human intelligence. lts methodo!ogy to make it more accessible 10 human~~ · 
involves cducational · technology, involves more than putting existinr,l · 
cognitive scicnce, .and human-factors rcpositories, su eh as the Library of · ' · j 
research. The technology of managing Congress, on computers and accessing j 

the modular presentation of complcx them through information retrieval e ' 

knowledge structurcs has sorne of the systems. lt invo!ves restructuring i 
tlavor of software engineering, but it cxisting knowlcdge so that it can be l 
must ·also consider the human factors tlexibiy prcsentcd in differcnt for- 1 

associnted with animation, uscr in- mats for use in diffcrcnt contexts. 1 

teraction, multiple windows, and The technology for such rcstructur-
' other techniques for improving man- ing is not well understood, but its ! 

computcr communication. nature can be illustratcd by consider-
Personal computers have caused ing recent devclopments in comput

fundamen{al changes in the way we . erized printing and computer-based 
absorb, manag.e, and use knowledge. learning. 

·computers are revolutionizing 
prinling tcchnology to allow rapid, 
inexpensive reproduction of high

"Thq produclion of knowledgc as a.n economic activity, governcd in part bY 
market !orces or the economy, is a vicw developed by Machlup in a 
comprehcnsive study o! thc economics and the substance of the 

quality text. Word-processing sys
tems increase an author's control 
o ver thé production, layout, and 
modification of text. Soon computers · knowledge explosion.2'1 The importan ce o! knowi<Jdgc 3s a producto! our 

economy is shown by thc si.zc of !he education incluslry. the growih of tr.e 
computer industry,'ar.d lhe average age at which people start r.onlribulinu 
to th•' economy. The latter has increased from the early tecns dunng the' 
industrial revolution to ovcr 20 !or colleg" graduales and over 25 for 

· doctors anrj lawyers. · 
K!lowlcdac is a stock of capital goods, and its prorJuc:ion is a c2pitai· 

intensfve a...:tivity. The growing importance of thc knowlt:dge industry 
dernonstmtes that mf!n is becoming an increasingly capital-intensivc 
animal. 

'' .. 

will be uscd not only for writing and 
· printing books but also for reading 

them. Book-size computcrs with tlat 
panel displays will makc "electronic, 
books" a rcality. The greater band
width of man-computcr interfaces 
will qualitativcly change the nature of 
man-computcr communication; it 
will makc communication of knowl- 1 

__''C::· :,_, _::..· ,.: .. é.· __ ·:::·.:·.....:~~::._ ________ .:__._.:_~_:.----'--'!'IEEE.S.0F..T.WAR~c.· ~--·-'1 
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l. orga- ' edge more effective than today's 

1terac- ). conventional readin¡; of 'hard4l!ly 
' k ,.._," ~-win- , .. _ boo So · 

effec· -, While hard-copy books consist of a 

1ent of .. -·linear sequence of opages, materials 
>mple- in tended to be read on a computer 
niques may have a graph structure with 
i, and different entry points for rcaders with 
tat in- different backgroundso With multiple 
tional windows, the reader can. pursue 
. y the ¡ severa! lines of thought simultane-

¡ o 

vil! be • ously or vtew a given object at severa! 
com- } levcls of detail. The computercan use 
:.ring interactive responses to tailor the 

graph traversa! mode to the individ
ual user's interests and skill leve!. 
Each node of the graph stnicture can 
include dynamically animated _ pic-

lly be ;. tures, texts, and programs; for 
example, the mathematician may 
anímate proof development, · while 

<ir a ; the computer scientist may anímate 
ished 

, ¡' program development and execution. 
,rtant 

¡ and 
.alary 

, ¡ An electronic book is a family of 
different hard-copy books that could 

'dge be obtaincd by printing out nodcs of 
1ans 1 the graph structure in a particular 
tin~ linear order for particular kinds of 
f o: ...... students. lt is conjectured that flex
sing . , ibility in adapting the pace aild order 
eval , •

1

·' of presentation of information to the 
·ing student, combined with the power of 
' be ' 

1 
• animation (possibly augmented by 

ror- voice input and output) can, if prop-
~tso erly used, increase enormously the stu-
. ur- dcnt's caNcity to absorb and undero 
its stand both elementary and advanced 

ler- knowledge: , 1 

f \ 
\ . 

ut
;ed 

ng 
id; 
:h-
15· 

ol 
id 
:rs. 
Id 
lg_ 
at 
ic 
!-
:s 
tf 
it 
1-

e 

1 
! 

Knowledge support 
environments 

\ 

One or the principal objeriS or research 
in any departm"nt of knowlcdge is to 
find thc polnt of view from "'hirh the 
subjec.1 appcars in its grCatcst simplidty. 

-J. Willard Gibbs 

By analogy with the program sup-
1 · por! environment _of software engi-

1 
1 

1 

'neering, a computer support system 
· for authors, students, and rescarchcrs 

involved in creating, learning, and 
using a body of knowledge will be 
:alled a know/cdge súpp~n environ
ment. Its dcsirable featurcs would in- · 
elude systematic support for thinking 
about problems_ at multiple levcls of 

r ' . July 1984 
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absiraction and for solving problems 
by divide-and-conquer strategieso s'up
port for both top-down and bottom
up problem-solving strategies would 
be included. Methods for exploring 
the design space (solution space) tO 

· determine what is possible, and to test 
the 'consequences of design decisions 
by executing partial designs (rapid 
prototypes), would be supported . 

Knowledge support environments 
would include both facilities. for 
management of knowledge by: the 
human user and facilities for expert 
systems and intcractive man-computer . 
problem soll'ingo Such environtnents 
are being developed at Xcrox PARC, 
by manufacturers of personal como 
puters such as the Apello. Perq, and 
Sun, and at universities such as 
Carnegie-Mellon, MIT, and Brown . 

Craph struetures of frames 

Support environments for author:, ''ill 
receh·e thc sume kind of atlcntion in the 
1990's that support enYironments for 
programmers han r('('eived in the 1970's 
and 1980's. 

The knowledge-graph paradigm 
suggests the organization of knowl
edge as a graph structure of frarnes 
with different entry points and modes 
of traversaL Knowledge graphs 'can 
be u sed to represent advanced as well 
as elementary knowledge. For exam-. 

. pie, a computer-based learning en-

Knowledge graphs 

vironment for a programming lan
guage such as Ada would include not 
only introductory material but also a 
literature of well-documented, pro
totype "real" programs that examine 
issues in software methodology, The)' 
would be part of a production pro
gram support environment. Ainhors 
could make use of its tools for pro
duction programs, and students 
could easily switch from the educao 
tion mode to the production modéo 

In working with knowledge graphs, 
it is conceptually useful to define in
dividual framcs as objccts of an 
abstract 'data t~·pe. which will, in the 
case of programming exarnplcs. have 
a text component, program compo
nen t. question component, and 
answer component. plus operations 
for manipulating each componcnt. A 
programming language (authoring 
language) is needed that allows frames 
in different domains to be declared as 
diffcrent abstract data types. Editors, 
graph-walking algorithms, answer in
tcrpreters, and mher tools for creating 
and using knowlcdge graphs also need 
to be defined. f..:nowledge graphs will 
require both domain-indcpcndent 
tools that opcrate on graphs and 
frarnes indcpendently of thc knowl
cdge domain bcing considcrcd and 
dornain-depcndent tools that know 
about objects of particular knowledge 
domains such as programs, forms . 
and circuits. 

.,_. 

'·Knowledge g•aphs" that can be cntered at different points and 
t:-a·;ersed in diffe:renl ways impose a modular. interactiva discipline on 
t .. J:h Cíeators dnd us~rs of know!edge. They are a hasic representatiori not 
·~'r·:i¡ tvr e!ectronic books but al so for computer games, sucl1 as Ad·,cnture, 
~~:~~: L:$cinate by al!owing playcrs to explore ne'l: graph-struclured v10rlds. 
~~in:::C' the hard;:¡arc tf~chnology to support their ef!ective use is only now 
!Je>ng develop•cd. we have little exrerience with building large knowledgc. 
GrDfJhS, but we can describe their general featurcs. 

f\nowledge grapllS will prohably have a dornain-indepenclent 
interconnectionstructure th~1t focititates severa! modcs of graph traversa!, 
~;1rch as browsing,_ retrieval, learning, referencing, ~nd authoring. F.ach 
:••.:rjc will hi.1vc i1 domain-dcpcnuent interna! slructure containino. tor 
PAt~mple. p_wgrams when rcpresdnting programming knov1ledge and 
¡:;tr,of~ when reprcsc.mtinq matf1nmatical know.!erlac .. Graoh crcators and · 
'""''S will havo a dornain-indep8ndent s~t of operations for navigating the 
r._;raph. and domair1-dcpendent opcrations for mrmipulating objects in each 
Uornain. Zog 29 is an early example of lhis kind uf güncral-purpose system. 

' .-~ ''lo ·-- • .' ':. ' .,._ .. ,;: 
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If computer documents consisting 
of graph structurcs of frames bccome 
a standard mechanism for reprcsent
ing books and computcr-bascd lcarn
ing materials,' then the numbcr of 
frames-produccd in the next 30 years 
will ·be very large. Thus, capital
intcnsive aids for reducing the .labor 
and increasing thc quality of frame
based documents will be importan!. 
T ools can free authors from Iow-level 

'•;•,c··,,~c; -~-. ''.',:.·•~ '"" -¡ 
~~: -r.r::~-~ ...... ~-- - -

'/ 

! 

' 1 . 
tasks and guide them in the higher 1 ·eh:. 
leve! tasks of dcveloping insiP': •.¡lltio 
understanding, .and cxamplcs.· \\ i dt, 
on graphical authoririg tools for'·c~ni- ¡ ter: • 
putcr documents has becn underway [ d,
at Brown for severa! years. 30 i 

0
[·· 

Dynarriic documents 

One of the strengths of computer-b.S.d 
k:no\\-ledge enghleering is the ability lo 
switch ea.,iiY between dirferent levels of 
abstradion and different views of con
ceptual objects to g3in a more complete 
underStanding of the domain of dis-
course .. 

Dynamic documents are intended 
· to be uread" from coinputers and 

¡po 
jBc 
; ta: 

\ \'<f 

eé 

' 
e\: 

\ ea. 
in· 
ad 
P' 
lru 
in: 

' 

may combine tr.aditional text with 
dynamically· changing. figures. and 
user-interaction facilities. Such docu
ments are particularly effective in 
presenting information about in
herently dynamic objects or processes 0 
such as algorithms. The idea of view- . : tE 
ing algorithms as processes whose ill!A . 
termediate states are intrinsically i... ! 
teresting rather than as static input- ! 
output relations has been explored in 1 

o 
¡ bi: . 
l h:i 
i ·ni 
1 . 
' gr. 

depth by B;own and Sedgewick in the j 
context of sorting algorithms. JI ¡ 

The key to engineering dynamic • 
documents for algorithms is to find an J· 
effective ·representation of ínter- 1 

mediate states that helps the reader 
gain insight into the execution process. i 

'' '] 

• i 

'1, 

te 
tl 

In the case of sorting algorithms, the 
representation of interm~iate states · f. ·ir 
of a panially soned vector as a graph, · 1 " 

g: 

which plots lhe magnitude of each·ete· f , . 
ment against it s current position in the · i a 
partially sorted vector, pro vides re
markable insights into the variety of. 
mechanisms by which sorting algo

n 
n 
o 

rithms massage elements of a random n 

vector into a sorted vector. 

.. 
The contrast between the represen

• tation of algorithms as input-output 

e 
.r 

• ·. !. 
~;;.~~-/ . 

"'i" 

• relations and as processes with in-
termcdiatc states is analogous to the . 

1 ! · contrast betwcen denotational anc' 
• • - • J 

operational semantics for program-. 
ming langua.ges. To. understand con
ceptual proclucts such as algorithms or 
programming languages, it' is neces-
sary to undcrstand both their static , 

·r 

( 

f 
f ' 
i' 
1: 
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highe/ charactcrization as input-output rcla- · 

nsight, tions or denotations and their dyriarnic 
. Work: charactcrization as processes with in-

Jr com 

derwa 

. rcresting intcrmediatc statcs. · . 
·· Both graph-structured frames and 

¡. ctt'namic documents are novel forms 
¡ ofknowlcdgc prcscntation that are nkot 

l possible with traditionahcxtboo ·s. 
Both are suited for presenting ciernen

~ lary cducation~l rnat~rial or more ad
¡ vanced material to users of thc knowl-r-based ' 

•ility 10 edge or to rc<;carchers· attcmpting. to 
·veis of · extend the frontiers of knowledgc. In 
•f con- cach case there is an imrnediatc payoff 
mplrtc in small documcnts, constructiblc with 
'1 dis- ad hoc techniqucs. but there is also the 

!nded 

promise of much larger payoffs in 
. large documents that cxlend the uscr's 
intellectual reach in significant ways. 

. Clcarly, the two styles should be com· 
; and 
With 
and 

locu
'e in 

! -:bined, since it is useful for frames to 
) tia,·e dynamic components and for dy' 

: in
esses 
·iew- • 
e in~ 

namic documcnts to be organized as 
graph-structured frames. 

computer authoring 
·technology 

' in- ! Books are large knov.ledie structures 
PUl··· whose prohlems of mana~emcnt-by 
d in~- both authurs and feaders-rescmble 
the ¡ those of l~rge softwart' syst~ms. They 

mic 
lari 
er-
~er 

'55. 

:he 
les 
th, 
le-
he 

e" 
)f 
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:n 

l-, 

lt 

-
e 
1 

I
J are quinte-sscntial capital gomls, requir-

ing an intens..• effort lo produce. and be· 
ing reusable by ntany rcad~rs. 1 
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Melhods for aulhoring computer 
textbooks are likcly to iliffer from 
those for lraditional textbooks. Or
ganizing large knowledge domains 
into graph·structured lext modules 
will require ncw approches. The ·rich 
visual slructure of frames will require. 
authors to think not only aboÜI the 
meaning of words but also about lhe 
meaning _and communication power 
of pictures. A disadvantage of the 
modular approach is lhal it ·may vio· 
late the subjecl matter's "natural" 
conlinuity, but the advantage is that it 

· requircs attthors to decomposc knowl
edge systcmatically into manageable 
modules. 

Authors of the future may have 
· compulerized writing assistanls that 
function similarly to prctty printers 
or programming languagt'S in creat· 

ing uscr-friendly reprcscniatimls of 
. knowledge. Writers of textbooks 
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would no longer have lo worry about means of costly new editions. Cofit! 
the surface structure of books at the puter tcchnology, on lhe other hancP, 
user interface, but could conccntrate permits continuous incremental en
en creating a knowledge database of hancement once dcvelopment of the 
facts, relations, and pictures from book has bcen completed, thereby 
which books could be created by "in- allowing previously impossible im
tclligent authoring assistants." The provcments in quality and adaptation 
intclligcnce leve! of automatic au- lo changing roquirements. To il
thoring assistants would. increase as lustrate the advantages of incremental 
the technology of convcrting knowl- enhancement, let's compare the' life 
edgc data bases in lo user-friendly cycle of a program and that ofa book. 
lcarning matcrials became better Studies have shown the 80 percent of 
unde'rstood. lhc effort of supponing a program 

Creators and readcrs of a computer over its life cycle is in maint'cnance and 
textbook form a social community enhancement. With conventional 
whose mernbers can communicatc printing technology, the ~nly form of 
directly via a computer message "maintenance and enhancemene' ·is 
systcm. Authors can make text avail· printing a second edition, which is 
able incrementally, reccive instantane- lime-consuming and expensive. Com
ous feedback from readers, and rapid- puter printing technology, by allowing 
ly respond to such feedb.ack. Man- "cheap" incremental maintenance 
compuler communication may be and enhancement, could change the 
used. not only for machine display of author's role in the life cycle, allowing 
knowledge but also for communica· him a much more ·active role in both 
tion among its community of creators the production and enhancement pro~ 
and users. Such social intcraction will cess. 
permeate al! work in knowledge engi· Knowledge support environments 
neering. Computcrs will affect 1hc are capital-intcnsive because lhey 
sociology of knowlcdge production by facilitate building and using capital 
providing a ncw mode of communica· goods. Thcy also encourage cap1tal
tion a~ong scholars. intensive practices-initial invest~ 

With comcntional printing technol- ments to incrcasc subsequent produc
ogy, books can be enhanced only by tivity-by both authors and readers. 

.:. .. 
·personal authoring tools 

1-;nuth has dcvcloped a system for writing boÓks about programs thát 
i¡·.;pgrates docurnent formatting, program editing, and compiling !nto a 
;:1r;g!e system. callcd l/'/eb.32 In t!1is system, a program Weave ass:JmbleS 
!:,·xr 2nd program~ into ·a single readable document that rcflects the. · 
or~cess by v.'hich the program was created. A program Tangle al!ows · 
p. :;qrams in the document to be extractad, compiled, and executed. 

Knuth's system is recursively illustrated by a 200-page description of 
'.'; oav8 and Tanglc prc.duced by his system. lt prcsents a remark8bly clear, 
•::·.':1 Slíuctured account of thcse nontrivial prO[;~ams a.nd illust;-ates their 
·:;~.i:;e for docum•3!'tt formatting and word·proccssing. S'uch systL!rns are 
::-.•:.Jivrn!-J rnto tuul~ that can matcrially assist autllors in the mecha.nir.s of 
cutllCring, thercby frecing m·ore of their time for the substantive·.· 
Of(F'I.niZation and developmcnt of ideas. · 

:·he V\/eb 5ystcm is currcnt!y rr.stricted to Pascal programs and to be · 
\..'f:·activc requiros know!edgc of Tex. Web, Pascal, and the use o.f a 
·;ystematic progrnmming mcthodology. lt is a personal knowledge· . 
CII(Jineering tool tuned for use by specific individuals rather than by o large 
u;-;::·r cornmurdty. Knowledgc support environments for specific authors 
''iill tn general start from a gr,neral-purpose environment of cdiling and 
'-<!:"J·J.~Icdg(~·rn:ln~lgement tools ond then includc special-purpose too!s for 
'·:·•Jj)i)·='rting th~~ requiremcnts arld habits of spcr.ilic authors. Authors are 
~;~,,_,ly to b_8ncfit t.Jy investinq sornn of their timB in the development of 
:.:pc~ciai authoring .tools to·su~t)port theír own specíal nceds. . , .:. ; .. ~/ 
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COMPLETE 8096 SOFTWARE DEVELOPMENT PACKAGE 
Take.s A Program From Source To Download To Debug And Checkout 

•• ·¡ 
' .. . 

• COM96 iSBE-96 Host Communications Package 
- Currently supported host systems include 

~- . 

_, 

. iPDS and Series 11 ·· . /~'"' 
- Support for other host systems is. under development \ 

• ATOP96 Expanded Host Debug Package lncludes: 
- Disassembly 

) 
1 

/ 
/1 -Single line assembly 

-Informativa debug displays 

• XASM96 8096 Host Cross Assembler (iSSE-96 í1 a .Trademarll. ollnter Corp.) 

~8086 
(Q) 8085 
[F 8051 
1r Z-80 
.o/J!J6502 
~6800 
[R16809 
~ 68000 

FPAC 
FLOATING POINT LIBRARlES 
• Available for 8086, 8085, 8051, Z-80,6809 
• As low as $750 (one time lee, no royalties) 
• IEEE FORMAT (single and double precision) 
• De/ivered in source assembly (highly optimized) 

FPAC comprises the basic arithmetic operations 
(add/subtract, mu/tiply, divide), trigonometric 
functions (COS, SIN. TAN, ATN) /ogarithms, 
exponentiation, square root, and data conversions 
including ASCII to/from f!oating point and integer 
to/from floating point. 

' . 

MTK 
MUL TI-TASKING KERNEL 
• Real-Time · 
• Source Assembly 
• Easy to Use 
• Sma/1 (less than 1K) 
o 8086, 8085, Z-80, 6502, 6800, 6809, 68000 
• Complete Documentation 

The Multi-Tasking Kernel including source assembly 
code for al/ of the processors listed above is 
only $250, 

547ÓN.W. tNNISBROOK PLACE • FORTLANO,OAEGON97229 • (~03)645-5043 • INTERNATIONAL TELE.X 4993875 (U S SOFTWARE) 
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Ada-A case study in capital-intensive software technology 

Ada iS lhe M"cond woman menlioned i~ lhe Biblc-lhe firsl after E ve. 

Ada and Zillah hcar my •·oice 
Y e wives of Lamech henrkl'n to my sp~ch 

·-Genesis, Ch. 4, V. 23 

. ; . Ada was developed to reduce thc vcloped in 1980. However, DoD 
realized that a language was only a 
small, if central, component in 
capital-intensive software technology 
and thus developed environmental re
quirements, called Stoneman, during 
1978-81. In 1983, Stoneman was sup
plcmented by Methodman, a set of 
mcthodology rcquirements, and by 
STARS," (Software Technology for 
Adaptable, Reliablc Systems), an in
tensive study of technology transfer 
rcquirements. Thus, the Ada effort 
has in volved four successivcly broad
er layers of ac'tivity: 

1 cost and improvc thc reliability of 

\ 

software. lt is a careful, comprehen
sive · attempt by the world's largest 
user of software-thc US Depart

"-ment of Defensc-,to develop a 
capital-intcnsivc framcwork for soft-
warc.technology.3' Morcover, the 
Ada effon is cxtraordinarily ivell doc
umentcd, both in tcrms of thc proccss 
by whích dccisions were made and in 
terms of documcnts that describe its 
requirements and products. 

Ada's dcvelopment began in 1975 
wíth a sequence of programming 
language requiremcnts, finalized as 
Steelman in 1978.'4 A language for 
meeting thcse reqitiremcnts was de-

• language (reusable by pcoplc, 
computcrs), · 
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• environment (reusable tools), 
• methodology (reusable conccpts), 

and 
• technology (education, measure

ment, integration). 

Each of these layers is capital
intensive in the sense of requiring 
large up-front expenditures to im
prove la ter productivity. The im
proved . ,Jroductivity is achieved by 

, severa! forms of reusability. Lan
guages are reuscd by people in writing 
programs and by computers in com- · 
piling and exec·uting them. Environ
mems provide both rúmime support 
and reusable software tools for 
enhancing programmcr productivity. 
Methodologies determine reusable 
concepts and techniqties for effcctive 
problem solving. Technology re
quirements integra te· language, en
vironment, and methodology andad
dress the process of technology 
transfer. 

Ada was designed to support the 
dcvelopment of large programs com
posed of reusable software com
ponents. So me of Ada 's language 
features that support such reusability 
are 

(!)A rich variety of program units 
incl~ding subprograms, packagcs, 
and tasks. Program units have syn
tactic interface spccifications, which 
determine the way they may be inter
connected 111 bUJldmg ~ompositc pro
gram structures. 

Reus<1bi!ity in Ada 
The Ada effori has spawced a 

remarkably l?.rge nurilbeí ot !enT:S 
that arE: near·syn~;nyms ot reus;=.~_li!
ity·, including the following: 
• commonality-rcusability ot a 

language by rnany people; 
• poriability-reusability of a ¡:·re;. 

. gram or soft\·.·are too! on m;_¡;¡y 
computers; 

• modu!arity-wusabi!ity of .sc.tt
warc components in larger app!í· 
cat:ons; 

• rnaintainability-reus3bi!ity v~ 
the unchangt:d part of a proQr2'·1 
when a small cl1ange is ma:~.}: 
and · 

. • evÓiution-rt'=!usabflity of a sy:>· 
temas it evoi\'€·S in n~sponse \·J 
·cftanging needs. 

(2) Systematic 'separation between 
visible syntactic interface spccifica
tions and hidden bodies, w!1ieh 
allows thc programmcr to separate 

· concerns about module intercon'nec
tion frorn conccrns about how the 
·module performs its task. 

(3) Strong typing, which imposes 
constraints on module interconnec~ 
tions and allows consistency between 
formal parameters of module defini
tions and actual pararneters of 
module invocations to b~ enforced at 
compile time. 

(4) Gcncric program units, which 
are paramcterizcd tcmplates for gcn
erating software eomponcnts. They 
allow reusable uniformities of a fam
ily of software components to be cap
tured by a single gen cric dcfinition. 

(5) Program libraries with sepa
rately compilcd reusable program 
units. 

Ada suppons a grcater variety of 
software componcnts (abstraction 
mechanisrns) than prcvious program
ming languagcs. This richncss is a 
strength bccausc it incrcascs Ada's 
c.xprcssive powcr, but it is al so a 
weakness because thc different ab
~traction mechanisms are not well in
tegrated. (Sce also·p. 17.) 

The econornic benefits of a lan
guage like Ada will be determincd in 
part by thc tcchnical quality of its 
language features but in evcn grcater 
measure by the size of its user con¡
munity. Thc real cconomic payoff. 
comes from standardization .that 

amortizcs the cost of development 
over a large progra~ming commuñi
ty and incrcascs thc potential reus
ability of program modules and tools 
deve!cipcd in thc language. Thc objec
tivcs ofthc Ada effon werc to achicve 
a quantumlcar forward in capitaliza
tion and productivity by combining 
tcchnical cxccllence al thc leve! of 
language fcaturcs and tools with 
political andeducational mcchanisms 
for rapidly diffusing tcchnical ad
vances over a widc base of uscrs. 

The potemial bcncfits of rcusabili
ty of tools may bcillustratcd by a re· 
ccm study ofthe US Ariny's software 
systems. lts 91 majar software 
systcms wcre devclopcd in 43 dif-

l 
fcrcm languagcs on 58 computer sys- i 
tcms frorn 29 manufacturcrs. Eact>' ' 
systcm had its own cústoni,built sup-, 

··pon software. In an ideal world of 
standardizcd software, the 43 lan
guagcs could ha ve bcen replaced by a 

·single languagc-with great savings 

!Ll~ 

I" ~OJ - ' 
< h3\ ; 

:[ 
in software cosl and considerable in- ·1· 

~ creases in quality of support. For ex
ample, ·a mcdium-size system with 

as ¡' 1 

iza! 

1 

¡ , 
; 

10,000 lines of application code that ; . 
makcs use oi· 100,000 linés of system ¡ 
code would require only 10,000 lines ! 
rathcr than · 110,000 lines of new ¡, 
code, and the systcm would be. more ¡ 
reliable bccause. the code could be ) 
debugged in a sccure environ~ent. j 

Achieving these savings would re- , 

by•. 
de> 
of, 
wti 
pla· 
wa. 1 
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o a·. 1 

'· quire standardization of the enviran- ¡·· 

ment as well as the language. The · ne¡ 
Ada approach is to standardize on a ¡ •ti'· 

Kernel Ada Program Support En- 1 ~. 
vironment of nonportable operating _j

1 
in<· 

system facilities whosc interface to 
the outside world is spccified in Ada.. l · ' ' 
The facilities Of the KAPSE interface ¡ ÍL",. 1 

may be used by a much larger sct o( ,•o: ¡ 
portable tools tliat are specified in ... n( i 
Ada. Standardi1.ation of the enviran- .\ · t>< · \ 
ment requircs standardi,zation of • · ' . i tr. í 
both the KAPSE interface and the set i ' 1 Ul• ' 
of too!s providcd lO the USC!. Astan- ¡ ¡,' 
dardized environment would allow · 
the 58 systems in· the Army example f 
above to be replaced by a single i 
system. ! 
Ada-A process or a 
product? 

Thcre is no doubt that we hal·e Jeamed 
a great deal from the process of 
denloping Ada. Dut the adoption of 
Ada as a standard may unduJy con· 
slrain lhe e\'ulutlon or software 
technology. 

The strong economic arguments 
for adopting ,\da as a standard 
language can be balanccd by equally 
strong arguments for viewing stan
dardization as· premature. Ada was 
developcd in ·a period of rapidly 
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changing software tcchnology. lis re- 1 ¡ 
quircm"cnts for languagc and cnviron~ ¡ 

1 
n J 

rnent design represent a static snap- ! e 1 
shot of an exploding tcchnology atan • r 1 

arbitrary point in its evolution rather t : 
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than a· stable and mature point of 
cquilibrium appropriate for standard
ization. Moreover, its initial ·narrow 
~oals of language standardization 
1avc become submerged in much 
more ambitious and elusive goals of 
environment standardization. Where
as Ada's goals of languagc standard
ization wcre systematically addressed . 
by the world's top expens in Janguage 
dcsign, the much more difticult goals 
of environment standardization, 
which were not in the original gom1e 
plan, are being addrcssed in an ad hoc 
way by a volunteer committee.-36 
Ada's goals have bccome so diluted 
and diffuse that they embrace the 
wholc of software technology. Stan
·dardization on Ada eould havc a 
negative impact on software produc
tivity by channelling resources into 

' Ada that could be more productively 
used for developing mainstream Ada
independent software technology. 

programs, packages, tasks, gcncrics, 
typés) are not well integrat~d with cach 
othcr and are based on a transient 
tec~nology.l' (See also p. 17 .) 

(3) Ada is a child of 1970's life-cycle 
technology. lt was developed in accor
dance with the "watcrfall" life-cycle 
model, with a rcquircmcnts and design 
phase, and is currently in the middle of 
its implementation phase .. However, 
this life-<:ycle model does not accom-
modate prototyping so that products 
cannot be tested before being cast in 
concrete. The prototyping approach 
advocates throwing away the proto
type. and starting o,·er to achic,·e 
results that are less dependent on early 
prcconccptions. Application of 'this 
philosophy to Ada suggests that we 
thro\v Ada away and use what we Ita ve 
learned from Ada to develop a new 
well-integrated language, environ
menl, and methodology. 

(4) Ada is a child of 1970's enviren-
The.arguments against standard- ment technology. lts environmental 
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ization on Ada can be summarized as requirements wcre developed to be ace · 
of i follows: compatible with the timesharing tech-
•. 1 (1) Ada has involved far more in- nology of the 1950's and 1960's, 
111 

1 . novation than originally intended before the advent of interactive work->n-·,,__ - d 1 d' . d f ·. f ""cause 11 was eve o pe 111 a peno o stations with high-resolution graphics 
0 

, transition-frorn scquential to distrib- interfaces. Environment technology 
set l utcd progra1nming languages and has changed even more rapidly than Strate~;íc decisions Of Ada 
111· i from time-sharing to intcractive language technology. Although· the Tire rn;,jor stratcgic dacisions in 
IW· 1 tht: dcvt·;opmerit of Ada íncluded: modes of computer usaoe. lt was in- editing, debugging, and project man-
,Je 1 .... . (1) lonr¡uaqe requircrnents that 
:le novative in its attempt to integrare the agement tools of Stoneman would be o.:::qr~~potate from blcck-structur~ 

technology of data abstraction and a definite advance over current ;~"Guages to encompass data 

~· 

f 
r 
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s 
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1 

· concurrency. It was innovative in its 'embcdded computing technology, ai.;stractiün and concurrene;y, 
· comprehensive attempt to integrate they would be out of date even if they (2) choic~ of Pascal as a ''base" 

language, cnvironment, and method- bccame available in 1985. There is a !oc the innguJQ(!, 
(3) la.nüuage-dependent environ-

ology for large evolutionary software danger that thcir widespread ·in- rmni rcouirements that require 
systems. Because Ada brcaks ncw troduction in the 1980's could con- tO·)IS to be written in the language 
ground in so many arcas, there are strain the adoption of the more pro- cnci largeiy for the language, and 
many loase ends in both its lnnguage duc!ive and cheaper interactive (.\l mellrodology and technology 

d . d . Th' . en\:,·r·onment technology of pcrson,·¡J rc,c.uirc~t:ents.(STARS) strongly an envtronmcnt estgn. ts ts com- ccupied 10 the longuage. · 
pounded by the fact that computer workstations. The firs! two decisions were · 

· technology has evolved so rapidly that (5) Requirements for Ada Program r·?3Sonab:e. given the language 
· lhe hardware and software assump- Support Environments are language \·o•.:hno!ogy of the 1970's, but 

tions on which Ada was based are dependen!. The APSE requirement dc:;,,ve t(J b~ reexamined in the 
n•:;-..v circumstances of the 1980's. 

almos! obsoletc. that tools be developcd in Ada-and ¡-0,, :hird and lourth decisions have 
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· (2) Ada is a child of '1970's pro- largely for Ada-constrains thc scopc U<lduly constrained envlronmerit 
gramming language tcdmology. lts of Ada env.ironments and makcs tool d~o·mtopment and havo ct1anneted , J 

· block-structure paradigm for lan- development more expensive. The r·':scurces away from the develop-

1 

" 
guage design was dominant in the adverse effects of making the en- mcn! of productivc softviare en-

vironments by. forcing simple en~. 1970's but may be replaccd by a vironment Ada-dependen! may dom-
. '.tironmer.: :ceas to be implementad ¡ 

nessage-oricntcd distributcd model of . iriate the consequcnces of dcsign dcci- by mr.:;ns of a comptex tanguage . 
computation in the 1980's and 1990's. sions at the language leve!. This is a not in tended tor that purpose. 
lts mc-:hanisms for modula~ity (sub- flaw in the overall Ada conccpt at.the ,, · ... , . i 
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· · system integration leve!. lt would not · 
3 6 be surprising if Ada,· just as other 

very large systems, had its primary 
problems at this leve l. The tendency · 
to lavish great care on the infernal 
design of macrocomponents (such as 
the language) but lO exercise weaker 
control over relations among macro· 
components is a feature that Ada 

· shares with other very large systems. 
One of the strongest arguments for 

Ada is that the mere existence of a 
standard is more imponant than the 
product on which we standardize. 
According to this argument, the 

· cconomic benefits-of a common lan
guage with common subroutine li
.br;uies and a common environment 
will far outweigh any possible dif
ferences in quality or approach 
among candidate programming lan·
guages. But these advantages are 
balanced by potential disadvantages. 

(l) lnadequacies of the standard 
propagate 10 al! its users, causing 
products that use the standard to be 
inferior to those that do not. 

(2) Once a standard is adopted it 
may be inflexible, preventing prog
ress. This disadvamage is especially 
·acule in a rapidly changing tech
nology. 

(3) The inadeqtwcies of a standard 
may be propagated to other stan
dat ds that use it as a basis. For ex a m-

Atnerica and Lewis Hine 

pie, using a language as a basis for an 
environment propagatcs langé.gc in
adcquacies to the environment and. 
constrains the cnvironmcnt design to 
be dependen! on the language. 

Ada's standardization may cause 
problems in each of these arcas. lts 
imperfect software components may 
give rise to unreliable software sys
tems with components that might be 
erroneous, particularly for concur
ren! systems. 1t standardizes a transi
tional 1970's language and environ
nient technology that is bcing ren
dercd obsoletc by technological ad
vances, and m ay stand in the way of a 
transilion to_ more productive lan
guages and environments. The use of 
the language as a basis for !he en
vironment is running into trouble in 
part bccause it is the wrong kind of 
Janguagc, and in part bécause of our 
inadequate understanding of en
vironment standardization. 

Ada is pioncering new ground in 
auempting 10 devclop an cnviron
ment for components with strongly· 
typed interfaces. In addition, it must 
ovcrcorile the linguistic impcrf~~tions 
of its software components, Lan
guage·bJsed environmems werc suc· 
ccssful in thc case of Unix (based on 
C) and lntcr-lisp, but thcir strength 
derives not from behavioral stan
dardization on toolscts but from 

. 
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Betwt:en 1904 J.nd 1926, 14 million mcn, women, r.md chHUr8n poured 
through E!lis lsland to hecome po.rt of the fab\")r fcrce that wou\d b.uil·:-! 
i;"":dustrial Ameri(;;)·. Pr.oto~Jrapher Le•uis W. Hin:·: (itl74·1940) was ~HS"3Cr~t 
at thls grczt Crarn:1. For the next 35 ycars. in over 1 ~~.OCO-ph0tvg{apn~: .. H!.1c 
fol!mved H1e story of thesc ncwccrr.crs as tt·H.:; !•·.:.;d Jnd :~;Jor·..:J tu bt.:iid 
America. Hinc'-s <.:sdicatic.n to docurnd1ting tt1•: Si(~! y of u-. .:~ imtni~)ran::: 
le-d 11im to beccn~.-: the staff p~1utc:urapt1er ct m .. \ :..:atlona! Chiic~ LqtJ,x 
Cc.mmitt.;c, and his passionate photof.jrilphs of C~\ildren at wcrk '-'"e'"·.: in 
strumental in thc crusi'.de lo pa~;s child labor legisiation. 

In thc 1920's, Hinc unde,too~. a series of "wcrk portrait$" in wt~k::-1 r:e 
emphasizcd the cc..urage and skill nf \':orkers, who v:r;r<J to hirn sW! rlr;rr~ary· 
in what w.;1s then hriil2d as the "mf!c!line aga." In 19:30, at tnc ;;ge- üf :::06. n·:
bnC<.1me the l)flicinl photographcr of H1c Ernpire State 6ui:din9. 

Hinc's er.traordir1ary photographs, nine of whict1 are reprc.duced '-'.'lil1:r~ 
tliis artic!e, éue now recogni!cd n~ pricelo~s tr~~asures uf our n:.:;t:un~: i~.¿·ri· 
t;IOI~. An hvur-lonu docurmmtmy un t1is lifc an\1 v:orl<., proct....::·.:.:} t.~,. 
0::.-:dulus rroductitJIIS, In·~ .• i:. sctlt~dulr:~d lor prirnl~·\ill\(! .t·Hn .. Hlt:;::;t (;"":t!(.l,l 

v;irlr: •in PRS this f~dl. Thü li!rn, Arncrí!:n :m(f l.owi:; rli:l••, !S tr.Ofl;~ n~~~¡l ;; ["J()i 

o;::it ')tan indi·.·idu:'! artist---it is n cwnpollir~f¡ tn~·.tan;~:~nt t•J ll1ú ~.¡;c_n~.;u, ot 
· ;!to3u who built Amnrica. 
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opcrational' standardizatiot\ ·on ,í fr 1 
uniform set of interna! system in· '·' t'' · 
faces. In !he context of Ada this e '¡.- : 
r~sponds_ to standard~z~tion ori th,~ é.: 
KAPSE mtcrface. Thts has been at-¡ \,j 
tcmpted by a KAPSE lnterfac,; .·¡ 
Team. which dcsigned a Common: ·.· · 
Apse JnterfaceSet.38 But issuesintheÍ ·J·. J 

standardizaton óf interna! systein in_- \l. ¡ ! 
terfaces are not well undcrstood, par- ~- : 
ticularly in the pre_sen~e of strong typ- ~ · ·¡ 
mg, and standardJZalton may well be i. '¡ 

prcmature. Developing Ada-based 1¡ . 
interface standards may not be as : •: 1 
productive an approa~h as sulrting \ · .. ; 1 

from a demonslrably proyen base, 1 
•· ¡ 

this base-just as Ada extrapolatcd , , 
from Pascal. . j ) 1 

Reusable software technology re- ' . i" ! 
quires standardiz~tion not only of ¡· f"! 
languagcs and environmcnts, but also ¡ t: : 
of major software subsystems like f ~' 1 

communication, data base, and work~ · ~ t;~ i 

~~J~i~~os~~~~~:.~~~ ~¡~~~a~~~~~~~ \ ~· \ 
dardization wit. h subsystem stan~ar·-~ 1 

JZatton. There IS an opportumty m 1~:.:' ¡ 
~evclopmcnt of large DoD' software_' i r;: 
systems, such as WIS, with a budget j ~ t 
in exccss of $30 billion over 15 years~ ¡ ·. J 

lo develop communication, database, 1 :1 
and workstation subsystems that ¡ i 
could bccome a de facto standard for · ·¡ 

othcr very Jarge applications. Sub- ! 1 

systcm standardization could provide 1 i 
dividcnds in productivity that domi: , .! 
nate thosc of language standard- ¡ 
ization. \ 

\ 
The problem of standards in soft

ware technology is complex because 
of thc strong irit~raction among its 
diverse elements. Standards are 
nceded not only for languages and 
environments, but also for software 1 
acquisition, life-cyck methodology, ! 

1 
\ 

,. 
documentation, anda whole range of 

1
. 

1 
1 

• 1 
1 

othcr technological elements. Stan
dardization on one element, such as 1 

~~~;~a,:.~;il~e~1n~e~h~:ci~~~:t ;~~~~~ ¡ ·· ·¡ 
! ! This can be ~n advantage if we a 

confident that thc standard is a~ 
propriate and stablc, but can scrious
ly constrain and distort ovcrall evolu
tion of the tcchnology if the standard 
is inappropriate. 

1 1 

1 l 
1 ·¡ 
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Jusi as the Eskimo has manl diffcrent words for snow, we ha,·e many words foi 
reusability. A plausible condusinn is that rcusabilitl of the resuurces we crcate is as 
lmportanl In our li\'CS as snow is in the life of the Eskimo. 

Reusability has provided us wlth a 
single metric for examining a varicty 
of software activities-software com
ponents, programming in the large, 
kn0wledgc engineering, and Ada. 

In the arca of software compo
nents, thc shift from sequcntialto con
curren! modcls of computatio'n has 
opened up new demensions in lan
guagc and cnvironrnent design. Se
quential programming languages sueh 
as Pascal and Ada were based on the 
block-strÚcturc paradigm. Concurrent 
programrning languages are still in the 
pre-paradigm .stage of developrnent, 
but the plug-and-socket distributed
sequential-proccsses paradigm ap
pears attractivc on the grounds of 
both simplidty nnd lo~ical expressivc
ncss. The progamming languagc NIL 
embodles the ncw paradigm. lts com-

~-· ., . 
·-----------~· 

ponents are free from the textual 
bonds of block structure, can perform 
autonomous concurren! coniputa
tions, can be linked and reconfígured 
dynamically while they are exeeuting, 
and are designed for systems that may 
evolvc during program execution as 
wcll as during program developrnent. 
NIL's greater autonomy, on the other 
hand, carries with it responsibilities to 
effícicntly implcment data protection, 
communication, and recovery .. 

In the area of prograrnming in the 
largc, there is intense debate about a 
paradigm shift from the waterfalllife
cydc modd to an interactivo model 
that uses the computcr as an integral 
part of thc problem-solving proccss. 
The ncw paradigm includcs a shift 
from b<·havioral to operationnl spcci
fícation, with cmphasis on rapid (car-
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ly)" prototyping. 1t aims to provide 
automatic transformations from high· 
leve! operational specifications to effi
cient implementations. This paradigm 
has yet to provc itself. But there in no 
doubt that the availability of cheap 
computing power as an almost free 
resource in interactive problem solving 
will have a profound impact on thc 
problem-solving process. 

Knowledge engineering has been 
redefil)ed to emphasize providing aids 
for augmenting rather than replacing 
humari intelligence. Knowledge man
agement · is. less ambitious than ar
tificial intelligence, but can provide a 
framework within which both com

. putcrs and humans function more in
telligently. Knowledge engineering (in 
the new sense) subsumes software 
engineering, since software engineer
ing is simply knowledge engineering 
applied to the specialized domain of 
software. But software engineéring 
necds domain'independent knowl
edge-management tools for tasks like 
documentation, authoring, and li
brary management. Program suppon 
environments for software developc 
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mcnt are therefore dependen! on good 
knówledgc-support environments. 
Capital-intensive software technology 
requires a knowlcdge-support en
vironment for programmcrs to be:pro
ductive, and in turn provides the tech
nology that allows good knowledge
support environments to evolve. 

Th• US D<o~•m•o< of D<J '"" 
should hitch its wagon to STARS orl. ,; ThiS l 

' ·om 1 the future rather than the past. 1t ·ed , 
should build on the ideas of Ada bu!¡ ,\is;rib• ' 
bypass Ada as a product. Perhaps it, !lrian 1 
could support a riew competition to' ,nd th•,. 
specify language and environment i ing cm .

1 ; · ! Part 
designs for the technology of the late! ,;d<d ~ 1 

1980's and the 1990's. New rcquire-1 trae<!' . 
Our discussion of Ada too k a ments would probably start with en- t' No. 41 1 

broad viéw, examining the capital- vironment and interface require- 1 

intensive nature of the language, en- ments at the KAPSE and Unix ievels, . i 
vironment, methodology, and tech- continue with communication·re' 1 RefE, i 
nology. We indicated that Ada in- quirements for software components 1 ,: i 
volved far more innovation than and libraries, and add language re· Relc"'. 
originally intended, in part beca use it quirements once interface and com- 1 l. S· 
had the misfortune of being devcl- munication requirements had been f 
opedduringaperiodoftechnological agreed upon. Greater. emphasis 2. N 1 

transition from sequential to concur- would be placed on the standard- ¡, 1 

rent software components and from ization of communication interfaces ¡ r ; 
batch to interactive environments. lts and less on the standardization of ! . s¡ 

l ' careful attempt at standardization computation primitives. t 1 

might have succeeded had the tech- Reopening the Janguage and en- 3. < , 
nology bcen more stable, but instead vironment standardization issue will ' 1 

the effort has resulted in a úan- delay adoption of a standard. But 1 .. 4. :, 
sitional product that mirrors thetran- this delay may well occur anyway ¡ · ¡' 
sitional language and environment beca use of the inadequacies of Ada ,.la 1 

technology whi~h spawned its devel-. impJemcntations and the pressurcs of .. ·, 1 

opment. new technology. A ree:xamination of ¡ 5• ~! 

··•, 

language and environrncnt standaids · : i 
could be sponsored by the DoD Soft- 'i 
ware Engincering lnstitute proposed 6 .. 1 

as a central feature of the STARS ¡ .¡· 
program. , 

Many of us who work in the field ! '1 
of software tcchnology feel· that the l. 1. ·i 
1980's are more exciting than. the ·¡ 
1970's and that the 1990's may prove 8· 1 
to be even more so. Living in a period 
of rapid techuological change pro
vides both an opportunity and a re
sponsibility for shaping the future. lt 
requires us to be more innovative and 
to take greater risks than in a period 
of greater stability. But wonhwhile 
progress can 'be achieved only by tak
ing sorne risk's, making sorne hard de' 
cisions, and im;esting in thc future. 

9. :j 
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1 

The French maxim "reculer pour ¡ 
mieu;: sautcr" (draw back lO better 12 1 

'¡1· 
jump) cchocs the capital·intenslve . 
scntimcnt of giving up ¡lfc!cnt pi'Ont 13 1 

for future productivity, and suggests 
that drawing back from a i:ommit- ! 
ment strengthens our ability to face ¡ 

, the future. . . . 11 , 1 ; 
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Major lssues in Software Engineering Project 
• 1 Management 

RICHARD H. THAYER, MEMilER, IEEE, ARHIUR B. PYSTER, MEMBER, IEEE, 
1 ANO ROGER C. WOOD; MEMBER,'IEEE . 

Abstraet-Software cngincering projcct management (SEPM) has bccn 
the focus of much rcccnt aucntion bccause of thc cnormous pcnalticS 
incurred during software- _dcn~lopmcnt and maintenancl" resulting from· 
·poor managemcnt. To d3tc there has bcen no comprt!-hensivc study 
PL"rfonncd to detcnninc thc 111051 significant problcms or SEI'M, their 
relati\'e importancc, or t~c rescarch dircctions nccessary to sol ve thcm . 
We conductcd a major survcy of individuals from.all arcas of the com~ 
putcr fidd to determine the general conscnsus on SF.PM problems. 
Twcnty hyp9thc!.izcd problems wcre ~1(bmi1tcd to sc.,·cral hundrcd indi- · 
viduals for thcir opinions. Thc 294 rcspondents valitlatcd most of thcsc 
propositions. N"one of thc proposilions was rcjcctcd by thc rcspondcnu 
as ·unimportant. A numbcr of rcSI..'arch dircctions werc indicated by the 
rcspondcnts which, if followcd, the rcspondcnts ~clievcd \\·ould lead to 
solutions for thcsc problcms. 

Jndex Temu-Project managcmcnt, software enginl"cring, survey, uní· 
vcrsity currículum. 

333 

1; ~· l. INTRODUCTION 
, . EARL Y cvery software engineering development project 
L' is plagued with ~1umcrous problcms Jeading to late deliv~ 

[:!51, improvement's and developments· in managcment have· 
not kept pace with advances in thc. technology of software 
development. A large numbor of articlos addicssing such tapies 
as bettcr coding style ("Structurcd programryting"), testing; 
formal verification, language design for more reliable coding, 
diagnostic compilers, and so forth, have appeared in the liter-· 
ature (e.g:, ili the IEEE TRANSACTIONS ON SOFTWARE ENGI
NEERING, Proceedings of thc lntemationa/.Confcreuces on · 
Software Engincen'1ig, Procecdings ofthe AC\1 Con[crences on 
the Principies of Programming Languagcs, .. . ). Although the 
technology of software engineering as a well-defincd discipline. 
is rclatively new, software enginccrs havc progresscd t(! the point · 
where inany major issucs rclevant to thc tcchnolugy ofsoftw:.lfC 
production havc bcen idcntified and considerable progrcss i~ 
addressing these issues has bcen made [ 16]. [ 17}. 'Practica! 
working tools to support improved software production are 
commonly available, and their design and gcner~tion havc be· 
come a rccognizcd tapie for university ínstruction [~]. 

,. 
1 

ery, cost ovcrruns, and sumetimcs, unsatisfiCd customcrs. Oftcn 
thesc problcms are technical, but just as often, the software 
engincering dcvc1o.pment problcms are manageri:,l). How oftcn 
have we pcrsonally heard or read tltat a projcct was late (or 
ovcrbudget, or reduced in scopc; _or tcnninatcd carly, or did 
riot satisfy the user, ... ) because: 

• programmers did not tell the truth (or did not know the 
truth) about the status of their programs, or 

• management unreasonably reduccd the delivery time of 
( or budget of, or withheld necessary resources from) the project, 
or 

• top managcment did not allow sufficient time for front 
end planning, or 

• the truc status of the projcct was nevcr known, or 

o programer productivity Was lowcr than planncd, or 
• the customcr did ·not know whai he wanted (or changed 

his requirements), or 
o government standards for requirement specificaiions ( or 

procurement policies) were not suitable for software, or. , •• 

Although tlw tcchnological and managcrial aspects of soft
ware cnginecring were both n·cogni7.cd about the same time 

\fanu~~:ript n:cdvcd ~·ia>' · 22, 1 q79: rrvi,cd February S, 1980. · Any 
,1inlon~ C'(pr<"~scJ hcrein urc those of thc nuthvuand do not nccessarily 

rctlc~,.·t thc opinhm~ vf the U.S. Alr J." orce. 
R. H. Thay~r w:~~ with thc SaL·ram~nto ,\ir Lo¡:istics O.•nter, A ir Fnrce 

LogbtiC!I Comnt:.md, M~.:Cicll'..lll A ir ForcC Ua:u:, CA 9S6S2 . .He 1~ now 
with thc Ocp;atm .. :nt ~u· Compuu.•r Sdcn~.."t!, Calif(Jrniu S tute Unlvcrsltr, 
Sacramento, CA 9SM19. · · 

A. B. Pystcr and R. C. Wood are with t~c Ocpílrtment of Con1put~;r 
Scicnce; Univcnity.of California, S3nta Bar abara, CA 93106. · 1 

Software cngine~:ring projcct managemcnt (SEPM) has not 
cnjoyeJ the samc progréss. Whilc it might be argued that SEPM 
has been defined, it is far from a rccognized discipline. Soft
ware dcvelopcrs who have dcmonstratcd c01npctencc as dcvcl· 

opcrs and programmers have been clcvatcd to project managers 
without the bene!ll of education or training. The major issues 
and problcms of SEPM have not even becn agrecd on by the 
computing community as a wholc,and,consequcntly. priorities · 
for addressing them ha ve not be en widely established. Research 
in SEPM has been sean t. As Commander Cooper reported in 
the IEEE TRANSACTIONS ON SoFTWARE. ENGINEERING Spe-
ciallssue on Project Management (July 1978): · 

"~lthough the need is apparent, there appcars to be 
precious littlc innovative activity in thc area of software 
managcment. Pcrhaps this is so hccausc computer scien
tists bclicve that managemcnt per se is not thcir business, 
and the managcmcnt profcssionals assume that it is the 
computcr scientists rcsponsibility." 

Richard Merwin stated in the same issue: 

••Programming disciplines, such as tor--down design,, 
use of st~ndard high lcvcll:.tnguages, and pro¡_!rarn JÍbrary 
support systcms all contribUtc to thc productiun of rtJ:Ii· · 
able software on time, withln budgcts .... Whal is.still 
missintt i! thc oYcrall m;¡n:tgl~mcnt fabric wllil:h aJluws 
thc ~cnior projL·d manager to un~..krstund and lL·nd mujor 
d;ttn proccslting dcvclopmcnt cfforts." 

Somc data wcrc collcctcd about· the extcnt to which unlvcr-
:,r,, 1·· • 1• ' •• 1;. ·--------
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sities tcac!t SEPM. lt rcvcalcd that only a h3!idful of promi· 
nent univcrsitics Stuv<.·ycd lwd any cours<'s exdusively on 
SEPM. On the othcr hand, most of these universities offcrcd . 
at Jcast onc coursc on thc tcdmological issues of software 
cnginccring. More dctails on this study are presented in Sec
tion VI. 

Bcforc wc can agrcc on the progress accomplished in SEPM, 
we mus! establish the yardstick for measuring that progress. 
Thc flrst stcp must be to identify the rÍJajor issucs and problems 
which faec project managers. This papcr will at tempt such an 
idcntiflcation based on a survcy of294 individua!s. In addition, 
it will try to indica te the relative importance of these issues 
and problems. 

JI. l'HE MAJOR lssuEs 

Thc majar or kcy issues of an activity, technology, or task 
ar.e thosc portions of it which are: 

• critica! to the success or excellcnce of the larger activity, 
technology .. or task, and 

• havc an l'xisting or potcntial weakncss which may signiti· 
cantly dt.'tract from the success or cxccllencc of thc activity, 
technology, or task, orina worst case, cause failure. 

Tire major issucs of SEPM must be idcntificJ in order that: 

• real prob!ems can be separated from pseudoproblems en
abling management attention to be propcr1y focused, 

o tire university/cducation systenr can properly apply its 
resourccs in the training of software managers as well as 
engin~ers, 

o a ·gr~ater levcl of ~hstraclion can be identitied to provide a 
broadcr hasis for undcrstanding the managcment of a soft~arc 
devclupmcnt project. 

Thc flrst stcp taken to define thc major issucs of SEPM was 
t0 revh~\V the litera tu re for software cngineering problcmssin(:e 
197-1 (plus severa! early classical documcnts) concentrating on 
~ccnnJ:uy snurces ín arder to tilke advantage of gencralizations 
alr~.·:H.ly lll<.1Je. By u~ing thc software engincering dclivcry ami 
succcss model shown in Fig. l, we·hypothesizcd which ofthesc 
p1ohkms can most affcct the success of software dclivcry. 
TI1cse, we bdicved, wcre thc major issucs. 

Each 5oft,vare enbinecring issue was tbcn evaluatcd from the 
vicwpoinl nf ¡lJe projc .. -t m:mager, le~míng towards a mana'gcr 
who docs not hJve i:\ grcJt deal of managerial·cxperiencc and is 
secking ::t mcJns toe mure delivery of a succes~ful projcct. These 
issucs wcrt: :hcn rcworded as problems as secn by the project 
man;¡gcr ·and comparcd to thc dasSic managcm'cnt model of 
planning, or~anizing, st~fting, diretting, and controlling to 
ensmc that cvcry arca .was covcrcd. By far the dominant two 
activitics are pl:mning :mt.l contrulling~ which togethcr act:ount 
for 80 pcrce'nt of thc is$Ut'S, with planning ::~!0ne involving ten 
iss~1cs. Thc resulting 20 majur issucs uf SEPM are shown in 
Tahlc 1, along with thcir rcspC'ctive sourcc refcrenccs ~md a 
short title for !a ter refcrcnce. 

Dclivcrablcs 
• Software 

2 • Documcntation 

Suc-ccss Attributes 

• On time 
• Within rcsourccs · 
• Mccts rcquircments 
• Usable 
• Rcliable 
• ~laintainable. 

Fig. l. Software dcvdopmcnt delivcry and succcss model 

next stcp was to attcmpt to valida te that thcse 20 "problcms" 
are truly problcms for project managers in the ficld. Two 
reasonable validation mcthods in this context are to: 

• perfonn a dctailed case study of a number of projects, 
obsef\·ing the problcms cncountercd by project managers, 

• survcy various 'individuals for thcir opinions on the nature 
of managerial problcms in software dcvelopmcnt projects. 

In fact, both methods were tricd. The rcsults of the case 
study will be rcportcd in a forthcoming papcr. The sccond 
approach, surveying, is the mcthod rcported ·here for validating 
thc problcms which is rcported hcre. 

Thc survey, conducted betwecn Autumn 1977 and Spring 
1979, obtaincd information from industrial, governmcntal, ::md 
univcC'ity leaders on the major prob!cms of SEPM. The cate
gories of participants dcsired and evemually obtained is shown 
in Fig. 2. Experienccd and know!edgcablc data processing 
managers ami othcr personnel from thc data proccssing arca 
werc scnt a copy ofthc 20 issucs and usked to state their opinion 
as to whethcr they fclt cach of the hypothesizeJ prob!ems was 
"Critica!," "important," "not important,'' "nota problcm," or, 
lastly, "incorrectly statcd.'' In a.ddition, the rcspondents wcre 
askcd whcther they vicwed a problem as being primarily mana
gerial, tcchnical, both, or neithcr. Thc respond~ilts wcre also 
askcd to complete two more qucstions about cach problcm. 
They were askcd whethcr thc solution to the problem was ob
tainable through improvcmcnts in m:magcment, technology, 
both, or ncithcr. Finally, thcy \ver e askcd to statc in English 
prosc, how thcy would (or did) salve this problem. The last 
qucstion hclped ensurc that thc participants thought through 
thcir answers with more than a casual effort. A samplc of one 
survey question is containcd in Fig. 3. 

The participants wcrc obtaincd from published names and 
addrcsscs available to the general computing community and 
by distributing survcY· copies to peC'pk attending computcr· 
orientcd conferences. The survcy was mailed to highly visible. 
individuals in governrncnt and private computcr sdence, p:utic
ularly membcrs so the IEEE Computcr Socicty, ACM, and 
AFII'S. In addition, the survey was distributed ata number of 
confcrence scssions in which the cmphasis was on projcct . 
managcmcnt. In addition, as word of the survey sprcad, wc 1 

rcccivcd dozcns. of rcqucsts for survey copies as wcll as rccom
mendations for other candi<htc participants. 

To furthcr increasc the pool of potcntial respondcnts, we 
lll. VALIIJATING THE lssuES exarnincd severa! widcly rcad computcrjournals for project 

llascd upon thc critcria explaincd in thc Jast scction, thc 20 manag~mcnt :-trticles nnd software enginccring articlcs that 
prob!cm statcments shown in Tablc 1 wcre assemblcd. The could be relatcd to projcct managcment, ind mailcd a survey 
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..... ;., 
'¡·· . . . J.¡¡·s· 
' ·¡ 
' TABLE 1 .J - 3 .. TWENTY HYPOTHI:'.SIZI:O PROBU:MS TS SOHWARI:: ENGINf::fo.RI:-;G PRUJECT 

MANAGI:::~I:NT . 

Plannin¡; Problcm:. 

Problcm 1 (Plan Requirement): RcquirCmcnt Spl'cífications are 
frequcntly incompktc, ambiguous, incomi~tcnt, and/or unmeasure
ablc (31].(30].(32).(3]. (15].(12].(5].(7(, JI O]. (25], (13], 
(9]. 1 11]. 

Pu;bl!:m 2 (Plan Succcss): Success cri!CI ia for a so(tw;¡rc dcvcl
opmcnt.'aie frcqucntl)' inappropri::lte which rcsults in poor ·'quality'' 
dclivcrcd software, i.c., not maintainablc, unrcliablC', difficult to u~c. 
rclath·cly undocumcntcd,.etc (15]. ]32]. f3].(22], (5(, (101. (14], 
(28], (9(, ¡l1]. 

Prohlrm 3 {Plan Ptojccr} · Planning for ~oftwarc enginccrint~ projcct~ 
¡, ~cnerully pour (6(, (lj 1, 1221, (24], (12], (5]. (10]. (28], 113]. 

Prohlcm 4 (Plan Cost): Thc ability to cstirnatc act·ur:stcl)' thC' re· 
souJccs required to accomplish a software devclopment is poor ( 11, 
(3 2]. (8 l. p 5]. (29] , (S l. (1 O 1, (28], (11 J, {1 8 ]. 

Froblcm 5 (Plan SchcJulcj: 1 he abilit}' to esthnatc accuratcly thc 
delh·cry time on a software d~·clopment is poor [ ll, 130), ( 3 2 J, [8 J, 
(15], (34].(5], (10], (28], [131, (18]. 

Problcm 6 (Pia11 Dcsi¡;11): Dcd~ion rules for use in sckctinp: thc cor
rC'ct softwarl! desif:n t!!dmiques, cquip¡ncnt, :md aids to be uscd in 
dcsigning software in a software enginecring project are not uvaihlblc 
(19], [15], (12]:(5], (10], (28], (11]. 

Prohlrm 7 rPian Test):. -Í>cci~ion rul!!s for us~· in sclrcting thc cOrrt'~t 
proccdurcs, strate~i~s. and toob. to be u sed in testin~ software dcvdopcd 
~a software enl!inct·ring projcct (3 J, (12J. fl O J, ¡28 ). {3S J. 

.~r¿b!t•m 8 (Pian Maintainablt•): Procedures, tcchniqucs, and strate
fvr designing: maintainablc software are not availablc (121, ( 7], 

1 J, [ 1 1]. . . . 

Problem 9 (Plan h'arranty}: Mcthods to t:Uar;ntc~ or warrant that 
the dclivcrcd software will "work" for the u ser are not avail:.~bk (30}. 

Problcm JO (Pla11 Comrol): Prol·cdun~s. nll'thod~. and ttchniqucs 
for designing a projcct control s)'stem that wül cnablc project manapcrs 
to successfully control thl!ir projcct are not readily availablc ( 19], ( J 5 L 
(5), [28], (9], [11]. 

Organizing P.roblcms 

Problcm 11 (0rgani:atiot1 Typc): Dccision rule'> for sclccting thc 
propcr organiz:~tional struCture, e.g., projcct, matri.x, function, are not 
a:vailablc. 

copy to the articles' authors. Finally, the survcy was distri
buted to a group of professional progr:unrners and to one 
graduate class in computer scicncc at the University ofCalifor: 
nia al Santa Barbara. Thcsc last two distributions account for 

· the rnajority of thc project individuals (as opposed to managers) 
and studcnts who complcted thc survcy. 

As a twist on the original sUivcying method, we also sent· a 
modified questionairc to most major universitics in the country 
which offcr computcr scicncc dcgrecs to deten11inc to what 
degrec SEPM was bcing taught. Twcnty-seven responses werc 
received, revealing that very lit tic on SEPM is currcntly incor
pnratcd into thc regular computcr scicnCt: progrJms at either 

Jndergraduate or graduatc lcvels. Scction VI contains the. 
survcy dctails. 

Probh·m 12 (Organization Accountahiliry): The 'accountability 
structurc in many software cngincrring projects is poor, Jcaving somt 
qu.cstion as to who is responsiblc for va'rious projcct functions [ 15], 
(29], (5], (13]. 

S taffing Problems 

Problcm 13 (Sta/[ Project Mar~agcr): Proccdures and tcchniques for 
thc sclt•clion ofp~ojcct mana!!ers:.ul! poor (15), (12], (S J. [10], [13.J. 

Dircctin!,! Problems 

Proh!t•m U {Dirccr TI'Cimiqucs): Occi~il.lll rules for tiSt' in S{'!('ctin?
the currcct m:m<.~¡.;(·:Jl~'nt t<•chniqu<·s for software t·n~·irwering: projl'Ct 
man:lf~·mcnt are nvt avaiJ¡¡blc l JO]. · 

Controlling Prohbtu · 

Projcct {5 (Colltrol Visibility): Proccdure~. · techni4uel., str:ttcóes. 
and aids that will prm·id~ \'isibility of piO!!!l'SS ( not jtnt r~·S\)urccs u sed) 
to thc projcct managt·r are not cvailablc ( 19]. {31 j, ( 8 J , {15 J, ¡29] , 
(5]. [ 12]. ' 

Problcm 16 (Control Rrliabiliry): Measurcrncnts or imkxc5 of rrli· 
ability that can be u sed asan clcnll'nt ofsoftv.·arc dcsign <.~re not avai!:Jblt: 
and thcrc is no W:l}' to pn•Jict software fuilmc, i.e., therr i~ no pral'tical 
Wi:IY to show thc delivcrcd software rncets a !~ivcn rcliubility critni:J {1}, 
(21]. (2l], (12], [10], (20], [28], 1?]. 

Prob/cm 17 (Control Maintaillability}: ~fcasurcmcnts or indc:O..:l'S 
of mainú.dnabilitr that can be U!-.cd :~S an d.:rncnt of s•)flw:ac cle5if!n 
are n(lt availablc, i.C., thcre is no practic:Jl Wtl)' to' shnw that a givcn 
program is more maintainablc than an0thcr I2R J, (9]. 

Prohh·m 18 (Colllrol Goodnrss): Mcas11rcmcnts or indc.\es of 
"goodncss" of code that can be u sed as an dcmcnt of software de:<.ign 
are not availablc; i.e., thl•re is no practil·al w:~y to show th:~t onc pro!,:ram 
is bl·ttcr thau anothcr (32], (26), !33 J. 

Problcm 19 (Control Programmrrs): .S!:mdards and techniquc_~ for 
mc:~suring thc qu:~lity of performance and thc qu6ntity of production 
e:xpcctcd from programmcrs and data procc~~ÍnJ! analysts :~re not avail-' 

· ablc (1], (31], (32], [15]·, [29], (J4], (28], [11]. 

Problem 20 {Control Tradng): Techniqurs and ·aid~ that will pro
vide an acccpt~blc mcans of tracing a software dcv.eiiJpment from p .. '
quirl'ments to complctcd codc are not !!Cncrally availablc PI.. {28], 
[5]. 

problems in SEPM. lt was not our intcnt to dcicnnine why 
the participants answcred os thcy did, nor to analyzc the rcla
tionships betwcen thc various propositions or thcir parts. \Ve 
fccl that becausc thc problcm statcmcnts are .short, and sub
ject t~ different intcrpretations, the reader should not place 
too much significance on the spccific pcrccntages tabulated 
for individual problcms. Thcrefore, lo dctcnninc whcther one 
of thc hypothcsiicd problems was truly a problcm or not, a 
30/40/30 rule was adoptcd. lf fcwer than .30 pcrccnt of the'. 
rcspondents fclt that a proposed problcm was at Jeas! "impor
tant," thcn thc hypothcsis would be rcjected. On thc other 
hand, if at Jeast 70 pcrccnt fclt ihat thc issuc was cilher critica! 
or important, then thc hypcithcsis was ac~eptcJ and tlwt issue 
catcgorizcd as a major problcm. Finally, if al leas! .10 pcrcent 
but lcss than 70 pcrccnt of thc rcspondcnts felt that !he prob-

IV. 1HE Sl!RVEY REsl!LTS !cm was importan! (thc rniddlc40 pcrcent), thcn thc hypothcsis 
Our primary goal· was· to Uncovcr wh:1tevcr conscnsus exists· could nol be conclusively acccptcd or rcjectcd. No more rc-
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arnong !hose involved in software dcvclopmcnt on thc major lincd ranking of thc problerns was dime for ·this st.udy. Thc. '· 

-'M~ •. _;;i¡~~ ·<-,;.;~~";~·);,:,,:_,,_.· .,\•,,,¡~j:;.;;, -u ,_ ·~ .:~/:.,_ ... : · ,, ,¿. ·. :~. ,. , .:t· .. .. :. . .. ~.- ,_ ,;:, --- E, . , ..... s .:.... : ~ •.•. ,. . ··" ·'' .. e; .... ...~,~ • .,. . ... ' 



1 ¡,' 
1 ¡ 

1 

--------
'iJ/ ~,,, ' '. '• J. .. '·. 

336 IEEE TRANSACTIONS ON SOFTWAKE ENGINEERING, VOL. SE-1, NO. 4, JULY 1981 

• T~dmicallc~dcrs in comput~r scicncc who arc/havc citlu¡¡: 

• a position of intlucncc in.thcir ~o't.l111p~my, 
. ·. 

• hi¡!hly visible ;mthurs and/or ~pcakcrs on computcr scicnCe or 
projcct man:1gcmcnt 

• Prujcct managcn 

• R& D pc;>n!llliiCI 

• Etluc.·ator~(unívcnily, (.'duculion lnstitule, ... ) 

• Othcr pcrsonm:l intcrcstcd in projcct m:Jna}!.cmcnt 

Fig. 2. Dcsir"d participants. 

l. PROBLEM---Rcquiremcnt specifications are frcqucntly incomplcte, 
ambiguous, inconsistcnt, and/or umncilsurcable. 

a. This problcm is: critica!(.) ... important ( ) ... not important 
( ) ... no problcm ( ) ... incorrcctly statcd ( ). 

· b. This is a problcm in: managemcnt ( ) ... tcchnolo~y ( ) ... both 
( ) ... m.:ithcr ( ) ... not a p_roblcm ( ). 

c.' This problclll can be solvcd thruugh improvCm~nts in: managc
ment ( ) ... tcchnology ( ) .. , both ( ) ... neithcr ( ) ... not 
a problcm ( ). 

d. How would (did) you solvc this probiem? _________ _ 

Fig. 3. Sample survl'y qucstion. 

choice of thc 30/40/30 figures is somcwhat orbitrary, but does, 
wc bclicvc, rcflcct thc notion of "conscnsus" fairly we11. We 
havc providcJ the pcrccntagc figures in thc tablcs prcscntcd in 
this scction so that if thc readcr is unhappy with our classil1ca. 
tion schemc, the information to constmct a ncw schcme is 
available. 

Thc 30/40/30 rule can al so be applicd to parts 1l ande of the 
qucstionaire. Parts B snd e, which refer to thc problcm type 
and solution type respcctively, wcre cvaluatcJ to determine 
whether'thc problems and solutions are managcrial, tcchnical, 
both, or ncithcr. If m:wagcrial h::~s a \Vcightcd average of at 
lcast 70 perccnt, thcn thc problem (solution)·type is consid
ered to be managerial; if fewer than 30 percent fclt that.the 
proposition is a managerial problem (solution), then the propo
sition is c~nsitlcrcd to be· technical; if the split betwcen mana. 
gerial and tcchnical falls in the center 40 pcrcent, then we 
concluJc that thc problem (solution) has both a strong rnana
geri::~J anda strong technical char;1cter and cannot he ch::~r~ctcr
izcd as eithcr managcrial or tedwical alonc. The w~ighted 
rnanagerial average is dcfined to be 

NR MGT + 0.5 (NR BOTH) 

NR MGT + NR TECH + NR BOTH 

where "NR MGT" ·is thc numbcr of survcyees that answercd 
pan 1l (e) with "management ," "NR TECH" is that number 
that answered "techniCal," and "NR 80TH" is the number 
that answered "both." 

J'wo huntlrcJ and nin~ty·f~ur. stirvcy rcplies wcrc rcccived 
in :111 including those 'mailed to sreciflc individuals and those 
rcturncd from h::~ndouts at confcrcnccs and thc classroom. 
Approximatdy 25 perccnt of thosc specifically addJcs<cd to 
an. individual wcrc rcturncd. Rcsp01¡dcnts rangcd fmrn high 
ranking~decision makcrs in compUtcr scicnce, ~cnior corpor_ate 

4 
c~ou .... ATril IüUTE 

TAB!.E 11 
ATTRIRUTES OF PARfH."IP . .o\NTS 

1 ~n• n.tn•OJ•' 
Pf'OJI(t rt~o~n•'Jef' 

tndl\'14u~l de~eloper 

~~~nlor to\.~flf, polac\1 
'UP.TVI\01"• \Oftw•re 
corpor•t• •t•i~. \Oftw~r• 

· 'VIIe1"V1SQT• ncn-'icftw.o~re 

•~"~on~t:lov,;; 

~nlv~r,ity te•cbtng · 

Rt-0 or1ented 
educ•tor1o 
Facult 11 e~ Oept; 

ltUCient 
p1"ogr4m~er/,gitu~r• •n.at~1ot 

engln~er/fvnctton.al an•ly1ot 

~u•lit'l a~tur•n(e/technlc•l 

darectc1" 
~an•ger/super~ascr 

90vernn~nt employee 

.,o 
con"iut~ant 
ott•bll'>he'l gentHoJl loitw•r• 

devrlcpmen\ p~lit\1 

n~tiondl ~vthur/,pe~ker 

,¡í'ftll•ltt!d ..:ltl"l CS profC\tlCI"' .. l 
·or,J.anai.at&on 

af~¡l¡ated wl~h aerg<¡p~co 

prof~<¡ston.al or~antr.ation 

~nertc~n/Can~da.o~n tnfluenc• 
European anfluence 
F•r East anfluQnt• 

PERCENTACE 
QF" fiESPONOCN"T 

10 ... ,. 
• 

12 
b 

28 

3 

23 

•• 20 

7 
21 

9 

2 

45 .. 
17 
10 

• 
,. 
a• 
14 

~·. 
•• • 

nanufacturer oi computdr h.a1"dw•re 15 
nanufacturer oi oahe1" th~n ·1~' 

co~p~tcr hardw•re 
scltuJ1"e house 3 

engan~~1"1ng 'ervaces anJ techntcal 8 
'upport o1"g•n1Jat1on 

governrr ... nt . .:23 
univ~r\lt~/RtO laboratQ1"Y JI 

compute,. servac• bure .. u 
con~ultang f11"n · ~ 
lan•nc1al ln\ta~ute 

medic•llle~ .. l serv¡ce 
ut111t1eo; 

1 
1. 

and DoD officials, to lcgendary ligo res in thc cornputing fidd, 
and prujcct managers ::md programmcr/analysts on a software 
project. Many respondcnts· publish rcgularly in lcading tcch
nical journals and are highly sought-after speakciS at confcr- · 
ences in the the U.S. and abroad. The authors of well-known 
tcxtbooks and !cading researchcrs both \\'ithin the university 
system and at R&D laboratories were well reprc1cnted. · Al
though thc sun .. cy participants can be considcrcd :1 t:ross section 
of the cornputing cornmunity (scc Tablc 11), by dcsign the cm
phasis was to obtain thosc individuals who throu¡;h visibility 
pmition sway thc opinions Of m¡my olhcrs working in software 

:cngim·cring or other aspccts of data processing managcnlcnt. 
or cou rsc, thc Ílulividualnamcs l)f thc rcspomknts al e protccted 
by :.1 promisc of confidcntiality. 

Onc of thc more intcrcsting possibilitics in analyzing thc 

1 
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TABLE JI1 
CATEGORJES OF PANTICIPANTS 1:"1 SURVEY 

=====:==-·-==== 
PARTlCIPAfH Ct.TLCORV 

'Edvc.a~or~ 

OE~lNlTION OF CATE~ORV 

pro¡•~t m•nagtr~ of .a proJtCt 
uhtch intlvdt o;.oftw.are llni' 
.nanagrr~. •ach of' whom h.td a 
firtt hand ~nuwltdge of the m.aJor 
prob hmt of SEPM. 

tndiv1dv.tl program~tro;./•n•l~o¡,to;. 
who worktd on pi"OJICtt. 

peoplt who ~rt in • high position 
of inflvence 1n thetr campan~'' 
d•t• proctto;.ing funct1on. n1ghl~ 
vi5lblt author• or •P••k•r• on 
computtr tcitnct. ' p.trttcu1.arl~ 
data procto;.s¡ng ~•n•gement; .tno 
.tuthDt"l of tt•l•· p,¡ptro¡,, or re
porto¡, on prOJtCt m.tn.tgtmtnt 

ptoplt who throu~h thtll" bu51nes~ 

or •vocat¡on uett tntcrested In 
furthertng tht \l•tt-oF-tn•-.art 
1n prOJICt m.anagrmtnt. or ¡n 
perh•IJ' .t. ft>w ,.,.,, t.om• c;tlur 
•iPfCl of cOmpvttr t.Cltnce. 

v~uall~ un1vtrt.1t~ proft~sor~• 
howPver, "om1 non-vnivert.Jty •du
catort wtre 1nclud~d. 

TABLE!V 
SuMMAk\' oF P•"N.T A RESt:us-b1POP.TASCE oF PROBLEM 

5 

--------------------·--- - -------
----------------------~- --------
t~o::x !UUOR ISS!JE ~St;"LTS 1~ P:-:iiCF.~;r PRIJ5tr~! BY PA:HICJP,\:;T CATE(.{)~;:· 

NR (Short•·Title) co:L?ustu PRO! ~:G-?.5--PioJ--i:;us n:cn LJ?...<; R!..:J EOt'CATORS 
---·-·· 

NI!HB~R R!.PO?..TEIJ 29~ 7l " 82 " 17 

1 plan·requirp~ents " lOO ., 
" " 93 , plan &UCCUS 82 7l 86 83 63 so 

) pla:-~ project 90 " 81 t9 " " ' phn C-'.n .. " 86 " 6.! 11 

' plan ~;ched~le " 97 93 91 " " 6 phn design 12 " 67" 66* " 
, 

l .plan tt~t " " l7 13 69*· " • plan 1:131ntaindbility ~~~ ,,. 6.:.~ f;:)'• " , 
9 plan v:¡rranty l4 12 lO 12 lO l8 

10 plan control .,. "' 60' "' 63"' 69.:0 
11 or1anh.e type '6' "' ... "" ':• "' 12 organize accow1tability 81 15 l2 86 " SS 
13 6taf! p_roject oanaaer 77 )) " l2 lO 17 

" direct techniques ,.. SS* ,.. "' 
,,, ,,, 

" cor.trol visibility ,.. .,. 62* 11 " l4 
16 control rti'liability " 90 .. l8 " 86 
11 control JJaintainability 76 76 67' 11 " 82· 
18 control goodness "' 60' 62" 60* ,. 

"' " contr~l prC'gra~.-,ers " " lO " " " 20 control tr.tcing "' 67" ,. 70:< 6P "' 
" ~sult.-. \O_.T~ inconclus1ve 

.• -.. 

., 

. ; 

survey results was to determine how diffcrent groups of people 
answercd thc individual qucstions. To do so, thc participan !S 

werc divided into the five catcgories shown in Table Ill. These 
five groups were selectcd because of thcir poten tia! for conflic· 
ting vicws. Do project managers view the majar issues ofSEl'M 
differcntly than project individuals? Do R&D personncl hold 
diffcrcnt beliefs than project managers? Do universities recog
nizc thc major problems so thcy can direct thcir teaching and 
•scarch to !hose arcas? And finally, ;..hat do the technical 

solutions to the problerns in English prose, is prescnted in the 
next section. 

aders bclicvc? · . 

The results of the survcy are summarized in Tables lV-VI 
along with the applications of the 30/40/30 rule. Each major 
survey group is scorcd scparatcly so that differences of opinion 
between groups can be obscrvcd. Parts '"A," .. B." and "C" arC 
all shown separately. Part "D," in which respond.cnts off e red 

For part "A" of the survey, each responden! was asked lo 
judgc thc relativc importancc of the hypothcsized problcm: 
For all groups at least 30 pcrccnt bclieved cach proposition to 
be an importanr problcm, so that none uf the "20 issues can be 
discountcd. For thc six catcgorics in Tablc IV thcrc are a total 
of 120 figures sho.wn (6 columns X 20 figures pei column). Of 
thcse 120, only six fall below 50 pcrccnt, and only 15 fall be
low 60. pcrccnt. When all rcspondents are combincd {COM· 
POSlTE column), 13 of thc 20 issucs wcre classificd as dcfinite 
problcms. while scvrn wcre inconclusivc. Thesc numbers varied 
somewhat across thc five subgroups. ~rojcct managers also 
cbssiticd. 13 issues as dcfinitc problcms. For projcct individuals 
thc numhcr was llofor tcchnicallcaders it was 14,forrcsearch 
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TABLE V 
6 SUM~ARY OF PART A RESUI.TS-NATURI! OF PROBLEM 

====~~=== ==== 
INilf.Ji .. 

1 
2 
3 
4 

' ' 7 
o 

9 
lO 
11 
12 
13 
14 

" 16 
11 
18 
19 
20 

}!AJOR lSSl•E 
(Short Titl€') 

plan requirt::~ents 
pllrl llUCCC!'SI 

plan pr<~j~ct 
phn cost 
phn schedule 
plan ded¡n 
phn un· 
plan e~•nrAin.1b111ty 
pl.1n 1.1arnnty 
plan control 
organhe ~ype 
orsanlte accountabillty 
fltaff project lll<"'a¡;er 
direct tec.hniqucs 
control visib111ty 
CC'>ttrol relbbility 
control ~lntainlbility 
co~trol gooJness 
control progra!It'l<!ts 
co:ltrol tracing 

"' Uana&~::l~nt proble:~. 

t Te~hntcal probleo, 

•• 70• 
87• 
71• 

•• 
" 41 

" " 79* ,. ... ,. 
B9*-

•]l. A 

2l+ 
36 
21t 
65 
62 

" 68 ,. " 61 
74• 71• " 

., " 89• 83• 90•\ 86 \ BO• 
76• " 

,. ]J·· 70!< 
71• 69 68 " 68 
50 " " " 3l 

" " 31 " 3l 
47 " " " " 47 47 " 50 ,. 
"' .,. Bo• BC• " 9~· ,. sa•· 92 ~ ,. ,. 97• ,. 9~· "' ,. ... 94' 9~· 90' 
8bl 89* 88' 9:)~ "' ,.. BO• ,. " 

, 
22t 27"7 22+ 16.;. 2tH 

" " 3l JO 33 
JO 23~ 2)"7 2)7 l3 
62 75~. " 66 60 

" ,. 60 " 50 

TAB!.E VI 
St:MM.\RY OF PART C RE"it;LTS·.-NATVRE OF SOLUTION 

~LUOR ISSUE 
(Short Tltle) 

kf:SL'l.iS 1:: PPCE:H ~~~:;.GE~:E:;r SOJ.Cill)~;s BY PA!l.TICIPA::r CATtC.Oi\'i 
co:::Osr¡¡; ·-p-¡¡_()T-~:GRs--P:ROJI:TDS- rECP. LD~S R~:> HL'CATORS 

1 pla~·requirec~nts 61 " 2 pl-'n SUCC<!SS " 10"' 
3 plan pro}ec.t 84' so• 
' ?1-':'l cost " " 5 pl.m ltho!dule 64 70• 

' pl;m design " 50 

' pl3n test 40 " ' pla~. ~lintainabiltty " " p::.:. <;.·.:.:ra~.t)' 50 " 10 phn o:ontrol ,.. 81• 
11 or¡;a:1iu t)'pe ,. 9 J• 
11 nrg~ntu ac.::oe~;lt.tbilitr ,. ,. 
1) JSta!! project ~na:;cr ,.. 9i"' 

" direct techniques .,. 80• 
11 . cor.trcl visibility ,. n• 
16 corHrcl reltab:!.lity 24t 22t 
11 conavl ccalntainabiltty 36 42 
!S control goo-<!:1\!SS 22+ 26~ 

" co::trol pr.:~tra~::-.!rs 61 61 
10 contr::ll tradn¡; " 61 

----'it ~!"':"tJg<>:.·,.:nt .solut ion. 

t 'rc,hnico~l 50lution. 

and development pcrsonnel it was 14, and finally cducaturs 
fdt that 15 of thc issucs wcrc actual problems. 

Project individuals overall categorizcd only 11 of thc issues 
as dcfinite problems versus l3 for the total sct uf survcy parti· 
cipants. In no crtse did the programmers fcel th:1t 3n issuc WJS 

dct1nitcly an important problcm whcn the overall popubce was 
unsure. Projc~t individuals also inconclusivcly judged Q\JCS· 
tiuns 6 (plan dcsign) and 17 (control maintainability) while 
thc ovcrJll populace labeled these as det1nitc prnblcms. Wc 
finJ it vcry intriguing that programmcrs who must livc ~·ith 
thc conscqucnccs of ponr dcsigns and must m:lintain baJty 
dcvdopcd software did not conclusivdy fcel that these two 
issucs werc important problems. Wc cannot, of coursc, wilh 
the data ubtoined. account for thcsc fcclings. · 

Educators, more than any othcr group, bclicvcd thcsc issur.s 

" " " 
, 

" " " " "' 67' 6!~ 80• 

" " 6) " " " " " 47 40 ¡; ,. 
42 36 3J 3l 

" 47 !o~ 50 

" 43 " " Sl• 78• d~· " ,. "' 91' es• 
96• 90,¡ 91' 89>< ,. 9!.• 9"'* 91' 
so• es~ "' 89"" ,. 70* " " 3J n:- 22 ~ 207 
46 " n;- 39 
26'!' 2lt 207 227 

" " 61 " " " " " 

to be important problems. A full 15 of thcse issues wcrc so 
carcgorizcd by thcm. In no case were the cducators unsurc of 
the importancc of an issue for which th~ ovcrall populace was 
decided. Educators belicvcd thett Issues 8 (plan maintainability) 
ond 15 (control visibility) wcre important probkrns cven though 
the general populacc was inconclusivc about them. In fact, the 
educators and R&D pcrsonne! werc the only groups who did 
bclicvc that planning for maintcnance is an important problem. 
Pcrhaps thís indicates why conuncrcial software is so hard to 
maintain. Industria] pcrsonncl at al! lcvcls are not convinccd 
that pl:Ulning for maintanencc is an important ·prublem. lt is 
intcresting to note that instcad of portraying an ivory towcr 
attitud~ of indiffcrencc to "rt!al •.vorltl" problcms, acadcmicians 
secm cvcn 1norc conccrned. with thcsc issues than do thc com
mcccinl suftwarc pcrsonncl who must live with thcm daily1 
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Perhaps the most interesting group is the projcct managers, 
those who presurnably carry out SEPM functions on a ilaily 

f üs. Their perspectivos agree with the ovcrall populace in 
_ .ery case. 

Overall, planning activities sccm to be almost universally scen 
as being the most importan! problems. Thc first ten problems 
all dcal with planning activities. For seven of these, all grcups 
unanimously agrecd that thcy are importan!· problcrns. Eight 
out of ten planning problems arcacccptcd as importan! by the 
overall populacc. . 

In part "!!" rcspond,nts indicated thc naturc of the problem, 
managcrial, rechnical or both, while in part 4_'C" they indicatcJ 
whcrhcr the solution would be manageriJl, tcchnkal, or both. 
Table V shows in detail how cach group responded to the ques· 

. tions of part "B," while Table VI shows the corresponding 
detail for part "C." 

The overall populace thought that only ninc of these prob· 
lems werc definitely managcment problems, thought that nine 
mixcd both management and technolagy, and classiticd thc 
other two as technical probl<ms. For projcct managers this 
changed to 1 O, 9; and 1, rcspcctivcly, whilc for the other groups 
the corresponding figures are: project individuals-10, 8, 2; 
technicalleaders-8, 10, 2; research and devclapment-7; 11, · 
2; and educotors-6, 13, l. Hence, it seems as while we are 
corree! in stating that these 20 liypothesized problems are ili· 
deed problems, the general populace and specific subgroups do 
not all,agree that these problems. are managerial. In fact, there 

s unanimous agreernent arnong all groups that controlling 
iability is a technological nat a managerial problem, and 

nearly unanimous agrcement about controlling thc "goodness" 
. of cede. Hence, it seems that wc have validated nine problems 

as being primarily managerial, nine problems as having mixed 
elemcnts of both managcment and technology, and two prob· 
lems as bcing technological rathcr than managerial. 

Educators and R&D·personnel;who devclop technical solu· 
tions to problems as part of thcir nonnal job activities, seemed 
more likely to see at lcast some technical aspccts in these prob· 
lems than thc other groups. Projcct managers, on the othcr 
hand, who dcal with thcse probkms from a managerial pcrspcc· 
tive, sccrncd more likely to view them as being managerial in 
naturc. Howcver, for no group was thc shift ifi opinion very 
dramatic. lnterestingly enou~Jl, project individuals were the 
only group who felt that controlling programmcrs is a mana· 
gerial problem. 

When wc look at part "C" in which people expressed their 
beliefs in whether thesc prablems can be solved through .im· 
provcments in managemcnt or tcchnology, thcrc is an analogous 
trend towards improvcmcnt in rnanagement. For the ovcrall 
populace, scven ·prablems were felt to be salvable by improve
ments in managcm~nt, whilc 11 were mixed bctween managc· 
ment and technalogy. · lt was fclt that two problems eould be 
·<Jivet.l by improvements in tcchnology alone. Projcci managers 

1d somewhat strongcr bclicfs that improvcments in managc· 
ment wonld salve 9 of the 20 prablcrns. This nurnber drops to 
seven far projcct individuals and technical lcadcrs, to six for 
research and dcvelopmcnt personnel, and to just five for edu
cators. Thc consensus of opinio·n across groups is strongcst 
herc. For 14 of thc 20 problcms, all graups scored the same. 

7 TABI.E VIl 
CoMMO:> SotUTioss To MAJoR Pltoau;Ms ot: SOI-IWARE E~GINHRI~G 

PROJECT MA~AGE~ENT 

1NLH.:X ~úi..UTlúN~ 

A :.tand01r<..l~, pro~;cJun..'~. 

H Define f'lld cuodUl'l RtD in 

C u.'" (c.:i.~Llng) so[L\I~rc en¡pnet'nn¡ tcchn<~¡uc~~o au<J 
t.ooh. 

O {l'l¡>rove or iniiucr: re<.¡uirement •pccificat.ion~ t.o ¡n
clu!le 

t:: J::ducatc or traiH ¡.orojl•i:l 1n~n,)scr~o ¡n 

F U:;c cor"pelcnt., o·xperien~ed softwoore dcvelq.>.:~~nt. m.u:• 

G Au .. ly.<<" ••• oJ.>~_. (ro;,.n ptlolf ~oft._. .. rc Jc·;~·~.:.j·"·Cill!> L" 

determine be:.t m·:lho(.) 'lÍ ... 

ll · U:oc (~.·,u,•Lil\1;) •)ft...-~rc cnt:Hiccrn:¡; yrOJc•t ,r· .. no~;;c:-rcnl 
~:~ctho<.J:. ·"'.,¡ t..;>-.l5. 

Phn iHH.l m.or•o~~¡;c or J~vclu~ 

man,¡gcn..ent pLan , ... 

J I::Juc.tll',' inforlll, or involve (LCip) m.~n~~ur,.:rot 10 

K Revicw or ~udit .. 

1. U:.c l·.<lcn:.ivc Ll·:.t tcchnJr¡uc~ ;~nJ Lo(ll~. 

rl Select .:r.nd. .:lt'Ílne the C<.>rcect (or Lcst) t.q;.¡r;IZoltiUfi.ol 
:otructurc (tor test lt'•'"'• or Jt~vcic.pmct•l Lt.·~r:., or. . ) 
!t.r yrojcct cnv¡ roruw;nl .. r.~ tcchuir..¡uc~. 

N. li\Vúlv!.' uscr or incn:o~!>e <;t.=unac.:~taon lH·t ... ·ccn u~,;r 

.::~nJ dt.·vclopcr 10 

O lhvi<k :•r(ljel:l or t .. ~t. in lo vrogr"<~m:>, ll>Or,h,lc~, "'( :.ulJ· 
L.1~lo.~ o~rul , • . • 

t' El.lvc.lLC or lr.1ir :;oft..,.~rc dcvelopl'r:. in 

(,! U:oc .:1 prOJCCl control ~;¡:.lCIIl LO 

1< U.;e ¡¡ood dc:.crq.oti.vc d"curhcnt.:~tiun tcch.ntr..¡uc~. 

~ U:oc conf1gur.1lH1n 111.loi"!:Clllcnt or ch¡¡ugc cuntrol 1''"~ 
ccdurc:.. · 

T Define (¡f con:;idcr qu.:~lity in teru•:o of <Jcl¡vcrablc!o. 
i.c., rc1J<~l•il•ty, ~.oll•l.oin.obJ~ity, ele . 

U U!o~ ct.ropete'ut, e.~<pericnceo:.l $Oft...,ar~ dcv<.:lút~<.:r:>. 

V Allo'w' :.ufriCit"Ul time for· .• 

•.,; U:.c cxa:.tin¡;, cor.~"crc·i.d :.oft...,;Hc ~oy:.lt"W tu 

X U:.c 0111 ( .. uto111.1Li.c) r_eporttn¡;. or Lr;.ocir.in¡ ~y!olcn•. 

Y Uro-e .. ny P•Clt<OU, thc rc:.ults .1rc fi(.ll :.cn,.üivc lO . 

Olh¡,r. 

Only for Question 15 (control visibility) was thcre disagree
ment by more than onc group. 

V. I'R.OPOSED SOLUTIONS 

Part "D" of the questionnairc askcd respondcnts how they 
would or did solve the stated problem. Almos! 4500 individual 
answers wcre given by thc 294 people who returned the survey. 
Becausc thcsc answers are in frec-format English, it is impos
sible (and pointlcss) to list all af them separately. lnstead we. 
created a number of catcgorics and groupcd answc1s into those 
categories as shown in Tables VII and IX. Thc categories wcre 
constructcd from a careful CXJmination of thc answérs, and 
were not predcfined or crcated indcpendcntly of the survey. 

The stirvey question farm Jeft only a small amount of room 
for a response to part "D.H Hcnce, all of thc responses are, un· 
fortunatcly, quite vague. Howcvcr, wc fe el that thcy still pro· 
vide insight inta what many pcaple bclieve are solutions far 
thc 20 majar issucs ofSEPM. T.oble VIII shows somc statistics 
ofl the more common solutions proposcd. Thc qucstions are 
groupcd into thc 11ve managcmcnt activities of planning. or
ganization, stafling, directing, and controlling, as was done in 
Tablc l. The tigure for a particular solution catcgory and man' · 
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SOl.UTION 
INDEX PLAII 

A ll.3 

• IO.a 

e 6.6 

' ••• 
• 4.3 

F 3.9 

G 3.9 

• 3.9 

4.\ 

J 3.6 

K l.\ 

L 3.3 

" 0.2 

• 2.8 

o 1.6 
p 2.0 

Q 1.4 

• o.> 
S 1.1 

1 0.8 

u l. O 

V o. 7 

w 0.8 

X 0.3 
y o. l 

' :.!O.l 

TABLE VIII 8 
5TATISTICS ON COMMON SOLUTIONS 

PCT OF 'fOTfll SOl.UTIO:iS Pt:R tii~T I'U~CTION 

OI<C~ :JTAl'f UIK CONTJt TOTAL 

J6.:.! 

2. 7 

\.0 

6.9 

l .• 

16.2 

0.8 

2.3 

0.8 

47. 3 

l. O 

>.> 

17.2 

16.4 

13.3 

3.1 

37.~ 

23.:.! 

10.7 

14.6 
•• 7 

lO. 7 

2.9 

2).3 

22.7 1!1.4 

16.0 11. l 

9.0 6.0 

).4 !).!) 

2.> ~.o 

2.6 4.8 

>.8 4.1 

6.4 3.8 

0.9 :!:1:1 

0.1 2.6 

\.2 2. 4 

0.6 L·:'J 

0.3 l.? 

0.1 1.6 

2.2 1.4 

l. O 1.4 

0.1 l. O 

1.7 0.1 

O.u 

0.4 0.6 

o.s 
0.4 u. 1 

u. 4 

0.1 0.4 

O.l o. J 

l7. 3 n.:.s 

agcmcnt activity indica tes whJt percent:Jgc ofthe total solutions 
prcscntcd for th:.Jt actiYity fell into that Solution category. For 
examplc, ll percent of the solutions for "planning" activitics 
coUld all be classified as category A, i.e., "use or enforce (cxi5t· 

ing) ... standards, procedures, and documentation." Many of 
the mure imcresting solutions which did not cross ovcr severa! 
issucs are shown in Tablc' IX. 

Most of tht! categorics listed account for only a small percent· 
agc of the tota] answers. Howcver, in a fcw cases, a sizcnble 
percentagc of the total numbcr of :mswús falls into one cate· 
.gory. for example, 28 percent of the solutions rebted to 
direCting questions cssentially said to use oren force Standards, 
procedures, anJ J.ocumcntation. Twcnty-three percent of the 
solutions for control problem's fell into this some category. 
Fifteen 'percenl of the solutions for problems of directing fdl 
into catrgory· H, i:e .. cducating and tr3ining project managers. 
lnterestingly, category B, (define and conduct R&D in an arca) 
ncvcr cxcecdcd 16 perccnt. 

The general conclusion to be .drawn from thc multitude of 
answers is tl13t thcrc is no consensus today asto how to so_lve 
these probkms, although a sizeable perceritagc of thc 'rcspon
dcnts occasionally supported a single solution for a single 
managerial activity. Thc fJct that thcrc is no cor.scnsus may in 
p:irt be Juc. to the unstru~turcd fonnat in which respondcnts 
stated their solulions. Pcrhaps if,wc had spccifically listcd a 
number of ~ptiuns, a stronger conscnsus might haw~ bccn pos· 
sible. · The survev docs show that, at leas! without a list of 
c~ndh.i:.Jtc .S<)lutio;lS spccirically prcscntcd, soflwarc cngi¡lccring 

pcrsonnd do not gencr:.Jily agrct! on huw to solve thesc major 
probl<:ms. 

• .. ~' 
------

TADLEIX 
UNIQtJF. SOLlJTIONS TO M¡~,JQR PROTH.EMS Of SOJ·IWARE ENOlNEERING 

. PROJFCf M,\NAGEMENT 

====== 
l'h0lil.t:t1 Wl::l~UT SOLUT1CN '10 l'i(QUllJ1 

l'lo~n 
lic~.¡u i reaacnla 

Plo~l• 
Succ~·:.:. 

.l'l;,n 
Schedule 

V Jan 
lk•~otgn 

l'lau Test. 

l'ldrl 
Warr0111Ly 

Org¡,rli.:c: 
1'yp.: 

Orl\o~ni.:c 
/lr,ouut. 

St.oH l'rojc¡;t. 
t1.1n .. ger 

Dirc:cl 
Tcchni'iu.cs 

Ct.ntrol 
_Hcb .. Uil it.y 

Control 
Ct.o4ncss 

Cunlrol 
Pru¡ra=en 

? 

J 

S 

4 

4 

ll 

·---------'-
U:.c iLI'r.ALion oC \.he requirerncnL:. wiLh ,.olu• 
t. ion¡¡. 

Hcquir•· ln.JfiJ~crncnt. to define ol>jeclive:. 111 

Lc;•u:. ,.f qu.J1iLy úc¡,irell 

E~lal>l·.~h ,.lll.:ce.ss priority critcri.1 

Develo;• ~ truthfu_l, .:u;:cur.Jtc cost .acccptcd 
by •nan.lgcr.lcnt/cu~olOJllcrs anJ r~3L13S,e to it 

Allow Cot' contingcncic11 

Dcvclu¡l .1 Lrut.b,(ul, accur.lltC. lirhc<!ule acccy· 
ted by lli.:Jn.Jse~r.ent/custornen and ro.Jn<~¡:c .t.o it 

Allow íor contin¡cncic~ 

l'~rforrn .JlLcrn.:.t.ivC .an;,lysü lo ~clccl bc:.L 
Lcdmic¿ucs and t.oo1s 

Dc¡;i~ll bctlcr soÍ\.\ol.are (t.o be tcsled) 

U::.c follol.'·on lll.linlcno~nce !iUpport. (inclutlc 
o~grceing o'n prite before dcvcloping soíLw.Jrc) 

Use rcllow-on m3intcnance cn~tract. 

Ho~kc it. a legal problcm not. a ~oÍl\olace vrob· 
lCIG 

Use organi¿~tion<~1 strocl~rc: 4irectctl Uy Lop 
~•nagcmenl (or staíf) 

1 u~(' a projc::L org•nio:.lLi.on 

6 u~c "' rnatriK or1:,ani.:.lt.ioro 

3 U:.c CXÍ5ting org<~ni.: .. ttOflal ~lrocturc 

3 Lt'L the project mano~gcr ~ele.:t thc orbdfllld· 
tton typ,e 

" 
11 

ll 

? 

4 

,2 

2 

8 

2 

4 

' 

2 

Ci.vc prujcc\. mono~gcr (ull .nLllrorit.y Cor pro• 
JCCl 

t1dkc s¡occifi¡.; as~i¡;,mllclll o{ \oorll lo ~o{Lwan; 
<levclopr.n (u~oi.o& WUS) 

Define ~.:lc;,dy c•ch work po~clla&e 

Givc projc:;ct. m.tnaccr Cull .Juthority [or pro· 
jcc~ 

llavt: a :.o!lt~c\.ion procc:.s lh011. :.clectli guvoJ 
and el >r;anatcs poor projcct. ;r.~n.Jgers 

U1.c a •oclco.:Lion crit.cri.~ that. b basco.l on 
uo;,¡n;,¡:t' •. 1cllL .. UiliLics, nol \.cchr.u:al aluli
Lic~ (••r .. v.\ilablli.t.y) 

::~to.Uli~h jt.b pcríorm.Jncc ~1.~1\JJrJ~ 

Pro;r.ot...: softw.He dcvclopers (.,ho h;ove demon· 
st.r;¡t.ed.C<•rnpC"t.cnce .JS managers) 

H.Jvc av.Jilable a p.ool of project. r:rulnólgcr:. lo 
~elccl [ro•D 

!Jsc bP.~t judgaoent (irnliv¡tlu;¡l problcrn) 

Pror.\Ole •u~;ccss{ul ~oftware cn¡;,tncers t.o 
projcct <~lu.J¡;,crs 

Just &'!l thc pro~r.lrns to work (rclio~biliLy 
not im.Jorlar.l) 

Ju~l gel Lhc progra..:~s to "'ork, t.hJl i¡; •uí
ficic¡¡t. 

Dc·~('lov .l'.d use job per[ormo~f\ce :;l;¡nd .. rtl~ 
ior 10oítware Ccvci.c.,er::. 

t1ca:oure the te!Oult~ o{ the $O{t...,.lre devcloy-' 
mcnt 

l<c~p recortls oc pro<lucti.,~ty (elilunalin.¡; 
le·"' p¡·oducers) 

VI. lJNIVEI\SITY i'ROGRAMS ON SEPM 

To augmcnt thc data collectcd in thc original survcy, modified 
qucstionnaires wC'rC mailcd too ver 100 IIIÜVCISitics including all 
institutions which gr~mt Ph.D. dcgrccs in computer scicnce, ami 
aU compulcr scicnce dcpartments in thc U.S •. Thcsc qucstion
aires sought tlw opinions of professofs on thc samc twcnty 
bsucs, but more importantly attcrilptcd to dctcnninc how much 
cmphasis is placcd on thcsc issucs in.classroom instruction. 

The response ratc waS ;1 ~omcwh_at disappoinüng 29.'pcrcery~. 
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Follow,up phonc calls to some of the schools which did not rc
spond rcvcaled that in some cases schools did not rcturn the 

f ICStionaire bccause they do not offer any coÚrSeS in which woc.-
~."' 

9 
MA..IOri 
( 'ih DI" t 

TABLE X 
)MPORTASCC VERSUS COVlRAGE 

Issuc MEAN 
t it.·l e-) "A" 

.;EPM is covered. A further c~amination uf course catalogs 
for over two dozen universitics Which did not rcspond showed · 

. that in only a handful of cases do these universitles offcr any 
courses which could be idcntified from the catalog descriptions 
as pértaining to the principies of SEPM. Although this survey 
is incomplcte, it appcars from the data gathercd that few 
schools offer courses on softv..rate engineering principies bcyond 
those of .. str~ctured programming." Less than 10 perccnt of 
the schools offcr any c'ourses ~~hich pres~nt a subsr::mtial amount 

--------·---·-·-· 

·of material on SEPM. 
The questionaires wcrc .. cour.sc" orientcd. Each departmcnt 

. was asked to identify hs software engineering c.ourses. No def
inition of "software engiueering" was proVided. lt" turned out 
that thcre was \vide variation in how that tenn was ir~terprctet..l. 
Somc institutions jntcrprctcd ~irtually cve1y software rclalcJ 
coursc as bcing a soflwtire cnginccring ,,:our5.c,. beginning with 
i.ntroductory programming. Othcr dcpartmcnts on1y classifled 
those advanced courscs dcaling with "software rcliability," 
"software testing," and othcr more specialized topics as falling 

1 
2 
3 

' , 
• 
7 
8 
9 

lO 
!! 
12 

!3 .. 
15 

ló 

" 10 

19 
20 

pl01n r&oq_U11"eml'l"lts 
pl,:~l"\ 'iUc:te .. 'io 

plan PI""OJeC ~ 

ple~n CO'ilt 

plan sc:h•Oulv 
plan dV'5lgn 

pl,¡n tost 
pl .. n Polllnt,¡¡an•bilitv 
pl.ln ..:•rr,¡,nto.¡ 

pldn c:ont1·o 1 
org.;~oiJ•tioo t 1./P e 
01"!óJoliTl1ZottlúTI .:~ctount•!l i 11 t1,1 

, tolf i. PT"OJt>tt m•nag vr 
d1r•ct techn1quv1. 
control viiiblllt\1 

contl"'ol T"Rliolbdlty 
control n;nnt.:~1n.Jbil1ty 

( OTI t 1" O 1 !JOOdnt!i1. 

contT'Ol progr.:~r.1mer~ 

control t r dC 1 ng 

l. • .. 9 
l. 6 

1.8 
l .• 
2.2 

.. .. 
l. 8 
l. 6. 

2.2 
2. 6 
2. 1 

2.' 
2.2 
2.5 

l. 6 
1.9 
2.2 

2. 1 
2.S 

Mt:::At~ A - n 
"[! ~ 

LB -o. 4 
~.9 -l. o , i -o. s 

2 .• -O.b 
2. 4 -0.5 
3. 1 -o. 9 

2 1 -o 2 
l. 8 c.. o 
2.8 -t. 2 

3 -o • 
3 -o 6 
2.9 -C.B 

3 2 -l. 1 
3. 1 -o • 2.8 -0.3 

2 6 -l. o 
2 2 -0.3 
2 1 •O. 1 

3.0 -0.9 
3.0 -o 5 
-------

undcr software enginccring. a disparity exists bctween the bclicvcd importancc of an issue 
For each.software enginecring coursc~ the coursc contcnt was and _th'c amount of covcrage it rcceivcs in the" cl.:t~sroom. Whilc 

identified, allowing us to determine whethe.r any time was this sampling is smull, we fccl it providcs somc insight into .thc 
spent discu>Sing SEPM. Those classes in which SEP~1 was not major issues of SEPM. ·Tliernvcre threc prima¡ y rcasuns sited 

&.._addressed are ignored in thc data shown here. Only courses for not covcring thcsc issues more: 
' ..... hich have identifiable components dealing with SEPM are 1) lack of expertise, 

1 
reported. llence, courses dealíng only in "structured pro- 2) lack of tcxts and other teaching materials, and 
gramming Pra..-::tices .. are not counted. · 3) inappropriute for computer sciencc departmcnts. 

For eaeh software engineering course in a dcpartment's cur- Some of the professors, stated that they had little or no 
. riculuin, a separa te questionnaire was completed which con- managerial experience. As su eh, thcy felt that thcy lackcd the 
tained information pertinent to that coursc. The 20 problcms cxpenise rcquired to tcach about SEPM. Insteacl, they concen
wcre idcntical to those sen! to the original group. Howevcr, trated on the more tcchnical issues which .thcy were more 

. instead of bcing asked to answcr four parts for each problem, cornfortablc with and in which they had industrial expe1ience. 
the professor answered only two. Part "A" was the same as Others cited a lack of suitable textbooks in "this area, arguing" 
before. This allowed us to gauge the relativeimportancewhich that for undergraduate classes it is very difficult to teach from 

. 1 

l 
1 

~ 
¡ 

.l. 

l 
;· 

the profcssor attributed to each issue. Part "B" specifically a collection of notes or papers, and that it is possibly more ef- l 
asked to what cxtent this problcm was covered in the class. The fort un their part !han it is worth to e reate su eh a collection. Í 
four options were: "a great deal," "somewhat," "very little," The rcason they felt there were no tcxtbooks whichadcquatcly ¡' 
and "not at all." Almost without exception, professors seemed handled the material was beca use the are a is so ncw and because ( 
to fecl that the problem ís more importan! than the eoverage thesc issucs indeed are problcms so there are no solutions to t 
actually allocated to it in thc classroom. lfwe accept the idea write about! Perhaps the most intcresting reason cited for not Í 
that critica] problcms should be covercd a great deal in class, teaching morcSEPM material is that sorne professors felt. the ~ 
importan! problems covered somewhat, problems which are material was not appropriate for a computer science depart- ~ 

not important covcrcd ·very 1ittlé, and issucs which are not ment. Bccausc thc material. is managerial, thcse professors j 
problems should not.be eovercd at al!, then a natural corre- believed that it should be taught in business schools within the . t 
spondcncc brtwccn thc opinions of part 11 A" and the coverage . univcrsity. \Vhen askeU·wh.cthcr. in fact, this material was cur- t 
lndicuted in part .. B .. emerges. This correspontlcnce is shown rently bcing taught in thC' business school ,on _thcir campus, the :_.¡ 
in Tah]e X. A negativo numbcr in the column lahelcd "A-B" answer was invariably no. ~ 

lndicates that "" issue is inadcquatcly covercd by the professor's 1 '!, 

own, admission. Thc more ncgative the numbcr, the more in- VIL SuMMARY AND CoNCLUSIONS 

,dequate thc eoverage. To compute thc numbers shown, the Software engineeriilg project managemcnt has becn thc focus 
answcrs of par! "A" were numbcred from·l (for critieal) lo 4 of m u eh reecnt aitention be cause of the cnormous penalties t 1 

(for not a problem), while !hose or"Part "B" wcre numbercd incuucd durin.g software dcvelopmcnt and maintcnancc result- Í l 
sirnilarly (1 =a great deal, 4 = not at all). lf a profcssor ·fclt ing frmn poor managcment. To date there had been no com- t.i 

. the question was impropC'rly st;~tcd, his response isnotcountcd prehcnsive s~udy performcd to dctemtine thc n~ost signifiCant f; 
. in the table. íssues of SEI'M, their relativo importance. or therescarch direc- i 

We_phoncd a·nu~ber of the respondents to find out why su eh ti01is necessory to sol ve thcm. We cond~ct~,~ a major ~uryey~f _: . .'· . ,, ·l1 
--~·~----~--~~-----------------~~---~~----~--~~~!CJ 



342 IEEE THANSACTIONS ON SOFTWARE ENGlNEERJNG, VOL. SE-7, NO. 4, JULY ~981 

individuals from al! arcas of the computer field lo-determine! O 
the general conscnsus on SEPM problems. 

(14} 
Twcnty hypothesized problems were submitted to sevcral 

hundrcd inJividuals for their upinions. We believe.that the (1S) 

cxpcrimcnt:Jl cvidencc suppu1ts the conclusion that at lcrist 
1161 

13 uf the 20 hypothcsized problems actually are importan! 
problems which facc softW:J.TI.! cnginccring projcct managers. 1171 

(181 None of the other seven issues has bccn discounted, but opin· 
ion is more mixed on their rclative importance. 

A number 0( potential solutions or research dircctions were 
indicatcJ by the respondents which, if followed. the respon· 

(191 

dents believo woulJ lead to S<>lutions for thcsc problems. The ¡201 
task facing industry, governmcnt, and the universities is to.solve 
thesc problems and to disseminate these solutions for the wi~e· 
spread bcncfit of the computing field. 
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A Software Maintainability Evaluation Methodology 

DAVID E. PEERCY ! 1 

Abslroct-This pape-r dcscrib~s a conceptual framcwork of software 
maintainabilit)' and an implcmcnted proccdurc for evaluating a 
program's documcntation and sourcc codc f(lr maintainability charac· 
teristics. TI1c cvaluation proccdurc 'includcs use of closcd·form 
questionnaircs complt'tcd b)' a group of C\·aluators. Statistical analysis 
techniqucs for validating thc C\'aluation proccdurc 3!C dcM:ribcd. 
Sorne prdiminary r..-sults from the use or this mcthodology by the 
Air Force Test and Evaluation Ccntcr are prcscnted.' Arcas of future 
rcsearch are discusscd. 

Jndex Terms-Evaluation by qucstionnairc, evaluation reliability, 
quality metrics, software cnginccring, softw3.n~ maintainability evalua· 
tion, soft"·arc qualily a:'isurancc. 

(. INTRODUCTION . THE Air Force Test and Evaluation Ccntcr (AFTEC) has 
bccn dcvcloping a mcthodology for cvaluating the quality 

of dclivercd software systems as part of its dircctcd activity 
of. operational test and cvaluation (OT&E). Titaycr [31 has 
reportcd thc initial approach for a software maintainability 

•

. aluation methodology. Thc BDM Corpor3tion has com· 
teda tcchnical directive for AFTEC to revicw this methodol

gy, analyzc the rcSu!ts of 18 different program evaluations 
which used the methodology, and recommcnd ·appropriate 
changcs to the mcthodology. This p~per summarizes the 
revised mothodology from this effort. 

Beca use of !he numbcr of software systcms lo be evaluatcd, 
the variability (language. comruter' functions) of the software 
to be evaluatcd, and thc limited state of thc art in practica! 
automated evaluation tools, AFTEC's software evaluation 
proccdure has becn bascd on the complction of closed·form 
quéstionnaircs. The mcthodolbgy ddines a conceptual frame
work for thc softwaw charactt:ristics from the user-oriented 
level to thc software product le.vel and an cvJluation proccdure 
wherchy the idcntificd produ(.;t dwracteristics can be mca
sured. Thc mcasures, or s0ftware me tries, are then normalized 
through evaluation·spcdfic wcights to providc t!~e neassary 
evaluation m::~intainability measures. 

Thc primary objcctivc of thc softw:J.r~ m~int;Jinaqility evalua
tion is to collect cnough spccific information to identify for 
which parts of the software and for what reasons mainlain
ability may be a problcm.' A secondary objective is to a.<'-"ss 
the effcctiveness of thc evaluation process itsclf. A futurc goal 
is to validate maintainability scores against an actual field main
tenancc Jcvcl of effort. 

..-tanuscript receivcd Fcbru:uy ( 1980; rcviSl'd January. 21. 1981. 
This wcJrk was .~uppnrktl by AFTEC To.:rhnical Dircctiv~ 120 of 
Centrad F2960J-77-C-0082., 

Thc anthor is \vilh thl' BD~t Corporation, i\lhuqucrque, N~187l06. 

The majo~ cva\uation assumptions are as follows: 
• mJilltainability considerations remain essentia\ly the same 

from program to program, 
• cva!uaturs must be knowledgcablc in softwar~ proc~dures, 

'tcchniques, and maintcnance, but necd not have :1 detailcd 
knüwlrdgt~ of thc functional arcJ of the program, · 

• a minimum of fi\'C indepcndcnt evJ]uators_.,vi!l be used 10 

providc acccptable confidencc that thc mctrics (cvaluator 
average scorcs) are a sound mcasuring tc)ol, 

• the random sampling of th~ progr;Ún moduks for eval~a~ 
tion providcs c;mclusions whh.:h hold for thc general popula
tion of al! program modul~s·. 

The main features of thc software maintainability cvaluation 
are thc following. 

• Thc maintainability modcl is primarily bascd on thc 
modc[s in Titaycr (31. lloehm (1], and Waltcrs (41. The 
cvaluation proéess consists of a sct or evaluators cornplet.ing 
closcd-form qucstionnaircs on rnaintainability ch.:HJcteristics 
of program doCumentation and program source listings fol
lowed by aütomatcd processing of thc evaluator responses and 
a carcful manual analysis of all detectcd progr<m1 and cvalua
tion anomalks. 

• Thc cvaluation can be uscd at appropriate phases in the 
software dcvclopment life cyclc in addition to the operational 
maintcnance pliase. 

• The evalufltion is índepcndcnt. of any particular soun;c 
Janguage. 

• The maintajnability charactcristics can be used as a qua~ity 
assurancc chccklist. 

Thc major rcsults of this rcscarch cffort ha ve bccn to: 
. • providc a· 'detlnitive evaluation mcthodology wllicl~ is 
practica! and immcdiatcly useful to AFTEC, 

• reduce subjectivity and increasc rcliability of the cvaluation, 
• providc a conceptual framcwork which can be expandcd 

both within maintainability and to other quality factors, 
• provide a computcr program for the automated proccssing 

and analysis of thc cvaluation data. 

ll. CONCEPTUAL FRAMEWORK 

The software maintainability evalua'tion methódology has 
thc conceptual framcwork shown in ~ig. l. Thc associatcd 
dcfinitions are in Tablc l. 

. A. QualityFactors 

The work of Bochm [11 and Walters ( 41 among others has 
cstablisitcd a sét of usl!r-oricnted tcrrns rcprcscnúng dcsircd 
qualiti~s of software. Thc~c tcrrns·, or quality f:1ctnrs, includc 
maintainability, usability, corrcctncs~, human cnginccring, 

0098·5589/81/0700.QJ4J$00.75 © 1981IEEE 
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Fig. l. Elcments of software maintainabitity. 
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cooupto u~ f~nd,.••ntol ou~cturu. 

UP,.,OAB/LIT'I": hftv•r. ponuo \he <bonct~•••t>n o! !•.r•n!_•h_>)_•!l t• 
U>• •ot<ot thO< o pt.y•oul •hont<.to inlo••"•~n. <oa¡>wlol<cul 
lunn•o••· <lo<o ot•>r•l• or u••"""" .,,... ron ro uuly •e•-· 
,,, ••• d. 

I~SUl!Kt.!ITATl~~: Soft""' pounuo U1o •·houctuutJco of '.!.~!!2!"'~-~ 
'" t~r roant lt '~"'""' ud• "~"~ •nh•M• tut,nr. 

SOfJ"'..UU: OOI:t.."'1l~Tdl011; SoltwH< ~or-....,.nla\100 11 \be •~• •f roqDtu .. au, 
4"''" opoci/;,--;-,,;;;.-;,j¡-;;;.i;T,;;;:--.;poutlonol preuot.lr<o, tul 
onlo,...o\Ion, pto~l··~ "P"'''• H<. "h•<h In to"l lo.-. lbl 
..,,. ... ., a .. r11pllon ot thr ptOJUil(o) l>ülpul Ir- o oo(h,.< 
dov•lo-nl P<ocus. 

~fTo',aJ;I 5ll~'IIC[ U~flliGS; !ufl••ro '"""" llotlnl~ oro <~• lr;or\~.,."trd 
•<~~ru.nU\Ion {i"l-;;:;ñ~--¡---;¡rn.--;¡;;¡¡-¡:¡;-,~¡.1~ • •o•rt• ,.,.put~r 
hn¡~••• o{ tb 0 p<~l•••l•l <>~tp~• le""" • aofw~ .. üul<>pwnt 
~ ....... 

corwon~ SlfP!'(,~f Rt~o~'lt(LS: -~""P.~~~! . ..!!'.I'r~!.'..!.~'!'-".~'.~! '"'·ludo •11 th< 
r••O•«•• lul twor~. to•putu •q~'l"""', Ion 1 • U u, •tf. l 
vflu~ •~ppo<t <)• nft•or• hl"l •••1"•••~-

PR~U'\: "P!~l.'.'!.."' 11 o o~t al ~>Horrboully u load •~d~\n vhl<h "• 
bt a<porohly «>&p>l<4, l¡nbd, lo~~•d ond ro.cul<d. 

~-·~nL· A 110Julr 1• o Ht ~r -unt>&uowo" ,,..r"'" hcc~•a• ,,.,~..,"" 
·~·,;h·~;, o to•m• !>y •h•<~ >l 11n t .... f"''~\1 ,,,,.ok .. d 

portability, reliability, and others. Although the quality 
factors may be the same syntactically among rescarchcrs, 
scmantically they tend to have diffcrent interprctations. The 
definition in Table 1 of software maintainability reflects 
AFTEC's concern for acquiring software which is understand
able (required locations for modifications can be easily 
established), modifiable (enhancements or corrections can líe 
made), and testable (the software is ¡iropcrly instrumented for 
testing once modifications have been made). 

For each program there are thrcc catcgories which are 
evaluated for characteristics which affect maintainability: 
software documentatíon, software source lístings, and the 
computer support resources. Only program delil'erables are 
con~idered in an evaluation. 

B. Software Product/Categories 

,_ ,/ 

. 1 
M ,, 1"" ,. 

1 ' 

1 

1 

1 

1 

1 ' i 

' 1 

Each software program (product) is separatcly evaluated and 
consists of a sct of components called modules. A module 
·may, in general, be at any conceptuallcvei of the. program. 

1} Sofrware Documenta/ion: The primary documentation 
uscd in tllis evaluation consists of the documcnts containing 
program dcsign specifications, program test plan information 
and procedures, and program maintcnance informa tia~. These 
documents may havc a varicty of physical organizations de
pending upon. the particular application,. although software 
standards attcinpt to reduce thc variabilily [22)-(28). · The 
documents are evaluated both for content and for general. . 
phy~lcalstmcture (formal)/ ,·. ,_ .. .': .,,~,;: .•'·¡~ . 1 1 
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2) Software Source Listings:· The source listin.gs rcpresent 
the programas írnplcmcntcd, in contrast to thc documcntatiun 

i reprcscnts thc prugram dcsign or implcmcntation plan . 
. ~ ..... íCC listings are JÍso a form of p1ogram documcntation, but 
for this m::lintainability cvaluation a dhtinction is n~ade. 

Thc source li~ting: cvaluation consists of a separ<tlC cvaluatiOn 
of each specifkd modulc's source liMing and the consistcncy 
bcJwecn thc modulc's source listing and the rclatcd writtcn 
module documcntation. The separa te module cvaluations an.! 
acCumu!ated ínto an overall evaluation of the software source 
lístings. 

3) 0Jmputer Support Resources: Attributes ·and proce· 
dures for the c,·aluation of computer support rcsourccs are 
bciilg dcV('Iopcd ;.~nd will be detaii~~J in a separa te r~poít. 

C. So[IIVare Maintailrability Test Factors 

The m~lintainability of soft.war(' documcntation and sourcc 
listings is a function of six attributcs or test fartors: modular· 
ity ,' dcscriptivcness, consistency, simplicity, ex pandability, 
and instrumentation. These test factors are dcfíncd in Table l. 
Discussions of thcir application in the evaluation of the docu
mcntation and source listings are· givcn in the following 
paragraphs. · 

1} Modu/arity: lt has bcen·obscrved that software has been 
easiest to undcrstand and ch:ulge when composcd Of .. indepcn
dent" parts (sections, modules). Documcntation andsource 

• 

gs are evaluated in relation to the extent thcir logical 
show only a fcw, simple links to other parts (low 

pling [9]) and contain only a few easily rcco~tiizable sub· 
parts which are closely rclateu (high strengtiJ [9]). Painas 
[JO], [11] has 

1
described these concepts in different, but 

relatively equivalrnt terms. 
2} Descriptirencss: lt is importan! that thc documentation 

contain useful cxplanations of the software program dcsign. 
The objectivcs, assumptions~ inputs, and outputs are desirable 
in varying dcg.rces of dctail in bolh documentation.and sourcc 
listings. TI1c intrinsic descriptivencss of the sourcc )anguage 
syntax and thc ]udicio.us use of source commrntnry greatly 
aids·efforts to undcrstand thc program operation. 

3) Consistcnc_V: The use of somc standards af!d conven· 
tions in rlocumcntation. flowclJ:ut construction. 1/0 process
ing, error proccssing, module intcrfacing, and naming of 
modules/variables are typical rcOections of eonsistency. Con· 
sistency allows onc to easily gcncralizc undcrstanding. For 
examplc, programs using consistcnt conventions might requirc 
thaÚhe format of modules be similar. Tims, by lcarning the 
fotmat of one module (prcface block, declaration format, 

·error checks, etc.) the format of all modules is lcarn~d. 
_ 4} Simplicity: The aspects of software.complcxity (or laek 
of simplícity) that are emphasizcd in the evaluation relate. 
primaríly to Íhe wncepts of size and primitivcs. The use of 
h'·'· order Janguagc as opposcd to assernbly lan~uage tends to 
J. a prot:r:nn simp!cr to undcrstand bc~ausc · thcre are 
frwcr discriminJtions \vhich h~1vc to be madc. ·n1crc are 
ccrtainpwgr:nnming consid~·r:.~tions su~h as dynamic allocation 
of resourcrs. rrcursivc/rccntrar~t coding which c<ln greatly 
coniplicate the data and control Oow. Real-time programs, 
bccause of thc .rcquirement fo.r timing constraints and effi. 

. ciency' tend to ha ve more COl~ troJ complcxity. Tloc shecr bulk 
· .. :!;,. ·' ... 

of count> (numbcr of operators, operands, nestcd control 
structurcs, cxecutablc statements, statcme.nt labels, decision 
parametcrs) will determine to a grcat extent how ~n~le or 
cornplex the source code is [l5l-[18j. · ·- j 

5} Erpandabili(l': Software may be reasonably understand
ablc but not casi!y cxpandablc. lf the.design of the program 
has not allowed for a Oexible timing schemc or a reasonable 
storagc margin, then cvcn minor changcs may' be cxtrcnlely 
difficult to implcrncnt. Parametrrization of constants and 
basic data structure sizes usually irnproves expandability. lt is 
also very irnportant that the documen~ation includc explana· 
tions of how to make incrcases/dccreases in data structure 
sizes or ch:mges to the timing se heme. The limitations of s"uch 
program exp::mda~ilily should be dc3r. The numbrring, 
schcmcs for docurncntation nJrratin~ and graphi~.· matcrials 
must be carefully considered so that physical modifications to 
.thc do,·ume~ltation can be casily accomplished when neccssary. 

6} lnstrumentation: For the most part, the documentation 
is cvaluated by. how well the program has be en designed · to 
include test aids (instrumcnts), whilc thc source listings are 
evaluated by how well the code seerns to be implcmented to 
allow for testing throu:;h the use of su eh test aids. The soft· 
ware should be dcsigncd and imp!cmcntcd so that instrumcnia-
tion is imbedded within the program, can be easily insertcd 
into thc program, is available through a support softw?re 
system, or is available throug.h· a combination of the~e 

capabilities . 

D. Software Ch~racteristics 

Each test factor has a set of softwa;e-level characteristics 
which serve to define thc test factor within thc contcxt of the 
software product catcgory bcing evaluatcd. Characteristics 
were idcntified and groupcd so as tn ·minimize thc ovcrlap 
among thc test factors ami balance thc numbcr of charactcris
tics across thc test factors. Characteri3tics for thc documenta
tion and sourcc pstings wcrc idcntitlcd primarily from·Thaycr 
[3], Bochm [Ij, Walters [41. Kernighan and Piauger [7J, 
Mycrs [9], Parnas [lOJ, [1 lj, Millcr [19], Halstcad [15J,. 
[16], McCabe [18], Ych [12J, and various documentation 
standards [22]- [28]. 

A fixcd scale for al! cvaluation responses was chosen and 
closcd-form questionnaires for docurncntation and . source 
listings were dcsigncd based on the idcntificd charactcristics. 
In ordcr to minimizc subjcctivity, increase thc cvaluation 
reliability, and provide for a more effícíent evaluation process, 
a detailcd evaluation guidelines handbook [33] was uevelopcd. 
The handbook contains background methodology, the cvalua
tion qucstionnaircs, and a. set of guidelillcs for intcrprcting the 
terminology anu potential responses for each qucstion. A 
computer program was dcvclopcd to aid the analysis of the 
evaluator responses. 

111. EVAI.UATION I'J<OCE!)UJ<E 

Thc software- .cvaluation proccdurc involvcs four distinct 
phases as shown in Fig. 2: planning, calibration, asscssmcnt, 
ami analysis. 

During the planning phasc, the AFTEC Software Test 
Manager (STM) and thc selccted Software Asscssment Team 
(SAT) ci,air;nan cstablish evaluator t_eams, each _cunsistlng óf 

;-,·: 

1 

¡. 
' 1 
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· Test l'hnnin& 

Soft~ar~ 1est Hana¡er (STI1)/So(t~o~¡a,n AU.t'UIIIC'nt 

Te1~ (SAT) Ch1ir~an: 

- E&t1bliah~s Evaluation S~ructure 
- Selects Hodules for Evahutign 
- Determines Test Factor ~ights 
- Establishes Ti~ Frame for EvduaÚon 

Snt: 
- Assign~> Jdenti!ication Jofora&tion 
- Completes Evaluator Bciefin¡ 

Calibration Test 

EaCh Ev;~luator: 

- Compll!'tes One Documenhtion Questionnatre 
- Completes Specified ~odul~ Questioonaire 

STH: 
- Revie~s Completed Questionnairea 
- . ResolVes Hisunderstandinc-
- Dcbrief& Evaluators 

Asses~ment 

Eacb Evaluator: 
- Llpd.HH Calibr.atioo Questionnairel 
- Completes Remaining Questioa.naires 

Analysis and Reporting 

STM: 
- AccOC>plildlcS Autolf.-'ted Questionnaire Data Entry 
- Produtes Auto~at.ed Yreliainary Analysil 
- Reviews AuLOI!lated Analy~is Result.l 

SAT: 
- R~views Preliminary An~lysis 
- Perf~rms Det•iled Evaluat.ion 
- Prepares Evaluatlon Report. 

Fig. 2. Maintain~bilily evaluation procedure .. 

at lcast fivc cvaluators knowlcdgeable in software m3.intenance. 
The SAT chairman may or may not be onc of !he cvaluators. 
The evaluators are prcfcrably persons who will be responsible 
for maint:J.ining sorne part of the software being evaluated. 
Thc program/module hierarchy is established and a set of 
representativC modules is selected· for cach program to be 
e;·aluated. At leas! 1 O perccnt of !he modules in a program 
are randomly selected for cvaluation. Spccil1c test factor 
(atrribute) weights ,are also dctcrmined at this ti!Tie and the 
schedule for 1hc evaluation is cstablishcd. The software test 
manager bricfs the evaluator teams on the procedures and 
assigns the necessary idcntific:ttion inform:ttion for this spe
cific evaluation. 

1l1e function of the calibration test is to ensure a rcliable 
eva.luation through a clear understanding of the qucstions :md 
their specific response guidclincs on ea eh questionnaire. Ea eh 
evaluator completes a Jn.cumentation and module source · 
listin~ qu~slit'lllnairc. The complctcd. qucstionnaircs are 
revh:wl;d to dctcct arcas of misundcrstanding and thc cvallia· 
tion tcams are dcbricfcd on thc problcm areas. · 

In thc assessmcnt phasc, thc evaluation teams updatc their 
ca!ibration test qucstion¡Úircs based on the results of the 
calibíation de briefing. The teams thcn complete the rcmainder 
of thdr assigned documentation and module sourCe qucstion
naircs. It is estimated that cach cvaluatur will take 4-6 hours 
to complete thc documentation qucstionna'irc and 1-3 hours 
to complete cach module qucstionnaire. 

In !he anJ!ysis phase, the software test manager accomplishes 

t4 TABLE 11 
TEsT FACTOR QUESTION 0ISTRIBUTJON 

MO "' es SI lX lN GF.NlRAL TOTAL 

Docuarntatlon 12 

Sourcr Lilting:• 14 

;:· 

24 9 12 ' 
21 14 !6 ' 

TABLE 111 
ExAMPLE QuESTIONS 

lO 1 83 

• 1 89 

~ol•' tht loll~w>~l quutiono rtl•l• te h.,.. lht •oc-..utioo hl bun 
ph~oicaliJ hra.Ht<"<l >nto f•nnional p.rlo. 

]. PrftJr•• 4or,.,...n\o.,~n on~\.,d•• o "Pouu pul lor tM ko<npl¡- of 
pr~¡ro• <>I~L"ol Lftl<'rl.ru. 

%. Pro1ro• don-n<uoon ~nrl..du • ••pouu port In tbo dto<rt~""" ol 
U<~ •aJor P'"l'"'" lunrlHJft, 

). froau• d~r...,nutooft oMiudro o Hpouu pHI for lb d~o<tiption ol 
th• pro¡ro• ,t .. ~ol dato J>,ou. 

No¡., n~ lollu~'"l quut>ono r<lott lo h'"" <h• pro¡u• rontrol oftd 
dol• flow ~•• l><'tn dno&nrd lor lunctooul 111., 

!. Th• rro¡r.a conuol rt"" io .,,,.,.,,..4 tA • top d...., hiouub.rol trr•. 
poturn. 

~. Pro1•~• Lno<ioloullon pror~ooi••l 10 d<lnt l>y oftr (•~< of) --wttohl 
d .. o¡r.r•.l tx<_Luoovrly for thot purpo••· 

(S..urrtli~t•naol 

Mou· lh~ loll""UI qur11uno rrlot~ to •ortouo ~,.,~,.10~ "h:r~. rrflr<l 
t~r "'""''' ol ufonut¡on ~~~·~ "'~"· b~ ,..,.,lu•d t~ """"rnond 

1.1. Tht m.•t-.r of uprruoont uord lo <Ln\tol broo<hinl 10 thu ao~ul; 11 
aonotoblr, 

~~ lh<' ~-br< uf ntrul•b\t OUit ... MI on thLI-~U]f U anol<" 
oblr 

$1. ~o~ulotL\j'" rri\Hlrol tn thLI -~<1\t•o o~ur<t ]to\>ft¡ COOI<t• 
butro to th~ •••nlo>UbLiny o/~~ ... ..,1~1•. 

----------' 

thc conversion and initial data processing of thc questionnaire 
data. Tilis preliminary analysis is then reviewed and corrected, 
if necessary, Tl1c statistical summaril!'s are then retu.rncd to the 
SAT for detailed cvaluation and preparation of the final 
re port. 

:1· Example Questions 

Each evaluator is supplied with a documentation question
naire. sourcc listing questionnairc, evaluation response forms, 
and an evaluator guidelines handbook. The number of ques
tions for each of the qucstionnaires and each of the test factors 
is summarizcd in Tablc 1I. Sume of the qucstions are illus· 
trated in Table III. Note the "general" question 83. Each 
test factor has such an associated general question. In future 
analysis of the mcthodology, test factor charactc1 istics (scorcs) 
will be regresscd against thc gcneral·question (sc"r'') across all 
program modules ami al! programs. · Thc guidclincs for one of 
the sarnplc qucstions are illustratcd in Table IV. 

·~ 

B. Response Fonn · · · ) 

1l1c furm on. which an evaluator records responses to .IJ! 
qucstions is processcd through an optical scanner. There 
are thrce "blocks" on this form:..dcscriptive idcntification 1 

block, numcrical idcntification block, and evalnator r~sptinse j 
. . '" ·. l. 1 -----------'--' 
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TABLE IV · 
ExAMPLE OF QUEST10N GUIOELINES 

()~-------------~· 
Quutlon M""'b<'r 5·b2 

~JU.!.Q!: _ ThC' n~~Mb~tt of !~pruoiop$ ued to control bron~h· 
IRI IR Uno .oJuh U ••nll<'lblo·, 

l~_l:!~,~~~!flli: SI"'I>IHilY (s¡lf oi•¡.lioty). 

hplonot.~u: T~t· <O~nt o{ ~oatrol ~apu .. lonl •• ~I.,Hly ulotrd 
·tn th~ n.._¡,ltr or.¡no1"P""'"nt ~ydu <no tU>d~J,..- T!u -orC''Ulnlro\ 
upru"~"' tn•u lle, \be aore t011p!C'~ th• c••fttrol lo¡" undo to ,, . 
[.Q . .''11'lf.S: 111• fo!IOOI•n& ••••phi •~d,utt- b"" to c .. wflt tbc (ontrol 
~-.¡;r-.:ti\oru·. · 

' 

1r (a.')!. a¡ co ro 10 
Jf (A.AA~·.Bi GJ ;o lO 
lf (C.GT.O) C.C ro 10 
!F (A.A~':..B).!i",iC.CT.D)) 

co ro 10 
CASI: (1) Of 

1: A 
z: a 
J: e 

(IQ CAS{ 

Jtn•tlor. DO 11) l•d, lO --- ' 
lO CONTHM 

A:l 
A;l 

C.CI.D 

A;I;C. C.T .O . 
1"1 ;J.-2;1=-l 

(AIUrnHovn) (n..ober of 

l.ll. 1 
J.CI. 10 

llttrn•tiv..l 
lou o,.) 

C\0HA~1: ConVol t•~HIOI\: 1~. (AH: l)r Otl'ltr OttlliOI'I Cl)~trol 
üp.:-ii"i"lon .. ~lo'H/(r,-o;: otiiC'r \tt<ltlve control u~r,.Hion. 

15 

~P(C!Al RfSPC"'H J¡jSfR:.JCTIONS; T~t (r>llo.-iog QYl~tlinn •lll 1ncroor 
lond F rnPOMU, :.~t •'~ 1iirly ~UtiJ•Ctht'(n:>•CUll)' tn• f •ncl'lor). 
Tllt guldtlinn for tn• A rnoonu ls U>'Httttd lro• otr.er ,notrtn· 
Cltnt r.~flrth. lltl!le.:lbtr to toynt oll rrpC'tltlon~ ot the u-e control 
t>;prC'nlc,, 1lr;o. -

Ant•tr A if (O,._.,l ( 10 • 
.lnr;~r f H co~rtt ~ MI. 

block. 1l1e descriptivo identification lilock contains informa· 
0'?n which idcntifies the particular questionnaire type, system, 
'v.._ ~bsystem, program, module, ev:úuator,· date, and time to 

complete. This block is only used for a visual idcntification 
check and is not processed by the optical scanner. The nu
merical identification block contains numeric codcs for the 
same information contained in· the descriptivo identification 
block. Thc evaluator response block contains a set of 1 O 
responses (A-J) for each question up to 90 questions .. 

C. Response Sea/e' 

The following response scale is used to answer each 

qucstion: 
a) complctely agree, 
b) strongly agree, 
e) generaUy agree, · 
d) generally disagrce, 
e) strongly disagree, 
f) completely disagree. 
One of these responses must be givcn for each question. In 

addition, one or more of the following standardizcd comníent 
responses can be selected: 

i) 1 had difficulty answering this.question, 
j) a written comment has been submitted. 
The responses g and h are not used. The responses a-f 

(equivalen! nurnoric metric is 6 to 1) indicate the extent to 
Q. ~jch the evaluator agrees/disagrees with the question 
statement. 

· D. Analysis Techniques . . . ' 

.]he maintainability metrics are the average scores across 
evaluators, test factors, product categories, and ·programs. 
Test factors, product categories, and programs can be given 

. .:- .. >_._' __, ___ :.__ ji•', •, 

weights at the discrction of the AFTEC Test Manager and SAT 
Chairman, but raw scores will also be retained. 

Assessment of the cvaluation process itself is partially based 
on six mcasures: agrcCrnent, outJicrs, response distribution, 
standard dcvia tion, regrrssion, and question reliability. 

Agrcement on a question is calculated using the following 
formula: 

J NS . 
AG = - L NR¡/21 

NE 1• 0 

!' 
. (. 

i 
i 
1' 

~· 
whcre AG is thc agrcemcnt factor, NS is thc numbcr of unit ,; 1 

stcps in the scorin~ scale, NR¡ is the number oí r~spor'tses that -l 
are i steps from the mode, and NEis the number of evaluatorS ~ 

(responses). F· 
lf there js no modc, then thc se ale val u e closest to the mean 1\ 

1 1 . . ~ 
and with at least as many responses as any other sea e va u e JS 1¡ 
used as the "modc.'' As an cxample, with- fivc responses of \, 
B, C, C, C, !:', the mode is C and AG = !- (3/2° + 1/2 1 + 1/2 2

) = ¡¡· 
,¡ 

0.75. ~ 
Outliers are determined in a somewhat subjcctive (but . ~ 

logical) manner since ncithcr the agreemcnt factor n'or stan· !:i 
daid dcviation provide acceptably consisten! n1easures ... An a 
outlier is any extreme response with a distaricc (DE) from the ~~t·.···. 
next closest response such that DEfDT > 0.5, where DT = 
maximum ~is'tance betwCen any twO responses . 

Response distributio"n is studied ·across ·all evalua'iions on a 
question-by-question basis to detern1ine the validity of\ the 
general assumption of a normal response distributiori. Such ¡t 

1 analysis can also be used tó determine an experimental ques- ~ 
tión wcight. On an·individual evaluation basis, thc combina- . f .. 
tion of agreernent, outlier ;·and standárd deviation analysis is ~ 

' used to pinpoint particular qucstions which ha ve an unaccept- i 
able response distribution. ~'"·~.l 

Regression analysis is uséd across all evaluations to study the 
validity of the test factor question groupings·and to stndy the ~.¡ 
regression of test factor characteristic responses against the ll 
associated general test facior·question response. ltzfeldt [2] ~ 

1 
presented sorne intercsting related resulrs using rcgression and ··' 
factor analysis. · · · · f 

~ Reliability is a measure ·of consistency from one set of j 
measurements to· anoU1er. Reliability can be defined through ~., 

error: the more (less) error, the lower (higher) the reliability. t 
Since we can measure total Variancc, if we can estimate the s· 
error variance of a mcasure, wc can also estima te reliability. f,::.l 

The statistical method for identifying error variance is 
Analysis of Variance (ANOVA). ANOVA allows the analysi } 1 

to isolate the sources of variance within total variance. In the · l· 
ev3luation of module questiOnnairCs, for example, thc sources ~ 
of variance are differcnces between the evaluators due to their ~ 

. f 
differing backgrounds and expcctations, differcnces in the 
characteristics of the modules, and unattributablc differences. f 

: 
due to error. Two-way analysis of variance allows a determina- f 
tion of all three variance- sourc.es. · Mcan-squ'arcs for raters, ..; ¡ 

i' . ~~1.~~~~;Y a~dtl~;~o~al:r:la~:~·:~li¡"_~~ ~~i~~~e::~:e~r~,~~:;ii~~c~f ~ j 
mcan-squnre error to mcan-square ·modules. . . ~ 1 
lf th~ reliability coefficient R i~ ~quared,. (~:J· it be~~r,ne,s a. ,_ :.: ,, .... t 
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Editor's Note 
·' 

T HE ·rollowing papcr rcprescnts an experiment in p~blishing for thc IEEE TRANSACTIONS ON SoFTWARE 
ENáNEERING. In July 1978,1 rcceiveJ thc original papcr and wrote to the Editor of the TRANSACTIONS . 

. "1 would like your rcaction to the'following idea: 1 think that this paper would makc an excellent contribution 
to the TRANSACTIONS if we could do the following: 

!-) Send copies toa few selected ''cornmentators'' 
2) Get the commenlators to write short, but not trivial,.remarks about the design approach 
3) Get the authors lo respond briefly to the remarks ' 
4) Publish paper, as is; remarks; and response to rcrnarks. 
1 have seen this done in other juurnals, and with cxccllent results. 1 think it is particularly appropriate when we 

are looking at the design of a programming too/. Rather than havc the authors hide all the design short·sightedness 
thcy m ay havc had, they are willing lo reveal the thought processes, with all their flaws. This is a real opportu
nity to lcarn from their mistakcs. as wcll as from tlicir good judgments." 

Raymond Y eh accepted thc idea in concept, and 1 sent out seven rcquests for comnients. Aftcr a considerable · 
dclay, 1 received four very thoughtful and extensivo commcnts. In addition, 1 hada dozen pages of my own 
comments. I felt that this response indicated thc magnitÚde of thc intcrcst in the subject, and thc approach, but l 
_.w~s worried, abou~ thc vol u me of the material. · 

1 Wlestled with the problem for a long time, through a change in IEEETSE editorship, and through a wait for a 
response from the three original authors. Most of tite delay, though, was mine, for I could not see how to edit 
this volume of material toa more modera te size. Finally l m a de m y dccision, and if yo u are reading this it means 
that the editorial board acccpted it. 1 would kccp tite general comnttints largely uncdited, but !cave out the 
voluminous ·detailed comments on the dcsign. 1 m~de this decision in keeping with a principie we havc leamed 
ovC; a decade of dcsign reviC\\·s-thcrc is no sensc criticizing thc details until you )~av:~·agrecmcnt ori thc general 
conccpts . 

. ·, ·Naturally, lhere are details that display the general concepts in a way than vague.statenient would.not illumi· 
nate, but after surveying this nÚltcrial many times, 1 believc that what Software Engineering needs most;right 
no~, is some discussion of thc broadcst Principies. Therefore, l have removed detailed comments from the 
commentators' notes. An·enonlious ?m.o~nt of valuable information was set aside in this way. but l take full 
responsibility for placing the priority on what remains. 
. lt 'h.:re should be an upswclling of popubr demond, then perhops 1 can convince the editorial board to com

plote this project by printing tite detoikd comments. But Jet us pul first things first. 

GERALO M. WEtNBERG 

1 ~; 

( ), 

. 

1 1 

1 1 

1 

1 
1 

1 

i'j)! 
·~~' 1 

1 1 

1 1 
1 ' 
i J 
' 1 

1:1 
,'· ,.,,: • • ' 1 

·-------·----------~-------12._j 



'IEEE TRANSACTIÜNS ON SOFTWARE ENGJNEEHING, VOL. SE-7, NO. 4, JlltY 198i ' 353· 

The Annotated Assistant A Step Towards Human 

~1 Engineering · 

ANDREW SINGER, MEMHER, IEEE, HENRY LEDGARD, AND JON F. HUERAS, MEMBER, IEEE 

Alice had bccn looking ov~r his shoulder with some curiosity. "What a funny · 
. watcli'" 5 she remarked. "lt tel!s thc day of ihc month, and docsn't tell what 
o'clock it is!" 

5. An cven funnicr watch is thc OutL1ndish 
Watch owncd by the Gcrman professor in 
Chapter 23 of Syl1•ie and Bruno, Setting its 
hands back in time has the result of setting 
events thcmselvcs back to the time indic~ted 
by the hands; an intercsting :mticipation of 
H. G. W('lls's Thc Time Machine. liut that is 
not all. Prcssing a "reversal pcg" on thc Out· 
landish Watch starts cvcnts moving bafh.:arJ; 
a kind of lookin¡::·glas~ reversa.! of timc's linear' 
dimcnsion. 

"Why should ii"" muttered thc Hattcr. "Docs your watch tcll you what y~ar 
it is?" 

"Of coursc not," Alice rcplied vcry rcadily: "but that's bccausc it stays the 
same ycar for su¡;h a long time togcthcr." 

"\111ich isjust the case with mine," said thc Hatter. 
Alice felt dreadfully puzzlcd. The Hatter's rem:irk seemed to hcr to havc no Onc is rcmindcd also oran carlicr picce by 

CarroU in which he proves that a stoppcd cluck 
is more accuratc than onc thatloscs a minute a 
dar. Thc fírst dock is cxactlr right 1\.\'icc cvery 
twcnty·four hours, whcreas the othcr dock is 
exactly right only once in two ycars. ·"You 
might go on to ask," Carroll adds, ·• 'How am l 
to know whcn eig.ht o'clock does come? ~ty 
clock will not tcll nic.' Be pati.:nt: you know 
that when eight o'clock coirics your cluck ·¡s 
right; very good; thcn your rule is this: keep 
your cycs fixeJ on the dock and thc. l'ery 
moment it is right it will be cig.ht o'clm:k." 

· sort of meaning in.it, and yet i_t was ccrtainly E1iglish. "1 don't quite understand 
you," she said, as politely as shc could. 

"Thc Dormouse is aslecp again," said the Hatter, and he pourcd a little hot tea 
u pon its f!.Ose. 

A,.printed from The Amwrared A !ice by Martin Gardner. Cüpyright ©M CM LX 
~Martin Gardner by permission ofCiarkson N; Pottcr,lnc. · -The Amwtated A !ice 

11w flarrer's warclz nicely i/lusrrares rhe effecr ofidiosyncracy 
in system design Real/y, l! watch could prot.'l(fe any number 
o[ fearures, · but most watclzes designcd [or peop/eput a high 
priority on telling the corree! time o[ da y: Tlws, the Hatter's · 
watch is an cxccllcnt examp/e of bad human engineen'ng. By 

: humaÍJ engineering 1ve mean "the sc/ection auwng "design 
altematives so asto relate to people." Carroll's swpped watch 
is the ultimate in poor human engincen"ng bccause the user 
must do al/ the work. 

INTROOliCTION 

O VER the years many authors (Cooke and Bunt (4], 
Cuadra [5], Holt and Stevenson [9], Kenncdy [11]. 

Mann [14]. Palme [16].l'arsons [17]. Sterling [20]. Vanden· 

Manuscript rcceívcd July 28, 1978. This work was supportcd by the 
Nation:ll Sciencc Fouodation and thc U.S. Army Rescarch Office, 

· Durham, NC. 
A. Singer was with the Ocpartmcnt of Computer and lnformation 

Scicnce, University of 1\hs.'iachusetts, Amhcrst, MA 01003. llc is now 
with E & llnstrumcnts, Derby. CT 06418. 

·~. Ledgard was. with thc l.kp:utml!nt of Con)putcr ami lnformation 
mee, Uni\'Crsity or Mass:.~chusctts, Amhcrst, MA 01003. He is now 

.... Jth Hmn:.~n F;lcturs limited, lt·vcrc-tt. MA 01054. 
J. f. ftucras was with the Oi.:partment .uf lnformation and Cumputcr 

Sciencc, Univcrsity of C.JJifornia, lrvinc. CA 92717. He is now witl1 
Prot·cssor Sdcnccs, ·Jnc., Ourlingto••· ro.·! A 01803." 

berg [14], and Wcinberg [25]) have made the case for human ; 
engincering of computcr systems. As Sterling [20] and Holt 
and Stevenson [9]· havc pointcd out, human engincering is 
something th<J.t must be intcgratcd into thc design proccss, i.e., 
it camwt be grajied onlater. We belicve that very fcw systems 
havc been dcsigned with first priority given to human factors. 
The work describcd here reflects a conscious attempt to design 
a computcr system in which human considerations had top 
priori! y in the design process. . · 

As part of our gCneral attempt to limit the influence of im
plcmentation considcrations, at thc start we chose to complete 
the design of every system feature before undertakilig any 
implcmentation. Thus far we havc adhered to that decision, 
and at prcsent wc are working on a dctailed formal dcscription 
of the en tire system. 

For a variety uf rcasons, we undertook the task of devcloping 
a St:mdard intcractivc environmcnt for PASCAL programmers,_ 

although thc use of PASCAL is incidental to our design. We 
werc interested in assisting both. naive and sophisticated 
programmcrs. 

The cffort was motivated by scv~r~ll concerns: 
1) the dcvclopmcnt of a modcrately powerful system that 

makcs uscrs more productivC wilh lcss cffort: 
2) thc nced fvr a system that stimulates rathcr than damp~ns 

thc cnthusiasm-Üf poten tia! uscrs~ 

0098-5589/81/0700-0353$00.75 © 1981 IEEE 
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3) a dcsire to crea le a systcm without the trappings of con
vcntional computer conccpts, terminology, arid jargon: 

4) thc need. for documentation cmbodying a light and 
frkndly approach lo users. 

These goals are easy to talk about, but difficult to realize. 
After neorly two years' work, we produced a design carefuUy 
documented in !he form of a Uscr's Guide. This documcnt 
itself was lhe result of considerable effort. Thc final design 
rcprcscnts a largo number of rewriles, pcrhaps ten, aimcd at 
making the system more accessible to the user. Wc consider 
this document to be an example of our overall conccrn with 
thc human engincering of the system as a whole. 

In this paper, we present !he User's Guido (with only one of 
its. three Appendices) in annotated fom1. The notes are in
tended to illuminatc the human engineering design considera
tions and to explain the principies motivating our decisions. 

lt is importan! to bear in mind that thc state ofour knowl-· 
edge about what constitutes a "good" decision from a human 
factors point of vicw is rather primitive. Often our only b'lljde 
is intuition based on expericnce. Ultimately, we believe that 
thc rcsults of existingexpcrimental invcstigations in psychology 
and new human engineering experiments in computing will 
provide a solid basis for designs. Ncvcrtheless, even without 
much data we must give curren! systems the benefit of !he 
bcst knowledge that we have. This is the case here. 

In a sense, whcncver we build a system today we conduct ~ 
human factors expcriment. Unfortunately, we are rarely in a 
posirion to extract any valuJble data from these experimcnts 
because wc do not sct thcm up as such. In the dcsign of the 
Assistant, we developed a number of general principies to 
guidc our decisions. As peoplc use the system we cxpect to · 
discover th::It somc of thesc are wrong. But al thc very least, 
wc know. we will be ablf to lcarn from our expericnce. Given 
the limits of hard data, we believe that work mus! proceed in 
this way if wc are lo advance the state of human cngineering 
in compu~er systems. 

'>') 
! J .;4 

THE CURRENT STATUS OF TliE ASSISTANT 

' Thc dcsign described hcre was frozen in thcSummerof1976 
Since then we have bccn cngagcd in a variety of tasks rclated 
to it. Considerable effort has gonc into a full formal definition 
of the Assistant. · At prcsent, a complete definition of its · 
interactivo behavior is done, and a parlial definition of its 
scmantics has been written. This work is described by Singer 
[18]. A text editor, HOPE, based on the Assistant's cditing
rcquests has been written in PASCAL and has been available 
on the University of Massachusctts time-sharing system. 
The stand-alone automatic prettyprinting program (:uso in· 
PASCAL) mentioned in the notes has been available from 
the PASCAL User's Group and currently has been distributed 
to more than 100 installations. Conlinuing efforts are aimed 
at completing the formal definition of the Assistant and evcn, 
tually building a prototype. All of thesc efforts, notably the 
design of the Assistant and its human factors considcrations, 
have requircd about ten person-years of effort, which we 
considcr as research. 

In readilig this paper, it is importan! to beai in mind that 
what we are discussing is the design, not the implemcntation, 
uf a system that we belicve will be well within thc state of 
!he art. Until thc complete formal description or an actual 
implementation h~s been completcd, it remains to be seen 
whcther this is thc.case. 

All of this activity has no! becn without its cffccts. A vari- , 
ant of HOPE has bcon the basis of an experiment ex<JJnimng,~ 
onc of. !he hypothcscs evolved during the Assistant's Jesign 
(sce Ledgard, Whiteside, Singer, ami Seymour · [28]), and a 
recent monograph (Ledgard, Singer, and Whiteside [ 13]) 
describes somc of our cmerging beliefs. A number of spe
cific second thoughts concerning the dcsign of the A.~sistant 
havc also emerged. Whether we will incorpora te' thesc into. a 
R.:vised User's Guide remains to be sccn; but for the sake of 
complcteness, we have includcd these thought> in the follów
ing annotations. 

A User's Guide to the PASCAL Assistant 

INTRODUCTtON 

"assistant ... l. one who assists or gives aid and support; a helper;.;." 

-Random House Dictionary o[ the f:'nglish l,anguage 

:"automatOn_ ... l. a meclumism that is relative!y se!fopcrating; esp. ROBOT 
2. a maclzine or control mcchanism designed to fo/low automatically a predeter· 
mined 'se~¡uence of upaations or respond tu encoded instmctions 3. a crea/u re 
who al.'ts in a mcchanical fushion . .. " 

- Webster's New Cu!legiate Dictionary 

Thc Assistant 1 This section is your introduction toa littlc robot we havc crcated 
called "TI)e PASCAL Assistan t." This Assistan t can help yo u create, rnanipulate, 
and t:xÓ¡;ute PASCAL programs .. Like.any creaturc, natural or artificial, the 
Assist;mt has its own ideas about things. Unlike ourseJvcs. however. the Assis
tant's iJcJs Jrc- fairly fixed, and its intclligencc is limitcd. As with a11y assistant, 
your understanding 9fit willmake f~r J sriwoth würking rcbt.i?,'.~.si_Jip.-2 

. ·-·-. 

l. An important part of the human cngincer
ing of a systcm is thc physical display a.nd 
organitation Qf il.~ documcnts. Throughout the 
u~~r·s Guidc we atte.mpt to kccp a layout that 
is both visually appcaling anri yct can be uscd 
for quick rcfl~Iem:c. Uecausc thc User's Guidc 
is short, thcre Js hlflc nced for :111 index. In· 
¡,tcad, kcywords und key phrases are ~iven L, 

.... 



SJNGlR ct ol.: llJE ANNOTATED ASSISTANT 

Terminals TI1e Assislant exists as a collection of computer programs that run 
on a limc·sharing co1Úputer. Since you and the Assistant intcract solely by 
r '~ of a tclctypc 01 some uther intcractivc ter.minal, we will at timCs describe 
\. _:ssistant's beh~vior in tcrms of what thc terminal docs. Beca use you may be 
using any one of a variety of terminal dcvices, we can only describe what happens 
in a general way. For spccific detaiJs concerning individual terminals, we rcfcr 
you lo "Appendix.lll: Sign-en Procedures and Terminals." 3 

Goals The Assislant's aim is to function in a way thal will be pleasant and help· 
fui to vou. To this end, the Assistant follows threc general strategies. 

1) ¡; provides you with conlinuous informalion about its activity4 
· 

2) lt makcs reasonablc assumptions about what you want to be done when 
specific dctails are not given. 5 

3) lt chccl<s with you bcfore carrying out a poten tia! damaging operation 6 

lnteraclion 'with. the Assistant These strategies imply a la1ge amount of in ter· 
aclion betwecn you and the Assislant, cspecially whcn you cal! on it for thc 
first time. However, you will find that imcracting by means of a terminal can 

become tedious, particularly if the terminal is slow or if both you and the 
Assistant are ca¡:)able of working at a much· quicker pace. As you bccome more 
famiJiar with the As'sistant, you may direct it to assume that your intcraction is 
to be more abbre~iated, just as you may 'at t~ny time direct it to assumc certain 
other things about your working environmcnt-. 7 

Request Language Requesls are made lo thc Assistanl via lhc terminal and are 
exprcssed _in terms of a Hrequest language." This language is designcd to look 

·A.Lv much likc English and consists entircly of imperativc slatemcnts. Severa! 
~ests allow you to cxchange information with thc Assistant conccrning al-

. most anything within thc scopc of its knowlcdgc. 

Behavior At ccrtain times, thc Assistant may·b.c attentivc, which mcans that 
it is awaiting a response from you. At other tililes, the Assistant may be active, 
whích means that it is trying to satisfy a rcquest for you. Sometimcs befare a 
request is satisfied, the Assistant discovers that it needs more information from 
you, in which case it will ask you what it nceds to know. 

Attentive Behavior 'Attenlivc behavior is always sign"led by a prompting mes· 
sage, which consists of two.characlers lypcd by the Assislanl on the terminal. 
The prompling message indicates nol only that the Assistanl is awaiting a 
response from you, but al so whal type of response is being asked. for. 

Active Behavior Whcn you send the Assislanl a rcquest, it becomes active and 
attempls lo satisfy your request. lt does this in lhrce stages.8 

1} Verification: Thc Assistanl determines whether or Ítol your rcqucslmakes 
sense, and makcs any ne.cc;sary assumptions thal il can when specific details are 

. not givcn. . 
2) Pcrfvmwnce: lf the verificalion slage was completed successfully, lhc 

Assistanl will salisfy your requesl. lf the opcration requestcd is at all time· 
con.S:uming, thc Assistant m ay indica te its progr~ss at various intcrvals. 

3} Complction: After your rcquest ha> becn satisfied, the Assislant indica tes 
~ final rcsult of its a¡.:tions and again bccomes attentive. 

'· 

lntcrrupting !he Asshlant While the Assistont is active, you may interrupl it al 
any -time. causing it to bccomc attentivc again. You intcnupt thc Assistant in 
arder to ask it for pcrtincnt inforniatiun or clsc to tcll it to discontinue attcmpt
ing lo satisfy a requcsl for you and lo altempllo salisfy a new onc.9 

-' ~'--------· -- ·. ·' 

thc lcft margin of the manual. (In the pub
Listu:d vcrsion of thc User's Guitlc. thcy occupy ') 3:1 se "para te column.) Thcsc ·keywords also give 

: .J • the · readcr a quick clue about thc basic idea 
being prc~cntt>d. We are indcbted to Child, 
BcrthoUe, and l.icck (2} for this etTcCtivc 
schemc. · .. 

Pcrhaps of most importam'.C, thc scalc of thc 
manual ís srnall. Of coursc, this is re!lcctcd in 
tite smallncss of the design itsclf. Nevcrtheless, 
a great dcal of carc was excrciSI!d in eliminating 
details that thc user should; iil f:H:t, t1ml out for 
himsclf on thc systr.m. This is not to say th"at 
wc believe the manual is inc:ornplete or mis
leading; rathcr a great effurt was made to 
present thc system in as conclse a manncr as 
possible. 

2. Onc of the most contróv..:r:.ial choices we 
madc WM to present the Assistant to the uscr in 
a consciously anlhropornorphk form. From 
thc beginning wc describe thc Assist:tnt as a 
crcature, robot·lih, with a goal structun:. con
sisten! bchavior:ll rules, intcr:lctive strJtC~ics, 
and deductivc c:ip:tbilitic~. This idea was 
motivated by several considerations. 

1 n the course of a tcrmin:~.l St'ssion. thc uscr 
must keep track of a grcai deal uf information. 
For example, thc uscr must continually be 
aware of thc status of h.is fili!S, his current leve! 
of interaction w_ilh the systcm, the consequcnces 
of actions he has already takcn, and thc actions 
he may legjtimatcly take 11~·.xt. Furthcrmore, 
since thc actions he rnay pl!rform are primitivc, 
he must r'-~pcatedly supply rcdund~nt informa
tion O'JI!f a long sequcncc of rcqucsts. Finally, 
hl~ must constantly be on p:uard aga.inst dcstroy
ing his own \\'Ork by dOing somethin!! that 
mi~ht secrn innocuous, but n·sults in disastcr. 

In most cases, the kind of inform;¡tion at 
issue hcre is readily available to the system. It 
was our intcnt that the A~sistant takc full 
advantag.c of the know!eJg:e availablc to it, and 
relieve thc uscr of much of thc burden of con
stantl.Y jugg.ling. that knowlcdge. 

Whcn wc tried to dC!scribc a primiti'Jc knowl
edgc-basrd system in a way that would be 
simple and nonthrcatcning to uscrs. the natural 
stcp was to dclibcratcly exploit the creaturc· 
like view which pcople · inevitably apply lo 
machines anyway, 

Howe\'CI, what began as a conccpt.ual modcl 
for thc documentation quickly acquircd alife 
of its own :md rcpcatcdly suggestcd consistent 
directions · for v;uious aspccts of thc desig:n. 
lllis interaction between thc · documenta.tion 
and thc dcsign was not timitcd to the concep
tual modcl of the Assistant. lu gcn~·ral, whcn
ever wc found a fcaturc or conc;pt difticult to 
cxpla.in ckarl)', we took this as a signa! that 
the dCsign itsclf was likely at fault. \Vholc 
versions of thc cditing rcqucsts \Vcre rejccted 
bccausc we could discovcr no simple way of 
e:<pl:tining thcm. 

Wc bencfitcd in olhcr ways from this view of 
thc Assistant as a nca.tuie. For one thing, we 
werc aUie to avoid much "f thc dryness associ· 
a.tcd with thc normal typc of manual. And, as 
thc opcning para~raph sug~t"Sb, wc wcrc 
ablc to introduce a light touch for thc rcadcr, 
and thu~ makc use of thc r.uidc a more pli::asant · 
e)(pcricncc. 

3. Only onc of the tluec Appcndices to thc 
UScf's Guidc is prcscntt..xl in this p:lpcr. Ncvcr
thclcss, it is importa.nt to not'-! tliat thc com· 
pletc User'sGuide (inclu~ín~t all thc Appcndiccs) · 

ir .. ·•:o!''t •\·.,. 

,, 
., 

r: 
! 
' \ 



356 JEt-;r. TRANSACTIONS ON SOFTWARE EN<..;)NEE!~~NG, VOL, SE-7, NO. 4, JULY 1981 

compri~s a document that conbins cverythlng 
the u ser ha.'i to know about thc systcui. -The 
rcader nccd refer to no other documenta. 

· This is (·onsistent with rccommendatlons made 
by Vandcnbcrg (24¡. 

4. One of the advantages of an interactive 
system for uscrs is that intcraction can be uséd 
to couPlc the systcm <1nd the user. Unfortu· 
nately, fcw systems provide more !han ncgatlve 
feedback to a u ser, i.e., error mcssagcs. Positive 
reinforl:emcnt in thc form of highly $pecific 
confti-lnatory mcssa~cs or an ongoing "chatter" 
from the system can simultaneously teach the 
new US(.·r what to e.xpect anJ rea~sure the uscr 
lhat what he expccts is, in fact, going on. A 
wide hody of evidcnc:e is psycho1ogical re~ 
forcenwnt theory supports the v;ilue of this 
strategy. A furthcr bcncfit of this interactive 
strategy is that it allows thc rcsolution of 
potential ambiguities that may arise in a r~ 

· qucst Accommodating such ambiguities 
pcrmits more Oexibility in the languagc design, 
especially as regards abbreviated forros. 

5. As Gilb and Weinberg (7} point out, 
extcn.'iive u~e of "natural'' ddaults is inhercnt 
in all natur3.1 language communication, and 
such defaults may be cxplicit or implicit. The 
Assistant is designed to take advantagc of both 
typcs. . 

For example, if a program i~ to be ron and no 
compiled versions of it is handy, the Assistant 
implicitly assumes that it must first be com· 
pilcd. Morco\o·e"r, at any time the ·u ser "may 
explicitly direct the Assistant to make cxpticit 
assumptions about futurc rcquests. Thus, the 
uscr does not have to continuc to spccify me 
n:..~mc~, üne boundarics, or options for rcquests 
whcn th~ system can kecp track of thcse 
dctails. 

6. The philosophy of ''sccurity chccking'' is 
not novel, but is also not commonpl:lce, and 
the extent to which it is Usl'd by the J\~sistant 
m:1y sccn extreme. A frl'qucnt cxample is an 
attcmj)t to overwrúe rlles. Unlcss told othcr· 
wisc, the Assistant will ahvays inforin the uscr 
that a li1c is about to be dcstroyed, ask for 
confuma.tion, and thus. give the .uscr a chance 
to think twice befare going ahead. Anothcr, 
lcss obvious,· cxamplc is thc warning a user 
rcccives whcn a tcxt ddetion n:qucst threatens 
tu lh:sta~y a large part of a file. lhe_se securit)' 
ch ... ·..:ks are intenJed to gi~·e the uscr confidence 
tllJt thc systcm will warn him befare doing 
~omething J¡sastrous. A skillcd uscr may sup-o 
pre'\s m oH l,f thcse chccks. 

7. Jd~·aUy, we would like :m Assistant lhat 
knows wh:ll leve! of detail thc user needs and 
:Jdapts automatically; but such intelli~ence is 
bcytJnd the lirnits of cost cffcctiven ... ·~ that we 
hlVC' set. The Assistant is in tended to be scm¡. 
intdligcnt, only :~n incrcnwntal step toward 
a uuly intdligcnt systcm. \\l1at we cannot 
J.:.:.lmplish with limitcd intclligence we have 
tried ttJ accommodate with a uscr·drivcn 
adaptivc strategy. In sorne ways, this is one 
of the lcast satisfyin¡.;! .:tpprm~o:hes that we have 
Clllploycd in thc .-\s,lstant. Not ::.:tuprisingly, 
the ~ompk:dty nf thc ASSUME n:qucst, our 
vehide for aJaptation, rcllcl.!ts this. 

8. Thl'rc is a body ,of ps>·chological evidcncc 
(scc, for cxarnplc, Thorndikc and Rack (22)) 

., .. 

which suggc!its that pcoplc "'1c:u-n without 
awarcncss." Onc implkation of. thcse results 
is that thc oscrs of a cumputer sy~tcm will 
infer undcrlying principies t.-ven if they are 
unawarc of doing so. 

Thc As.<;ist:mt"s bd1avioraJ goab are not 
mcrely "suprin¡;," but are accuratcly rcllected 
in its responses. Thcse g•l:lls are. intendcd to 
hclp thc u ser makc re:¡ sonable infcrcnccs about 
what the Assist:lnt will do with a particular 
rcqucst. For cxamplc, thc fust goal, veriflCa
tion, ensures tlt<ll no rcqucst will be executed 
unlcss it inakes sensc scmantically. In sorne 
cases, this implics that significant static pre-
chccking must he pcrformcd. This sccms a 
small price to pay for rclicving the user of the 
burdcn of conccting damage done by a tech· 
nically legal but scmclcss request. 

9. Most intcractivc systems havc sorne form 
of intcrrupr, but like other dctails, the inter
pretation plal·cd on it is oftc_O i.nconsistent Or 
counterintuitive. The M.sistant's intcrrupt is 
lik:e a tap on thc shouldcr. Following an 
interruption, thc Assistant suspcnds what it 
is doinf, rcturns with an explanation about 
what is goin~ on, and asks thc uscr whcth_cr he 
wishes to continuc thc task. At this point, the 
uscr may rcply or rcqucst additional informa· 
tion. If thc uscr does requcst :¡dJitional in· 
formation, thi.s rcquest may itsclf be inter· 
ruPtcd, but such interruption simply terrninates 
the request for :~dditional information and 
retums to thc original tcvcl of interruption. 
Again, the user is remindcd about his original 
interruption and is asked what to do. Thus, 
thcre is no confusing "stacking" of interrupts 
as, for example, in APL t\\"icdmann, {26 J ), but 
interruption is always a possiblc and mcaningful 
opcration. This poSsibility of int~rrupting a 
t:J~k and carrying. out a dialogue conccrning the 
task is' pattcrncd aftcr normal discoursc (see 
Mann [ 141 Jlld P:J.Imc, [ 16] ). From our view, 
it is one of thc c\canest fcatur'.!S to emerge in 
oor design. 

10. lt i." a fundamcnt:1l premise in the A~ 
si~tant's design that users will make errors. 
Many interactive systems have facilities for 
dclcting charactcrs or lincs ·as they aie being 
entcreJ. Unfortunately, a uscr may discover 
such an error wcll after it is maJe. The im· 
mcdiatc corrcction fcaturc is dcsigncd to rllake 
it simple for uscrs tu corrcctsuch errorsquickly, 
and without rct}'ping the ·cntire line. lf the 
user makcs an error and, as a result, the A:!r 
siStant discovcrs that :J requcst is ill·formed, 
the Assistant will report the error. The uset 
mly thcn change the erroncous line with a 
t;.:Onvcnlional cdit rcqucst, anli the Assistant 
will automJ.th.:ally rcissuc thc corrccted ie
quc.~t. White wc have nevcr seen this simple 
fcature C!.lcwhcre, \VC bclicve that it is espe-
cblly uscful for lcn~thy l!'diting: rcquests and 
multiplc rclJucst lincs where typing errors are 
particulnrly frustrating. 

In a similar vcin, the UNDO rcqucst is a 
mcans of crasine the effcct of a request that 

. was pcrformcJ but did not produce the result 
dcsired by thc u~cr. Thc UNDO fcature will 
likcly be limitcd lo cditin¡z and as:iumc rcquests 
whcre implcnH.:ntation wiU not cause severe 
diflicultics. 

Thcsc are both c.x:unplcs of thc way the A,. 
sistant hcp.~ trr~ck of things; in this case, an im~ 
mcdiatcly prcccding but unsatisfactory requcst. 

. .. 
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Err~r Conditio~ts Therc are scverat conditions undcr which a rcqucst c3nnot be 
sati~í.t>:d: 

1 thc rcquest cannot be undcrstood or is inconsistcnt with what irtnown~ 
2) tf the Assistant asks you to confirma rcquest and you do not comply; or 
3) if the performance of thc request falls for ;ome rcason. 

Immediate Error Correctioit Whcn a rcquest cannot be satisftcd, thc Assistant 
will identify thc problcm and .bccomc attentivc. · Jf an error is found in the 
verification st<tgc, no action wi\1 be takcn. At this point, you m ay ea1Iiy modify 
atid rcissuc your rcqucst using a· rcqucst corrcction facility. Alternati\·ely, you 
may issue an entirely ncw request.10 

Files A file is a namcd collection of informaiion that !he Assist<tnt maintains 
for you. Thc Ass.ist:::nt's prim:uy function· is to provide you with a means of 
creating, manipulating, and performing vartous operJtions wilh files. ~\nst liJes 
that you will use will be nlcs of text, and many of these will be PASCAL pro
granis. When you .crea te a ftle, you givc ita name. From then on, both you and 
the Assistant refer to that ftle by the file's nameu 

Prescning Files Any file that you crcate during a session with the Assistant will 
be kept for the duration of the session. h m ay be kcpt for futurc sessio11s pro
vided that you speciftcally ask the Assistant !o preserve it for you. No ftle will 
be discarded without yuur prior approl'al. Files previously preserved can be 
modifted al any time. However, at sorne point the Assistant musr. be told 
whether or not these modifications are to be pteserved as wcll. Once a modified 

. rde has bcen preservcd, its previous condition is lost forever. 12 

. ~•mptions The Assistant retains information about what you have done and 
..-; you havc explicitly asked it to assume. lnitially, the Assistant uses some 

·basic assumptions about how yoU, as a beginncr, wou1d want it to behave. 13 

Assumptions, as we have said, enable thc Assistant to reach rcason~ble con- . 
clusions about what ybu want ·done whcn certain details <Jre omitted from a 
request. .Thus, the use of assumptions frees you from having !o supply ex· 
cruciating amounts of detaiL 

¡ 
1 . 
~-

Limitations As we stated earlicr, the Assistant has a very limitcd understanding. 
lt can make only very simple deductions based on its restricted knowledge. 

· Whcn you try to give it a requcst that it does not understand, it. will tc11 you so, 
but it'cannot really inform you of the limits of its own intelligencc. This does 
no! mean that its intelligcnce is illusory. In faet, you may very· well find its 
perceptiveÍ1ess surprising at-timcs.14 

soME NaTATION u 

Grammatical Notation Every longuage has a grammar, and !he Assistant's re
qucst language is no exception. Because the Assistant identifies your rcquests by 
their form, grammar is especiJlly important in communicating with it. In the 
descriptions that follow, wc employ a special notation lo describe the grammat
ical form of each request. The rules for this notation are as follows. 

1) KeyworJs: Words shown in uppcr.case are keywords. Keywurds are likc 
guidcposts to the Assilt3Ht. Thcy signal what todo ami what to expect. Exccpt 
for PRESERVE, RESTO RE, and DESTROY. any keyword may be abbreviated 
by its first letter. lf no! abbreviated, a keyword mus! be spclled out correctly 
;ee note 17). · 
2} Obiccts: Words shown in lowercase ahd connected with hyphens ("·")are 

narnes for the ohjects of a rcquest that you supply to make !he rcyuost specific, 
such as thc namc of a file, a mo<.le of intcraction ora piece of tcx.t. 

3) Altematires: Kcywords or objects that are groupcd togethcr andseparatcd 
by slashes ("/")are mutuallx exclusive altcrnatives. For example,' 

ll. Whilc a serious attempt was rnade in the 
As~istant's dcsign to avoid thc terminology of 
convcntional srstcms, the conccpt of a fUe 
sccmcd inevitabk ln a priva te currespondencc, 
Hoare {81 suggcstcd the a1ternative notion of 
"books .. or "folJers'' supportcd 'uy an appro-
prbtc g.raphic display. Our decision to support 
printing tcnninaJs rul>!d this out. 

12. Thc Assi\llnt uses a simple two-levd 
ftlc s)'~tem. A ~vúd deal of ~ftbrt wcnt ínto 
de.~ignin!! thü. srstem Kl that its up~!f:J.tiun is 
largelr automatic and tr:m~rarent to thc use-r. 
Wllen thc uscr di<cctlr· refers to a ncw fUe, a 
cunent tcmporary copy of it is crcatcd. All 
opt.·rations are pcrformc:d on the current ver
sion. At thc end of an inh·racth·e· ~e~sion, 
thc Assistant asks the user what to do with 
mes that do nut havc equiv:Jent permancnt 
copies. Alt.hough thc uscr must be awa.r.: that, 
potcntially, thcrc are two copic:i of his fik:, the 
managcmcnt of these flles is lclt b.rgcly to the 
Assist3nt. Specifn: ftle manipu!Jtion rcqucsts 
enable a user to preserve the cmrent vcrsion 
of a ftle or restare it to its previously preserved 
condition . 

In retrospect, it is somcwhat surprising how 
much time we spent designing thi.~ schcme . 
Yct. we bclicvc th::J.t the concepts of file restora
tion and pr~:scrvation in the A~;:;istant are un-· 
usually simple. 

13. The assumptions for bcginners take 
nothi.ng for granted and atternpt to assurc that 
no beginner wíli be lost too easilr. 

14. \Ve had reser\lations about prescnting 
thc Assistant as a Scmt.intelligcnt creature with 
moderate self·consciousness that understands a 
narrow natural-language subsct. Thcre is al· 
ways the dangcr that naive users will come to 
expect too much and thus be frustrated. We 

· have ttied to compensate for this by cinphasiz~ 
ing limits, but it may not be sufficicnt: Never· 
thelcss, we fcel that the bcncfits of :m approach· 
abte conceptual framework for peoplc are 
significantly g.reatcr than the probh:ms it may 
crea te. 

15. Despite our desiie to kecp notation and 
tcrminology to a minimum, we fclt compellcd 
to resort to a kind .of context·frcc g.rammar. 
Notations, even simple contcxt-frce grammau, 
can at first be difficult for many users. We at· 
tcmpt a ~cntlc. introduction to the Use of a 
fcw gr:unmatical notations. lt i.'i likely that 
this complcxity of the documcntation reveals 
what is probably a weakness in design. 

' ,,: 
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n/All 

means that either "n" (a number) or the keyword "ALL" may be specified, but 
not both. 

4} Oplions: Kcywords, objects, or any groupings of these that are in paren· 
rheses represen! parts of a request whose use is optional. For example, 

OUIT (QUICKL Y) 

means that you may say "QUIT QUICKL Y" or simply "OUt T." 
5} OrJcring: Keywords, objects, or groupings of these m ay only be specified 

in the order in which they appear in a rule. 

General Requests 

EXPLAIN 
·sHÜW 

ASSUME 
GRIPE 
UNDO 
QUIT 

Editing Requests 

NEXT 
PREVIOUS 
LIST 
DELETE 
TRANSFER 
COPY 
INSERT 
MAKE 

File Requests 

PRESERVE 
RESTORE 
OESTROY 

Program Requests 

AUN 
VERI.FY 
FOR:vlAT 
BINO · 

REQUEST LANGUAGE SUMMARY 
16

• 17 

(name) 
(name) 
assumption 

(QUICKLY) 

(lines-of-text) 
(lines-of·text) 
(1 ines-of·text) 
(lines·of-text) 
(lines-of-text) 
(lines·of-text) 
(new-lines-of-text) 
text new·text 

(file-lis!) 
(file-list) 
(file-list) 

(file-list) 
(file) 
(file)· 
(filc·list) 

INTO file 18 

INTO file 
IBE.FO R Ei AFTE R/OVE R) 

(WITH parameter-file-list) 
(INTO file) 
(INTO file) 
INTO file 

GENERAL REQUESTS 

The infmmation requests EXPLAIN. SHOW, and ASSUME provide you with 
the meaqs of exchanging information with the Assist:mt. You may dirl.!ct the 
Assist.lnl to make assumptions about your cnvironmcnt or you may ask it for 
infornutiun about ·current assumptions, requests, thc request g~ammar, and so 

on. Thc use of these requcsts should makc it unnccessary to rcfcr to this User's 
Cuide while intcracting with thc ASsistant. 

Expbining Concepts The EXPLAIN request is your means of getting general 
information in arder tO undcrstand somclhing about the Assistant tJljt is not 
cle~n. In arder to ask about somcthingjust say 

EXPLAIN (name) 

Thc ''name" you givc can be any une of a numbcr of wun1s ;¡s.,ociJI,rd with thc 

16. A .nlajur concern in thc dcsign was to 
limit thc scale of thc Assist:m't. This was one 
of thc must difficult issues to conffont-. The 
tcndcncy to cxp:md :mll cnlargc, toadd "power· 
fui" and "import:mt" fcaturcs was ovcrwhctm· 
in~. As MilJcr (291 puintcd out in a stimulat· 
ing but incondusivc papcr, "Thc Ma~icaJ Num· 
bcr Scvcn Plus or Minus Two," thcrc dcfrnitely 
secm lo be snwll limits on · our cap::~city for 
dcaling with lar~C numbcrs of conceptual 
objecu, but lhese limits are extended· by a 
phcnomenon known as "chunking," in which 
ag~rcgatcs can be formcd. In spite of the 
chunking phcnorncnon, wc bclieve thcre is a 
strong intuitive case to be madc for keeping 
things small. 

A - common criticism voiccd ovcr the As· 
sistant's dcsign is th:lt it is a "toy." This was 
certainly not our intent. Howevcr, wc have 
ri¡;orously excludcd any feature which we 
fdt would be of use to only a small fraction 
of uscrs. We bclicve lhat thc Assistant is an 
uncommonly simple solution to providing a 
plc::~sant and productive working cnvironment 
for a majority of prograltlmcrs. · 

From the rcl¡ucst !Jnguugc summary the 
sm:.Ul scalc and ~ymmctry of thc Assistant are 
immcJiately app:ucnt. What i~ n_ot so apparcnt 
is thc capability that lics wilhin this simplidty. 
Uscrs of IIOPE, our prototypc of the ;\ssistant's 
cditing rcquests, havc bccn surpriscd by the 
po,Vcr of what thcy took to be a fairly simplc
mindcJ editor. 

17. Another majar dcsig:n dccision we made 
was to base thc Assistant's rcqucst languagc on 
a limitcd Engli..-h phrase struclure .. There were 
a numb\.'I of reasons for thi'i: choice. The natural 
languagc of intcraction bclwcen pcoplc is natu· 
ral lanuuag_c. Evcn individu:tls cxceptionaUy 
cxpcricnced with notation have still greater 
training in n:lturallanguage. nm~. our aim was 
to cxploit this natura113n¡;u:~gc cxperience. 

Bccausc a reasonabl..: body of experimental 
data (sce, for cxamplc, Wcist ami Dolczal 
{30) and Fpstein :md Arlinsky {27]) sug1;ests 
thal pcople have difflculty in manipulating Jan· 
g:ll:J.gc·likc inform:ltion that violates normal 
synta"tic structurc, we tricd lo follow normal 
synta.\. as closely as possiblc; :md wc tricd tO 
choosc the shortcst, most apt, atld most ortho· 
gonal set of kcywords. Short \Vords wefe 
choscn not out of typing consider::~liom, but · 
beca use. thcy occur more frcqucnt1y and are 
ca.~icr to rec:tll. 

Whllc we tricd to copy English gr;.unmar 
doscly, wc did not a!low thc mcaningful re
ordering of phrasc~ p.:rmittcd in Englhh, e.g., 
."into A, co¡"ly H.'' Wc a~·oidcd this bccause 
o( tite ambi~uitics it. mi¡;ht introduce into the 
rcquc!>t langua!!e. cspccially in its abbrcviated 
furm. lt SCI.!ms mure dc$irablc now to use a 
mure rclaxcd syntJ\ and rcsohe ambiguitics 
with an interactive cxch:ln!!C witll thc uscr. 

Sccming]y at odds wilh lhe decision lo follow 
natural !;mgua!!-c syntax strictly was the n:quire· 
mcnt th::1t thc rL·qucst languagc have an cffcc· 
tive ahhrevi:ltcd form. Thc idc:l.!, of cuurse, 
would be to havc spet.ial function kcys for 
cach word, but thc rcJ.I world of ordinary 
t~.:rmina.ls prcdudcs th:lt. 

Thc solution was lo introduce thc uniform 
abbrcviation rule that a11)' kcyword i.::J.n be 
abbrCviatcd by ils jirH lcttcr. Furthcnnorc, 
ahhn:vi:ltcd kcywonl sct~ucnc:c~ can he typed 
k'itlwut intc'rvcniuf: spac;cs. Thcsc tW~J rules 
rcsult in an ahUtl'Yk.ltcd furm of rcquc!>ts that 
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rcquc::.t bnguage, error ~onditions, tlic Assistant itsclf, or v:Hious cunccpts bc
hind it, like assumptions or files. 
lf you ~ay EXPLAIN, omillin¡; ~my namc, thc i\ssbtanl will r~spond hy giving 

you inforn1:~.tion concl'ltling the h1st thing thJt you llave done ur th:1t has h:~p·· 
pcncd lo you. Each time you say "EXPLAIN" thc Assistant will pruvide you 
with more informatiun cunccming thL' topil: at h;md. ltl :1ddition to its, explana
tion of thc givcn tapie, thc Assistant may rdcr yuu to othcr rclated topics. 

If tl~c Assistant docs not ha.vc infoTliJJtion on :J givcn namc, it will, tell you so. 
lf all its informotion is e.xhaustcd, the 1\ssistant will.-if possiblc. suggest externa! 
sourccs (consult:~nts, rcfercnccs, etc.) ihat you might scck out.19 

Getting · Examplcs or Spccific Data When you want examplcs of the request 
language or spccific data conccrning files ur your working cnvironmrnt, sJ.Y 

SHOW (name) 20 

In addition to the normal names of things you mi¡~tt osk about, there are 
severa·l words which WÜI direct the Assist;n,t to show you somc s¡)ecial things. 
These are 

Tite curren! time of da y. 
AIJ of your current assumptions. 

------·-
359 

is fi'1st and casy to typc. Rc.::au5e the rule is so 
~ 7simplc, the u.ser can think in thc lonf! form 
• J whilc typing its abbrC\'Üllion. (lkcaul.C <,! tlicir 

· potcntial danrcr to thc ust:r, thc thr~·e lih: 
rcquests wcrc c~clu<kd fr"m this rt·ncral ltllc! 
:md cannot be :lUbrcvi:lfl'd. Thi\ H•JW ~~'l!'m . .; 
par:HJo:\ically inconsistcnt.) 

A varicty of d:tta ~ugt:t'.~t thl' fir:a ll'llcr ah
brcviation rule. A paf!l't Uy hccdnJ;m and 
Landuacr (61 points to thc us¡,;fulncso; ol th(' 
initiaJ lcttcr as a rcc:Ul cluc, and sume r;:ce.nt 
work by Chin·Chancc (3J indicatcs thc im· 
'port:mcc of thc initial lrttcr (for adul!s at 
lca.st) as a discrimimtion cuc. 

This approach to abb;cviations is nut l 

"minar" issue. Onc of thc least thou~ht 
out philosophics of ahnost C\'cry systcm Wt.' 

havc seco is its Jbbrcvi:ltion strateg)·. Abhrc\·i;¡· 
tions, likc .othcr su·c:.illcd "dct:1i!s" of dc-si~n 
are often vcry critica!, for such det:1ib m:ly bt 

· thc most frcqucntly enco:mtCrt·d fi!Jturcs of 
a system. From the U~t·r's point oi vicw. OIIIS 
is a powcrful convcntiun. From a d..:~i¡;ncr's 

point of vicw; t.his convcntion was aJmost 
irnpossible to live with. On many nights wc 
took a thcsaurus to bcd. TIME 

ASSUMPTIONS 
FILES Thc names and information corH.:erning yoUr 

preserved files. . 

An _ aJ'!!Ument common.ly a.dvanced :.~pinst 
our. abbrcviation ruk has hc~n !hat wc could 

rurrcntly ' not easily expJ.nd thc kcyworJ li.•a, i.c., aJd 
ncw rcqucsts. In rcbuttal, we su~.r.csr t_h:ll ~lh'h 
additions would bt.· l:lcst :tccompli~hcd h)' 3 

·complete rt.•dcsi~n. if aU thc into:rluc~in¡; drsi~n 
aspccts are' to rt'ccivc thc considcr:l Ülll\ 1hcy 
dcscrvc. Furthcrrrion:, a5 the ASSUME dcmon-

Giving Assumptions In order to tell the Assistant to make spccific assumptions 
about your cnvironmcnt, say 

ASSUME assumption 

Assumptions fJll intó severa! categories. You can spccify one uf two modcs of 
interaction by saying 

ASSUME INTERACTION IS TERSE/LONG21 

Thcsc two mOdes are intcrprctcd ;s follo\' .. 'S: 

TERSE 

LONG 

Gives highly abbreviated messagcs or nonc at all. In tended for the 
hqtshot u ser. 
Givcs loquacious messagcs, spe\ling evcryrhing out from A to Z. 
In tended for the naive or incxpericnccd uscr. 

Another catcgory determines thc amount of intcraction yoú want thc Assis
tant to assume rcgarding security chccks for potcntiall}r dangcrous opcrations. 
You can spccify how much sccurity you want by saying · · 

ASSUME SECURITY IS CAUTIOUS/RISKY22 

Othcr uses ofthe ASSUME request are given further on. 

Compbints, Comments, and Suggcstions The Assistant, vio EXPLAIN and 
SHOW, is designed lo help you as rnuch as possible within its limited knowledge. 
However, sometimcs this is not cnough. Yo u cannot rcally tell the Assistant 
your problems and get any kind of sympatity or advicc from it. You can; itow
ever; tell thc pcoplc in eitarge your problems through the Assistant by saying 

GRIPE 

Thc Assistant will thcn go into a special attcntivc mode where you may type in 
a mcssag'e of any numhcr of lines .. You lc~vc tllis spccbl mude of iutcraction by 
intcrrupting the Assistant and making a ncw request. Thc text yvu type will 
be stored, and at regular intervals all tite mcssages scnt by you and others 
will be siftcd out a1\d examiued by the pcople resporisiblc for nwintaining the 
Assistant. 23 · · 

stratcs, anr kcyworJ~ witl:in a 'rCQiicst are free 
from conruct from kcywords within other 
rcquests. 

18. Thc TRANSER and COPY rcqucst:<> are 
good eXamplcs of our attempt) to foll~J\\' a 
limitcd English phrasc !>lructure. R:1thc: than 
us-e conventional notations like "TRANSF EA, 
lincs--of-text, flle", wc borrow from natural 
Enp.lis.h phrase stru_cture. 
Unfortunatd~·. wc were not completely suc

cessful in fotlowing Ent.lish pamrnar. From a 
grammatical point of vicw. thC' MAKE request 
would be bettcr as "CHANGE tcxt TO ncw· 
text." However, this suffers from thc dC'fl'Cl t.lf 
requiring two lcvcls Of dclimiting., the string 
dclimiters .·th::tt br::~ckct tcxt, and thc syntactkal 
dclimiter "TO." Of cours~. a.ll of this n:sults 
from thc. clash betwccn nutation (strin~ rlclim· 
itcrs) and riatural language, an impmsible 
dilcmma. 

. 19. A number of intcractivc systems nuw in· 
corporate on-linc assistancc fcaturcs (c.g., scc 
·fcitclman [ 21) ). To thc best of our knowtCdgc 
nonc of thesc are inlcf!rated into thc S}'stdn so 
as to takc. advanta~c of an aw~rcncss of what is 
~oing on. Thc idea ur an integratcd a¡;sistance 
featilrc follows n:~turally from the t:cncral 
intcractivC strategy or the AsSistant arld, a.c; 
such, is simply a rcqucst fron~ the user for · 
greater amrlification. 

Thc bcnci1U of this a.pproach ::ue severa l. The 
uscr can directly ~ct information that in a con· 
ventional systcm would only be availahle in a 
referencc manual. Furtllcrmnrc, this informn
tion can be spccb.lilcd t() bis situation. l:inally. 
this infurmation is providcd in the cuntc:\t of 
an actual circumst:mcc whcre its te;.~chin~ valuc 
~~d reínforccment potentia.l is g.tcatcst. 
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One Last Chance lf you make a reqnest and you wish you had not, you may 
un do the effect of that request by saying 

UNDO 

The cffects of the most recent request made are cnncelled, and you may then 
proceed as if nothing had ever happened. 

Lenving the Assistant In order lo dismiss the Assistant say 

OUIT IOUICKLYI 

Befare the Assistant will let you go, it will tell you what files have been 
created or changed and are still to be preserved, imd ask you which of those 
you wish lo keep. Furthermore, it will ask you whethcr or not you want to 
preserve any new assumptions that you have given it. Final! y, it will make 
doubly sure that you wish to lea ve befare it willlet you go. 

20. Thc SHOW rcquc&t i:s also mc:mt to pro
vide pcda!!o~ic.al e . ...::~mplc:s uf the n.-qucst 

'> 8 l:mgua~c. For cxample, if the uscr typcs 
! .1 • "SHQW MAKE," thc As.o¡ist:.mt wiU give ex

amplcs of thc us~ uf thc MAKE rcqucst. For 
\'1oth thc EXPLAIN anJ SHOW r..-qu~~sts, it 
c\.pcctcd thal uvcr time more in(ormation \ 
1w add\:J to tl1e As:-.istant's knowll·Jgc b11se . 

. Couplcd wilh thc GHIPE rct¡ucst, this srcms lo 
be a viahh: appro:1ch for improving thc As
sist:mt's bC'h:ivior us our knowledgc of what 
nccds cxplanation cxp::mds. 

21. Our original dcsig.n was based on threc 
modcs of interaction, TERSE. MODERATE, 
and LONG. Wc are grateful to Hoarc [BJ for 
pointing out that with a good iniplcrrientation 
of. the EXPLAIN rcquest two moJes should 
be sufficienl · 

lf you add "OUICKL Y" to the request, it will assume that you have already
preserved cverything you want to kecp and willlet you go ·without any fuss. 24 

22. As Gilb and Weinberg 171 point out, at 
times and for :sorne users, automatic protcction 
and forccd inter"action may be a nuisance. 

EoiTING REQUESTS 

Text editing is a process of creating, maintaining, and updating files of text 
(such as programs, data files, chain letters, or what have you). The Assistant's 
editing rcqucsts make it possiblc to insert, delete, and substituto text to change 
the layout and spacing of text, and even to move blocks of text from one fiJe 
to anoiher. 25 

Editing text commonly requircs that a number of changcs be made to a par
ticular file. Rather than · repcatedly spccifying the file to be edited in each 
requcst. the Assistant always assumcs you want to edit the currently assumcd 
file. (For an explanation of the "currcntly assumed lile" and how it works, see 
"File Requcsts-File Assumptions.") 

Tbe Curren! Line In making editing requests, you must always have some 
means of.spccifying what it is you want changcd. The Assistant always assurncs 

· that a rcqu~st is madc relative toa "current line:" Initially, thc currentline is 
the first line of the file. Thercafter, cach request that refcrcnces spccific lines 
causes the last line refe1~nced to become the ncw current line. 26 

. 

Specifying Text Editing may be performed on wholc lines or on pieces of text 
within a line. Opcrations on whosc lincs may be spccificd by giving the number 
of lincs from the current line or by giving a piece of text which appears on a 
line. Refcrenccs to picces of tcxt rcquire a spccial notation to describe the 
text. This notation has the fonn 

= text= 

Tlie given "text" is any actual scquencc of charactcrs. Thc symbol "=': repre· 
sents any special character which is ncither a letter, digit 1 spacc, or semicolon 
(";"). This spccial character is used to "bracket" thc actual character scqucnce. 
Sincc this character indica tes both thc bcginning and cnding of the desired text, 
it must be a character which does not appear in the text itsclf.27 

An example cditing session is shown in Fig. 1 at the cnd of this scction. 

Moviilg Forward To move the curren! line forward say 

NEXT (lines-of-textl 

There are severa! ways of describing how many lines of text lo advance. The 
NEXT rcqucst has the following variations. 

1) NEXT 

Thc Assistant mOvcs thc currcnt linc forward onc line. 

23. The importance of long range user feed
back in maint::J.ining a systcm cannot be undcr
estimated. In providing a spccific rcquest for 
this, we emphasize its importance and makc 
spontaneous "c::omplaints possiblc. further
rnorc, we can takc immediate advantage of the 
system itsclf. to capture inside · information 
about the current state of affalls, which may 
help us in interprcting a user's complaint. 

24. The d:ÚiT request is a good cxample 
of our desirc to makc reasonable and sa.fe 
assu mptions about the user's behavior and 
still allo:v more skillcd uscrs to overrii.le the~. ·, 
;:lSsurnpUons. · , .•. 

25. In most systems, cditing ffilJ\l take place 
in a spccial mude or cnviionment. 'lhese sys
tcim rcquirc uscrs to shift levcls; ·The requiie· 
mcnt that editing languages be terse usually 
conflicts with thc large scale of the rest of the 
system. A spccb.J editing cnvironment is the 
logical, if cuinbersomc, solution to this prob
lcm. Thcn ar.ain, · many editors are built as 
indcpcndcnt subsystcms and on1y latcr incor
poratc:d into thc rnain sy$tem. 

V:uious studics (c.g., see Turner (23) and 
Boics [ 11) havl! shown that editing usually 
accounts for bcttcr than 50 pcrc.ent óf thé avcr· 
:1gc interactive systcm's work. Furthcrmore, 
thc nature of" the pro¿:ram de~·clopment proccSl 
oftcn lcads a uscr to ping·pong betwcen editing 
and othcr tasks. 

For these reasons, we bclicvc that a text 
editor must be designcd to be an inrcgru/ part 
of :m intcractive prot!r;nnming en\·ironmcnt. 
Central to this belicf i~ our fecling that a user 
should have ac:;cess to ;di thc car:~.bilities of the 
systcm while' cditing .md \·ice versa. The use 
of thc "assumcd" or dcfault tilc togcthcr with 
the small scalc of thc A~sistant enable us to 
kcep a· $inglc-lcvel systcm for .111 rcqucsts. We 
are indebted to Stcmplc [ 19) for making · the 
strong case for tl~is. 

26. Onc of the largcr and more difficult 
dcchions wc. madc wa.\ to oricnt the cditin"' 
rcqucsts of the Assistnnt around, thc conc1 
of a '\:urrent linc." Somc editors are '\:han. 
ter bascd .. (that is, the uscr's position in the 
file may occur' in thc middlc of a linc). and 
othcrs are pagc oricntcd (i.c .• thc intcraction 
is always in tcrn1s of multiplc Lincs oftcxt).· 
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2) NEXT n 

Thc ASsistant rnovcs thc.Cur;cnt Jinc forward n (whcrC n is ~ numbcr) li1;c·s. -3) NEXT ALL 

The Assistantmoves the current Jinc forward lo the /ást Jine in the me. 

4) NEXT =text= 

Thc Assistant rnovcs thc current linc forward to the ncxt linc containing an oc
currence of the specificd tcxt. 

5) NEXT n =text= 

The· Assistant mows the currcnt line forward to thc "nth" linc containing an 
occurrcnce of thc sprcificd text. 28 

6) NEXT ALL =text= 

The Assistant movcs the current!ine forw~rd to the /ast line containing an oc· 
currcnce of thc specified text.1 · · 

In all of lhe editing iequests, "lines·of.text" has thc same general form as 
shown ábov~.29 . 

Moving Backward To níove the curren! linc backward say 

PREVIOUS ilines-of-textl 

The PREVIOUS requcst is exactly the rcversc of the NEXT request. Note 
that PREVIOUS ALL lakes you lo the first Jine in 1he f:le. 

Dispiaying Lines Tu display one ormore lincs o.f text just ~ay 

LIST (lines-of·tcxt) 

The variations on thc LIST request are similar lo the NEXT and PREVIOUS 
requests. 

I) LIST 

Only the curren! line is displayed on thc terminal. 

2) LIST n/ALL 

The Assistant displays lhe next n (or ALL) lincs including thc curren! line.' 

3) LIST n/All =tcxt=. 

Thc ncxt n (or ALL) lines containing the specified text are displaycd. . . . . 

Deleting Unes In order lo delete one or more !in es of text you say 

DELETE llines-of-text) 

This operation. is virlually idcntical to the LIST rcquest with the difference 
that the particular lines specilied are nol displayed but remorcd from the 
as su med me. 30 

Moving Lines To movc one or more lines of tcxt out of the assumed file and 
into another file say 

TRANSFER (lines-of-text) INTO file 

This request removc;s the lines of text you specify from thc assumed fUe and 
puts them into the other me thal you riame. Thc lines that are removed will 
·replace the previous con tenis of the lile.31 
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Obviuusly, tl~~o.• kind of tcrminals in us~· amf 
thc kind of 1Crmin:ll~ in uw :Hld 'the kind vf 
tcxt to he cdilcJ Ctlt~·r in tu thi" tkri.\io.}!l. Wc 
madc a dtUbrratc dcsi1m dt'ci~-ion to ori...-111 thc 
Assistant around modcratc spccd 110-3U'"cpsJ, 
l}'pcwriter·b3scd tcrmin:tls ·wirhout a g.raphic 
display faciJity, as thcsc ar~ at prcscnt thc most 
commonly u sed. Wc ~so con;;.cntr:~tcd ptimarily 
on the problcm of editir.g ph)¡:rams. Whilc wc 
did not rule out thc possibility th:.~t the editor 
might be us~·d fur onlinar~· bnbi.J:J¡::c· tc.\t, thc 
special problcms of cditing such tc.\t wcrc not 

·addressed (sce ~filler ::~nd Thoma$ [ 151 ). 
Jt might havc bCcn bcttcr to dcsi~n thc As· 

sistant for a more advanccd type o! higll-spcrd 
tcnninal. lndC'~d. with a bit mure sror:11:e, 
sorne of the "intclli¡::l!nt" tCrminal::. m:Jdt" p~~
siblc b~· reccnt :sdv:mccs in ~cmkonducttJr 
tcchnoJogy seem cntircly carabll! of ~upportln¡; 
an Assistant Iocally. Thc parallclism of disp!Jy, 
"cursor facilities, dcfmablc function kcys, ami 
thc fast display ratc afforded by such tcrmi...1:ús. 
would make pos~iblc substantial imp1<..ncments 
in the dcsigÍt of thc A~ist:mt, panit:u!arly with 
rcgard to the cditing rcquests and tbc mana~c
ment of dcfaultS. 

In our opinion, most edito'n,· ba~cd on thc 
••cunent.linc" conccpt suffcr from thc draw-. 
back that thc u~cr must ñ¡cntally krt:p tnck 
of what thc curren! tinc is. This dcfl'L"t rcsults 

· from ·an inconshtcnt strategy with respcct to 
linc pointcr mm·crncnt. In the Assistant we have 
dcliberatcly avoidc-d this pos.siblc,c(lnfusion. 

The current line· is ah .. ·ay"s the bst linc seem 
by the user. Thc advantagc of this stratcgy is 
that the _terminal is always "displayin~ thc cur· 
rent line. The disadvanta¡zc is that thc- c.\amina· 
tion of tcxt may foiCI! a~ extra step. i.e .. moV· 
ing back: to the bcginning of t~xt \dlich is to· 
be displaycd. Clcarly, thcre are ar~umcnts on 
both. sides. llcre ar:ain, wc bC"lie~·c that thc 
vaJue of the !-'l."neral ~rule outwci.;:hs thc mcrits 
of a spccial C"'JSC. Certainly, this i~suc dt:scrves 

' sorn~ t~oughtful cxpcrirnen.ts .. 

27. Here apin, our use of spccbl notation 
rcveals' a wcakncss of design. Wc rcmain dis~ 

satisfied with l11is, but fmd. otl1cr alternatives 
even less attractive. 

28. A particularly sticky, but important, 
detail. Shoul~· it be the nth occuncncc or nth 
line containing an occurrcnce? . Tht: formcr 
sccms iight. "for a chafactcr-oricntl'd editor, 
while ·the latter !ccms more suitcd to our 
linc-oiicntcd editor, Endlcss hours wcrc spcnt 
on this issue, with no clear resolution. 

29. Getting aU the editing rcqucsts to con· 
form to thc s;~me general form:tt for. targct 
text patterns wa:~ the result of grcat altcntion 
to dctail and numcious debates about the 
pmpcr function of rcquests.' In doin!!. so, we 
signifiCilntly rcduced thc amount of informa-
tion a uscr rnust Jcaln and rcmcmber. 

30. An · in tended security check cunflimS 
majar delctions with lhc wcr. 

31. lt is not obvious from thc Uscr's Guíde, 
bu.t the TRANSFER-,n .. -qucst is not only in· 
tended to ·cxcisc lincs from a file hut is the 
basic mechanl~m for moving 'blud:~ of tcxt 
within a fdc. Hy trnnsfering lincs of text to a 

,. 
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TEXT EDITING SESSION: The user wishes to edit an existing file called POEM. 
(~indicates the current line) 32 

··ASSUHE CURRENTFILE !S POEK 
What am !!..., 

··LIS! All 
What ao !? 

They choose ae from my. brothers: 11 That's the 
actual nugber of lines 
Nicest one, • they said, 
Candle in oy head; 
.A.nd they c.Úved me out a tace and put a 
Night was ,dark and will 
Bul when they lit the fuse, then l juoped! .... 

· ·PREVIOUS /actual 
actual number of lines ~ 

··DHETE 1 
Nic.est one, u .they said, • 

.. NEXT 1 
Candle in oy head; .., 

··TRANSFER 1 INTO HOLO·fll[ 
and they carved me out a face and put a ..

. ·INSÚT HOLD·fllE AFTER 
.candle in my head; • 

··ASSUHE HARGIN IS S 
··ASSUHE ELLIPSIS IS 
· ·INSERT /SS ... 
· ·INSERT 
ttAr.d t.hey set me on the doorstep. Oh, the 

tt 
And they set me on the doorstep. Oh, the .,. 

· ·NEXT 1 
Night was dark and will...,; 

··MAKE /will/wilpqrs 
Night was dark and wilpqrs ..., 

.. UNOO 
Night was dar k and wi 11 .... 

.. MAK[ /will/wild; · 
Night was dark and wild; ~ 

· ·NEXT 1 
But when they lit the fuse, then 1 juopeJ!.., 

··HAKE (fuse .. jumped!/candle, then 1 SSSoiled!S 
Soiled! • 

· ·PREV!OUS All 
What a• 1? • 

.. usT ALL 
What a• 1? 

They choose me from my brothers: "fhat's the 
Nicest one.~ they said, 
And they carved me Out a face and puta 
Candle in my head.; 

And they set oe on the doorstep. Oh, the 
Night was dark and wild; 
But when they lit the candle, then 1 
Smiled! ..., 

-·PRESERVE POEH 

.,The current line is the first line of POEM. 

••The entire filé is displayed. 

••fhis is one blank line. 

''lhe current line is moved backward. 

''lhe current line- is deleted and the line 
''following ~ecomes the new_current line. 

·''lhe current line is advanced one line. 

••HoL6-FILE contains ucandle in my head;• 

''!he contents of HOLD·fllE are inserted 
••alter the; current line. 

''A blank line is inserted and becomes . 
·~the current line. 

''New lines are requested. 
''The Assistant is interrupted. 
''The last line inserted is now the 
:t•current line. 

••one word is changed (incorrectly). 

''The previoui request is undone. · 

''The word is ~h.anged again (correctly 
''this tille). 

'. 

''The last line is altered and another line· 
''is added by using the HARGIN syabol. 

''The current line is moved bac~ to the first 
.. line in PO(H, and the entire file is listed. 

••The ncw version of POEM is preserved. 

Fig. l. Text ed.iting session. 39 
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FILE REQUESTS 33 
Preserving Files Files are normally preserved only during the dialogue at the 
end of your terminal scssion. However, if you are wary of crralic bchavior on 
the part of !he Assistant or do no! feel a! all confident of rcaching the end of 
your session, then you may explicitly preserve files at any time by saying40 

PRESERVE (file-lis!) 

If any of the files named in the fUe list do not exist or have no! been changed 
since last preserved, then no action will be taken. You should either correct the 

. request oren ter a new rcquest. (See "Robot's Rules of Order-·lmmediate Re
quest Correction.") 

Restoring Files lf any files th.at have been previously preserved are changed in 
any undesirable way, then you always have the recourse to restare !hose files to 
their most recently prescrved condition by simply saying 

RESTORE (file-list). 

If any of the files in !he file list ha ve not been previously prescrved or if any of 
them have not been changed since they were last preserved, then none of them 
are restored, and you should proceed as above lo corree! or reissile the. request. 

Destroying Files. lfyou no longer wish to keep a preserved file or ifyou run out 
of storage spacc and must discard sorne files, then you may completely and 
permanently annihiliate any me by saying: 

DESTROY (file-lis!) 

Beware. Once a file is destroyed,-there is no way of getting it back very easily. 
Spare yourself sorne agony and make sure that you want a file destroyed befare 
you destroy it. 41 

File Assumption Al! of the editing tequests in the previous section depend on 
having a "currently assumed" file to ediL In arder to specify what file is to be 
assumed simply say 

ASSUME CURRENT FILE IS file 

Except where noted,-all other requests use the assumed file if a me is not given 
explicitly. 

File Renaming In arder to change the name of the CURRENTFILE, al! you 
have to say is 

· ASSUME NEWNAME IS new-file-name 

PROGRAM REQUESTS 

Executing Programs In order to execute a PASCAL program say42 

RUN (file-list) (WITH parameter-file-list) 

The "parameter-file-list" is a list of me names that are to be substituted for the 
formal me parameters in the program headÚ of your PASCAL program. lf a fUe 

- exists in your program hcadcr but is omittcd from your parameter-fllc-list, then 
!he file.namc assumcd is that of the formal paramcter in the program hcader. 
Poi examplc, if your program header is 

PROGR,AM DUMMY (FILEl, FILE2, FILE3, FILE4, FILE5); 

and you type . 

RUN DUMMY WITH XYZ,.ABC,DEF 

.: .· '. . ' . ,. 
··. , .. 
.. .. ,·. . . 

,' ., \· ... 

Jos 

39. Wc bclieve that usen lc:uniriy. a complex 
task (for cxamplc, a ncw computcr systcm or 
a ncw naturallanguage) are hclpcd by e.xamplcs. 
Tith page of thc Assistant's m:.mual givcs an 
cxample of an en tite user dialogue: \1/e belicve 
that Cven this example is not real!)' suffident 
for propcr understanding of thc Assistañt's 
editing beh:wior, and that the User's Guide as 
a whole should probabl)' be m o¡ e example-based. 

40. PRESERVE also providl's the user with 
a defense against an unrcliable envíronmcnt. 
Howevcr, if a systcrn is subjct:t to frequent 
crashes and the user must frequently intcrrupt 
his dialogue to s.ave his work, the result will 
be a considerable wastc of both the t:omputer's 
and the user's time. Thus. re!iJbilitr is aJso a 
significant hunlan eugineering conce_rn. 

41. A ·secondary protection fcature that 
might make this warning·unnccess.:uy 'vould be 
the automatic archiving (for a time) of evcry 
flle to be de-stroyed. This 'vas one of thc lew 
instanccs in which implcmentation cons.idera~ 
tions wcre allowed to rcstrict the design. 1 he 
archh:ing of dc~troyed fúes now secms to be a 
less formidable requirement. 

42. The spirit of thc AUN requcst is that it 
ruris a PASCAL pro!Zram. The form that the 
propam is in is irrckvant. lf necd be, thc pro
gram wUJ be compiled, hut this is transparcnt to 
the u ser unJess crrors are found. Thc mcchanics 
of keeping track of source and otiject versions 
if they are distinct is m:magcd aut01ilatically by 
thc Assistant. · Of coursc. complete control of 
the computer passes to the uscr's· program and 
the Assistant dis:tppc:us. frum our point of 
view. this is·b.:td; but thc a.ltcmativc, illl.:orporat
ing a kernel Assistant into thc run-timc pro· 
grun, seemed ovc:rwhehning. Building a kernel 
of the Assistant into the PASCAL run·timc 
system now Scems incscapablc, dcspite the 
implementation difficuttics: · 

¡·· 
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then your request will he intcrpreted as 

AUN DUMMY WITH XYZ,FILE2,ABC,UEF,FILE5 

lf mure than une file name is given in the file list, the first file named is assumcd 
tu cnntuin thc m:lin prograrn scgmcnt, and all thc ·othcrs to cont:1in externa! 
pro<cdurcs. For further informal ion on thc linking of externals toPASCALpro· 
grams, scé "Appendix 11: Linking Externa! Proccdurcs to PASCAL Programs." 

If a 'PASCAL error cxists in your p•ogram, you will be told so, and your pro
gram will not be exccuted. To sce a listing of thóse errors use the VERIFY 
request described beluw. · 

Verifying Prograrns In order to get a summary of errors in your PASCAL pro· 
gram just ·say 

VER! FY (file) (INTO file) 

Depcnding on whether yo u ha ve assumed a TERSE or LONG modc of inlcrac
. tion, you will gel eithcr a brief summary of error mcssages or a full lisling of 
your program. with error mcssages. If "INTO file" is spccified, lhe verifica
tion will be pul into the me instead of being displayed at the terminal.43 

Fonnatting Programs In order lo formal your PASCAL prugram according to 
standard prctty-printin~·coJWC~tions say 

FORMAT (file) (INTO file) 

ff "INTO FILE" is specified, the rcsufts of thc formal wifl be pul into that file; 
uthcrwisc, they wifl be displayed at thc terminal. · 

The FORMAT rcquest takcs a tcxt file containing a PASCAL so11rce program 
o¡¡d r~formats it according to a sct of standard spacing conventions. FORMAT 
in- no way affccts thc fogical ordering of thc program; it mcrcly rearranges thc 

. file into. a standard forma t. Thc standards havc beco devefopcd so lhal !he re
formattcd program is aesthetically appcaling. logically structurcd, and above afl, 
readable. 

Extra spaces ond extra blank lincs found in·the tevt are kcpt. You may im· 
provc· thc readability o'f your program evcn more by adding extra spaces and 
blank lines bcyond thosc inscrted by thc Assistant.44 

For examplc, if your currentl)fe !ooks as follows: 

TYPE. SCALE = (CENTIGRAilE, FAHRENHEtT); 

FUNCTION CONVEHT ( (* FROM *) DECREES: INTEGER; 

(* TO *) Nf.WSCALE: SCALE): INTEGER; 

BEC.IN 1 F (N EWSCALE = CF.N rtGRADE) THEN 

CONVERT := ROUN0((9/S*DEGREES) + 32) F.LSÉ 

CONVERT := ROUND(5/9*(DEGREES- 32)) ENO; 

and you thcn type "FORMAT," thc reformatted prograrn will be printed al yo11r 
terminal as foflows: . ' 

TYI'E SCALE = (CENTIGRADE, FAHRENHEIT); 

FUNCTION CONVERT( (* FROM *) DEGREES: INTEGER; 

(* TO *) NEWSCALE: SCAÚ.): INTEGER; 

DEGIN 

IF (NEII'SCALE = CENTIGRADE) 

HiEN 

END; 

CONVERT := ROLIND ((9/S*DEGREES) + 32) 

ELSE' 

CONVERT := ROIJND(5/9*DEGREES- 32)) 

Bindi.lg rrograms T1~cre m ay come a-l in;c wh,én yoli ~i~plY willno~ be mOlÜfy~ 
~~l_g_~ prog~~~~- ¿~y;fufther, but e:-:ccUti~g i! ·,:.~ry b!~t!-H· F(,r c;<ccution.éificióhcy 

34 

43. Complemcntary to RUN, thc VERIFY 
rcqucst is· strictly for chccking a prog:ram. 
Objcct codc mi!_!ht be gencratcd but lhat is 
thc Assistant's business, not the usér's. 

44. The FORMAT requcst is b:Jscd on J'pro
~am thJt autorn:ltically prcttyprints P,\SCAL 
text. A dcuilcd dcscription of lllis progr:.11n 
:1ppcars in !lucras and Lcdgard {lOJ. This pro
grJm cont~im scvcr:il fcaturcs that we bclie\'C 
are uniquc. For onc. thc pro~~ram nccd<; no 
inforulJtiun from the usér othec th:lll thc fUe 
it.~clf. Fnr ;.mnthcr, thc progr:.tm h:tndk·s e.,.·cn 
pro~ram fragments. Our initiJ.l fccling. was 
that dcvclcping an automatic furm:lltin¡?, pro· 
gram W:l.S cJsy. fhis did not turn out lü be tllc 
case. 

;__ _____________ _ 
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· you may bind you program into an exccute-only file by saying · 

BtND )filc-list) tNTO file 46 35 
lf there are any PASCAL crrors in any of your progra!IIS, thc progra!IIS will 
not be bound a11d you will be informc·d of your situation, 

RouoT's RuLES oF Oo\IJER 

1) Prompting Messagcs Two prompting charactcrs are always printcd by the 
Assistant to indicatc its attentivencss. The characters indicate what type of 
response is expected from you. 

Prompting 
Characters 

Response 
Type · 

(Note: "~" signifles a space.) 

++ 

11 
?~ 

46 Requcsts 
Ncw-Tcxt Input 
Caution Chccks 
PASCAL Program Input 

2) lnformation Requests An information rcquest may be isued whencvcr thc 
Assistant is attentive, regardless of what prompting messagc has been given. 
The only exception is the "?~" prompt, which is issued by a PASCAL program, 
not thé Assistant. 41 

3) File Names File na mes m ay be of arbitrary length,but no less than two char
acters. The characters that m ay be used are leoters, digits. and the break character 
"-" The first character must be a lettcr and thc lost cannot be thc break 
character.48 

For cxample, ,. 

SOUARE-ROOT-PROGRAM 
SINE-COSINE-FUNCTtON 

are legitima te file names, o,yhile namcs such as 

30X 
A 

H3.1 

(does not begin with a lcttcr) 
(contains too few charactcrs) 
(contains an illegal character) 

are not. 

4) Abbreviations and Requcst Spacing All words in rcqucsts, with thc cxcep
tion of me na mes and thc rcqucst na mes PRESE AVE, RESTO RE, and'DESTROY 
may be abbreviatcd by their first lctter49 Spaces in ncqucstmay be omittcJ, 
with the cxception that files and lile lists must be preceded and followed by a 
spacc. 50 

For exainple, 

. TRANSFER 3 INTO ALPHA 
NEXT 5 

may be abbrcviated as: 

. T31 ALPHA 
N5 

S) Multiple Requesls You may type in more titan onc requcst 011 a linc.any 
time by scparating caclt request by a scmicolon (";").., 

_6) lnteraction Control Each of thc words TERSE, LONG, CAUTIOUS, or 
RISKY may be appended lo any requcsl on a linc tú tcmporar.ily ;JVcrridc thc 
_~,.'Urrcntly, asSumcd. o\r)dc·:Of illtcra.:l Í~_tt rór tite' Uurati9n o.f thC' fC,~LJcst-. 52 · For 

.• .. 
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45. A vcsliflal t:onccssion to m:•nu:tl pro· 
~ram manag~·•ucnt ~tratqd~s._ On :1 hi¡'.h len-! 
ardlitcctur~ likl~ thc Uuuou~h~ 117500 it would 
be irrclcvaot. (\Ve lli3Y haw hl'l'n ~ilott.~i¡~Ute\J 
as it now ~cems lo us that \."Ven u Ctli\Vcntivnal 
loader cnvironmcnt l'ould prnb;¡bJy be effcc· 
tivcly managcd automJtical.ly by the AssistJ.nt.) 

46. Anothcr dctail. We spcnt a lut of timl! 
trring to choos.t" nu.•Jnin¡!ful :.HH.l distinni-.:c 
paphics fur thcse promptinf! ::.ymbols bc .. ·Juse 
they will be secn so fre-queutly. 

47. Probably our dHkest hour. 

' 48. The break charactcr for cum¡h•1lnd 
names in natural languagc is thc hy-ph..::n. Thu~. 
for the requcst language we use thc- hyph:!n 
to conncct compound name.~. \Ve bdjevc this 
con'Jention is easf to use and \vdHound<'d. 

49.' Therc . .:m.• a numbcr of two-wunl k~y
wurd~, likc CURRENTFILE. in thc requcst 
Jani'.uage. lt is ct>rtainly not dc:u huw to 
abhrc'Jiatc thcm. 

50. The r~·quircml'nt that spacc::; Jdimit n.k'
namcs was intcndcd to eliminah: ambiguity. 
Ambiguity no~ scems rare enou~h to be worth 
tl.)lo.:rating . 

51. Allowing multiplc rt.'QUdb on a linc 
eilables· thc more c;...pcricnccd uscr to build 
compound rcqucsts. In an environmcnt with 
slow n•action time it may givc th~· uscr mure 
satisfaction to work with longcr req_uest lines 
and adapt tu thc stuwcr pare. As Palml>' 1161 
ami others han· pointcJ out, such· adaptation 
is compamblc to thc :Ldapt:ltio'u thal tutes 
plucc in n:itural 1nnn~Ln Jialo~uc. 

This featurc is uut nnYd, but th.: 1\:\.~ist::ant's 
intcr:.ctive "dt::attcr" during c:\c~,;ution of a 
rct¡u~~t lirÍc and thc immc:diatc rcqucst corree· 
tion facility m :!k e it morl! effl!ctivc. 

52. 'lberc is scimc doubt in our minds asto 
tht: vajue ~f Lhis. 

1 

1 

1 

i 
1 

1 

1 
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example, if you are currenlly assuming LONG messages bur would rather not 3 6 
see a LONG message for an EXPLAIN request, then you would type 

EXPLAIN (name) TERSE 

7) lnuncllintc Rt<¡llfst Corr,•ction Whcncver n rcqucst ls glvcu nml mll sntl<l1ed 
due tll an error, you rnay corree! thc error by modifying thc rc<¡uest, rather than 
retyping it entircly. Todo so, sirnply type 

=old·text = new-text = 

In this case, "new·text"· will re place the first occurrence of '"old-text" fouitd in 
thc erroneous request, and the Assistant · will then automatically attempt to 
satisfy the rcquest again for you. lf old-text is not found in the erroneous re· 
qucst, then nothing is done. but you still have the option of trying to modify 
the request once more. "=" may be rcplaced by any character other than a 
letter, or ";", ·which is ncithcr in old-text _or new-text. lt is used simply as a 
_separa toe and is not considered part of either old-text oc new-text. 

APPENDIX J 
THE AssrsTANT AT A GLANCE 

General Requests: 

EXPLAIN {name} 

SHOW {name) 

ASSUME INTERACTION IS TERSE 1 LONG 
SECURITY IS CAUTIOUS 1 RISKY 
CURRENTFILE IS file 
NEWNAME IS' new-filc-name 
MARGIN IS speciCJI·svmbol 1 NULL 
ELLIPSIS IS special-symbol 1 NULL 
JO KEA IS special-syrnbol 1 NULL 
UPPEALIMIT IS CURAENTLINE 1 NULL 
LOWEALIMIT IS CURAENTLINE 1 NULL 

GRIPE 

UNDO 

OUIT (OUICKLY) 

Ediring R<•quests: 

NEXT {n/ALL) l=text=) 

PREVIOUS (n/ALL) (= text=) 

LIST (n/ALL) {=text=) 

DELE TE {n/ALL) l"text=) 

TRANSFEA {n/ALL) (=text=l INTO file 

.COPY {n/ALL) (=text=) INTO file 

INSEAT (=text= 1 file) (BEFORE 1 AFTEA 1 OVEA) 

MAKE (n/ALL) =text=· =new·text= 

File Requests: 

PRESERVE {file-list) 

A ESTOR E {file-iist) 

D~STROY {file,list) 

-
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Program Requests: 

RUN 

VERIFY 

FORMAT 

BINO 

Requcst Modifiers: 

(file-Jist) 

(file 1 

(file) 

(file-Jist) 

TERSE 1 LONG 

CAUTIOUS 1 RJSKY 

Request Corree/ion: 

= old·text = new·text= 

Request Spacing: 

37 (WITH parameter-file-list) 

(JNTO file) 

(JNTO file) 

INTO file 

Requcsts Spaces in a request may be omitted, with the ~xception that files and ftle-Jists niust be 
preceded and followed by a space. 

File-names . A filc-name must be comprised of at least two characters. Characters that may be used are 
letters, digits, and the break character ("-"). The first character of a ftle-name must be a 
letter, and the las! character cannot be a break character. 

File-Jists A ftlc-list is a list of filc-names separated by commas (", "). 

Multiple More·than one requcst may be typed on a line provided that each,rcquest is separatcd by a 
. Requests semicolon (";"). 

Prompting Clraracters and Response Types: 

Requests 

+ + New Text Input 

11 Caution Checks 

?¡,l PASCAL Program Inp~t 

Conventions: 

I) Uppercase letters denote rcserved keywords. 
2) Lowcrcasc letters denote objects. 
3) Parenthcscs denote optional keywords <•r objccts. 
4) A slash ("/")denotes mutually exclusive alternatives. · 
5) "W' denotes a spaee. 
6) All keywords may be abbrcviated by their firsl Jetter, except for PRESERVE, RESTORE, and 

DESTROY. 
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Global Comments 

TERRY ROBERTS 

1 appreciate the value of an attempt to dcsign a system from 
!he point of view of the user rather than of the implementar: 
But 1 wondcr how you are going'to know how well you have 
done. Therc are lots of people out in the world designing sys· 
tems, and many of these peoplc are under thc impression that 
they are doing reasonably wcll by thcir users. How do yo~ 
compare your rcsults with thcirs? A seat-of-pants feel for lhe 
clarity of the design, which is what 1 am gctting from the 
annotations, docs not prove rnuch. For instance, you seem 
to think that your decision not to allow abbrcviation of three 
dangerous keywords was the wrong one, but how can you 
really know'? (se e note 17) . 

My (limited) cxperience wilh automatic hclp systcms has 
been frustrating because of an inability to communicate to the 
system what it is 1 want help with. These problems come in 
two major ·fiavors: onc is the time whcn therc is something 1 
know l should be able to do, but 1 do not know what the sys
tem calls it and so cannot ask about it. In your system, what 
would happen lo a poor uscr who had forgotten the kcyword 
"MAKE", for instance? The othcr problem l often encounter 
is that a system which .takes its cue from my co.ntext is likely 
to be led astray because my confusion often arises from my 
being in thc , wrong mode and not knowing how, to cita~ 
context. .... 

The "Uscr's Guide" was written as a refcrence manual for 
pcople who already understand and have experience with tex't 
editing and other computerish operations. This is clear from 
the fact that, al least in the major part ofthc Guide,you mercly 
list all of thc relcvant picces of synlax and your decisions 
about thc 'semantics, without putting il all within a frame· 
work of when each of thcse facts is actually relevant. The 
naive uscrs that you start thc manual talking to, on the oiher 
hand, would protit' far more by being taken step-by-step 
through a rcalistic session; it means a whole lot more if they 
are shown what is actual! y bcing displayed, what sort of com
mands to give in whot situatíons, whot kind ofhclp to expect 
from the Assistont, and so forth. Since (1 hope) you designc.d 
this system by simulating ·actual uscr expcricnccs, such .a 
manual shoulr.l not be too much of an extcnsion. of what.yo'u 
airead y have. ArÍd this frame of minJ would make im'posSlblc 
such travesties as note 31.: "lt is not obvious from thc Useés 
Cuide, but ... " . 

A paper like this could bcnefit fiom discussing your design 
proccss, bcyond the head·scratching and literalure·reading that 
you allude to occasionally. 

Comments from a Lctter Writtcn on July 19, 1n78 

BEN SIINEIDERMAN 

l enjoyeJ rcading Tire. Annntated Assistattt and feel it is onc 
of thc .bctter results of intr,,spectivc/protocol research in the 
arca of internctive systcms dcsign. Your annotations llemo~· 
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stratc a s~nsitive awarencss to thc problcms and ·you dr:.~mati· 
cally produce effectivc solutions. You give me one more piece 
of evidence that human factors cngincering does make a dif
fercnce and that it is in fact·very difficult. 

1 appreciatcd your frank oommcnts about your struggles. 
The uscr should no! sce just a first attempt at a languagc 
design but a carcfully workcd out product whcrc only thc tip 
of thc iceberg of work shows. The trick is ro makc complex 
processes appcar easy and that takcs a great dcal of effort. 
("There is one art, no more, no lcss: lo do all things with 
artlcssncss"--Piet llein.) 

1 likcd most of thc command structure, tite attention to 
lucid prcsentation (good documcntation crea tes thc impression 
of qualily software and builds uscr confidencc), the nolion of 
positive reinforccment usage (hut you should haVe document3-
tion on the 'error and infonnation mcssages as part of the 
manual) and the GRIPE command (all complex systems are 
processes not producls and thc mcch~nism Jor evolutionary 
re.finement should be part of thc system). 

Having said all these laudatory things, 1 still found enouglt to 
complain about. The first and most serious comploint is in 
your explicit decision to creatc an anthropomorphized Assis
tant. . The iUusion of a friendly hclpful partner is only ap
preciatcd by naive bcginncrs who fcel intimida!C<I and fecl 
possibly reassurcd by thc existencc of a clcver and human/ 
humane machine. Knowlcdgcable users frown on such gaming 
and ·want to be cxplicitly in control of wh;t lrappens. Thcy 
know that the madrine may goof or miSinterpret and they 
want to be in chargc. 1 believc that tire computer should act 
as a mcchanical devicc Whosc actions are entirely prcdictablc. 
This means that the u ser is more in contrOl, must takc grcater 
responsibility for errors and must be a bit more careful anda 
bit more knowledgeable. 1 believe this to be an importan! 
issue and hope that 1 can convince you to change your posi-

. tion. CAl systems which ·started out with friendly greetings 
and human illusions have becn replaced by more mcchanical 
looking programs which behavc like reliable machines. 1 would 
like to arguc this point out with you in person sometime. 

Finally, 1 suggest evcn more attention ro building cornmunity 
and obtaining feedback. 1 assumc monitoring probcs will be 
built .into thc systcm to dctect error pattcrns and facilita te 
experimental data collcction. Why not ha ve a NEWS command 
[or maybc- GRIPE (the in verse of GRIPE)] which gives 
users information about changes, additi~ns; systems schedule, 
etc. 

The Annotated Assistant 

JAN WALKER 

In general, 1 had difficulty rcvie\ving this paper. 1 find that 
my comc.ncnts were consta~tly shifting in perspcctive. (.could 
not decide if 1 was reviewing thc Assislanl design, the Uscr~ 

. Cuide Design, the au1/10rs' explanalions of bolh in lhe amwla
lions, or the prucess by which the system design C1'Uivcú .. 1 
think 1 am not alone in this schizophrcnia; 1 think it is in
hcrent in the papcr. 

·.,, . ,-_, 

Thc following paragraphs surnmarizc my major coptfJ\nS 
with the papcr. 1 have allachcd by detailcct notes. · ·5 ~ 

Human F:ngineen·ng: What do the authors mean by human 
engineering? They are currcntly (and should stop) using thc 
words as a synonym for thcir own intuitions. 

1 would arguc thatthis is nota hunran-cnginecrcd systcm hut 
ratlwr a carcfully and thoughtfully craftcd dcsign. lf yuu 
build a go-cart without pcrfurming any studics of rnatclials ur 
<.ksigns and witlwut knowing sorne mcchanical l!n~in~~.:ring, 

did you ueng.ineer" it or díd you build it? lfit works, are you 
an cnginccr or just lucky? 

Human engiilcering rcquircs both knowledge of human 
charactcristics and study of the contcxt in which thC. hurnans 
will be pcrforrning. The authors reveal their l:.11..:k ofknowlcdgc 
or thC fo.rmer with thcir djted and ~nly m:uginally .:1prropri.1re 
refcrences to psychologícal lite~aturt:. Thcir project wcald 
have bcncfittcd grcJtly if somcone from thcir psycho!ogy 
dcpartment had participated. 

The authors fail to satisfy thc rcquircmcnt for an a¡¡,Jysis 
of the context for the syst~m. Thc only statcmcnt of purposc 
appcars on the first p:~gc of thc Cuide: "This Assistant can 
hclp you create, manipulate, and execute PASCAL (;ic) pro
grams." In fact, the system must havc becn de~igned for the 
university campus/course assignment cnvironmcnt. In that 
cnvironmcnt, thc contcxt (wherc it comes from; who it is 
for, what it is t"or, and what it can do) is usually c.xpresscd in 
thc first lccturc. Even that oricnting contcxt is mis~ing hr.:r~. 

In additíon, the authors negicct to s¡iccify what pn•blcrns 
their system Jtldresses. They should discuss pro~ram cditing 
as a conceptual activity rather t.han as a sequencc of physi..:al 
activlties. Tire y should discuss .tire kinds of informar ion and 
intcr.actions required for effective program debugging. Thcy 
should discuss what kind of work they expect a student to 
do during the actual computcr session (as opposed to dosk 
prcparation). This kind of infoqnation is impcrati':e in arder 
to justify and to evaluare particular "human engineering" 
dccisions. 

Problems wilh lile Guidc 
Thc Uscr's Guide itsclf requires some "'human enginccring.'' 

lt is plagued by inadequate organization and poor design 
dccisions. lt is clcarly amateur writing, on a par with similar 
efforts in many college computer centers. 1t is writtcn by 
progi"ammcrs for peoplc who think likc themselves. ' . 

The authors have statcd that onc of their goals is'"frienJiy" 
uscr documentation. Unfortunatcly, they scem to have 
equated "friendly" with "familiar and culloquial." 

In a proper documcntation effort, the document clearly 
idcntifics !he capabilitics of tire systcm, the problems it can be · 
applied !o, and the intended.users. Again, it requires thc same 
kind of global task description as the rest ofhuman cngincering. 

The authors should analyze thcir own document design (as 
in note 39) and attempt to justify thc design as a whole and 
particular design dedsions . 

Problcms wilil lile Dcsign 
/ 

· Thc authOrs have dcscribed what sounds like a nicc systcm-
clcarly better than many and .probably. worse than sume. 
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Howcvcr. thcir intent was not just to design anothcr system 
but to human enginecr a system. In this effort. 1 think they 
have not bccn successful. Thcy failed to grapplc with the first 
fundamental pr~~lcm of human cngincering, i.e., dcscription 
of the uscr task in functional terms. 

The authors should describe thcir dcsign more analytically. 
They should test so me of the !estable. alternativo solutions 
either in informal experiments or by watching pcople using 
different systems. 

Problems with the Manuscript as a Pub/ication 

The papcr is intcrcsting but frustrating. In one scnse, there 
is too much to read for not enough information. The onnota
tion mcthod of describing the Guide is spotty. Si:> me very low
level details receive disproportionate detail while very high-level 
decisions remain undiscussed. The annotation method might 
be more successful if the thing bcing annotated exhibitcd a 
tight, high quality design. · 
. lf the authors want interim publication of this work, they 
should write a papcr describing thc task, discussing the majar 
dcsign decisions, using scctions from the Guidc as cxamplcs in 
thc papcr. As it stands, the paper ovcrwhelms thc réader with 
bottom leve! detoil without providing the ncccssary orienting 
perspectivo for understanding and appreciating the contribu
tion to knowledge by the authors. 

Exccrpts from a Review 

TOM LOVE AND DAN J. IIENDERSON 

... A sccond genero! weakness rcvolvcs around the dccision 
to build a contcmporary editor for tclcprintcrs rather than 
cathodc ray tubcs. From a human facto.rs pcrspcctivl! a 1ine· 

-at·:J.·timc editor will not match a.scrccn-oriented. editor which 
allnws one to see thc full tcxt and make motlifications in con
text. Thc conccpt of the line is not the unit that a .user thinks 
about for cither text .or prugrams. For text Wt! think about 
\.vords, s~ntt.•nccs, par.:~graphs, and .ragcs. For programs. we 
think about blocks of <ode and modules. Try to debug an 
un familia: program with a \VinJow. Profcssional programmers 
who are known for their dcbugging ability never look al in
dividual lincs of code un ti! thcy have built up a mental picture 
of thc structurc of thc program undcr consideration. Profes· 
sional chcss playcrs, when ~skcd tu mcrnorizc an unfamiliar 
chess boarJ. [oliow a similar stratcgy (Hunt and Lave, 1973; 
DeGroot, 1965). Editors neeJ- to support thcir users' Jcsire 
to see a body of text at any onc time and see the result of 
their changcs. 
·A tclcphone conversatlon with Andrew Singer revealed that 

thc tclt!printcr orientation w:Js a consd6us dccision·; In 
1975-1976. when thc dcsign work on the Assistant was being 
_done, the teleprinter was thc JOit:Jinant uscr dcvicc. Thcrc is 
some qucstion w~ether it will retain its superiority through 
th,,:! 9SO's. 

40 
ll. DESIGN FOR C'IIANGE 

· Singer, Ledg:trd, and Hueras describe the typical view ' -
most computcr scicntists of cxpcrimcntations: ''In a sen!l.. 
whenever we build a system tod:ty we conduct a human fac
tors cxperimcnt." Thls statemcnt from thcir introd~ction 

reflects :in incornplete undcrstonding nf the bosic conccpt of 
an expcrimcnt. An cxperiment requires that known v:iriab1es 
be monipulated in known ways and that the results of thcse 
m:mipul~tions can be measurcd and evaluatcd :Jgainst some 
standard. Manipulation of variables without either control or 
mcaslircment docs not constitutC an cxpcriment and might at , 
.best be a case study. They might ha ve said instead that 
whenever we build a system toda y. we have the potcntial for 
learning something new about hum:Jn factors. 

Not all is lost, however, because experimental studies of new · 
systcms are feasible cven though thcy havc rarely been done in 
the past. A puwerful experimental paradigm avoilablc for such 

. experimcnts is .thc time series experimcnt. An interactive 
· computer ·system in a marvelous ve hiele for conducting real 

world experimcnts with lots of subjects over large time pcriods 
with vc·ry :Jccurate d:.tta recording mcchanísms. Howcvcr, to 
conduct such largc-scalc experiments On significa·nt software 
systems, one nccds to build in the data capturing procedures, 
during the initial design and dcvclopment proccss rather than 
try to grart it on la ter. Available data include use ond misuse of 
systcm featu1es, p3ttcrns of use ovcr time, and leaining H~~mc 
ilnd proccdures for uninitiated users of thc systcm. 

Sinc.e it is truc that our state of knowledgc about the hun 
factors aspe¡_:ts of illtcractive· ~ystcms is insufticicnt In answer 
thc myriad of questions asked by systcm designers, building. 
lnto the systcm. a ~.:1pability. to monitor its use, and to change 
in response to user dcmands, ar.c essential design criteri'a. The 
récording and analyses ·ar such data should not be done 
haphazardly, howevcr. Thc bcst of contemporary tcchnology 
in the ficlds o[ statistics and human factors need to be applied 
after initial rch:ase of thc systcm, as wcll as during dcsign. 

IV. WHO ARE THE USERS? 

Many systcm designers believc they know a bcttcr way to 
salve a ccrtain problem than those people who have been 
solving that problcm every day for the past few ycars. Oc· 
casionally thc systcm designer really does know a better way. 
More commonly, thc system designcr gets to crcatively "re· 
dcsign" the solutinn to fit th~ prub_lcm unce a lot of codc h:ts 
;.¡Jrcady heen d~\·clopcd. ~inger, LcdgarJ, and tlul.!ras have 
dwscn to bet on the ra1c event that they know a bcttt.'r way. 

Singcr. Lcdg:nd, anJ Hueras want to build a· "standard" 
system to salve an .. unstated" dass of problems cncount~red 
by an "unstatcd~' uscr population. [\'en repcatcd rcf~renccs 
to those overuscd and misused buzzwon.ls software enginccring 
and human cnginccring, do 'not compcn'satc for the failure to 
ask the following key qucstions. 

1) What problems currently exist that this new system núl 

hclp salve? 
2) Who has thc problcm? 
Tu takc an extreme cxamplc, suppose thc class of p·roblems 

is the simulation of planncd hardware :uchitectures and the 
cl:iss of users is Chinese math<?nJaticians: Surely thePASCAL . ·, 

·'. 
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'· A~~istant is not 'thc rnost dcsirablc systcrn for this situation. 
Or .to takc a more rcalistil: cxarnplc: suppose thc uscr is a 
fln:mdal analyst developing rcpons basod upun daily data 
l)bl :1incd frnml)l anches all ove r th'c couu ti y. · Dot:s 1 he PASCAL 
Assist:ttll pmvir.le tlw ""l"'hilily and functionalily n~éded'l 
Wnéll~ likc "!'ltandard'' nccd lo he u sed wilh uti11ost ca re! 

A subst:tntial ncw software prujcct needs to have a built-in 
plan f~n regular technical revicws by all involvcJ parties. lly 

. regular, wc mean rcvicws hcld weckly, biwcekly, or al most 
·monthly, but eértainly not quarterly or annually. Sueh a 
tcchnical rcview proc~ss nccds to bcgin during the initial 
deí1nition stage of the project. At GE lnformation Scrvices, 
we procecd fro~. a rcquircmcnts analysis. phase to a func
_tion;ll specification ph~Sc. During functional spccífication 

· ···wc specify the actual uscr iutcrfacc, including syntax, and 
revicw this spccification with the user as it is bcing developed~· 
usually biwcekly. These biweekly reviews éontinue thruugh to 
dcployincnt of all new software. Picase note that· these 

· .. -.C~tc·~n~· usC.r., revicwS are ryot the only · reviews conducted. 
Interna! technical rcvicws are cunducted even more frequently 
to ilisure that we build systenis ·that will sol ve lhe real prob· 
lcms of thc uscrs and that thesc systems are as error free as wc 
can make ther~. · · 

Singer, Ledgard, and Hueras do not d_escribe any such analy· 
ses o( rc_quircments nor ~ny experiencc with ur plan for con
ducting ·interna] or externa! reviews prior tu building the 
éomplete .sy~tem. Their appm:.1ch is riskicr than most com· 
mercial organizations can afford! Developmcnt efforts such 
as this requirc a better definition of the user pop'ulation and 

· the dass of problems expcctcd to be solved,' coupled with 
regular technical reviews by all interested parties. 

V. WE KNow WHAT's Gooo FOR You 

'\\'hile attcmpting to refercncc a few selected psychological 
research findings, Singer; Ledgard, and Hueras gol quickly 
diverted and hegait to describe their new, standard system. 
Note 39, fÜr txample, cites thcir beliefs but refcrcuces· nOn e of 
thc very large number of relcvant research projcct's (e.g., the 
re<ent Query-by-Exarnplc·versus SEQUEL studies). 

Without cíthcr a revic\V proccss or thc rigor of justifying 
dcsign decisions basCd. upun ~.:onvincing rcsearch cvidcncl', onc 
is left' wondcring if the authors really know what's good for 
LIS standard users. For example, do they rcally know how to 
do standard p;cltyprinting of PASCAL programs? Have they 
chosen single character~ commands which are both highly 
rnncmonic and natural languagc indepcndcnt? ls thc simple 
lile structurc describcd really adequate for profcssional soft. 
warc developers? Do l rcally wanl to edil and inunediatcly 
cxccule ei-roncous cornmands, or do 1 want to prevíew thosc 
curnmands bcfore executing thcm? Do 1 rcillly _not need vetO 
powcr over changos bcfore thcy are madc? Am 1 really willing 
lo wait for each job to cxccutc befo re doing aflything clsc? 
ll'hat if 1 want 20 000 lincs plintcd; do 1 do it at rny terminal 
at 300 baud tmd wait 9+·ftours. or do 1 nc"d somc command 
lo rec.lircct Such print tllcs? 

Utmost care must be takcn when somconc writes a, papcr 
'"Ying that thcy have sulvcd the problcms of somc cla;s uf 
u~rs. lt is. more convincing lf: 
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1) thc solution exists and has been uscd for real problcms; 
2) the uscrs of lhe solution are convinccd that it is sub

stantially hctlcr th:-111 existing soluti\HlS~ arid 
3) qu.antitativc data exist to support. thc warm li:cling' re· 

portcJ hy USCIS. 

Fcw cxisting softw:.~rc s}'slems pa5s crilcrion J) abovr, bui 
.if. you admit usage data as evidert.:e, more wUI pass this test. 
Examples of horne·grown systerns which havc passcd these 
criteria are the PASCAL language and lhe UNIX operating 
system. Both were reaUy developed in reaction to adverse 
experiences by the authors in which•, they fclt an equally 
des.irable re;ult could .·be achieved more sirnply· and more 
elegantly. One wonders if a MULTICS or ALGOL 68 expcri· 
ence is not .required by designers of new tools in arder to 

. apprcciate all of thc real constraints that need to be .met by 
such tools. · 

vm: CoNCLUSIONS .. 

, Ovenill, our impression of the Assi~tant .·is that it is.a step in 
the right direction. Thc rapidly \ncreasing powcr and speed, 
and jusi as rapidly deereasing cost of computcr hardware is 
stimulating us tu provide users with.computer systcms that do 
not require profcssionaJ programmers to generare' uscful re
sults. This m~ans thai ~an-machinc interfaces _rn;l:'i~ bccome 
more human engineer~d in the yc_ars to come .. : 

"Soft" though it rnay be, thc science of psychology can help 
to providc quantitative answcrs to thc critica! qurstions d~al· 
ing with what kinds of systerns people can rcally use. Thc 
ncxt few, years shr;lUid see thc rapid growth. of the discipline 
of software psychology, and results from the research it 
spawns ~ill be of enorrnous value in the dcvelopment of 
major systems. Singcr, Ledgard,. and Hueras understand the 
priorities of the next dccade, and they have undcrtaken the 
dcsign of a system for the 1980's based on the tools of the 
IY70's .. Organizations with more resourccs than .. a single 
thrce-person tcarn will want to. apply current techniqucs of 
rc_quirements dcfinition, and technical review tq intcractive 

.systems intended, f<?r large-seale use. While improvements 
upon the A~sistant are both possible and necessary, thc direc· 
tion they have taken is laudable. 

Singer, Ledgard, and Hueras have described a sy;tem which 
is good and bettcr than many currently availablc systcrns. lt 

.is not as good as it could be and docs noLrénect what is pos· 
siblc in 1978. Our belief is that they ha ve int roduccd a vcry 
dcsirablc art form to thc ficld of uscr manual documentation. 
We expect this art form lo ontlast any ofthe techn.ical design 
decisions described in the paper itself. 

Author's Reply 

A. SINGER, 11. LEDGARD, ANil J. F. HUERAS 

We would likc to express our appreciation to all the corn· 
mcntators for thc considerable effort and thought that went 
into thcir rcmorks. Although we fuund oursclves at odds with' 

' . . . . ' ' . 
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inspected. A clear statement of the project rules and changes to 
these rules. along with faithful adhcrencc to thc rules go a long 
way toward practicing thc rcquired project discipfine. . .. . ' ' . . 

A prercquisitc ofprocess ;,anagcñ1cnt is a éiéarly dcfincd serie\ 
· of opcrations in thc process (Figure 1 ). The mini'proccss within 
each opcration must also be Clcarly describc.d for cJ,lSCr manage
ment. A clear st~tcment of the c~it~ria thát must be satislicd to 
exit each operation is mandatory. This statement ami accurate 
data collection, with the data clearly tied lo trackabk 11nits of 

. known size and collected from spccilic points in th!' proccss, are 
. sorne esséntiai' constitueóts of the infonitation requircd for pro
ccss 111itnagcment. 

In order to move the form of process management from qualita
.tive to more qmintitativc, process terms niust be inmc spccific, 

. ' . 
data collected must be appropriate, and the limits of accuracy of 
the data must be kno'wn. Thc effect is to :pro vid~ more precise 
info~mation in the corree! process ¿ontéxt for dccision rnaking 
by the p~ocess manager. ' 

In this paper, 'we first describe thc programming proccss and 
plac~s at which inspcctions are importan!. Then wc discuss fac
tors .that affect productivity arÍd the operations iQvolvcd with 
·inspections. Finally, we compare inspoctions and walk-throughs 

' on proc'ess control. . · · · 
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A procc~s may be dcscrihcd as a set of opcrations <.KCtltTing in a 
definite ~cqucnce that opera tes on a givcn- input ¡1nJ ClHl\'chs it 
to some dcsired oulput. A general st;;tcmcnt of this kinJ is sull'o
cicnt to convey the notion of the process. In a practica! <•rplica
tion, however, it is necessary to describe the input. output. inter
na! processing, and procéssing times of a process in very specific 
terms if the process is to be execut~d and practica! output is to 
be obtained. 

In the progtamming devclopmcnt process: cxrlicit requirement 
statements are neccssary as input. Tlle series of proccs:-.ing ~p~ 
erations that act on this·input must be pla<:ed in the corrcct se
quence with une another, the output uf cach operation satisfying 
the input needs of the ncxt operation. Thc output of thc f1nal 
opcration is, of course, the explicilly rcquir~d output in thc fnrm 
of a verified program. Thus. the· óbjective of each proi:cs>ing 

- opnation is to reccive a dcfined input and- to produce a dcflnitc 
out pul that' satisfies a s¡:iecific sct of exit critcria. ( lt gucs with
out saying that cach opcration can be considcred as a minipro
cess ilself.) A well-formcd process can be thought of as a conc 

· tinuum of pruccssing during which scquential scts of cxit crit~ria 
are satisficd, thc last set in the entire scriCs rcquiring a wcll-dc

-fined end pmduct. Such a process is nut an10rphnus. lt c11n be 
measured and cuntrolled. 

únambiguous. explicit. and universally acceptcd exit criteria 
would be pe1fect as proccss con! rol checkpoints. lt is frcquently 
argued that universally agrccd upon checkpoints are impussible 
in programming bccause all projects are diffcrent. etc. Howcvú. 
111/ pmjects do reach the point at which thcre is a projcct check
point. As iUtands. any lrackable unit of code achieving a clcan 
compilation can be said to have satisfied a universal exit criteri
on or checkpoint in the process. Other checkpoints can al so be 
selected. albeit on more arguable premiscs .. but once the prem
ises are agreed upon, the checkpoints bccome visible in must. if 
not all, projects. For example. there is a point at which the de
sign of a program is considered complete. This point may be 
described as the leve!-' of dctail to which a unit of design is re
duced so that one design statement will materialize in an esti
mated ihrce to 10 sourcc code instructions (or. if desircd. fivc 
to 20, for that matter). \Vhichever panicular ratio is selccted 
across a project, it provides a checkpoi•it for the process con
trol of that project. In this way. suitablc checkpoints may be 
selected throughout the developmcnt proccss and u sed in proccss 
man:;gement. ( For more specific cxit critcria see -Rclcrcncc l. l 
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The cost of rcworking ~~rrors in programs becomcs highcr thc 
latcr thcy are rcwc>rked in the proccss. so cvcry attcmpt should 
be made to find and fix crrors as carly in thc proccss as pussiblc. 
This cost has kd tu the use of thc inspcctions dcscribed later 
and to the dcscription of cxit critcria which include assurin~that 
al! errurs known at the end uf !he inspcction of the ncw "clean
compilatillll" code, fur example, have been correctly lixed. So, · 
rework of al! known crrors up to a particular point mus! be 
complete befare thc associated checkpoint can be claimed to be 
met for any piece of code. 

Whcre inspcctions are not used and crrors are found during de
ve!opmcnt or testirig, the cost of rework as a fraction of overall 
development cost can be suprisingly high. For this reason, er
rors should be found and fixed as closc to thcir place of originas 
possible. 

Production studics have va!idatcd the expected quality and pro
ductivity improvcments and ha ve provided cstimates of standard 
productivity rates,-perccntage improvements due to. inspections, 
and pcn:entagc improvem~.?nts in crro·r rates which ar~ applicablc 
in the context of largc-scale operating system prngram produc
tion. cr he data related to opcrating system dcvcl0pment con
taincd hercin rellect rcsults achicved by JBM in applying thc sub
ject proccsses and 'mcthods to rcprescntative samplcs. Since the 
rcsults dcpend on many ti1ctors, they cannot be considercd rcp
rcsentative of evcry situation. Thcy are furnished merely for 
thc purpose of illustrating what has been achieved in sample 
testing.) 

The purpose of the test plan inspcction IT1, shown in Figure 1, 
is to find voids in the functiunal variation cuvcrage and other 
discrcpancies in thc test plan. IT,. test case inspection of the 
test cases. which are based on thc test plan, linds arors in thc 
test cases. The total eiTects of !T, :ond IT, are to increase the 
integrity of testing and. hcnce, the quality nf· the compkted 
prot.lud. And, bccausc therc are lcss errors in the test c:,:-;.cs to 
be Jehugged during thc testing phase, the ovcrall pruject schedule 
is also improved. ·· 

:\ process of the kind dcpicted in Figure installs al! the intrin
sic programming propcrties in thc product aS r;:quired in the 
st~temcnt of objectivcs (Leve! 0) by the time the coding opera
tion (Leve! 5) has bcen completcd-except for packaging and 
publications rcquirements. With thcse exceptions, all later work · 
is of a vcrification nature. This vc:rification of tbc product pro
vides no contribution to the proJuct during thc esscntial dcvdop
mcnt (Le veis 1 to 5); it only adds error detcction and climina
tion (frcquently at one half of thc dcvelopment cust) .. 1,, 1,. ~nd 
l'l inspe<.:tions wcre devcloped to m.::asure and int1ut:nce intrinsic 
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figure 2 A. ltudy of coding productivity 
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quality ·(error content) in the early levcls. whcre enor rcwork 
can be most'economically accomplished. Naturally, the benefi
cia! effeci on quality is also fclt in latcr operations of thp úe-
velopment process and al thc end user's si,tc. · 

An improvement in productivity is the most immcdiate effect of 
purging crrors from the product by the 1,, 1 ,. anJ 1, inspections. 
This purging allows rcwork of these error~ vcry near their ori
gin, early in the process. Rework doneat these leveis is ·loto 
100 times less expensive than if it is done in thc last.half of thc 
process. Since rework· detracts from productive cfforl, it reduces 
productivity in proportion to thc time taken 10 accornplish thc 
rework. 1! follows, then, that finding enws by inspection ami 
rcworking lhem earlicr in the prot·ess reduces thc ovcraiii\'Work 
íime and incrcases productivity cven within the early op.<'rations 
and even more over th.e total proccss. Sincc lcss errors ship with 
the product, the time takcn for thc user lo insta\1 progfiii11S " 
less, and his productivity is also increascd. 

Thc quality of documt:ntation that describes the program is of·as 
much importance as thc program itself for poor quality can mis
lead thc u ser, causing. him lo make errors quite '" imp<;rlant as 
errors in the program. For this rcason, the quality of pro~ram 

·dorumeritat.ion is vcrificd by publications inspections 1 P_l
11

• PI,. 
and PI,). Through a rcduction of user-encountcred errors: thcsc 
inspections .also ha"c thc cn·ccl of improving u ser proJuctivity 
by ·reducing his rcwork time . 

.., 'J")? . ·~· .. ~~ 

5 

; ¡:¡ ., 
,¡ 
·1' 
!: 

;¡ 1 _·¡ 
.. ,, 

::¡ 

1 

1 

1 

1 

1 
1 

1 
1 

1 
1 



Toble 1 ~rrvr det~dion efficit~ncy 

Procen· Opcratioll.f 
Error.f Fo.1111d 

p.-r K.Nc;ss 
Perant of Total 

Errt)fJ Fou11d 
--·--·--·--·-----------------

Design 
1

1 
inspection-· -

Coding 
1

2 
in~pectinn-

Unit test---
Prcparation for 

accept<i.nce test
Acceptance test 
Actual usage ( 6 mo.) 
Total 

38' 

8 - ' 

o 
o 

46 

• 51':• were !ugic c:rrms, m0\1 of \lhich "'tre mh\ing rather !han duc loJ ill(:orrcct dni¡n. 

82 

18 

100 

In the development of applications, ins[>ections al so make a sig
nifican! impact. For examplc, an application program of eight 
modules was· wrilten in C<JROL by Aelna Corporale Data Pro
cessing dcparlment, Aetna Life and Casuahy, Hartford, Con

_necticut, ih June 1975." Two programmers deveí~pcd thc pro
gram. The number of inspection participants ranged bctween 
lhree and five. The only change introduéed in the development 
process was the 1, ami 11 inspections. The program size was 
4,439 Non-Commentary Sourcc Stalements. 

. . . 
An automatcd cstimating prcgram, which is used to prn:luce the 
normal program development time estimates for a!l the Corpo
rate Data Processing department's projects, predicled that de

. signing, coding, and unit tcsting lhis project would require 62 
programmer days. ·In fact, the time aclually taken was 46.5 pro
grammer days including inspection meeting time: ·fhe rcsulting 
saviryg in prograrrymcr rcsources was 25 pcrcent. 

The inspections were obviously very tlwrough when juJged by 
tlie inspcction error dctection cflicienty of H2 perc<:nt and. the 
la ter r~sults during testing and usagc as Shown.in Tablc l. 

The rcsults achicved in Non-Commcnlary Source Statements 
per Elapsed Hour are shown in Table 2. Thcsc inspection rates 
are four to· 'six times fas ter than for systems programming. 1f 
these ra1cs are ge11crally a·ppiicable, they.would have tl;c effect 
of making the inspcclion of applications programs much. lcss 
expensive. 

lnspectlons 
' . . ' 

Inspections are a formol, efficienr, and economical mclhod of 
fi11ding errors in design and code. All instructions are addressed 

_.___:_~-
,·. 
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lnspecUons In 

ap'plicatlons 

devclopment 

Toble 2 ln,p~ction fote' in 
NCSS per flour 

Opt•rt~rions 

Prepar:1tion 
ln~peclion 

r' 

898 
652 

·' 

r, 

709 
5)9 

·;·,. 
1 

. '··1 - ,,' 

1 

1 

!1 



i. 

lho 
people 

lnvolved 

··-:· 

·Table 3. lroJpection procon und rote of progreu 

J'f¡l('j',\,\' 

llf11'1'111itl/l.\" 

l. Ovcrvicw 

2. Prcr~ration 
l. ·lnspectilln 
4. Rework 

S. Fulluw-up 

Htlft' ,~(progrt•.l 1 • ( loC"/!11) 

/kli).!ll '· (',,,,. 1, 

~011 

1110. 
1311 
20 

hrs/K.NCSS 

nul 
neccs~<~ry 

125 
150 
1~ 

hrs/K.NCSS 

__ .. ____________ _ 

(1/~j,·r·lil'l'.\ ·~1· 

tllt' o¡ia11tiwr 

('llmmuni..:ation 
cdul.'ittion 

l"il/1/r·rriW\ 
Hework and re

~ulvc erml's 
ru.uml by 
i.n .. pect1on 

See th:d all 
CHUL\, pl'llh· 

lem~. anJ ;:onn·rns 
·hi.vc tocen rc,olvcJ 

0 1 !)e,t H<LIC • •LI'I'I)' h1 ') •ICll\' l'fll~I.IIOO>Ín¡: ;¡1\J ~~ ( '"ll-.tl\ ;,uve ( 'otnlp,of ,,¡..¡~ 1;1IC' f<>r arÍ>!J",·:tiÍ<II" l'ftl .. 

r.r-•mn1in¡; :.re mu..:h l'u~thcr. ln11i • .J "hcJulc' Ol.!J 1•.: •l:ult\1 ,.,tllthc-.• numl>ct• ;on.l ;t• l''"lt'd h1•h•11 1ti:u 
¡, kt)·tJ ILII.lllltlUC' cn•·irunmenh nulh''· 1hc: h!)l<.lri.;;ol tlatll !lh•} ¡.._. u•ttll"' luturc:·,~h(d"l~n¡: ;,l¡:.ucchm'. 

at leasl once in the conducl of inspcclions. Key ;!SpeciS uf 
inspeclions are cxposed in rhe following 1cx1 lhrough dcsnihing 
lhe 11 and 12 inspeclinn cnndud and pn>CCSS. 1,.. rr,, rr,. f'l¡,: 
PI,, and PI, inspcctinns rctain thc same esscntial pr:opcnics as 
the 11 and .1, inspections bul ditfer in m>~lcrials inspccted. mom
ber of parlicipanls, and some olhcr minor poinls. 

· The inspcclion team is hcst served when its memhcrs play their 
particular roles, assuming thc particular vantage poinl of lhose 
roles. These roles are de,cribcd bclow: 

l. Mod<'ralvr- The k<'r p<'nm¡ in .a succcssful inspection. He 
musl be a competcnt programmer hui necd not be a lec hnical 
expcrt on thc program bcing inspccled. To preserve ühjcctivi
ty and lo increase the inlegrily cif lhc inspcction, it' is usual! y 
advantageous to use a modcrator from an unrelatcd project. 
The moderator must nianagc lhe inspeclion t_eam and otfcr 
leadcrsl;ip. Hence, he musluse personal sensitivity. tacl. and. 
drive in balanced measurc. His use of the slrengrhs of tcam 
memhers should produce a synergistic etfecl largcr lhan their 
number; in other words, "" i.< th<' couch. Thc dulies of mod
eralor al so inc!ude scheduling suil;ohle meeting placcs, rep<>rt· 
ing insp_eclion resulls within onc d;oy, ;ond follow-up on re
Wo.rk. For he~·t rc.nilt.\· ,¡,,. modcrator .. ,·Juwlcl he .\"J't'Cil.llly 

tmineJ. (This training is bricf hui vcry advantageous.l 
2. Dt•Ji¡:ner- The programmer responsiblc for producing the 

progr;om design. 
3: Coclt•r/lmp/emmtor- Thc progmmmcr' responsible for tr;ons

lating lhc design in lo code_ 
4. Tt•ster- The programmcr responsihk for wriling ;ond/or exe

cuting test cases or oihcrwise tesling lhe producl of lhc de
sign<'r and coder., · 

·. 
.. ·. 

"· ;:.-.. .: ,' .. ~' 
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If thc coder of a piecc ·of code also dcsigned it, he will function 
·in the designcr role for the ins¡>ection process: a codcr from 
so me related or similar. program will perform the ro k of thc ca
der. lf the same pcrson designs, endes, and tests the product 
code, thc codcr role sl1oulú be lilkd as Jescrihed above, and 
anothcr coder- prcfcrably with tcsting cxpericncc- shoúld fill 
the role of tcstcr. 

· Four pcople constitute a good-sized inspection tcam, although cir
cumstances may dictatc othcrwise. Thc tcam size should not be 
artificially increased o ver four, but if thc subject code is in volved 
in a number of interl'accs, thc programmers of codc rclatcd to 
these intcrl'aces may prolitably be involvcd in inspection. Table 3 
indicates the inspection process and ratc of progrcss. 

Thc total time to ·compkte the inspection proccss from ovcrview 
thróugh follow-up for 1, or 1, .inspcctions with four people in
volved takcs about 90 lo 100 people-hours for systems program
ming. Again, thcse figures may be corysidered conservative but 
they will serve as a starting ¡:íoint. Comparable figures for appli
cations progran.llning tcnd to be rnuch lower, implying lowcr 
cost per K.NCSS. 

Bc.cau.sc thc error dctcction cflicicncy ·uf most inspr:ctiun tcams 
tcn.Js to Jwindlc after two hours of inspcction l:>ut thcn picks up 
aftcr a pcriod of JiiTcrcnt activity, it is aJvisablc to schedule 
inspection scssion'i of no more than two hours at a tinie. Two 
twoRhour scssions.per day are acccptable. 

The time to do inspections and resulting rework must be scheJ
uled anJ managcd with the samc attcntion as other importan! 
project activities. ( Aftcr nll, as is notcd later. for onc case at 
leas!, it is possiblc to finJ approximatcly two thirds of the crrors 
reportcJ Juring an inspection.) lfthis is nnt done, thc immediate 
work prcssurc has a tc~HJcncy to push the in-;rcctions and/or 
rcwork in tu the backgrounJ, postponing them or avniding thcm 
altogether. Thc rcsult of this short-term respite· will obviously 
have a much móre dramatic long-tcrm negative eiTcct sincc the 
finding ami fixing of errors is delaycd until la ter in thc· proccss 
(and after turno ver to the user). Usual! y, the rc;ult ofpostponing 
early error detcction is a lcngthening of the overall schedule and 
increased product cost. 

Scheduling inspcction time for modilicd eode rnay be based on 
thc algorithms in Tal; le 3 and on judxment. 

Kceping the objcetive of eaeh operation in the forefront of tea m 
adivity is of paramount importance. llere is prcsenteJ an out
line of thc 11 inspcction proccss operations. 

!O 

scheduling 
lnspectlons 

and rework 

¡, 
inspecllon 
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figure 3 :lummary ol d,.,ion irnpi!Ciion' by error type 

-····-··---~----------· . ····-·-----····· .. ·---------- .... __ --- -1--1-
/tUf){'I'/ÜJIIji/c 

I'P ltrdiridwrl Nllllli' Mi_,_lin¡,: Wnm¡.: C.\1/f/ l-:1 l'rll',\ J~'rnn 'i: 

CD CB Ocfinition 16 2 IK 35
\1!4 e u CB U!):igC IK 17 )6 6.') {. 

FS FI'FS 1 1 .2 
IC lnrcrconnect Calls ¡g 9 27 ~-2 
IR lnterconncct Reqt!) 4 5 2 11 1.1 
LO Logic 116 57 24 :!07 )'H~ 

Ll 1-1 ighcr LVI Docu 1 1 2 ,4 
MA Mod A ltr ibutes 1 .2 
M D More Dct:til 24 6 2 3:! 6.2 
MN M~intain;tbility 8 5 3 16 l.l 
OT Othcr 1; 10 10 )5 6.7 
PD Pnss Oa\01 Arca!. 1 1 .2 
PE Performance 1 2 3 6 1.2 
PR Pro!oguc/Pro~e 44 38 7 K9 17.1+-
RM Rc1urn Code/Msg ; 7 2 14 :..7 
RU Re¡::i'>ler Usage 1 2 3 .6 

'ST Standnnls 
TB Te!.t & Br.wch 12 7 2 21 -Ul 

24.1 16R 57 52{) 1011.0 
57'?é. 32% 117r 

·--------------· -------

Figure ' Summory o! tode ¡',,pNtionl by error lype 

---------
J IH{)('!"Iiwl.fih• 

VP lnúil'iduul Numc Mi.~.1i11g )ilral!_l.' l::xlra Error.1 Lhrll' '/( 

--··--- .. --- -
ce Codc Comment~ 5 17 1 23 ll.fl 
cu CO Us;1r,.e 3 21 1 25 7.:! 
DE Dc!lign ErrOr 31 32 14 77 2~.1~.%:1 
Fl 8 K :!.3 
IR lnterconóect Ca lis 7 9 J 19 55 
LO Logic 33 49 10 92 2t.A ..... 
MN Maintainability 5 7 2 14 4.11 

OT Other 
PE Performance ) 2 5 111 1.9 
PR l'rologuc/Prose 25 24 3 S:! 14.4 .... 
PU Pl./5 or RAL U'c 4 9 1 14 4 .n 
RU Reci~ter Usace 4 2 6 u 
su Storagc lJsa~e 1 1 .) 

TU Test & Hran~h 2 5 7 :!.n 
121 181 4tl l4K 1011.11 

l. O•·en·iew (whole tea m)-The dcsigner first describes 1he 
overall area being.addrcssed and thcn the specific arca he has 
dcsigned in detail-logic. paths, depcndcncies. etc. Documen
lalion of design is.distributed to all inspeclion parlicipants on 
conclusion of ihe ovcrview. (For an l.,.inspection. nn ovcr
view is necessary, bul the participanÍs should rernain ihe 
samc. Preparation, iuspection, and follow-up procccd as for 
l,.but, of coursc, using code listings ""'' desi~n spc<'ifications 
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as inspcclinn matcri;ds. Also. at 1~ thc: modcratnr shouiJ flag 
for spl'l:ial s~...-rutiny thosc arcas lhat wcrc rcworkcd ~im:c 1

1 
crrors wcrc found u mi otllf·r tlt·.,·ign dwu¡.:(',,. rnadc.l 

, l'n•¡,aro!iou 1 inJividual) -l'artidpants, using thc dcsign doc. 
lllllClllalion, Jilera!ly UO lhcir homcwork [O lry lO llnUCrSianJ 

· lhc ucsign. ils inlcnl anu logic. 1 Sorne limes nagranl errors are 
·rouriu uuring rhis operarion, bul in general, lhe number of 
crrors found is not ncarly as high as in the inspcction opcra
lion.l Tu incrcasc lhcir error dcleclion in lhe inspeclion, lhe 
inspeclion lcam should firsl sludy thc ranked uistrihulions of 
error lypes found by recen! inspcclions. This sludy will 
prompl lhem lo concenlrale on lhe mosl fruilful arcas. ( Sce 
ex<rmplcs in Figures 3 and 4.) Chccklisls of clues on finding 
rhcse errors should al so be sluuicu. 1 S ce parlial examples of 
thcsc lists in Figures 5 and 6 and complote examples for 1., in 
Rcfcrcncc 1 and for 11 and 12 in Rcference 7.) 

3. '"·'l"'clioJI (whole leam) -A "reader" chosen by lhe mud~r
alor ( usually lhc cudcr) describe< how he will implcmcnl lhc 
dc,ign. llc is cxpecled lo paraphrase lhc dcsign as cxprcsscd 
by !he ucsigncr. Every piccc of logic is e ove red al leas! once, 
ami every branch is laken al leas! once. All higher-level Jocu
menlalion. high-level design specificalions. logic specifica-· 
lions, ~le .. and macro and conlrol block lislings al 1, mus! be 
availablc and prcscnt t!uring tht: inSpection. 

Now lhal the Jesign is underslood, '"" ohj<'ciÍl'<' is ,,; .find 
<'rror.l. 1 N ole lhal an error is JefincJ as any .condition lhal 
causes malfunclion or lhal precludes lhe allainmcnl of cx
pcclcd or previously specified resulls. Thns. deviations from 
specificalions are clearly lcrmed cm>rs. 1 The finding of cr
rors is aclually done during thc impkmenlor/coder's dis
course. Qucslions ra.ised are pursucd only lo the point al 
which an error is rccognized. 11 is norcd by lhc moJcraror: its 
typc is classificd: scverity ( maj{n or minor J is idCntiflcd, ami 
thc inspcclion is conlinued. Oftcn !he solulion ofa prohlcm is 
obviuus. lf so, il is nolcd, bul no specific solulion hunling is 
lo lake place during inspeclion. (Thc inspeclion is ""' inlend
cd to rcdesign. ev;;tluare altern<~tc design solutions. or to lind 
solutions to errors: it is in tended just to find errors!) A tea m 
is mosl effeclive if il operares wilh only onc ohjeclive al a 
lime. 

Wilhin one day of.conclusion of lhe inspeclion, rhe modera
lar should produce a writlcn re por! of lhe insp~ction and ils 
findings lo.cnsurc lhal all issucs raiscd in lhe inspcclion will 
be addrcssed in lhe rcwork and follow-up operalions. Exam
ples of lhcse rerorrs are givcn as Figures 7 A, 7 B. anJ 7C. 
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figure S [J<omplu of whot lo Cllo;Hine whcn looking for ~r•N~ ot t; 

11 Logic 
Mi.uinK !3 

l. Are All Constants De-tincd? 
2. Are All Uniquc V:tlues E~:plícitly Tcstcd on Input Pantmetcrs'? 
3. Are Valucs Stnred aftcr Thcy Are CilnJiatcJ? 
4. Are All Dcfí,ults Chcckcd Explicitly Testcd \lll Input P:m.1mctcrs? 
5. lf Char.tcter Stlin!!S A~e Crt·atcd An: Th<.:y Complct<'. /\re Al! Dt'limitcr~ 

Shown'? 
6. lf a Kcyword .. Lis Many Unique V;,tlttes. Are Thcy All (hCd.:cJ? 
7. lf u Qucuc ls B~in!-! ,\Junipul:lled. Can thc Exer..:utinn Be lnt~·nuptcd: lf 

, So. ls Qucue Protcctcd'by <r l.ockin~ Structurc: Cu1 Qucuc Be Dcstrovcd 
Over an lntcrnrpt'? . 

8. Are Regiskrs Bcing Re~tored on F.:'(ils'? 
9. In Queuing/Dcqucuing Shou!d Any Value He Qecremerited!lnncmcntell? 

10. Ar( AH Keywnrds Tcs!~d in \lacrt.l'? 
11, Are All Keyword Rclaied p;¡rametcrs Te~tcd in Scrvicc Routinc'? 
12. Are Quc11C\ Bcing He!d in J..,olatinn So That Suh~equcnt lntcrrupting 

Kequcstors Are Rcceiving Srurious Return~ Rcgarding the HelJ Qucuc'.1 

13. Should any Rcgi~tcr~ Be Snvr:d on Entry? 
14. Are All lncremcnt Cciunh Prnpcrly lniti:1lilr:d (O nr 11'." 
Wnm~ 

1.· Are Ahsolutb Shuwn Wherc T_h~:rc Should Be Symholi;.;~¡? 
2. On C{1[llparison of Two Bytes. Shou1d t\11 Bil:-. Be Comparcd? 
3. On Built Data String'>. Should Thcy Uc Char;u.:tcr nr lkx'." 
4. Are lntc~nal Variables Uniquc or Confusing If Conc:1~cnat~:d? 

l:'XII'tl 

l. Are All Block\ ·"hown in Dc.<iign Ncl'CS~ary orAre Thcy Extrancous? 

4. l?ework-AII errors or prohlerns notcd in ·thc inspection re
portare resolved by the dcsigncr or codcr/implementor. 

. 5. Fo/lmr-Up-lt is imperative that evcry issue, concern. and 
error. be cntirely resolved al this leve!. or errors thal resull 
can be 10 lo 100 tin1cs nwre cxpensivc lo fix.if founu la ter in 
the process· ( programmcr tiine only, machine tirne nol 
includcd 1. ll is the responsihility of the modcrato(to sec that 
all issucs, problems. and concerns discovcrcd in the inspec
tion operation ha ve been resolved by thc dcsigner in the case 
of 1

1
, or the coder/implcmcntor for 1; inspections. lf more 

!han five pcrcent of lhe material has be en reworked. thc tea m 
siÍould ieconvcne and carry out a 100 · percent reinspcction. 
Where less than five percenl óf the material has becn re
worked, the moderalor al his discretion may verify the qual
ity of the rewurk himsclf or rcconvcne the team lo reinspect 

¡ eithcr lhe complete work or just the rcwork. 

'···. 
. · :: Commenclng 
· -;::' lnspe.éflons 
·. -~ 

,•'i 

In Op.cratiori 3 above, il is on·e thing to direcl.people lo find er
rors in design or code. ll is quite ánother prohlem for thcm lo 

· 'find.errors. Numerous expericnces ha ve shown that people ha ve 
lo be Úmghl or prompted to find crrors efTectivcly. Therefore .. it 
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Figure 6. E~tomple~ 01 whol lo t'>~amino v.h~n looking. for •rror1 ol 11 

INSI'~CTION Si'FCII·ICATION 
1

1 
T1'.\'l lln111dr ..,.. 
h ( 'onc1..'l Condilion ·r ~·~tCJ 1 lf X '" ON v:-.. 1 F X ""'OFf-')"! 
1.~ t:\T~) Corn .. ·,,:l V;uiablclq Usct.J forTc:-.t 
tlf X"-· ON v .... lf Y-= ONJ"! 
Are Null TIIEN~/EL.SE~.Includcd a'i Arprurriatc? 
ls Each Rr<~nch Targ1..·t Cmrcct? 
h thc t\1ost Frcquently Exerci'ied Test 1 cg thc THEN Clause'? 

lt /llll'rt'OIIIIl'Uiou lor Linl..11ge) Ca/1.\ 

!4 

Fnr Each lnterL"nnnccti,)n Call to Either a Macro. SVC or An\1thcr Module: 
Are t\11 Rcquired Par;¡mcter'i Pas-.ed St:t Cmrcctly? 
lf Rqdqcr Paranictcr~ r\rc U"t:d, ls thc Cnnc..:t Rcgi_ster Number Spccified? 
lf lntcrcnnne..:iinn 1-. a Mano, 
Does lhe lnlinc E.\pansinn Contain All Requircd Code'! 
Nn Rcgi<;tcr or Stt,ra¡p: Conllir.:to; bcnvcen .\!aL" ro ;md Calling: .\loJulc?. 
lf thc lnterconncction f<cturns. Do Al\ Rcturncd Paramcter:-. <Jet Proccsscd 
Corrcl.'tly? 

is prudcnt to condilion ihcm to seek the high-occurrcnce, high
cosl error typcs (scc cxamplc in Figures 3 and 41, and ihcn de
scribe lhe clues thal usually helray thc prescr1ce of cach error 
lypc (scc exampks in Figures 5 and 6). 

One approach lo gclting starteJ may be to make a preliminary 
inspection of a dcsign nr ende that.is felt to be rerresentative ~f 
the program tu he inspcctcd. Obtain a :-,lJÍtablc qüantity uf errors. 
ami analyze them by typc and origin. cause. :md salicnt indicative 
clues. \Vith rhis information. an inspcction spccification may be 
conSiructeJ. This specification can be amended and jmproveJ in 
light of ncw cxpcrience and serve as an on-going dircctive to 
fncus thc attention· and coriduct of inspeclion teams. Thc objCc
tivt.: of an inspcction speciftc'ation i's to ·be\p maximizc.<.md make 
more cunsistcnt · the erfor dctcction cllkiency uf inspections 
where 

Error delcction cfliciency 

= ___ Errors__t:ound by an in2[>CCtion X lOO 
Total crrors ih th~ product befare inspection 

The rcporting forms anu form complclion instructions shown in 
lhe Appcndix may be uscd for 1, and 1, inspections. Allhough 
lhesc fonns were construcied for use in syslems programming 
dcvelopment, thcy may be used for applications programming 
developmcnt wi1h minor modification lo suit particular environ
mcnts. 

The modcrator will make hand-written notes recording errors 
found during inspcclion mcctings. 1 k will categorize lhc errors 
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figurt· 7A Error li11 

l. I'K/M/~IIN l.inc 

~. IJA/W/MAJ Linc 
J. PU/W/MA.I l.ine 

4. LO/W/MAJ l.ine 

5. 1.0/W/MAJ Linc 

6. PU/E/M IN 'l.ine 

.1: 

1 ;J: 
147: 

16~: 

172: 

,175: 

th~ !!!atement of the prnluvtle in thc KF~IAR"-S 
sc¡;tion needS cxran:-.inn. · 
ERR-kECOH.D- T_.YPf i~ uut of\cqt•cn~.:c. 15 
thc wrun~ bytes of ;ut K-byte: llcld tcurrcnt- data 1 

are mo..,cd into the 2-byte tlcli.l tthi:-. ycar/. 
while cóunting the numher uf leading \rwccs· in 
N A M E, the wruns '';triahlc t 11 ¡, w.cd 10 l'<lh:u
late "J". 
NA ME-CHECK is PERFORMF.D une time tno 
rew . 
In NA ME·- CHECK. the check for SPA('E ¡,re
dunúant. 

7. DE/W/MIN Linc 175: the de:-.ign should <illow for the occurrc:nCc of a 
' period in a fa!)! namc. 

figvr~ 78 homplt! of module detail repon 
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and then transcribe counts of the errors. by type. to the module 
detail form. By maintaining cumulative totals of !he counts by' 
error type. and dividing by the number of project.ed cxecut¡¡hle 
source lines of code·inspect~d to date, he will he able to estah-
lish installalion averages within a short time. · 

.figures 7A, 78, and 7C are an example of a set uf cude inspec
tion reports. figure 7 A is a pilrtial list .of errurs fuund in code 
inspection. Noticc that errors are describcd in detail and are 
classified by error type, whcthcr due to something hcing missing, · 
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Figure 7C E.cample of code i1np~ctlon 'vmmary r~port 
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wrong, or extra as the cause, and according to major or minor 
severity. Figure 71! is a module lcveJ·sununary ofthe errors .;on
tained in the en tire error list representcd by Figure 7 A. The 
code inspcction summary report in figure 7C is a summary of 
inspection results obtained

1
on all module> inspected in a particu

lar inspec.:lion scssion·_or in a subcompon~nt or applic_ation. 

lnspections .ha ve been successfully· applied to designs that are 
specified in English prmc, flowcharls, HIPO, ( Hicrarchy plus 
1 nruH'rocess-Output) and PI DGEON ( an English prose-like 
meta language}. 

The first code inspections were conductcd on PUS and Asscm
bler. Now, prompting checklis(s for inspections Of Asscmbler, 
COBOL. FORTRAN, and PLII codc are available.1 

One of thc most significan( bencfits of inspections is thc dctaikd 
feedback of results on a relatil'ely real-time basis. Thc program
mer finds. out what error types he is rnost prone ro makc and 
th.eir quantity and 'how to tind them. This feedback takts place 
within a few days of writing thc program. Beca use he gets early 
indications from the first few units of his work inspected, he is 
able to show improvement. and usually does. on la ter work e ven 

· during the same project. In this way, feedback of results from 
inspcetions must be counted for the prograrnmer's use and bene

¡.: fit: ihey should nót under any circumstances be used foi· pro~ 
gramfner pelformance apprai.fal. 

, ' 
., Skeptics may arguc that once inspection results are obtained, 

t A:. they ·~ill or. even. must count in performance apprnisais, or at 
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figure B 

Nw•d·•·r ·~{ 
Mot!ul1' II<HII(' ,., rors 

Ed10 4 
Zulu 1(1 
ro.'(lrot 3 
Alph:-t 7 
Lima 2 
Delta ) 

67 

-----------·-

l.ir/cl· r~( ¡·m/t' 

I:.'X 
3~-' 

71 
2(14 

106 
l'l.'i 

Lrn,,. dcn1i1y, 
f:.·,,.,n/A.'.•/.o¡ 

J.l 
) 1 !7 
:i•-Avt;ra~e. 

1~ E~ro' 
15 Rate 

least cause strong bios in thc appraisal proccss. The author can 
olfer,in response that inspectiuns havc heen .:onJucted uvcr lhe 
past three . ycars. involving di verse Projccts· ami locarions. 
hundrcds of experienc.ed programmers and tcns of managers. 
and so far he has found no case in which inspeclion resui!S ha ve 
been used negalively againsl programmers. Evidenlly no man
ager has tried lo "kili lhe goose thal lays the golden eggs." 

A preinspection opinion of some programmcrs is 1ha1 ltiey do 
not see thc value of inspections hecause thcy have managcd 
very wcll up to now, or beca use their projccls are loo .small or 
somehow dilfcrent. This opinion usually changcs aflcr a few 
inspcctions to a position of acceptancr. Thc qual_ity uf acccp
tance is relatrd to the succcss ofthe ins¡)ections lheyhavc cxpc
-rienced. the conduct l~( thc froined mudc·rutor. and the attitudt' 
demonstrated by nwi!II!-:Cmcnt. The acceptancc of inspections 
by programmers ami manag~rs as a hcncfirit~l step in making 
prugrams is well-estahlishcd amongsl _.those who have tric·d 
them. 

Proccss control uslng inspecticin and tesling results 

Obviously, the range of analysis possible using inspcction rc
sults is enunnous. Thcrefore, only a few aspects will t>e treated 
herc, and they are clemcntary expositiuns. 

A listing of either 1,. 1,. or combincd 1, + 1, cbta as in l'igurc l\ 
immediately highlights which modules contained the highest 

·error density on inspcction. lf the error detcclion elliciency. of 
each of the inspections was fairly L'onstant. thc ranking of error
prune modt!ll>s holds. Thus if the error .detet·tiDn efliciency uf 
inspcction is ·50 percent, and the inspeL·t.ion found 1 O crrors in a 
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FigJ.!re 9 EKomple of di,tribuli.:~n C:,f error types 
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. module, thcri it can he estimated that tllcre are 10 errors remain
ing in th~.: moCtule. This informatiun can prompt many actionS to 
control thc. proccss. For instancc, in Fip1rc 8, it fnay be dccided 
to rcinspcd module ''Echo" orto rcdcsif;n.a11d. recodc it entircly. 
Or, less draslically, il rnay be decidcd lo test it "harder" ihan 
other m<'dules and loo k espccially for crrors of the type found in 
the inspcctions. · 

lf a· rankcd dislribution of error lyp'es is obtained for a g'roup of · 
"error-pronc modules" (Figure 91. ·whieh were pruJuccJ from . 
the Same PrúcCss A. for cxample, it is a short ~tep tó CllHIJ.Iaring 

lhis distJ·ibulion wilh a "Normal/Usual Pcrccntagc Distrihu
tion." Largc disparities hctwecn rhc sarnplc and .. ·standard" \vill 
lc:ad to CJLH.::~tions on why Proccss A. say, yiclds-nearly' twi~~ as 
many intt..·rnal intcrcorincrtion crrors as thc "stamlah!" proccss. 
lf this :111alysis is done promplly on thc first live perccnl of pro
duction. il may he possible lo remcdy the problem ( if it is a 
problern) on thc remaining 95 pcn.:l'nt of rnoUu!c"s for a particu~ . 
lar shipment. Provisiu.n can be made lo test the.first five pcr.ccnt 

·of ihc modules to rcmove the umtsnally high incidcncc of inter
na! inter~onncction prbbll'ms. 

Analysis of thc testing rcsuhs. corrnnt.•ncing as snon as tcsting 
CJT{;r:-. are evidcnt, is a vital ~tep in ~.·oritrolling thc proccSs sincc 
futurc te:-.ting can b~ g11idcd by carly rc:-:ults. 

\\"hcrc tCsting rCvcals cxcessivcly errór·pronc· co.de. it may be 
mor~ ccunomiCaJ ami Saving of st:hcdulé to sck·ct thc most 
error-pronc code and inspecr it befare continuing testing. (The· 
business case will likcly ditTcr from project to projcct and case 
tocase, but in many instances. inspcction will be inúiGHeJ) .. The 
sclecliowof thc most crror-prone codc may be maJe with two 
considcrations uppcnnost: 
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l, Overview Educa! ion 
<Grour) 

2. Preparation . EduC¡~tioil l. Prepamtiun 
( lndl viJual) 

J. lns.pcction Find error~! 2. Walk-lhnJugh 
(Group) 

4. Rework Fix p_roblems. 

~. fo!low-up Ensurc ~11 
fixes. e, 
com·ctly 

(, in~t;d!t·d 
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Notf' cht ~cro~r¡¡tion Cl( ul'>jut~>c. in thc in~rc..:tiun pruct"-
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l. Formal moder<!tor \raining 
2. Dcfinite pat"tidpant Lllle.~t. 
3. Who ''drives" thl! in~pcctiun 

Or wi!.lk-throug~ · 

4. Use "llow To Find Error .... " 
chrclo..li~t~ 

S. lhc di,tribution o~ error 
typc'i to look for · 

6. j:uiiÓw-up to redu..:e b:1d fi:o.co; 
7. Le~s future error..; hcc~lusc of 

detail~d error feedback to 
individual progr;Jmrncr 

8. l"mprr;vc ino;pc-.:tion cfti¡,:icnc)· 
from analysi10 of re!<>ults 

9. Analy'si\ of data -• procC'i!<> · 
problcms - improvcments 
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, l. Which modules head a runked list when thc modules are rated 
by:test errors per K.Ncss? 

2. In thc parts of the program in which test coverage is low. 
which modules oi parts of modules are ffiO:il 'Uspect bascJ 
on O,+ 1

2
) errors per K.NCSS and pwgrallllllcrjudgment'! 

From·a condensed tablc ofranked "most error-pn;nc'" modules. 
a selcction of modules to be inspected (<>r rcinspectcd 1 may be 
made. Knowledge of the error typcs ulready fnund in thcse 

, modules wiU bettcr prepare an· insp~ction tea m. 
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Figur., 11 Effoct of insrrctl~n 'on procou 111CIJ'l09emant 
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-
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made carly in thc proccss (uuring the first half of the projcct in
steau of the lattcr half of the scocdule, whcn rccovcry may he 
impossiblc withuut adjustments i~ schcuule and cost). Since in
uividually trackable modules of rcasonably well-known size can 
be counteu as thcy pa" through each of'these checkpoints, the 
pcrcentage compktion ,,r thc projcct against schedule can be 
contimiÓúsly anu easi.ly trackeu. · 

· Thc ovcrview. prepai"ation, ami inspcction sequei1ce of the opl!r
atiOns of Ule inspcctiÜn process givc the inspcction p~rticip;mts · 
a high dcgrce of product kn<:!wlcdge in a very short time. This 
irnpon,;nt side beilcflt results in thc parti.cipants being able lo 
har,Jie la ter dcvclopment and ·testing with. more certainty and 
less false starts. Naturally, this also cuntributes to productivity 

· improVemc'nt. 

1\:1 inte~esÍing si~cÍight is that bt!cause designers are askcd at 
p1 c-1 1 inspection time for cstimatc' of the number of lines ·of 

. code 1:-:CSS> that their dcsigns will create, and they are pr~sent 
io count for themselves the actual lines of code at the 1, inspec
ti6n. the accuracy of dcsign estimates has shown · substantial 
improvement. 1 

For' this reason. an inspection· i> frequently a required event 
. wherc responsibility for dcsign or code is being tl'ansferrcd from 
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onc programmcr to anorher: The complete ir,..;pcction tcam is 

convcncd for such an ínspcction. (One-on-on:.· l"l'\·iews such as 
desk dcbugging ;uc ccrtainly worthwhilc bu! do not appro;ll·h 

!he dfcctivencss of formol inspection.) Usually the side henclit 
of finding errors more than justilies thc transft·r inspcction: -

lnspccting Code fhat is changcd in, or inserted in, (lJl existing module cithcr 
moditied in replaccment of dclcted code or simply ii1sertcd in the module 

. codo is cunsidercd .rnodilied codc. By lhis definilion, a vcry J¡¡rge pan 
of prugramming efforl is devotcd lo modifying cude. IThe aúdi· 
tinn of cnlircly ncw modules lo a syslem count as new, not nwd
ified, codc.) 

Sorne obscrvittions uf errors pcr K.NCSS 'of nwdified codc shuw 
ils error rate to be considerably highcr than is found in ncw 
codc: (i.c .. if JO.NCSS are rcplaced in a IOO.NCSS modnic anJ 
crrors against thc IO.Ncss are countcd, lhc error mtc is de' 

. scribcd as number of errors per 1 O.NCSS. not munber nf errors 
p~r JOO.NCSS). Obviously, if the numbcr of .crrors in modilied 
codc are uscd to.dcrive an error rate per K.NCSS for lhe whule 
module that was modified, th;s rale 1\'0uld he Jargely dependen! 
upori the pcrcentage of the module that is modified: this would 
provide a mcaningless ratio: A useful mcasure is lhc numbcr of 
error~ per K.Ncss (modified) in which the highcr·error ratcs 
ha ve been ubserved. 

Sincc most modifications are small (e.g .. 1 lo 25 inslructinns l. 
lhey are oflen crroneously rcgardcd as irivially simple and are 
handlcd accordingly: the error ratc goes up. and control is lt>S!. 
In the author's expcricnce. al/ modificatiuns are well ;vorth in
spccting from an econumic and a qualily standpoint. A con-· 
vcnient method of handling changes is to group lhcm toa· mod
ule or set of modules and convenc !he inspectionteam·lo inspccl 
as many changes as possiblc. !5ut all clia.nges mu;t be inspectcd! 

l~spcctions of modifications can range from inspccting thc modi
fied instr11Ctions anJ thc surrounding instructions connecting .il 
with its hosl module, loan inspeclion of the enlirc module. The 
choice of exlent of inspection coverage 'is dependen! upon !he 
percentage of modificar ion, pcrv:tsiveness Ófthe modificatiun, etc. 

bad A·very serious problem is lhe inclusion in the producl of·bad 
fixes fixcs. Human lendency is lo consider thc "fix." ur correction. lo 

a problcm lo be error-free itself. Unfortunatdy, this is all loo 
frequenlly unlrue in thc case of fixes to crrors fnnnd by inspec
tions and by lcsting .. The inspcclion process clearly has an oper

·ation called Follow-Up to lry and minimizc the b:rd-fix problcm, 
but the fix process of test.ing crrors very rarely r,•4uircs scrutiny 
of.tix qu~lily before !he fix is inscrted. Then. if thc tix is b:td. !he 
whole elabora te ,rroccss of going from somcc Jix tú link eJit. 'to . 
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test thc li.\, hl' rcgrcsskm tc .... t must he rcpcatetl at nccdlcssly 
high cosL Tl1c numbcr i>f bad fixcs can be cconomically rcduccd 
hy sonH: simple inspcction aftcr el can C~lmpílation of the ~X. 

·summary 

Wc can su rnmarizc the discussion of tlcsign ami e o de inspcc
tions and process control in úeveluping pmgrams as follows: 

l. Describe the program developmcnt proccss in terms of opera
tions, and define exit critcria which must be satisficú for com
pletion of cach operatlon. 

2. Scparatc thc objcctivcs of the inspection process operations 
-lo kccp thc inspcction tea m focuscd on onc objective at a 
time.: 
O ¡>era t im1 
Ovcrview 
Prcparatíon 
lnspcction 
Rcwork 
Follow-up 

Ohjl'cti1·e 
Communications/cducation 
Education 
Find errors 
Fix crrors 
Ensurc all fixes are ap.plicd 

correctly 
3. Classify crrors by typc. and rank frcquency of occurrence of 

typcs. ldcntify "hich type> 10 spcnd most time looking for in 
the inspcction. 

4. Úcscrihc lww lo look for presencc of error types. 
5. Analyzc inspection rcsul!s ami use for constan! proi:ess im

provcmcnt (until proccss avcrages are rcached antl thcn use 
ro~ process control). 

So~1e· am~lications of inspe"ctions includt: function leve! inspec
tiuns 1

0
, Jcs-ign-completc inspcctions 11• codc inspcctions 1,. test 

plan inspectiOns IT,. test cnse inspectiuns IT2, interéonnections 
insrcctions IF, inspection of fixcs/changcs, inspectionof puhli
cations. etc .. and post tcSting inspcl:tion. l'nspections t.:an be ap
plicd lo thc devclopmcnt of systcm cmitrol progran~>. applica-
tiuns rro:..~rams. ami microcodc in hardware. ' 

We can concludc from cxperiencc !ha! inspections increase pro
ductivity and improve final pru¡:;ram quality. Furthcrmorc, im
provements in proccss control anJ projcct man3gcment .are en
ablcd by inspections. 
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2. lt shuu!d be noted th;\1 thc c-xit e~itcria for 1, td(;~ign cornplt:te 'v.'hcrC onc 
de!>ig_n stn!e_mcnt is estimateJ to represen! 3 to IU c0dc in·suuc_tionq :mJ l~ 

(first el can code compihtions J <trc chcckpoinh in thc devclopm •. :nt process 
~·· throut!h whic~ cvcry prog.ramrninr prOjcct mus! p<rss. 

3. The 11:-twthnrne Etfc .. ·t is a P"-Y~hukl~;ic:d pllt:nnmctlllll tisually.,cxprricn'-=cd 
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structions <trr: also cnuntcJ only once. C:nmmL'nb are not indudcJ. 
S. Basical!y in a wa\k-throu¡;h. pr~'!'.ram dcsi¡:n or ct'd~ is rl•viewcd by a group 

of pcop!e gathcn·d to¡;.elhcr at a structurcJ mc¡,-tirt~ in whil·h crr(Jr~/issues 
pertaining to thé'matcrinl and proposcd hy thc p<u1icipanb ma>· !-le discussed 
in an effo'rt to find crrors. Thc group may con"i~t of \'<1rivus participants but 

· always incluJcs the l'l i~iruitnr of the material h.::ing rcvic-wc.-d who usual! y 
plans thc meeting anJ is rüp~msihlc for cunt:~.:tin!! thc crrors. How it diflcrs 
from cu1 impcction is pointcd out ·in Tahlcs 2 :mJ J. 
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4. REIVORK ELOC: Thc cstimatcd nonwmmcntary sourcc lines 
of codc in rcwPrk as a result of thc inspection. 

5. PREI': Thc n11mbcr of people hours (in tenths of hours) spcnt 
in rreraring for thc inspcction meeting. 

Rc:prinl Onler No. G321-5033. 
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ABSTRACf 

11tis papcr u escribes the contcnt and application of the Unit Dc.velopment Foldcr, a 
structurct! mechanism for organizing and collecting software dcvclopmcnt products 
(rcquircmcnts, design, code, test plans/Jata) as thcy become available. Properly applied, 
the Unit Dcvclopmcnt Folder is an importan! part of an orderly t!evclopment cnvironment 
in whiclt' unit·lcvel schedules and rcsponsibilitics are clearly dclincated and thcir step-by-step 
accomplishment madc visible to managcmcnt. Unit Devciopmcnt Folders havc bcen used on 
a number of projects at TRW ant! ha ve bccn shown to reduce rnany of the problcms 
associated with thc tkvdopment of software. 
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THE UNIT J)f::VELOf'MFNT FOLDER (ULJF): AN EFFECTIVE 
MANAGFMENT TOOL FO!( SOFTWARE llEVELOP!IIENT - 33. 

Onc of the main side·cffccts rcsulting frorn the invcntion of computcrs has !icen lhe 
creation of a ncw class of fruslratcd and harricd managers rcsponsiblc for software 
devclopment. Thc frustration is a result of misscd schedules, cost ovcrnms, inadcquate 
implcmcntation and design, high operational error rates and poor maintainability, which have 
historically characterized software dcvclopmc.nt. In thc early days of compulcr programming, 
thcse problcrns wcrc often cxéused by thc novelty of this unique endcavor and obscurcd by 
thc language and cxpcriencc gap that frequcntly cxistéd bctwcen developers and managers. 
Today's rnaturity and the succcssion of computcr-\•;ise people to managemcnt positions does 
not appear to hav·c rnluced thc frustration ·leve! in the industry. We arl' stillmaking the same 
mistakcs and getting into the samc prcdicamc·nts. Tite scicnce of managing software · 
dcvclopmcnt is still in its infancy and the lack of a good clear set of principies is apparcnt. 

TI1e problcms associated with dcvcloping software are too numerous and too complex 
for anyone. to pretend to ha ve solvect them, :me! this paper makes no su eh pretensions .. The 
discussiqn that follows describes a simple. hut cffcctive managcment tool which, when prupcrly 
uscd, can reduce !he chaos and a!leviate many of thc problems common· to software 
dcvdopmcnt. Thc too! describ,·cl in this paper is called. thc Unit Devclopment Folder (UDF) 
and is being uscd ~~ TRW in software dcvclopmcnt and·man;¡~cmen!. 

What is a UDF? Simply statcd, it is a spccific forin of dcvc]opmcnt notebook which has. 
·¡irovcn use fui and dfectivc in collecting and organizing. software products as thcy are 
proctuced. In essencc, howevcr, ·it is much more; it is a means of imposing a managemcnt 
philosophy and a dcvclopment mcthodology on an activity that is oftcn chaotic.. In physical 
appearance, a UDF is mcrcly a threc-ring binder containing a cover sheet :md is organizcd 
ínto severa] predcfincd scctions which are common to each UDF. TI!C ultima te objcctives 
that the content and format of the UDF must salisfy are to: 

(l) Providc an orderly and consisten! approach in the developmcnt of.each of the 
units of a program or projcct 

(2) Provide a uniform and visible .:o!Jcction point for all ur.it.documentation and code 

(3). Aicl individual discipline in thc establishment ancl attainment.of scllcduled 
unit-lcvel mílestoncs 

(4) Providc low-levclmanagement visibility and control over thc dcvclopment proc.:ss 

Figure 1 illustrates the role of thc UDF in thc total software developmcnt proccss. 

lf one follows a fairly standard desi¡!ll approach, the completion of the preliminary 
design activity marks the point al which UDFs are creatcd and initiated f(>r al! units 
comprising thc total product to be designcd and codcd. Therefore, thc first question to be 
answcred is, "What is a urút?" It was found tlrat, for the purpose of implementing a · 
practica! ancl effcetive software dcvclopment mcthodology tomect thc managcmcnt 
objcctives stntcd eárlier, a unique clemcnt of software architecturc needcd to be dctiilcd. 
Tiús basic functional element is dcsignated a "mút" of software and is dcfincd indepemlently 
of the langua¡:c or typc of application. Expcricnce hasindicated that it is unwise to mtempt 
a simple-minckd clefinition which wiU be useful and cffectiv·é in all situations. What can be 
done is to bound the problcm by means ofsomc general· considcrations and delega te the 
specific implcmentation to managcment juclgrilent for each particular application. · 
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At thc Jowcr end of the se~• le a "unit" can he ddincd to IJe a si11glc routinc.or 
subroutinc. At the uppcr t'nd of tl:e scalL~ a ''unit" may coiltain S(;\t\~ral roulincs Cülllprising 
a subprogram or mc.dulc. Howcver it is defiued, a unit of software shoulci posscss thc 
following charactcristics: · 

(1) It performs a spccific defined function 

(2) · Itis amcnable to dcvelopment by onc pcrson within !he assigncd sc:hedule 

(3) It is a leve! of software to which the satisfaction of rcquirements c;nr be traced 

(4) . lt is amenabk to thorough testinu in a disciplined cnvironmcnt. 

1llc kt>y word in the conccpt is manageability- in dcsir,n, dcvclopment, testing and 
·compreh~nsion. · 

A natural quc•stioq that may arise at this point is, "Why >houlcl a unit contain more 
than onc routinc?" Thc assumption for this proviso is that 111<> clc'it•n and dcvelopment 
standards imposc buth si1.c anci functionalmodul;1rily. Si~lC<..' functionalmoduLtrity can 

35 

he dcfined ¡Jt various lcvels, the conn~pt ctn hcc:omr: mcaningh:~:-. if it is not at.:\."ornpaniL·d by 
a rt:<~sonahlc restriction of siZL'. Cons(:qttcnlly, the mtt\imum sizt' t:o.nstr:ti'nt on routinc~: m<ly 
somL~tiJnes fL'Sult in multiph:-routinc units. 

Tlr~ or¡;:mization and contcnt of a UDF can he adaptcd to rcOect loc:al contli:iolls or 
individual projcct requircments. The imp.ort;1nt collsid(:ration5- i11 tile stíuctllring ora UDF are: 

(1) 11rc ntiinbcr of subclivisions is not solargc asto be Cc'nfusing or unma·na~cablc 

(2) Each of thc sections contributc.s to thc managcmcont and visibility of thc 
devclopmn,t proccss 

(3) 1l1c contcut ami forma! ofcach ~'''ction are adcc¡uaú:ly and uilambiguously dcfinccl 

(4) Thc subdivisions are sufficiently ncxible to be applic;rblc toa varicty of 
software typcs 

(5) The ·individual scctions are chronologically orclcr~d as nearly as pm:siblc. 

Thc last itcm is vcry importan! si11cc it is this :!Spt,ct of the UDF tlJat relalt·s it to tlw 
devclopmcnt schedule and crea! es an auclitahk managc111enl instrumcnt. /\11 ex;unple of a 
typi"cal cover sheet for a UDF is shown in Fi¡;urc 2; the contcnts uf each se·ction will be 
bricfly ckscribed in subscqucnt paragraphs. 

Tire UDF is initiated when requiremcnts are allocated to !he unit Jevcl and at thc 
onsct of prcliminary dcsig.n. At th.is point it cxisls in the skclctal form of a bi:Hlcr ivith a 
wver shc.ct (intiicating the unit name an<l rcsponsible custoni:m) aml a set of ~cction 
scparators. The first stcp in thc proccss is for thc rcsponsible work arca manager to·intcg,rate 
thc dcvclopmcnt schcdules and rcsponsibilitics for ea eh of his UDI's into the ovcrall 
schedule and milcstoncs of thc projcct. A due d:rte is gcnera!t'd for thc compktion of ca eh 
scction and thc rcsponsibility for cach scction is assi¡:.ncd. Th~ originators should participa te 
in cstablishing their interim schcdulcs wlthin thc constr:lÍnts of thc dictatcd enddaks. 
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Thc devclopmcnt of the UDF is gcarcd to procced logicnlly and sequenti:dly, and 
cach scction should be as complete as possiblc befare· procccding to the next scction. This is 
not always possible, and software dcvclopmcnt is usually an itcrativc rathcr thari a linear 
proc<:ss. 11Jesc situations only serve to rcinforcc tite necd for an ordered proccss that can be 
unú<:rstood and traácú cvcn undcr advcrse conditions. 

Once a spccific outlinc and UDF covcr sheet havc bccn cstablishc<l, it is ;,·,.;,crativc 
that thc formal allll content of cach scdion be clcarly an<l compktely detined as r•art of the J 
project/company standarús to avoid :1mbiguity and maint:.tin consistency in thc products. 
Thc following discussion expands nnd describes thc contcnts of thc. UDF typift.;d by the 
cover sheet shown in Figure 2. 

Scction O. COVER SIIEE.T AND SCHEDULE 

This scction contains thc covcr sheet for the unit, which identifics the routincs ~·" ·! 

includct! in thc UDF and which úclirteatcs, for cach of the scctions,.the schedukd due dates, 
acttr<ll cornplction dates, assigncd ori:~.inators and provides space for reviewcr sign-offs ancl 
dates. In lhc case of multiple·routinc units, it may be advisal.'k to include a onc-page 
compositc schc·úulc illustrating the section schc·dulcs of ca eh itcm fór easy chcck·off ami 
monitoring. Following cach covcr shcd, a UD!: éhange I.og shoulcl be incluckd to docum'ent 

. al! UDF changcs subsequent lo thc time whcn thc initial dcvclopmcnt is cmnpl~kd and 
tilc unit is p11t into a controllcd test <>r maintenancc cnvironmcnt. Figure 3 illustratcs·a 
typical U iw Ch:rni;e Log. · · 

Scctinn t. l(EQU!RE~IENTS 

'lliis sc·ction i•kntifics tlw bas.,Jine rcquircmclits spccifi•."Cltion and cnumcratcs the 1 

rcquircm•:nls which are allocatcd fc.,r ;mplcmcntation in thc spccific unit o!' software. A 
mapping tu thc system rcquiremcnts spccitication (by paragraph number) should be made ¡ 
<UHl. \Vh~t"t.: pr:1ctiCal~ thc stL~t.:.·ment of each rcquircm{:nt sltou!d be givcn. Any assumptions, ·¡· 
ambiguici<'", úcfcrrals or connicts concerning thc rcquirements and their imp:ict on the 
ckiign ancl clcvclopmcnt of thc unit should be stakd, ancl any cksign problcm rcports or · 1 

devi:i!ion~ or woive'rs ogainst thc requirements should be indicalcd. !n aclclition, if a . 
rcquir.:mcnt is only partially s:ltisficd by this unit it will be 'o notcd along with thc unit(s) 
which sharc the rcsponsibility for satisfaction CJf thc rcquircmcnt. 

Scction 2 .. DESJGN DESCR!PTION 

This sec.tion contains thc cum:nt clesig,¡1 <icscription for ca eh of thc rmítin.:s inclwlctl 
in the UDF. Fur nHÍitipJ: n)t!tine units, tabbed suhscction St.:par~J~urs are u:;cU for handy 
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UNIT OFVELOPM(NT FOLOER COVEH SHEU 

PROc;iRAM NAMF. -------

__ .. ____ _ 
CUSTODIAN----------

ROUl/NfS INCLLJDEO 

Sf:CTION 
NQ. 

, 

3 

4 

5 

~, .. 

REOUIREMEUTS 

O(SIGN 
DESCAIPTIOI¡ 

FUNCTIONAL 
"CAPAS! U T 11:5 LIST 

UNIT COD( 

f'AEU1,1: 

"CODE TO" 

·-------..,.--c-----1 

UNIT TEST I'LAN 

TEST CA$E 
RESULTS 

PAOBLEM m:rornS 

NOTES 

REVIEWEHS' COMMENfS 

/-----+--------. -· 

Figure, UDF Cuver Slicd ~nd Layout 
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-------·--------------, 

UDF CHANLiE LOG 

UNIT NAME ----- VE RSION ___ CUSTODIAN ____ _ 

.-----,---·:r·----
DPR/Di · Section(s) Mfectcd 

DATE Retest 1----f-'N_!Jmb•;!J ____ and Pa:r: Nurnbers --1------Method 
Mod 
¡\Jo. 

l----1f---------- .. 

. 

.., .... 

1 -

=i .... 

1---+------------ ···-·--- . ----' 

---1-----1----

f----f---·-:------------11---- ·-· .. !.., 

1 
¡ 

---t----1---,---------- ------------ . .. 

r---.---~---+----- '-----~---- -------····---· 

1---+------------------t--------·-· .. ·-

r-------+------

¡-----+---+-----

f---,-_ ------ -----------+--- .. ~----

1----1----------------

; 

.... -------

., += 
NOTE: This revi~ion chJng;J logis to b·; uwd for all chang~s rn~de in the UOF after 

interna! bz=eline (i.e., suf)sequent to mod number ¡;;,igmnent). lt is inscrted 
immediately alter thc coversheet. · 

Figure· 3. Examplc of a UDF Chang·~ Log 
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indcxing. A pn;!iminruy dcsign d~sctiplion m ay he includ~~{l if avgilabk; huwevcr, the end 
item for this scction is detailccl dc:.ign documcntation for thc unit, suit~.ble to becomt 
(par! ol'¡ a "ende to" spccific'ation. Thc forlllot and canten! of this scction shouldconform 
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to establishcd documcntation standards and should be suitable for dirc::i incltr::i•Jn into the 
appropriatc dctailcd design specification (Firurc 1 ). T··•oughout the devdopnrent proccs:; this 
sc:.ction represents thc currc'nt, working versi<!n of tite ,;esipJ1 and, thcrcfore, must be 
maintaincd and annotatcd as changes occllr to !he initial design. A flowchart is ·gencrally 
includcd asan inherent par! of !he design docurrrcntation. Flowcharts should be ge.nerated 
in accordance with clear estab!ished standanls for contcnt, formal and symbol usaee. 

Whcn thc initial dctailcd dcsign is conrple!c'd and rcady to be codcd, a dcsign 
walk-throu¡;h may he hcld with one or more interc:stcd and knowlcdgcab!c co-workers. lf 
su eh a walk-through is required. the complctic•n of this section m ay be prcdicatcd on the 
suecessful completion of thc clcsign walk-through. 

Section 3. FUNCTIONAL CAPABILITJFS LIST 

Tlris scction contains a runctional Capabilities Lis! (rCL) for thc unit of software 
addresscd by the UDF. An FCL is a list of thc !estable functions pcrformcd by thc. unit; 
i.e., it describes what a particular unit ofsoftware cloes, prcfcrably in sequen tia! arder. The 
FCL is gcneratcd from thc rcquiremcnts and dctaikcrd,·sir.n prior to dcvclopment of thc 
unit test plan. Jrs leve! of dct3il shoulcl corrcspond lo tl¡c. uríit in r¡ucstion but, as a mínimum, 
rcfkct the majnr segments of !!le codC' [!!H.l the dccisions which a!(; being made. lt is prcfcrre.d 
that, wfwncvcr possiblc, functional capabilitit's be exprcsscd in tcrms of the unit 
requiremcnts (i.c., thc functional cap:rhilit)' is a requirc111ent from Scction 1 of the UDF). 
Requircmcnts allocatecl lo he ksted at tk unit leve! sh:dl be included in thc FCL. Tire 
FCL providcs a vector from·whicll thc TLSJ' CASE/HEC)UIREMENTS/FCL matrix 
(Figure 4) is gcncratecl. Tire l'CL should be rcvicwcd and addressccl as part of lile test·plan 
rcview proccss. 

Thc rationale for Functional Ca¡iabili: ie's Lists is as follows: 

(1) TIJCy providc thc basis for pJ<u,,:c·d and C<:'r~trolled unit-lcvel tcsting (;,'é,, a 
mcans for cletcnnining ancl orpnizing a sd of test cases which will test ?.11 
requir,,ments/func:tional c:•pabilities and :rll br::nches and tr:•nsfers). 

(2) ·n¡cy provide a consisten! approach to testing which can be. reviewed, audited, 
ancl undcr;tood by an outsickr.Whcn mapped to the test c:t,cs, thcy pro;·idc 
the rationale for each test case. 

(3) They cncourage anothcr look at the desi¡;n al a leve! whcrc thc "what if' · 
qucstions can bccome apparcnt. 

Section 4. UNIT CODE 

This section contains the curren! sourcc codc listings for cach of the routines 
includccl in the u ni t. lndcxcd subsection scp3rators are usecl for·multiplc routine units. The 
complction date for thi:; s"ction is thc schedukd date for thc first error-free compilation 

. or assembly whcn !he coJc i~ ready for ~rnit-lcvcl tcstinr,. Whcre codc listings or othcr 
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TEST CASE/REQUIREMENTS/FCL MATRIX 

.REOUifltMENTS DOCUMENT 

.---· ---·--··¡-
¡:;(,j'ts Paragr<lph r-cL 
Nurnb;;r NO. 

DATE 

2 

~o 

(/) 
w 

a:~ 
wi-

TEST CASE NUMBER :e ::::1 
1-0 

3 4 .5 6 7 8 9 o oa: 
-+--t---+--1--··~·-r.---'- ··--!---, 

1-------f-------1-·· .. . .. -· -+--t--+--+-

~ ---. --~-- =--·~ -l---+---1·-- -· -1-~·----1 
l. -----

.. ·------ ·--+-·+--·· ¡._ ... --- . ··- ·- --· ·-··-· - ¡..... ··-+--1 

.. ·--------~--4-+-----i--·-1-··-· -· 

---···----~--

r-r-- ---- ···-

,.........-···---·---·-·' . --+-..,.+--- +---l---l--,..l---1-

l_-1--1- +--f--f-·-- --+-t--t-+- -+C-..-1 

------·--··--·-+--+---+------+--1----· --f--- --

INSTRUCTIO;\JS: Mark an X in the appropriate box when ¡¡particular te5t ca><: fully 
tests a particular requirement. Mark a "P" when a test partialiy tests a niquire.ment. 
lf a requirernent is partially tcslcd in 2nother roOJtine, m2rk a "P" in tr:e "other 
routine:>" colunm. lf more space is required, .l"tt,;ch additional copie' of this figure. 
······-···----- --'-·--------· --. ______ _, 

figure 4. Exarnpk Test Case/Rcquiremcuts/fCL Matrix 
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rekvant computcr output are tc10 lar¡;•' or hull:y to be cont~incd in a non""! thrcc-ring 
bimler, this lllateJ'iaJ !ll:l)' he pl:tccrl in a <Cp:trak CUIIIJ':tlli(lll hindU of appn:•pri:Jtc ~z¡: wltic:h.:f 1 
is cil:arlv idt'rJtilivd witlr thc: a:.:.,.ciatcd Ul.ll-'. In tlris J'ITill,-tlll' n·kV:!IIl sc••:tions of ¡}¡,· UIJF ·- · 
\Vi!lt:f)};tHÍil :1 rcfl'l"t'JH:C am\ idcnlificafiq!l or !Jl\.~ bindt:r wii!J ;t iJislory lo¡'. uf' JJOSt~h~LwliTH.'tl 
updaks. Figure 5 illustrirtr·.s a typical refcrcncc form. 

An indepcndcnt rcview of tire code m ay he option~l; howcvcr, for time-critica! or 
. other tcchnically importan! uni,ts, acode walk-through or rcvicw is recommcnded. 

Scction S. UNIT TEST PLAN 

This scction contains a description of tire ovcrall testing approaclt for thc unit along 
with a de;;cription of ceclt test caseto be cmploycd in testing (he u ni t. Thc dcscription must 
idcntify ~ny test. tools or drivers u sed, a listing of all reqnired test ir:puts lo tite unit ancl th<.'ir 
values, and !he cxpccted output and acccptancc; critnia, incl~•ding nunH·rical out puts and 
otltcr dcmonstrable results. Test car;es shall addrc:.s the func1ional capabilitlcs of !he unit, 
anda matri'x shall lx placed into this scction which correlates requircm¡·nis and functional 
eapabilitics to test cases. This malrix will be' uscd lo demonstrate that al! rc·quirements; 
partial rcquircments, and FCLs of lhe unit lm·c been léstcrl. An cxamplc o!' the tc·st case 
matrix is shown in f'igurc 4, Check marks are placcd in thc appropriatc squJrc·s to 
corrcfate test cases with the capahilitic's testcd. Suf'ficiei1t dct:~il.shotdd lw provickd in thc test 
'definition w thal thc test approacl1.and objcctivcs wiiJ· be clcar toan indcpcndcnt revicwcr. 

TI1c prim~•ry critcria for the indcpcndc:nt revirw will be to ~scert:1in that thc unit 
developmcnt iest cases adequatcly test brancl1 conditions.logic patiJS. input and output, 
error handling, ;i rcasonable ra11gc: of valucs and willperform as stipulatcc! by thc rcquircmcnts. 
Tltis review should occur p1ior to thc start of unit tcstiu¡~. 

Scction 6. TEST CASE RESULTS 

TI1is section contains a compilation of al! curren! süeccssful test é;¡se rcsults and 
analyses necessary to dcmonstr:tlc that thc unit has liccn testcd as describ::d in !he test ·plan. 

Test output should be idcntified by test case number and listings clcarly annotatcd ta· 
facilitate. nccessary revicws of thcsc rcsults by olhcr qualifkd individuals. Rcvision status of . 
test drivtcrs, test tools, data bases andunircodc should be: slwwn to facilitalc retcsting. This 
material may also be placctl in tite scpar;¡tc companion binder to tite UDF. 

Scction 7. PROBLEM REPORTS 

Tlüs.sc.ction containsstatus logs and copies of al! Ocsign Problem Rcports, Dcsign 
Analysis Rcp,,rts and Oiscrepancy Reports (as requircrl) wltich documcnt a!l design and code 
problcms and changes c•xpcricnccd by tite unit subscquent to basclining. Tltis ensurcs a 
clear antl documcnted trac:eability foral! prohlcms and cliangcs incurrcd. Thcre shoti!J be 
separa te subscctions for cach type of rcport with individual status logs that summ3rizc tl1e 

. actions and dispositions madc. 

-; . --~-~:... .. ;·---~---·---~---- .•. • . ~--: .i ...... · 



·•. 

.-------------------------------·---------
LISTINGS/TEST RESUL TS 

SEE SEPARATE NYLON PRONG BINDER IDENTIFIED AS 

_______ FOR CODE LISTINGS 

OR TEST RESULTS. 

CODE·MOD NUMBER 

-------·- ------

----------

HISTORY LOG 

DATE 

-------

-------

---------

REVIEWED BY 

-------

---------

----------
--------------------.--- --------'---' 

- Figure 5. Examrle Rcf~ren.:~ Log for S~par.J!ely-Bound ~Jaterial 
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Scction 8, NOTES 

This section contains ~my memos, notes, repo.rts, etc., whi~:h expand on thc conh·.nts 
o[ !he unit orare rclatcd lo problcins ami issues in volved. 

Scction 9. REVIEWERS' CO;,lMENTS 

'lltis scctic•n cont:úns a record of revkwcrs' commcnts (if any) on this UDF, which 
have n·sulted from the scction-by-scction rcvic.w and si:•n-off, and from ,;cllcdu!,'<l indcrcndcnt 
audits. Thcse revicwcrs' co.mmcnts are also usll;dly providcd to the projcct and linc · 
managcmcnt SU[lCIYisors responsib]c for dcveJopment uf thc Uf!Ít. 
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SUMMARY 

Th~ UDF conccpt has cvolved into a prJctical, effcctivc and valuabk too! not only 
for thc man:~gcmcnt of softwar~ dcvclopmcnl hut al so fclr imposing a structurcd approach on 
thc total software <kvclopmcnt proccss. Thc structure and contcnt of thc UOF are d~si¡;ncd 
to crea te a series of sl"lf·containcd systems at thc unit leve!, ca eh of which cm be casily 
observcJ and rcvicwcd. The UDF approach has bc~n cmploycd on s~vcral ooftwarc proj~cts 
:11 TRW ai1d continucs to ·win convcrts from !he ranks of th~ initbtcd. Thc COih:~pt h:~s prüved 
particularly cffcctivc whc1i uscd in conjunction wilh goocl prognmming ~t1tHlards, 
documental ion standards, a test discipline andan indcpcndcnl quality ossurancc activi.ty. 

Tlw principal nrcrits of thc UDF conccpt are:. 

(1) lt imposcs a :lcvclopmcnt sequen ce on eitch unit and clearly cstablishcs the 
rcsponsibility for cach slep. llm< thc reduction of the software <levdopment 
proccss into discrcte activities is logi.::rlly cxte.ndcd downward lo thc unit leve!. 

(2-) lt cstnblishcs a clcnrly·disccrniblc timclinc for the dcvelopnh,it of cach unit nnd 
providcs low-levcl managcrnent visibility irito schedule pro!>lcn!s;The status of 
thc clcvdopmcnl cllorl bccomes more visibk :uid rnc;JStrr"blc. 

(lí) ft supports lhc principl·" of modularity. The ~uidclines givcn for cstcrblishing 
thc uhit bound:trks assurc that at kas! a m!níunrrn lcvcl of modularity will r··;ult. 

(7) lt can accnmrnod:rtc a v:•ridy of dcwlopmc:rt pl;tns and apprnachv:;. Al! l!DF 
sections lll<JY be :ts::ii:·.ned tn on1; p1:rformcr, (J!' diffcn.:nt secfions e¡;¡ ht! 
J:;:-.igncd tn difh.:n~nt :;pl:~i~!li:;ts. Tlw various ~~cction:; cnntain.:d in thc UD!; may 
~tl:,ll b1.! L'xp;uH.kd, contr;•.ctL~d ur e ven Jcscqucnccd to bcUcr ~uit :)r~-~~:lfic liluati1Jn~;-. 

As a fin•:l COJnnH~nt, ilu:tist h;.: cmph:1sizeJ that nrJ devir.::c <)r app;-I.Jach c:1n b·:-: t:ffG,,:tiy~ 

without ~~ :.;tro:Jg m~Hl:lJ~.:'m::nt comrni(m• .. 'nt to :;ce it throu~~h. l>:·...:ry leve! of man:¡~ienv.:nt nc~ds 
to be supportin-:· and awaw of \ts r('spon~ibilities. Once thl; mcti1od is cstab!ishcd it :-tbu i!•.:cds 
lo be JUdilccl ror propcr implcm.:ntat[on and pcobkrn féS<)lution. An indcpendent software 
quality ass:.!ranc,; activity can be a valnabk assct in he!pin;; to dctine, audit and enforce 
l!lJ.n:..~gcmcn t n::q 1.1ircmcn ts. ' 

··- -·- ---· --- .--~-----··-----------
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Ás the field of tbta process-. 
ing continues to cxpand; thc 
net·d to discipline the growth 
of computer programs (soft
ware) Lecomcs more obvious. 
One managr:!mcnt teehnique 
which promises lo be cfrectivc 
is Confi¡;uration Ilbn<wcmcnt 
(C.M.). \Vhile this mcthod was 
originally tlcsigncd to control 
harclw;Jre ptodtH:tíon, its pritl
ciples can be t3ilored ai:Hl reiined 
to rdate te lhe dr,nJopmcnt and 
production of compute¡· soft

.warc. 

The Grov1th of Software 

In thc last lO y<·ars thc fieltl 
of computcr software has ex

¡¡andcd to makc use of the 
grcatcr spccd and powcr of in
crcasinhdY sophi~ticakd compu
tcr hardware. 'l'oday high-lC\·el 
pr•)gTamrning lnnguages and 
comp!ex operating systetns nrc 
considered thc no:-n1. Thc nat
ural path of gro\\·th has bccn to 

more divcrsc applications,· in
cluding: 

o Larg-c defcnsc ~ysh:.:mq, 
o Air traOic control systems. 
o Me<lical soft\·m re. 

Th¡; complr:xiiy of \he applica
tions has also g-rown, rcsulting 
in software containing. . ..:;cveral 

. hunclred thou,;:,ncl Jines of corle. 
The p;rowtli of thc software 

inclu~tr~· has p]'(~\'ipit.akd a risc 
in costs fur ~ufl\vare dr.velop
nwnt, sucli thal lile PYpcnsc of 
hardware is no long1~r the _prime 
conecrn. For exampl<~, in 1D71 
the Air Force cstimated th•cir 
software expenses lo he $1-1.5 
billion, wldch is aLout three 
times the expense of t:umpui(~r 

hanlware.' Thc Worltl Wide lllil
itary Comma11d and Control Sys
te:n is eslimatc<l lo co,;t: S•12 to 
~20G miJJj¡.n fot· J¡ardwnrc- :md 
*;7~2 milliün for ~oí'tv.::trc.~ Duc 
to the cost of prop;ramming for 
larger and more t:Om]Jiex soft
ware. systcms, soft warr costs 
will co.ut.inuc to iJ!creasc ovc:r 

by Ritt< McCarthy 
Bvrrouv!~s Curpo'ratiC?fl 

Goleta, Colil. 

C.úpyright Cf' 1975 hy th~~ Amrri··~J SociPt~· !Dr C}uulity Conlrnl. Inc. 
Heprinlf'd b:· pt'rnibsinn. !',;,, furttwr l!·produ.:llu!lllUthoriwd witb(•Ut ¡wr· 
mi!':sion o! th•_' Editor, Qt¡',¡{iry·l'roKr•'-'s. Anwric:1:1 S,,cit!ly for Quality Con· 
troJ, lf>l West \\'isronsin t\wnuc, Milwuukcl', \\'1 J~:¿03. 
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hardware cost~. ns shown in Fig
, u re 1 " (se e page 24). 

In ge1Jeral, poor pl:inning ean 
be blamed for mo.'t uf lhe soft
war(: i;H1u:-5lry0s inability to cope. 
v:ith the.-.;e new demands ~nd 

rapid grnwth. Prujed~ were ini
ti:otcd without a c](!ar goal; ihus, 
as programmers cod::d, thcy 
marl(~ their own assumpLiuns 
é-lhout thc purpo~;e of the pro
grams ancl this often adver~~ly 
aíl'í..!ded thc ·final pnHhtct. E\'l;n 
whr~n the g-oals were tlearly spe
cificd, thc dc.veiOJJJnent prOcc:-:.~ 
suffered from ina¡>pro1Jriafl! 
p!;dllling. S~mlC maJwgt~rs aud 
progr:1m1nt::rs mc:asureJ progT<'.':i 
in tl!rms uf the number of lincs 
of code produced, and rushed t'J. 
grt something runnin!~ as sOfJl1 

·a~ possible. Auspicious begin
ning-s pron~tl mi~lcading ·a.s un
foresc0n difficulti~f: emerged. To 
""!ve ihc proult•m, much of tlw 
carly t:ode was r12written, aml 
evenbwlly causcd dclays in de
lil'l!l'Y date" or tho dclivery of 
--t¡j~-TI-:-:- flochm, ".'-!vfttcare anrl Jf.'l 

illl}-':lcl: A Qn_nntitaliut' Asse:-:sm_t'ltf," 
IJatam~ltion, Mny JP7.'1, pp. ~8-49. 

: l'hil Ilirsr:.h, "G.-10 llits Wimmi.t 
Hurd; Fl"'7:2 Fw,,fi::_r¡ J.>ros¡.Hcts Fo1_l
i11g l·'ust," Dntauwti~nl, MHrf'h 1,1971, 

'n. ll'. Borhw ... ..,,_,j(u>(I)'C nnd /(.-; 
[mpact: A {)wnttitHfil'e .4.-<sc.-.;sntt'llf," 

Dat:unation, Muy 191"3, pp .. 48-49 . 

;· .. : 

;¡ ,, 



\.,• 

·. 
¡:--· 

!. 

•• 1. 

. :~ . 

·, .. 

.... 

'··. 

;;; ' 
;· 
< . ·. 

inl'omplctc produets. Eililf'l" nl-
1el'n:l1 ive !llt.~ant higher l'(·1:d:1, 

Thc: Jinal pt'ndt~c·l. \\'il~\ ot'lc-11 
du•r:lderii'.l!d \¡y n l;lcl< ni' n:lin
hilily, whi.-l1 rl!l't:rs to lhc nhilily 
of a J)l'Oj.';l':illl {o JH'tHfu'ce COI'I'ect 

results when given a sp·cciJ'tc in
put. The COIL"''JliCnces of such 
crrors ran;~ed from minor to diH· 
aslrous. i\linor problems clo nut 
ha ve clestrudivc side cll'cds, but 
are often cxt-remely · annoying; 
for cx~lmph!, an im.:orrect pnge 
control on a printed n·port that 
causes a blank form on cvcry 
olher pagc. 'l'he failurc of the 
1\Iarinet J int1~rplanctary probe, 
however, n~~;ultcd from n di:;a~· 

trous error: the absencc of one 
bar over a lr!l.lcr in a cnmpul:a
tional equation resultccl in an 
unrecoverable proldt:m, ]f':;¡¡ving 

. no altcrnati,·c but to dc.-truct 
thc ~18.5 mill.ion rol'ket short!y· 
afkr launch. • 

'The user nf llC\V softw:1re typ
ically cxpc~rif~nc~d vcry high 
error rntc~. E\·(~n nfter lhe flr;.:.t 
obv.iLJUB errors wcre correeted 
ami the protluct becamc opt~ra

. tionnl, users continued to ha ve 
a rJC;u·ly con~tant pattcrn of fail
urc. This w;:s atlributed to new 
crl'ors introdncf~d while corrcct
ing u(her problcm:; and l·o lhe 
di~crn:ery of dormant errnrs as 
P!'f'viously uúusccl funcJ ions 
Wt:rc· tri(•d. Thi.<.; phenomt~non is 
di.scuEsed in an artic;le by .Jf~ITY 
O:;din, and is n:prcseútt~d in 
Figure 2."· He· also poinh,d out 
that modiíic;clions to alre:llly 
opcratinnni p:·ograms resultt:d in 
a ra:~h of nc·s failurc:-:J thus ex
plaining lhe peak in tlíc figure . 

. \\'hile thcre is no single R•Jiulion 
to al! ,,f tliese problems, the dis
ciplines cmuotlied in Contigura
tion Manngement do provir!e ·a 

global framew~rk in \vhich ~[H~

cific snlutions can be comiJined 
and monitorcd to altae;k :-;pecific 
parts of a problem. 

Deflnin!J Conf1!JUration 
fv'nno~J~~ment 

¡tr, . ,, 
i1 h 11\llt'h t•;t.·~il'\' lu dt!!irt~• 

( 'n_nfiJ~rrrat.ion M:rll:l}:•~llli.'llt by 
i ns¡wt:l j ng Par·h \Yo ni i nd iv id
ual!y. "Ctinliguratioll 1

' npplie::; to 
an inlerrelatr.tl group oí . pro· 

gr:.u11~; Urat ·opcrale as a ~y.stem. 
The lerrn applies equally as wdl 
to the interrelatin~ module:-> of 

. one pro;•,Tam. ".Mnnngement" is 
t.hc process of cslaulishing an<l 
orgn n izi ng objc:d ive~, follo·wcd 

Ly pl:inning and '"Hploying rc
sourc<'S lo aeccnnplish these ob
jcdin~s. Thc terrn "Configura· 
tion 1\'Ianagenwnt" is all-ernbr:u~
ing, CO\'i•ring thc manag-emcnt of 

cvery d<:tail of a softwa1·c Jl" · 
r·t·t. .ÍI'OJ!l irh'l'Piion 1ltrnn¡_~-}¡ . 

~···lopn!IIJJt. 1 c1 t'o/ttp!"l iun :rnd 

Jll:linlnn;tnr·t• of tlh~ prorlnrt. 
Tite ~_~J,jcetin_~·l,f Conti~.~-ur:ltinn 

Managenwnt i.q tu control thü 
costs and the relial>ility of a soft
ware ¡;;yslem. Tu achien:! thi~, 

C.l\I. focusl'~; on three are a~·: 
o ldcntilk:ilion. 
o Control. 
o Acconnting. 

The impodance of these focal 
pointo is th:>t they are t!irectecl 
-~.J. L. St~ntcr, "Rdia.hilir.y i;t Cnm. 
p11ta l'l'o,t;rams," )Iech;~nir:al Engi
Hl'L"ring, ¡;•(·bnwry l!lti:!, p. ::..'.). 

.-. Jcrry L. O;.•¡!ill, "[)r:~iytÚtl] Reli
able . Sóftw·u·e,'' D<ttamatiun, Jitly 
!97!!, pp. 71-18. 
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~OW!Il'd nll JH'(IJ'It in\'oh·nd wilh 
llio prn<l1cct.. C.M. nll<·llcpl:< lo 
combine lhc u~cr, lhe adtniniS~ 

ll'ntrm;, the e o de de\'elopcrs, H nd 
ti ce ,:alidation (test) team within 
thc samr framcwork, as shown 
in Figure 3. 

ldentification 

The philosophy. of identifiea
tion is to detel'l'IÍne the. exnct 
nature of the prol!lem, a suilable 
rnethod of solution and the goals 
to guide the project bc:fore any 
actual cÓding begins. The ns
sumption is th;ct clear and com
plete informal ion produces a co
hesivc, reliablc product. 

The iderÚifkation process is 
concerned with lhe documcnta
tion of a de:sign in progressively 

l\11t.:l' ij~\'•·ln of tk·.1all, 'J'Id:1 ir~ ut~· 

COill}JJi:-:!wd hy H-!-<('f'iC':-~ Pr"I'!:JH_JI'tM 

wh ich are i ndi l'id ually cii.!Scri bcd 
in the followin¡:. 

Firsl ltcport. An inilial report 
on Sy>,tc·m Performance and Dc
sigu l·:equirencents mvst come 

· from tlce customcr and cover tlie 
·following yoint s: 

o Definition of the desired 
product. 

" Specific functiow; lo be per
formcd. 

• Product cnvironment, e.g., 
hardware and opcrating sys~ 

tcms, ::1.11d limits on n:sourc·cs, 
c.g., mernory and storage media. 

o Expected leve!. of perform-
. ance (speed). · 

o Reliahility requiremcnts (er
ror tolerancc). 

'fhc first rcport i" con,idcn:d 
an importan! rcli>cbility tool. 
Fea tu res in lhc software that do 
not funclion according to e"pec
tations are commonly cla.'>ifwd 
as errors. Ther(!fore, it is imper
ative the customer be speciflc ;'!\ 
this point, if the ultimate pn1d
uct is to be rrspon~iYc to his. 
w:eds.- Thcre !'~10~lld. be 110 in
complete, CO!illicting, or tlll\L'r~ 

tain tcrminology, which nwy 
lead to later problerm in the 
software de,·e!oprnenl proc<%. 

Sccond · Report. As a reply to 
thc inilialreporl, the Part! Spc
cifccation (l'erformanc'e and Dc
sign Hcquiremc~nts for Computrr 
Programs) is prcpared: Tiw ele-

Software Configuratian r~1émagemer:t 
----.. ·---·--.. -·. --- - .. ·-·----- --------------------------·---------
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vclopmcnt people hercin outline 
their mcthod of Ralving thc 
problcm and their .plan for cn
suring rcliability. Topics cov
ered are discusscd below. 

o Gei~eral information ttow. 
This should include block. dia
grame ·showing inpnt, processing 
and outputs indicating the se
quencc of events. There should 
be enough dctail to provide the 
initial material for further pro
gram design. 

o Interface ,·eqniremcnts. An 
interfilce is a common boundary 
betwecn ·parts of the systcm. For 
example,' if onc program accepts 
a>tile a~ input crcated by a prev
ious program, the ·file becomés 
the palh of their interface; er
rors can obviously occur at this 
point. Therefore, these ·intcrde
pcntlencies must be cxplicitly de
fined to assure that both pro
grams are making the same 
assumptions about their inter
fac.:. In ~ome systcm:-> il may also 
be ne.<:cs;;ary to clarify the il:ter
face between lhe hardware and 
the software. 

o Expenr!t,bility plan. To plan 
a syslc:m.which is easily modified 
ahd maintained, it is necessary 
to 01eparate into independent 
area' those functions whose 

· dcfinilions are likely to change · 
or expand. Tbus, fulure moditi
cations will be well i~(>iatccl from 
other portioris of the system and 
side-t:ífe(·~t err.ors will not bC in~ 
troduccd into alreacly working 
code. 

o Test ¡>lan. A test plan . 
shoul<l be outlined for the dcvel
opmt~nt programmen.¡ und :1n in· 
dcpendent validation (test) 
group. The developmcnt pcople · 
must consider the te;tability of 
their design and ensure thill 
code primitive$ can be cxhaus
tively tested befare the next 
h igl;er leve! of code is added. · 
Eady loéation and coúectiol] of 

·· . . ' 
.. . '. 

- •_-i 

errors rcsults in a much more 
reliaLle program. 

Specifications should· be in
cludeú for diaguostic ·laols thnt 
nicl in the localion of errors, e.g., 
cxecution Üme monitors or 
traces, and formatcd mcmory 9r 
program dum¡B. Depénding on 
the projcct, this list mny be ex
panded to include hardware hclp 
such as readout displays. The 
developmen t of these tools takes 
time, but it is more thán rccov
ered in assisting programmers 
to quickly and accurately locate 
lhcir crrors. 

A salid test plan should pro
vide for an independent ·valida
tion téam to be cstablished at 
the beginning of the prnject. 
.The responsibilities o.f this group 
are to follow lhc complete dc
sign of the product and indc
pendently spceify, design and 
irnplcment a comprehcnsive 
fundion;d test library to be usErl 
in qualifying lhc tina] pn•duct 
hcfore i ts rcl.,ase to the cus
tomel'. The establishment of this 
independent ~mup, \yhich is less 
likely to make assumptions 
about the validity of the code, is 
a key stcp in a'"uring software 
reliability. 

e Reliability plan. Program
ming standards or style to be 
imposed Oll all eode. should be 
oüllined. A great deal has been 
i<'arned reccnl1y about coding 
practiées that increasc program 
r•;liability (see Dijkstra' and 
~li!ls '). Onc proposed practice 
is call~d "Structurcd Prugram
ming/' which invol\'e~ dividing 
a complex program· into pro
gressively smallcr module.<, C!ach 
of whir.h has a well-defmcd task. 
The most refincd modules are 
small· and logically straightfor
ward, ha ve limitcd control struc
tures and onc entry and cxit 
point, and are r.amed by their 
function. Thc conciscness of lhc 

'' . 

18 
modules allows the prog-ramr. 
to use ·formal mathematics to 

. provc thc correct.nesg of the code 
(see Floyd • ami I.ondon' for 
insights ·into the technique of 
proof of correctness). 

While the primary intcntion 
of th is sccond rcport is to in
terpret the problem ami propase 
a solution to the customer, it also 
establishes an · environnwnt in 
which the solution can be 
achicvcd. Programmers and 
managers can consider teslabil
ity, reliability and expandability 
on an Cl(ual priority wilh the 
process of coding. 

Third Report. The Part II 
Specification (Product Specifi
cation for Computer Programs) 
is a complete ·and deÚliled tech
nical descriplion nf l 11e com-
puter program(s) which de- ·.

1 
scribes how the solution to t~ 1 

. problem is accompl:shed throu!W' 
the hiu:m:hy of thc code. Each 

1

1

1 
refmecl module oi the codc is dis
cusscd. The details for e·acli mocl~ 
ule include a description of its 
function, its expectations ·about 
global data and its elfect on that 
data, and a description of its 
input and output. Such a .¡,,cign 
report essentially salves tl;.; en
tire JH'Og'r:unming pro~l1em in a 
narrative fashion befare any. 
coding. begins. While this may 
be a trying experience for man-

1 

1 

i 
1 

1 

1 

1 ~E. W. Dijlcstra, "Not"s on 'struc- 1 

tJt>'ed ]J¡·ogra~twting," i1z Strnctured 
Progra:-r:ming, AcaJn."l!·c Prcss, New. , 1 

York, 197:2. 1 
·

1 H. D. Mi,'f11, "Structurcd Prngram- , 
miny in /,(¡rge Systfma," in DcbU6· · i 
ging Tcchniqllef'i in Lar¡;e Syst{'ms,' ! 1 

R. RH.:.tin (ed.), p,·entic!:-Thll, lnc., 1 

Engleli'IJOd Cli¡j.1, oVt•w Je1·.~cy . . · · 
1 

·"/l. lV .. Flvyd, "Assiqnin!l MI'!.Lnino j 
lo P~·oyrom.<:¡," Proc. Syr'!·1p. in Applierl ·· 1 

Matherll:ltÍt'5, l!J, J. 1'. Sch¡,:artz (ed.. 1 

Americltll Math. ·Soc., Pr~1.Jidence, 1 

Rhodc· !.>Jhwd, 1 .1ir1, ],p. 19-J2. . . 
''R. L. /~(uulr.n, "Proving Programs . ·

1 
C:vrrcct: .','on1t! Te,clnliqw·S arul .E~-· · ,:· ¡ 
nmplt•s," BIT Volllme 10, 1970, p. /68 .. .. ·: 1, 
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.•:'·;· ·;agers accustom~d to seeing 'lincii ces~f evimts, and are sclf:chcck' · ~~n\ing thc efi'ect ·. of · any . 
.. ;, .• of ~ode a~d· not t(ú:hnica!,·dor.th ing · in ·nature. · 'Í'he detaile.d ch~i1ge. hr,.üre 4 is an ·~xamÍJlc · 

. : ·· ·: n;¿·rits,, th~ results'~ré enéourag- dcs~;iptiÓn of each test se;ics · .of a control pr~~édure. that in-
·'; ',t .ing·!;' · .. · . • .. ·: includes·:. p'urpose,. range of :in~;. corporatcs severa! . very: worih- . 

. > :'Thé · advantages·· of a · good put. data, ex¡)ected output, pri, while fea tu re;: , . 
·product design · are t\vofold. ority and time rcquired,to do • Requésts can·have variable 
First, (t provides time for sepa- the test. A test plan. thal is com- origins. 
rating the:complcx problem into· pleté in the coveragc of thc spe- o Allrequests follow th•o ,ame 

. sináller; · ·-well-áefined modules . ciflecl product can enhance confi- stcps. 

' which are''easier 'to undérstand_,·.., d. enr:e·in the.flnal.p'mduct du~ing'. ' ':·. . i . . . ., . .. · . O .:Managcmeút sCrcens·-all rr.-
:,:é_(ide,: te~t\ahd 'e\:_elÍ. tuaJlv m. o. dify' . :.'; the V_ alidatió_n"p· rocess. .,t.. ' '' . . . ·, · ,. .. . 

· 1 ., ·• . - · ·.·, qucst~ tó deterinirle the_i6impaet 
,e,, ·,:sel:oiidly;.ii;¡t>maltés program;" · · · ')., .. :,.·• · ·. · · ·· · ;·,:,. ,.- · .,· oll·\·v,,'rk· la·a¡·l.". ,... ·· 
: :~·· j \; 1¡;•''" ,, ··'-' .. -. ·,,... . . . . _.. ',.,... •. ·. . . ,, ' . ~- :· 

njcrs, co~nqent of·t):ieir ap¡¡roach, Contiol ·•:· . . ~ Rer¡ueM~ an¡Lthéit· :;la tu" 
fremng,;them to,·concentrate on. ,.. T.h·e··: 'o l,t.r'ol . ·e ~-~· COil- are. maintai'nct!. fn a data hase 
.,ili.e.'.(_'a'c_.c'ú_r'ac. y. ·of.·. the cÓde they." ·e 1 PI OC SR 0 ' 'lJ Jl · · · · · · · access1 ' e to a ~ 

·--~?.w.·:~.~J~.-~· .. ·.r'?i,~-;. ·".>"!-:,: , ,'.. . cerned with changcs to be intro .. ;_ ·· · .. . .. 
· ducet!'into the sbftw~re .11i·oducti: ·.. . e_,.Tl:e data_. bas~. can be u,;cd, .:t. :•Final 'Report Thé prepá_ ration~-· · f · d · 1 · 

Beca·~·se softwa.re is·inuch niore . Ol' reporll,ng· an accumu ntlllf( 
ncatiori· . 

dy1ianiic · th~n · hard~vare,.·. the;·e, ~tatistics .. 1t is possible lo de; 
\vi!f:ahvays• ~é new .fcaturcs.to .. termine sueh, thin.gs .. a~ the num-. 

··~''P(JI:tSr!e5:iflea:·,:' be ¡;:;~Ó~po;:ated, 'éorrectiorís. to·:. ber and. origin. '()f .e~r?rs. re- . 
· · bv the.' be. m á de >ÚÍd. code efnciency'to be'. · .¡iorted, · tl¡e ·. all)?""t ~ ~f cod"'' 

..... ',' d._a "
1
eP.. : . , considércd :Configur:ition con-· chanr:cd durlllg. a g1ven penad m· e crm1111ng . · · · : · . · · . . · . . . . . · · · : · · .- ·. . . 

f'!1nct.io11al·accJracy n~d ac- ;~~rol. r:rovides fo¡•\hese situation~. of tmte,. and_the l,l)1Pnct ot 1hesc 
'9'é¡P,titble : perforni'a1icc iével of,. and ·.~stablishcs procedures fol~' chn,n·gcs. on othc,r, partS· of thc, 

.. '! Th:e'goal should be:•. introducÍiig proposals. for.· · system .. · . . .. 
a te.st Iibri{rv 0'{. .-'ch;mge, c'vnluating .thde pro,,.'· · Thc natural resült of the con-. ·. · 
'· · 'ia·'o.pcl< posals', _moliitorÍng thé statu,s .. of,;''trol sehcn~e.is good coinmunica-. 

re¡~e¡~(abJ¡~ ",SequeJi-.: ;' the ·/resÚltütg action:· Rlld' do e u- . 'tionc ~'\ll lcvels o(maúagei·~, de- . 
.. ·,~-' .. - ·.~.·(,; ;:-·.·,.· _._~ .:. -~. :,l.-~·:¡"" .!"' -~ ¡ 
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vciopcrs, validators, · and ·,other 
, ; · pérsorinel ha ve a better chn nce 

,. of doil\g thcir WOI:k corrcctJy 
·; and efficiently. .. 
¡ 

.,, ,.Accounting 

··. ConfiguratÍon ac;ounting: pro-~. 
. :'<vides continua! visibilit:Y' 'into · 
:. ; sofbyare de~·elopment through 
. ,. program reviews conducted at 
é.: majo.r ¡. inilestones. throughout 

·:, · the Úvelopmerit, as weli ns 
:· through software ·documenta
. tion an'd product valictation: 
- . Form_al program reviews ;are 
hcld for al! involved with the 
software. The Systém Design 

.: Rcview covers the funcÜonal re
; ~quireníents of the system ··and 
. .":'the ~riviroriment in which the 
·'; produét is to \vork. · The Pre-

. ·• ;,:\Jiniinary Desig~ Review c<?vers 
.. :>·.the ovérall design, plus the plans 

,· for expandability, testability 
:·. and reliability.· The Critical.De

si;;n Review covers tlie tecluiical 
'7dctuils :·of each program of' the 

· .: '\y:>tem.~ . · ~ · · 
.r· . . ·. ··~-

"-" The usefulness ·of .thc reviews 
/ -. . ' 
for each attendee va'ries depend-

. : ing on;his positio'n · within the 
,· · projcct-.:The devclopment people 
.::·nre gf:nerally able to ·.concéptu
·; alize their approaeh much better 

.. ' .· 1:, __ ,. 

50 
lt · m ay e ven be nece~snry to· · formi\1g according to ··ex¡,. .>1-

rc~chedule a revie·w, rcquiring , tions: Change i·equests m•.1st be 
. thc developmcnt peoplc fo tie to- submiÜcd for problem~ that.are 
gether '!oose cnds. ParÜcipation. · .uncovered,' imd. testing 'c~n-
in the reviews by the v:ilidation · tinues. If major probléins occur,.--

· pcople helps them to better un-. ·_ it rriay .ÍJe JlCcessary\ to .suspend 
derstimd the prorluÚ, enhá~cihg. 'testiiÚ¡- unin. the ~hange . re~:.
the probability of thórough test- :quests' are ~rocessixl a;1d''new.·-- 1 

ing ón their part a;1d va !id' criti-:. software is"suhmittdil. ·· 
1 

Cism of.the ge1ieratCd documen- .' The 'ProÍhict C~ntiguration ·'! l1 

tation. . > . ':Aud¡t-' mcas~res the success of " i 

·. · · pre,•ious work. Therefore, com- · ; l 
Documentation .·:plete·records:'must b~ kept re~. 'i 

Management of the software .·Jating to th~ number of prob- _:: l 
documentation is . ánother im- . lems .. found and the . progress . 

. ,made toward completion of the· -portant ·a,pect of configurátion 
accounting. Without. documimtu- ·:audit. process. Determiiúng the 
tion, there is no history óf the . num ber and status of probieins · ;• j 

details, and it becomes difficult ifs relatt_iv~ly. ·easy sidnce t~is iln- . :: 1 

orma 1011 1s recor ed 111 t 1e ".1 1 for programmers to compare ap- · • -
· .data base of c_hange reques_ts. . . .• proaches and verify. ·interfaces. 

Furthérmore, management has . Progrcss .. toward. coinplktii;g ': 
no visible sig:l of·lhe progress the. audit Ís facilitáted b~- :• 
ofthe prograrnmers: · ~hccklist of items to be te· ) 

1 · As each fealurc is veritied, e ·-"; 1 A part of the· documcntation 
'reluted tu the software is pro- date_ of. checküut <lnd. th•, res.ults ·.::, 1' 

vided in the speeltlcation writ- are recorded .. l.f there are prob~ ·~ 
ten during. the {lcnlilication )ems, the feat\1rc is -requapíled :;·.¡ 
pi-ocedure. This máterial. de- :¡¡fter it.is tlxed'by devc!opmen,t,;d~·~ 
scl'ibés the goals of the develop- ~and t~~ tina). checkout · is.·re: ·.':.:& 

-corded. When- al! tests are com- · '~\:! . ment etfort and tlie tcchnical - · - · "" 1 

. details of the programs. Fur- ple.tcd and the imp.oi'tunt prób- . ;~, j 
· iems ai-e fixed; the ~óftware is j 
delivered tn the usér with· thB:.:.•.<. a user's manual to describe the ·· ' · . ·" 

ther, it .is importan! ,to prepare · · , .. ··¡ 
us'er's nianunl ami nr)tificatio'n of -~,)-

after a .review. In summarizing operational interface-te the soft- any problems.' · , ;¿:. 1 

:the task, they are forced to re- ware system, enabling uscrs to . ~ . .'ji 1 

.''úxnm'ine- all .prcvious thougJ{t b-eat the software like a black co· nc. lu·s,·on .. · , :,.,;,:,! 1 

"f6rocéssé~; and the str~ngths'and box and ignore its intet'aal work-.. . . . . . . , .. ;¡:!; 
1 

··weaknesses of the design ·be- ings. .•----The·•thrce. essential rcquire- .;;;, '¡ 

:).~o me'· ~ore apparent: The '. re~ The ti n-al poirit of accounÜng irlents :.of ide!i'tificntii:m, C?l~'t\91 .,¡_::; 
. ( ,.\'iews 'are also uscíul for 'dis- is also the last: step:'tir the :de- . and acco,untiilg provide a. c~m; ~·:.;:J;' 
·j ·:.cu;osingiKthe interfaces in soft- velopnierit prccess: the Prod\lct .. prehensive'base for aConfigu.ra: }!\ 1 

. C:\;·are c'imfigurations of n'lore. Co~figuration Audit.' Manu.als, c~on ·. Mana¡¡-ement : ¡Jrogra,ll!: !;;¡-{ ¡ 
, ! .. 'ith:m one program:: assuring listings nnd ¡Írograrris (iource where·- detai)s; are f!exibly, ,tai-'<-'): ¡ 

/ ·-.. } 'that. th~: same inlürfnce proce- and object) are 'deliv~icd to.-:the . ,Iorcd, to meqt tli~ .ilccd.s aqd g?a.· !s_:._,'.') .. ~ 'l 

:!:ii·::: '':·dure 'is li'eing Used with'' all oÚhe va!idátion team, \vhiéh has- de; of specific p~ojccts: The '. ad- ·Jf¡ 
,, :o·~ · .. ;fi:og_r&.T~·. , : ·'·.''· ' veioped a ·c¿mplete té~t lib¡'ary vailtag:s to be·accru~? by .. S~'.->?~. 
> -~< .,:), Dtiririg- a' réviev;; .. rnanag~rs parallelirig the developmen't: of _tigur~ltl?.~¡; . ~~anag~~~-!1V :·; ;, ... :,;¡; 1 

', .::• , .... gain·irisight mto the progress'of -the actual software. The tcam is . numcrpu,s! .nf\d ._any:,e·xpef;ie-~f.~!';'}~ 
.;, : •.·. --:-~he pr:oject. An 'incomplete <ir responsilile for the -(¡~ality ·a,._. \vith;:it~ :met~.o~ds \viJ! -.heli:\: ·_¡¡¡-;:.~:i' 

!'· · ·' ·disor¡¡anizcd presentation may. surance of the pi·odui:t ancl must .faci'J'ig/the gro\ving."<:hallenges· ':\·;~~ 
,:,, . :,reflcct tlú~ aCtual state of :iffairs. dr.termine if tbc softw'"re is .pcr- f~r soft,.·are iÍ1 th~ ;future.'.•;Ó .. ·:~~ ¡ 

-_:! · .. ·.•.;.;~.-_:'~-'_-· .. ·í,'.-_.~.•.",-.~--.~--~-:·:: .• ·_-,.-:~~.·.:\--,:_.·--:~:~_-.•.--·~-·:-·,·· .. ~·-·.-~~-·-· __ ' .. ~:~~-~--.',-._,~ .•. - :. ;-: ~--;-.~-::_•,:.:·.·.·.;_ .• •.·_·.,;,· ~<· ·. :.;j~ :.~~-· .. i ... / •. l: .. -.}.:::_ ·- :- ··.',· :·.\.~ . .--·.:.-~--.. :.-1.·.-·.-.>.·.·-·_ ' .. '--_': -,~ :· ·,.~_' -. . - .. ·_(.·,·-~:i·,_. ·. ,~~ \.·>. · .. ,,· ~ -~-.~- ~-- • . .~:· . . . ::, .. -. ,_.•_.-, ... ~_:,,.:·: _-. . . .. ~- .. ; : :: . -;:)~~; r; . .J.\ -: !~;~ L·:¡;_~-tt 1 
: ~~~,!~;~< ~::i.' :'~~·-;,,· ~' , ~-~-" '• , ,. e¡ ¡ ' L • r. 1 --~:·· .'j\ ·'·.•"" ·, _. ~-\,·.·<.; ·_ .. , -'------'' ; ; _·_·.·' '_' '. \ ,,' -~-·\_r( :J>.i~~ :.',_·:i.~\ct ti,'>~J;~ij~; l 
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Software Engineering Economics 
. ·-

BARRY w. BOEHM ---

AbJif<lrt--Thls pap1•r ,.nhmarh.u the c:11rrent 1lalt or th~ arl and 
rtctnltn·n<t., In ~oOwnrr tnglnt'criujl e<:onomlrs. IC pro,lde~ 111 over
vlt.,. of nunumic anuiy•hi lechnlqo<'~ 11nd th~ir npplll·ability lo toR
Iil'llrt c:n.,:inl"crinl! and managc:menl. 11 surHy• tht' fi~ld nr sofl,.are 
c:o~t ulimalio"n, lncludilll[ thc: majur esllmllion ll~•·hniquu al-ailable, 
lhe tlate uf the an in al!l,oritlunic cusl model~. and tht outstandln¡: 
rtliearch inut>5 in sofl\•are tost estimation. 

lfld~x Tt'n•u-Computer pr&gramminl c:osts, cost modtls, manage
ment dechion alds, ~oftware cost- estlmation, rol'tware euncnuics, · 
software englnterlng, ~ohw1re manugemenl. 

l. lNTRODUCTION 

De/inltions 

The dictionary define3 "econornics .. as ·•a social science 
concerned ch.icfly with description and analysis of the produc: 
tiun, distríbution, and consumption of·goods and ~rvices," 
He re is omother dcfinition of economics which 1 think is more 
helpful in explaining how ecunomi~.>s relate~ to software engi· 
ncering. 

Economics is thc study ofhow.people m~ke decisions 
in rcsource·!imitcd situations. 

Thi;; dCflnltion uf Cconomics fits thc majar branchcs of 
cbssical o:cunomks v~:ry weU. · 

Jlacrucconamics is the study uf huw penple 1nake decisions 
in resour~c·limitt'd situatkms on a national or global sct1le. lt 
dcals with the effccts of dccisions that n:llional leaJcrs m:lke 
on such issues as tax rates, interrst ratcs, foreign and trade 
policy. 

Microecunomics is the study of how pc•lplc make decisions 
in resource·liinited situations on a more personal se ale. It dcals 
with the dccisions th:H indiviJuals and organizations make on 
such is~ucs as how much insurancc to bu y, which wmd proc· 
essor to buy, or wi1Jt priccs to charge for.thcir products or 
scrvices. 

Economics and Software Engineering Management 

lf we look at the discipline of software eng.ineering, we see 
that che micrDeconomks brancl1 of cconomics dc~ls more with 
thc typcs of dechions we need to make :lS software cngineers 
or man:1gcrs. 

Clearly, we deal wit.h Hmitcd resources. Ther~ is ncver 
cnough time or muncy to cover all the good fcatures wc would 
like to put into our ~oftwarc products. And cvcn in these days 
of cheap hardware and virtual mcmory, our more significan! 
softwa1e pro'ducts must a!ways opera te within o \Vorld of lim· 
itcd computer powcr and main rwmiory. lr'you havc be en in 
the software enginccriug field for any length of time, I em s~re 

Manu~crip! rcccivcd April 26. 1983; rcvi~cd June 1!1, 1 9!13. 
Thc aulhor is wi:h the Software lnfor:n~tion Syncms Division. 

TR\\' Ddcnse SystemsGroup, Redondo Beach, CA 90278. 

- 1 
you can thlnk of a number of dedsion situ:ltl1ms in whkh you 
had to determine SlllllC key software prvducl feature aa a func-
tion of sume linlitiug critica! resource. 

Throughout the Stlftw:ue life cyclc, 1 there are many de
cis.ion situations involving Hmitcd resources in whkh software 
engineering economics tcchniques provide usefol assistanee. To 
provlde a feel fo! the nature of these economk decision issues, 
:1n examplc is givcn below for each of the majar plwses in the 
software life cycle. 

Fcasibilily l'liase: How much should we invest in in· 
formation systcm :~nalyses (user questionnaires· and in· 
terviews, current·systcm analysis, workload characteri· 
zations, simulations, sccnarios, prototypes) in order 
that we converge en an appropriate deftnition and con· 

· cept of operation fOr the systcm we plan to impJe. 
ment? 

• Plans anrl Rcquiremems Pitase: How rigorously should 
we specify rcquirements? llow much should we invest 
in requiremcnts vaJidation activitü.•s (automated com· 
plctencss, consistcncy, and rraceability checks, analytic 
moUels, shnulations, rrototypes) befare proceeding to 
design anJ dcvclop a software .system? 

• 

• 

Product D('SÍgtl PIJase: Shoultl v.c organize the software 
to make it rossible tu use a Complex piece of existing 
software which gene rally but not complete] y mects our 

requiremcnts? 
Programmi~:g !'hase: Gi\·cn a choice between duce data 
storage :!ntl retrieval s..:.hemes which are primarily exe· 
cution timc-efficiem, ~torage-efl1cic-nt, ami c;¡sy-to
modify, rc~pc.:::tively; which uf these should we choose 

to implemcut? 
lntcgrutiml and Test Pha_Je: How much testing and for· 
fnal verifi~,;;~tion should we perform c.n a product be· 
forc rcleasing it to users? 
MaiiW!IIQiice !'hase: Given an ex.tensive list of suggested 
product ifttpruvemenls, which enes should we imple
ment first? 
Phuscout: Given an a¡dng;. hard-to·modify softw;re 
product, sh<.luld we replace it with a new product, re· 
structure it, or leave it alone? 

Ol!tline o/ This Paper 

The econornics field has cvolvcd a number of techniques 

(cost·bcnefit an:llysis, prescnt value analysis. risk analysis, etc.) 

1 Economic principie; undcrlie 1he (.,·er:~.l! structure of thc ~oftware 
!ife qcle, ~mi its primJIY re!inem~nt~ ui prototypin~. inc¡umental de
wlopment, Jnú ad~nnrcman~hip. The prim:ny cconOmk driver of tlle 
life-q·cic ~lructurc i1 \he si<:nifirantly increasin¡: ~OSI of m.,Jr.in¡t a sofl· 
w:IIe chan!!e or rv,in!! ~ ~ufiWil!C problrm. a~ a function uf thc phlse 
in which thc chan~e o¡ fi.\ is mnde. Sec { ll, ch. 4). 
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n8:. 1. Ma~tcr key tu so(Jw:ue engin.::ering ecOnomics de{:ision anJ!ysis 
' techniqucs. 

As indiCated in Fig. 1, standard optimization techniques 
can be used whcn we can find a single quantity such as dollau 
(or pounds, yen, cruzeilos, etc,) lo serve as a ·•universal sol· 

-~~ vent" into which al1 of our dccision variables can be converted. 
· Or, if thc nondollar objectives can be cxpressed.as consuairns 
(system availability must be at least 98 percent; througl1put 
must be at least 150 transactions pcr second), then standard 
consl!ained optimization techniques can be use d. And if cash 
flows occur-at different times, then present-value techniquts 
can be used to normalize them toa common point in time. 

More frequcnt1y, sorne of the resulting benefits from the 
software system are uot expressible in do!J:m. fn such situa· 
tions, one alternative solution will not nece~s:trily dorninatc 

. another solution. 
An example situation is shown in Fig. 2, \Vhich comp¡¡res 

the co~\ and benefits (here, in terms o f. throu~hput in tran~ 
actions per second) of two altcrnalivt" approaches to dcn·lor· 
ing an operating systcm for a transaction processing system. 

• Option A: Accept an available up(!:ating systt"m. This 
will require only S80K in software costs, but will 
achieve a Pe"ak pcrform;¡nce of 120 tr::nsactions per 
second, using five SIOK minicomputcr processots, be
cause of a high multiproccssor overiH:ad factor. 
Oplion_ B: Build a ncw opcratiJlg s}'stem. This sptem 
would be more cffident and would suppon a higher 
peak throughput, but would requirc S J 80K in soft· 
ware costs. 

for deaJini with decision issues such as the ones above. Section 
Ji of this papcr provides an overview of the~ techniques and . 
their applicabilit}' lo suft\yare cnginccring. 

One critica! problcm which undcr!ies al! :lpplic:uions of 
economic tcchniqucs to softw:ue engineering is the probkm of 
estiln:Jting software 'co~ts. Sectiun 111 contaim threc major 
sections which SllllHnarize this field: 

The cost-vcr~us-performanc~ curve for these two options 
are shown in Fig. 2. /lcre, neither option domin:J.tes the 
other, and various cost-bcnefit dccision-making tcchniqucs 
(maximum profit margin, cost/bcncfit ra'tio, return un in· 
~cstments, etc.) must be use? to choose between Optiuns 
A and H.-

In general, softwJrc engincering decision problcms ate 
e·1cn more complex than Fig. 2, as Options A and B will 
have sc\'eral import~nt criteria on which they diflcr (e,g,, 
robustncss, case of tunÚ1g, case uf changc, func:tional 
capability). If thcse critcria are quantifiablc, titen Sl•mc type 
of ·figure of merit can be defined to support a comparntivc 
analysis of the preferability · of one option over anothcr. lf 
sorne of the criteria are unquantifiable (uscr goodwill, pro
grammcr morale, etc.), thcn sorne tcchniqucs for cumparing 
unquantilhble crüeria nced to be used. As indicated in Fig. 1, 

. techniques for each of these. situatiom are availablc, and 
discusscd in [ 11] . 

lil-A: Majar Softwa1e Cost Estimation Techniques_ 
JIJ-B: Algorithmic Mudels for Software Cost Estimatiun 
111-C: OutstandinS Research Issues in Software Cost Estima· 

tion. 
Section IV concludes by summ:uizing the major bcnefits of 

software engjnÍ:ering economics, and commenting on the 
major ch:lllenges aw:liting the field. · 

11. SofTWARl: ENCINEERING ECONOMICS ANAL YSIS 

TECHNIQUci 

Ovcrview o[ Rele~am Techn~ques 

The microeconomics field provides a number of techniques 
for dealing with software life-cyclc dccision issues such as the 
ones given in thc previous section. Fig. 1 presents :.m ovcrall 
master kcy to thesc h:chniques and when to use them.1 

1 The chaplcr numbrn in F!g. i rcfcr lo the chaptcrs in f JI], in 
wblch thosc tcchn!quc~ ~re discussed in furthcr dctail. 

---' 

AtUIIyzing Risk, Unccrtainty."and the Value o[ Informal ion 

In s~ftware cnginccring, our dccision issues are gcnerally 
cven more complcx than lhosc dis.;usscd above. This is be· 
c<~use thc outcome of many of our options cannot be dcter
mined in advance. For examplc, building an oper:~ting sys· 
tcm with a significantly lower multipr!Xessor overhead may 

·be achievable, but on the othcr hand, it m~y not. In such·cir· 
cum~tances, we are faccd with a problcm of dedsion making 
undcr uncátainty, witl, a considcr:~ble risk of .m um.lcsircd 
outcome. 
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,.l. .. f.'ig. 2. • Co~t-dTectiveness conipatbon, tr;n'laction process!ng system 
' optionL 

The rn:~.in economic amtlysis tcchníq~es available io sup-_ 
port us in resolving such problcms"are lhe following. 

1)" Techniques for deéisiun m<.~king under complete un
ccrtainty, such as, the maxinw.x· rule, the maximin rule, and 
the Ulp\ace rúle f3H]. These tcchniques are gcnerall_¡; innde· 
qua te f~r practiCal software engincering decisions. 

2) Expccted-value technii¡ues, in which we cstimatc the 
probabilities of occurrence of cach outcome (successful or 
umuccessfUI development of the new opcrating system) a;d 
complete the ~xpccted pa}'off of ca..:h option: -

! 
or other information-buyi.ng optioit. (Somc cx:~mples uf the 
use uf B:~y~s· l...aw lo estima te the appropriate level of invest
mem ina prototypc ni!!: given in [ll, ch. 20].) 

In. p'ractice, the use of Bayes' Law J~vo]\·es the EstimatiOn 
of a iwrnbcr of conditiorlal probab-ilities whkh 'are not ea~y to 
esti.maté accur~tcly. I_Jowcver,"the Rayes' bw approa~h can be 
translated into il number (J[ l'ilfue-of-informarion guide:ines, or 
conditions undcr which it ínakes guoll scnse to decide on in
vesting in more information befare- comuliiting our~lve's to a 
particular couise of adion. . · _ 

, LUndirfon 1: Tlu:re exist atfractiv~·altrmatiVl'S wltose pay_. 
EV::: Prub(success) • ~ayoff(successful ?S} off_;'tlries grearly, t!cpcnding' on some crirical srares o/ nanae. 

lf not, we Can conimit-0urseives to one of,the attractivt :J!ter-
+ Prob(failure} • Payoff(unsuccessful OS). nativ>JS V.•ith 110 ris.k (lf ~ignitlcani loss.'. 

' ({)ndition 2: ne airical stales o[ 11at11Í'e-harr rm appi-éci-
These tedmiqucs are better lhan dccisioo making und<!r com- · 

abk' probability o{ hn:urring. lf not. we can dg3in.-commit our
Plete unccrt:~.intj, but they still involve a grcat deal of risk lf 

sCJves without major risk. For situations \\:ith extre!Jlely high 
the·Prol:~failure) is considcr:~bly hi¡;her -.han our estimatc·of it. · · 

v;:riations in j)Jyoff, the apprcci:lble probability lcw!J is lower 
3) Tcchiliqucs in which wc reduce unccrtainty by /;uyi!_lg . 

th:m in situations with smaUer ':ariations in payoff. 
in/ormatirm. Fur ·e.xa:np!e, prowryping.is a way oF buying in-
form:;tion to reduce our unccrt~inty about· thc lik~ly success . Cvndilion 3: 17u: im·estigalion_s lurv~ a high probabilit_v o{ 

accurately idi!nti/J'ing rhc occurrcnce of rhe critica! states o{ 
or f3ilure of "J :nllltipw:essor opcrating systent; by developing . 

IU1ture. lf not, the iJI\'CStigations will no\ 'do much to reduce 
a _r:1pid pr•Hl•;ypc {![ it> high·risk elcments, \\'C can get a ch::1rcr 

- · uur risk uf luss duc to nnking thc wronS Jedsion, 
pkturc of o~r likeli)loud .Of su..-:ccssútUy dcveloping the full 

Condiricn 4: The rer¡uired cost and sched11/e o[ the inh?iti-
operating s_vstem. gations diJ 1/Vl ol-er/y curfai{ rhcir nct i·alue. It dc~Cs us.Jittle 

·tn general, prototyping ond other options for buying in-
3 good to obtain rcsults which cost mo¡c. than thcy can save us, 

formation are most valuable :üds for'Software e::r.:r.~crin<' de· · 
"' or wh:Ch 2rrive too late to help os make a ded!Jon. 

cisions. floY:ever, they alwnys raise the follc.,_,,.i:J~ l',l!'!Mion: 
· Cont.'.'tfon S: Tl;crc exist signij/c:mr sid~ bene}lts derired 

''how much information-buying is enough1" · 
· [rom po[!lrming rhc üu·estigalio•Js. Again, we m ay be able to 

In principie, this question can be "Jnswcrcd vi:~ ~!ali~tk:,l-ie-
justi7y .aJ: if!VC.!>Iigation so\cly on the bosis of it:S value in train

clsion thcory techniques involving thc use t'f BJycs' l.nw, which 
ing, team-butldi.ng, customer relations, or design validation. allows us to calculate t~e e.xpected payoff from a software 

pr,oject as a function of our leve! of-invcstJpeut in a prototype 

3 Üthc[ CXlmpl~s o~ op.tiom for. buying infonnation .to support 
1o0ftware cn~inccrin!' ,kcl;ion~ inc!udc fc3.>ibility studics, U5CI l'l.lr
veys, ~imui31Íon. testin!;, ~'ld m3thcmatical pro~r~m verifkation tech· 
'niques. 

' ' . 

: 

Some Pil/alls Avoided by Using rhe Value-o}:Jnfomration 
App.ovach · 

lhe guideline conditicins_providcd by the value--()f.informa
tion approach pmvide us with a perspectivc whkh hclps ·us 
avoid some serioÜs software engineering pitfalls. Thc pitf~lis 

,, 

__ :_______ ________ ,~ 
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BOF.HM: SOHWARJ: F:NGIN_E.f.RING ECONUMICS 

. below· are cxpn:ssed in tefms of sorne frequcntly expitS:icd but 
fauhy picces of Software enginccring advicc. _ 

· Pit/all 1: Alwuys use a simular ion to bn•cstigate thc feasibil
ttY of complcx rea!Jimc. software. SimUlatiÓns are· cifte·n ex.· 
tre~ely valuab!i: iÍl such situations. However, there h'ilVe been 

.• a good 'many slmulations .~eVcloped which wcre largely an ex· 
pcnsivc waste of effort. frequently undér conditions that would 

··have been pickcd up by the guidelines above. Sorne h::~ve been 
relatively uscleu because, once thcy were buill, nobody could 
tell whethcr a given set of inpúts was realistic or not (picked 
up by Conditlon 3). Sorne have been taken so long 10 c.levelop 
that they produced their first results'the week aftcr the pro· 
pos3l was sent out, or after thc key design review was com· 
pleted (picked up by Condition 4). 

·. Pitfa/1 2: Always build th~ software twice. The guidellnes 
indica te that thc prototype (or build·iHwice) approach is oftcn 
valua'ble, but nor in a\l situations. Sorne prototypcs h3ve been 
built of software ~hose aspccts wcre all straightforward and 
familiar, in wldch case nothing much Was Jearned by building 
them {picked up by Conditions 1 and 2). 

Pit[all .~: Bui/d the software purely top-duwn. Wh<m in ter-· 
prctetl too lite rally, the top-down approach docs not conccrn 
itself wilh lhe design of low leve! modules until ·the higher 
levels have been 'fully developed. lf an adverse state of nature 
makes such a loW leve! ~adule (automatically foreca~t sales 
voiume, auromarically discriminate one type of aircridt from 
another) impossiblc to devclop, thc subsequent redeSign will 
gcnerally requirc the cxpensive rework of mudt of the highcr 
leve! desi!!fl and codc. Conditiuns 1 and 2 warn us to temper 
our top-down approach with a thorough top-to-bottom ~ofr· 
ware risk analysis during the rcquirements·and p10ducr design 
¡)bases. · 

Pit[afl 4: l:'vcry piece of code should be pro1•ed co"ecr. 
Correctness proving is still an expensive way to get informa· 
tlon on rhe fault-frcedum of software, although it strongly 
sati~fies Condltion 3 by giving a very high assurance of a pro· 
gram's correctness. Conditions 1 and 2 recommend that proof 
techniques be used in siiUations where the operarional cost of 
,·software fault is very large;that is, loss oflife. com'p10mised 
national security, major financia! los~es. But if the operational 
cost of a sOftware fault is small, the added information on 
fault·frecdom providcd by the proof will not be worth the in· 
vestment (Coridit\on 4). 

· PU[all S: Nomihai·case testing i5 suf[icicnr. This pitfall is 
just the oppOsire of Pitfall 4, If the Operational cos~ of poten· 
tia! software faults is .huge, it is highly imprudcnt not to pcr· 
form off-nominal testing. 

.-·. '¡ 

Sumñwry: 11/e J:.Conornic' Value o[ Jn[ormatioll 

Let us step back a bit.froni these guldelines and pitfalls. Put 
simply, we are sayi.ng that, as software engineers: 

.. lt is often wor~ paying for infonnation bt"cauie it 
helps us makC better decisions." 

,'Ifwelook at thc statement in a broade'r context, we can see 
that it is thc ptimary rcason why the softwme cngineering ficld 
exfsts,' lt is what practic:illy all of our software customers say 
whcn. they decide to acquire one of our produCts: that it i~ 
wor~ paying fOr a managcJJicnt information system, a weathcr 

' . ~-, ···j 
. : ~ '!·, . . , •· 

' 

·· . ' .:;{B~.~~· ~ i:} ·.. ..,· .. ~:·:t:: 

. , 
forccasting. system, an air traffic controi' system, an im'ciltory 

4ontrolsystem, etc.,bccause it helps thcm makc better decisionS . 
Usually, software cngincers are pr9ducers of management 

information to be consumed by othct people, but during the 
software Jifc cycle wc' must also be consumers of managemt:nt 
infor~atiori to support our own tledsions. As we cometo ap· 
prcciate the factors which make lt attractivc for us to pay fot · 
processed information which helps IJJ n1ake beller dcc!sions as 
software engine'crs, wc will gct a better appreciation for what 
our cusromen and users are look.in(! for _i.n the infurmation 
prorP.ssing systems wc develop fur thcm, 

JU. SOFTV.'ARE. COST l:STIMATION 

Jntmductioñ 

All of the software Cngineering economics d~cision ana!y1is 
techniques discussed above are only as ¡;ood as th!' input data 
wc can provide for them. For software decisions, the most 
critical and difficult uf these inputs to pruvide :ne estimates 
of the cost of a proposed so(tware project. In this scction, 
we will summariz.e: 

1) the major software cosl estimation techniques avail
able, and their rclativc strengrhs :md difficultics: 

2) algorittunic models foi software co~t cstim:itiori; 
3) outslanding rcscarch issues in soft\\'a~e cost esümation. 

A. Majar Software Cost Estlmatinn Tcchniqucs 

Table 1 summnrizes the ·rclative stJen~ths 3.nd difficulties of 
thc major soft~vare c,Ht cstimation methodS in use today. 

1) Algon'thmü.: Models: Thcsc methods provide 'one or 
more algorithms ·which produce a s(lftware cost estima te as a 
function of a ·numbcr of variables whi~h are consiJetcd to be 
the majar cost drivers. 

2) Expen Judgmcllf: This mcthod in\'olvcs comuhin; nne 
or more experts, perhaps with. rhe aid of. :m C;\.pC! t-conscusus 
mechanism such as thc Delphi rcchniquc. 

3) Ana/og;•: lhis mcthod invoh·es rea~oning by ana.!ogy 
with one or more completed pwjccts to rel:ite thcir actual 
costs toan estimare of the cosr of a similar new project, 

4) Parkimo1r: A Parkinson íniudple ('".work CXjlands ro 
· fill !he availnble volumc") is invoked ro equate the cost esti· 

mate to the availablc re~ources. 
·S) Price-to-IVin: llere, the r.ost e.uimate is equatcd to the 

prlce believed neCessary to win thc job· (or the schedule be
lieved necessary to be flfSt ifi the market with a ncw product, 
etc.}. 

6} Top-Down: An overall cost estímate for. the ptoject i~ 
derived ftom global propertie~ of the software product. The 
total cost is then splir up amons the various compoilcnb. 

7) Bollom-Up: Each componef!l of the software job is 
separately estimated, and the results aggregated to produce 
an estimare fo1 the overall job, 

The 1uain conclusions thar we can draw from Table 1 are 
· the following. . 

Nonc of t:hC alternntivcs i.s bctter than rhe oth.ers from 
all.aspects. 

• The Pnrkinson and pricé-to-win mcthods are unJccept-
able and _do nor produce satisfactory cosl estimate,, 
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Tl1e s1rengths and weakne~scs of the other techniques 
are c,_,mpkm~ntary ( p:Htkularly thc algorithmic modcl; versus 
expert judgmcnt ami top-down versus bonom·up). 

Thus, in practice, we should use combinations of the 
above tcchni~ucs. comp.ue their rcsults, and iterate on them 
whcre thcy differ. 

Fundamc•uul Limitatiom of Softv.:are Cost Estimatioll 
Tedmiques 

Whatever the strength¡ of a software cost estimation tech· 
niquc, therc is rcally no way we ·can e.xpect the technique to 
compcnsate for our !Jck of definition or ll!lderstanding of the 
software job to be done. Until a software specification is fully 
deiUlcd, it actual! y reprcsents a rangc· of software products, 
anda corresponding range, of software devclopment costs. 

This fundamental limitation of software cost estimation 
technology is iUustratcd in Fig. 3, which shows the accuracy 
within .which software C<?St cstimatcs can be made, as a func
tion ofthe software lifc-cycle phasc (thc hwiwntal axis), or of 
thc levcl of knowlcdgc we have of what -the software ls in
tended to do. This lcvcl of uncertainty is illustrated in Fig. 3 

...... 
... ,_,"<!,.. .... ,_ 

with rcspect to a hun;nn·nHlchine int.erface compor.::nt' (l{ 
the software. 

Whcry we flrst begin lo eva.luate :sltemative concepts for a 
nev. software application, thc rebtive range úf our software 
cost estima tes is roug~Jy ~ f<1ctor of iour on dther thc high or 
low sidc.4 This ranr.c stems from thc wide range ofunccminty 
we havc ·at tJlis tin:e :1bout tl1e a..:wa.l n¡¡tun: of !he product. 
For thc hum:m-machine interface com?onent, for ex:unple, 
we do not know at thiS time wh:ll claS:ses- of peophi (clerks. 
computer specialim. middle mana&ers. et<.:.) or 11.·hat d:mes of 
data (raw or ple·editcd, numerical or te.xt, digital or analog)the 

. systcm will ha\·e to support. Until we pin down su¡;h uucer· 
tainties, a factor of four in cithcr dircction is not surprising as 
a nnge of estimaies. · 

The above uncertainties ate indeed pinncd down once we 
complete the feasibility phase and scttle on a p~rticular con· 
cept of operation, At this stage, the range· of our cstimatcs di
minh.hes. to a factor of two in cithcr direction, Th.is range ís 

4 Thc~e TBJ'\P:t~ havc hcc~ dcterr:.mcd subjecti\'d}', ami •JC in tended 
10 r~pres,•nt SU pe1c~m confidtncc limil~. thttt' ¡,, "wilhin' factnl of 
four un dthc~ sitie, SO pcrccn.t of the time." 
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rcasonable bccause wc still havc not pinnccl down such issues 
as the specific typcs of uscr query to be suppor!cU, or thc spe
cific functions lo be performcd within the microprocessor_in 

, tht. intelligent terminal. Thcsc bsues will be resolved by thc 
time we have developcd a software requiremcnts speciílcation, 
at WhiCh point, we will be able to estima te thc software coSts 
wlthin a factor of 1.5 in cithcr direction. · 

By, thc· time we complete and validatc :¡ product dcsign 
specificatinn, we wil! h:wc resolved ~uch issucs as the interna! 
d3ta structure of the software product and the spccific tech
niques for handling the buffcrs bctwcen the tl!nninal micro
proccssor and the central processors on one sidc, and bctwcen 
thc microproccs5or ami thc.dis¡)lay driver on thc other. At this 
pOlnt, our software ~:stim;t!C should be accuratc lo within a 
f11ctor of 1.25, the discrcp:mi:ics bcing causcJ by sorne rcmain
ing sourccs \Jf unccrtainty sudt as the spCclfic algürithms to be . 
used for task scheduling, error handling, aboTt processing. and 
the like. Thcse will be re$olvcd by the end of the detailrd de· 
s.ign phase, but there will still be a residual unccrtainty about 
10 percent based on how wrll. the progranuncrs rcally under
stand the spccifications 10 which thcy are to code. (This factrJr 
also includes such cOnsidcration as personncl turnovcr Únccr
taintics during thc dcveluPmcnt and test phases.) 

B. Algoiithmíc Models for So/tiVare Coú Esrimation 

Algon·rlnnic Cost Modd.c Ear~v Developmt'llf 

Since the earlicst days of thc software firld, pcoplc ha\'C 
been trying to ·develop :tlgorithmic models to cstirnate soft
ware costs. The earliest nttempts we1e simple rules Of thumb, 
sUch as: · 

• on a large projcct, c:~ch software perfor/Jl(~r will proviJe 
an average of ~ne cheácd-out instruction p~r man-hour (or 
roughly !50 instructions per man-month); 

• each software m:dntenance _pcrson ca11 mairitain four 
.boxes of cards (a box of cards held 2000 c:uds, or rou¡;hly 
2000 instructious in tho~~ days of fcw commcm cards). 

Somewhat Jater, sorne• projec.:ts began coUecting quantita
tive data on the· efforL involved in developing a software 
produc't, and its distribution :~cross the software Jife cycle. One 
of the earlirst of thesc anJI)'!eS was documented in J 956 in [8}. 
lt indicated th:lt, for very lar¡;e operational software products on 
the order of lOO 000 delil'•'red source instructions ( 100 KDSI), 
that the overall productivity was more like 6<ÍIJSI/man-month, 
that another 100 KDSJ of support-software would be requircd; 
that nbout 15 000 pages of documentalion would be produced 
and 300_0 hours ofcomputer time consumcd; and that the dis
tribution of effort wou]d be as follows: 

Prog.ram 'specs: 
Codlng Specs: · 
Codlng: 
Parameter Testiitg: 
Assembly Testlng: 

10 percent 
30 percent 
10 percent 

· 20 percent 
30 pei-cent 

wlth an additional 30 percent fequired to produce operational 
spccs for U1e system. U!ifortunately, such data did not be~omc 
well known, and many subsequent software projeets went 
through a Painful proccss of rediscovering'thcm. 

During the late 1950's and early 19(JO's, rclati\'ely little 

-~-'-'--~----" ,, 

9 

progress was made in software cost estima !ion, while the fre- · 
. quency and mainitude oi software cost ovcnuns was bec{!m

ing critica! to many large systems employing computers. In 
1964, the U.S. Air Force contracted with Sy~tern De\'clop
mcut Corporal ion for a landmark projcct in thc soitware cost 
estirnation fic!rJ. This projcct collected 104 attributes of Jó9 
software projccts and tre<~tcd them to cxtcn;ive statistical ana.!
ysis. Onc result w¡¡s the 1965 SDC cost modell41j which was 
the bcst possibl.e statisticaJ 13-parameter linear estim~tiuri 
model for the sample data: 

M~!'= -33.63 

+9.15 (La..:k of Require-ments) (O-~) 

+ 10.73 (Stnbility uf D~sip;n) (0-3) 

+0.51 (Perccnt ~tath lnstructions) 

+0.46 (Percent Storagc/Rctrieval ll!struttious) 

+0.4~ (Xumbcr of Subprograms) 

+ 7.28 (Pror;rarnrni_ng Lan¡;uage) (0-1) 

-21.45 (Business App!ication) (0·1) 

+ 13.53 (Stand·,\lone Program) (0.1) 

+ 12.35 (First Progr~m on Computer) (0- 1) 

,. 
,1 

+ 58.82 (Concurren! Hardware De~elnpmcnt) (0-1) 

+30.61 (Random ACcess Device lisf'd) (0-1) 

+ 29 .SS (Diffcrcnce !los t. T ar¡;et Hardware) (0-J) 

+0.54 (Numbcr ofl'ersonnel Trips) 

-25.20 (DevC!opcd by MilitarY Organiz~tiun).(O-J). 

The numbers in parenthescs refer to ratings w Le maJe b:· t!10: 

estimator. 

When applied to its .!atabase of 169 projC".:ts, this nwnel 
produccd 2 mean estirniite of 40 MM anda 5tand:ud dcviJirilll 
of 62 :-.IM; nota very accunite prcdictor. Furth:~r, thc applic<~· 
timt of the rnodel is cuunt~fiutuitive; a pr<)jc.:t with all 1cro 
ratings is estimatcd at minus 33 ~IM; clianging langu3ge from a 
higher order language to assembly languag~ <±dlls 7 M:-.t. inde
pendent of project size. The most conclusive result irom the 
SDC study was that there were too many non linear aspccts of 
software development · for a linear cost-estintJ.tion model to 
work very well. 

Still, thc SDC effort provided a·valuable base of infurmation 
and illSight fOr cost estimation and iuturc modcls. lts cumula
tive distribution of productivity for ·169 projects was a valu~ 
ablc aid for producing or cheeking cost estima tes. The estima
tion iules of thumb for various phases and activities havc been 
very hclpful, and· .the data h;~ve been a majar foundation for 
some subscquent cost n!odels. 

In thc late 1960's and early 1970\, a numb('J of costmoJels 
were developcd which worked rcasonubly wc!l for a ccrtain rc
atrlclell range of Projccts to whir.:h theY were calibrateJ. S•1111e 
o[ thc more notable cxinnpl('s of such · models are those Je
"'ibed in [31. [54]. [57), 

Thc essence of the TRW Wolvcrton model [57)·is ~hnwn ín 
Fig. 4, which shOws a numbCr uf curves.Of software co;t per 
object instruction as a functiun of relative degrce 11t' difficuhy 
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Fig. 4. '[ RW Wolvcrton modcl; Cos\ per object instru~tion versu' reb· 
ti ve degrec of dlffi~ulty. 

(Oto 1 00). novelt}' of the applil.:ation (ncw or old). and type 
of projcct. -Thi hest us.e uf thc model involvcs bre:tking the 
software intu components and estimating their cost individu
al\y. Thi~. 01 1000 objt:ct-iustruction module ofnew elata man
agement wftwarc of medium l50 pcrccnt) difficuhy would be 
costed at ~·16/ittstructilm, Or S46 000. · 

This uwdcÍ iS wcll-ctilibrated to a class of ncar-real·time 
¡¡ovcrumcnt cumm:tnd ami coimol prcjects, but h less ac· 
cur:Hc J,n ~ume nthcr cl.mcs uf PH'jccts. In addition, thc 
mude\ pwvülcs a good breakdowtÍ o( pr~ljtl'l i!ffort Oy ¡¡hase 
nnd activity. 

In thc i:ne 1970's, severa! software cost estimation modcls 
werc dcvclopcd. whic\_1 estil.blishcd a significlnt advancc in the 
state. úf the art. Th~~~ includcd the Putnmn SLIM Model [44], 
the Doty ~lodel [27J. the RCA ·PRICE S model !22], the 
COC0~\0 model l!!J, the JUM-FSD model [53], the Boeing 
model t9J, Jnd a series uf mntlcls rl~vrlop~d by GRC [15]. A 
summary t•f these models, and thc earlia SDC and Wo!verton 
models, i$ shown in Table JI. in terms of the size, program, 
computer, penunnel. and project attributes used by each 
model to determine sOftware costs. Thc first four of these 
models :ue discussed below. 

· 17rc Put11am SLJM Modelf44j, f45} 

The Putnam SLIM Model is a commercially available (from 
Quantit:uive SOftware Management, lnc.) software product 
based un Putn'am's anclysis uf the software life cycle in terms 
of the Raylcigh dist~ibuUon of project petsonnel leve! versus 
time. The basic effort macro-estimatiun model used in SLIM 
b 

• where 

S, = 
K = 
td = 
ck = 

numbcr of tlelivercrl suurce imtructions 
Jifc-cyclc cffon in man-yean 
Jevclopment time in years 
a "tÚhno!ogy constant." 

Values uf Ck. typk•illy rangc between lí!O and 57 JJ-1. lhe 
cUrrent \'Ctsion l)r SLIM u.IJuws one 10 ralit1rarc Cj. tu pa5t 
projects m to past projech m 10 cstim:l\e itas a fun~.·tion uf a 
project's use of modern pro¡;rammini pr:u~:ticC$, haidware con
straínts, pcnonnel _ ex¡:)crience, intcracth·~ c.l~vc]r,pmcnt, and 
other factors. Thc rcquired development effon, DE,· is esti· 
m:ned as roughly 40 pen:cnt of the life-cyde cfl<•rt for large 
syHems. For ~m:iller systems, tllC,percentage vari~s as a func· 
tion of system size. 

The SLIM mo<l.el iilcludes a number of usefu_l cxtfns.ioos to 
cstimate such quantities as manpower distribution, ca.d1 floW, 
major-milestonc schcdulcs, reli:!bility le,·cls, computer time, 
and documcntation costs. 

Thc most controversia! aspect of th~ SLIM model is its 
tradeoff relationship hetween Jevelopment effort K aJld tle
tween devclopment time rd. For a software ¡noduct of a givcn 
size, the SLI~I software equJtion above gives 

cunstant 
K=--,--· 

'• 
For example, this rclationship says that one can cut the 

cost of a softwa;e project in half, dmply by incrcasing its.de
vclopJi,ent time by 19 percent (e.g., from JO_months to 12 
months). ni. S shows how thc SLI~1 tradcoff Ielatiunship .:nm-

1 
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TABLE 111 
DOTY MODF.L FOR SMALL PROGRÁMS• 

1 
! 

.... 
MN • 2.060 1'•' }16 

--· Detaied defirition of operatlonal ~ 
~ ............. _ ................ 
CPU ""'"""Y ......... 
CPU_ ......... 
Fnl to1t1r1rarn ~ on CPU 
Ccna.irront doooelopoil6011 of ACP ._... 
rm..twa Wnus batch proeea~ng. n 
~ alcpn&ut ,.,_....,_ .. __ 

oa...~opc,.,,, al OI*"Btlonai lite 
~ .... , ~ clhrenllhln ta'gl4: -0.. :siP;:pma ti al mon1 then one lfte 

PtOQIWIWIIiW 1ICCeiS to Ol:lqiUtw 

, pares with !hose of other mode!s; see (11, ch. 27) for further 
'discussion of this issue. 

·on bulance, the SLIM approach has providcd· a number 
of useful insights into software cost estimation, such aS the 
Rayleigh-cun·c distributioi1 for one-shot software efforts, the 

'explicit treltment of estimation risk and unCertainty, and the 
cube-root relalionship denning the min.imum developm~nt time 
achievable for a proji:ct requiring a given amoUnt of effort. 

Tlie Dory .Modelf27j 

. This ntodel is the resulr of an extensive data analysis actlv· 
. ity,·'including many of the data puints from thc SOC samplo. 
'A nUmber of modcls of -similar form wcre dcvelupcd for dif· 
fcrent application areas. As an ex,Jmplc, the model foi general 

. apj:lllcafion is 

. ' MM= 5.288 (KOSI)'-047 , for KDSI > 10 

. ~tM = 2.060 (KDSIJ' "'(ti;). for KDSI < 10. 

The effort multipliers[¡ are shown in Tablc lll. This m~del has 
a much mmc appropriate functional furm than thc SDC 
model, but it ha> sorne problems with stability, as it cxhibits a 

· discontinuity at kDSI = 10, and produces widcly varying estí
mates vil thc f factors (answering "yes" to "first softWare de
ve~oped on CPU" adds 9'2 percent to thc estimated ~ost). 

The RCA I'RICE S M'ooel {22/ 

·• PRlCE S is a commcrdally available (from RCA, lnc.) 
m~cro cost·cstimation model developed primarily for embed· 
ded system applications. h has improved steadily with cxperi· 
enCé·,earlier versions with a widcly varying subjective complex
ity faCtor have been rcplaced by versions in which a number o~ 
computer, personnel. and project attributes are used to modu· 

· hite the c~mplexity raling. · 
:; 

·- 9 

Y es No 

t.tt t.OO 
1.00 1.11 
t.OO 1.00 
1.33 1.00 
1.43 . 1.00 
1.33 1.00 
1,02 1.00 
1.82 1.00 

.... 1.00 
1.43 1.00 
1.30 1.00 

1.25 1.00 
1.25 t.OO 

1~ 1 .... .... 

........ , ....... .......... ,.., '<o<""'""" .. .... ,. .. 
o~ ·~ 

¡~ 

• o~ ·~ ·~ ~· j o• "' ·~ o• '" "' . ., on "' '" 

1' 
o~ ·~. 1.11 

"' "' "' 

'-'·-o~.,--.o~.--,o~.---0-, --0-.--¡¡--;/0 
lJp,,,,.,_ ...... ,."'."""""'"" .......... 

Fi¡. 6 . RCA PRICE S modd: Effect orh~rdware tonstrainu. 

PRICE S has extended a numb1:1 o( cou-estimating relation
shi,ls rleve]4,ped in the early 1970's such as thc harjware con
straint function ·~wwn in Fig. 6 [lO]. lt was primarUy 'ctevel
oped to handle military software projects, but now also in· 
elude¡; raüng levels 10 covcr business applications. 

PRICE S also provides a wide range of use fu! outputs on 
gross phasc and activity dimibutions analyses. and monthly 
project CO$t·schcdule-expec!ed progreu furecasu. Price S u~s 
a two-parameter beta distribution rather than a Rayleigh curve 
to calculate development effon distribution versus calendar 

time. . . 
PRICE S has rece_ndy added a software life-cyde support 

cost estimation cl!pab\lity called PRiCE SL IJ4). lt involvcs 
the defirútion of three categorics of s11pport activitlet. 

Growth: Thc estimator specifics the amount of cede to 
be added to thc product. PRJCE SL thcn uses its uandard 
.techniqúe~ to estimate .the rcsulting life·cyclc-cffort distribu· 

tion • 
• , Enhancement: PRICE SL estimates the ftactiLln uftho 

existing product which will be _modificd (the estim:J.tor may 

.. ' 

, ________ ..:, ___________ ! 
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COCOMO ("QST DRIVi-:R RATINGS: MICROPHOCESSO!t 
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The cffÓrt mu.ltiplien fur the other cost driver atulbutes 
: are 'ubt:1incd similarly, cxccpt' for the Complexity" attribu~. 

"wJUCh is obtaincd via T:ible VIII. Here, we fiist detemtine that -
éonliuunicatlons proccssing is best classified under dcvice-de· 
pendent operations (column 3 in Tablc Vlll). From thls col· 

-r 1l -... 
. umn, we determine that communication line handling typl· 
cally has a.complexity rating 'of Very lligh; from Table VI, 
then, we determine that its. corresponding effort multiplier ls 
1.30, 

Srep 3-Estimate DevtJopmcnt E[[ort: We then .-:mnpuie 
· ·: thr.: "Cstimated development cffort for the microprocessor com· 

'munlcations sOftware as ·the nominal devctopment cffort (44 
. ; MM)" limes the produ~i ~f ~he effort multipliers for the"l5 cost 

, 'drivCr attributes in Table IX (1.3S, in Table IX} Tite resulting 
." cstimatcd effoit for die pi:oject is then 

{44 MM)(1.3S) = S9 MM, 
Srep 4-·Esrimare Re_lated Projecr FacJors: COCOMO hai 

additional Ct)St estimating relationships for computlng thc re
Sulting düllaT cost of the "projcct :md for the breakdown of 
cost• and effort by life·cyclc phase (réquirements, desig11, etc.) 
and '_by tyPe of project activity (programming, test planning, 
managcment, cte.). Further relationships support the estima· 
tion · of the ptojcct's schedule and its phasc distribution. For 
exa~plc. thc recommcnded dcvelopment schedule Can be ob
taine.d from· the estim:~ted devclopment man:months via the 

embeddcd·mode schedtñe equation in Table V: 

r¿EV '''" 2.5(59)0 .· 32 :,..,.. 9 month!. 

As mcutioncd above, COCO~·JO :tlso supports the most com· 
mon typcs of sensith·ity analysis and tradcoff analysis involved 
in scoping a software project. Fnr examplt•, from Tables Vl 
and VIl, we can sce that providing ¿he software developers 
with an intcractive computer acccss c;~p:~bility (Low turn
aiound time) reduces the TURN effort multiplier from 1.00 to 
0.87; and thus reduces the estimated project effort froin 59 
MMto . 

'" (S9 M.\1) (0.87) = 5l,MM. 

Th~ COCO~tO ·model has bCen va!idat.:d wi!h respcct to a 
. sampie of 63 projccts repreScnting a wide variety of business, 

sc:ieiltilic. ~ystems, real-tinie, and support software projects, 
For this s:unple, lnteúnediate C'OC0.\10 estimates come 
within ~O pcrCent of the actuals about 68 percent of the time 
(sce Fig. 7). Since the residu~ls rougltly follow a nonmll 

· distributioñ. this is equivalen! to a st:wdard devi:ltion of 
roughly 20 percent of the project actuals. This leve! of accu

. racy is represrm:atJve of tt}e current state of the art in soft· 
ware cost models. One can do somewhat better with the aid 
of a ca!ibr:~tion coefíicient Íalso a COCO~! O option), ur within 
a li~itcd upplications conte.xt, but it is difficult. to improve 
signlficantly on this leve! of ,accuracy wllil~ the accuracy of 
software data cOJJeclion remains in the "±20 percent" raÍlge. 

A ~asea! version of i::OCOMO is ~vuilable for a nominal dis· 
trlbution char¡;e from tite ~ang_lnstitu;e, under the.namc Wl
COMO {18], 

Recent So[rwarl! Cosr Esrlmation Mode/s 

. MÓst of thc- recent software C<lst estinwion mot.iels t~nd to 
· follOw the f)c¡ty and COCOMO models in having a nÓminal 

,. 

1 
1 
! 
l 

~ 

~ 

oM 

• 

• 
" 
·' 

l"'ig. 7. 

•• 

.· 
" • 

scaling equ:~tion of the form MMNoM = c(KOSJ);c anda set 

of multiplicative cffort adjustment fact1Jn Jctcrmined by a 
nurnber of cost dtiver attribut~.: rillings. Some ofthem u~ the 
Rayleigh cut\"C approach to estimate dhttibution across the 
sOftware life-qde, -but t~ost. use' a more conservative cffort/ 
schedule tradeoff relation th:m the SUM model, The.~ aspects 
have been summari..:r.d for the v:~rious modcls in Table II and 
Fig. S. 

The Bai/ey·Basili meta-model [4] derived. the ~caling equa
tion 

MMNoM = 3.5 + 0.73 (KDSl)1.1 6 

and used two addition:t..l cost driver attributes (metho,jology 
level and complexity) to motlcl the devclopmcnt cffon of 18 
projects in the NASA·Goddard Software Er.!iincering Labou
tory to within a standard dr.viatíon of 15 percent. lt~.accuracy 
for other project situ:~tions hasnot been,determined. 

The Gnmunan SOFCOST Mvdcl ( 19} uses :t $imibr but un
published nominal efJ"ort &e:liing equation, modificd by 30 
multiplicative .:::ost driver variables rated on a scale of Oto ·10. 
Tal.le JI includes a summJry of these variabh:s. 

The Tauswo;the Decp Space Nctwork (DSN) moJel {SO] 
uses a linear scaling· cqunÚon (MM:..-oM = a(KDSI)I.0) anda 
similar sct of cost driver attributes, also summarized in Table 
Il. 1t also Jm a welkonsidercd approach for determining the 
equivaient KDSl iuvolvcd in aJ:1pting existing software within 
a new product. h uses the R~yleigh cun'<;! to dl!termjne the . 
pha:>t distribution of cffort, but uses~ considerably more con· 
scrvativc version of the SLIM effort-schedule ua~coff relation· 
sh..ip (see Fig. 5). 

J11e Jemm mude/ [30], [31] is a commercially ovailable 
model Y!ith á simii:lr nomin~l scaling equ:ltifln, anda set of cost 
driver altribt:tes very similar !O t[1C Doty ~llJJ coco~o models 
(but with Jiffercnt efftHt multiplier rangcs); scc Tah/e 11. Some 
of the Í"nultiplier ranges in the Jcnsen moJd \"~ry 3S functioos 
of other factors; e.g., incre:J.sin¡;.access.to compul('t T('_,ource5 

wid<!ns thc multiplier ranges on such cost driver~ as petsunnel 
capabilily and use oc' software .too]~. lt uses thr I~JyleiSh cnrve 
for effon di~lributinn, a!Hl a ~umcwhat more conscrv:nh•e ef· 
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fort·schcdule tradeuff rc!átio·n thnn SLIM (scc Fig. S). As with 
the other cummercial mudels, th~ Jensen rnodel prOduces a 
f!Uf?ber of use fu! outputs ou resource expenditu.re rates. prob
ability distributions on cusu and schCdulcs, etc. 

C Outstanding Rescarch lssues in Software Co~t Estimatio11 

Although a"guod den! of progress !1:1~ bcen rnade in software 

co¡t estlmatiuu, a grC'Ut <.leal renwins to be done. This sectlon 

updates the stotte·<>f·tlll'·art revicw puhJishcd in [JI], and sum· 
marlzcs the outstanding i\SUCS nccding furthcr rcsearch: 

J) Software si:t.e cstimation; 
2) Software size and complexity me tries; 

3) Software cost driver <.~ttributes and thcir cffccts; 

4) Software cost mude! ana!ysis and relincmcnt; 
S) Quantitative mudcls of soitware project dynamics; 
6)" "Quamltative modcls Or software life-cycle evolulion; 

7) Softwarl! data collect~on. 

1) Sofrwarc Size Estimativn: Thc biggcst difficuhy in us· 
ing' today·~ algorilhmic software cost models is the probkm of 

providing sound sizing cstimates. Virtually cvcry model re· 

qui~es an estima te of thc number of source or object instruc

tions to be devclopcd, aud tllis is an extrcmcly difficult quan· 
tity, t6:detennine in advance.·lt would be most use fu! tO ha ve 

to~nti fo;mula fur dctcrmining"the sizc of a software product in 

tcmts ofquamitics known early in thc software lifc ¡;yde, such 

as th(: number and/or sizc of thc !llcs, input form:~ts, reports, 

dUplays;·rcQuiremcnu speciflcation elements, or desig.n spcciJJ. 
cation elements. 

Som~ useful steps in ihis direc.tion are the function-point 

appfoach. in [2] and the sizing estinwtion mude! of (29], bl)th 
ofwhich havc given reasonably good reSuJts for small-to·metlium 
sized bl!siness prognnns within a single data· processing organiza. 

tion. Anotht'r more general approach is gi\·en by DeMarco in 
{17]. It bas thc adv-Jntage of basing its sizing estima tes on the 

properties of speclfic:~lions developed in cunformanCe with 
DeMarc~~s paradigrn rnod~·ls fór software specifi~:ations and de· 

'signs; numbcr of functional: Primitivcs, data elémcnts, input 
elements, output elerncnts, states. transitions between states, 

relations, modules, daia .tokens, control tokens. ~te. To date, 
however, there has_b.een relilth'ely little calibr~tion of the for· 

mulas to project data. A recent lB M study [ 14] shows sorne 
cor~ehitiOn between the number of variables denned in a state· 

machine design represen!ation and thc product size in source 

instructions. 
Although some use'ful results can be obtaiiled on the wft· 

ware sizing problcm, une should not cxpcct tullmuch. A wide 
rangc of funclionality can be implememed bcm•ath any given 

speciflcation elemr:nt or 1/0 elcment, leading to 01. widc rangc 
of sizc:s {recall the uncert~ünty rangcs of tlds n:~ture in Fig. 3). 
For exanlpie, two experimCf!tS, involving thc use of severa! 

teamS. developing a software. program to thc same ovcrall 
functlonal ~pcdfication, yicldlid size ranges of f:~ctors uf 3 to 

S between programs (scc Table X). 
·The primary implicatiml of this situation for practica! ~oft· 

ware sizing and coSt estim:ilion is that there is nv royal roQd ro 
software sizing. Thi$ is no magic formula that will provide a"n 
easy añd accuratc substitute for the procesS of thinking 
through :a'nd fully undcrstanding the naturc of thc softw:ne 
product <t'u. be dcwloped. There ~re still a number of u~ául 

.~·. 
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1 
~ · TABLE X 
.SJzE RANGES OF SOI'"TWARE PIWIJUCTS Pl-;RH)RMING 

SAME FUNCTION . 

No. of Siz.e Ran~e 
E:o:pcriment Product Teams (5vurce·inltr.l 

Weinberg Simultancous 6 33·165 
& Schulm~n (SS]· Une~! cqu~tium 

llo~hm,Cray, lnh•ractive J.Sl4-4606 
&. SccwQldt [ JJ] co•t mod\•l 

things that one can .do to impro\·e thc situatiun. i11..:luding· the • 

folluw10g. 

Use tcchniqUCi which explicitly reco:mile thc ranges of 

variability in software sizing. Thc PERT e~tim~tÍ<.'n tc<.:hnique 
(56) is a good ~:xample. · 

• Undcrstand thC' prinlary sources of biliS in software 
sizing estima tes. See ( l l. ch. 21). · 

Devclop and use a corporate memory on the n:Hure and 
s.izc of previous $Oftwatc produ~:ts. 

2) Software Si::e and Cvmple.>:ity Jle,;.ics: Dclivered source 

instructiOJ!.S (DSJ) c~n be faultcd for being tou low;lcrd a 

me trie for use in early shing c~tim~tion. On the othcr l1:~ntL 
OSI can also ~e f¡¡ultcd for bcin~1 wu high·lcvd a rncuic fur 
precise software cost cstim~tion. \'arillUS cnrnplcxity BH'trki 
havc becn formulated ttJ more :¡ccuratC'l}' cuptUtl' thc relath·e 

information contcnt uf a prugram's lnstrucuon~. su.:h as thc 

Hollstead Softw01.rC Science metrks [241, Orto cJpttuc th~: rda· 
tive control complexit)' of a progr:un, ~uch ns thc mctrics f(,f• 

mul:lled by McCabe in {39]. A number of \'arbtions ofthese 
me tries have been devcloped; a good recen! surwy of tht>m is 
given in (i6( 

Ho\..-ever, thesc metrks have yet to exhibit any pr:~ctica1 

superiority to DSI as a predictoi of the relati\"C cffon rel¡uired 

to develop software. Most recent studies l48J, [32J show a· 
reasonable corrclation bctween thesc conlplexity metrics and 

dcvelopmeriÍ cffort, but no better a correlatinu th~n that llc· 
twccn OSI and dcvclopmcnt effort. 

Further, the recent [25) ~nalysis ot" the software science re; 
sults indicates that many of the published ~oftware science 
.. succe~_.:s" Were not ~s StJCCes~fUI :~s they 'were prc\"iuusly con

sidere d. lt indicatcs that much uf the appai-ent agrcement be· · 
tween software sdcnce formulas and project d~t~ w;1~ dul.'·to 

factors ovcrlooked in the data aJJalysis: inconsis!ent definí· 

tions ánd interpretation:> uf ~oftw~rc Science quanti ti es, un re :JI· 
istic or inconsiucnt assumptions about the naturc of the pruj· 
ects analyzed, overinterpretatiún of the significan~:e of statisli· 

cal mea~ures such as the corrchnion coeffici.:nt, 01.nd lack oi in· 
vestigatiun of :~ltern<.~tive cxplanalions ior the data. The software 

scicnce 'use of psychologkal concepts su eh as the Stroud num-. · 

ber havc :~!so becn scriously queslioned in (16 J. , 
The ovcrall strengths and difli~ultics of software Science are 

sumn~arized.in [47]. Despire the dJflicÜ!ties, some uf the soft· 
warc science mctrics h:~ve bcen use fui in such arc:.ts :.ts identify· 

ing error-pronc modules. In general, thcre is :1 strong in:uitivC 
Ur!:umcnt that more delinitivc complcxity rnctrics will evcntU· 
ally scne as bcller bases for dcfinitire softw;tre co~t c~timat1nn 

th~n ~ill DSJ. Thus, · thc <.~re a cuÍlliuucs lo be un ~ ttra~:tivc vnc 

for furthcr rcsc;,¡r~;h. 
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J) Software Cost Driver A tlributcs and 11u•ir Ef{rcts: Most 
of th_c software cost models t.!iscus~d abovc contain,a sclec
tion of cust driver attributcs and n sct of cocfficicnts, func· 
tions, {Jf tablcs rcprcscnting the cffcct of the attribu1e on soft· 

.ware co~t (sce Tablc Jl}. Chaptcrs 24-28 of (11] contain 
. summarics uf thc rcscarch to date ou obout 20 of thc most 

significan! cost d rivcr attributes, plus statements of nearly l 00 
outstanding research issues in the area. 

Sincc the publication of [11 J in 1981, a few new rcsults 
tiave appeared. Llwrcnce IJSJ provides an' ana1ysis of 278 · 

'business data procc~sing programs which indica te a f:~irly uni· 
form development rate in proc~dure lines of code per hour, 
some significant cffects on programming rate due to batch 

· tOrnaround time ain.l leve! of experience, and relali\·ely Httle 
effect duc to use of interactive opcration and modcrn pro· 
grariuninS practices (due, pcrhap's. to tl1e re]ativc!y rcpctitive· 
nature of the software jobs samplcd). Ok!lda and Aiunia f42) 
~n:~ly7.ed 30 C~D/CAM prOgrams ami foUnd some sigilificant 
effects due to type of software, complexity, personnel skill 
leve!, and requirements volatility. · 

4) Su[rware Cost Model A11alysis and Refinenwftt: The' 
nlost useful comparative analysis Of software cost models to 
1.bte is the Thibodcau (52) stuJy performed for the U.S. Air 
Force. This study comp:med thc rcsults of severa] modcls (the 
Wolvctton. Doty. PRICE-S, and SLI~t models di~cuss.:d e:nlier, 
plus mmlcl~ from.thc Boeing, SDC, Tcco!ote. and Aerospace 
corporatinnsj with respect lo 45 projcct data points from 
thrci! sources . 

Some gcncrally usdul comp~rJtive rcsuhs were obtaincd, 
but thc rc~ulis wer~ not definitive, as nw,Jc\s wcre cva!u:Hed 
with re~pcct tu Jar~er Jnd smaller ~ubsets of the rlata, ~ot too 
surPrisin~ly, !he bcst ·re5uhs werc gcncra!ly obtained using 
models with o.:alibralion coeffio.:ients against U:ita sets with few 
points. In genera!, the stud}· concludcd that thc modcls with 
calibr;.etion c_ocft1cit'IJIS achicved bctter results, but that none 
"of the models cvaluated were suffidently aco.:uratc 10 be used 
as a definitive A ir Force software cost estimonion model. 

Some further o.:omparative analyscs are currcntly bdng con
ducted by \':lrious nrganiZatiom.using the d;ttabnse of 63 so fr. 
ware prujc,cts in [11 J. but to date nonc. of thcse ha_ve been 

. published. · 

In ·tl~ncral. Suo.:h c~alu:uions plJy 3 uScfu! rolt• in lldldel re· 
!'inemenr. A~ ccrtain 1\¡udels are f1:und to be iñ;~,·ctirnte in cer
tnin situ:Hi•ll15. cffmts .:re m:1de to determine _thc o.:auscs, and 
to refin" the model tvl·lirninate thc soun:es ufinaccuracy. 

Relatively lcss ao.:tivity has been JevO!ed !<) thc formulation, 
evaluativn, ami refinement cf models 10 covcr the· cffects of 
more :Hh·;mccJ methllds of software devclopment (prototyp
ing, ino.:rcmcntal dew!opment, use of applicltion generators, 
etc.) or tu estima te other softwa.re·ri.!lated lifc-cyclc cosiS (con
vúsion, maintrnance, instaHation, trainin~. etc.). An cxccption 
is the exce!lcnt work on software convcrsion cost c~timation 
pcrformcd by the Fedc¡al Colll'ersion Suppurt Center (28). 
An extensive modcl to estimare avionics software Support 
costs using :1 weighted-multiplicr techniquc has rcccntly been 
dcvcloped [49J. Also, somc initial cxpclimcnt~l rcsults havc 
bccn obt:1incd on thc qu:Jntitativc imp:i..:t uf prototyping in 

. 1 l3 J and on thc imp:!Ct. of vcry high.lcvel nonprocedural Jan· 

gu3ges in (58). In both studics, project:S usingprototypingand 
VHLL's wcre complcted with significantly Jcss effort. 

5} Quomirarive Modds o[ Svftwarc Projcct D_¡·uamic:J: Cur· 

rcnt softw:1rc cost csti_m:ition nwJcls are limitcd in their abil· 
íty to represen! the interna! dynamicS of a software project, 
and to estima te how the projl'Ct's phase distribution uf effort 
and schedule will be affected by envinmment:Jl or projei:t 
management factors. For cxample, it would be valuable to 
have a model which would accurately predict the effort and 
schedule distribution effects. of investing in more thorough 
design verification, of pursuing nn incremental devclopment 
strategy, of varying the staffing rate or experience mix, of re
ducing module size, etc. 

Sorne currcnt modcls assum~ a unJ:versál effort distribution, 
such as the Raylcigh curve (44j or' the aclivitv distributioils in 
[57], which ~~:re assum~d to holú fo: any t}P~ of project situa· 
tion. Somcwh:~t more 1 realistic, but still limited :1re models 
Wilh. phasc-sensitivc cffort multiplicrs. such as PRICE S {22) 
an•! lktailed COC0~10 1 ( 11 J, 

Rcccntly, sorne more realistic models of software project 
dynamics hav~ begun to appcar, although lo date n<me of 
them have bccncalibratcd 10 software project data. The Phister 
phase-~y-phase mode! in [431 e~tirnatesthe effon aud ~hedule. 
rcyuired to design. codc, and te~: a software product as á func
tion of such variables as.the staffing le\'C] during each phase, 
the size of the a'verage module to be Jeveloped, ami Such 
f:tctors as íntcrpcr~uual cvmmunic:~tions overhead rah!! and 
error detcction ratcs. The AbUcl lbmid~~ladnick modd f tJ, 
bJs>!d on Forrestcr's Systcm Dynamiés world-view, cs!imatcs 
the time distribution of effort: schedule. :md residu:1! Uefects 
as.a function of su..:h factors as staffing r;;tes, experience mix, 
training rates, personncl turnovcr, defect introduction rates, 
and initial estin1ation errors. Tausworthe [51 J dcr.ivcs and 
calibrates _ alternativ.;o versions of the SU~t efiort·schedule 
tradcoff rcl:!tionship. using an intcrcommunicalion-overhead 
model of project dyn:1mics. Some othcr rcccnt models of 
software project dynamiCs are thc Mitre SWAP model and 
thc Duelos {::! 1 J tot:¡] sofiware lifc-cyde model. 

6) Q!Jallfitative Jlvde/s of Software Lt[e-Cyde f..'I'Ol!~tioll: 
Although most of thc software cffort iS dcvoted to the soft· 
.war.~ maintenancc (or lifc-cyck ~ujJpo"rt) phase, only a few sig· 
nlfkant rcsults h:lvc becn iJbtaincd io date in f•Hmu!Úing 
qu~ntitative niodds of thc softw•1re life-~:ydc evolulion proc· 
ess. ·sorne bas1c st11di~s by BclaUy and Lch-man ana!yzcJ Jata 
on severa! projects Jnd dcrivcd a ~ct of.fnirly general "laws of 
program cvolution" [7J, (37). For exantple,thc fim of these 
laws states: 

"A program that is used and that é"S an implementation 
of its specific:Jtion rcflects :.ome othe1 r~Jiity. undert:oes 
continua! change or becoinc; progressively less u~eful. 
The change or de ca y procr;s continues until it is judgo:d 
more ccist effective lo r~r.Jace the sYs:em with a re
created version." 

Some. gcncrt~!' l{llantitativc suppui-t for these laws was obtained 
iu severa! studics during thc i970's, anJ in more ~c..:ent studies 
stich as (33 J . ·¡ lowcver, cffvrts to retine these gcncra\laws into 
a set of test:Jb!e hypothcsc& have rr.ct with mixid results. For 
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examplc, the Lawrencc f36j statistical analysisofthc Belady
Lahman d:11a showcd that the data supportcd an even strunger 
form of thc firs1 law ("systcms grow in size ovcr their uscful 
life"); that ouc ur thc laws could not be formulatcd prccisely 
enough to be testcd by the data: and that tl1e other threc laws. 
dld not lead to hypothcses that wcrc supportcd by the data. 

Howcvcr, it 1~ Jikely that variant hypotheses can be found 
that are supportcd by the data (for example, the opcrating 
systent data supports some uf the hypothcscs belter than does· 
the applications data). Further rcsearch is needed to clarify 

" 
these struciured structurcs bccause they are matht'cnt~tkally 
clcg3nt" or "hecause th"cy. run like the wind" ur "beca use 
lhey are par! of the mi.tctured revolu'tion." lnstead, it says 
"we slwuld use these structuic(l structurcs bccause they pro· 
vide pcople with more bcnefits in relation to their cos.u 
lh3n do other approachcs." And bcsídeS the frnm~work, of 
course, it al so providcs the tcchniques whi~h help os to arrive · 
at this conclusion. 

Bcnejits of Software Cost Estimation Tcdmology 

thls iinportant area. The majar benefit of a good software cost cstimation mL•del 
7) Software Data Collection: A fundamental limit:Ítion to is that it provides a clcar and consisten! uniWrM: ui discoursc 

· significan! progre u in ~oilv.;are cost estim<~tion is thc lack of within which to address a good many of thc solhnre cn¡:int'er
unambiguotls, widely-u!.ed standard definitiom for software ing issue~ which arisr. thwug.hout the soiti~·:,¡e lile ¡,:vd~. 11 r .~n 
data. Ft1r ex:uuple, if an oq;uni1.:11lon repl•rts iu "software hctj, rcople get togcthcr t" discus$ sudt is~ut•.¡ ;~~ th~ foiJ,wiln;. 
develupment ruan·uwnths," dn ihcse lno:ltu!c· lhe eff¡lrt de· • Whldt ami hnw 111any ieatures ~huuld .... ~pul into thc 
voicd to· tcquirement~ analysís. to training, to secrctnrit>s, to · softw~rc'product? 

· quality assurauce, to technic:il writers, to uncompematcd •, Which fratufcr. should wc put in nm'! 
overtime? Depcnding on onc's intcrpletation.o¡,' one can casily ilow m•1ch hanlwarc should we acquire to ~urp•:rt tht 
cause vari:Hiuns of ovcr 20 perccnt (_and oftcn ovcr a factor software product's dcvclnpmcnt. opcratiun, ~nd maiJHctwttl"C? 
of 2) in the menning" of reponed "software dcvelopment man- How much muncy :md how m u eh calcnúa~ time shuuld 
months" bctween organizations (ahd similarly for "dclivered wc allow for software dcvt::lop"ment? 
instructíons," "complcxity," "storagc constraint,'' cte.) Given How muCh of thc prodw.:t should \Ve adapt ffLlm ~.-..bt· 
such unCcrtuinties in th~ srolint! da.ta, it is not sutprising th¡¡t ing softw~re? 
software C(!st estimation moricls cannot du rnuch bettcr than • l\ow much should .we invcst in tools at~d training? 
"within 20 percent of the actuals, 70 pcn:cnt of thc time.:' Further, a well-delined software C'JSI cslim~tk'n m•.•dd .::m 

Some progress towanls dear sOftware data definitioas has help avoid the ffequcnt mi5interprCiations. under.:~timatc~. 
beenmade, The.IBM FSbdataba~eu5Cdín [53] wascarifully overcxpC'ctations, an.! outrig,ht t•uy-ins whi~.:h still pJ:¡,:uc tite 
coUccted using thorou¡!h data de!lnitions, but tite detailed softw:~re ficld: In a subJ .::mt-t..stim:Jtion modd, there i~ no 
datlt and dcfinitions are itot generally a\·ailab!c. The NASA- way oi reducíng the e~timated software !.:O~f_ without chau~ing 
Goddard Software Eneinecring LaborJtory dat:,basc [S], [6J, · some objcctivcly verifiablc propeny Uf the $O(twan:: pHljct·t. 
(40] antl the COCO:-. lO data base [ 111 pw\·iJe both cl~ar This tlucs nut makl! it impossiblc tü cre:ll•: :tll un;~dtin·ahte 

data definitíons antl :tn ;~~soci:~tcn project d~ta b:~se whiL"h are buy-in, but it significaJ1tly raises 1he tl\re~hold oi cieJihi!i ty. 
available tor general use tand reasonably c(!mp:!líble). The re· A rclated beneOt of software cost estim;~tion te'dtnll!o~r 
cene Mitre SARE repn~t fS9J providcs a goutl set of data defi- is that it provklcs a powcrful sct uf imights ou huw·~ s<¡ft·.·•~rr 
nilions. organi7.:llion can impruve itS pruducti·:ity. i\bny ofa ~uH,.,arc 

But ttiere· is -slill no commitment ¡¡cross organizations to cost mode\'s cost-dlivl'r <Jttributes are manaJ!elllcnt "¡,:ontwl
establish and use a set of dear ~ntl uniform software data defi· lables: u'se of software touls and motlern prugranirning prac· 
nitions. Until this happens, our progress in developing more tices, personncl caPability antl .expcricncc, av:,i\able Cldllputer 
precise software cost cstimation methods wiU be severeiy lim- spccd, memory, and turnaround time, software reuse. Thc cost 
ited. · modcl hclps us tletr.nninc huw t11 adjust th~~c manag~:ncnt 

IV.' ~Ot""'ARE. ENGINl::ERING EcONOMICS BCNEFJTS ANO 

Ci\ALLENGES 

This final section sumrnmizes tite bcncfitS to software cngi· 
neering and softw.:ue m:~nagement providcd by ¡¡ softw:ne cngi
neering ,economics perspective in general and by software cost 
estimation technology in particular. 1t condudcs wilh some 
obscrvations on the ritajor ch:úlenges await~1g the field. 

Bem:fits 0[ a Software t:ngineering E'conomics Perspecrive 

The majar bencfit uf.:tn economic perspcctive on soflwari: 
enginecríng is that it provides a b:ilanced vicw of candidate 
sOftware ensineering solutions, and an evalu;~tion framCwork 
whlch t;~kcs account nut only uf thc progranuning aspects_ of 
a sltuatión, but also of tite hum;~n prohlcms of providing thc 
bcst possible infurm:ttion,processing scrvice_ within a rcsnuréc
llmited Cnvirunment. Thus, for ex:~mple, ·the softw;~rc engi· 
needng econumics approach docs nut say, "we should use 

cuntrot!ables to incrcasc pfot!uctivity, and further providcs an 
estimate of how much of a productivity incrc;¡se we are likcly 
,tO achicve with a given \cvcl ofinvestmcnt.. For ntore inf•mn:t· 
tion On this topic, sec [1 1, ch. 331, !12] :tJHJ thc reCcnt pbn 
for thc U.S. Department ufDe_fensc Software lnitiinive (20J. 

Finally, software cost estimatiun tcchnology pruvidcs an 
abrolutcly essential foundatiun fur softwai:c 'project pl:tnning 
and control. U1úess a software project has clcar dcfinitions ;;r 
its key mUcstoncs and realiStic ·cstini;~tes of thc time :mJ 
rnone}' ít wil\ take to achieve them; thcrc is no way that a 
projcct manager con tcll whethcr hiS projet::t is uncler control 
or no t. A ¡;outl Sct nf cnst and sdJCdulc estimates can pwvid<! 
realislic data f?r the PERT chacts, work bri!<Jktluwn struct~res. 
nwnpowcr schcdules. c:tmcd v:llue increments, etc., nece~s;~ry 
to estab!ish m;~nagement visibil!ty ;md coutrol. 

Note that this oppurtunity to improve Jll:illagcmeut vbibil· 
ity ami control rcquir~s a .::ompkm~ntary fllJII<Jgcmt·nt <.:Pni-
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1'5 
mitmc11 t 10 define aud conirol the reporting of dat~ on software 
progress :md expcnJitures. The rcr.ulting dala are lhcrcfore 

. wunh cullccting simply f<l! thcir manag¡·mcnt val u e In compar
ing:p!ans vt'rsus achicvt:mcnts, but thcy 'cau s~rvc another val u· 
ab/c fuzH:tlon as w~JJ: they provide. a conlinuing slrcam of cali· 
br:~tiou d•Jta for evolving 3 more accuratc and reOncd software 
cost cslimatlon models. 

So[r.,..•arc /;'nginecn'ng Econvmics Orallenges 

The opportuJúty tn improvc software project management 
decislon m:~king thiough improved software cost C$limation, 
planning, data c'ollection, and control brings us back full·circlc 
to the original objcclives of software cnginccring eco'nomics: 
to providc a bct1er qu<~!ltitative.undentanding of how software 

· peoplc m<~ke decisions in resource-Ji.Jnitcd situations. 
Thc more clearly we as·software CJl¡;inecrs can undcrstand 

the qu<~tllitative and economic aspects of our decision· situa
tions, thc rnure quickly_ we.can progrcss_ from apure seat·of. 
the·pants approach on software dccisions to a more rational 
approach which puts a!l of the human and cconumic decision 
variables in tu clear pcrspectivc. Once these dccision situations 
are.morc clcarly illuminated, we can then study them in more 
detail to :~ddress thc deeper challenge: achi.;vin~ a quantitative 
understanding of how people work togcther in the software 
enginecring process. 

Given the rather scattcred :md imprcdse data currently 
availahlc in the softw<lrc engineerin¡; ficld, it is rcnmkable how 
·much progrcss has bcen maJe on the softw:uc cost c~tím<~tion 
· problem so far. llut, therc is not mtH.:h further we can go until 
bettcr data bccomcs av;Jilable. Thc softw:~re field cannot hopc 
to havc ia Kepler or its :\cwton until it has h:Hl it~ army of 
Tychu Br•thcs, carefu!IY prcp¡¡ring thc wclJ.Jefined o.bserva
,tiona1 <\¡¡¡¡¡ from which a dccper set of scicnlific insights may 
be Jerived. 
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Software Development Mana~ement Planning 
JACK COOPER 

17 
;---~ ' 

Abllf<l('l-·'l'ht llu·k uf romprthii'IÍ<d~t pl11nnln¡: prior lo lht lnllll• 
-!Ion of 11 ~ufl1011rt dnflnpmtnl projnll~ a Ytry pc:nu•lvt f1illn11. Thls 
paptr l•nlk• lhrnugh y 111mple ..... r.w:lrt' dt'vt'lnprucnt pJ:¡n di•cu •. dnl 
lht• vurluu1 11rtn thul 11 ~fh•art' dtveloprntnl m11nal'rr should ad· 
drn~ In prl'pnrlnJt hi~ proj«l'\ plan, Varinus cm1.~ldcrmllnns and 
~uJ<:¡;:t'sliun~ art pnHntcé:l for t11ch uf tht inana¡:emenl subjl'('t artat. 
lluw lht' uscr/c:u~tomt'r l'IIO ust !he devtluprr's plan lo aid i11 monitor· 
ing uf his snft\l'llrt'~ tlolntlun ls alsu pruenltd. Ortaiio•d planul~ll or'a 
¡o¡ortwarr dcltluplntnl projul h neu·ssary tu tht ~ucceuful eomplt· 
liun o( the proj«l. 

/ndu Tumf-Prnjrcl managrmenf, project plannln¡:, ~oftwue ac. 
qubilion mana¡:emt"nl, 'sortware deltlopmrnt plan, software C'ngJ. 
ntl'ring mllna~trmtnt. 

). INTRODUCTION 

A VERY import;mt phase in !he life .Crde of any automated 
sy~tcm is the Je\·dopment of its softw:ne. Software de· 

vehlpmerll pbnning j~ t:ruci:d to the suc~·ess of the project. 
This ls espedally trul) ·wherc 1l1c soflwarc i~ to be dL'vclopcd 
umlcr (uutraCt. Phuming of ~ny pwjc.:t is a b~~k man!lgemcnt 
procedurc. hut, it is surprisíng !10w se]dCIJTl it is acltJUIJy done 
toa suffident dcgrcc. 

Thc rcquisitc plan11in~ lllkts twu differcnl forms depending 
·on thc managt•r's role in thc dcn:lopment. Ifhe iS reprcsc'nting 
thc Us~r 1 of the syslem, he lllU>t l'stablish a Softw;.uc Life 
Cydc M~n;~gl'mcnt Pbn that enwmpasst•s, not only the·soft· 
w:~te devclopment ph;1se, but all othcr life ..:ycle phasl)s ofthe 
sof!ware as well. Durin~ softwuc dc\·elopmcnt he i~ concerned 
with enh~ndi1g the pmh:Jbility thatthe soft\\':JI·~ lo bl) delivered 
satisfics thL' original rcquirement and delivers on schrdule at 
thc lowest ..:ost. 

On thc other h:Jild. if he is !he manager of the software de
\·eJopmcnl projcct. he must produce a Software Dcvcll'pment 
Plan (SDPI (se e fig. 1) that prqvidcs for the maJJa~e!nent ofall 
fa.:cts of th·: so(tw~rl) I.'Hgincl'ríug and dcvelopmcnt proccss. 
Jle is o.:on.:emed th~t h.: is ablr ti.J deliver the proJuo.:t soltware 
;;t ; iair pwri:. Fur !hl) rem¡¡indl•r uf 1his p:~per, sofrware de
vd~lpmcnt rl~nning wíll be \'iewcJ as it rciJies tu the wftw;~rc 
Jevelopcr. 

A softw~rc development plan prot·idrs thc comprehcnsive 
plan for tlic rnanagcrnent of the software developmcnt effort. 
The SDP indudes a dcscription of lhe den::lupment organiz:J.. 
tion, the lcchnh:al app~oach, the milcstunes and schedules, 
and the r..llocation of resourccs. 1t providcs the developer 

Manu~c1ipt rcccivcd hnuary 20, 1983. 
The author is with C,\CI. 1u~ .. 1815 Nurth Fort Me}·l'r Drive, Ar1in¡;· · 

ton, VA 22209. 

--------·---·----------e--··--·-----·-] 
1) lntro•luctlon 
2) U~l·r furnhhrll Jnrmm~tlnn. E•¡u\pm~nl, !irrvkn, and 

FncUitlet · · 
3) Risk Mca1 
4) Software Engincerin¡; Standards, Prnclic~.l, un•l Prorro.ltlrn 
S) Projcct Org~nÍ/Jlion 
6} Schcdulcs and :.Jil!:!itonea 
7) Dcsign Appro~ch 
8) hnplcmcntatiun Approach 
9) Software lntc¡:r~ !ion and Test 

1 0) Software DcvdopnÍcnt Facilities 
11) Software Quality Assuran~;e 
12) Software Chan¡;c Managcrncnt 
13) Product TurnOvcr 

Fig. 1: Sample ~oftwarc dcvciormcnt plan ISDP) outline. 

with the means 10 coordinare sdlcdules, t·ontrol resourCei, 
initiate actions, and monitOr prugrL'SS of the developmcnt.ef· 
fort. Additionatly. the SOP prÚvides tlw user with 1hc de-· 
f:¡ilcd knowledge !1f the s~·hedulr., or~anit~tinn, and rc~ource 
Jllocatlon plnnned by thc dl)\l'I<Jpt~r. .f¡ h (lJte of lh.: b3sk 
tools that the usér u~n in monitnriug th~ wi•rk ~:rfmt. 

Thc SDI' is produccd hy thL' dc~·ct,lpltiCrJt lllJII.ISI'I ;1! thc 
bcginning of thc projcct. As s••o;• as 1he SDP is con;pleted, 
an cxtremeiY va]u;~blc managemcnt ploy is to oubmit it t<) the. 
u~er's Project Manager for his .review and CIHlcurren•;l) (do not 
forgct to get his sign:~lure of :~pprol'al). This tactk s~rveS lo 
coinmit both project managers, d•!velopnJC/ll nnd U!>!.";, to 
join1ly agr~eing to tite execution uf tlle plan over thc lifc uf 
the dcvelopmcnt proj.~o.:t. Thi~ will al'trt many disagrer:ments 
further down the road as to how the proje~·t is supposeJ to be 
run. This is especi<~!!y significan! whcn one or more of the 
involved prindpals have ..:hangeú. Once the SDI' has bcrn ap· 
proved by thL' Uscr.Projcct J\bn3gcr, the de~·elop~r then exe-· 
ru•L . . 

In thc case of contr'act~ for major software Jevell'pments, 
more and more. the reliuest for proposJI is asking for a pre
liminary \'Crsion of t11.! SDP to be hidude•J in the offCÍ'crs' 
tcchnkal propo.>:~ls. This serves thc v~luable purposc of al· 
lowing thl) user to a~sess, as a p~rt of thc st'lc1:thin proccss, 
the Various offerers' appro:tch to nwt;~ging .1 softwMe tkvt!op· 
menl projeo.:t. One of the first ta~k~ in thc contra~·¡ is to re· 
guíre thc winning cuntrJcto¡ to up~atc and fln~lil.e his SDP . 
by incorporating the wmments that thc.us~r gencralcd during 
thc proposal evaluation and selecíion proi.:ess. liaving com
plctcd lite SDP upd.ate, it iS once a¡;.:¡in mbmitted lo tho: User 
for his finJI approval. Once <:~pprovcd by User, it then becomes 
bindi11¡; on thc developcr lo implcntent and faithfully adhere 
luthe plan throughout thc life of the contr;¡ct. 

1 For purpuM:S uf thh anide lhc tcrm' u~cr, ~U)(OJJH'r.~nd ~cqui.d· 
r1un m~na~n. JIC srnonrmous. "User" wilt Oc U~l·d lu:rcin a1 a ¡,:cncr!c 
:i!Je' for this calC!!OIY uf pc~ons. ,\llo. this nnick wiU cnn•idcr "ron· 
uactor" ns bdng ,ynun) mulJ~ with thc gc·ncric IC!nl "dcvcloper." 

lhe ñext section 1vill use thc ~tructure o fa ~encric SDP, as 
dcpkteJ in Fig. 1, ¡., discus.~ thc ~·arious elcments of rna113ge· 

. ment planning for a soflware dcl'dopment pr~jc~l. 
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COOl'l::k: SOF"IWA!tl: JJEVf:LOI'MI\NT MANAGEMI·.NT l'LANNING 

11, Tm:: SrwrwAR.F; DEVELOI'M.ENT PLAN 

A. lntrvJuction 18 
The introdu~·tion ~cction of thr SDP shuuld be Comt~ucted 

in ~uch a manncr that it may serve the additíonal purposc of 
an exccutivc ovérvicw of the projcct. Thc background and 
history of the proje.:t should be prcsentcd fol!owcd by a de· 
scriplion of the systcm for which the' software is being de· 
veloped. Thc purpo~ and scopi- of the soflw¡¡re development 
efl'ort, and the authodty for the project should be offidally 
promulgated. This scction shoutd.indude an ovcrview of the 
managCmcnt philosuphy and methodolo"gy. Specific tcrms 
(e.g., propam, moduh:, routlnc, 1c:1m leadcr, program ana!yst, 
puramcter test, etc.) u~d in describing thc develupment ef. 
fort need to be deflned in this sc.:tion of thc SDP. The tcrmi· 
nologY und dclinitiuns should he con~istcnt ~·ith user imposed 
standards, whene\"er ther e:xist, otherwise with the devdoping 
org:mization's int~rnal standanls. Project unique termino!ogy 
and/or definitions serve óiS a signiflcant.poinl ofconfusion and 
shuuld not be aUowed. 

B. Uscr FUmislled lnfonnation, f.f.tuipmenl, Services, anJ 
Facilities 

Prior to project start·up,thC software deve!uprncntrlianager 
needs tu rcsearch thc iryformation, cquipmcnt, scrvkcs, and 
facilities that are tu be furnishcd by thc user for the produc
tion or test of thc software .. In addition to taking thc~e items 
into considcrotion during proje.:t planning, th<!}' must alsu be 
brought to thc.attcntion of'the user so th¡:¡t he can make the 
ne~essary arrangemcnb in sufl1dcnt time so as nOt to impede 

"'the software dcvclupm<.:!nt proccss. The schedule of usage and. 
the training/maintenunn· support rcquircd, d.:. must also be 
includcd. 

C Risk Arras 

Another critica! action to be tak1•n befo re proceeding blisS· 
fully down the software dc\'eiopmcnt road is to identify al\ of 
the ,potential risk ~reas. Every project hJs potential risk and 
problcms; it would be extremely naivc for-a project manager 
to thlnk thili through his skillful ability :111 prob!ems could 
be dealt with sucCessful!y as they nccur' in real time. P!anning 
will, by its nature, tend lo minimize the impact of the prob
lems When they do oc~·ur. ·Areas tO be researchcd includc cost. 
schedule, requirements definition; tcchnological implententa
tion, and v:uious types of security. ~l:~ny of the high risk arcas 
shou\d be included On the projcct's critica! path.- Finally, this 

" 
D. Software Enginccring Standards, Fracticcs, and l'rocálurcs 

A must for every SDP is a scction that contains, or rnake~ 
reference to the document that contaim, the softw:uc engi
:r,~Jing stand<~rds. pruc~i.:cs, procedures. and coi,vcntions that 
will apply throughuut the life of the sohw~re developm"lmt 
project. Thcsc items must eithcr be defincU by the usct orbe 
agrccd to by hirn, sincc he wilt ha ve tu Jiw with them tfuough. 
out the entire operations ami m:~int~n<llld' pha!.e of his soft· 
w~rc's Ji fe cy.;!c. 

In every ~oftwarc deve\opment there are many innleoffs 
thot will ha veto be m:~Ue. They tonfrvnt cvct)' pcnun involvtd 
in the projrct from th~ top uf thc corpcuatiou Uown to the 
ncwest pro¡!lammer tr:~ince, h is imi1ortarH thot th~-~e t:ade
offs he madc a..:cordin!: tu sorne uniform :ritedo rJthcr than b~ 
madc ad hm: in re:~! time. lf the u~r ii ¡¡krt. l;e v.ill impor.c 
criH•tia on the softw:u~ dcvelopcr in th~ <~TC:!S that ;nc :mpor· 
tant te, him. In the fin~] ~na\ysi~. he is the OIH' nwst affccted 
by ti. e results uf the tr<~licoff d~'·~isions. This are¡¡_ of tht SDP 
is a cunvcnient pla.:c to induJe the guid<tn<.:e ior m>aking_ ali 
of the tradcoffs. 

Extreme]}" imporiJIIt tu thc SU~Tcss of an:· snftw~r~· de· 
velopment pruject. is thc 3\litude anli apprua.:h tJk<:JI ww;ud 
computcr progr:un Uucumcntatiun. To tieat ,·omputcr pro
gram documcntation casually is to invi~c di~a>ter. A dPl'Urnen: 
tatiou standard thut add¡t•sscs, not ouly thc rlcsign hut tl1c 
entirc softw<~re dcvrlopment p!li("Css, rnu~t he promulgJt•'d 
by the dcveloper ií 111.: uscr f:.dl<, tu spcdfy·une. l'roc<.'dures 
must be adopteJ to cn~ute thú COill'IHrcnt UC\'Ck•pm~·ut · of 
documúnts along willl th'c todc. Re verse cn¡!ÍII~Cring :~J't,·¡·thc· 
f:1.: t document~ tion i~ ·ver y- expcnsivc and '1 i111~ co rlsi:IJIÍII!: •. 

Quality assurancc :a11J dwnge .:ontrol of 1111~ do..:umcnts inu~t 
be provided. An iuflirmal, o~y·tO·d~y Uo..:ttllll"llWtioll ron!, 
such as thr. unit devclopmcnt folJer or programmer's \•:!JTk-
book. should be a~opte"U. That type ~f tool is probably of 
cven more val u e as a mJnJgement :.tid. 

Thc software dcvcloper sho"ulli plan .to issue a propam· 
ming standard~ und convcntions manual to al\ person~ in
volved in thc projed prior to thcir heginning any wofk re· 
bted to' development of thc software: This manual. is the 
s~eet of music that must guidc all of thcir cnginccring a¡;. 
tivitie~. Hopefully. :m intcrn¡¡] stJndard documcnl .::m be 
"tailured to ftt the uniquc aspc.:is ufthis projecl. lfñot, then a 
new one will have to be dcveloped. In either r:1se. tl;i~ ducu· 
ment riJUst b~ compatible with th.e long ránge software main-· 
tenance rcquirements uf thc u ser. 

section of planning should also in dude provisions for alterna- E. Projccr Organi:atiun 
tive _ cOunes of action fur each of the potential problems 

identified. · First, the project's rclationship to' oth~r org:ini~.:ltioml 
An importan! ltem to keep in mind wh~c deve\oping the entitics v,ithin the dcvcloper's Cl)t:npany nl!eds to be "dc;~rJy 

SDP is that of i.:Onstantly trying to avoid rumccessary com· stated. This should indude thc seo pe uf cach cntily's auiiH•rily 
plexity. There ls a dircct correlation between cornPiexity and as well asan itewization o(alJ thcir responsibilitics. 
incrca&ed risk, and that correlates directly with incre;~~d time The dcscription uf the devclopment project organiLation 
and costs. Keep things as simple as possiblc. H:udly iS there shuu\d next lo be identified, Al! relev:int job titl!'$ within 
ever.n ·requiremcnt in a software dCvclopment p·roject 's cliartcr thc proj.::ct and · their intcrre\ationships .nced to be e~tab· 
to.alwafs use thc l<~test and fanciest tcduÍiques, tuols, prac·. lbhcd. Each job posititm must be dcscribcd in sufiil:knt de:ai! 
tke"s, etc. Quite thc cuntrarY, clurters ty"pic:~lly fai! to mcntion to provide \'Ísihility <~nd undcrst:u1diuf; uf thc ¡}ruj~ct manage· 
that subject and foclrs thcir attentiun un 'getting thc job Jone mcnt struituic. 1 n addition tu thc tiarriltivc Jcscrip tit•ns. ¡::r~phic 
withln the time and resuurces nllocatcd. ' iltustratiuns of thc org:.utiJ.atiun slmuld be iliduded . 
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In e~t;1hlishlng thc orgunilation fm tliC 'projcct thcrc are 
sorne Ctl11llllUO m!stukc's that cun be :~vnidcd. Flr~t. cnsurc 
the indcpcuUencc of thc pcrsons rcsponsiblc fur cunducting 
thc tests llf thc software. Thc testen mus! he objcctivc in thc 
~ondu.:J uf thcir tc.sts nnd thcy must he free of any prtuurcs 
to ovcrlonk minor ( or majut) problcms dcu:ctcd, to acccpl 
Ctlrre~·tiuns thal are Jess lhnn s:llisfuctory, orto cut short thcfr 
requircc.l tcstlng. 

Al1o !he indcpcndcncc of thc group lo be assigncd the re· 
1ponsibility for thc softWare quality :murance tasks mun be 
ensurcd, Thcy necd an .. organizationul rcporting ch~nnel that 
il indcpcndcnt of !he software development manager When 11. 

project is in extremis, software qu:~Jity a~surance personnel 
must be shiclded against any potential cocrcion by thc project 
manager to lower their standards as an exingency of the cir
cumstauces. Todo so may be an appropria.te business decision, 
but tliat úedsion should"be overt rather than covert. Objec
tivlty is just as essential in quality assurance as it is in test. 

Pr6ject Lib rari;ms are nccessary tu managing the- changes to 
the softwHe and for maintaining custody of thé varioús prod
ucts of tlte project. The concept of Team Librarians is be
comin8 wide!y adopted as a mst cffecti\'e method of opti
mizing the time of all team members, introducing entry leve! 
personnc/ safcly and effectivcly into the project, providing an 
avenue for upwards mubility, and for cxtcnding the change 
control anU product custüdy functions to the tcaffi leve l. 

Fi~ally, dun't overlook training. Therc are a wide v:uiety 
of truillin¡; rcquirem~nts in every software "dcvelopmcnt 
projcct, not only during projet't ~tart-up but also ~ontlnu. 

ous.ly Oler thc Ji fe ofthe pro)eCt. · 

F. Sclwlil!es and /1/ilestoneJ 

Munagement planning is not cOmplete without the indu
sion of a schedule that depicts al! activities and ev~:uts that 
are to·ucntr within the ~oftwnrc develupment proje..::t. Signifi
cani milc~t-oncs, critkal paths, and potential crilkal paths. 
which may o..::cur duc lo unplanned schedule slippage must be 
included. 

A vcry effective way to develop the sdlcdule is to approach 
tHe task the same way yoú would approach the top-down de· 
sign of a software systcm. Start at the top of the prcject and 
decomposc j: in lo its firstline of majar tasks. Then successively 
iterare tht• pro~css dc,:omposin~ thc ta~ks into smaller. more 
.;omprc/H:mi\·e subta5ks until the l~1·el is n:ad11:d where the 
t:tsks cannut he subdh·ided "any furthcr. YO u will end up at the 
50/IOO.lin'·~ uf code leve], etc. This procedure will rcsult in a 

.mu..::h larger :~nd.more detailed schedule than js custom:lry.lf! 
very large proje~:ts it m ay be necess:Hy, during projed plan: 
ning, to stop the process at sorne reasonab!C ievel prior to 
re<~ching the botto11_1. Once the project gets underway, the 
prot.:ess c¡¡n be completed by the !ine managers as a part of 
their p!Jnning. 

Jn either case, there are severa! rewards fór the effort. Jt 
avciids having to resort 'to · pcrccntages in status tr~cking, 
since tasks are small enou&h tha.t they can be Considercd eilher 
not started or complcted (O or 100 complete). Thesc small 
tasks also permit the allocation of resourccs, the loading of 
manpower, and the subsequent costing with a great deal of 
acCuracy. A\1 of which should be reflectcd in thc projcct 
schedule. 

In est:.~blhhing the softw~re devclopment pl:ln, beware of 
conccpts thut ar~ hoscd on !he old "d;~s5icul"' softwJre dt
vclupment modd. This is espedally importunt jf !hose con
~cp!S ure in~omp:~tiblc with the newer ''top-down" softWare 
developtnent rnodel. M os! sus~:eptihle ls thc aiC:a u·r thc soft
ware developmen! phusL'S :ind ovcrlapplng of thc ph11~1. 

G. Dcslg11 Approach 

A widcly lll:ceptcd rule of thumb statcs that 40 pm·ent of 
the total software devclopment effor!ls rxpcndcdjust gctlinl!: 
lo fhe polnt where ú!lling hcgins, and that ¡¡nuther 40 pt!rcent 
is expcnUI.'d on..::e dl.'bug ( or unit test) h~s been complcted. 
Thut leaves only 20 pcrcent of the lotnl rffnrt for codingand 
debug. Kccp rhis rule in mind for thc next tiuee sections; the 
same proportions should be devoted lo the so.f!ware devclop
ment planning effort. · 

To stllrt off. plan for l·hang·e; in req11irements to·occur 
throughout the complete developmentcyde. 1t is a f¡¡¡;t of Jifé 
that many requircments changes are neccssary. For e.xample, 
the way uf doing bu~incss may change, hcnce, a systrm ·that 
is under dcvelopmcnt must al.so change in otUcr to support 
the new procedures. Rrquirements chan;;e~ are well known 
trouble makers; thc trick is 11' recognilc the fa.:t thJt tJ¡cy 
wil! occur, plan for them. acco!llmodate vnly thc neccssary 
om:~. design a flexible systcm,. and then control them when 
they do o~:cur. Do not rry to nccommoUatc :ln}' of them as 
they occur in real time. 

· D~sign planning slwuld ldr:ntify t11c methods and t~ch
niques io be used to cnsure the sr:>ftw.arc design sO.tisfks all 
tcchnical, operatiun;~J. :~nd performance rcquiremr:nts. Re
mcmber that at thi~ jundure planning for the design activities 
is bdng addressed, not "'how to" nctually ct<-'ate the design. 
A design approach, ~uch :JS top-down, dtould be dedded u pon. 
Next. all of the ml.'thodologics needed to ~upport th~t ap· 
proach should be spccificd. Types of methodo!cg.ics to be 
considered are sorne furm of: structurcd rcquircments ana]y
sis, structurcd dcsign, program .design l~nguage, a flow-dia-. 
grnm-like graphic rcprcscntation, simulation, modcling, and · 
automatic Uocumentution generation. 

Dcsign pbnning shouhl includc provi~ions for controlling 
and monitoring the ntililation r¡f system resuurces, su,:h as 
memory, Processor time, und líO capacity. A ccrtain amount 

·reserve of system resourt·t:s av;~ibbility mu~t be designd in up 
front if they are expccte"d tO. "xist at the end of thc project. 
Re..::overy, through nptimil.ation, m ay nvt be ~UCC("S.'ifUt. The 
user mus! have wm~ reserve lo carrv intu the maintenance 
phó!se oi ihc software's life cycle t~or the com'ction of !esidual 
dis~.:repancics and for minor enh.ancements. 

H. lmplemen/ation Appruach 

The design planning tnust be e.xtended into thc planning 
for the implemcntatiun uf the software. Most of those meth
ods nnd tcchniques will continue to be arplkable in"the im
plcmentation rh:ase. For exnmple. the tcp·down softw:~re de
velopment methodology, thc analysis. and de~ig~ tools, the 
computer progrum ducumentat_ivn developmcnt procdures. 
anci the unit 1levdopment folden, rannot be cos; effectively 
Uis..::ontiriued or rep!a~:ed. The ..:ominuous monitming of the 
availability of thc sy~tcm resource resCrvcs that were provided 
for in the dc~ign must now be pul in place.· 
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Coding tcchniqucs aru.l pru~fiüii-iilcthot.ls ~o be uscd 
(e.g., stru~;tur~U programming, pro¡;ntmming teams. and tc:.un 
librarians) muSt now be identificd. The ~·om;urrcnt dcvclop· 
rnent of the' dncurnentation mu~t be cnsuro.:J. Measures n<'cd 
to be lmplcmcnted that will ensun.i tll.ilt :~11 ~oftwure and du~u· 
mentation dcvCtopcd will be of the highcst quJlity. Chan!;C~ 
to a\1 items heing produ~:cd wll! be occurring {)ll Q daily basis, 
rules have to be lmtituted asto whcn ch:mgcs may be made 
and what pruceJures must be fo!!uwcd in the p1ocess. 

/."Software /mcgration and Tes~ 

Planning f0r the intt>gration and test phase must be com
. prehendve and niust be a~complishcd \'ery ear\y in the project, 
There could be required item.s of hardw~re or suppon soft
'ware, su~h u a simulator, that _afe necessary to establish the 
appropriate test envirunrnent and whosc acquísition might re
quite a long Jca9 time. ThiS is·espcda\ly tru·c in projccts with. 
installed 01 furnishcd hardware with an operating systcm and 
where the top·down methodo!ogy is bcing used. This, through 
the use of stubs, pennits software intcgration and testing to 
get an early start, which is one of thc primary bl'nefits of the 

. methodology, and it could be lust duc tu a lack of early pbn
ning. 

Al\ syst~m componerits (both hardware and software) need 
to be identified. Any applkablc sp<:dal sirml!ation and test 
facilities, ami huw thcy will be used, must be tak.:n into ac· 
count. Test tools of all types wil! be requireU. The use of test 
drivers, simutators. data extraction and redudion, and other 
test.support ;oft1~:.:ne Jrid hardware, as appli<.:ab\c, necd lo be 
describcd. Thc schedule for us;¡ge and control over al! of thc 

" 20 
is .tu asscss huw accuratcly tire cump\etcd ~oftw:Hc ~tislles 
thc original r.:quirCmcnt, c.g .. díd the pwgrammcr gu astray 
throtr¡.:h misiuicrpretation of sume r.:quiremcnt. Pw~runirnch 
dwr;h:tcristical!y will pruvjd¡~ test clatu an~ u·st c<~>~s to te't 
the prograrns that th.:y wrotc, i.c .. the as-built--not thc ~~re· 
t{uired! Bcsides that, ,¡ diffcrcnt cxpertlsc is rlL'Cr;~s;,ry, tc\rcrs 
nce.l to be able to .:.-;crcisc ~ sy~tcm In thC ~;rrn~· way that tlll' 
trscr will once thc sy.~lcln is delii'Cr.:d. 

J. Sojiwarc Dc~·dopment Facilities 

The capabilities of the softw:~rc devcloprnen! anci test 
fadlity should be published fu¡ thc beoetit of Jll pruj.:c¡ 
pcrsunnel. Thc proje<:tt:'d usage throughout the dc\·clvprncnt 
pnJ.:ess needs to be cstirnated a11d indudcJ in thc pwject 
rn~ster schedule. Project planning ~hould aJdr~ss how they 
will be manncd, :md what spccial too!s or fucilitic;; will be. 
available during thc ~oftware irnplcrncnt.atbrr pro.:ess. Also, 
the managemcnt rncthods that wil/ be u~d in the faci!ity 
(c.g., programmcr dciHlg time. soltwa~e changc control 3Bd 
status a~:counting, quality assuran.:c monituringl necd to be 
described . 

K. Su[lwarc Quality Assuronce (SQA) 

Software developrli<'IJI m"anagcmcnt·plunning nc:-..1 ne~ds lo 
desclibe thc. policy, org<~rlilation, Jnd pro~·cdures tü bt uscd 
to cnsure that the soÚware to be Jcli1·ercd will comply with 
al! of it~ specificd rcquirements and is of l1it-"h quality. SQA 
should he oricnted towilrd ensurin¡; that thc trp.:. of .t~c.>ign 
and j¡nplcmcnt:ltion will rcsult in'cffcl'tivc ond rt'liJbJ,: suft
wure. :SOA plúming pr~wides the deve/opcr with :!10 nw?.ns 

physical facilitie~ must be programrned or scrious contention to monitor thc quality aosurance program :J> it is :lpplicJ to · 
problems wilt cuntinuously hamper the cffort. the software dc1:eloprnent project. lt prO\'ide~ thc u ser with 

,In addition lo the rcquiremcnts for the physical facilities. dctailcd knowlcdge uf the devclopcr's qua!itr Js~urancc pro
the appro3ch, plans. and organi7ation nCéessary to at:complish gram ~nd it m ay be u sed to monitor the SQA progr<~m a~ it 
Uu~ integration ;md test all of the software to be detivered must is bcing irnph!mentcd. 
be planned. The plan must contain a description of thc integr<i· ·. · . First, the organiz:ttion of thc group rcsPOnsib!e for the 
tion sequen ce for a ti software componentS. Thc integra ti o n mi le- softwan: qualit y assu rance requiremcats nceds to be d csc-ribed. 
stones should be shown on the projcct schedule and thcir reJa. The SDP'shol;lld indudc a dwrt showing thc rclationship of 
tionships with the pertinent software componen! dcve!opment thc SQA group tu managerncnt and other .org:lllizational en
milcstones, including the requircd rcadinc's of software corn: titics. The g.:nerat autlrurity and rcsponsibility of the SQA 
ponents for integra !ion. group mus! be fo1mally promulgatcd .. 

The hardcst dedsion a project manager has to make during Thh section of the SDP. sh~uld identify a!l .SOA poli<.:y, 
the wholc projcct is how often/when to recompile and relink rules. tedmiques, aud methodologies applicable in each Jrca 
the complete computer program systcm. Then, once the pro· lioted in Fig. 2, and describe how their· us.: will augmcnt or 
grarn is rebuilt, how much regression tcsting is to be conducted. satisfy the SQt\ requircments. 
This is 3 partku!arly diffku\t dcd>iun during the eleventh hour 
whüc trying lo complete perfonnancc testing ~nd obtain bu y- L. Software Clzangc Cu!llrol {SCC) 

off by the u ser. The SDP.shou!d address this subject and pro· 
vide as much guidancc as possiblc for the bencfit on a\1 piojeo;;t 
pcrsonncl. Th(\ t;1ctic mentloned in tl1c lntroJuction regarding 
getting the uscr's approvJI of the SDP wil! havc a big pay-off 
whcn this issuc does eventual!y arise. By hi~ upproval of the 
SDP, the uscr is also apprOving the rccompile/regression test 
deci~ion criteria. 

A cormnun tcsting pitf¡¡[l ls thai .of using thc deve\oping 
programmers lo con tribute in somc w¡¡y to rhc software sys
tcm test cffurt. They are prccisdy the worst pcrsons of al! for 
this purposc. Once his debugginS has bc.:n l'lllilplctcd-. thc 
pro8"ramrnds role should be limited to supporting tiH' dis
crepail¡;y concction activity. The prirnary purposc of tc~ting 

s·cc planning provides the dcvcloper rrcans to wnsolidatc 
al\ Polidcs, pro~cdUH'S, oiganization3l dcscriptions. rcsources, 
and s~hedulcs rcl:!ting to softw:~rr ch:mge coinrol in!o onc sec
tion of the SIJP. It providc's thc uscr with dctai!cU knoJwledge 
of thc deve\oper's software change con ti o! activitic~ ar1d it Pcr
mits thc u ser tu inonitur tl1e dc\·clopds app!icatiun uf dtange 
control prin,;ipl~·s in confounancc with requircrncnts. 

lt is critica! that thc SCC sútion prOvidc for thc Jcfinition 
'and cst3b!ishrncnt of the devclupm.:ntal basc!iue. Th•!n. to it1· 
stitute a Suftw~rc Chnnge Control Board (SCCH) \{l adjudícate 
a\1 proposed ch:mgc~ tu th~t b;r~.c!inc. 1t .must be spcl'ified 
when and undcr wh:rt conditions al! software anJ documenta· 
tion 'will ~.:u me undcr formal ..:hangc control. A!~o. to be in-
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uf al! software·, its :~1tcndaut dllCUillentátion, and a!l othcr. Software Dcvclopmcnt Mana¡:cment 
ComptHcr I'JO~am DocumcnUtlon 
Softw:.ne R~'<.juircments 

22 products frum cu~tody uf thc dt•veloper tu that of the u ser. 
The discussion co-nt;~inc.d in Scction 1 reg.mHilg long h:ad.time 
itcms. is cspccia!ly importan! in thc caw of any new facilities 
and/Of support wftw~re rcquired tu m~inlain thc software 
afte! complction uf thc software development process. 

Testabllily Al\:llyds 
Computer Pro¡:r3m Ded,gn 
lntcrfaccJ of a JI Typca 
Datab.:uc Dtflnltion 
Software lmplcmcntation Proceu 
Ten Plan• 
Rcpc;¡tability ofTesb 
Test Rcqulremcnts and Criteria 
Tt:st Proccdurcs 
Test Report Ccrtification 
Correctivo Actions 
Trcnd Analyds 
Rcporting :'lnd Control System 
Software Change Control 
QualitY i\udltlng 

Fi¡¡. 2. Software qu~ty a~surancc proceduru ateas. 

cluded are instructions for the preparation, processing, and 
submittal of the proposed di.anges lo the SCCB, including 
changcs to the compu!cr programs, documcntation, and tJie 
contrae t/ I'Jsking agreement. 

Thc SCC section. must provide for proccdures to ensurc 
th:lf the implementation of al! approved changes is retlected 
in all fa~·ets of the b:.~seline. program descriptive documenta· 
tion, aud program m:.ttcrials. Do noto verlo o k the implementa· 
tion and promulgation ~f al! approved corrcctions lo thc soft. 
ware and documents. 

. lastly, thc SCC scction of the SDP shuuld providc for rec· 
oñciliatiOn of the software change statuS accountirig rcports 
and thc st<~tus of th<.! suftware. dcscriptive documenta ti un, and 
program m<Jtcrials wilh the app!OveJ basc!ine, plus :~JI ap· 
preved ch:~nges. 

M. Product Turn-()'llcr 

During d<.!VClopmcnt of thC origin:.~l sr:>P' is no! too carly to 
address the p!anuing and proccdures fur thc orderly tran~ition 

·' 

lff. (ONCLUSION 

Jf thc furegoing sounds obvious, then acccpt the foUowing 
challenge: using this ar tick· as a check·off list, cunduct a re· 
vicw of your projcct to se e how well it was Original! y planned 
and how curren! thusc plims are today! 

J<~C'k Coop~r received the B.S. dc¡:ree in aCrkul· 
cure from thc Univcr.itt of Missouri, Columbia, 
an<J che M.S. dcgre<: in computer s.ciencc fot the 
Naval Post Gr~duale Sch.-)(}1, Monterey, CA. 

lle i~ currently Mana~n of che Software A•·· 
quisition Mana¡oemcnt Deparr~nt of CACJ. 
/oc., Arliogton. VA. In thi~ npacity he i~ pri· 
Ol'lrily re~poo~ihlc fur ~11 ~oftwarc rdllcd busi· 

· n~~s arcas a.wxiatcd "'ith cmbcdded cumpuler. 
s~Mcrn~. Previrw~ to thi•. he ~pene frn.r }C31> as 
Pr~ >i<Jcnt of Anchor s,,lt,.·are M.utlg<:ment, ltd., 

an indepen<Jcm con~uhin¡t lúm Jocatc<J in Atcundria,.\'A. Jfi\ ~ctiviriu 
rangcd from ~dvi•ing ~m~ll bu~ine\~S oo complllcr ~kction. teacbing 
coursc~ on ~o(twarc managcmcnt, .and c~•mlu~rirrs market an.1ly.•i~. 10 

con.\ultiug on mf¡w;,rc devclup•ncnl prnjc"'" for txuh <Jekn'>e ~od com· 
mcrcial ¡,•nn!f,JCtor.;. l'rmr to his rcl•rcmrnt from thc U .S. N~vy in 1978. 
he ., . .ts_A~~rstant (fnr Software f-hnagcmenl) tn 1hc D-irector. Cumpurer 
Resuun;e Ofticc. in tht· 1-lcadquarrer~ of rhc ~J•.tl M•rerial Cornmand. 
Th•s office Í\ re,pon''"k for thc polic;t. standard,, and pro..-:edurc\ fvt all 
conrputer hardware an•l.~nftwarc an;¡uisition. tlc>clopm~nt. 11nd ;pplin
tion within lhc Na~al M~!criat Cumman<J. Jlc wa1 lhc l'<mn¡;uratinn 
Manager of !he CMS·~ aud SI'U 1 programming l.tflj!:U<IS:<'~ a:ul1he Ndvy 
mcrnh~r of1he DoD Hi¡.dr Ordcr La~t!ua,¡:c W<.rhng Grouv 1h~1 <.J¡·,·doped 
Ad.t. He "'"' rc~run-'ible fur thc de•clnprner.l of MII.·Sl'D·I679, 
''Weapon Sy~1cm Soft\o.dfc O.:v•·l;•pment. '' llc had cJ.tlicr \Cr.cd a~ 
de,igncr an<J !'rojcct Manager for lhe dcvclcopmcot of wrtwarc f.,r ihe 
var,oui Nav~l T;JCtical D.u~ Sy~lr.m,, He i! a con:rib,uin8: authur ro 1hrcc 
h<1oh and h.ts written more tbari 30 papcr~ &lld articJ~. many ,r .,._hich 
wcrc pre,cntc<J to national audicnces. \ 
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Managing Software Development Projects for 

Maximum Productivity 
NORMAN R. HOM!S 2" •L 

· A.bslracl-ln th~ arra ar softwarl' den:lopmcnt, data proássin¡; 
managemrnl ortrn focuses mon 011 codin¡: lrchniques and ~~~lem 
archilrclun th<111 oo hu" lo nu•na~r thr dl'<rlopmtnL In rennt }ran, 
"lllrudured prnl!rammin¡.:" and •·urn<"lur~d anal~si'" han• rrceh·fil 
1\ll)rr 11ttenÍion lha.1 the trrhnlque\ sofh•art munu¡:ers rmph>) to 
managt. Morrulrr, the'e cndln¡! ;~nd Qrd¡itrctur~l ¡·un•idt·rution~ ur~ 
o!trn Md\AIIt"i"d 11\ th~ kt} to 11 ~mnulh runnin¡.:, wrll nlllllllltl'd prnjct·t. 

Thl\ pap••r do~unu:nh 11 phih .. nph~· fnr •ofl,.ut dt·Hin¡mlctll und 
thr IIMIIJ Ult•d In 'uppurt it. Thu\r tlllllllll(t"nlt'lll lt(hul•¡un dul "ith 
qllontlt,lnll 5Ufh ab~tnfltrrm~ n ''pnuluctl•·lt~.·· ''pt•rruru•anu.'' 
aod "prtt¡:rc<\," arid "ill• nn:nurlu~ lhnc o.¡uantiti~' and app!~ln¡: 
managcment cuntroh ti> m~\imiu thl'ln. The pu¡1er ul\o dot·unornl~ 
the 11pplkatimt uf thr)t tedmiqul'~ on a major \t~ft.,~n de•dopmcnt 
errort. 

Indo; Ttnou-Performan<:t ualuation, produrli~ity anaJ,.si,,f'rOlit· 
rts.s measun:rnent, software devdopmtnl mtlhudologlts, MOtk 
breakdo111·n slruclur·r. 

J. INTRODUCTION 

1 N 1977 we began deve!oping a PJOject M:inagement System 
to suppott worldwio.Je operations. lt w:~s designed lo Jssist 

with the day 10 · day manage'ment of largc cngim~·cring and 
constroclion jobs. As ~ managcment infonnation system, it 
·waS nccessary to inlerf:H.:c with tite company's financia! and 
maÍcrials managcrnent systcms. Thc result w:~s ihat 1hcse 
systcms had to be totally rcde~igncd to sup¡l(lrt this ucw 
Pmjert Munagcrneut Systcll!. , 

1ñe ovrtall' effort \(lo k about l\\ '' mlllion rli>lll·lt~JUts. lhe 
dcvclopment of this ~y~tem c:~lled URICS (Uruwn & Rout 
lntegrated Control Sy~tcm) wa~ m:maged using tlle systcm 
bdng developed bot in ~ m~noal rathcr than <!Ulum~led mude. 
lhe key management concép!S uscd lo cohtrul this rle\Ciop· 
ment effort: namcly, perfonnance evalua!ion, mWtibudg"eting. 
and forecasting with the "variancc" tecllniquc were úoco· 
mcntedin [1]. 

In order lo give a compktc sclf-colliuincd trentment ofthcse 
concepts, the scope oi the pap'er \\<~~ Jimited \lJ thcse (sume· 
what technical) lOpics. This necessitated omiuing the discos· 
sion of othcr BRICS capabilities so.ch as productívity e~·alua
tlon. Moreover the successful management of a !argc-sc:lle 
software deve!opment project invuives more lhan applying 
tcchniques such as these. An experienced suflw:~rc develop· 
ment manager has a fixed idea (philosuphy) uf ltow soflw<HC 
developmeilt should be managed. lf such a philosuphy is a 
successful One it will <Jotomatical!y tend to 'inaximize prodoc· 
tivity and kecp the work progressing as planned. 

The purpose of this pilper is to docomenl such a phil~sophy •. 

~nuscripl received hrmary 12, 1983. _ 
Thc nuthor is with lhown &. Root, /nc., P. O, Do' 3, Hou!lon, TX 

'17001., 

to show the principie techniqu~s. nccessary lo suppo~t it. 
and 1o1 point out sorne cornmon pilfal!s thllt cxperience 
te~chcs one toa \"Oíd. 

ll.llow ÜNE Vnows SoFf\.I'AHI; DJ.VU.Ol'~tu·n 

Sdeutists kuow lli:.tt thl! Wd}" you "lo(Jk ~r" a fHut">!l'lll 

ofrcn inl1ueno..Cs whclher you c:m ~t·h·c i1 ot n•.H, SimiLuly, 
your \"ÍewPoinl in11ucm:~·~ your ~bility to n:,o11:1~:~: 1.1 suhwarc 
UC\'Clopmenl prujcct cll!dently. lhc 'aullitll J¡¡¡~ r ... ur;J il 

hclpful to think Of \t)ÚWale drvclopment lllt~ll~~c·tncnt <~S 
consisting of two scp:untc but rclatcd parts: pWJC·~t rbnnillg 
and pwjcct cxecotion. Hoth pans h~vc fiv..: O.:L•mpnl"tcnt'i. Th~ 
p!Jnning componcnls ;~re: 

subUivision of woi"k 
qollJI lifica f ion 
sequencing of work 
budgeting 
seheduling. 

Subdi\'ision of work is thc decompositiun of a job ínto nt:.tn· 
'"ageabl~ pieees which. will be rcferred toas "work p::o.:bse~:· 
This is 5ometimes callcd "packagit~g thc work." \\"urk ¡ud::.ges 
shoulcl c.on~ist of one generiC 1ypc o( work, shuulú be of 
shOrt dUJ:.ttion, shuulo.J he J,Jgic:~lly reL~tcd to how tht· wwk 
is \()be perfotwcd, und il ~ltuultl he pos_~ihlc tn <~>~Í)'II rc~po¡n~i· 
bllity for thc ~.omph:lhm of a ¡•t•en Wlltk p;,¡'kll¡~(; ¡,; <J!•~ 

pcrsun. 
!'urmally thc sobtlh·i~ion of work i~ anived ¡¡1 thwugh :t 

series of decumpo~itiom b;¡~ed ou l10w the wurk wil! be p~r· 
formed." An cxJrnple of this pn'ú'SS is giv_cn in Fig. l. !k re, 
the job of developing tht! BRICS system was first dccurnpo~ed 
into severa! major cOmponents such as dc\"elopinr. 01 rcquire
ments ~rcCificarion, tr~nslating thé rcquiremeuts mtu a func
tionul design. expandiug thc funcri,m:~l design intn.o tcdmical 
dcsign, imp!emcnting tho.: design (~~ding), intcgr~ticm tcsting, 
acceptance testing, etc. 

lllis is the ·first leve! uf decomposition. Le,el 1 rompo
nena are further subdivided as slmwn in Fig. 1 to pmduct 
componenls at leve! 2. For cxample, the techniól design 
component is subdivided in lo dctailcd dcsign of processing 
modules, detai!cd dcsign of data ma"n;~gcmen: modules . • ::.~leo· 
lation of sy~tcm timings, etc. Thesc leve! 2 compllllCnlS :1re 
further. tlecomposcd into Jc,·el 3 rontponents :md su un un ti! 
tite total efforl has becn sUbdividcd into mamgcablc compo· 
ncnts (work packoges). When tl1c work hJs bccn divided in 
this fashion, thc Crsultant hierarchy is callcd :~ :'wurk break
down struclUre" (WBS). 

Once lhe work has been subdividcd, it car. be 4uantifi·~d. 
Quantifíc;~tion is thut componen! of plannin¡; which deter-

0098-5589/84/0100.00:!7$01.00 t:) I984JE~E 
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Fig. 1. S):stcm devclopmcnt work brcakdown stiucture tWBS). 

mines the amoi.mt of work (m:m-houn), overhead, :~nd com
puter resuurces rcquir~d for e'ach work package in the work 
breakduwn structurc. The cstimated co~: for euch work 
packa¡;.: is buicd tlH this infomation. 

Fis. ~ ~howJ a copy of tht "detailetl fstiln:~te workshcct" 
1neJ fi11 qu:uulfying Jnd buJ8ctmg \\'(Jtk p:i¡;-kagcs fur the 

· fiRICS 5oCtwar~ dcvdoplllent cffort. Note that llRICS work 
packages werc n·fencd io a& "control packagcs" (a dcpariure 
from staudard WBS 'mminology peculiar to this project). 
The fir~l ~tep in qu~ntification is to !ist the activities in each 
work package and their "unit of mcasure." The example 
shown in Fig.· 2 is for the fiN"ALIZE ~YSTE!'-.1 n.ows wOrk 
p:~ckagc shown in Fig. l. The unit of rneasure fvr activities 
2.2.20.1 aud .1,2.:W.2 i~ flowcharts. The unit of measure for 
aclivitic:; 2.2.20.3 an~ 2.2.20.4 is reports. 

' The ne:-;t step in quantifkatitm is to assign quantities to 
each a.:tiliíty (in the létivity's UJ:ít of mcJsure). How this 
WJS done for \\Ofk pack~f:e 2.2.~0 (F!;-.;"AUZE SYSTE.\1 FlOWS) 
is :>hown in Pig. 2. Tlic final step in the qtiantifkation process 
is to record the number Ofman-homs nccessnry to accomplish 

each activity in each work package. Depending on who you 
talk to, the man-huurs muy be considered as part of the 
quantification or part of the estímate. For the Pllrposes of this 
paper it will be consitlered part of the quantificuion. 

Aftcr the work plicbgeS havc becn quantified, the sequencC 
in which the work packages are to be exccuted needs to 'be 
detcrmined. This sequence of work provides the software 
dcvelopment manager with an understonding of thc arder in 
which thc work is to procecd. As the scquence of work is 
devclopcd. the work breakdown structure needs to be review_ed 
to ensure that the suhdivision of work is ~:ompatible wíth the 
sequeilce in which !he wÜrk is to be complcted. This m ay lead 

.. ~ 
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to changes in the v.-ork breakdown structure mch as chonging 
or crcating new work packilgcs to bettcr defme the manner 
and order in which thc work is to be accomplisheJ. 

Aft_er the work packages have been quanlified and se
queilced,-thcy must b_e c.timated. l11e eStima!~ for each •.vork 
package wi!l specify tlv: planned wsrto comrlete the work in 
thc work package. After the estimJIC~ are approved by manage-
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ment thcy will be calied "budgets." The man-hours for a given 
WOJk package are' the ''m3Í1-hout budg"et" for the package. 
The terms "work j,¡¡ckagc budget" and "w0rk pilcbgc man· 
hour bud¡;er· illlply a manogemcnt ullocation of resources 
In terms· of cust Rnd mnn-hOun to complete the work p:u:kagc. 

1-'lna!ly ,· the work packagcs nccd to be schcdulcd to com· 
plete the planning process. The purpose of sl:heduling LS out 
only to predict when a job can be completed given the se· 
quence or W(.lfk and the resoUrces aVailable but also to estab
lish start and cnd da!cs for each work package, The softv,:are 
manar,er uses tla•se scheduled dates for the work packages 
to c~ntrol the work and communicate progress of the work. 

III. THE PROJECT Pl..AN 

The budget for your software development effort ls the 
com¡)osite of all thc budgets for alJ the work packagcs in 
your WBS 3nd the schedule for your project is the composite 
of all work package schedules. Togcther thC budget and the 
schedule are refcrr~d toas the "plan" or the :'b:iseline.'' 

Again, it is lrnportant hOw this Plan is _vist!alized. It is help
ful to see an iniegrated picture of the budget i111d lhe schedule 
components of the·plan. This is achicved by using the schedule 
to "tlme-plmc" the budget. Time phasing shows graphkally 
how the budgct is to be ~xperided ovcr time. Fig. 3 shows the 
time 'phasing of the manhour budget for the TECHNtCAL 

m:s!GN and JMI'LF.MENÚTJON briliH:hes of the BRICS wns 
hiernrchy shown in Fig. l. 

The'a!gorithm for time phasing thc budget with thesc~edule 
is· dOcumented il_t· [ 1] . lt can be done maliua\ly, but if lhc 

number.of.work packages in your wns exceeds 100 it be
cumes fairly difticult. Onc of thc things 'mues do.:::S.is to 
autoinalically produce time phasing gr:~phs for work brtnk
clown structurc~ of auy sizc whose budget arnl sdtetl\llc · 
havc bren entercd into the ~ystem. 

IV. PHOJECT ExrcuriON 

Basically, the software manage~'s job is to cOnt!OI the 
devclopn1ent effort in a~.:cordai1ce with thc pro[en plan 
disctisscd abm-c. The five components of project control 
are:· 

accumulation of a~.·tual expenditures 
progress measurémcr¡t 
perform:lnce evaluatfon 
productivity mcasuremcnt 
change control and forecasting. 

The activities of project control allow the software manager 
to monitor progre~; anticipate and tectify problcms; ami to 
continue thc "communication" established by the plJn to 
meet requirements, cost objcctives and the schedule. 

ClassicaJ' coSt accounting methods are used to accumulate 
actual expcnditurcs of manhours and costs. Eadt work pad:
age is. considCrcd_ as a lcdger account a~d cach cxpenditure 
incurred for each work package is posted to the appropfi.He 
account us it is incurred. Man·hour expenditurcs shou!d be 
posted weekly to accommodate the productivit)' rcporlmg 
discu~sed in a bter scction. Costs '"n be postd wctklY or 
monthly. For plotting purposcs it is advisablt' to mainto.in 
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11 histori,:al record of the acJual expcnditure uf ·man-ho'uu 
- for euch work Package at thc cnd of each reporting period. 

· Col\ecting expcnditures ut the work package leve! allows 
\ for,computing the actualexpcndit~re for any elemcni in the 
: ·was al any leve! ¡imply by summing. A plot of the act_ual 

e"xpenditures against the bascline during the tcchnical deiign 
- and-implcment:ition uf DRICS is :dso given in Fig. 3.· 

/.-. fÍrogress · measuremcnt is that element of c_ontrol that is 
. ·;'involved with pcriodicallY' (usuaily weekly) d_etermining the 
·• statu~ of each. work package. StatuS is measured in p'crcent 
-~Complete. U¡;ually the bcst method for me'asuring percent 
c~m-plcte is to ·compare the actual nümber of uniu completed 

· ·for t!ach activity in a work. package with the "budgete_d quan
' tity'' (quaiitity shown on thé detailed estimate worksheet) 

,for thut acthity. The ratio obtained is the percent complete 
'fOr Íhe acrivity, Percent .complete for the work package is 

. ·corÚputed using the formUla 

:._.wP%co~p . 

~(activity% complete) (activity man-hour budget) 

wo~k package man.hour b'-!dget 

where the su.mmation is taken o\'er al! activities in'the work 
p3ckagc. 1t is the responsibility of the software manager to 
insure this data is collccted· periodically as it is the basis 
for the cakulatiom used in performance evaluation. 

V. PERFORMANCE EVALUATION. 

-P~rformani:C cv¡¡]~lation ls that element of control which 
compares actual propess nnd cxpendiwres tu the proj~ct plan, 
identifics _ devi:ttions from the pliln and determines solutions 
tu corree! for these Jeviations. Actual expi.'n"ditures and the 
bascllne are expressed in -tenns of manhours spread over time 
a.~ shown in Fig. 3. BÜt progress is measured in percent com· 
plete. ln order to measure progress in the same units as the 
budget and expeuditures so a comparison can be made one 
uses the cnn~ept of "earncd v¡¡Jue" (e~rned man-hours). 
Earned \'aloe {EV) for a work package is defined as 

EV = (work package man·hour budger) (work package% 

complete). 

Conceptual!y, ~arned value repr~sents the (man-hour) value 
· of work accomplished re!ative to the (manhour) budgCt. · 

By cumpu:ing earned 1·:¡Jue at rhe v,=nrk pnckage leve! it can 
be obt:lin~d for any clement in the· WBS hierarchy by sum. 
ming the e:uncd \'a]ue for al! work packagcs U11der the given 
hierarchy element. · 

A plot of earned value nnd actual manhour ex~nditure 
against the ba~eline. for the BR ICS techuical design and imple
mentation i:. given in Fig. 3. This plot is the software man· 
ager's principie performance e'•ah1ation tool. A detailed 
discussion of how to interprct such an eamed value graph is 
given in [ 1 J. B~sically. if the earned value "curve'' is tracking 
the baseline curve closely, work is progressing as planned 
and- if it is tracking the actual cxpenditure curve closely, 
productivity is as planned. 

VI. PRODUCTNli'Y Mrc.ASURÉMF.NJ- . 

lf the earned va!uc curve deviates significantly from cither 

the · basclim! or the actual man-hour c~rve, or both thei-e iS 

.·, ,. 
!1 ¡ r~ ,.'. 

reason for concern. lt is the responsibility of the softwáre 
manager to takc stcps to rectify the problem but befare 
thiS c;:an be don_e the problem must fint be Uol~ted. 

SupPose the carned value curve ls tracking the baseline 
closeJy·but deviates sharply from the actual expcnditure curve 
with the "actuals" curve running "above" the earned value 

curve. This means the work content is being executed aa 
planned (as scheduled) but the co1t in m:m·houn is signifl· 
cantly more than pl:mned. The obvious conclus.ion ls Jow 
productivity. ln order to know whkh work packages are . 
experiencing low productivitY, the Software rrianagcr nce:ds 
a weekiy·productivity report, 

The calculation of productivity for a work package is as 
folloV.:s: first, the wor_k package U assigned a unit of meisure 
just like the activities· in the work package. Each aclhity in 
the package may have a differcnt unit of measure and it is 
not necessary that the work package wlit of measure be the 
same as any of its activities. For instan ce, the unit cf measure · 
for work p:~ckJ¡;c 2.2.20 shown in Fig. 2 could be documents 
and its quantity cotzld be 180. · · 

Thé work package man-hour budget is obtained by sum· 
ming the man-hours for each activity in the Package. In this 
case it is 1680 m:m-hours. Dividíng 1680 man-I'Jours tJy 180 
units gives 9.33 mJn-hours per unit or man·hours per docu
ment. Tilis ratio will b.e referred "toas the "buJgeted .:ost per 
unit" or simply the ~'budgetcd unit rate." ProdUt·thity is 
defined as uutput per· man-hour. Conseque,Hiy, the unit. rate 
is the reciproca] of productivity since it is me~sured in tenns 
ofman-hours per unit (output). 

The "actual unit rate" for :m activity in the wmk package 
could bé determined by di\·iding the actual manhour ·~xpendi
ture f0r the acthity by the actual number of units completed 
on the activity. But to col!ect costs and compute unit rates 
for each activity would Jead to far too much detail. This is 
the reason for "packaging" the work in the fir;t place so it 
can be trea1ed as m~nageable pieces instrad of a ma5s uf 

detJil. What is desircd is an actual unit r3te for the work 
package. 1t is obtainc·d using the formula 

work package actual unit rate 

work package actual m~n-hotir cxpendit~re 
(work pkg.% complete) (work pkg. quantity) 

·whcre the formula for work p~cJ...age 5{ wmplete was gh·en 
in Section IV. Simi!:!rly, bud~eted unit rat('S :md actual uni: 
ratrs can be computed at summary leveh of )'ol.lr 'work break
down sttuC!tln! by'~'>signing a qu:inÚty and unit of measure 
to each summary leve! _WBS element and using the fonnu!as 

WBS ele m en! budgeted unit rate 

WBS elcinent n1an·hour budget 

\VBS e!emcnt quantity 

WBS e;lement" actual unit rate 

WBS elemcnt actual man-hour expenditure 

(WBS clcmcnt% comp.) (WBS elem~nl quantity) 

where the WBS elernent man-hnur budg,et and the WBS 
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. Fig. 4, . Productivity tcpo!t. 

elemenl actual im11n-hour _ expenditure art" obtairit"d by 
. suffin'ü~g the work pack:~gi: mail-hotir budgets and\ actual 
mán-llour expcñditurcs for all the work p:~ckagcs under the 

·Sivtn wBs elemecit in thc work brcakdown-structure hiewchy,. 
• • • 1 

~d.w~ere the WBS% complete is given by 1 

. ~_és tJement% complete 1 
' . 

·· . , L<work pkg.% co¡~~-)(\vork pkg.man-hour ~u-dget) 

. ·- ,;. WBS element nwn-hour budget 

whe~O;the summulon is taken over all work package! unde'r 
the giVen WBS elcment ili the hiewrchy. · 

· An-example of such a producti\·ity report is given in Fig. 4. 
The ·sOftware manager uses _·_ihe pcrfonnance repo'rt of:fig. 3 

iotethCr with thC producÚVity report to spot treilds and iso
late Proble~ Work packages. lt is also· necessury 10 conSult 
the· ¡iroject schedule to spÓt problems. E ven though produc
tivity;'¡s satisfactory, work packages may 1101 be .staiting or.' 
fiÍlishing as planned. Such a case would lead to the earncd 
vitlue CUrve lrack¡ng the ac.úJai curve dosely but deviating sig· 
nHicantly from the baseline 'Curve on the perfonnlnce report. 

1líere are threi! reasons wh)r software development work 

dO:es ñot progress Jri aecordance with the plan. They are: 

. _':.' l)'.~h:~nges in fhe scopé of ~ork, . 

:-'2) Quantity d~~i<~tions. arid 

-~ ~<_3)' Piod uct iVil )r'devia t ion!. . . . 
''.t:,-,,, ' . . . ·_.. . ' : . 
:chanses In the Sl."ope of work are redeftuitions of !he original 
'{'-:/:~¡ >, 

•.• ... 
•': 

¡,. , .... 
. { ~ 

,_, 

-:-.: 

rei¡tlirement. Their basis can range · froni .. a eh:mge in the user 
procedureS to a bCttcr design altern:itive. Qu~ntity devi:Jtions 
ari~e from errors in tlu;· quUntification process a~d productivity 
devi:uion· arise frcim not accomplishing-the work :11 r.he planned 

unit rate . 
lt is important for the softw:.tre mana¡;er lo .. distinguish · 

among these three_ typrs of deviutions. lf work is not pn,.,gress· 
ing as planned beca use of Jow produetivi!y. pressure c:~n be 
'applied lo increase' prod.uctivity. Nonnally, the vi~ibility given 
to produc.tivity hy thhmanagement approach tends to >tiinu!ate 

prodt • ..:tivity. Applying pressure whcn produ.:tivity_ meelS 
or exceeds planried unit rates may be coutHcrproductive. 
Programmers and analysts need to be rewarded for cxceeding 
planncd producti~hy estimates even' though the'work is not 
pr0gre5sing as pla~ned for o,ther re~sons. Fai!ure todo so may 
we!l introduce productivity problems where rou did not have 
them befare. · 

VIl. CHANGE CONTROl. AND F0aECAST1NG 

lt is alio impottant for the software manager to distinguisll 
among the types cif devitttions in ordcr to "kccp the bascline 
current." Titis me:ins providing fm :m up-to--d:~tc acwunt óf 

· thc scope of work and :m audit tr~il of how the original 
budget evolved into tlle curren! bascline. lf tl1c b;~scline is 
not kepl curren!; thc pefcent · coruplete, ¡¡mJ c;¡rncd value 
computations will·not be corree! as will be secn in what 
rollows. 

A '"varlance" will denote -thc ducumentation oJf a dcviation 

from thc bas..:linc: A "cha~Fc ortl_cr'' is. a varian~·e that reP· 
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"'resents an ngrced upon 'change in the scope of wurk~ lf the 2 7.: VII{ SEI.I~CTINC AN AJ•rROPRIATE WBS 
· · doVelopment is bemg done for a é!ient, a ehJnge order will . 11te"re are. sevcr:1l software developmcnt. methodologies 
'.-~;bO 3.clieut appioved variañce ;~nd ~nay result in a\:l~:mge to on the".-market:-Most.ofthem are in e$sence a work brcakdown 
·---rthe ."conttaCt. · Then thO· original CO~tract. togethC'r ~lth all , 1tru¿iUre for s~ftw:ne development even "though Íhey may 

· ::.~Chon'Se on.iers represe~lt "íhe current ContraCtual environ~el!t · not bé' presentéd iri that fonluu. _In ·¡¡ny event, they are al 
:;,./undOr_ wllldi the work 11· PérfornréJ. The original budget .-fÓr least :1"- subdivlslon of work ln that they divide the softWare 
• ·_--:"a wO'rk pu~·ka8e.togetJréi .with al! ciumgc orden afiecting the dcvelupment prot·eu' up lnto tasks tb;~, Cliln be usign~d 10 the 
· ~-~ .piCkngc b 'the "client.budM,ct'' (called control b"udgclln [1)} analysts and progr:~mmm. . , 

~~foi, _thc paCk:lge. The clieni budgct for the projcct ls thc'suin Which mcthodology to choosc is Probabl)- ku lmportant 
_:.:·or _thé clieút.~udgets for :iU w9rk packa&cs. than h~Y!ng a· proven methodolo¡ot and r~cognizing it for 

-'t.;:_: ·:variances 'Óther tharrchHnge ordcrs will be d~slnnated _as whai it is. Mdriv · softw;ue de\·elop¡-ilcnt projccts use thcse · 
. -'~q~&itity or'p'ioductivitY~V!"tiances deP~ndingon whel\tcr tliey methodÓlogies"_b~t few of them use them as the basis for 

-_.'arOsé· as the· resuÚ of,8 (current ór projected) ciUantity'or derivin8-a proje~ct plan as described above. It is_ impor(ant 
· · ';p-i-odUctivitf dcviation •. {SOnietiníes an obserVed·- deviation · that tiw tasks in the methodology either bccomc the work · 

~W~l :!lave botl~ 'a quandtY and productivity Component. It is pa..:kages in yoiJr subdivision ofwork or that they be packaged 
· "flnpórtant that the distiilction be made anda separa-te variance together to forffi work packages. . - -. 

·. ~:be USed to doCument e~cll component. This · is because qllan. · These work ¡)ackages then netd to be quantified,sequcnced, 
/ .~_,y;;·~~riau~es w_~l be·~~~ t? up~a~e the ~aselinc wh~re~_s _ blJdgáed, and :~,chediJled as described.above.-The project plan, 
::: ':·.P~?~.~-~-tivi_ty_ V:ar_i~_nces \Y.il,l,only upq~t_e ~he forec~st. _ '" (ba~li~e) is then produced fr_om this d,ara. During execution 

: "._. lñe client budget for:a work, package together wlth all of tl1e plan, eXpenditureS need to be accumulatcd, progren 
~· ~ ·4Uil.íÍtity variailces that~ affect . the · p~ckage :¡s· the "éontrol needs to be me·asured, and varlances "nfed to be pos"ted against 

·· ·
1bUa8CI." (caned· targe't .bUdget in [i)) for the Package. The these work packagcs. Furthermore, a manual or automated 

.:-- c~ontfOI btrdgét for the' .p!oject is ·tJ.le sum of the control system~ is needed to produce performance evaluation and 
~ ~ud¡iets. for al! work pa~kages. 1t re-p/esents thC reá.l scopt of productivity re¡iorts from these data. . 
· _WOrk•as cu

1

rrently underStood and consequently is the tiue TI1e author lias a softWare development_ WBS that will be 
basCJine to mCasure progress against. This is the budget the discussed bricfly_ in· the next .sectiori'. Howe\·er; the BRICS 

. softW:ne manager uses tu 'Control the work ·and consequCntly devclopment effort was managed using anurher methOdology. 
thia-U:e budgct used for ca.Jculating camed value. The readcr may be intcrested in the txperienc_e and it may. 
_:· The c·ornrol budget fof' a work package together with all shcd SÓmc light on the problcm of selecting an appropriate 

.-ihe 'prOducti\'ity vad:mces affecting thc package is the "fore· WBS for your jOb. 

étlst" for the ¡)ack:ige. By constructing thc foreca~t fr<?rn the In 1978 Brown &, Root pu~chased a softW_a~e de\'elopment 
·_bud8et in this way the ,differencc 'between the forecast and me¡hodology called SPECTRUM which is m:uketed by J. 

the budget is autom:uic:llly quaJi.titled and estimated since Toellner & Associates. SPECTRU.\t was used on a small to 
each'V;~ri:lJlce' must be cjuantified and estirnated. A compÚi· medium· sized application prior ro bc¡i¡nning the fu~ctional 
son Of thc budgets and the forecut for a hypotlletical devel· design of BRICS. From what the author cotrld learn frcm 
Ópment effnrr is given in fig. 5. sorne of those :mociated with the project, SPECTRUM worked 
· 'One of thc. functionál capabi!ities of BRICS is to pfovide as it was supposed to but the effort required io complete all 

ihe 'Uscr v.-irh a means Or stming his originá.l quJntifications the SPECTRUM forms was gfeater than the development 
a~d' budgcts in th-.: .computer aud tl;cn as time progresses to effort itself. 1t may ,be"th:..t thh rnethodology is targeted at 
en ter. c.xpcnJiÍUres Js they are incurred. progre_ss (percent larg~r development cfforts and the "o\'erhcad'' was too great 

'éomplete) :1.~ it iS mea1ui-ed and variances ~s thry ;m recog· ftlT a ¡maller project. 
nizcd. ~rid· q"ullntified. BRICS. then automatkally produces So as not tci loSe their investment but in urder to havc a 
Plots of th~ e:..rn'ed \·alue aSainsr the ba5eline ·and the "aCtu:..ls,'· more meólmlined mctlwdology. Brown & Ro_ot und~rtook 

· Prod~ctivity reports: ur,ld ~n audit trail of how the budgets to rcwrite SPECTRL!M. At this time Brown & Root was cm~ 
and tJ¡e for\·~ast cvoh"ed. ploylng a nwnber of Arthur Andersen consultwts and that 
·._ .t Ás a rc~uh _the forec~st should have more credibility than firm had their own methodology. Borh Arthur Andersen and 

.rrianY Of the •·subjective guess" forecasts that occur o;t manY Brown & Root penonnel pallicipated in the rewrite. The re· 
softWilre prÓjeéts, Moreover, the contributions from scope sult Was a mixture of SPECTRUM, Arthur 1\ndersen's meth· 
clúmiifs, qu:¡nÜfication crrors, and producth:ity deviatlons od~!ogy :ind Brown & Root e:c.perience._Tilisnewmethodulogy_ 
Cw be determine d. lt is imPractical to attcmpt uacking every became the standard for use on thc BRICS project. 1t w:~s: 
_:üngie. devialion from the Plan·. In practice one relies on the now small enough to fit in twó rather large ring binders óllld 
~:LaW ,of Corn-~nsating Erior'' to balance out small or insigni- beca me krlown as thc "Biack Book" methodology (a name 

· ', fiCimt · variances' "and con.Centrates on tracking the.significant derived from its black bindús). Since that lime BrOwn & Root 
ofies. , . .-, · h~s writien a· much small incthodology callcd PROMP'f for 

. ·, Wh.ich v-ariances to {;ack is a m:~ttcr ofjudgment. but nor- sma!l to medium sized softw:ue projects. TI1e WBS shown in 
-~aíiy.¡enough 'ofthem shOtild be tr~cked to e\1sure the forecast Fig. 1 was extracted from th_e Black Book Methodolog'y_ , 

. ,- ~~acéura!e tO a' tOlcranc:t" of approximatcly 5 percent. Also, The author's e·xperience wi!h the Black Book melltodolcgy · 
· 'it.cíS.rñore impor"tant to trae k qi.Ja.ntity_ V<lriances than produc· Was !hat it .was stil! too cumhersúme.' Many of:tlie tasks were 
:''' li~ii}t:l~ari:..nceS as· they affcct_ the baseli11e. All change orders unnetessary and mosl of them required too elaborate forn\s 
''ShOutd be trólcked. · · th:..t were never used again. The extcflsivc documcJl!J:tion 

'---~-,. 

••• t ·' 
¡' 

;.· 

L• 

1 

1 
1· 
1 ' . 

"• 

•:' 

-·: . 

1 ,¡ 
1 

1 
' 
1 



HOWES: MANAGJNG SonWARF. DEVEJ.OPMENT PROJF.CTS " 
' EC.lS -

~~'-' 
Poli 1 

. 1:::: ~--- ----

""" "''" 1-'-

"" --- ¡..-

""'" " 
'1 •• 2 

'=k T 1 /f/ / - ~~ 

1~--
\ 

-'-1- V /. V _L 1 ,-'---- r-.... · ! 
¿!• ¡;;¡/ 1 j-¡--d'k" ··--· 

·, 

' '11J k.::::LLl . '--- 1 

__ ¡_~!--¡-¡.-+-
L_L_L_.~I_. ___ I 1 

.~. -
Fi,g.. S. Bud¡;et and forecas: ~omparilo!L 

., 

tended io ·nutsk the reason for !he individual tasks which 
often resulted in mcch:mical con!plction .of fmms in order 
to grt a tásk over w!th r~ther tha·n dcsigning thc systcm. · 

We pattia\ly circumverlted thc problcm by distributing 
thc author's mcthodolvgy to dc\·clopmell! tcam members. 
Whcn tasks were encountcred that li'id 1101 rei:Jte to the system 
being developed, they were "interpreted'' in ternJS of the 
authOr's methodology and in severa! cases managcment granted 
pcrmission to substitute other documents for the forms in the 
Black Book methodology. ProceeUing in this manner we 
managed to finish 'the technical design phasé exactly on sch~d
Ule and 8 percent uOder the original estimate. Previously the 
fun~tional design phase had excccded the original estirnate 
by 12 percent. In total the project succeeded in Completing 
lhe de,ign work at o. tiny margin under the original estímate 
and on 3chcdule: Evcn after accept:mce te~ting the pruject 
was.les.s than 6 weeks behind schedul,e aft~r 4 ycars develop
merit. 

JX. A P!;tOI'OSE? METHOOOLOGY 

• 1The author's méthodolo~ is a sintple one .. 111C doci.:tment 
disÚibuted to team ·mcmbers 'was only 20 ·pages. in the face 

·. · of -current thinking in thc software engineering field i_t rnay 
\r); • seem old fashioned. lt is based un thé fundamentals of "top-
~!~· .:': dowÍt" 'ar~hitecturC but payS littlc attention to structured 
~-~ :.: pro8rainming or sorne of the activiriCs referred toas structured 

,.:_ ~~-~ ann:~~~~~-mmary :th~ methodoJ~8Y works like this. First .you 
-(_, ·,:...,. detCfmine" what the system: ·¡, _to do. This is normal!y doCu-

._t meriied.fn something called a·requirements specificatlon. lt 

.. '.;r:;···,•_:~_-•. ~.~f;;':. can range from a '1!ist of repOrt formats to be produced to 
• " satiS).- a bUsiness· application' .. to· a form:U ana(ysis (ihow the 

sysÍem' i~· iD beh~ve in a real~Üm~ environment a~: for instance; 
·:~;.~1 -' in al!.·ó.ir-defcnse sy"sterri. HoW' Such ·a spedfication was devel-
.1·':;~ opt~i:ror.'a militaiy comman~ and· control system was docu· 

.!~~~i·'i· men_tei:li~·(2]. ·.· \- .. ·_.-,: · 
-~:~J?i ·'Fíóm" her"c on tllC:'methodO!oÍy centers around constiucting 

· som~thi·~g called 'a"'systerri fl~wchan." A .. systc~ flowch:ut 
·:~:~.·m~· is ñO o'nilnilry flowChart like o·nc used to describe a·progr'am. 

• · • The·-·;y,tCm.flowdlart is conSiructed in a serit-s of "levels.'' 
~·?';~;:,: . .- · In r:lCt ,;it is riot a single chart bu't a f:~mily of cllarts. 

· --.~ ... :..¿. ~i ·~.J:.' ·-'ThC lhell syste'm flOwchaft is .:onstralned to ha ve nO'morc 
• '; .. 1 ' ~ .< 'thiri·_fi;"~xi:s" noi counting'lhe symbols fo'r inputs, ~reens, 
:~;;'f.{,', ; :.)J;. ·. fü~t'Jnd repons. The figu<(~f 6 "''Y "'m "'bltmry ond is .. 

¡. ·-¡_,, ·;¡ ~··1 • ' ~ ·' 
. -:rj~ . ..,;:.: .· .. J·,.·?•l :·.~·t.-'¡''; 
~\.4.1-Ht'•' ' ••.¡.t.l,.· i ,! ·,, 

'1;;:;;.:\~t,¡.l. _: '·1~-···' .'_.:;:,:,·.·.'.·.',' 
j-':}:-~'lf.[.~-- ·~ .~·,:;-·;¡ .-

·.···j.~;ll)í::.. -~; .·~-
' '''·l;f.;-->1' . ·i:;~i~ ~ .. ,.:¡-~, (i. 

·~.;·~r~y····:·· ::: : .... 
:¡ ,'~"<).,,: ~ .. •':d,i~'~ ' ; 1~·1 ,' 

. ~· 

)•.': 

Anothet nu.rnber could be used \'.'ithotH altering the stnu.:ttlre, 
but experiencc hns shown 6 to be a good numbcr. lhc b:.:...cs 
represen! procés,;íng of sorne sort. M the fir:it lcvcl thl! bt•:-.c~ 

usually represent ·subsy~tcms. The leve! 1 systcm n,,wd·.:~.n 

is a "lirst-cut" at vistÍa!izing how thc system will be org:mircd 
'at the highest lcwl. 

At this point 6 c~talogs are bcgu11. These ;ore the wmpo· 
nent Clltaiog, thc input catalog, the 'report cittalog, the ~rrcen 
catalog. the file catalog. and the intcria~·c ¡,;¡¡talog. Jf a dalaba~e 
management system is being u~ed the iüe c:m!oJg nwy bl' mmed 
s.Omctlling more apprÜpriate !ike a ~cgment cat·Jiug. F..ach 

, symbol on the leve! 1 flowchart is :~ssigned an iclemificr. Jf 
the symbol represcnts a s.:reen thc identifier is loggcd in the 
screen c:Jtalog; if it represents a file il is Jogged iu the file 
catalog, etc. 

Even though the cumponent catalog is limited to 6 .:ninpo
nents lit leve] 1, the O{her cat:liogs are not. As 'many file~. 
reports, etc: that can be dcf!ned at tllis lcvcl ~huuld be. Thc 
intent i~ that the leve! 1 system ll~Wchart shou]d be logk<t!ly 
complete and as mány files, M:rcens, etc. a~ urc rleedcd to 
icrumplish this is pemlissable. Also,at this time ever)' membcr 

·or each catalog must be documented as clearly as possible 
at this level of detail. 

~ina!ly '. one normally begins drawing a system. hierarchy 
showing how the éomponents are clccomposed at thb point. 
The hierarchy is a shorthand notation for the 'system n'owcharl 
and is valuable for Communicating system conccpts wher'e thc 

. detall of the sy.>tem flowehart is not necessiú-y. 
Next, the leve! 1 system flowchart is expanded 10 leve! 2· . 

Each le~·el· l. componen! is decOmposed irito no more th:m 6 
JeveJ 2 components. The flowchart is redrawn to reÓect the 
new interfa'ces amurig the various Jevel2 coinponents and new 
ftles to accommudafe these interf:~ccs, to handle tempOrary 
'siorage, etc.' As the flowchart·expands, each new interface, 
each new file and each new componcnt needs to be· labeled 
and cataloge'd. Just u,with leve! 1, each item in eách catalog 

· needs to be 'docutútrited as c_IC:arly and completely as is pos
tibie :lt this leve! of detail. 

This decomposition process continucs levcl by levcl until 
·you rcach compunc.11ts that are too small to'decomposc further. 
A general rule of thumb i~ if a componen! can be cudcd with 
no more that 200 Jiñes uf c.xecut:~h!e code (200 linc of code 
in the prm:edure. dlvision for 'cubuJ proj¡rams) th.¡t it is un· 
ncccssary to dc'cohlposc · 11 further. Thesc' low leve! compo-

.. . ·:¡ 4t~~~;j{~;l if:t··~){~¡ ~- 1~·~~,:¡',;\\i· ' r ·rfi',r.re,,htrh¡·\1, ,.,t·..J·~~·~ l', ... !,. 
·,'' ..... .. 

<t ,, ~ ' ' ' ' ' ~ ¡ 
.~ 1•-:. ' '. ' ' '1 
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U:VEt o 

L.EVEL 1 

t.EVfL 1 

Fig. 6. Systcm hierarchy for URt"cs rroject. 

nen1s are ~·a!led modules and evcntua!ly bc~ome the progra.ins g1ams. Thcsc projects had diffkulty wilh ¡J,e mcthodolob)' 
in )'our'system. Figs. 6 and 7 show a simplified leve! 3 system anr! cventua!ly nbandoned it. 
hierard¡y nnd fluwchan, respectivcly. 

X. PITfAt.J.S TO Av0m When there i!. no Jonger anything left to dccompose you are 
through v:íth the dcsi~n. Octail program specifications remain The advice givcn in this ~r..:tion is likdy to be at odds 
to be writtcn for each module. Whcther thr~e modult;s adherc with the aJvicc you may ~~ceive from ¡_\thcr (juartcrs. Jt is 
to the plinciples of structurcd ¡Hqgr~mming or nut is of less on!y the 3Uthur·s opinion ami !he only thing the ·,uthor has 
conscq11wce than th~ structure indu.:ed (•n the syste111 hy this to recommcnd ít i~ that it h3s wmkt•tl for tht: author. 
decomposition proccss. Care should be takcn tu ducument !7irst, Jo not cmbark on a l:nge Sl!ftw~1c dcvclopmcnt 
e~¡;h pmg:;~m thorou¡;hly by the liber;~l ust: of wmmcnt pwject withotu a·rroven mctlwJology. lt is mo¡e impullant 
5tatemcnts. tu have a methodulogy and stick with it than r~ot 10 11se a 

~lodifka,tions to thJS outlinc of a methodology wül have methudolO,!!Y bcc:;use uf a pcrceived shortcomin"g with it. 
tO be madc to ac~·ummodate ~pcóal sy~tei11 requirem('nts Do not be afraid to modify a methodology tO mee! your 
such as ~~·l:urity. rcal·time o¡JL·r~tinn. brg':-' databa~c rcquir~· individual requircments. No methodOlo!!Y is ·universaL A 
mrnts, cte. Th!s can be Jonc by adding appropriate work mcthodology may wurk wcll in the hands <.lfits nuthor but not 
packagcs to your work bteakdown struciure. make sensc to you. In this regJrd use commnn scnsc. Do not 

Thc Bl:lck Buok mcthoi.lolugy WBS shuwn in outline in try !O use something you do not understand. 
Fig. 1 callcd for Jewl l elcments titled functional design, Use the incthodology to build a work breakdown structure. 
technical design. unplementation. etc. Functiona.l desi!;!n cor· ·Base your estimilles and schedule on this WBS. Use these to 
responded roughly ro Jeveloping the sysrcm Oow~hart down produce a projcct plan (baseliue_) an·d rneasure performance 
to leve! 2 in thc author's methodology. A t this point one of against it as was tliscussccl in prC\ ious sectiom. 
the hardc5t tasks is definition uf th~ interfaces especially Avoid methodologies th<Jt avui<.l flow.:h:Hting. People with 
when. interfadng with systems whose devclopment or main· nontechnical backgwunds ·rend to have difticulty with flow· 
tenan"¡;e is uutsíde yuur renlm ofre~ponsibilit)'. charting and consequcntly th~rc has bc<.'n a trend toward 

Technical design corresponrlC'd roug.hly to developing thc replacing them with l"arious hierart·hical di:~g;amrning schemes. 
system !lowchart down-to leve! 4, but thc parallel w::s imper· !Jiernrchical tliagrallls appeal tu our ·Jogi,Jl i:;tuilion whereas 
fect. The Bla"ck 13uok methodology did nut prol"idC for thc flowc!wts_appeal to our geometrical intuition. Thcy give us 
maintcnance of the catalogs of the author's methotlology nnd a means of visualizlllg what·the system is doi.J1g. lt is importan! 
permitted substituting the system hierarchy Jiagrams for the that the analym desig.niug the system ha ve a higl1\y tleveloped 
system Oow..:hurts. Moreover it p¡¡ssess~d many forms to b~ visuJJization of the system undei development just as an 
fl.lled out that were not relevJitt to the aurhor's me.thodology. afchitcet can \'isualize thc structure he is de~igning. 

The BRICS development.was :~cconiplishetiby adding those · Bcware of ndvi..:e from individuals who teii you that soft· 
work packages frOm the authors metl1odology needed to de·· w:.~re dc_velopfnent is imrinsically different from thc devclop· 
velop the system flowt·hart tu the Black Book methodology. ment of "tangible" prOducts and as such cannot be qu:wtified 
Thc·. result was satisfuctory. Othcr systems interfudng with and estimated nccurately. Tllis usu:Jl!y me:ll!S they have little 
B~,tiCS and llcing dc.velopcd coilcuncntly uscd only !he Bbck expcdcnce in the tasks to he· c~timated. QnJnlification and 

-Book mcthodology and used only the system hierarchy dia· cstimating m-ay not be easy but they are "do·able." 
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Fig. 7. l.e~C"\ 3 1ystem ·flowcha!t for butlget tranSJction m~lntcnance 
· sub1y~tcm . 

.lt is true that durlng qUanti!1cation ~nd cstimatlng .sorne 
estlmating assumptions may nced to be documcnted as ex· 
plained in ( 1 ,.p. 247]. Furthennore, an cstimating assumption 
may prove to be inaccurate at a later date causing a varíancc 
to be eme red :~gainst the base!ine. Thc qu:mtity llnd criticality 
of thes'e estimating assumptions will determine the :unount of 
"contingency"' buih into Lhc cstirriate, and thcre is no sub
ltitute for cxpeliencc in correlating cost' risk with your esti· 
mating assumPtions. But the need for estimating assumptions 
is no reason to disc:ud qua_ntification and cstirnating as unreal
lstlc.-

Furthermore, the ~ast' majority of software development 
is for Products similar in nature to products that airead y exist, 
but feflecting the individual requircments of a certain mg:~ni· 
zation, ThouS;i.nds of multimillion dallar. !1náncinl systems 
have been de\·eloped in the p3st and thousands more will be 
developed in the future. Beware of the onc who tries tu 
con\·ince you that thc systtm under considcration is uniqucly 

'different from anything in exlstcnce. The ptob!em is in match· 
lng expericnce to the work at hand ~nd often those responsi· 
ble for making DP dccisi0ns do not have the b'ackground to 
discem whether the pro¡Josed software mnnager has · the 
eXpcriencc or not. 

·Managcmcnt's need for a reasonahly nccuru\c a~sessmerit of 
the 'cost of devclopment of ·a ncw produ.:t before deciding to 
undertake dc\·elopmeill is universally understood. But in the 
software development ficld, software m~nage~ frequently. 
encouiagc general manngÚnent to undertake risks they do not 
uhderstand by failing to d.C\'Clop estimatcs based on det::tiled 
quantification. 

, finally, avold · the tcmptation to bcgin coding· befare the· 
detailed. program specifications have · bccn written for aH 
the':modules. Once programming gets undcrway, maint:1ining 

·complete documentation will become _ more difficult. ,Jt is · 
beÍt .tO bcgin thé programming effort with :m accurate' road
ffi'ap. M::tke implementation 3 sununary leve! WBS elemcnt :11 

. a· hlgh le\·cl. This i~ubtcs ..;oding wOrk· p:1dagcs from dcsign 

W~rk Pack:~ges, · 

· .. ,, 

Thi.nk .of software a~ hurdwan:. The modulrs shuuld bt· 
come as ,"chips"' or IC's in )'our· m in d. MuJu!atily i~ m me 
importan! that structured pwgrllntming. l:nfor..:e tho:- limit 
on the numbcr o! lincs of cÜUe in a module. 'Eao.:h module 
should be indepcndent of other modules. The ·go;¡_J i~ to be
able tv changc out modules without affecting othcr modules 
just as une changes out a !.:haractcr gcncr~tor chip w produce. 
a different i)·pc font on the screen. This is nota p~rfect anal
ogy because sorne of the modules of a softw;trc ~ystem ~Jway1 
correspond to the CPU chip of a computer. !\oncthdess. tltis 
should be your vi~wpoint and goal. 

You can gain a great de:Jl of insight aml ad\·ise from 
others about software dev~!opmcnt by reading 'the book 
containing [3]. 

(ll N. R. llowc~. "Pruje,;t nJan~gemenl ~y~IC:m\,' /11/urm. & Mun· 
ostmtnr. vol. S, I'P 2-l'!-l.~X. Oc~. 1'-18:0. 

[2[ -. "llcvelf>pnlcnc uf dfetclvc: cmnm;¡ntl ;¡¡¡tJ cununl 'Y'IC'Jm." 
Sigm~l Mux. (J. Arm,.J rur.-r• Cm11mun. f:lttlr<lle. A~l-) pp. 44-41!. 
Fcb. 11)77. · 

[3] J. l. Sch"' 3rt/., ''Cunstl'uclion uf ,oftwarc. r~r.<oblcn" enJ pr~cci~~li
tic~.'· in /<)7-J U.S.C S.-minar: Mud~rn'Tt't'!<mq•u•.fjm rh~ fl~•il{fl 
onJ Ccmstruáiun of Ktliublt Suft.,..arl', RcaOing, MA: Addisun· 
Wnh:y, 1975~ pp. 1.5-54. 

Norman R. llmo·es w~~ born ln .. Kann~ City in 
1939. 11.: ¡:ro~duatcd from F.o~>lcrn New Mc<icu 
Uni~crsicy. Purtidc•. in 1964 und rc~~i··~d th<: 
Ph.D. dcgrcc in mat~cmati<·s lwin Te,\a~ Chris
tian Univcrsily. Fort Wotth. in l<lbtl. 

He i~ currently Prujccc Mo~na¡!cr !m che llHICS 
project within LanJ Op<-''"r"'n~ Grllup at Hruwn 
&. Root, lnJ;.,tluu~tun. TX. ltc ~g~n his pruks· · 
~innal car~-er at Ten.~ lnMrumcnc~ in 1<166 wh<:re 
he was llc:.:KI uf the Ofltrunic' Te~hnical Sto~fl Hnd 

. mcmtxr of che Cumputcr Ad~i"''Y Uuard. !k lw• 
author\~J sevcral papcl'i'l in thc al<"•'' uf macllcrnati~~~ ph}',¡,.;,, o~nrt ,-.,m· 
putcr sdcn¡;c and wu 11 nocn1hcr uf thc bcultic• uf TCU anJ th<' liniHr· 
sity r:if ()alta~ h.:twccn l-.!(>)! aad J')11. 1 hereafccr. he w;¡¡¡ Vice rn·,idcnt 
of Al¡·~ Sjstcm.,, lnc. In t'l1J he jnincd t!·S)~tcm,,. lnc. ~· St4U 
Scicntl~t uuil later bc~ame Cumrmcr CuMultant l<l Chld "f Pl.'!c••-.e 
lknmarl. H' julncd Browu anU Ruot, lnc in 1'1711. 
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Software Quality Assurance 
. ' . 

Fl:ETCHER J. B~CKlEY, SENIOR M01DI!k, IEEE, ANil ROBERT PosTON, SENIOR MI'.MRElt .. IEF.B 

.~bstrcK'I-Tbis paper dHeriks !he ¡latus of !OI'twart quallty 11-
aurante 115 a fe_Jalivfly ntl• and IIUionomous fitid. Tht bistory of' llt 
dnelo¡)menl from banh~lu'ti QU•lity as<surantt pro¡tromsls diu:uswd, 
~ur~ni mclhods art rnko•«~o; .ind fulurt dlrtclions ano indiuttd. 

;•: ·¡rul;:r Ttrm..:-oevrlopmftll _'~r sol'twar; quallty 1151uronce pro
. -iramí; nillUallun 'procedure; quallty auuraiu::t, 10f1Wan quallty crl· 
''teiiL, · . 

·:~·: t: . J.lNTRoDUCTION • AS 1he co~t of hardware componen u continues to decrease 
and the tcchnology 'expands along Tofner's curves ( 1), 

softwire continues to mSmuate ltselfinto almost all aspects of 
o~r Jiv~s. A f~w. éxamplis·are th,e folloWing. , . 
\ l).'financial Systems:' Not only are .our checking accounts 
autonlaLed, 1 bui billions Of dollars are shipPed electronically 
e'Jery day via'Electronic Fund Transfer Systenu (2}. 
·' 2) Transporta !ion Sysiéms: The ubiquitous microprocessor 
is.into· automobiles, elevators .:md escalators."whilc automated 
irains, for e.xr~.mple, the·B~y Arca Ritpid Transit (BART) sys
iem in ·Ca!ifÜrnia, ]¡;¡ve been providing computerlzed railway 
service for some Úme.1. -

J) Hvtcl Reseri·atlon S)'stem~. Medica! lntensiveCare Wards, 
Gla.ss F:~..:tcHies, :md Electronic 5\~·itching Systcms: Thcse have 
aH been :..utomatt>d, and the use· of the CAD/CAM processcs· 
which dcvclop thCf!l is increasing. 

Softwar~ noW permeates the vcry fabric uf our lh'es. Un
fonunatdy, fwt' only does thc softw;uc 1tself continue. to 
f:iü, 3 bu·t it~ pr:u:titionen consistcntly fai! 10 mel!t cost, srhed· 
ule or.teo::hnicu~ pe.rft~rmaé.cé rrquirement~. Yet, despite allthe 
tóncerns, the promise of. softw:uc is so brig!Ít that more and 

·mme is·bci11g don(! using it. Furthcr, dueto the need, ti1e num· 
ber.Uf pwctitio'nci-s is increasing. So in a.ll of this, the qucstion 
11ibes, ''\\'hat iHo be ,\one?" 

:·li1·c·vcry iime o( crisiS.: ;very time of troubles, prophets· 
haYe come roaring ouÍ of.the ·dc'scrt, preaching b~ptism and 
the rePcmance of sins, The softw:~re case i:> no diffcrent. Even 
today, v:..rious' gruurs. are taken to the high pl:lces ami told 
th:H sah·ation is found oniy in th!! use of a ncw hígher Order 
lang'uai;e, struo::turcd programming, software tools, réquire· 

· r.tents spccit1c:ltion ]:Hlguages. proof of correctncss, etc, And 
the descrt is Jlnered with the bones of tli'osc who belleved and 

.M.-nuscript feceivcd Non:rnber 15, 1982: revised Novembc:r 1, 1983. 
F. J. Ruck!Cr·iJ wirh RCA, Moommwn, NJ 08057. 
R. Poslon is w_ith Pro!rramming Environment$, fnc., Way Slde, r-;¡ 

01764. . 
1 One Omhod·of checking I!Ow good a b.tnk's EDP IYStem il, ís to 

~ce wheÍc the bank's programmers kc:ep thc:it money. 
. ~~.!-Í one wag put it, "A~ cOmputcr~ cunt!nuc 10 lnuudc inlo our 
trJnsporta!lon nctwo!li:s, jugging will bc~u1nc a more popular spOit." 

) None of the~e failurc~ urc:·tri\lia!. Con~ider the <:Ji:e ofa hrge hotel 
in.Chkn¡:o who~c rescrvJtion systcm fail(·d ~1 3:00PM on a bu~r·d~y. 

.\\'ith' nO ba..:kup. the mana~c:mcnt hml lo go from room 10 room to 
pliysiCally aseen~ in. which rooms werc: occupicd. 
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followed {3]. Rccently, a new field has arisen, Software Qual· 
'ity AS$urance} which promises much. 

The Objec1ive of this paper, then ls lo provide an.overvtew 
of thC emerging field uf Software Qu:llity Assurancc. This in· 
eludes: · 

J) thc backgiound from which the fleld emerged; 
2) a set of défmitions to place the field in context; 
3) a·Jook at the rationale for software quJ!ily auurance; 
4) the organfzo.tional implicatlons of .softwar~ qua.lity as

surance; 
5) cufrent implement'atiOn~; 
6) f'-\ture directions. 

11. BAcKGRouND · 

One acceptable thrust of problem-solving behavior is to 
look for analogies from another field, and.to apply thos<: solu· 
tions (4}. Hardware h<1s had Quo1Ji1y AssuraJice/Ouality Con
no! for quite some time. As the vatue of tl1is ficld bccame 
rccognized, its applications to hardware incrensed :md rnulti
plied. These applications have included 'applicatiOns of statlsti· 
cal quality control to iitspection of incoming parts, impleme:l· 
taticn of inspection· stations throughvut a manufacturing 
iloor, and fuuher on in to manuf:~cturing methods. 

The evolution and m:Huring of the hartlw111e Qu:~lit¡• Assur· 
ancefQurJity Conuol _field c:ul also be seen from the following 
indkators, 

1) A profes~ional sodety exists tu focus its membcu' in ter· 
Cs\S in the UeJd {5}. 

2) A series of st~ndards exist throug)wut thc Guvcrnment 
and the voluntafy ~t:~ndn1ds-rn:Jking organitations which re· 
flect current practices (6}. 

Rccogniúng the. v:!lue of this e:dsting effon, significan! at· 
tcmpts have b~en maJe to borrow this QA approach frum the 
hardwaie fleJd and apply it to software. In the st:lnJards area, 
thíi borrowing is di~cctly traccable. 5 During this transfer, 
howevcr, a cettain amount of confusion h'a~ been incurrcd, 
which has Jed to the necd to defiue mofe predsely what the 
fiekl is and the reasons for applying it. · 

'III. DEHNITIONS 

You can wanÚr into any bar iu town and get into a f1ght 
ovcr quality assurance. To a\'Oid that, and to by a h.:!sis for lhe 
rest of the.article, the following dcfinitious a;r p.rheutcd. 

l) Qualiry Assurcince: A pliwned and S)'Stematic r.attern of 

4 The tcim "discipline·· is sometim~ used mhcr than ;,field." 
Rc:co¡miJ'ing that the t~¡m "discipline" brings t~e lma¡e of jarkboot• 
cmshins down on thc pavcrnent, the ter m "fie!d" h cons!dcre,J prefer-
uble. · · 

.S Militar)' Standard1 indudc: M!L·S·S 2179A. T11~ F AA ha; FAA·STD-
018, while in th~ volunbry stand:mb ,ac~, ASSI/IEEE 730.1981,/F.EE 
Sta!ldurd fo• Software Qfllllity A1illfll11Ct' /'Ums h3S becn appiOI'Cd. 
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~~CKL~Y AND POSTON: SOFTWARl:: QUAL!TY ASSURANCE. 

·au_acáons neccssary to provide adequatc confidence th~i the 
i,e!'l· Or projcct". conforms to estabHshcd technic.al require· 

me•ts' [7)' . . . • · · 'l 'J 
: 2) Quality 1: The totality Of fcatures-and Characteristll:li'iri' 

a rroduct or service that bcm on iu ability to satlsfy givi:n 
'néids[i). ·, ·. .. . . 

. J) (Juality Control': Thosc Quality AS~urance action• that 
· provlde:a runns to control·and mcasure.thc characteristlcs of 

"an ltCm~ procm or fad!ity to estnbli~hcd requircments [9J . 
lt· iS pcrhaps :u thc term "quality control" that thc hasd· 

wart_ana/ogy begins to fnil. Thc term app"ca1s to arise princi· 
pa.tJy iñ the fabrication nages of hÚdwarC manuiacturc, par·." 
ticularly in those proccms Which thi! same type of object is 
r_epellti:dly produced. This _vicw usually · does not carry l'\'er tó 
software in whkh the coding is rca/Jy a continuation of the 
design ~~fort and o~ly onc pan iS produced.9 . 

IV. RATIONALE FOR SÓA 

_ Gi~en the abovc, the questioÍl !hen arise~. why are y•e con· 
cerned with softWare quality assurance? In rcality, there ap· 
pears to be three main reasonS. 

J) Legal Liability: W~en Catasiroplic strikcs, the nornJal 
red-bioOde/.i American reaction is to sUc. 10 Whcn the case 
gets befare a judge, onc of thc dCterminations to be made· is 
whether "(1! not the developfr of the software acted a; 3 rea. 
sonable and piudent pcr~on sh~uld have aCted in the develop· 
mé~t of softwaie. The follow-on is to determine ¡r there is a· 

.6 There nre two. othcr accepte!.l !.lcfinitlnns o·r Qna!ity Auurance: 
a) "Al! thoie plllnned or sntematk n~tions ncccs!iary to provide. 

adequate confidence that a product or scrvke will satlsfy given necds" 
(ANS_I/ASQC AJ-1978). . . . 

. b)':AU !hose planned andsystematic actlons n~ccs&ary ro provide 
adequatt conlidence th-11 an item 01 a faci!ity wil\ pcr fnnn SlltisfactorHy 
in"tervlee" (ANSI N4!i.2,J0·\9i3). 

. 1Jn the softwaie world. a metric de-finition of tlu: term "quality" 
haSbCcri. projccted as fol!ows: ' 

, "Qu~lity: The dc~ree tu whlch ~oftware conform' to" qualltY crl
terla. Qu:~!ity crit~ria iochrde but are·notllmited lo: 
• Ecooomy • Correctness • Resi!ienc10 
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standard cstablishcd by. a rcprcsentative conseusus of indusúy 
professionals [ 10}. This, thcn, 'wus t.he basis .for the develop· 
ment of ANSI/IEEE 730·1981. 

2) Ccsr f.'/fectlvencss: Software is eXpensive, and there ap
pear~ to be signlficant savings achieved by good SQA. 11 In 
thls case, thc form of thc orSanil.:llion und tite ntaru¡er Ut 
which th·e cust codcs are suucturcc.l can siguil1c:.ntly affe~t 
both the viewpllint aud the lmplementution. 11 

3) Customer k.rt¡uin:mcti/J: ,\tany custumers ha\"c been 
burncd badly by sOftware de\·elopeu añd now rcquir~ certain 
SQA actions or even a SQA prro¡!ram. In this ca~e, the acrions
are externally driven. 1 3 

Given the raliona!e, then, how do we orpanite :1nd what do 
wc do"l 

Organi:arional_- Jmplications: Through.NH ¡h,· hJrdw;ue 

Worltl therc is a tradi.tionJl view that QA,!QC is an urrauita
tion. Lookin~ at this his~orically. tl:i~ is onc nf the ~trL·n~ roles 
that ~~s bC.cn played. M the- product fiowed through Ent'itlccr· 
ing, Purchasing, Drafting, Manulacturing, an_d (•ther lndc-pwJ
ent entities, it was, thc- QA/QC depanmCnt that ili~pened and 
judged. H~wevcr, in software thc an~lugy {~ocs nut ~pp~ar 10 
hold. Organivnional modcls in thc software ll"llflJ includc a 
projec¡ manager Whó dwws rcsnun.:es from a mJtrix orp:wiza· 
tion. The projcct munugcr )1as total rc"spon~ibility fut t!rc snft· 
warc ;md thus there isno neeU for the histutic:JI role nf SQA ~~s 
an intcgratitlg organi7.J:ion. Dcspite tlr~· iallun.· oí that !urd." 
wart! man:~gcnwnt :ma!ogy, SQA is bccm{Jing J more popular 
organizational elemem: The reJsorrs for this uppeur tu in~·Jude 
i_n~egratJIJil and iridepetld<'H~~- , 

·1) Jntegrarion: A gooJ mauy software pwje~t mJIWget~ are 
&hort-tcrrn go¡¡] orlentcd. They are judged on a project·by·proj· 
ect b~~is, with Ucmanding ~chcdulcs, not enough moncy, ;¡ bek 
of the skülcd nlunpuwer lo exc;::ut_e the effon .. etc. lhey do 
not have th~ ability to amurtize upgrading a~tion"s, C.g., suft· 
ware tools and training, over more ttian rmc project, nor Úl' 

they have: the ümC' tu rctlect on bctter ways to devclup soft· 
ware.14 TherolcofSQAisthcn·: · 

• Irltepity • Rcllabi!ity · • UsabUity 
• DoctHileuMion • Modifi.lbility • Cbrity 
• UnderSt.andabilitY- • Validity • Maintainabi!lty 

a) to flnd the bettcr way, frum a long-rilngc vicwpoínt, m·er 
· the course ofaH the software prujects in the plallt; 

• flcxibil!ty • Genera!ity • Portability 
• Intewperabillty •1"~stabilily • Efficlcncy 
• MIXI.ubrity • RcuJability 

· (fhcs~ may atw h.:Jve 5ub~rours)" . 
Thcre are two dift1cu!tics associated with Uw metric defin!tlon of 

q11allty: :-
a) To be of value, the metrie definition mu!t be defined 50 ·h~t it1 

achievCmeni can be determined In an ohjcctiV,_- manner. Otherwi~c. tlle 
determination and. thc surnmatlon becumc a subj~,·ttve judgment in · 
which goodn~ss i5 in thc ere of the bchol!.l~r. 

b) The metric definition m:tY !Uivc no valuc in~ par1icu\Jr project. 
For cumple, thc softwar.: wi!J be of hifltct qua!ity if it is trantpnrtablll 
betwecn an In t.:! 8080 and :1 Cyber 17!i. but wh" ~~res? (l~vcn more 
~portant. who wanu tu spcnd real moner pursuin!l an ethcrcal coal 
or h~hcr quality software when thc pr!.rsuit makes no ~nJC1) 

a An altcrnativc dctinit ion is :u t"oliOWI. 
. Qut~lily Coutrol: Thc up.;rational techniqu.:s ~nd thc activitlei that 

SUSUin' i qllalitr· of product Of S~fvicc that v.·iJ! ~tish· ¡.dven nce~.h; 
also" thc. use of sudr lcchniqu~-s and activitks (ANSI/ ASQC A3·1978). 

'~T~cre is, however, a ,-icwpoil)l th-11 statcs that wc do havc a f3br~ 
c:aUon•star:c in the toftw~re til"e crcle and that it tnktl pbcc at the 
P<rint where w.: are Jtatin¡: hm1• good tite dcsh:n is. 

10 Thcre"is a pr.:llminary ~tep as pointl'Cl out by a lawyer In com· 
, rnentary .on an earlier drafg tlr.at stt:p ilr to determine th:lt the 1,erwn 
!'!'be su al ha~ moncy. 

.. ¡ _., 
. , . r 

b) to educate all thnsc invnlvcd in devcluping the product 
lnthe implemcntutiun of the bett~r 'way .. 

2) ltulepenJcnce: The second organiz:nional rationalc is 
that of independencc-that thcre _are cenain items best not 

11 Thc most immedbte t~a~on is thc rebtive cmt of fmdin¡ euors 
in !Ut actlvlticl <U oppon~'<l to thc cosl of findin¡,~ thcm c~rlkr: e.f:., in 
dcslj!n ICViCWI • 

ll Con,idtt th<.: tase of a dcvclupmcnt r:roup \\ hich h~~ 110 rt~po.nsi
bUit}' for m~inten~ntc. Unlcs\ thcrt i~ )Cm o Jlrnn¡:.!lriocr, thcte ,..i!l be 
linte ~ttcnt!on p~id toiO."atd huiWing a produ.:t whkh c-,¡n be main· 
t~incd. · . . 

13Th~ tu:tions, on thc ~lntomcr's part; m~¡· in flJrt be •elf-<lctc--11· 
lng. Con~ider thc ~':lsC of a ~-u)\omcr who fli"IC~in·~ lhJt 11·h:llcvcr l<c 
does. thc suft1v~rc !1 goinc to be a troubksomc \pot. Whcn thc ct>n· 
trae! b ovcr, thc cusromcr still w:uns.lo ~urvivc. Orle 3tdtudc t~k··n is 
lo blindly opply milltury .st:JnúaHls so us to be al>!.: tour, .;,-hcn it ls 
all ove¡, "Y u, IJoJ-S, 1 knuw thcy ~ot into UOLlbh:. t>ut 1 Jjlplk~ a!l thc 
~tand~r<.l~ ah\':1!.1 of lime. to u y to keet' tll~nr cle~n." 

•• Onc wftwarc Projc~t nwnal''-'t thacribcd hlmwlf j11~t lik.: Winnic 
lhe Puoh ¡:oinl! bump, burnp, burnp dLlwn thc )!~in. !k knc\V rhcrc: 
mu~t l:c a b.:lt~r way, !f unly h~ l"t.Ould stop lvr 01 nmutcut 011td rh111k 
about it. · 
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donC by the software dc-vclopcr. These include: 3 3 A. Managcment 

a) cunfigur¡¡~ion managcme!ll of thc code; . From the · st:mdpoint of managcm1•nt techni(¡ues, we are 
b) 'reviews and auditr; vcry wcll off indced, \\'ork breakduwn 5tructures !12], {13), 
C) tcst/verJOcation. . COSI 'estimating rncthodS {14]' ami schccJuUng approache.s 

. Thruughout all uf thls organizatiunal fcrment to date, 1here [15) are cummon in the statc of the art. In cenain ilatanccs, 
hás becn no Consensos on a prcfcrred solution, no approved software projects have been complete] y socccssful [ 16], [17]. 

'• type of SQA urgani:tntlon. E ven funhcr, the consensos is tha_t However, Ucspilc the uu1puuring of all thc past 20 years, the 
' SQA is a function, not an organization, and that dlffcrent manifestalions of massive software m~magl!mcnt prob1ems1 ~ 

Companies and groups will organize themsclves diffcrently continue to be exhibilcd, i.e., excessive .:osts, schtdule Ílip· 
under differcnt 'names to meet their own situatlons. 15 pa.gcs/delays, and excessive errors ai.d faults {18]. 

A ·fcw examPles includé the following. Faced with this. the question then ariscs: What are the 
~ ')) Onc .cúinpany th'a.t ~.as a separa te group, Technical -As- majar problems of software managemem ~nd why are w~ con· 
Sur~uíCe, which is responsible for the incJ~pcndent technical re- tinuin8 to fail? From a software manager's perspe;:tive, t~ere 
VieW'Of both hardware andsoftware. Thisgroup report~directly . are twO Ovcrwhelming · problcms { 19]: inadequate planning 

:·iO th~ Chief Engineer. '.· : and inadequate iequir~mcnts sp~cifieatiom. 
2)' A second éompany that includes _configuration man~ge- 1) hradcquate P!anning: A planning <~ctivity normally takes 

~eni of software as an· ciiganizationa1 pan of their SQA activ- in, as input, an idealize~ nlodel (,f the p(l)cess ~o be executed . 

ity. Adaptations are the1_1 made ·based on the project to be exe· 
3) A third that .indudes substantia1 approval and test func· . cuted, the custo~er's desires, and th~ ~xpcrience of the man· 

tlon1: ager. Th~ outpul uf this activity is a·serics of ducurnents, proj· 
Ín ~ddition, cenain se¡¡'mcnts of the d:~ta prOcessing indus- cct management plam,- s.;hedules, cOm, c'umpuier' pwgram 

iry .ideritlfy a dntnbr~se administrator to ~ccumplish much uf development plans, etc. llowcv~r. the idcJII/.eU rnorJcl uf the 
What Wt¡u]d De othcrwise assigned io a Qu~lity Assurancc De· proccss is that of a software life cyde Fll\h!t'l, which projct:_t~ 
Partmcnt in nn aerospacc-lndusüy organization. . that a good requirc-mcnts specilifation will .~xist bY thr end uf 

Current 3ppro¡¡chcs to Punin~ Quality Assurancc into prac- a specific phase. . 

tice are to minimi1.e role C(Jnnict.and clarify Uucrfaces (11) · 2) Jnadt:quate Rcquirements Speci/icotüms: 'flte pwblem 
Placed in that pcrspcctive, the precis~ organizational details of inadequatc require111ents s'p~dfications is an old prublem 

· fade into Sl!t:ond·lc\•cl concerns. and is related tu two factors. 

V. CURRENT IMPLE:0..1ENTA'IJONS· 

To judge SQA by 1he curre_nt urganil:ation~l implementa·. 
tions becnmes a snare omd a delusion. As pointed out above, 

.. SQA is notan org;mizalion; it is·rather, "A planned ancJ sys· 
teihatic pattern of al! actions ... "Thercfure, to judge SQA, 
those'. actiuns, implementations, functions themselvts should 
be. assessed wilh th~· follow-on qucstion being: Wh:ll is the 
fnuihñum subset uf SQA actlons? 

The vitw, herein, is tl1 uiilize _the items identified in ANSI/ 1

IEEE STD ?J0-1981 01) !he cunsensus itenu, recognlring that 
stámlurJ liad le~!ll ]i;¡hilhy in iu ha~lc llltionale. lhut ~tundard 
ltJentifie~ ti.lc ftJ!lowlng itci1:i _as requir~d: 

1) m:m:~gemcnt 
2) Jucumenlatlon 
3) stand;~rds, praclices, and coilventions 
4) ¡eviews and audiu 
si con!it;uration m~nagement 
6) problem reporting and corrective action 
7) tools, technü1uts, and methodologies 

. 8) code control ' 
9) fnedia cOntrol· 

JO) supplier control 
11) records collection; maintenancc, and retCntion. 

15 Con5idcr th:ll, u poinlcd out by R. Pe~ch, Ch!i~pt'T~n of ~he 
ANSI ¡roup lh:ll produ~-ed ANSI/ASQC Z-t.IS-1979, Cot'ncrtc Guiie· 
lfnú fo'r Qua/ily S)'stemt. tl~at 'the J:1panc'e do no! have strong QA 
cirp~oitations. . . . ' . . 

a) Thc fim is a human faccors problrm. We have an inabil- . 
ity to grasp ¡¡ totality ;~nd a·runher in:Jbility to communicate· 
what we do grasp. This is relle.:ted hllo ~pcdfications that lack 
comp1etenes~. clarity, and consistency • 

b) The sccund is the enviroumcntal interaction. When a 
new realiza !ion is evolving. it aliects the em!ronment in whkh 
the system is to be cmpla.:eJ. Hence, srcond-order effe<:ts OC· 

cu! <tnd requircmerus 'grow. This again afftcts t.he complete
nl!ss of our specifk:'ltitms. Our speCiOcatlons are becuming btt• 
ter in terms uf consistency with rhe application uf S<Jftware 
iouls, mnchine-procc~~:lhle l:m~ua¡;es. e t.:. 1 he in flux ,,f \·isual 
arts ~raduntcs ha5 matcria!ly il)~l:ited tht ('lforu almeJ at dar· 
!tv. ,\i~s. however, fur 'conip!ctcnCH, thcH• h nnknown ·~ur~. 17 
rhc impact on lhis is lo, invalida te- the 5nftw~re life ~·ydc,' th~ 
idealized mude! of uur'proccss, and thus 10 provide buih·in 
overruns. 

3) Assessment: From ;¡n overall assessmeut, we can do well 
those things we have already' done, e.g., Airline Reservations 
Systems. But, fonunately, or unim~unatcly, the a.pplicationS 

16 Thc General Ancounling Offi~e Rcport I'G~IS0-80-4, "Con· 
trac!ÍI!J for- C('lmputer Software Dcvelopmenl," 9 Scptcmbcr 1979 
stt~tcrl: · · 

l) 50%+ of contrat:ts hod CQSt overruns 
2) 60% + of cuntrat:ls had ~~hedulc overrun1 
3) 45% + of suftwarc contracted for could nol toe u sed 
4) 29'lo t uf ~uftwa~c .:ontrJctcd fur was nc~~cr llclivered · 
5) 19'-' +uf \U[!Wifl' wnuilctcd for h:u.l to be re.,. orl::ed 1u be usod 
6) )'ji. - of \ufiiV:tl~ ~onltacred f<•r had !o be modifh:J lo be us~-d 
7) 2%- uf wftwnrc contract~d fur w~s u~bk H dclivcrcd. -~ On the i~~uc uf }low im!rpendcnt the SQA or¡:anllatJon sho11ld be, 

considcr thJI Jttmn re~<Jmnn·mh (\!! !~rf!e projccLI, lhat thcy r~port to 
':the prÓjct:t m~n;tf:CJ. (Qttalily Cuntrul /},mdlwvk, J. hu:ln, 3rd cd., 
cháPt.c!-44,1\kGtaw-111!1, Ncw York, 1974.) 

17 .-\s.f.'rosh s.Jid "Thc idea uf~ cumpHt spl~t'ÍIÍcatÍO!'I is an a~<nlld· 
ily." (R. A. [.'tush, "A ncw !ool:: at Sl:,lcms cn¡!]Hccrin;:," IEEJ;' Spl'C· • 

·tntm. Sept. 1969.) · 
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continue to exp'a"nd irl bOth volumc a~J ncw fictds. 18 To re· 
solve this, the field appeais to be evolving iOwards: 

a) recognizing ·as a way of Hfe that requiremenu wiil Con-
uñue to be incomPtete; · · 
., ·,b) erlcouragllig schedul~' that explicitly recognize incom-

34 
,; 

fully indC'pcndcnt cfforts uslng outside'contTactOrs·arc gainins 
populority_ in sume portions of · the commerda! world but 
enough e;~."amples of inadcquate veriflcation havc been docu-' 
mcnted in thc literawre 10 where what is happening remains an 
open queslion. J l· · · · 

' p!OtC requiremenu; .:· . 
·e) ·promoting earl)' identification of ;Cquiremenls Specifica- C Sta11da;~s. Praérices, and Com•enrto'ns 

dón ~hanges-and conect'dbposition; 
d) cn',uring that soitWare · is designed to enhancC change 

Thcre is, today, a p\ethora ofstandards. practkes, and con
ventions ·lhat cover the waterfront, tÓ inc!ude as menti~ned 

~plementation.~ 9 · above, Documentation. Í.Ogk: Structure, (oding.' and Com-
mentary. They have not yet all beeu collected imo volumes · 
and publhhed, as NUS has done f01 docUI11t!nt:lliPn [:7 J, but B. Dorumentation 

· The neeJ for" document~tion during software dcvclopmcnt enough books have been publbhcd so thnt :my.~ne in need cun 
haá long bccn rcCo~Í'Ii1cd. St~tiJdard formuts fw d\.'1\:umentation abstrae! at will. 
or rcquiJ:emonu Ónd Jc.,igll UlJCUniCI\\Utlon urÓ plentlful Eind Thc m&j\Jr Jlfflculties Witb the SI~H\I;ud~ h;ive t\!.11 bt·cn 
eaaiiY 1o.llm~d {20). The dlfficuhy is not with the docunu::nt with lhcir existcncc llut In tticir rcasonablc!lt'S.'t :•i1U tllciJ :~hil
fofmats, the. difficulty it to dcte·rminc what. gocs lnto thc ity to he impkmentcd. 
doclimentation. Standards, practices, and cunvcnlions can be im¡ll'M"d by 

1) Thc problcms with software requlremcnu specificalions fiat. The effectivcness of that approach versus a const•asu~ ap-
have been covered earlier. ' proach remains to be mcasured (2SJ. . 

2) Extending thc requirements into the design has been a The ability of ihc stand;nJ to be implemintcd d('pcnds on 
mattcr of atlack for many y('ars. A number uf design suate- two factors: 
gies ex.ist l21]. From a QA standpoint, which one is u sed is 1) thc. environment in which the st~ndards ·arC e:nbedded: · 
not important. lt is iinportant that one be chosen and impl~- 2) the :ibility to determine objectively if thc-stJndarJ•, are 
mentf:d; Today, this still docs not appear .tu be a widespí-ead being followed. · · 
practice. . , . . Both of these factors are teaning more in.the-dileuiun of 

3), Vcrification and va!idatiou, and testing10 are bccoming implementation i~lo an overall ¡•1'ogrammiug environmcnt in 
more of a science ami t~'ss of a1i art. Despite the emphJsis' of which the standard~. practices, and conventions are hum~;n. 
collecting error data [22j, ·and the efforts of many to define factored into 1he software supporting thc de·:elupm:nt te~m. 
thc fie!J pj¡ and act on Ít [24], this collection of software · lf adhCrence·tu the standards is a~sisted by the suppurt solt
actlvities remains relativciy uncivilileJ [25], [26] .. The forces ware, a major_stcp tuwards effe.::tive implemcntation has been 
apPear to be split bctween the academic thrum wwards ~·proof reached. 
of correctncss" and the industrial mucking 'thruugh thc mirc.2 1 

,•. .•. -

.u S~ft11'1ru ap¡>Nr·, tu be eontlnously drlvcn, a~ Klrk sald, ". to 
bÓidly ¡o whcrc no man lla1 goil~ bcfo1c ... "(J." T. Klrk, Vo}agtJ of 
th~ Stonhip, F.lltttprilc, Stardatc 8206 :04.) 

'19 Th\s is thc thtust towards indepcndent mtil.!ulcs, In t~rnu of 
module couplini and module.st.renf:th. Sec, for cxamp!c, G, ~lycn, 
Compozitc/Stmcrrred Dnig11. , New York: Van Nostrand Reinho!d, 
1978. 

lO The wordsarc used in the followln~ coniext. 
, 1) Vtriflcorion: Tha procl'.is of detcrmining wllcthcr or not thc 

products of a givcn phuse of thc software devclD¡>mcut cyde fulfiU the 
tcquiumcnts cstublished •luring thc prcvious pbusc. 
. 2) l'o/ldot/nn: Thu process of evaluating softw~re al the cnd ofthc 
ioftwarc dcveloPment prol·css 'to ensurc compliuilcr. wlth software rc-
qub:cmcnts. · · 

3).Tnril¡g: Thc proce~ of é.,ercising or evaluating a system or sys
tcm cOmponcnts by manual or aútomated mlians to vcrlfy that is 53tls
ncs spcdt'kd requircmcnts orto ldcntify differenccs bctween expcctcd 

· ud actu3l resulu. •. 
._, Tht$c defiuitloni mru in acccrdancc wlth ANSl/[EEE Std 729-1983, 
lEEE Standard Glouary oC Software Enginecring Tmninolo>p.y. 

21 For onc view of the usofulness of "proof of ¡orrcctnt:SS." sec P. 
Moranda, op. cit. ·ThC'!'c hJs b.i:n a nro~ thru~t towardi thc rc-Jlila
UOn of formal veriflciltion t!!Chniques br tho Dc¡,~r!lncnt of Dcfen1t 
alnée~l978. Thil effon ha~ been aimcd at tlic cumputcr security lsAue, 
partlculoitly ut lhc inuhicomp:utmcntcd secure opcratin¡;. sy!ICml are-~. 
Stt, for cxamplc, · .. 

a) J. D. Tan.t~ncy; 1/lstor'y o[Prof¡•ction in Compurá SyrterFu. Mitre 
Tci::h. Rcp. 39951, Mitrl1Curp.,'.Hcclford, MA, July 15, t98U. ' 

.:b) J.:·M. Silvcrman, Provi11g 1111 Operotillg Syrll'm Kernel St•cure, 
8t,RC31, lloncywcU Syst. nnd Res.. Cenl., Minn~Jpolis', MN, 1\¡n. 
198L.:. ·' . 

:l'he ai•¡•ll•~Jtion of thl~ tcchnolu)!y to other:nun-DoD cffottl, c.)! .. 
Elcctfonic ¡:urxh Ti-:tmfct, is ubviou,ly dc1irablc and could yielt.l a 
lia;Jrif~Cin tummercbl advant~e lo bulh ADP vendon and uso.:n. ' 

'•· 

~· ¡ • ' ,. 

D. RevieW$ and Audils 

The índustry is bccomi11g more conscious of the valu!!~ of 
revicws a~d audits ant.! the ~;Cihodology for acco:npli~hiug 
them. 

Design and code.inspections, reviews, and audil~ are bccoin
ing'common in the state of thc art l29]; Thc difficulty in itu
plemcmins then is th:n to date, a t:on~prehcnsivc.ju~tiflcatíon 
based on errors found al reviews versus errors caughl JI test 
time, in an indu!trial environmenl does' not appear 10 h:.tve 
bee-n publi~hed. Thus ea¡;h coiupany implementing suclt a¡;tions 
is usually_ doing·so' on a hesitation ba~is Pending acoumubtion 
of sufficient statistics lo cost-jtistify thc efforl. 

12 For exomplc, ÑUREG-0653, Rrport 011 Nucfttu.fndustry Qu4/ity 
AssuNncr Procedures for Sa{try Analysis Compurrr Cvde Dt'!·t/opment 
1111d Use, U.S. Nudcai Regulatory Commission, Aug. 1980 proviJcs tht 
followin¡ examrte! o~ industry practltc~ on pp~ 18-20. . 

l) Reliancc on tho individual doing the devciopmcnl te> ~s~urc thc 
codc does nol cont~Jn erron. 

2)"Rdi:mcc on thc de\·c]opw 10 ¡1crtOrm verlfic;¡tiun. 
3) Allowing thc dt~>clorcr to dctcrnune thc extcnt of che..::kout 

and vcrific;¡tlon. 
4) Poo[ documcutution or no do.:um~ntatiofl at.otl. 
5) Vcrlflcation rcquircl¡¡cnt~ bcin¡; wuivcd. 
6) Vendou u~ing eodes dcvdop~'d by <Íther organi.tatiom havin!l no 

r~quirements that the code5 be d~.:vclup~d in aceordance with any Qu~lit)' 
Anurancc Proc~'dures. · 

Thc most intcrl.l'Siing itcm was Uut. tk~¡>itc thcse cxamplc~. the con~· 
clusion of the rcport Wal that NudeJr ludustr)' Qualit)· ,\,~urJnce pru
c~-dures for Safcty Añalys.is Computcr Codc dcvclopmcnt and u~oe V.'l'fC · 

blls.ically sound. · · · 
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, Confi¡:uration Managcment _methodology is available, and 

sevéra1 too! se'ts are also commcrciall)l available and commonly 
us.r:(l3ÜJ. The implemcritutions varf in dcPth according to 
the projcct parameters. This is norma1ly combined ·with code 
conuol, media coiltrol, an'd problem reporting :md corrective 
Oction as a discipline. There havc been, however, sufficient re
ports from the· field thu a conclusion can be drawn thnt the 
irriportahce of co.de control is not fuÜy understood.23 

F. Tools, Technlquei. and Methodologies 

special software too!& have been elther made by th"e u~n 
or boughi for mnny years. There appear to be today a prolifer
ation of tools both free and for sale [31]. Further, the toot& 
them_selves .are becoming intcgrated into complete progr&m· 
_ming environments (32)·. 

Vi. FUTURE DtRF .. CTIONS 

The industry appcars to be implementing Software Qua1lty 
AssÚtance , in .-. phased approach recognizing it as a series of 
functions lo be 'railurcd to lit particular orgariizations. 

One CQnsultant's rcPo!t summarizcd the field as follows (33). 
1) 'The current !ore of the field is that: ' 

. .a) quality is desi¡mrd in tu software, not rested in; 
b) uscr participatlon should be maximized; 

·e) SQA should be invqlved from the btginning of the 
projeét and partidpate in each stage; 

d) the carlier enors are· found and corrected, the more 
totallife ..:yclc costs c¡¡n be reduced; 

:e) SQA should he central ~nd independent. 
2) Concerns associated with SQA include: 

, a) 1hc recognition of the need to control changes to suft· 
w~fe and to kc'cp documents up te_' date with thc code; 

b) .thc da.nper of ovei'-rcgul:Hio.n; 
e) 1he feai of empire building associated with the fear 

that SQA wiU be a hinJerarice r:~ther than an aid; 
d) the. difficuhies associated with flnding personnel 

who ha\' e qualifications ne'cess:uy for an effcctive SQA team. 
. 3) SQA effórts in the commcr..:ial World are Proceechnggen· 
erally m ph:bed unplcmeñtalJons. mughly as follows. 

:1) Millimuln effUrts: Thcse include; 
' i) estahli~hing a librai-y of standards, procedures, nnd 

techniéa! pub\k~tions: · 
ii) extractiHg/crenting a usablc set of guide\ihes; 

iii) establishing change control prorcdures; 
i\·) revicwing documcnts for comp!eteness and con· 

forni8nce. 
. : b) Jtid-J..evel E[[orts: These indude t.he minimum ef· 

2 3 For <.':tamplc, NUREG-<1653, o p. cir.; poims out: 
a) One oq::anization did not procedurnllr cuntrolthe follow-up of 

co'des with known'erron {p.•lS}. , . 
b) Anothcr organization dld not procedurally l·ontrol the follow-up 

;ind doseout of problems identllied with cude (p. 25}. 
e) In onc c3~e the on!y way codc modification$ and/ot changes in 

codc status w~re ttan~niltt~ lo the usen was by the code custodbn 
informally tcllin¡:;' the uscrs with-no formal transmitt~l ider!tifyin¡; the 
changoS {p. 24/25). ' 

;:d) In onc case' it was found th.1t mOre than one version of a code 
. e~istc,d. Yet bolh vcuions had the S<~ me idcntification (p. 24). 

. ' '· ,, 
.J.. , .. ; . ',. J 

· forts plu.l: 
'· i) est.::JblishingcOufigurntion managcment procedures; 
· ii) revicwing documents for cOtitent, consistcncy, and 

qullflty;·· t' 

·. iii) acting as a consultan! and :advisol- throughout the 
life .cycle, by p:átidparing in developing documents, change 
control boards, Walk·thrnughs, revicwt, ami audits. 

e) J/igh-Levd J:."f[orts: These include the previo\LS ltem& 
plus: 

, i) preParing comprchcnsiv~ system test plans; 
li) conducting indcpCndcnt, in-house systcm inte8,ra

tlon tests; 
iii) preparing test analysis rcports; 
iv) maintaining a basclinc library for all project docu· 

mentation and code; 
v) L!lnintaininga test librar}' of test plans, test rcporu, 

and evaluation of t.:sting techniques; 
vi) maintaining currcilcy with stnte·of·the-arl :-uúlySis, 

design, programming, and testing·technologics. 

VII. CÜNCLUSIONS 

The tasks requiie(.\ o( software grow incr~aSii,gly greater, 
constantly challenging our abilities to fulftll thcm. In response 
to that challengc, a fiel d. has b(;cn borrowcd from hardware, 
that of. Quality Af>.>urancc, moJifying 1t to aUow for software 
difference~. Rec~gnition of thc fic!J and its effccti;·c ~tpplica
tion is rapidly growing. 
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fur hu<nble Slllf!daid~." Comnum. tbs. Cvmput. Mudr .. vol. 19, 
Nov. 197b. 
For curnplc, "sce, 
1) M. G. fa~ten. "tksign qcid code inspectlon• to reduce ttror in 

Jll<tgr;¡¡m tievelofuncnt," IB.If Sy\1. J .. vol. 1~. no. J. pp. 219-
248, 1976; fot nnc implemcntatwn. 

b) Tht l::thnfltt·chnical Rtvir"· Hundlormk. Ethnutcchnica\ Prt'IS, 
19110, P.O. Ho' 6627, l.incoln. NE bll506 f1;r dctailed in•i¡rht on 
huw tu condud infornu1l n:views. 

e) Control ObjtCiivt!,, EDP Audiwrs foundation, 1980, Puhlicll· 
tinM Office 1468, Altamontc_ Spdng~. rt. J2701 for a compre· 
hcn$ive auditin[l. guidc. 

Sec:, for cumple, 
a) IEEE Std 828-19BJ,IEEE Standard for Software Confi,uration 

Managcmenl plans. 

,. 
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The Software Engineering Shortage: A Third Choice 
JAMES P. M<GILL 3 7 

A.bJirar:t-AJ lntrrru in lhr conctpls 11nd ml'l.hod~ ofsoft• .. rr mcl· 
ntuln~tlnerra:~.es, m:an) c:omp:mlcs, pllrlinllarl>· In Mfrm.plct, find 11 
dirncull Ir> :u:quirr M>l'!warr dr•·rlopers with lht dc~lr~d ~kllls. Thr 
optlon of fuli·lhnr, cumpaÍiy-ba~~d lnainlng is 'rliM'IWW'd wirh suJilgt5- · 
tlon~ fur impltmrnl:~liun. Lnsons lr11rnrd from'the acllrallrnplemrll· 
tallan uf such 1 program arr dlséu~!>td along 11ith possil!lt direttions 
for ruturr c~olutlon. 

/ndu Turru-I>SUI), lnduitrild lralnln¡, software entln~rin~:, 

'ohware lite r:yde. 

SEVERAL hooks ¡¡nd muga1.ine articlcs have appeared in 
rrcc1l! 'years chroniding, the recognitiu,¡ uf a "wftware 

cri~is" in the late 1960's and sUbsequcnt attempts tu deal 
with it !IJ. Es!.fntia!ly, the crisis referred to t!Íe fact that as 
lárge devc\upment projccts, invulving botlr hardware.and soft
ware, began to be undertaken, it was dis.::Jvered that the hard
v.:are was often delivered in working condition .whi\e the soft
ware- w<~s either nut dc\ivered ur required extensive rcworkirig 
upon dc/ivery. The rcactil.)n to this problem was a careful 
examinatiun of typical soítware dcvc]•Jpment techniques, 
which !cd to the disc01·ery that they were geni:rally chautic 
and ab"cttcd a Tnorc fundamental prublem. the inability uf 
hurnans to comml!nicate e~fccti\·ely with une anot!JC~r.·The 

result has been_ thc cmcrgence uf severalmudern 1\lt:thuJulo
gies all dcsi~ned to on·rcome the cumnJUnication problcm by 
stressing n:"quirements analysi~. modular design, structured 
prognnnming, and 0tl:er pruccdures that prumote a clear 
understanding of thc problem and a disciplined. thoroughly 

· documentcd appruach tu a sulution. 
The gradual shift frum haphazard. devclopmcnt tu the 

methodical engineering uf software has JeJ to the emergence 
of ¡¡ new iype of cngineer, thc Software Digineer {2]. A 
~oftw"arc cnginecr may be dcfineJ as a·n individual who is 
~J..:ilted ¡,¡ t he appJic;¡ ti un uf suund. estabHs.hed cnginecrlng_ and . 
marwg~mant principia:. 10 the analysis, dc~lgu. construction, 
and mamtenance 'Jf ~~~ftw~re _and lts assodated ~ocumenta
tiun. Dc,:pita the incsc;,pably JugJ.:al argtnnents which can be 
m:~de fur the mudul.'lr te::hniques. indu~try has been slow to 
incorporal e ur eveu re~ognize the need fur them or those whu 
practi.:l' thcm. This si:uation is nuw changing [3]. 

The D~partment uf Defens-:, too often the recipient of 
poor\y deve!uped suftwafe, is becoming ¡¡ggressive in its sup· 
pon u"f tha newer techniques of suflwarc develupmcnt and 
management. Those industries. such as aerospace. whi..;h inter
face .heavily with the DoD; are becoming very interested in 
hiring. software engincers. The nec~ fur these professionals 
he.s been recognlzed. 

Manu~ript reeei~ed Decemberl, 1982. 
The author h with the Lockhecd Missiles and S pace Company, In c., 

Dcp.¡¡rtment 62-M4,Uuil~ingS81, P. O. Box .504,Sunnyvale, CA 94086. 

A SHORTAGE OF SOFTWARE ENGINEERS 

Tht sen·ices of software engineers ~~ ho "understand · the 
software deve!opment cycle and the tools and methuds appli
cable tu each phasc of that cycle. are bdng suUght nationwide. 
Ur.fortunately, the supply uf such persons is quite srnall. 
Papen have appeared propusing mudel undergraduate and 
graduate curricula for degrecs in softw.:ue engineering !4). 
!5]. A handful of uni\'ersities have bcguu tu cxperlment 
with such currlcub. Jndeed, Seau\e Univenity and the Wang 
lnstitute havc just reiently aw1rded the nalion's fir~t mastcr's 
degrees.in softwar~· engin"eriug_ Hut the supply of n~w grailu
ates b:nefiting fn.1ut thesc prugrams dues nut come do~ to 

satisfyin~ thc cunent clcmand. Thereforc. a company sceldng 
the scrvices uf a soltware enginccr frequcntly is left with two 
choices: 

J) assuming that no software engineering graduates are 
available, it can hile sumeone with a degrce in computcr 
sdcnce, mathematics. elcctrica! engineering, other .technical 
discipline. and Jet that person learn the software dcvelupment 
life cyde through on-thc-job cxperience, pcrhap~ supplcmented 
by ~minars; or 

2) th~ company can attempt tu Jure established soitl\"are 
cngineers away from other companies. 

~cither of these solutiuns is satisfactory. A_new gndúate 
lacking .experience in Jarge-scale s~ftware de1·eiopmen: will 
require a bre3k-in period which cuuld \ast months or year·s 
bdure s/he becume pruducti\"e. During this period, thz in
dividual's comribuliom to the effort could actually be detri- · 

. mental if not strictly cuntrolled. 
Rubbing Peter tu pay Pau! t.i alw no solution. lt merely 

shift~ the prublem tu anoth~r cumpany. lhe inJu~tr}·-wide 
prob!em remains. 

A TutRD CuoteE 

There is a third alternative. h•lwevrr. By estJbli~hing a 
prugram for cross training sume of thcir own explri~nced 
cngineers in the dh..:iplin<!S uf software en~ineering. comp:Ínies 
cC"'uld create a continuous source uf such t~lent. The goal 
uf such a program would be to produ.:e suftw,He de\"e]opment 
specialists trained in the recognized fuun,Jation arcas of com
puter science, managcmcnt ·techniques, communicatiorí skills. 
prublcm solving, and design theo¡y (6J.-:\ Jarge·cumpany un
dertaking such a program enjoy~ significan! ~dvantdges over 
univ'"rsities. These include the fo!Jowing. 

• Once committed. 1he company typically has more finan
cia! resources to devutc to the program. 

• The cunÍ.pany can rcason~bly expect selected candidates 
to be mure mature, motivated, and ex"perienced than col!eg~ 
students. 

• The company typically has expericnced SC;lftware de-
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velopmcnt personnel. Such pcrsons can muh cxcc!!ent,.J.Cfi rn~nugci- who h~s b~'<.'l>mc educutcd in th'c modcrn tcchniques 
turers un Sllftware dcvclopm·ent topks. .. J ~ of software· dcvclupuwnt. Sin~c su eh· peaons wíll be ll<~td hl 

• The cumpany envimmm•nt pwvidés a uniquc opportun- come by, on accept:.~blc CllJllprumii.c ls u qu<Jiified (a<..lvanced 
· ity fur reseuch in lo thf effectivene~s uf new methods uf technlcul dexree) employce with a few ye¡¡rs uf company 
software dcvelópment. Féedback frum such monitorlng can . software developmcut expcriencc and Jhe lll\JiiVatinn lo qukk!y 
qulckly be im:orporuted iil.to the compuny training progrum. become. ex.pen In nwderu meThods uf software pruject dcvc!op· 
Universitics would require mu-:h lnnger ro react tu such feed- mCnt and manugement. 
back. There are severa! methods othcr than the uSual instiuctor 

• · The traioing may be slanted directly toward specific lec tuTe which could be effective in a sofTware e~~tineering 

company needs. further reducing the break-in period after coursc. Many of tite rnar;agcment 10pics could b"' el~-ectively 
iraduation from the program. addressed by experienced company personnel acting as guest 

ldcally. graduales should be immediatc!y useful'-.and pro- Jecturers. There are e.xcellent video) tape courseE available on 
ductive ·u pon joining thcit. tespecti\·e deve!opment· projects. software enginecrin¡;. lhere are aho se\ eral c:Ump~ni~s offeri~g 
The students selectt'd for'.the program should, therefure. not seminars un \",!tious related subjet·ts." .Whi!e these .He expen
be newly hired colkgt> graduales (although a modified prugram ~ive, they _OJrc :~lso quite iniurmatire and. !n ·a we!!-pJ;;nned 
for new hires i$ certain!y feasibl~J. They should already have program. could be cust effecti\'e. A ~H!.cial Jdjunct w \e(tures 
soi-ne familiarity with tl1e company. They should have a T'!cord is "hands-on" cxpcriencc. The stud~nts shouh.f he required 
o( demonstrated' comp'eúnce in computer related iechnica] to partkip:tte in thc ana!ysis. desi¡m, documeutatiun. :lfld 
disciplines (math, phy~ks; Progr:~mming). managcment of a typic·J! cur11p<iny software devclopmcnt cf. 

f-'ursuant to this goal uf i.mmediate postgraduatc prudw.;- fort. The requircmeur that s'1ch de\'clLlpmen: 'oe ;,¡ 11'o111l ef:'urt 
tivity, the training prut;r~m-must expoSe students toa variety i~ imponant. 1\ Jack t~f undcrsto1nding.uf thc ~e~essiry uf md 
of &ubjccts. Defe'nsc cotHractors, fur e.xample. typicttlly 'find pru'okms ~ssoduted wirh a tean1 dcn:Jopmcr\t'dr'ort ~ppe~r~ 
themselvcs dcveluping softwue·tJf 11 highly tcchnical nature. to be a majur we¡¡kncs5 •>! thé typkal ncw cu!Je~~ ~:at:\l:tlc 
The trainlng prugram, in such 01 cn111pany. might be ob\iged . The chtlice of ¡¡ wituble cl~ss f.lrllje~t Pfci.Cill> suJ1lt' p:ob· 
to lnc!Ude ~ourse·~ in .mathematics; systems enginc~rin¡~, antl lems. A majo¡ J~ssun 10 be lt>arned l'mm sud1 ¡¡ Pr•Jjert t:olfl· 
physics.' The desirability. in any company, to coinpl~ment cerns.the arnotüit of'papc¡wurk •mocüned with it and <111 iHl· 

disciplined, modular proJ~·ram desigh with simi!arly disciplined preciation, from a nwnagcrial p•.)inl of.virw. ot' the nccessi;y 
cuding teéhniques implies the need fur familiarity with !he fur this dUcunwntation 'in a .. latge pwject. Thc choiceof a 
concepts' tlf struc.IUred programming. Competen! instru~tiotl in srnall projeo:t which ntight be cumpletCd in. sJy. a few 111nntl1S 
Pascal or Ada 1 wou!d filJ this necd. In any case, the hcJrt of hardly justitles the rcquired amount of documentathm. o_n· 

· such a program will 'oc thc software engineúing course. the other hand. a rnore 1ypica! problem mi~ht Jm·c ·to be 
ihe .choice. uf· th~ subject matter of the courses, thcir a'obrevi01ted to the point of becoming totally unrealistic ~nd, 

durations. and objc~.·tiws will. natura11y, reflect the overall · thcrefure, of limited benefit. A solution is to chuose a probkm 
gram goals constr~ined by time, budget, and other resources. of moderate si1e .(perhaps a 01Íe. ur two year life ..:yclc,l and . 
The technica] eourses shou[d pro\·ide the background to enabte · onl}' concentrate on the conceptual and develupment phases. 
students · to understand ihe nature · of ·a typical company After t~ll, it has been pointed out th<tt · errors cumlniued in 
software system development problcm, The programming these ph:1scs are typic'~lly riot discovered until alte1 cuJing 
course should imbue the stud.ent ·with an appieciatiun uf the ha~ bcen completcd and are thc mus! wstly 10 fix !7 J. 
lnheren! value uf nmdu!Jr progranuning as well as provide Stúdent Wurl: un th~ prublcm siH•Uld·bc h~lJ ~~ c!OJ~d) ;~s 
him wilh the too). The software cngincedng cotme must possihk to the ret~litk~ uf wurk u·n a 1ypk2l cou1p~ny pwjl'CI. 
introduce the · student tn thc con-:cpt of solviug a prohlem Thc ~tudcnts Stmu[d be <'Xpused to Íhe s;tmc type~ L'l llloh, 
by brcaking it 'up intu stÍlaller, simplcr problena (Le .. analy- reviews, audits, wa!l:thiough~. etc. 'that are docurnentl'd in 
sls}. The studcnt :!.hould Jcarn the vulue of dc~·cluping u de- the st:mdards and praeticcs uf thc comp:any. In panlcul.Jr, 
tailed [ogical. dtsign pri\H to writing any code. S/hc shO~Jd every student should be required to givc or~J prcwnt;¡:ions 
d_cvelop an apprechlliun for the problems'of software pruject bcft1re expo:ricn..:ed suitw:1re engineeu ~nd mÚ1at'crs wlw ;u~ 
mllnllgement through the study of su eh Cllncepts us the soft- unafraid lo as k prubing qucstü>ns u¡ tcvcal dcsign we;¡knesses .. 
ware systcm develupment life cycle, its associatcd documenta- Studcnt~ shl.lu[d also be cxposcd tn man~gemcnt dedsions ahd 
llon, quality assurance, configur:Hiun mangetnent. softWare dilemm~s. 
testlng, design re\'iews. etc: This understanding of the ma;tage. 
ment implkatiuns of proj~::Ct devdopment. sh\lU)d make the 
stÚdent more amenab!e to beitig manJged. 

lnstructors for all courses should be cxperienced and hJghly 
trained (prubably masters leve!) in thcir respective subjects. 
Software engineering instruction poses Unique problem~ . 

. There are, few ex.~erts in the subject and they spend a .lot of 
lime ·disagreeing un ni~ny issucs. The software engineering 
inuructor shou!d, idea/Jy, be an experienced software proJjeci 

1 Adll is a rettblcred tr.u:lem.:uk of lhe U.S. Oep~rlmcnt ofDeten~. · · 

' ~ . 

IMI'LEMt:NTATION 

lt is dcar that the training progr~m implied 'oy the above 
paru¡;raphs is a lengthy L,Jne. 1t is umcalistic tu· pbn it as a 
p1o~ram uf part·time study. lt is. mste.ai:i, dearly a fu!!-time 

. pf!lgnnn lasti_ng· scverul months. The student would _retain. 
company ettlploymcnt and full S.!lt~ry while partkip_atír1~. The 
company Wou!d :ir nece~sary. handll' the pla~ement of studcnts 
upon graduation. 

1 lnlcJ!mlcd Cumruter Sy5tems ~nd Yuurliun,lilt., for .:u!npk. 
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The f::u;ililies rcquired for implcmcnt;~tion of the i~1plied 
prugram are actually ratbe'r' modc_st. Fluor and officc spat:e 
will be rc4uired to suppon a t;roup of. pt>rhap$, six full-time 
iristru~turs, a senior instrut:!OI/t:ovrJin;~tor. an adminstrator, 
and clerical pcrsnnnd. Thus'. a tot:1l initial st:~ff of around ten 
pcrsnns is implieJ. A classroom equipped wlth chalk boards, 
screen. merhe;~d projector. a video tape mao..:hine und Jarge 
enough tu scat the tlass comfollably is 1cquircd. There should 
be computcr facilities av:~ilablc for thc studcnts supporting 
whatcver lanl!gu<~gc is being towght. Smaller meeting rooms 
will be ncedcd. for individu;~l projcct 'tearns. The classruom 
may be used für the oral presentotions if it is large enough. 
lf not, such a meeting room will be required. An extensive 
refcrence library will be de~irable. Word processing und/or . 
secretad;~! support will be nece~sary to handle the required 
doCurncnt:ltion assodated with the class project. Textbooks, 
cuuJse notes, •>ideo courses, microprocessUrs, and other train· 
ing aids wuuld be provided by the comp:lny. Financia! support 
should be :JVoiluble to keep instructors informed of curren! 
happenings in academia. guvermnent ac<¡uisitions. and industry 
tiy enwmaging attendance añr.! participation in state·of·the-art 
seminan and s.hort courses. 

The potential beneflts of such a prograú1 are obvious. The 
llVailahility of a steady. supply uf software engineers will 
partiully satisfy a company necd. In addition, the knowlcdge 
that such twining exists may well prove an inducement in 
attr:~cting and retaining new ta!cnt. The rnethod~ llnd ~tllnd· 

anls taught in the m.ining · pror,ram can eventually cst:~blish 

therme!ve~ thrmrghnut the compJn}'. The training program. 
as it m;~tures·. will be in a position to monitor the succe~s 
ur failure tlf specific tei:hniques. Such research wuuld not 
unly be uf tremendllus benCfit ltl the p;~rcnt wmpany but to 
the so[\\\: are de\e]upment industry in general. 

A clear prublem with the prupused program is the fo.:t 
th:l\ ii invulves a considerable imestment a,nd. therefore, firm 
~xecuÚ\'e suppon. Su.:h support may be hard to win without 

.a pruven tr¡¡ck recürd to hack up claims ofpotential benefits. 
Such a Cl.l111P,!ete_.l1~ck recor'd does not yet exist. llowever, 
at least une large aerospace cumpany, L(lckheed ~1ilsiles and 
Space Company, lnc .. sUnnyvnle, CA, has instituted such a 
prugram. Ir i~ nüw live yea~s old. 1 he remainder of this article 
will be dcmted 10 a desi:ription of this progr<Jm and 1essOns 
\ea roed. 

Tm: DSDD PtWf!IIAM • 

The.pfogram, which has been active >ince late 1978. is 
known as r:.:ara Prim'e Skil/s~A Data !:J)•stems Design and 
De~·elopment (DSDD) Training Program. lt was estahlished to 
help fi\1 the recogniz.ed company need for software engineers 
and to provide an alternate career path for some of its em
ployees, primarily scientists and engineers. Employels with a 
teChnical degree or "equivalen! background and at lea;t a year 
~r continuous empluy;ment with the cÚmpany are eligible 
to apply. Applicants are interviewcd by DSDD managernent. 
Characteristics which the ii1terviewers look fur are genuine 
interest in a career in software dcvelupmcnt with the company, 
willingness to accep"t the implied work load, and the ability 
to w"ork well in, and .:Ontribute lo, a group effort. A class ~f· 
25 studcnts is chosen from·the applicants. Two .such dasses 

·-------'--""'--

F.!g. l. Support rcta.tion~hips of the ~ariot>s DSDD .cour~cs... 

are graduated each year. .Studenrs are requirCd to attend 
classes full. time, 7:30 until ..t:OO. Monday thruugh friday, 
for the full six months of the prugr:lm. They have no tJther 
company re]ater.l r:luties during this time. They t:ontinue 
toreceive their normal salaries Curing the fulltraining period. 

A typic31 student day"consists of four to six hoursoflecture 
3nd two to f¡lur l10urs of study time which may he med for 
wurkiñg on hom-:work, computcr prn¡!.rams,· or th·: class 
pn1ject. Expedenc~· has shown tllill the forty !10urs p~r week 
011 si te must typic~lly be au¡;mented by ten to twemy hours, or 
mure, of additional work on thc student'~ own time. Individ
ual c!Jsses are taught in biu<:k~ r¡¡nging from one to ~ix weeks, 
two hours per da y. _The exception is the software engineering 
block which runs continuuusly tlüoughout the entire six 
nwnths. Courses consist uf Jcctures by instructor·>, guest 
lecturers ftom within the cor11pany, professionais on video 
tape. and outside consultan!~ who conduct s.::mü1ars on 
specific topics; Students are ~equired to complete hOmcw~rk 
assignments, including computrr progiams. and take periodic 
examinations in the various courses. Textbook's and/or Jecture 
notes. at no exp~nse to the student, are p!O\'ided fror each 
course. 

Since mu~t of the software developed within the company 
is of a highly technical nature. DSDD stud('nts receive coums 
in mathematics and engineering disciplines as well as those 
in softw:~re development. i'-!ot surprisingly, the software 
engint'ering coui-sc is the heart of · rhe ¡nugr<~m. ,\IJ uther 
courses support it cither diredly or indirectly~ The ·rel~tion-' 
ship of the cotmes to one anothtr is depicted in Fig. l. 

Fig. 2 il!ustr:ltes ~ typical DSDD 5Chedule. ' 
The staff requircd to support this effort curren ti y consists 

of five instructors. one senior instrucwr/coordinatm. one 
:~dministr:ator, and one secret:lry. Typical instructor back
grounds indude m;~thernatics, compute! ~dence, elecúical 
engineering, <Jnd l)ther technical fie\ds. A candidate fot an 
instructor position is expectcd to have a degree (preferably 
advanced) in a technical discipline. S/he is expected to have 
exptrience in the subjccts to be taught as well as sorne general 
teaching experiencc. Each instructor is :migned to teach 
courses anwunting to roughly 100 hours of in<b~s time pcr 
six months. Durinc thc peri•lds when the instructors are not 
participating in daily instruction,' ihey. are _encouragcd 10 ~~-

--------·---
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tend other lec tu res and serninars for the purpose of incrt:asing 
the breadth and depth of titeir backgrounds. Sufficient travel 
money is budgeted to allow each instructor to attcnd Seve1al 
seminars e~ eh year. 

Instructors are encouraged, in particul:u. to 'keep their 
respective courses current. Thi~ í1 cspeci~lly un portan\ in ~ 
subject such as software cnginecring which continues to evolve 
rapidly. The DSDD soflware engin~ering cuurse has matu1cd 
considerably in the las! four yeais. lnst/Uction currently 
combines le1:turts, both live and on \ideo tape, speci~l semi

nars anda lengthy class project. 

TI! E DSDD SOFTWARE ENGINEI.:R!NC. COUltSE 

Topics co\'ered in thc software eugineering ltctures inc!ude. 
a brief history of software devdopment and the "software 
crisis." rcquirements analysis. software design, software test· 
ing, qulility assurancc. configuration managcment, thc develop
ment lifc cydc, DoD procurement procedures, and the associ· 
ated documentation. 

Thc class project involves developing the application 
software to control the oper:~tion of a Wind Energy Genera· 
tion System (WEGS) which is tu provide electridty'to a num· 
bcr of consumer areas. Th~ students a1e provided wiih initi::~l 

documentation specifying the requirements uf the system 
from whkh are to be extructed those requiremcnts whkh 
might properly be allocated to software. They are ~!so· pro
vided with detailed requhemcnts regarding the documcnts 
which they wil! prepare and de!ivcr to thc "customer." 

ThC initial work colisistS: of ana!yzill!.\ the systern requi1e-

mcnts and prepaling for. a formal presentatinn at whio;h thesc 
requircments are rcviewed' for clarity and .complctenc>; ~ad 
any p10posed change's may be presented. This initial pte~nl<!· 
tion is a System Rcquirements Review (SRRJ :md ¡~ h::!d 
before a "customer tcam" made up of expcrieuced campan}· 
software developers and manag.:r~ who ure seb:ted ior thi~ 

activity. Thi~ initial wotk is dorle undt:r thc supervisi('\·, <Jf 
a studcnt cummittee ~dt:cted by the stalf. lh:.: ~uccnsfu! 
cumplctinn uf thc SRR results in the estab!i~hn.H:nt uf an 

initial. agreed·to, or "baselincd." set uf sy~tcm requircHt('UIS 
from which subsequent work m~y prucecd·. Since m~r!rtr:rion 
1s heavily slanwl tow~rd softwate de~clopnwnt fm th~· ))q[), 

the SRR and aH otht·r reviews, as \ve!! as al! the docll!ncnta
tion, are prep¡¡red anrl presented in accordance with the 
appropri:ite military standdrdS. Si.nre the SRR is conduded 
fairly carly in thc training progr~m (after appwxim¡¡teJy ;jx 
wceks) the prcscntations are typica!ly nilivé-. Émph:1sis i~ ¡)iaced 
un presentation style. condud uf the fevicw, .<l!ld a demon
strate"d understanding of t~e nature of ihe problem. The 
students are also required tu address how ther intenrl 'to 
manage 'the developmcnt uf the p1uposed software. :0.1Jn)• 
questions ·are a~ked by the customcr team for the purpuse of 
puinting. oul ~reas whcTe more attcntion is needl!d and where 
exPressed ideas are clcilrly lnfeasib\e. 

A typical SRR bsts. ¡¡bout two hours. The subscqucnt 
reviews ¡z:enerillly tak.e \onger. After SRR. the sturlcnt cori1· 
mittce iS dissolved and thc enrire dass is divided up irdo five 
5-person tcams. The teams ;md rhdt respective ch:1i1pet~.ons 

1:1~e appointcd by thc ~tal{ Thc memben uf thc original 
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student ¡,:ommiitce are disbursed among !he five teams •md 
are not, generally, pcrmitted lo act as chairpcrsuns of their 
respective teams. This glve:s others a chano.:e tu be exposed 
to the problems uf management. The ncw t~ams proJcecd. 
compctilively, tu develop J top_:]evcl ·~1<ntitiuning uf th~· 
pnlblcm and tu <~llocate thc .. b;~seliued requirements app]l)· 
priutcly. The rcsu!ls uf e;~ch team's unaly~s 11re presentcd 
111 a Sy~tcm Design Review (SDR). At thc revkw, cach team 
is requir~·d hl prcs.:111 ia tup-levcl brcakduwn uf thc problem 
into roughly autononlous ~ubprÚblems. each uf which will 
ultimately cvoh·e in tu a m;m;~gcable' piecc of Sllftware callcd 
a (t)mputer Prugr~m Configur~tion ltem (CPCI). The pro
posed :olloc~tion uf requirements to CPCI's is also presented. 

In ~ddition, e~ch team is required to develnp ~upporting 
ducumentution. This documentation consists uf an JIJocation, 
document detailing the allocation uf the software require
ments to thc proposed CPCI's; a Computer Program Develup
ment PI~ u (CPDP) derailing lww developmcnt of thc St)ftware 
will be maiw.gcd. and an lntelface M<~nagement Dncumcnt 
(IMD) which serves as a repo•itory for detailcd dcfinitions 
uf data and control itcms crossing interfaces between picces 
of software, bctween soitw¡¡re and hardware. and between 
software ¡¡nd hum;~ns. This implies a tot¡¡] of !5 documeuts 
from thr 5 te¡¡ms to be tt\'iewerl by the staff and customer 
team prior to thc SDR. Sin ce a typical SDR l:lsts around thrce 
htJurs. ihro.'c d~ys are ienerully set asidc for th~ completiun of 
all_ fivc ot them. ,\ftcr thc cumplc,tiun of the J¡¡~¡ SDR. une 
team·~ design and m~n~gement approach is chvsen as the une 
exhibiting the "kast risk" and th<~t appruach is thcn ndopttd 
by the ~ntire cluss fur the rcmainder uf rhc prngram. The 
selected tcam is design:tted the "intr!!rating coi'ltractor" 
respun;ibh: for coordinating th~: acth·i~ics of the orher four 
tcams. bch team, at SDR, is expected to address potcntial 
prublems uf this up~oming nwnagenunt activity and prcsent 
its plan fcr ensuring a smuuthly coordinated, po~t-SDR 

developrnent efiort. The students gcncrally "exhibit, during this 
man¡¡g~ntcnt purtiun of the SDR. a greatly impruv<!d under
st,mding "~"· and appreciation for, the prubl·!ms and bt"nefits of 
a team ct"fort. 

Aft<!r SDR, the dass has approximatdy 5 Wt'cks tu prepare 
for their Preliminaty Dcsign Revkw (PDRJ. Thc POR ~ener<~llr 
cunsists of present<.~tions by each team on its <~Ssigned CPCI. · 
By POI<.. <.'Kh CPCJ wil\ have bcen further broken down into 
functional ~umponents with f!tel'iously existing aud n~wly 

derived requirement$ allocatcd ~ppropriately. The integrating 
contractot gcnerally ~ddresses matters of m¡¡n¡¡gement. per
ceived ~re~~ of ri~k. rc•questcd b<~seline charrgcs. etr. The PDR 
g~:ncr~lly r~quirc~ ont to two day~ io .;\lmplcte. The tearns 
are requircd to pwduce cte\·elopment specifications in accord
ance with 1he appropri~te military stand<trd. The ir.tegrating 
contr¡¡ctur· is responsible fur upd<~ting !he CPDP and thc L\10. 
Aftcr thc PDR is completed, une CPCI is seb.:ted and the class 
works un cunverting the functional anulysis into a physical 
design. The functiuns of _the CPC! are gathered into funC
tiona!l): cohesivc Computer Prugram Co'mponents (CPC). 
The result~ of this effmt are the subject of the finalreview. 

The l:ist month is spent prcparing fur thc final revicw. This 
is thc Criti~;J] Dcsign Revi~w (C.DR). 1t typically requires une· 
day and, thercfore, is oftcn he_ld the d<.~y be'fore J:!raJu~tion. 

.... 

By' this time. thc tcams have devcloped the C'PC's of the SC• 
lected CPCI tu a .:ndable leve l. The required documcntation is 
a Product S¡lecification. whkh describes the phy'sica! imp]e. 
menta.Íion of the prcceding ¡¡n:.~lysis, on upd~tt'd t'PDP andan 
updatcd IMD. By C'DR, the srudeilts have generally become 
quite comfortablt in their role as contractor and l)'pically 
conducta very prllfessional rcvicw .... 

41 
Tt!E CUSTOMER TRAM 

The role of the customer tcam in the reviews is crucial. 
They re!y un thcir expcrience and knowledge of the clau 
pruject to hclp them. judge tl1e qu:.~lity uf the reviews. Severe 
and unremitting criticism has produced an early defeatist 
attitude which has serious\y degr¡¡ded the value of subsequent 
in'struction. On the Dther hanú, ..:orlducting re\·icws before a 
realistic customcr i~ probably the most valuable experience of 
the entire program. Thc customcr team. thcrefore: "plays its 
role" by usking penctratíng quc~tiuns. rcquesting ac:ti<m items, 
and opcnly commenting about 9~sign or managemeHt features 
which they !ind troublesume. The proptr mix h<t~ n<•t been 
easy to find and requires iterdtiou. But it i~ too importan! 10 
ignore. Thc custumer team has gener<tl\}· be en e:(pet ieñr.et.! 
in all phases of wftware devdupment. · including ~oftware 

mamgement, and mus! have altended ~evera! actual rcvie\.\S 
with typical compuny customcrs and, in sorne insta;~ees, havr 
actual customcr cx¡;~rience. At lcast onc tc~m met:1ber Ji~~ 
repeated this expr.:ri~u<:•: witll C\·ery cla~s te date. ·¡ his has 
had the btncíit uf pwviding cuutinuity in custotn~r JHitud..:s 
and roJe.playing: 1! has ~]so been found bendi..:i:1t 1\1 hd~e 

former students un thc custl!lncr teanH. The :.:ornmcnts uf 
graduates are typt..:a!ly uf spccial intcre~ttothe students. 

AN EVAJ.UATION 

The program, as describct.! in the above paragraphs, dearly 
rcpresents ¡¡· rn¡¡jor J;ommitment on the part of the complny. 
The annual budget ior DSDD is ~ppro<tching 1.5 mi!Jiun do\· 
lars. This is. uf coursc, uvcrheud muney ~nd, thereforc, clear)y 
implies that DSDD enjoys tht supp<m of th~ highest levels 
of management. 1 ht- cuntinucd existen ce and evolution of 
DSDD rcflccts the coiwiction that the work bt:Trlg done is 
both importan! ~nd succcssful. ' 

1 he ability of any such program to erolve is. "of course. 
one of its most imponaut characteri~tks. DSDD courscs 
are constalltly being l!llldifit'd as.instrur;t<l!S finJ bet'ter ways 
to teach spcclfic ateJs. In additiun. surv~ys are ~cnt out 
perlodic<~lly 10 former studcnts :.~nd their man~gcrs. The~e . 
surveys pruvide some feedback on student periurman,c and 
the usefulness of the Curren! cuur~es olfcred. lhey h;n·e· re
vealed ar~:as of strength and we~kness. Fig. 3 and hble 1 
summarize u stutiHical breakdown of reccnt survey re~ponse~. 

Of primary" concern is how immcdiatcly useful a typica! 
student is after Jeaving thc prugram tojo in an existing dc;·elop
ment projcct. The datd collccred so far are too scant and im· . 
mature to support any firm conclusions. Hov.-:ever. at le~st one 
inan~ger is on record as having ubserved tltat his IJSDD g"radu
atcs secm to have roughly a two ycar head st:.rl Olo'o!f new 
o;llege gr:..duates with tcchni~al dcgrces. In addition. tht)' are 
very ~tablc cmp)uyecs. In an Cf1Vironrnent ol·high mubility and 
turnover [9J, Jess !han 5 pcro.:cnt of all DSDD gwdu~te!> have 
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h::ft th~ company. This is even more si¡;nifir<lrll in.light of rhc 
f;u.:t that thcre is no postgruduatc _..:,•mpany st•rvkc rcquuc· 
ment. 

The DSDD gr:rduatcs serve thc impurt~lllt fun¡:tion of 
carrying thcir knowlcdgc to tlwir rcspectiw pllljccts. This 

has twu benefit~. First. it. immcdi;.~tdy prul"iÍ.ks db~cr•rin r;!nn 
uf m·w and u~cful inl'o•mation lo cu-wnrl.;c·r~ w!ro t!iU not 
havc the tlpportuni!y ¡o attcnd L"la.m•s.St•.:tlud. thL' kn"v.J~·Jgc
aml Uocument:Hion ¡f¡;¡¡ is rna~ing it~ way im•.1 the r:cld 1:11y 
slowly estab!i\h cunsistt•ut. standard~ .wd mctfroJ~ of ... t,fiW~IrC 
dcvdopmenl tlutJughuut lht• cumpitlly. Thr ·;tuJL·nt~. fu;:hc·r· 
molt', are not just "~.,ftw~rc pCllpk." The technir:al co•!;~rs 
enable them lo converse with prot"eSsion¡¡J· ~;:ienti;b ;wd 
cnginecrs in t<.'chnic;¡J t~1ms. thcrcby rcdudng thc h~l.i.llth nf 

. misundérstanding whiclr generally. pl~gue hum¡¡n (utnmunica-
tiun. In shurt, 0SDD has rvu]vcJ intó a ~!long, su,·,·es~tul 
prugram. - ~ 

Morr importan! than•tlbl·iuu~ srlc..:cso;cs, tuJwel·er. ••:e thc 
are a~ uf possibh: wcakncss whi~h U<' fuund. ld~;:iltifiL-:.~tion and 
elimin:!lion of thc~e will guarantee cuntínUcrJ imprmerucnt 
in ihc progr~ll"!. Somc uf tbe~e ~rt"ilS wiU nuw he addrc~sed. 

lhc I>SDD lll<ilhcnl'.ltkS·cuuncs )¡¡¡ve included JC'."k'.'.S, 

bstil!g thrce to six wec~s. of thc c~kulus, siatis!ic~ ~nd prob
abilitY, aml numérica! mCthod~. "fhnt• courscs ~re vi<.:wed ;;~ 
esscntia! tu the objCctivcs uf tiie prugr~m. l!uwcver. bc:::.tU>C 
of diff<'renccs in thc background~ cf the studcnts. tln: bd 
of cnthusJ~sm fur thcsc courses ~Mies wrdely 1'.11 t lll the 
solutiou 111 this prnblcm lics in tbe ¡;;¡re fui $Cicction o\1. Ílh"i.J~S 

examplc\ and humcwotk prublcms whidl cleady iltu)t!¡¡tc th~ 
relevancc· of thcse C<JUrscs. 

Thc >llldcnt projcct is dc~igncd with two specific goah ;n 
mind. First. it is compkx enough lo requirc a t~·am L'lf•.>rt ¡¡nd. 
thercf,ne. a re:~listic ;n;anagcment d t'<nl. Thus." it gin:s st mÍt:rus 
expo~llrc' tu thc rucihods and pmblcms assod¡¡tcU wrth ,uit
.,.,;<rre dc~elopmcnt ~nd :;uflwilf~ ptujJ\:1 lll<ifl:i!Jt'~lcnt. sc~ond. 

' · .. ! ,. 
!i 

ll 

lj t. ; ,, ; 
"'' ~¡ 
(1! 
r1 

1 

.,. 

1 
1 

1 

-·-~__:.!':~_.. J 



------- ---------·-------:----

... 

1 
.1 

~ 
~ ~ 

\ 
1 
' i 

1 ,. 

¡\ 
11 
¡: 

\' ¡¡ 
J1 
¡ 

¡ 
'r 
! 
·¡ 
'·' 

;¡ 
¡·, •. 

:j 
' (. 

.. II:EE fkANSACTIGNS ON SOFTWAfU'. ENetNET:kJNG, VOL. Sf.·IO, NO. l. JANUARY 1 ')84 

it involvcs 01 prublem rcquiring_sumc technical snphistic~tiun 
ort th~ par! uf !he ~tudenls OJnd, hcnce, allows ~pplk~tion 
oí sume.uf The skills Jcve]oped iu olher courses. But the class 
project" suilc:rs from the obvious cunstraints of time and 
resoun:es. lt was pointed out ear/icr that the projed ~hould be 
uf sufficienl complcxily to justify the required documenta· 
tiun. The projecl s;~lisfies this requirement. As a result, only 
pont of its total Jife cycle is ever addressed. The ~tudenls only 

·t¡¡ke the projccl as fur as CDR which precedes actual coding. 
Thus. the students devdop detailed modules which wUl ncver 
be coded, test p!ans which wj]J never be.implementcd, etc.ln 
addition, cer!ain time:consuming aspcct~ of the projcct hav~ 
bcen short cir..:ui!ed by ·alluwing the students to make some 
simplifying amunptions. While thcse úmealistic clements do 
roo! ncgatr thc trcmemluus wunh of thc pwjc-ct. they ha ve the 
putcnti:tl w le~~cn its impart. Thi$ prohlem is diminí~hing with 
euch class, however, as minor adju~tments ~re cuntinually 
n1~:.lc to i11fusC tl1e Projco.:t with more realism. 

Former students complain of a rcsist<~nce tu changc on the 
p<HI of thcir cu-workcrs and man:~gers. ~lanagement feedback 
tcnds tu subst<~ntiate this. Many exisring man¡¡gers are only 
too ¡¡ware uf the software crisis and thc difficu!tY in manag· 
inE a süftware devclJpmcnt project. Thcy are understandably 
wary of new techniqucs in a fkld where cost llnd budget 
ov~rrÚns are C\lll)Jll011. esped¡¡IJy in thC absence of detailed 
d<~ta '>howing ptedictable incre~!eS in productivity linked 
to thrsl' mcthuds. Such d:lla will bo: [l)rthcuming c1·entually. 
U mil that time. it must be recogni7ed that m:tnagc"ri~l prag· 
m~ti~m is propcr and will be overcunlc only s]owly as the 
ted11lÍqucs pro\"c thermclvc~ and evo]\"e to fit the m<mJ.gct's 
rc~p~~tJIC ~ontc.xt~. As the hard cvid~ncc uccumulalt'S, hnw· 
e1cr. it rnay br us~UIIl~d thJt the drive ¡,>ward univerS3] accept· 
Un..:c l>ill ¡!tCutly ~~celcrate. Tl1e ~tuJcnts are. thcr~fore, urged 
tu aJilpt and uso: the id~as of rcquirt."lllents :malysis, modul~r· 
ity. dear <~nd disdplin..-d documcntation. etc. in tlwir own 
work. In this wuy, thc requircd trud: record wiJ] be s]owly 
cst:.~bli,ht•J. Continuing effurts by the Don to effect bettcr 
\YStcm dL•sign approaches wil! alsu. no doubt. prod managers 
tu b:: uper1 tu n~w techniq"ues. 

Thc wmp~ny assumes thc responsibility o[ pladng ncw 
DSDD g:<.~duatcs. DSDD policy in this arca is set by.:.. guiJing 
bo:ttJ uf directo:~. E\"ery Jttempt is maJe to inatch gradtJates 
with opcn ~k•ts in such a \\ay that studenl de~ircs and com· 
pan y reqtJ.ircments Jf~ m~ t. 01:>1·iuusly, there is ne1·er a ~ct of 
25 p~rl<.:c:t matdoe~. Pustgr~du;Jtc sur\"C,I"S )la;e cuntained 
c:umpLJJnts in this rc~~rd. Ellurt.~ tu imp¡ul"e thc plac:emcnt 
pr•,ces~ ~re contirllling. Thc curren! rlncement effort" begins 
with the initial caJhiidate scrc~ning intcrl"iew. The prospectil"e 

, student"S response) anJ r¿sum¿ are med tu g~uge his/her 
speti~l :t~eas of intcrc.st. Thc candidate is ·.tlso informcd that thc 
initi;~l pustgraduate placrmcnt may nu1 be precisely what 
v.:ts desired. Monitodng and cuunseling uf students ~nd moni· 
toring of cflmpany necds continues throughuut 1he six munHis 
of c!Jsscs. This cffort has grcat!y rcduccd the numbcr and 
naturc of the complaint~. 

The inherent subjcc!ivity uf a topic like softwan.· enginecr· 
ing can lcad to fru~tration un the part of thc students and·the 
jnstru~wr. The cu~tumer tca~1 cxprcssc~ ccriain upinions 
during the reviews. gucst lccturers express differcnt vicws. 

and the instructor may end up prcscnting .a third. \\'hilr all 
thc expresscd vicw¡wints havc scvcr~l commun denutrlina· 
turs, the studcnts uften become con~erncd over the ioability 
of anyone lo puint out one specific "right answer" toques
tions of managcment, testing, qudlity assurance, etc This 
frustration is mirrorcd in the ln~tructor who perceives the 
probl.:m but is unabll' to fully alle\·idte it. lt h nece1sary ior 
the instructor to cunstantly remind the stÜdents that there 
are no "right" answers, merely "Jess risky'" ones as inCicated 
by evidence compilcd frum pre\'ious prujects. The purpo~ 
of the course is tu present methods, nut solulions. 

43 CONCLUSIOI'S 

The objective uf DSDD is to allcviatc tJ¡e softw~rc c-ngioeef
ing shortage uf· LMSC by· providiiJg ~Xp!!rknced ~ngii1rer1 
wlth tl1c op¡nnltmity tu redirect thcir C:Jr~ers tow~:d softw;uc. 
The fcasibility oi" such a prowam has now been Jmply drm· 
onstratcd .. The program i~ recommendcd to .uther cumpJnit'5 
current!y experiencing a shortage of experienced softwate 
enginecrs. 

DtRF.CTIONS OJo' FÚTURF. CROWTH 

One thing ~eems clcar. The need for DSDb and the nect·S· 
sary support are likcl}' tn continue in tu thc for~~e~~ble futur'!. 
Thís, uf course. implies further growth and evolution. Are:u oí 
e:<.p¡¡nsiun whkh are alreAy being a.;tively pur~t.J~d in.:lude 
the develupment uf abbrt!Yi"<lt~d courscs to be ,Jffercd lO a 
spectrum uf employccs ranging from mana~er~ tv new !lir~s. 

The subject millter wi!l be simil~r tu th~t uf 1he si:< munth 
cuurse but greatly col!lpresscd. ~~~n¡¡gen ~re beir;g oJfcw.! 
uverview courses in thc cuncepts uf r•!r¡uirem~uls ;;¡,.dysi~. 
]ngic<~l dcsign. structurcd ·coding. tc~ting. documclili!li•Jn, 
etc. The purpuse Uf"such cUurses is tu ¡¡cquaint ·m~n;;grn with 
the tools and method.uh¡gy in wlúd1 DSDD .. si\JCcnt~ Jre 
ll<~ined ~nd suggest propcr way) tu u~e thc~e ~tudcnts ,¡ftcr 
~raduation. Ncw hircs will b~ offcrr:d orienta!iun training 
befure tl1ey urrivt ¡¡¡ thcir dcsigndted "rg~nizations. This 
training will cnmist of !ccturcs and ~hn1t e.xerci~cs in soft· 
ware engineering: subjccts. pougramming. ~nd ~~·chnical disci· 
plines. Other dircctiu!ls nf pllw~h inc/utle the fu!luwing. 

• Establishment of irnpro\·ed !inc~ •Jf commun:cation to 

and from actin• pt11jccts for tlie purpllSe uf asscss\ng stuGent 
Performance añd pJth~rins d;;tta on tl1~ irnp~ct ?1 the ncw 
tcchniqucs. 

• lmprovemeni uf cr.isting tca~-hing mcthuds lllfO'.Jgh 

incorpuration of new cquipment such <>S pcnon~l computers 
:JnJ sir.:ul.J.Iiun.ha;t!w:~rc;softw¡¡re .. 

• Establishment of lines Uf co~llntmi..:atiowand coopera· 
tiun wi;h Jóc~l uni\"ersities for the ptHpose uf exchanging 
ideas, dJta. students. and instructors. 

• Replacenient of the current Pascal prugramrning instruC· 
tiun with a cuursc in Ada. 
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Managing Software Engineering Projects: 
A Social Analysis 

WALT S\ ACCHI, M!:~tflE~, IIHi 

AbJ/ftlff -.-.Jana¡.:iu¡¡ ~nrt" "'" ens:ine ... rin¡: pr.,jcd~ n·quirr• an ahil· 
lty lo cmn¡irdtcnd and halun~c thc trdmulu~kal. H•mumk. and 'ncial 
ba~e~ thruur,h "'hkh 1:1r¡,:c ,.,r¡., ~r•· ~~ ~lt'"" llfl' d••dniJ"d. lt rr<¡uire\ 
peo¡•le 'o\ hu cJn furrnnbt<· 'lralt·~in lur dl'•c!npin~ ~)''~"', in thc 
prntn\·~ uf ill-ddint•d n·<¡nirl'rnrnt,, nt'"' com¡mtin~ lr~hnulh¡:l~"• 

and rl'curriroJl di!rmm~' 'olilh c'<i>lin~ .-umputiu~ arran~~mCnh. Thi' 
nect>~;lril)' ;""1mn ,~o,¡u in acquidn~ ;ul<·quat~ cumputin¡: re>ourcr~. 
eontruUin~ prujt·cb, cnurdinatin2 dt•vl'lupmcnt ~chrdul~\, and rrn
pht)Íill! and dindin¡; <'UIIIprkJOt staff. 11 al>u r~quirr> pcupt ... ,.ho can 
organite tht• pnll'c~\ fnr <l<·Hiupin¡: and e•nhin¡: >ufh•:irl' prudut'l' 
"ith lnc:tll} a~aiiHhle r~•uun·h. ,\lanu¡:in¡: _,orH• are en¡;inc~rin~: prnj
ects i~ as mu~h a joh uf wdal inl<'rnction ~' it i~ ont• or tcdmk;ol 
tfircclion. Thl~ papcr t'\:llnines thr .. udal arnn¡:cment~ that a .~ufl· 

ware nnma¡:t·r mu\1 dt•al "ith in dcHiuvin¡: and u'i"ll n~w t·omputin~ 
$ystem< e• nluatin¡; th•· a¡o¡lruprialenc's uf wfl" ~re e11¡;inct•rint.! h>1<ls 
or 1\'t'hnique\, din-clinc thc r•·olntiun .. r • -~~tcm thruu¡.:h it, lift' 
t:'}'de, oq:anilinif and q;~!Tin¡: ~oft'olar~ enciu¡·crin¡: projPcts. and <IS· 
scJ~In¡¡ lhl' dhlributrd n"t~ und brndlt~ of r.o(';tl .,,¡¡ .. aa rn¡:in~~ring 
pnu:liccs. TI" purpo,¡· i~ l<> undrn~urr !he ruk uf ~u<"i>~l :tnal~d• uf 
sorl'o\'are f'ngiu¡o¡•riu¡: ¡>rar!ku u• n <'Urtlt'ntunc in undn\tauding 
.. ha! itlak.e•to produdiHiy manaj;!{' sulh•:.trc pruj~l'h. 

/rzdtx Tam!~lli\lnry of.<ortw~rt' <'lll!illrl'ring, urganizalional lm
pnd, ~ndal an~f~_,¡,, ~oft\\:trr en¡:inl'ctin¡: prnjc,·t mattal(~mrnt, snrt· 

wan• life e~ de. 

J. INTROJHJCTION 

M,\NAGING software cngineering projects requircs an a\Jil· 
ily tu ~.:omprcla:ntl and balau~.:t' thc tcchnological. c~.:o· 

nornic, :md social b~~cs through whkh htrf:C software systcms 
are developcd. This is m•cessary to produ~.:e usa\Jlc systems. 
This p~per examines h,Jw pcoplc org~nize at1J pcl'fonn the 

MJnu,¡clipl rccci\'Cd .\l:o}' >~. 19fl2; rcvi..cd N•wcmlxr ló, 1983. 
Thc authot i• with !he lkr.trtutcnt ut Compmcr Sdcn~c. Univcr· 

~ily of Southcrn CJiit'otnb. l. os An¡!clc.•. C,\ 900S':I. 

t'nginccring of softw<irc ~ystcms. lhe focus i~ un a~'L'~sim: lhc 
cuncnt undetstanding uf the sudJl Jsp.:-.;:s o:· ~oftw:u'c rcoj<.'~l 
nmnagemcnt. Thcrcfote. thi\ mate;i;¡J will dir..:Ctly H'!Jt~ ·tu. if 
no\ O\'Úlap, to:dlnolo<:!i..:~l :md c~·ortomi,; J5[!1.'~15 ~JI. ~u{¡·., are 
ertgine.:ring pr•lj-•ct man~gr11Wllt J'II.'SI.'ntcü ehC\\ ltrr•;. 

Software systems ~re dCI<.'J,iped. us~d. ami c1·ull'<:d bj p·~op!r 
in a varictr of organitation<tl ~Cttii1gs. Thes(:· j)Coplc .tte k~ntÍ· 

fied by their skills, tasks. Jnd proi'es~ion as wd! U) thl'ir U'il· 

ceptiun 9f what work necds to bc done. SnftwJrc cw;iiiL'~H. 
progr<~mmers, systcms an3ly~ts. s•.>ftwarc pP>jcct man~gers. 

useHp~da!ist liaisons. instrumcnt:~l and deTit:al usú~. •J~cr 
dcp~runcut m~n:~gcrs. vcndor represent<~ti\·es. comr~·:t m.Jni· 
tors. ami othe;s all can bewme Üi\·uh·~d in JllO\ iug a system 
through its lifr cycle. Thc settings whete ·thtir \',".J!k 12!..::~ 

pbc~ al5o variC~ as wi!l thc ~.:cutr:~iity of \ocul >oftwJrc cnzi· 
necritlt- effons. Thcse oftcu vary ¡¡ccordíng to thl.' .kind~ of 1) 
ptüdUC[S. pwdtt..:Cd, 2) COlll]lll!Íllg :o:dlllO]Og}' j¡¡ IISC, 3) pTll· 

duction problems solved (ur ~reJT•~d} with' software ~pplica· 

tions, 4) 5Upporting vendors. arHI 5) publk aL·~oUttt:J\Ji\i(f 

[23J, [37!. Tire var!atiuns or the;c factors d!Jra:;tcrile tlte 
in~.:rcasing comple.xity of organit.ational arru•rg('n!ents wl1erf 
software systems ~re m11n::±gcJ. 

One basic question or intetCSt is TU Wh<lt e.\tCnl do thcse 
organi~ational arrangcments imping" on local S.tJÚwarc cngi· 
necring and pt oject · manag"ment (SEP.\!) prJc l ice)? C cn:~inly. 
if these arr:m¡!Cments have Jiuie ur not effc~.:t on loe~! SEI'~l. 
then we 1.:an safcly ignurc them. llowever. if they lt~H: so me 
effcct, how significan! will thcy be'? How will tltcy ~omtruin 
thc case with _whi~.:h r'•:lia\Jlc. u~l'ful: and nlaiu:ainablc :;ottw:tre 
systerus can be" prudu~.;cd? Thb pJ.pcr will sltow th:ll .l vaticty 
of soci:tl ;¡rrang~'ll!CIIIS intimJtdy ;ha pe both tlt~· i,;(¡IJrsc -and 
the out..:omc uf local S<Jftw:.trr cngineering :~..:ti\'itir~ :~s wcll as 
how thcy :~re managed. Thu~. thc purpose is to u'ndáscurc the 
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role of social anulyses of software engineering practices as a 
corne1 stonc in undcrstanding what it takes lo manage ¡ro· 
ductivc software projects. · . - 45 

The rernaining sections of the paper revieW the currcnt 
umlcrsLmding of the soci:~l :~spccts of software engineering 
and. PI•Jject man;lgement. Thc next section outlinc.~ assump
tlom ~ml define concepts that form the basis of contemporary 
social ana!yscs of computing l22j·. Sedion lll examines the 
histury of social arrarigcmc~ts in software f.'ngincering projects. 
Frorn this, a set of recurring social situations are identified in 
Section IV th:H givc rise to majar problcms in engincering soft
ware throughout its life cycle. Next~ a set of undérlyilig rela
tionships are described in Section V which provide 3/l account 
as tu why these problems occur. :Section VI outlines a set of 
~tratc~ti~!. .fur _lll<lll~glng tlie .mciul ~rrangements th;ll aff~ct 
loe,\! SEPM pr:~¡:\io.;()s llllint with thc cmt'r¡;!ng under~t~nding 
of thc f111Ure dirc..:tJons of software cngiJicering. Finally, con
clusions are drawn that substantiate, th!.' need for mure social 
analysis of software cngineering and·project manag~ment. 

II. ASSIJ~tPTIONS AND DEFINITIONS 

The statting Point f0r any a~ti\'ity requiring formal manage
ment is identifying the bask tasks to be" performed. These 
tasks ~~e pl~nnlng, urg:mi~ing, staffing. controllint'· directing. 
cOordinating antl scheduling, Descri¡i,tions.~f what these tasks 
entaJ) appear in introductory management texts and more 
re..:cntly in-software managemcnt tutorials [3~}; This ~el of 
tasks implics thJt thc work of cnginecrin!< :md managing soft
ware prujc.:ts is w be done in careful order. In panicular. 
many ~nalysts use sullle modcl of the systcm life cyde 10 de
note the Pioccss p10ducing that urdcr. "Watcrfall charts" and 
evolution~ry "5-~lH\"Cs'· ¡¡re ~ommon reprcsentations uf these 
softwarC life cyd~ models. 'Accordiilgly. a softwar•· System is 
Spc..:ified before de>igned. implcmemcd aftcr designed. te~ted. 
and Uucumented. put mto opcratiuu. aud tl1en mainT~incd un
ti] eirhcr coiwertcd. rc¡)laced, or unuscd. Managing ihe <.m.lerÍy 
product10JI of a s<)Úware systcm lhroughout its lifc cyde be
cunH"~ il1c ¡)fo<;es, th~t must be pbmwd urganin:d. staffeJ, 
and S<.) f•11 th. But how' is tilai·un.ler a~hicveJ aw! hilw stable i~ 
it? The ..:uncún licrc b witl1 the rc..:urring situ~_tiom tl1at dis
rupt. ~nd p111 that ordcr in tu llux. \Vhen t!Jese pruhlmwth.' 
sirrtativns arise. thc ordcr mu~t somel10w be realign~:d ~nd r~-· 

estabii,;hcJ. As thi~ p3per slwws. problcm;uic situatiom are 
common in SEP~I. · 

lf thuc _is a single thread th<~t links many social aJialy.ies uf 
computing. it is a' focús on e~Jmining dppJrCnt pattcrns of 
problematic situatious attend:nit lo computing in \":Hiuus set-
ting; .fJOf, fJJf. fJSJ, f20]-f27J. fJ!J, [37], [38], Foi 
SEP:-.1. tlll'i means itkntifying those ~ituations ti1at disrupt the 
expected orderly cngin.eering and managc 1pent of vtrio.us sof1. 
warc Ji fe ..:y ele activities. 

It is often straightforward tO identify conditiolls that give 
rise to problematic siluations in compli?x settings. 'First is the 
compkxity of the $wing.itse!f as óutlined in the int~oduction. 
People work with co1Í1puting systems in díffcrent kind_; of set; 
tings. Next, cach pauícip;lllt has his/h~r owu ~gcnJa uf what 
work nú"cds to be· done, how tu divide tllC work, what tools 
to use, and who tu furn to when ¡}roblems ~.rise. Subscqucntly, 
part of a software project manager·s job is to coordinate the , 

agend¡¡s of particip~nts who become inl''olvcd with sysÍcm 
development. Unfnrtunutely. conflic!s c<~n ariSc between 
particip:um with diffcrent agendas' that are not always easy to 
resolve. 

Conflicts m~y occur whcn difftrent particip:tnts, say sofl. 
ware designers and imtrumcntal u~e1 ~. )n1\'e an intertst in get
ting things 'done thcir uwn way. For e.\Jmple, who tll·rcrmincs 
hoW systems sllllU!d be dcsigned? Thr ~uftware.l:le~igne1s, the 
uscrs, or both :~re a11 ~ppruprióltc answcrs al different poinu 
during systcm devt."lopment. But Whe1c or how do the bourid
arics gel drawn? Such a dilemma mighl be readily resolved in 
most instanccs, but what happens whcn Parti..:ipants are un
certuin ubout the consequen..:es of,thril actions"' As Pro.fcssor· 
U.~· Sili10n ob~c1ved long ago, such d•!~hiun making tlfren 
occurs without co111plcte inf(Jfllllltion: 111formation is a scaH!e 
and co~tly rl'SÓ11tcc 140]. '!hu>. p~rtici¡;:mh becomejmtiiiably 
cúJICCrned over WJterrain conJiriuns th:.11 call jeopardite the 
performance of thcir work: 1) mistake> they might make and 
be held responsiblc for: 2) unexpected de!ays that hinder the 
timely completion of'tusk~;' 3) discretionary authority others 
can use to comtrain behavior or dCfine \l:ork co;nent; 4) use 
óf ambiguous critcriu to evaluate tlie qu.ility ofan indi~·idti~'s 
or group work; ;¡nr:l.5) ill-ddlned pro..:cdure~ tó follow when 
developing a· systCm ·with vague or shifting · rC:tiuire'ments. 
C'onditions such as Íhese give particip~nts r~ason 10 fo11ow 
a cour~e of actiun TlllliC closcly ~lígncd to their imrrcsts at 
srake." available Of!f'O!tunitics. uml cumtr,;inÚ they perceive 
when tmresoh·ed conOicts pcrsist. But at the sarne t1me, as 
partio.:ipJnts a..:t in an UJlcoordimll!'d way lo mitigate th~se 

wnditiom, theii" actions c;tn rcdiHJ JlJute the bmnt of un
ci:nainty onto othcts ~vho in t.urn mJy a<.:~ in simibr .ways. 
Thus. as particip~nts encounter and ~~d toward uri..:ertain 
{"Onditions arising _during system devclopnlent. th~y may 

, unintenlionally' áct: to·makc th~ir situ~trnn mure probl~matic. 
In settmgs with a.large numher ofp~nic:ip<~n:s v:ho>e work 

fluws are inierdepcnJ~nt :tnd hi¡:hly SJ<<'..:ialilcd, tlie ~cg•.l!ar 
performan~c 'of software · encineerin~ W<>t k !!Í\'C~ r i:.o; \o. prüb ., 
l~m:t tí e sit uations. ,\c..:ordi;tg)y. t l~c ''r¡!ai~ÍZ.il io1;:_d rlull~ te 
and thr pr<.ldliL"lÍI"C IJ(iw of v.-ork will deprnd upon how 
thcsc situations ~trc ]¡;mdlcJ_· lhus, it ¡-, nor ~'Jr¡Hi·.ir'g to \ce 
tlwt pr<¡ject rmn;tgcrs spend must of their time nq;l!ti~ting 
in facc-to-face mcetillgs with variOú; p~rtkip:mtS m~kin¡; 
sure work is prugJc~'.ing, ín '"p~Jtting <1\11 fire;." :n1l! in :~e
quinng and dist:ibuting ~¡,:c·~-.s 10 Jl"j¡l,.bJe sup¡,lic•s uf crigi
llC<'rin¡; rcsuurccs !9). ¡¡;J¡,¡.::s). [-'~). (37j.Thisneguria
tinn \l'ork is a key ~.uo.:iJ) componen: lll ~n~naging. tl1e C0u.rse 
ola softw~re cn¡cill\'cring pro],·<.'!. Cnfur:un:JI<.'IY. it i~ not wdl 

·uiHier5!oud ()f JJijlr•:ciatCd e.xccpt hy iiH>IC wli{o h.J\"C :n:J!laged 
one or 1nor:: !Jr'g~-~;:,,!~ sy~l~m-del'()]opnk::t projrcts. 

Softwar~ cngineering is concerned \'. ith thc _ devdopmcn~. 
use, and evolutiun of software artífa~rs. These J!tifads ai"e 
inherently ~ocia! objects: pc<lple find no~::ning and value the 
creation, use, anJ evolution of softw:Jr<:- module>, system de
signs, user manuals, etc. The lifc cyde uf a suftwarc systtm 
mus! be understoud nut-unly as J rn;¡t]a•nwtk~) ·t,r tedmolugi· 
cul endc~vnr, bur also ~s thc o\Hcomc .,fa C0!1l['lic:ll~(! Sl>dal 
prucCSS . .);¡ftwar~ CJl¿!Í!lCCfÍilg 'p¡ojCC.!S lJkC pbCC Íll-L"<'IlipJe.'( 

orgunizatión ~et t iH~s. The fa~toJ s 1hat ch:u :1~1 ~ril.t'. t he p rncc~s 
of sy~tcm dcvclopmcnt within u ~i1c~ífiL" orgJuitatiwl, tht' 

"J· ·.,. 
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in tended ordcr to- cugiucerin!) suftwatc pruducts, the various 
agendas that partidp;utg try to. enact, and othcr uncertain 
condition~ that bccome problcm;~tic shapc thc soda! context 
for loe:~! SEI'M. Thus, software projcct managers must negoti
ate project planning. org;mizing, stafflng, and ~o fonh through 
·a web of cirmmstantial S(lci;¡J :m:mgr:Jcnts. \ 

The next se.:tion ex:unines software enginccri11~ pr:~ctkes 
that in sorne W3)' dc:tl with cit.::umst;uHial :~rrangcm~·nt~ 
in organiLatinn~l settin¡.:s. Onc imp11rtant distinr:tion m<~dc in 
revicwing th..:st uudies i~ thc cx~cut :m ¡¡naJyst \-icws the wcb 
of sod3l arr:w~cmcnts where ~oitwarc cnginccrin¡; work takes 
place as be in¡; scpariJble from thc tools ami tcdmiques of soft· 
warc cngineering. Jn shllrt, what fcaturcs of t_he work sctting 
does the aml}st bring into accuunt ¡¡nd what is ignored? As 
the next section" shows. the ~ssumed coupling of the gcncr<~l 
practice of softwnre cngincering with thc ongoing computing 
work occurring in ¡¡ sctting determines the quality of tht• social 
ana!ysis pcrformcd as v.~ell as thc outcomes or insights possiblc. 

111. A HtSTORY 01' SEPM I'HACT!CES 

The ahility to comprchcnd currcnt SEPl\1 pr<~ctice~ is de· 
termincd in part by whJt we knuw <lhf)llt prcvious cxpcncnccs. 
Howcver, tl1e_re a few studics of cmly :~nd teceJit soi"twarc 
cngineerin!! proje~ts tho11 spc,:ilkrlly udJrcs; thc soci:~l dy
namks of thosc cndc<~mrs. Thus. p¡¡t t of thc cltallcugc is tu 
sift thrmrgl1 publi.>hed stullb w find thusc· whidt poovidc 
obsen·ations subst<~nti:d cnough to bui!d un hi~torkalunder
st~nding. In partkul:H, thc focJIS is oH studics that point tu 
"what to m;~nJgl' .. during a ~uftw~re cngincering pr.1ject. 
The startüig point i~ thc SAGI: pt<1ject, the first largc:sc¡¡Je 
software prujcct begun during the mid-1950's. · 

Earl)' cxp,·riences with ·largc-scalc softwilJC development 
appt>~red dllling the l"Onstruction uf thc SAGE air dcfense 
system [13]. SAGE was also the first of mJnY lar¡;e-Scillc. 
complex grounU-based l'ornm::rnd :rnd control systcms l11c 
concerns fm SEPM that emerged during this proje~-~ induded: 
I)control--nwke sure that PJOilramming occurs after system. 
requirt>mt'nts are e.llabliihcU and no sooner: 2) flcxibility-~ 

· recogni7.l' that system rcquirCJlll'rtts dtangc and that systems 
need lo he portable to diffcrent scllinp: .') pcoplc--Jiffcr 
in capability, ~nd 4) m.magcmeut-· be :~bk 111 direct many 
(> 100) pó.Jplc organi..o:l·d in complcx tcmn ~tructure, kcep 
thcm motiv:Jicd, cte. [161. Thus, thc e~l•ih\i,heU focus on 
m:maging suftw~rc pwjccts was on tl1e dift1cu!ties uf managing 
software developm~11r. not its use or evolutiun. Hosicr's 
study [16} of thc pitfalls and cnginccring safcguards practicell 
during thc SAGE project made clcar that managing software 
deve\opmrnt wns ::1 big prub!Cm. 

During thc 1960's. a mrmbcrofsoftware plojectscompara
b\e in si7e to SAGE touk placc.largc-s.::alc systcms such :~s thc 
SABRE air!ine reservutitiu system. !he JBM OS JCiO opcnrting 
system, the CTSS ;mt! ~IULTICS upnating systcllls, aHJ thc 
Manncd Sp:ICC Flight systcrm rcprc~clltt•d m:~jor softw~rc 
projccts of this pcrilld. Althuu!Jh pcnplc wurkin~ 011 thcsc 
projects wcrc •tble to lc;rm from thc SAGE fJruject expcri· 
ences, prnjcct m¡¡n~gers rcportcd :1 g10wing ~el of tE!cmm~s 
in SEPM. Thesc includcd \) system requircrncnt spedfkatium 
werc still vague a!tlwu¡:h lli\HC t\llm~l :~nJ vuluminuus, 2)ór· 

" 46 
F<~nizationS c:mnot casily subHitute staff for time. J)produc
tivity measures such a~ "man-m¿nth" are inappwpri::!te ·and 
n"¡isleading, 4) systems imdcrgo subs¡¡mti:~l rewritc between 
relcascs-systems mu~t be buih to evolve. 5) iwJjc:.:ts pa~s 
through gcner:nions of equipmcnt, staff, vemlt>rs. ami sponson.. 
6) commitment of 5taff to a pwject's ~ucc:ess i~ nc~e~~<~ry tu 
~ehievc such an outcnmc, 7) druict' uf progr~mnting !~p¡:;u~~es 
:~ffeas pmjcct produ~:tivity. fi)~ystern dr~igu~ ¡·erJcr:tll)' re
rlc<.:t comnnmkatiuu strul"IUJC~ '.':ithin the "l~<·niliLtiun, 

9)vari<~tions in t!Le ski!! nf JlHl!Ü;unlner5 h \Ub~!<~Lrtial. and 
JO) npcratiun Jitlcr~nces cxist hcL ·~·,•eu org.Lil i1:1 1 Íll!\:1!. lll.J:I:~~c

rial, and_teehni.:~! eriteriJ for p1oj.:ct succcss (71-[9]. ·¡ lus set 
of -~bservatiom viewed in Jight of the :.Jppaw.t tl·chnical 
difficulties in de\·eloping rcliable. e:~sy-toJ·ntai nt.lin syst.'!LlS was 
what sorne pe0ple then called "thc"~o:"twdlr ..:risis.'" 

Onc concern repe~tcdly cxpu:ss~tl duríng thc first n·•o 
international workshops on software !:nf.int-Cllllt: Íl1 th-: !::trr 
1960\ was how lo improve softwa're mana¡;o:nll'nt pq. \h,st 
suggestions that appeareti.mainly rcprcScmrd :1 contmiu11ent 
tu investigate ncw softw~r~ te.::hnolugies; tilllt'·SharinE op~rat
i_ng -systems, high -leve]. progr:unlnm~: latigu~gcs, tllJSS·pmd:tced 
suftwilrc eomponents, structur~d progr~mmin~ ted1n:qucs. 
and software cust/prke nw:.:hanhrns. l/1.:11 is, thc way to 
imprl~>'C softw:1re m~nagcmcnt is thr',JIIgh ncw ;nt"tll'ill~ r~.<·!J. 
tlology. But huw thL·sc tcchlllll"t:ics hclp S1._1ftw:nl· rllall;_,f'l:r~ 

r~s,1lvc the SEI'.\1 dilenniiUS tlu:y f<l,:~d Wll~ U11dcar ••r lliJ',•.ing. 
lhus, strategie_, for n1:m~ging thc rJ11¡:c ofdilr11Jm:1~ n·¡•tc·,.~nt· 
in.g tite sot"twarc ...:risis 1Vcre sumciH.•W displao..:c(! ll!ilc\; :ul,lrl'l_~. 
able thruugh 11ew ted111olugics. . 

Addition~lly. studics of softw:nc cn¡:inc<.'ring J'iJCtices 
in snnller. more mediunHilc prujc.:ts werc n•.•ticc~hl~.- ~bwnt 

du~ing this time as 11·ere studics dcscribing thc ongoing u;e 
and maintenancc ofthc brgc-sr.:n!e ~ystems mcntioncd :jh(J\"Z. 

Thc ear!y 1970"s wcre marked hy thc public:~tion ot" tcsu!a 
· of thc CCIP-85 study [3], [2Sj. [45]. Thb· 11(111" f~mous 

s:udy t•f thc U.S. Air Forcc's init•rmatlon prur.;cssin~ rcqmre
ments in the 1980's re1·caled that s¡,ftworc costs as rhc per
ecnrage of total systcm costs wcre substanti:.Jl :.wJ wuuld 
soon !!omiriate. Rising softw;nc costs wcrr the prnhkm. ~nd 
snategies for improving software producitil'i"ty be::;~mc the 
iocus-. Accordinp.ly, impiOI'ing 'jJroject urg.tnit,;1:inn and 
m::~na!!CJT\1.'111 wa'i anwng the prcs~·riptions ulfl'ICd lo wduct' 
soitwart' costs ~nd increasc productJI"ity [3]. 

lmproving projed •1r~aniz:11ion and m~u;¡¡;emrnt l:lt'c;~me 

synonymous with dcl'doping a p1uject organi;atii.)Jl structure 
tli¡¡t would pro vide increascd m:.n~gcrÚ¡J control nnd ~·t.>orJiu~
tion. Two popular altcrnative fOfll\5 emerged; "c¡,;olcs_; pro· 
gramming'' deso..:ribed by Wcinberg [44/ and ''.:hicfprogr~mmcr 
teams"' due to Baker IJ.j.· Wcinberg's appw;¡ch muglit to 
opcn-up· inter;¡ctinn and diminish conni.:u o\·er control. 
~ourdin:~tion, illld cxpcrtisc for pcoplc in a projc't tcam. 
Software pc(lp]e satislied with W•Jrking ..:ondi!ion; ·md •llhct 
ll'ól!ll mrmbcrs wou\d he c:Jsicr \u lll:lllii!)C :mJ would d("vclop 
mUre rclí:lble sysienl5. Jlowcvcr. l'ctli!~rcw [J..¡j and Damt¡:cr 
[Hl] lúund that simiL1r ...:onlliris al~o occur hctwnn P('•)p]c 

in· projed teams anJ mer dcpartlllents. But prup11·;:ds for 
c¡;ult'SS ..:umputin~ !H t:golcss wurk mganiz:~tiun neva ;¡ppe;~rcd. 
Bakcr's te:tm structurc, on tire uthe1 h¡¡nd, w:~s fuundcd on 
a dis~iplined lll:lJwgcment :~pptoa.:h wherc con!lkts ur un.-
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ccrlaintics ovcr what software wurk was lo be J,mc are miti
gatcd throu¡:h formal lincs of authority ,_contr,J!, and cxpcrtist' 
cst;tblishcd with thc ream. Kraft's !29] c/:~bur:nc respOnse 
to B:thr's propo,al cuntCmls that B~kcr's proposal rcpreSCJJIS 
a t flll!b]csomc tcapplicuti1lll of thc principies o!' "scicntiii~: 
l;l:lll:t)!CJllent" intCI.tdcd to d~·~ki!l and down¡padc thc work of 
S\lftw;tre profc,~il)nals ;1s wel\ as cncuurage status-bascd 
scgJcgation uf pHlject partidp:mts. Clr;nly, smne organiza
liona! •t!ll(;turing hclps diminish ccrtain cunfli.:t~ and imProve 
projcct m:~nagc111ent. But. what was nceded was J rcthillking 
uf the urg;tniz:~tinn uf Software projed membcrs in terms of 
the work they do, what stnke they h;n·e in it, wi!h whom they 
inleract within. the local sct ting, and what rcso11rce t'onstraints 
they encountcr in thcir. work rather than si.mply proposing 
incremental V<~riations on the team structurcs pul forth by 
Weinberg and Baker. 

Dy the mid·1970's, Boehm's [4] seminal paper nwle dear 
1hat interest in undcrstanding software cngineerinB was bound 
to the actívíti.es occurring during the life cycle of a software 
system. Although conceril for the life cyde uf complex 
systems existed plior to this, the software life !.:yde provided 
a unificd view uf the rangc of activities organilations had tu 
en¡1,age and m:mJ:,:e to produce brge software ~ystems.' This 
bre:tktiown <~lso m~de clear th:H software 'devdopmcnt costs 
wcre not unif.mnly dis1ributed throughuu.t thc .>ystem lifc 
'ydc. In p:uth:Hlar. testin~ ;md maintrnance (i.c., kecping 
a systl'm \E.able) dominatcU all uther deve)opment activilies 
!4]. Sub~equcmly, SEI':-.1 re~e~r¡:h ~ctivitio:s again focused on 
1) linw -t<J inrpro1·c tla~ ra1e of softwa11: producti,Jn duling 
cach ·life O.:yde iiCIÍI'ÍIY thwugh ncw software t~c:hnulugics 

us wdl ·.rs '2)1iow 10 rÚ!uce system lífe cyclc W)!S tllrough 
Slll!CI\HL',J pruject m~nagemt111 [35]. But what actiyities 
or sítuJtiuns tlrit•e snftw<trc !ife cyde costs? IÍow should 
sOftwJre devcll1pment be .m~1wgcd to minimile life cyde 
~osts 'Jntl boos: producti~ity': ll1esc became two guiding 
c¡uestion;; which mo.;t pres~·nt-dar suf¡,,:are engineering activi
Íies·now aJdress. T<l ño surpri~~- these ;nc related con,erns. 

The .:urrcnt undcrstanding uf wh3t drives softw:ne !i!e 
e y ele ~u<,ts wmcs from two lincs of rese~r~h. The fhst fomses 
nn wf111 u re pruhlc11lS fuund cithcr in the dc]il'ere<J software 
produc.-. Dr in thc >oftware production pruccn. lhc sccond 
i<xmes· on ihc comlitions whtch give rbc 10 thesc prob!ems 
in the Cl'J:SumptÍl't.' •JT pru.Juc:h•e :mit: 1!1e org::niz~1iona! 

\\CH)., sctting. 
In the first. t!tn¡u.tlity ofsofn,-;¡re is lirnitcd due 10 a num· 

ber uf ptoblem arc~s. Thc~c problem areas 01rc softw;uc cost 
dlivcrs. lhe most frequently dt~d cost dri\'crs include: l)er· 
iors in software spcdfk~t1nn, tlesign or implcmcnt~tion, · 
2) ¡yste\ll rcquircments th;1t dwttge dwing dc\:elopillent. 
3) inconsistent :¡nd incornplctc ~pcdficJtions, 4) a general lack 
of adequ<~te software de~cloprncnt touls ami production 
metlwr.lolu,!!ies. 5) inadequatc sys1cm vcrifka:ion tcchniqucs, 

.6) communication problcmS among users and system designers. 
and 7) recurring nc!;lect for softwúc rn:~intcnance. subse· 
quen1ly. ncw software specification lunguagcs, :malyzers. 
methodologies, and relatcd technologies wcrc developcd 
t:rrgetcd lo thc first five problcm are~s./lowcvcr, fcw convine· 
ing studies Of1he cflkn•·y of the ncw tedmologics in mitigating 
wftw;,¡rc productiou co~ts ;,¡re yet tu appe<.~i. Comm:.tnkation 

and m:~in1enaw.:c Jih:mmas, on the uther hand, wcre yet 10 
rt'ccivc :.JS much :tttenlion as "impnl\'rJ terhnolo~y" sulutions. 

In curHr:~st. tlu." scwnd ovcrl:ippinr, line ofrcsc~rch emer¡;ed 
focusing upon dcpcndencics bctwccn !ww softwJrc produL·ts 
wcrc ptoduccd ami coiJ\Utllcd in differcnt ~'r¡.::~nitational 

sctfings. In softii'Jrc prodtK!ion ur~unii31Ít;ns. m:tjor prohh:m¡ 
centercd a[l)um! 1) division ofLtbor, 1 ~) conti11u~u~ nwdilic:t· 
tion of systems, 3) growtlt and st"rviciug mu!!iplc 5Y)tern 
\'CUions, 4) incrc:~sing fom¡:rli7atiun of en~inccrin.,; pro~cdures 
and plans, and 5) lack of ability to c.\t~·i-n:.~Jiu product knowJ. 
edgc 12] .2 Similarly, there waS ofteu interna] organization 
prcssure to 6) coordiuate pruduct derdopment and marketing 
activities. 7) re,pund to changcs in the urg:mization's enviren· 
mcnt. 8) mJintain commitmeut to tigltl production schedulcs, 
<.~nd 9) perform within local budgetJT}' or econt,:nic con· 
)trainls 12], [5]. Further. the prtltluction. of regtriremt"nls 
Jnalysis, software specit1ca1ions, design. ·tes:ing. integration. 
and m:tintenanct" \\'t"re typicallr pcrfurmed by <t\e~:~ge (not 
expcrt) programmcrs ~n·d m:~n:.~gcd by t•lher tcchnical spccial· 
i~ts who had ascended into nwn:tgenu.·nt positiuns f5J, [24]. 
Although the intcraction betwcen th~sr problems wa~ unclear, 
it seems likcly that this sct of condilions cuuld easily gi>c rise 
to the pwblcmatk situations that.p!águe software prnJuction 
!42]. 1t ~]so appcars t!tJt ·simi!Jr cundilions nlfe!.:t hatdware 
and VLSJ ~ystcm dcv!.'lopmcnt [l9j, IJ8J. [J9J. 

In sof!warc o.:onsumption lu~er) •J:ganiz~tiom. ruany re· 
btcJ conccrns surfaccd. Software sy~t('uJS wctc lr><::Jd 10 be 

.more diffkult !ll u~c whcn tl~crs did l!Ul pilrticip;_¡t;: in ~)'s1ern 
spccificatiou n1 dcsi¡;n [J 1 J. :md whcn sy~tcms 11 etc mo1e 
tnaddne·oti~Jl!Cd r~thcr than u~cr-urientcd [21./ Systt"m 
dcsigns· wcre seen tu (cJlcct not mcrciy thc comn'runic:mun 
pJtterns within ~~~ organization, bu! ~dsu its poliur.:~l order 
j!O J . 1 1 8 J . Thc cooperation of syste\llS den~lupeJ by djf. 
fercnt orsanizations could be diffic.ult tu compJehcnJ for 
uscrs in ~pite uf cach ~ystcm bcing· ar.:ceptably wel! docu· 
mcntcd !J3J. Soit~varc mJintcnancc :~r.:th'ities 1,crc found 
to be primarily dri,·cn by us<'r re¡¡ue~ts for Jdditiun¡¡J ~ystem 
c~pabilíties (c,g .. pwducc ncw repurt~J JTHl liJa ks,cr cxtcnt 
by pcrform:mcc. improvermnts. bug rep~ir or uther ~peciali.'it 
culwnccmcnu !JO]. !41]. ;\ew software t()u]s wr:tc ohscned 
to h<IVC potenriully sig11ifbuH hit.hlcn w'>IS in Jwv: tl!cy v.ere 
app!ied thut could cxacerbatc thc mamtcn~n,;e of cmbeJded 
<~pplications systcms (24/, !J7J. Funhcr. :t..:wuntin¡: for t~.e 
r.:mts anJ benefit~ of softw:ue sv~tem tJ~c WJ~ 5l!v,••n tu be 
difncult. poorly undcrstoud. :ind uft.:n biascr.l ~cwnling 10 
participan¡~· seli·imt"rests !20]. !25], !~6), !J7J. fhe lile 
r.:yclcs of lo,aJ systems werc t'ounJ to be Jayercd Jlld ime1· 
sr¡;¡ing une anodtc:r J26j. Fin<.~lly, lhe set of actil'itki occur· 
ring duting 3 systcn1's lifc r.:ydc were s~lOI'.-'11 to be •:njbedded 
in and shapcd by thc prevailint: sor.:i:tl arder wühin its oJrg:miza. 
tional setting [2ll, 37J. In sum. the~e studie:; ~eg1;1 :o outline 

1 llivi~iun of ]4hf}r rcti:n to thc problem ot how to \!ivide ~ystem 
dl'H)t)]l\ncut work b~Jw~cn ~Yitcms, ~laft. ~r.ll onc an,.Hhu gi\'Cn the 
numbcr ami ,¡,;¡u of ~t~lf membcrs workin¡; with lvc-J.!Iy a•·Jibb]C('OJn· 
pt:tin¡;: /CMliHCCS. 

2 "l'roduct know!cd¡'c" i~ t!JC undctllanllin~ of how pmJ!mm~ work 
indivitlu•IIY ano.l in cuopcJ.J\Í•.lO "irh c.léh nrllcr. fhis c_x.Ju,i•c kn•)W]· 
cd~c is ~~·ncratcd ~\IIÜ;~ o;ottwar~ clc\dopulctl!. "Proce.1~ knuwkoJ~e." 
un th..:: urhcr hJnd. ¡, '-lbvut tlc\i::nin~. LUJiE;•. \c'~ling, an<l imcp~tinp: 
pro¡:r~tm. a.l wc!J JS m~n~gin¡: ¡(¡~\e o~lintics [~J. 
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!;.CACCII!: MANAGINt; 1'/tOJECTS: A SOCIAL ANAI.YSIS " 
the range and distríbution of sÜdal arraugem;nts th:.tt dr~~ 
the costs of softwa1c consumption. 

fwm standaH.lizcd invcntory a1Íd productiou contll'l r<:port~ 
gcnerated .bY the ncw system, 4) whcthc¡ 11\Jnufacturing 

. users are convinced that the ncw systeá1 wi!\ JnJke th<:ir wmk 
more satisfying or ~ntertairiing, or 5) ¡}osscssing a "statc of 
the art" mDnufacturing systcm tha~ will hc!p attra~.:t or retáin 
talented engincering staff. The Puint here is not whcther a!l 
of these needs t'an be mct, but mstead, wlwsc agenJ;; a1e thcy 
on, how are they prioritited. who determiru.·s t]k• pnorities, 
Dnd whose interes:s are M:rved when sorne nccU is fulfilled. 

Most present dar stratcgies for man~ging larse software 
projccts focus on applying Jargc too\s or techniqucs to furthcr 
structure, rationaliLe, and :iutumJtc software produclion 
(11], [12], [35]. As such, thcsc recommcnd<~tions necd to 
be put into practkc according lll po!icics, pnxcdures, stand· 
ards, review boards, change control committccs and other 
administrative mcchanioms that constrain projCct budgets, 
plans, schedules, ben~·hmarks. and reporting acti\'ilies [1 1]. 
In short, thcse rccomiÍ¡etulations imply that more organiza· 
rional bureaucracy is needed tu ensure the routine (i.e., 
predictablc) life cyding of local softwar~ systt'ms. However, 
as the routine b~comcs more ~pp:1rent, it m~y be autumated 
to reduce co~ts, buost productiou. and fu11hcr embcd burcau
cratic m~clumisms. But, what i~ mis~ing an~ recommendatíons 
for how tu manage thc plethor:~ 0f problcmatic situ<~nons in 

. life cyclin¡:: ~11ftwarc in ways · rhat are tiut amcnable tu relief 
throuYt tccfmolugical adv:wcc ~ml subsequt•nt burcaucratic 
pro\ifcration. Whcth~r thc costs uf cyclin~ largc software sys. 
tcms or the e¡¡se uf l113naging ~oftware cngincníng projects 
can be achieved {lthcr than through incrcasingly autom~ted, 
bureaucratic mcans rcmains an opcu questiun. 

The ncxt section ~.-..:amines thc social and organizational 
arrangemcnts identitkd so far as thcy may appear ciuring a 
software systcm's lifc cyc\e in ordcr to put forth a set of 
rclationships that cliar.u.:terize th~ social aspccts of software 
mauagement. 

IV. SoFnVARE LJrE CYcLE 

The starting point 'for idcntifying majur issucs in the social 
aspects of software enginecring ¡¡nd: project managem~nl is 
the software life cyclc. Although our dis..:us~ion of the soft· 
w:ire life cyclc is blief, it incmpurah:s the. :u.:tivities of both 
software productinn ~nd consumpttun [26]. [37]. This choice 
allows us to ex¡¡minr· the passa¡;c ~1f softw:ue through i) soft· 
ware life cyclc engiw:ering actil'it~·s 2) work routines of local 
participants. and J) p:utic1pants nlliYing through local scttings 
]37). This ~lilrting point also pruvidrs a wntinuity wirh 
contemporary concerns for what affects life cycle costs 
and how to m:mage thcm. Further, it serve:; as a point uf 
departure i11to a summary of t!JC underlying relationships 
that link lo.:al SEI'M practicc to rhe pattmls uf social acrion 
around softwllre sy~tcrns we observe. Each stage of the soft· 
ware life cycle is examineJ in turn. 

/nitiOriull rmd Adoption: A software sysr~m is initiated 
when participants propose and make thC decision to adopt 
it. The decision to adopt i.s a dccisiun to ilmvvate local com· 
putmg arrangcments 1 he proposd system somehow meets 
a "need" tllat cxisting computin~. arrangcments do not. 
The need substantiatcs thC dccisit'IL Howcvcr, on closcr ex· 
amination, thc possiblc range of conOicts within commonly 
identificd needs is l:nge. For examp!c, tl1<: m·cd for an iudus· 
tria! produ.:ts nmJUfacturer to acquire a new computer-;lided 
nwnuf:~cturing S)'Sicm. may depcnd upun 1) ovcrcoming 
organization:~l contingencics snch as frequent f~ilures or JeiD}'S 
with the c:dsting· manufDcturing fa.:ilities. 2) thc pre.;eivc:d 
case with which m:mufactming activies (or workcrs) can be 
bctter contwllcd, 3) thc-:~pparcnt accountin~ bcncfits arising 

Requiremcnls Ana(1·sis: Particip':ints are concerncd \\ ith two 
kind~ ofsyste1n reljUir.:mclrts. nllm•perational and ~l;"<:ra!iunal. 
Nonopcrational r'e<.¡ui;cmcnts indkat~ thc- puci .. :agc-~ of re· 
sourccs that the n~.~· systcm assum.:s must be in ¡1hce. 1H are 
rraUily available.tu ~n~urc its prn¡'<'f llpuatinn. $i;;¡i1Jrl~·.sut'h 
requiremcnts' may indica te that ccnain t:.l\k~ wiÚti" tl:': l1•0I 
proJucts p10ccss be strurtureJ tu be corn¡•·Jtibh- fi c .. 111atk 
efficient) with the ncw .~yStem. On the uthe: harHl. th..:·t· jr..
oper:~tiorial IC<.jiiÍICIIl<'lltS (or Gndúping. a >)'~t~·m in t..:n:ii l!f 
its perform:mcc ,·har.Jc!cristic~ (e.¡; .. rc~p~H!S•: !llllt'), ;tJI<d;ltiJ 
interfaces. asswiug t'nginccring qu:dity pr:~crtc..:s. portJI.,¡Jit)', 
user·!nientation, and so forth. ll•>wcver. tC~-JUirem.:~tb for thc 
syqerp to be cost dfcctivc, produced witldn res~l.H.:c con· 
straints. and be easy to u~c and mDnage h<1\'C b•Jth o-'pC~<~tiorw.l 
and nonopcratíonal impJi,·~tiom. But nonc uf thc~t· r.:quir_c· 
menu spccify whJt the- srsrem's oper~tions are. lmtcad, 
they outline thc prcfcn·uces of participants lo a.:ilit>ve a cer· 
tain kind of order ti11ough thc Jifc .:}de uf th~ fu .. -al systcm. 

· These requirements furrn tite critcria for evalt1ating botl. thc 
direction and tl1e success of the sy.)tt'!ll ~.kwlupmo.:nt ~ffort. 

As we saw earlícr, cvalu:~tion crit~:i<~ (ami thu, r.:quiremcnts) 
are subjcct .to differing interpretations aud debJ:•.: Jlltong 
participants. 

St'lection: Once a binding decision is madc to <~.dopt " new 
S}'Sicm, whi.:h S)'Sil'lll witl do the job? Sliould thr. sy'>tcm bc
dcve!opcd with in·huuse stafi or >houlr.l it b~ pu1cha~cd from 
an outside vcndor'!'(joing with in·housc star'i f;¡r;iiitaté·~ thc 

dcvrlopmcnt uf lo.:al · pwduct <Hiel prot!uct ion knt>wkdge 
uscful in system m:~illtcnance. But if thc sy.;tem ~~·¡Hc~cnts 

an unfamiliar or unprDven tcdmolo¡;y, unc~rtJinty u\'Cr 
cofn¡:leting the project within re~ource t.:Ort~tr<~int> 111a)· point 
to a lack of incentives for an in·house cffort. On tl1e oth~r 
hand, going with :m out5ide venJor means trying tu !lgure 
out the strcngth of tlu:: systcm's sign~! ftom the prunwtional 
noisc-. What criteri:.t can be used to filter promotío11Ji infor· 
mation on thc ncw systcm: l)vcn'dor reput~tion, 2)prior 
experience of ·similar u~ers, J) pcrformanc~ ~haracteri>tics. 
4) quality ef available docuu]ent;llion. t.>r 5) case úf fit into 
local computing arr:.mgcments? Ji¡ any case. unccrtaimy over 
wh;~t to consider in sclccting from whom 10 gct thc S}'St~m is 
present. Thus. it is very likely that Syuem ~clectiun will be 
influenced either by, thc rnobililation of partkipa11ts f:m.iling 

J ,\ ..:omputing pac!.:~~c ..:on~i~ts or not onl)' h:Hdwatl' J•ul <~•ltwuc 
..:omponcnls, bnl nlm O.lf[!:.tni1ation:.l 1.1dlitic~ lu upcr.lh' Jn•J m~int:lin 
thc~~ co•mponcnt<, or¡•.mitJtional uuih 1<• prci'JIC d.ol:l Jlld :1111lpit, 
~ilkd 'tJff, munc)', 1in1c, mJnJ..¡:cmcnl ~ltcntion. :.¡lpli•·;¡tonn·•p~·,·iti<' 
knuw·huw, ~lall culllrni\IIICilt 10 n•uJcrn cn~inccrin~ P•'><.lkn, ÚJ<I 
polidc' 2nd pron·d¡uc.< f"r cn~urirh'. thc urd.:rly pmdu¡·tiun ,,f :al<li
ti<>n.Jl app!ication~ ]25[. ]37[. Withuut .wme \lodo ,·n~cJnt-k ul thc1c 
n·wur~c~ ~,~t:il•cr. \)'~lcrn is nut usabh: r.,r vcry Ion¡;. 
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·onc pr,1duct or by the particir;l/lts Whosc input is trusttd m~st being irnpnsed on '¡J¡em with,,u¡ their earlicr p.1rtkipati()n, 
by thll!\L' making 1hc sdeclion Jcdsion. · ... A (jhen a variety of countcrimplrmcntation actions m~y appear -

Sysrcm Spccificarion: What is the systcm lo do? \V1Jat ai~ •~narking thcir rcsbtanCc tu 1fw sys~em's introduniun (17). 
· the objccts of computalions and what opctalions are ~pplied Tl1eréfore, to cmure thc ~}'SIL'm's intc¡!ration into thc local 
to thcm? llo\..· .can thcst' spedfic~lion~ be rc¡nc~;Hed su that wurk scUÍJigs, participunts mu~t engagc in 3 series of ncgutia· 
cilhef thcir intcrn.1l or c.xtcrn:~l consi~tcncy, romplclencss, tions tu l)e~t:~tllish sust~incd service for the·new system, 
and· cnncctness can be chcckcd? Cit'arly, use of S<.lftware 2)get enh;mcemcnts tu thc d!'livcH•d sYstcm tO·iwprove iu 
spedfi-::1tioa hlllguar,es hdps. ilut who p:trtkip:~tes in spcdfy. fit, 3) elimirwtc l!lajor systcm buis. 4) tr:~in ncw u~ers. and 
lng tire ~ystcr11? Problcms found in spccifirntions ni:~y be due 5) acquire top munacemcnl ~upport to buffer or delay ungoing' 
10 o\'Ct~ights in their preparation or con1lio:ts betwecn partid· p10ductirm schedulcs drrring the tr:msiti<.m. But particip:.~tion 
p:~nts uwr how they bclieve thc systcm slwuld function. of use"rs with the systcm's lkvcl•Jpers c~r!icr in thc life cycle 
Ahlwugh a software spe.cifh:ation. langu:Jge or methodology rnay obvia te the nccd for thesc ncguti:ltionS. · 
"may sér\'c as a mediuru o( cornmuuication :~mong partid· Testing: Most systcm tc~1 ini: is hcurhtk ;:¡nJ grnC'r.tlly per· 
p:~nts. thc lunguage doeS nbt resolvc cozdlicts that mighr formed tJuonr;h opcr~tion. Fouual testi11g i~ ruu timc·cfmswn· , 
exist bctwceu partkipants ovcr whal the system ts w do .. in¡; and·not yet widely undcrst•wd. As a rc~ult, thi." rlivi~ion üf 
But tiiC ·mrdium may m.:1kr lhe connicts more :~ppnreut. Thrn. labor in testing a ~ystem tJSually leads tu ~oftw:.~f-c dt\'dopers 
who · dtddes how to rec.olvr a specifi..:Jtion contiict, who performing isolated 1eqs Ou ~y~tem COIII¡lOll~rá~ :~nd u.<e1S 
h~s a vistblc stake iu achicving a particular vU!l'OJne.:Jnd how discovcling problems as 1he dcli\"cred system supporls more 
will s~cifh:atiun rec;ponsibilitirs be dividcd ;imong partid· routine us:1ge. \\'J¡cn diffi..:ultk~ ("bug~") ~ppe;¡r, a toll!!cth·e 
"pants? bdl uf thesc questions point tu t:~cit or e:-;plicit ncgo .. effort bcgins to try to loe:~ te thc source tif tl~e pwblem. This 
ti:~iiom hctWceil prujcct ya.Jtidp:mts that mus! occur in the effort mually ent:üls ~partía] re-wnstructinn ofwh:ll transpired 
cnur$C of gctting systcm spedtications Jeve!oped. Subse· and how tu make it Jppcar :~gain. \~'cll-urg:miled system 
qucndy,thcoutcomeofthesenegotiatiomwill~hapchowstable d~;"\'Clopment doc\lment:~tion helps in the s,'arch. but if it is 
the specific:.~tions will be. not ·avaif:.~ble. people who might km'w about Jww .tJ¡e system 

Dt:s(~;n: Dcsigning a systeni eutails dcrii·ing its configur:Hion was dcvl'lopcd in its curren! fnrrn n1ust be fnund :JnJ cngaged. 
and dct:~iling the ~\llllJlUIJti~n:~l prucedurcs and ubjects from This situation can furthcr det~riorate if ihc attriburion of 
the available specificlliom. Dcvcloping ct 5)'stem's inchitcctura! respon~ibility for thc bug or ib ~Jvcrse df~o..:ts is in qucstirm. 
dcsign· nwans articulatiug an an:~ngcment of system modules Thus, if the recnr~~truction is markcd by 1mrcrtainty ¡¡nd 
thut pwgrrssively transform the objects of computation into frequent negotiatiuns. p:~rtkipant~ may wbsequcntly choosc 
work pwJucts bascd on lo.;a] computing rcsourccs. This to work ~round the sytem abcrralionlo:a\iug ít fur future ~taff 
articlll:!tinn includes l) choosing a systcm dcsign tcchnique, to rediscover, reconstruct (Jt'Jin), Ji!d :11\cJupt 10 rcctify. 
2) deve!oping and ration:~li;.ing altern;Jtive configurations. Docwncmariun: Uocumcntation is buth the record Ji1d 
J) empluying a ~tandardi;ed ill'tatinn for dcscribing s;·stcm outcorTie of the prcceding lifo.: cyde acthi1ics. llllctunent:.tir;n 
architCdlJJe and in1crface~. 4)dctellllining the arder of repie~ents thc mosl tan~ihlc protltJCt of\y~rcm dcvt'lo¡lZIU!Ill 
module dl'\'dopmen1 (i.e., top·down. bllUum·Up. hardest first. activities. \\'itlwut it, tlic mcfulJJC~~ of th.: ~y-.telll ii li!nited. 
C:J~ir.~t ro !l'\i. use1 i~llcrfares fi1st, etc.). S)mapping sy~tem lluwe\'CT, liH.' utility c¡f tll': 1·:~rious fife cyde dncuments is 
wnfif11H:Jti,m onto ~~~ff tu divide thc labor, and ti) ren~gotiat· short unless effort is dir~rtcd 10 continu~lly upd;llc th~m. 
ing any c,f thcsc if lo.::d drcurmtances do them in.On the othcr We more connnoJ1ly ht·ar more about (;111d nperience) the 
hand, dl'vcluping a ~: ,tcm's dctnilcd dcsign rncans an.il'ul~ting inadequacy of av~ilablc syw:m docuinentation th.1n of its 
1he ..:umputatit'nJJ p!Occdurcs l'rganil:cd in thc :~rchitr.CtiHJl super!ative cornprchcnsivcne:;s.· Stand~rds antl incentives for 
dcsign. Tloi~ ;tage of ctCsirn r.equi~es into:ra~tive acccss t•l uscr good documentJtion :JtC fcw. U~ers nced one kind uf dócu· 
knuV:· lcdge uf \~ CLtk p:ucer.lurcs being cudifi·:d in tu thc ~ystem. rnentation. dcvelopns ·anot/ICJ. ~nd m:.~in wincrs po~sibly a 
·~his klll'll'lt"d~c 1~ ·usuJJly dis¡'ersed ~-:ro'iS many p~Hticipants third. lf thc systcm tll'\'Clupmcnt cffort . ..,·as errati.c ur behind 
wirh 1·.u;.in'~ dl'p~c,; ,_,f familiariry and .:ummitment to the ~chedule. then ducumcnration wt•rk 'mosy bc:put off Docu· 
prccisi•lfl (>f al!i:ubtion rcqUircd fur <:úlllpill~tional co"diflta· rne.ntation work is bbor in!cnsil~ .tnd r~w;:li:~g o! personal 
!ion. Sin·,·o: ihiS knov.kdgc is i.Jiffi~ult ll.l ~cce~s. gJthcr,evalu· eommunic:.~tion ~kills. Systcm rvolution \UJHinually r:lakes 
ate', ~·odiiy.' JJJd stabilize, \·arious s~stcm desiins will be obsoleto.' :~vailable do•;um.:-ntation unlcss cüunten·a¡ling sup· 
p!agued with errors of omission or misarticulation. As thcse port is provided. Further. system aberrations J:l:i}' no! be 
problems th~s emerge. systclll dcsign <:nd possibfy thc soft· docurrlented sine e they may be u~d l!i C\'iCcnce -indicating 
ware dt'·oelopnient artifacts preceding it wiJ] be rcdetlned. a lack uf compctence by certain participan:s. In ordcr to aS· 

Jmplcmcnwiion: System- Unplemcntation invoh·cs roding sure high·quality uf the most visible, and in the long tcrm, 
the de~igwinto a cOTnputer·b:~se;J e:.;ecu!otble fmm, Choice of the most importam products of syster.n life cyclihg. dewlop· 
progr:~mmin~ J~nguagr C'?mcs into play hcre.as do technit¡ucs ment :~nd u~e.uf systcm dt,cumentatiw< rnusr be pb~incd, 
for ;rssuring thc c.xccutable pwg1am systcm:~tically reali.':cs organilcd. Staffed. Cuntrollcd, coordinatcd and scJ¡,•duled 
thc systcm's design. spccifications ;:nd fl!l¡uitt'Jncnts.l JowCvcr, as the system "mu~t be. The sy~tem is its dowmcrltation. 
Ultpfclncntathm also iucludes _Íntroducin¡; carly versions of the Use: 1/ow suftw:ue systcms gct u sed is not wcll under· 
~ys!C!ll into the wurk roi.rtincs of its uscrs ... ~luch h~1nd/wlding ~tood. from n SEP.\! vicwpoinl.· Are wel)·cngin•:ercd software 
betwccn sysrcn1 specialists Jnd us'!rs l'all tJke p\<.~cc to sinooth systcms ea~ic"r tu use? \\'hn i; tu s~y? Arf'~!reutl}'. system 
the introdu~tion. J]owcl't'r, if uscrs hold th~t the ~)'SH.'!Il is use is ~!t:ljll'tl b}' 1) thc_discrctk'n a p:~rticipa:.t hasu\'Cr when 
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SCACCIII; MANAGJNG J'ROJEt:IS: A SOCIA L. ANAI.YSIS 50 " 
· and for whut he/~he can •use the systcrns, '2) how easy lt Js to . five obscrv:1tious providc an emcrglng .:~ccuunl of whilt drh·c~ 
Jcarn how to use an urifamili:~r system: 3) what kinds of mis- the. soCinl cosiS, orgauil.ailonal impacts. and be11Cfit~ of SI:PM 
takes ore non are likcly to be encountered. 4) how easy it ls practices and thuJ, the moi'e tradilion31 budgct:~ry com 127J. 
to work around system limitations, and S) how intcsrated J)Maáustmcrurol co1iditions. influmcr local software 

· is thC systein's fit with on-going work routincs [26]. Each of practices: The circttmstances of 'local SEPM activnics· &e 
·theSe arrangements is articulated only after a period of hands- shaped. not only by exigendes of day-tu-dily working an 
on use of lhe system. these conditions cannot be thoroughly organization, but also the market forces impinging upon an 
predjcted.during iriitial system development. Howevc.r, as new organization, thc.production pro.:esses and products character· 
systems are ¡,:ycJcd throÚgh participants' work, the work rou- ist:c of the organization's· industry segment, the regional 

tines'change 3nd subr.equently so must thc system. The system labor markct for software proicssionals, and thc introductlon 
airo changes a's staff tu mover thereby requiring new staff to of new software technologies ?iffusing throughout rhe com· 

· (re)negotiate the arrangements which shape their uSe of the puting wor!d. Huw these broader arrangcmeins constrain or 
systern. thus, circumstantial conditions in the work setting .. facilita te lOcal SEPM practiccs is not well undcrstood. Ho.w
play a largC role in dete~1ining the Pace at whlch a software ever,- such _auangcments ar~ known to be a determining force 
systeffi is co!lsumed and evolved. that drh·es the cost of developing opcrating, and maintaining 

Evaluarioll and Jlaúltenance: Local participanis regularly othcr complcx system technol~gics fl4 J. 
evaluate how well their systems work and how useful they 2) Tire dynamicso[sofcware ii/1/0WJtion, use, and Cl'Olutiolf 
are. As their experience with a system E,ro'ws, so will the are not widc/y undersrood: we' do not yct know how to sys· 
system's apparent inadequacy. In turn, participants will seek tematically produce software technologics that can be u~adily 
system enhancemcnts. adiptations, repairs, or convcrsions as adopted, assimilated, used, evolved, :~nd managed in dificrcm 
thls occurs. Each· uf thcse maintenance act\vities entail a settings with locally avail:tblt resources and talcnts. S1)ftwarc 
'parti~l reenactrnent of sYstem develop111ent. Maintcnance systéms Jre olten J.rvrloped with Jn initiHI emph:~)i~ urt ~y\tcnr 
ls ongo!ng, incrcment:rl systrlll devetopment. As su.:h, main- r••rformancc, then un valiety tlf applic:~tion, stundurditatll)JJ 
tena~ce is :~lso part of thc pw~·css ofiniwvalion in computing of costs, and ·la ter nn malntenan'cc (e f. !43J ).' ,\ú'(>Hlm}:l)', 
{37], lhe carc and auention to detail by which maintcnance much effort now g1ws to the pro.:esses of!ltting,(¡d¡•.J.:bzill~. 
work.gct.~ doOe shapcs long-tcrnt systcm usability. However, · ami cycling software ~y~tem~ wíthin thc ·Joc~l cnn1puting 
many conditions counter an ideal practice o( systent mainte- infrasttucture in urder to keep systems u~ fui f3i J. Thc~e 
nance: /) users often ha\'C more requests for enhancemcnts processes of software consumption need further investigatíon 
than. can be ~realized by ·system lnaintainers; 2) poor quality lo de'termine if and how they are ~1enable to en6incering 
of d~velopment documentation cornplicatei the ease of figur- rationnlizatiun. 
ing 'out where to make system alterations, 3)ma:ntenance 3)o'rganil:ariUnal arrongemenrs shape th~ ~¡f,•ctil'encss of 
work ofte;t competes with new system development on local software praCtices: Software. e_nginecring and project 
specialists' agenda, 4) m!Jltiple s,ystcm vcrsions appe:~r when management practices are specialized, to local organil.ational 
mainteuance activitic~ are not coordinatcd or when unw:mted production processes, constr<~ined by histo.ri~al and present 
alterations are resisted by uSers. S) tu mover o( systcm develop- circumstanccs, and motivated by narrow incen:ivl's and 
ment staff fragme;onts local product knowle•Íge: and 6) bureau- opportunities. Control over access to cumputing tc5ources 
cra'i¡c mech3nisnu such as change con !rol boards e reate a new is central to productivity, whilc the 'case of arcess to th~se 
source of resistance that ·must be engage;od (or bypussed)·in resources shapes thc complexity of software project tasks .. 
order 10 k~ep the system well-integrated into on'going work ·As mainstream software cngineering practicis are adopte~ 
routÚtes. As maintenance· activics lag, users begin to eithcr in ,ln organi:tatiun, a) a ncw divis!on uf lahor and system 
take _on maintenan.::c work in ordcr to krep the systcm USl!iul understanding emerges, b) mure specializcd skilb and st¡¡ff 

'or they work around the syste;n. Subsequcntly, as this arrange· are nceded, e) more computing resources are nceded.-· and . 
ment'bccnmes too d.:tllanding fnr uscrs or as new technologi- d) more interdcpendent activities need tu be managetl. 
,cal altcrnath·es appear, participants m:~y Jet the system sink 4) Tite. outcomcs o/ izegotiation .and articulation work 

. in order to 'establish thc ·_~need'' to adopt d new system. This detennincs how software will be p~duced and consumed: 
. marks the terminal ion of one system Ji fe cycle and the inítia- ParticiPants ncp.otiate a conlplcx a·rray of rcsourccs in articu

tiop of anOther. lating · the course of their softWare wcork. The outcumes ·of 
.. Ovetall, there is a high dcgrec of concurrency across activi- these nef;otiations determine a) the growth and manageability 

ties occuriing during a software system's life cycle. The life ofthelocalcomputin~infrastracture,b)what:~ffcctsthecos_ts. 
cYcle is more circular than.Iinear. But as wc move to impro\:e organilatlonal impacts. and bcnefíts of local SEP:O.! practices 
our abllity to engineer .this cycling, a growing array of re- as wcll as e) how they will be distributed among p:~rticipants. 
iources must be committed, ·ncw forms or subdiVisions of Therefore, the more frcqucntly participants r:egotiate an~ 
·w6tk., emerge, and a more complex· web of arrangcments articulate local software life cyde practices, the more projei.:t 
app~a.rs wltich rñust be mmlaged. management will be distributed among po.Hticipants. 

S)Pcrccired cost and brmefit JriveiS are dctenninccl by the 
separability o( the wzit o! analysiJ: Should the fo¡,:us of 
attention be sorne software d~velopmcnt technoloá or 
how peoplc will urganize to work with that tvchnology'! 
Whllt you scc: dcpends (l!l how you look. Software cngineerlnll: 

V. UNDEfÚ,Y}NG RELATIONSHJI>S 

From our starting assumptions and oiu analysis of historical 
1 evenis and prcsent software life cycle conditíons, five r~cur· 
· ri_~g putterns of social acti9n in SEPM can be idcntlficd. TI1ese .. . . . 
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and projcct management work takes pl:~ce within a) dense 
web of·social arran¡;ements, b}evolving w~rk p;Jtterns, c)"un
certain conditions to choosc bctween, and d) the prolifcration 
of ncw computilig tcchnologies. Pcrceiving whar diminishes 
or incrcases a\'ailablc SLtpplies to computing resources is in
fluenccd by how wc decompose the complexily o{ circum
stantial computing arrangcments. Similarly, one man's savings 
may be :.mother's costs. That is, depending on how resource 
transfers are accountcd and managed, savings may be intcr
nalizcd within one ~~ o{ arrangcments while costs are ex
tern¡¡lized ollto others or into. the future. In short, there 
is much work yet to be done in developing microeconomic and 
macrocconomic theories o{ software produclion and consump
tion as wcll as ~ow suCh theories relate to local SEPM prac
tlces. 

VI. FUTURE DtRECTIONS: WHERE ToCo ANO WHAT 

ToDo? 

A. Whcrc Are We Jleaded? 

Tl_1c principal technical activity of software enginecring is 
moving tov,·nrd sqmething akin to ''software redcveloprnem." 
Softwure rcdevelopment ·means t:~.king an cxisting software 
description (e.g .. as expressed in a progr:unming or very 
high-levcl languag.c) and tr:111sforming it imo an efficicnt, 
e~sil:'r·to-maintain realization portablc across local computing 
en\'ironmcnts. This rede\'eloprnent technology would ideallv 
be applicable to I.Cdet·eloping both 1) rapidly as!embled sv;. 
tem prototypes into production~uality systems, and 2} ~Id 
procruste:Jn software. developed 3-10 years ago still in use 
and embedded in ongoing organization routines but increas
ingly Jifficult to maimain. In :~.ddition, redcvelopment tech
nology ruuld br u>cU to l)elp structure the production of new 
~ystcm c•JLllpnncnts intcnJcd for frcqtlt·nt rcusr. Many re
se3rchcrs are ~lsu forec<tÚiJtg iucreasiug wide-spread adoption 
of softwJtc en!int'Cring en\'ironments opcrating on nctworks 
of pcrst;n:d computing worbtations tar¡;eted to suppon 
appli~·ation-specific proceoss~ng. Ultimatcly,thc fu!ure of soit· 
ware cngincering and projcct manJgemcnt will be an out
growth of historical trends. currcnt ¡nacticcs, and local cir
cumst::tnces. 

Our undcrstanding of the complex wcb of sociJi arrange- · 
ments th:u.situ:J.te local StP~f pr:J.Ctices willlikely lag bchind 
o'ur :1hili:y tn devclop new software tcchnologies. This points 
to ye1 ;¡nothcr dilcmm~: wi!l prcscnt SEPM stratcgies be 
appropriatt- ~~ ncw tech;wlogy advanccs? lb sed on the preced
ing analysis o( historical trends and current practices, software 
manng<·mcnt stmtegies routed in aut01mted ur bureaucratic 
mechanisms will become lcss workahle in current form and 
thus rrquirc rcvision. That is, SEPM mech:111isms have life 
cydcs too. This suggem.th~t a cruci31 factor in the produCtive, 
loni;-tcrm 'tlcploynlent ofnew software protluction teclll~ologies 
is thc C3SC with which these mechanisms can be devcloped, 

p<ickaged, fil. and cydcd into local SEP.'.t practlces [37]. 
Al prcscnt, there is no formal thcory of software ¡Jroduc

tion and consumption th::.t can serve as :r gu.itle for practica] 
action. Althuugh t!Jcre are bits and picccs of substantive 
theo~y on which to build (as dcscribcd abuve), we necd a 
more cxtcnsivc cmpirical' base of the 'irnerp!ay of social, 

"1 . ' 1 . 1 . ~onomu;, anu techno ogu:a. :m::.m¡;cmems brought 10 bear 
in _Jife cycling software. Most of thc soci:~.l arrans('mcnts for 
SEPM examincd above are not addre»ed well through new 
technolosical and búreaucratic mechanisms lhat emerge 
from idosyncratic circums!ances. The~ circunúl3nccs play 
a major thcorctical and practica! role. yet thcy usuaUy eScape 
careful scrutiny. So.what do we do? What strateg.ies &hould 
software engincers and project man;..gers pursue? 

From wlmt we know so far, the following provides a partia,l. 
reto{ strategies to purs~e. 

B. What ro Do 

1)/dentify lh~ web of arrangements rluu surround local 
software ¡JroduclioJI and consumptimr: Tl1e suggestion here 
is lO get :1. broad picture of the local setling·for computing 
work in terms' of available resource"s and the Ji fe cycle activities 
that procesS thcm. The rcsnurces of interest a"re thc.se that are 
subject to contention or ncgotiation ·aznong key pJrticipants 
during Ji fe cycle activities. Thcse resources wül usu;¡lly appe:J.r 

packaged togethcr to include computing hardware, systems 
and applicatlon softw¡¡re, time, money/budgl!ts. organb.ational 
units, staff, ~taff skills. man.:~gement attention, infonnation 
control, and p1ev~iling belicfs about local compuling 3rrange
mcnts. Accordingly, the .. com" of local SEP~I practices Will 
represen! new rcsource comrnitmcnts or expenditures, "bene· 
fits" wi/1 represen! new rc~ource supplies, whilc "organi.za
t¡onal impacts" will represen! shifts in the patterns of resource 
allocation or distrihution. fJJ pther words, depenúing where 
stand, resources shifting tow<Jrd you are benefits, while those 
shifting away are costs. amuning all other things are un· 
ch:mged. Dctcrmining whcthcr the introdunion uf a new 
MJflw3rC luol or .teo:hnique will have J mote of a h~nefici¡¡J 
t>t costly irnpact will then h.c dctenninc·d b¡· whr1o: you 'nre 
standing, and wllcther the ncw resouw.: arrangen1cnt is more 
or less dcsir.tble th;tn tl¡e e~.isting one by thc p.trticipant~ in 
that position. 1 hus, as pa:ticipants mo\'e into diffen~nt po~i
tions·throughout a system\ life cyclc. then softw~rc produc
tion will become more costly and problem:J.tic as parikipants 
ilnd thems~Jvcs working in adversely imp:J.cted ~ituations. 

The same rcl:¡tio!lship holtls ior software cuusumption. 
2)Adoptjestablish romhw~ j'or producing wfrn-are: Sofl

ware production can be ordered through Use of dcvelopment 
methodologies or standard oper'ating procedurcs (SOP's). 
The -purpose of such stanUanlizaiion is tu a\Oid certJin kinds 
of conOicts, estJblish linc~ uf au:huritY. for resoh·ing thcse 
conflicts, and routinb:e work proceJure·s. SOP's for produc-' 
tion of software do.:umcntarion are n.:cessary. althvugh 
insufficient for assuring higl1-quality. Al~o. SOP's to include 
the particíp~¡ion of target u.~r:rs throughout sofiwarr dcvelop· 
ment and maintcnance sho<rld help. Sin.:e SOP's clwr:~.ctetize 
situ:J.tions that c;¡n be ~nku!ati.!d and r4tion:~.li;:cd, creation 
of SOP's Should be carefully formulated to minimite built
in conOict situations. SOP'.> are ne\·er comprchrnsive and 
their utilitj is suhjcct to changc as uncxpe~·tcd cin:uJllstanccs 
ame. Cle\·er {or covcrt) ways to work around the S01''s wUI 
emerge and shotdd be cxpccted. Thus, whcn W•llk-arounds of 
particular SOP's become JJ¡oie frequent or. pallerncd, the 

SOP should be reformulated and rcarticulJt,erl. ,\s such, systcrn 

! 
1 

1 

1 

1 

1 

11 

1 

----' - ~--e ___ · , __ __¡ 



,., 1 

¡l" 

SCACCIIJ: MANAGING PHUJECTS: A SOCIAl. ANAl.YSIS " 
dcvclopmcnt methodologies, ¡¡s onc f¡¡mi!y of SOP's, will of rrsources outlincs ¡¡ sct of rcquircmcn:s that must he 

· also havc a lifc cyclc. l\'cedlcss to say, planning, orgainzing. mct by panicipants working within the local .computing 
staffing, control!ing, s~.:heduling.. dirccting, cost estim~ting~~ "inframucturc. Thc· package mu~t fit into the local setting. 
life cycling siftwarc projccts will cxpc..::tcdly be prime activi~s As su ch. users need. to know what resource requirement5 
to be (al leas! partia!ly) convertcd into SOP's. .. 52 are built into a new technology in arder to ass~ss both the 

3)/denti/y objectivcs for thc software prucluctiotl proccss: costs and ease with which it can be fiL into cxisting coñ¡
To begin, articulate the flow of rcsources into the latticc of puting arrangements. However, as a new tcchnology is fitted 
production ~nd consumplion activities. What is importan! and ~ssimilatcd into ongoius org<~nizational routines, th~ local 
he re is lo outline local re~ource nctwork in mdcr to idcntify computing infr<~structure will be :~!te red lo reJlect its rep::~ckag
available "upstream" supplies. their distribution. al!ocation ing. 1\istorica! trends in software cngineerins indi.:<~tC" that this 
and acce:;s policies, ~ottlenccks, _and technology packages repackaging is done to makc the local production process more 
as well as how they are brought togcther into "downstream" prodi.!Ctive and routine. ll0wcvcr, these trends ¡¡Jso indicare 
products. Also ch:u<~cterile the broader arrangement, that a greater division and spccia\il:ation of !abur :ummg pani.:i· 
affr:ct thc a\·aiLtbility oi resources on conllict·ladcn or other- · p3nts as well as an increasc in the numbl.'r oi rcsourCf.'\·Will 
whe critkal paths. Sccond, oudinc the clu)ter oi SOP's that need to be cnordinated. AccordiJ¡gly. an imp1Htarrt .::1hl uf 
tiansform available resources intn products. These SOP\· using r1cw" software tcd\Jiologics 10 makc the loc:rl ¡>roductron 
5hould co~w thc activitie:. occurring during thc softw¡¡rc procl'sS more prod_u..:tive is ín..:rl':ro;ed dem:mi:l.1 for attt:r~tion 

life cycle as pr~ctic'ed ifl thc .fo~;.¡l ~ctting. t:inally, rn<~p thc to dc•.ail and routine. This is a form of man:1yr111crtt that 
re5ource nctWmk unto thc dustcrs of SOP's l\l oudinc thc 11ow iJ1dividual p:trticipant• mus! incrc:J~ingly pcrform. lliU~. in 
Of produ¡;ts throltglr thc productior1 proccss within loc:tl pro· dcveloping a ncw softw~te ~y.stcms. tools. ur engtnl'.:rin:,! 
ductive units. According!y, objcctivcs such as incrcascd product methodulogy, a strat('gy for rnanJp.íng it~ Ji fe cydc ¡;tu5t 
reliabüity, r.:duced devdopment costs. or íncrea~ed uscr explicitly be built into its package. 
oricntation can be understood as policics that direet resource 6) Fina/ly, build empírica! databases for ct>mpar.uire 
flow, formul¡¡te SOP's, or alter broader sociat'arrangements. analysis: \\'e lack empirical!y grnunded, thcorcti..:al under· 

4)Dejigl! project organization ro jQcilitate commimwzt: stanclings of soitware ¡rroduction ¡¡nd comumption. PuH:tin¡; 
l:\eryone will b_e responsible fnr managing ~ome portion of the preccding strategic~ will undotrbteUly revc:~l a l:.tr[l': set 
over~ll work <~ctjvitics. Since projcct managers will be r~sponsi- of problcms or troublcsomc comHtion~ in SEI',\1. Ttri~ is not 
ble for coon.lin~ting work and rcsourccs within the local com- bad. Rather. CJch str:rtegy is an iuforrning ~ource l'i fccd~dck 
puting infrmtructure, they nerd to kno~v about bottlen~cks on thr accuracy of :r curren! understandin!! . .-\ ~rstcnwtic 

and other troublesomc conditions. M<~intaining a high·lcvel analysi; of :m organiz:.ttion"s hi.;tory and pre~nrt circunJi.tan;:es 
of software production rcquircs thc commitment of st¡¡ff will su~gest pos>ible futurc :m:mgemcnts as wc!J a~ thc p:~.:-c at 
and rcsources to achiel'~ it. Continuity of commitmcnt is wl)ich tl1ey .:-au be achicvcd. lii.IWev~r, thr .:-oH ol su eh. an 
more cenual than control, since con!rol ¡, dhtributcd and analysi' grnws as the s~upc and gencralizability oi suh~equ~n¡ 
more subjrct to colllemion. ~bint:tining. ~tatl commitnwnt fiudings i~ ,•nhn¡;cU. Le:utring wha·t tn do iu rmfamilí:u ut 
require~ n.•gnlarly n\$t·s~in¡c tire L'unditilHlS "that binJ thdr tJI.Hrhk~t'llll' ~itltJtÍ<Jlt~ L"Omr~ ft111ll prcp:trati11rr. pr:•clt<:.•) 
Commltmcnt lo work: l]('~lrcd rc~lllltCC :rv;tllab!lity, )\leal r:xpcricncl'", :u1d a COilip:uatÍI"l' l"r:nucwork l•J link lhcm. ll•r 
(dis)lncentivcs, and carrt'f opportunitk~. Sttdl ~~~ asscssrncnt payoff h~rc Js long ter m. Whilc t!d~· str<itc¡.:;· was su}!gc~trU 
emer¡;es wliCn staff panicipate in drdding how to tl'3lil.c more th~n 10 ycms ngo by Hoc-lun !JI, "nr11;t rcadily Jvaibblr. 
project objectives. The regularity of assessnwnt depends ori archivnl datab~>es of reaJ-world SEPM c~se ~ludies (sud¡ as 
on the perceived stability or uncertainty of local SEPM con- this jo;rrnal) are sparsc!y popu!atcd. Perh:rps it is lime that 
ditlons. Unr:\pccted circumstance~ will always emerge and more r<·scarch shoold be funJcd tu incrcase t!w population of 
give rise 10 destabilizing conditions. Howc;·er, strong nlm- studies for subsequent com¡mative ~nalysis. 
nritmcnt will oftrn pro vide. staff members idiosyucratic 
motiv:uion to accommodatc local contingcncics until the 
prevailing order is rec5t<~blished, unlcss thcir comrnitmcnt 
is suftlciently weakened." But if·thór wmmitment to project 
objecti~·es is strong. so that thcir pcrceived invcstmcnr (or 
stake) in projcct acth·itics is clcar, thcn thcy can build on 
their investmcnt by discovcring new ways to pcrform thcir 
work. 

S)Develop m•w software technology as r. package: Every 
software tcchnolügy (or system) assumt·s snmc configura· 
tion of. h<.~rdware, exisling software bnsc, Jo~.:urnentation, 

time, moncy, skills, organiutional units, mmwgement atten· 
tillll, and othcr resourccs for its productivc u~c. T~1is pa~.:kagc 

· 4 The buildin~ of stron¡: rommitmcn¡ fo1 ~nrnc {"si~ninp: llp"), 
and thc wc;¡kenin,; of commi\u1cnt for othcu ('"burning oul") is ~ kcy 
elcment in what ¡:ives a ncw ~r~t~·m its "wul" ¡19 ¡. 

VIl. CoNctuStoNS 

Software cnginCering and projcct man:~g~·mcn! ;rre per· 
fMrneJ within a dense wcb of tcchnologic~L e~.:onomic and 
social arrangemcnts. The numbt'r, intt'"f(k-penJencc, and 
specialization of the particular ~rrangcmcms reJ1cct their 
complcxity. The causal patterns and sÚaÜ'gics for what to 
managc describcd abovc charactcrizc the currcnt inodcl of 
social actüm for SEPM within thcse.~cttings. 

In prcscnting .this material. chmces wcte m:~dc on what 
topks to includc and w!tat tnpi-:; to put oif for discussion 
elsewhcre. Important topics for thc social atrJlysis of S_EPM 
nOt covcrcd he re includL' 1) dcvcltlping or cv.Ju~ti11g rescu..:h 
m~:thodul,Jgy, :':) thc (in)adcquacy of analyti~al toL'Is :rnd 
notations for !his kind of analv~is. anrl 3) thc diflkultv of 
m;~king tl1eorctically pcrsuasivc. cxpl:tnati;lll¿ \1r Jrgu:t~rnts 
for practica] action. Howcvcr, drnwi_r"¡g fror11 tlrr to(\k~ úlH'icrl 
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in this p;tper, ~oda] 

reVealing approache~ 

analysis emerges as onc 
to software enginecring 

of the most twlu¡:y, P. Wc¡;ner, f.o.!. CamhrioJ¡;e, MA; MIT r.:rs~. 1979, pp. 

und' project ~ ~ 139- 15 ~- .. . . . . -

management. 
A basic qucstion lhat n-iotivatcd this papcr was to what 

c;;;tent do .social arran¡;emcnts irnpinge upon local software 
engineering ilnd project m;magcment pr:~cticcs. TI1c :mswer 
to this question came through an analysis of historical and 

· contemporary studics. The analysis showS 1hat a complex · 
web of ~ocia] comlitions :.ignificantly determines the life 

cycle of local software systcms and how casily such syst<!n.Js 
.can be managcd. Furthcr, lhe cxtent lo wlticlt an· analyst 
assumcs that local social arrangcments can be separated 
from nn :lllaly$:is of the software technology, systcm life cycle, 
llfe cyde costs. ami their managcment deteunincs the scope 
of the analyst's ob!o.Crvations :~s wcll as !he uncxpl8ined dilem· 
mas that remaln. 

As Bochm {6 J ob~rvcd, in arder to cngincer ~oftware 
systcms that are uscfulto peoplc, •· ... concerns for rlu! social 
implicatio11s o{' computer systems are pall of thc software 
cngineer's job, :~nd techniqucs for dealing with thes~ concerns 
must be bui!t into the software engiueer's practica! methodol· 
ogy, rathcl than treated as a separa te topic hobted from our 
day to d:~y practice" (einphasis added). As argued in .this 
paper, we need to focus (urthcr attention not ouly on tl1e 
soda! implicalions of compuling systerm, but also how the 
complex wcb of social arrangements shapes the production 
:md consumption of softw<~re systems, the local software 
engineering pr:~ctice~. the distribution of costs and benefits, 
the appropriatcnes~ of new ~oftware technologies, and the 
c<~.se with which 1hese can be managcd. This paper marks a 
step in th:ll directiori. 
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Making Software Visible, Operational, and 
Maintainable in a Small Project 

Environment 
WILLIAM DRYAN ANO STANLEY SIEGEL 

. Ahrtrat't-l'racticl_ll suJ:~:e~tlons are prt•senlcd for t'ffl'clh.-Jy manug· 
lnJl IDh"an.- dcvclopmenl in smflll-proje..-1 ru>iruumcntJ (1.~ .. no 
more lhJin se> rral mi Ilion doll::irs per yt'ar). Thc 'III:JlC~tions arr ba~cd 
011 an appruarh lo product de>·eJopml'nl usin¡: a produrt n~ur¡¡nct' 
¡¡:roup lhal. i~ indeprnd~nl frum tht· drvelopment ¡:roup. Wilhin rhls 
check •and·balance mana~t'ml'nl/de•l'lopm.-nt/l'tolluct auurancr 
"ructure, n dcsign·r1'~ic>~- ¡>r~~ is desnibed th:1t crrcct• an urduly 
transilion from <.'US!Omt't nl'l'ds slalemcnllo snft"urr eod.-. Tile tr~l· 
ln¡Melivlt} that foll01•~ this procr's is th.-n r\[>l:1ined, flnall}. lh.
acth·IIICi or a chan~:r control body (callcd a tonfi¡::urallon concrul 
board) and ~upporting funclions ¡:.-url'd to m>1int~inln¡: dch•crt'd 
"'""are are dl·~cribed. Th.- su~¡:cst.-d suftwnrr m:mag•·•nrnl pructlcu 
resuU rrum the upnlrnu ora small tuppro~lmutcJ)· 100 cmployt'l'~) 
IOR\Ioate t'ngine~rlnl! cun1pan) thut dt·>elop111nd "'"inuln~ romputrr 
l)'.tltms'supportln¡: real-time lntuaclin rmnrnudal, induurúl, nnd 
mllitary applkutlons. 

llulu. Tnms-Confi¡:Ur111ion control board, dl'~l¡:n revlew, produrt 
assurance, projc.tt inanagrmt'nl, tc~tin¡:. 

Man\lscript rc..:eivcd Novcmber 5, 1981 : reviscd Oclvbcr l, 1982, 
Thc aulhon are with C'fEC, 'lnc., 6862 Elm S!rcct, McLc~n, VA 

2210L . 

J.lNTRODUCTION 

I N 17lt! /l!ythical Man-Jlo;llh /1 J, 'Brooks :~sks. "Why i~ 
programmir.g fun?" He then uffers five rea\ons, thc fifth 

une being the folluwing (page 7): ' 

Fin~Jly, then: is the delight of work ing in ~u eh ~ Ita ct:J ble 
mcdium. Thc progr.¡mmcr, Jikt! the poet. works only 
sli¡:htly removed from pure lhou(!ht·stuff. 11~ builds his 

castles in tfte air, from ilii-, crc~ting by o:xl':rlion of the 
imagin3tion. Few nt-:dia of crcaiion ore sn tlrxibJC. w 
eaw 10 polish and rcwork, so rcaJily ca¡lal:olc of realiling 
grand conccptu31 struCtures. 

The tractability of the softw~re medium that Uwok~ rcfers 
lo is, we mainl:~in. the basic challengc to software engincering 

project m:mage1ñent. The purpose uf this papcr is lo offcr 
practica! suggestions for taking un ti lis ch:il!en¡;c wilh a re a son· 
able dcgree of cunfidence. · 

Our suggcstions are prac~ical b~cause thcy :1re· 
• . derived from techniques successfully a'pplicd 

real world; 
in the 
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applic:1blc tO "thc Jargc fange of Projccts th:~t involve 
· from a handful up 10 JO or so pcoplc, or ~tated in othcr 
"·tcrms, whose budgets span from tens of thouU~nds tu millions 
ofdollal's; ·. • t;,t;, 
.' • based on good' business sense and thcrefore sa_Jeab!Yt'tf' 

. corporalc m::magement; 
• grounded in common sense and thcrefore adap!able to 

olher organiLations. (We belicvc a philosophy of "try it, you'll 
:like h.·. that appe;us to basic reasun and is tempcred with 
paticnce-as opposed toa "do it bcc~use wc tell you" philoso
"phy-is :lll 'effective W'ay to contain poetic liccnse). 

· Our suggestions are·geared to: 
• making sojnvait visible, or tr:mSforming ~oftware into 

somcthing ihat managemcnt and others cun see (our nolion of 
software emcompasses spc,ifiéation documcntation as weil 

·as its re~ultant computer code-see {2. ch. 1)), . 
• making s:o[rware i:Jpcrational, or producing software 

·.that pcrfor;ns according to slated customer needs, 
• mal..ing software maintainable, or being .1ble 10 modify 

software ih r_esponse w revised customer needs or identify 
disne pan.::ies with reSpect 10 thesc needs. 

This paper does not relate a case ~tudy of une company's 
su.:cc=ssfu! ~pp!ication of software cnginéering project manage
ment tcchniques 10 onc particular projcct. Rather, it reflects 
a corpllrate _littitude toward performing softwa1.: eugineering 
_project 1ilanagcment on tin)' business endeavor. For this rea
son. wc believe that our suggestions may be.~~ le~sl in part, 
beneficia} ;o others. We do not claim tlmt these · suggestions 
.are ¡¡JI-cncompassing (we have projcct munagemcnt problems, 
too)·, nor do we claim that these suggestions ure directly 

· appÍk~ble to a corporate etwironment other than ours. [The 
dogm~tic application ¿fa successful te~hnlque in our company 
Ío the problems of ~notllcr corripany-evcn one of similar 
size :md ~tr~~·tuJe-~may fail für a v:aiety of reasons, such as 

· cÓrpor.tte Politics ::md/oi policies; for cxample. some company 
··ex ce uüvcs are ~iJ.JlPIY'1 wi!ling 10 ]ive with the pain of ~ome 
pmblems (i.e .. muintai~ ihr statUs guo) rather than subject 

'themsch·es- io•thc tr11uma of ch:111ge that pot.::ntial so!ution1 
might invite.] . 

Thi~ p:~per addr~sses the following tapies: 
1) ,\n JnJ~pendent Product :\ssurance Grou¡1' (Section 11). 
2 ¡ Transitioning frcm a St:¡temenl uf CuslonH'r ~r;oeds to 

Softv::,r~ Coc!e- T!u Software Deve!opml'nt and C:hange Con

-trol PrL'Ccss {Se.:ti\'ll 111). 
· 3) J)e¡~rmining thai Operaling Software Code is Constst

ent with Customer :--oeeds-The Testing Cycle (Section IV). 
4) Keeping the Cu~torner SatisfieJ-TI1e Configuration 

Conuol Board (C~B) :md the ~laintenance Proccss (Secnon 

V). 
· Sec1ion VI summarizes thc key points. For.easy referencc, 

this summary is in thc form of sugsestion~ for or¡;aniling and 
tr;anaging a softwar.e project. · 

11. AN iNDEPFNI)rJn PRODUCT ASSURANCE GROUP 

.Wc work for a firm, CTEC. hlc., that started as a· one· 
.person. m:magement. consulting company in March 1974. 
In 1976. a dient asked'thc compauy tu pickup the pieccs 
frOm a f:iililig software·development cffort. Since that time, 
we h::rvc becn in the business of develuping. ficlding, a:1d 

maintainin'g op~ratio.nal systems with software conteut. 
The size of our software projccu filll.SCl> fron1 "tcns of thou
sands to hundreds of lhousaods of Jincs of programming 
Janguage (highcr order and/or :lSsembler) S~Jun:e Code; the 
typ.:!s of sof¡w:~re that we J~·\·elop Und maintain ~upport real
time interactive commercial, industrial, and military applica . 
tions. The company has grown steadily and h¡¡s achieved a 
business base of just under SS niillion. In 1978, the company 
reorganized into a m:mix-managed organization {describcd 
later in tllis scction). A soflw:~re developmcnt process (see 
Section lll) meshing wilh this organization has gradually 
become standardized. The process has even caused the ex
tension of thc m;triX-motla_scd organizar ion to a lhird dimen
sion.: "product assurance.· The forccs uf this thiid dimcnsion 
stabilize the software developme:it ¡Jrocess and tTianifest 
lhem~eives primarily aS pecr reviews (see Section lll). They 
impreú visibility and traceability on the 50ftwarc devclopment 
procesi. 

'·Befare l~oking more closely. at this three-dimensiona! 
approach to motrix managcment, it is in~tructive to briefly 
consider thc disciplines ncedcd for making \isib/e,operational, 
and mainrain:~ble wftware .. Required is the interplay of tluee 
groups of disciplines-development, product assurance, and 
marugement-as ilJustrated in Fig. 1 and described in the 
following paragraphs. 

• The dcvelopment disdplin~ shoulders the respons.ibility 
for creating the softwa:e during its various llfc t}'cle stages 
and doing what must be done to get the product into the 
hands of the customer, c.g., "analysis, design, coding, and 
trai:ling. 

~ The proJucr assurancc discipline pro\·ides management 
with checks and balances with respect to the deve!Oper's. 
activilies. As Fig. 2 .il!ustrates, thc~e checks and balances 
help assurc that product intcgrity is att'aincd, and. uitimately, 
that the customcr is ·satis!icd. By proUuct integrity we rn-=¡¡n 
a product: · 

th<1t ful!llls customer nccds 
th11t c3n be ea~ily and, compietely traccd through Jts 

. lifc c)'cle 
that meets spedfled pcrfom1ance criterla 
whose cost expcctation~ were 'met 
whose delivery expectations were met (Úe [2, pp. 
58-59]). 

Fig. 2 also indica tes that we view prod!lct as~urance ·~s the 
interplay of th~ functions of quality assurance (QA),configtJra: 
tion manoo¿ement (O!). verifkatíon and ralidalion (V&V), and 
test and evaluation (T&E_). The ldentiliers QA, C\1, V& V,· 
an"d T&E mean different lhings to d:ff~rent peoplr, as cvi
denced by the widc VJriation of meanin¡; associatcd with these 
terms in the litcrature (e.g., one pcrson's QA is another 
person's T&E). For us, the world of product assurance is 

· clividcd into the four pro,.esscs shown in the fitr left of FÍg. 2. 
We believe that thcsc proccsses are nece~sary to help assure 
product integrity. · We as~ign lhese processes the fum:tion 
labels shown in Fig. 2 to pwvide some linkage wilh extant, 
albeit nonuniform. !erminulogy. The b_ounciaries between 
these four pro't~scs are not di~tinct; their domains overlap 
(e.g.,.T&E can be viewed as a form o~Q,\ iu which the "m.nd: 

--------·--------· ,____:____::._____::.-.~·-~-----'--· 
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rig. 2. Product anuran~e: lts function~ and tlle rcsults of in applico~tion. 

ard'' is a test plan or prucedure against which the coded fonn 
of the software opewting on hosTin~ hardwa1~: is being com
pared). The function labels and process overl~ps are not im
po1rtant herc. What is fundamental is the integrated perform
an~e of all these processes. 

• The ma,;agement discipline, which can be divided Jnto 
project management and general managemcnt, provides direc
tion to development and product assur:mcc activi!ies to effect 
syilergism. Project m:magemcnt provides this direction gener
ally at the leve! of day-to-day activíty associated with product 
dcvelopment. General manage,_rient prot·ides this dircction 
generally_ at the leve! ·above a particular project organization. 

Typically, this direction concentratcs on sorting things out 
with respect to two or more projects t!1at ri1~y be ~ompeiing 
for corporate resources. 

Fig. 3 depicts an organizational structure th:ll we have used 
to de\'elop and maüu:lin sofrware systems. This figure is a 
specific implementation ·of the philosophy represented in 
Fig. l, where each discipline is depicted asan axis in a three
dimensional space. Along the "de\"elopmem <rxis" ar~ rhrce 
functional departments: l) Systems Ana!ysis and Dcsign, 
2) Systems Engineering, and 3) Software Engiueering. The 

Systems An:~lysis and Design Departrnent is con cerned with de
fining customcr requiremcnts. developing sulution approachcs 
(in the big·pkture sensc, such as architectural leve! tradeoff 

studies). and dcsigning algorithms for spccific mathematkal 

prublems associated with a system undÚ dcvelupmcJH. This 
department is ~wffed with individuals tr:~ined in uperlltivns 
rescarch, systcms analnis, and cumputer sciencc.lll~' Sysrem~ 
Enginc~ring lJcpartmeut is conce"rned with pcrforming a 
top-\cvr.! hardwarc/softw:uc function:~J a!location (Le .. spccify. 
ing whic:h system functions are to be carric~ out by hardw;ue 
and whtch are to be carried out by software). Titis departmcnt 
h staffed with individuals trained in human factors analysis, 
hardw:uc enginccring, and communications cngineering. 
The Software Engineering Dcpartment is concerned with 
detailcd softw:Hc dcsign, software coding (proii;1.1mming), 
and program debugging. This departmcnt is st.dícd with 
indivídUals traincd in computcr program desi¡;n :md convc~
sanl wilh onc or morr programming languagcs. 

Along thc "managemcm axis"' in Fig. 3, therc are projrct. 
inanageÍnent ofr1ces thal· report to corpcirJtc managcment. 
A project man:tgcr is appointed for cach project or set of 
rel:~ted p~ojcciS. Each projcct manager dt3"'-'S upon the re
soun:es of thc three departmcnts just describcd.llowevcr. the 
project manager does not assurnc authority ovcr thcse rc
sources. The staff continuc to rcport to thcir" iespcctive 
drpartrnem !nanagen. [Thc row/column (i.e., m:tlrb.·Jil.,c) 
organil..11Íon:~l setup shown in Fig. 3 gives rise tu the terminol
ogy matrix managcmmr .] 

Álong thc "product assurancc axis" in Fig. 3 i~ the Product 
A1.5i.tram:c _Departmcnt. This dcpartment p\ays tl\1! role of the 
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Fig. ) .. A thrcc-dimcndnnal organizntional stru<.:ture for mnking visible, 
operational, and m~intainablc 'oftWarc-a "planc" of I'Wtri\ managc
ment augtn.:ntlld by~ "third dimenslon" of pwduct a~surance. 

devil's advocate, providlng eac!i projcct mimager (and corpor· 
ate man;J!;!Cment) with ~~~ a;·enue to gain Visibility into p10ject 

· progress othcr than through the tluce functional depat tmcnts. 
'lypiCally, these dcpartm'ems :md the Product Assur:mce 
Depa~tmcnt per~ei\'c project progrcss from different vicw
points-the three functional de-panments perhaps mnrc opti· 
mistic~lly and thc Produ.:t Assurancc D~partment perh;~ps 

more "pcS~imístically. This dep3rtmcnt tl1us prmidcs manage· 
ment ·with a potenthdly contra~ting vicw of project progrcss 

.so that managcment has the opportunity to make more in· 
tclligent dt.'cisions. To cnsure its" effectivcness, thc Product 
Assurance Departmcnt is sepa~au•d oi"ganiz~tionally from thc 
functional dcp::trtmcnts and the project managers. Ti1us, the 
departmcnt"s objccti\"ity is maiil::.~ined which, in turn,_main· 
tains its cífectivenes~. This pos !U re pro~idcs corpO!ate manage· 
ment ·Witl1 an added measure of assurance that proj!;'cts are 
pro.:-ceding on schedule, within budget, in a traceablc rnanner, 
;utd in ac.:ordance widt cuuumer rcquiremcnts an(l perform· 
ance criteria (and, if ¡l!ojects are nut proceeding in this man· 
ner, thü departme!Jt offers corporate man~gement an op· 
ponunity to find out why). For cx:nnple, through the configu· 
ration coi1tro! hoa:U med1anism Jcicribcd in thc following 
two sectwn~. a \'isible Hace oJ[ projcct activities is cumpiled 
and m:lintained by thc Produt:t Aüunmce Departmcnt. prrl\'id· 
ing man:~g~ment wit..h an e~sentill input for making inte!ligent 
decisions regarding ~ubsequent project evolution. 

111. TRANSITIOI'iJNG FROM A STATF.li!ENT OF CUSTOMER 

NEEDS TO S0F'lWARJ.: (OOJC-TI:IE SOFtwARE 

DEvr:t.OPMEN"f AND CHANGE 

CóNTROt. PHOCESS 

This scction describes our softw:ire deve!opmeht ¡!fld change 
cóntrol process in terms 'of thc three·dimcnsional organiza· 
tio'nal structure portrayed in Fig. 3. This· proccss aims at 
making softWare dcvclopment. and changc control visible
and thus manageable·-activitics. 1l1e result is .a software prod· 
Uct' thai is operational (i.e., mcets eustomer. necds) añrl ·¡s 
maintainabie once it is fielded. 

·.,·. ,. .. . 

Fig. 4 portra'ys the flow of our software rlevclopment and 
cha1ige control proccss. The cydk floJw dcpicted in the figure 
is based upon the majar releaic ~pproach. Thh ·<ipproaCh 
cor.sists of periodica/ly (i.e., ap¡:}roxhnately cveiy 6 to 12 
months) incorporatin[: a grOup of enhan~ements into an exisl· 
ing opcrational ba5eline to create the subsequent operational 
base!ine. This group .of. enhnncements, whcn incorp(irated 
into an existing op¡!rational bascliHe and dcpluycd,constitutes 
a llllljor release. A majnr releasc is thus a controJJeU wJy of 
upgrading a deployed systcm in roughly uniform increments 
(in contrast to an approach th;ll upgrades a dcployed system 
cach time a chang~ is apprtwed-regardless of the m~gnit•tde 
of the change). The primary advantage of the ·major releasc 
approach is that it pennits changes to be more .effcctively 
integrated with une another and with capabilities in the 
current opcratioñal bascline. TI1t prima¡y disadHtntagc of the 
major release _appm..rch is that the cu~tomer gcncrally has to 
to\crate systcm we:~knesses and problems for a longcr period 
oftime. 

The foJ!owiog is a w~lk-through of Fig. 4 (thc ryumbers in 
circles are keycd to 1l1e paragraph oumbcn given bchJw). 

1) Cmtomer requircmcnts (as miculated ·in a: toutracl) 
Me trand~tcd into ~oftwar~ cut!e via a sequence. of progreS· 
siv'cly more Jetailed ,pccificJtion steps with each slcp.in the 
sequence fonnalizeU by a dcsign review (coding does no_t 
begin until all rlesign review~ Jre complet~d). This design 
review cyde (describ~d in more detall in (3)) gener~!ly in· 
volves the development and review of the fo!lowing three 
specifica:ion documents dcscribing the ('llhanccinent to be 
iilcorporated i!lto the r1cxt major release. 

a) Preliminar;: Design Dor:ument (PDD), which trans· 
lates the customcr TClJUircments into a functional approach 
to the solution. The ducumem contains data flow de\crip· 
tions and a top·levcl systcm conccpt incorporáting the en· 
hanccment. The primar)' purpose of thc PDD is to. pmvlde 
sufficient" document:~tion for a more dctailcd desig.n of th.: 
enhancement after top·level con~ideuttion of alternJiives 

l. 
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Fig. 4. Ovcrvi~w of CTEC's ~oftw~re dc~·clopmcnt Jn<.l chlln¡'c control 
process. 

for imp!ementing thc enhanccment. Thc PDD is gencrally of thc design documcntation. lhi~ dcpartment •·erille) tha: 

prcparcd by· the Systems Analy.ds and D{"sign Dep:.rtment. each document follmv) lo¡;icall:> irom its pred~o:cswr ~rd 
1t is presented for revicw, modi!icition. and/or appJOval at validatcs that cach documcin is (.:Onsistt•ru .. -..·ith cu~;ou:.:r 
a Prcliminary Desigu Review. 

b) Function:tl D~·sign Docurncnt (FDD), whkh focuses 

on a!Joca!ing the functions iUcntifi.cd in the f'DIJ to harU

wure and software, and explaining thc flin~tions and implica
tion~ of thc design. The FDD typicatly cuntaim the !yntax 
for command string~ and formats for mcuus th;Jt comprise 

the interface bet\\'ccn thc user anJ thc system. Tht• FDD 
is general/y "prcpared by thc Sy~tcms Engineering Depart
mcnt. It is pre~entcJ ft>r review, modificatit;n, and/or apprO\·a] 
ata Functional Design k.c>iew. 

. requi1ements. As i~ e.Xplained in Scction íV. thc l'ri•Jtirt 
Assur:mce Dep~nmcnt i~ ~!so respuns¡bJe fw d~n:h•piuc· ollld 
cxet:uting procedurc~. to tCil thc developmera ba~clil~e" (Fi~. 
2). Th~· V&V :~ctivity oí thb tlepartmcnt p1oviJl·~ tht· J~
p3rtmcnt with early inputs for thc~c pron,.Uuni~. jSrc ¡ .. q 
for a discussion of ~·erificutillll anU \":JJid:rtion fo: Sl>!twm~ 
de~ign documentatiun aud for ?11 other software pruJu~ts 
dcveluped dming the Jifc ,;ydc.) 

3) Once the CDD i:. ;,¡pproreJ. thc Software bwimenn;: 
Dcpanmcnt prt!pares ~odc in ~..:~·ordauce with the (~IJD and 
FDD. This code is t!H:n mtegrHted_ with the codc fwrn tire 
existing opcratiuna! b:1scline to form a d<·,·elüpmellt bas.;·
Jinc. 

e) Critica] Design Ducument (CDD), which dc~cribes 
the design of Specific software moduks nceUcd to impkment 

the commands, mcnus. and other functions dcscribed in the 

FIJO. Thc CDD typio.:ally co"ntains logk diagr:um (c.g .. Warnier
Orr diagrams) whkh 3re then tzansfonncd into software codc 
(i.c., programming J:m!!uagc st3temcnts) during thc coding 

stage shown in Fig. 4. The CDD is generally prepared hy the 
Software Engineering Dep:ntment. 1t is prescnted for r~view, 
madification, and/ot appro\·aJ ata Critica] De~ign Re.;iew. 

Depending on thc Jevl'l af detail in thc: ~·ustomer rcquire

ffiC'Jits, thc PDD and/or the FDD rnay be omitted from the 
dcsign revicw ~yde. For cxample, a contiact with a cusiomer 

may alre¡¡dy contain as Jll 01ppendix :1 dl•~unH•nt ·compar~ble 

to an FDD developed, say, by another con tractor. In su~h 
cases, a design rcvicw m ay be hcld at the ourset of a projeet. 
to detemline if any l'ltanges need to be made to !he customer

provided FDD (or PDD). The customer gencra!Jy'participatcs 
in the Function:~l Dc~i¡.:n· Review and Critic31 Design R~view 
and .fonna!ly apprm:es the assodated desigu documcntJtion. 

lf necessaf)', the customer requcsts ch:mges to this documenta
tion (~hÍch mar then bt! submi!!ed for cusromcr approval at 

a Subsequent design rt!vicw). The Preliminary Design Revicw 
is·generally not <~Hended by the customeJ, sin,;e this rcview 
i~ a forrilal brilinstorming sesSion on ho'w t" dcsign for a cus

tomer. ;eqtUrCmCnt. The PDD !nay be malle a\·ailabJe tu ~he 
customer· usa prog1ess rcport. 

2) Tlirougliout thc <ksign revicw cyde, thc Product Assur
ance Departmcnt pc-rfonm verification and \'alidation tV&V) 

4) Also added to the dc\elopment haselin.: is codc (rom 
~h:mgL· requests approved by ~ ·Mainten:mce Cunfigura:ion 
Control Board (~ICCB). lhc MCCB is a change control buUy 

th:ll fun~tions throughout thc period bctween majur rclcases 
(anJ. in panicuhu, thn,ughout-the dcsign review .:ycle). Th" 
MCCH is described in Sc~tiuu V. tSee {~ J :;nd [5] for ;¡ more 
dctuih.·J discussio-n of the cünccpts ·1;1f dmngc .:antro! <~ni.J CCU 
as prescntcd in this papL'r.) 

5) Once the dcvC'loptuent bascline is, cümtructed. it is 

turneoú over to the Product Assur~lrlCC' J)~·p~rtmcnt fot te~ting. 
The te~ting: cycle and the associ':ltcd actiútics uf thc: Test 

Inciden! Configuratioll Colntrol Board (TICCll) are dck"libed. 
in Scc_tion IV. · 

6) At the end of the tcsting .·yc!c, the operution uf thc 
devclopmcnt base!ine is dcmonstrated to thc ...:ustumer. Cencr

al!y, this oprration i~ demomtratcd at our facilities ami then 
at thc ·user si tes. This dc:monstr3tion cón~ists of executing. 
thc te~t procedures uscd duriug thC testing L"}-'cle refcJrcd to 
in 5 ;1hove. This dcnmnstr:llion :~lso consists of c>.cursions 
from thcsc test proc~dures that thc custorner nlay ~lect 
to s:.~lisfy himsclf that the software code is performing in 
acL·ord:mce with spccifkations. Somctitncs, the custorncr 

may choose to have thc dcmonstratinn at the user sitcs cun
ducted by·an :~gcnt ot!Jer !han tlur'c,unpany, using eithcr our 

,-test ptoccdures OI othcr test proceUures. 

7) if thC_ CUSIO!llCl ÍS sati!,fied ~·ith thc Oll~ÍIC I.Ít!lllOIIS!I:J· 

.. , 

1 
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''-, 
\tion, thc development bascline rtplaccs thc exlsting oper~· five-colunm foón<JI shown in Fig. S. This five:<olumn fonnat 
ltional h;~scline and becomcs thc ncw operational buselinc. is particularly suited to the te:.ting of intcrlloÍve systems, 

/The cus1omcr may acéept thc developmcnt basehne as the 5~ere thc uscr interface is via a kcyboard input and the 
./' new operalional baseline evcn if <~ll test incidents have· not system response is via a display of inionnation on one or 

be en resolved. TI1ese oulslanding test incidents are thcn more screens. Thc deftnition of each co/umn is as follows. 
considercd operational incidents and submitted to the MCCB 1) Column 1, Step, provides · an idenlifying number for 
(or resolution. each step in the test procedure. 

The prcceding' discussion completes the walk·through 2) Column :!, Operator Action, dcnncs the action taken 
of Fig. 4. TI1e next section focuses on the te.sting cycle and by the tester to perform a pJrticul:!r step oftlle test procedure. -
the :¡¡;tivjties of the TICCB shown in the figure. 3) Column 3, Pttrpase. cxplains why a particular ¡,tep is 

IV. DETF.RMINING TIIAT OPER.ATING SoFTWARE CooE 
Js (ONSISTENT WITH (USTOMF.R NEEDS-THE 

. TESTING CYCLE 

The tcstiug cycle begins With a turnover of the.devclopn1ent 
baseline by the Software Engineering Depanment to rhe 
Produi.:t AssurJnce Department.1 This turnovcr is form3lized. 
by a' mcmorandum from the Software Enginecring Depart· 
ment to the Product Assurance Ocpartment Jisung al/ the 
chang~ rcquests and softWare modules that are being handed 
over. Bcf01e the conclusion of the turnover 'meeting, a date 
is agreed upon for returning the developmcnt bascline (and 
test incidcuts) to the Software Enginecring Depanment. (This 
i.nitial turno\'er mctting cun be rcgarded 3~ the first TICCB 
meetinf! in the iesting cycle dcpicted in Fig. 4.)The Sof!ware 
Engineedng Oepanmcnt. also turns o ver the media containing 
the dcvclopment baselíne software code. The Product ,As· 
surance Departr~ent makes a copy of this code and placcs the 
copy under configur:uion ,control. This copy becomcs the 
reference point against which subse(¡uent changes to the 
development baseline are made as a result uf test incidents. 

With the establishment of a configuration-(ontrolled 
development baseline, the Product As~urance Dep3rtment 
begins executing its test prucedures. Tile test proccdures 
documcnt typic~lly consish of sevcr:~l hundrcd pages 3nd 
gen.crnllr grows with each m:~jor release. lt contains tests 
developed for chnnge requests and p;uches, tests developed 
for thr new capabilitie~ bcing incorporarcd as a resuh of the 
most rcccr11 design re\'iew activit)', anJ tests de\'cloped for 
capabilitits introduced in prcvious releases .. Satisfactor}' 
executivn Qf thc~e procedures thus proVitles J leve] of wn· 
ndtllCC that J) thC I!C\~' CJp:!bilitiCS u re perfoiming in 3<:· 

cord¡m..;~ ~1.-i1h thc spe.:inc3tion~ sct forth in FDD's and CDD's, 
2) im:orporating these ncw cJp~bilities has ·not introduced 
any problems in capabilities that were p~rt of pr-~vious re· 
Je3ses, and 3) corw:ting old problems has not introduced 
new problems or reinuoduc~d other old problems pre\iously 
flXed. 

Each set of test procedures addressing a functional area 
is introdu~Ced by a biief dtscription ofthe c~pabilities included 
in th3t functional arca and the testing appf~uch taken. The 
step-by-step test prócedures are then prescntcd using the 

t Tt should be nor.:d lh•t the Software Engineerin~ Dcpanment 
genáaiJy performs sume !eUinF on !he d('Vdopmenr bJstline before 
thU turnover. This te~tint. iOcusc~ on cnsurin,~: lhJt '-'lurc~ (ompilation 
and a~~emhlf error~ are rwt prescnt and th~l ~u ncccss:~ry codc ls presr.nt. 
This tc-~ting ~!so ¡:enc¡:~lly indudcs chcrk in¡¡ t h~ •·JI<:rJ!ion of indivirlual 
modo le~ h• cnswrc, for exunptc, that inputs ar~ properly acc:epted and 
outpwts are prope.rt)' gencr~tcd. 

being cxecuted or ~ capability is being exerclsed. 
4) Column 4, ExpecteJ Results, rles..:rlbcs the system re

sponse or .other rcsult that is expected upon completion of lhe 
action described in the Operator Action culumn. The info·r· 
mation in this coluri1n comes from FDD and/or CDD m u erial, 
or modifications lo ihis m<.~tt:ri::al as a result uf MCCB·approved 
change requc$11 (st'e Section V). 

5) Column 5, Commenls, contains information that !ll¡jY 

be helpful to the t<:stet. b~mples inc/ude a description of 
the rationale hehind a pomicular sequence of test steps, bound· 
ary value inform~!ion for :he functions being te\ted, or com· 
~nt'ntary on pos~ible problems or critic~l :ueas. This column 
may also ·contain referencrs lo particult~r ch~nge requests 
approved by thc MCCB. TbC!>.! references providc a means 
for tracing specifk te~t results back to ~oftware specifications 
which. in turn, pnwidc a means for tracir{g bJck to CU5tomer 
requirements. In this manrr:r, the customcr can be shown 
during demonstration testing thit the cap3bilities he askcd 
for are indced embodicd in the executing softw:ue co9e. 

As the test procedurcs are executed, the te~ter may notice 
a discrepancy betwccn 1he results spel'ified in the Expected 
Results column and the actu:.ll response of the syslflll. When 
such a discrepancy occurs. tl1e tt'stcr fiiL> out the upper pnr· 
tion of the Test lnddc1H Rl"port (TJR) form shown in Fig. 6. 
The tester ~]so attcmpts lo r~..:reate the di~crepan,;:y by re
executing the pertinent. test stcps. If he is successful, he 
check~ YES on tJ1e TIR form; otherv.·ise he ched .. s No. The 
testcr may also <~ttach ;~dditional information to t11e 
TIR foml, such as a plintcr output or a h:ud copy of in· 
formation ~ppearing on 3 display ¡creen :at thc tiffie the dis· 
crepancy wa~ enctlllntcred. 

When all the test procedures Jt;¡ve been exccuted, ;¡ TICCB 
meeting, which .was scheduled al thc. first Wrnovcr CCB 
mreting. is conwned. At thi~ meeting, the P10doct Assurance 
De¡lartment forma!ly ;eturm the de,ek1pment bas~line to 
the Software Engineering Dcp:nlment. The TIR's generated 
during the execution of tite le~i procedures are· discussed 
to clarify poss_ible- misunderstandings about tht' problems 
de~aibed on the TIR forms. Fo!lowing the meeting,. the 
Product Ass\1rancc Órpanment wri!es a memorandum suc.h 
as that shown in Fig. 7 th<Jt wmmari7:cs what h3ppened at 
the meeting. This mcmorJndum gives visibüity to the testing 
process becuuse it accomplishcs !he following: 

l) Furmally e:>lablishes that the development hasi:line is 
now back in the hands of the Software En~incering Dcp~rt· 
ment. 

. 2) Gives poir1tcrs2. to thc problcms disr.overed during 

2 That is, the TtR i11unbcrs (In thi. case. #l lo #JOS). 
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OPERATOit ACTION ~ EXPEcrED RI:SULTS COMMENTS ' 

Describes thc 
actiom t1ken by 
thc person whu is 
e~~:ecutlng the te.1t 
procedure~ .. 

Describes the nason Dc~cribes thc Contains additional iuformatiun 
such :;n boundary data, a 
diwu1~ion ofthe rationalc 

for the step. c~~:pected rcspomc 
ofthcsyst~:m tu 
thc action spcciflcd for thc ~tep or.operator a•·tiur¡, 

or the 1~11 strJtegy undcrlyin~ 
thc &tep. Ma}' aho contain 
pointeu to FDD, CDD. andtur' 
change rcqucn docum"ntatiun. 

In the Opllrator Actlon 
column. 

{Documcnt !\o.J 
(Rclbsc No.! {Page No.J 

Fig. 5. Fivc·co!umn formal for >pecifying tc>t procedures. 
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1 ~- 6. Test lnddcnt Rcpurt (TlR) furm. 

tcsting. (1! may be usl'ful to altach copies of nt le~st some 
of the TIR's tu the memor:mdum becat.ise. for ('xamplc, upp('r 
level mamtgcment ·may wisl1 to gct a fecling fur thc nature uf 
the problems encountered during testing.) . 

3) Highlights partkul:nly sif;nifk:lilt pwblems (in this 
case, the probJemS definl.'d in TIR's 37 through 45) and Of
fers a starting point for the programming-staff tu seek SoJu. 
tions to these prOblems through a pointer to a "specification 
document (in this case, CDD #J.CS). 

FoUowing the. TICCB meeting, the Soffw:~re .Engineering 
DePartment begins developing sulutions to thc TIR's on its 
copy of thc dt:velopment baseline. Thi-sc solutions are c.locu
mented on thc bottom part of the TIR fonn shown in Fig. 6. 
The Software Engineering De"p~rtment complc1cs itS analysis 
of al! of tite TIR's prior lo the st:hcduled d;~te uf the" next 
TICCB meeting. The Software Engineering Dep;~rtment also 

makes coding changcs to the dc\·elopmenl ha,~·line tho~l il 
belirvcs wiJI l'Orrect rhe proO!ems (i!nd perfonm .te~\:, to 

see if the pwb!ems havC indeeU bcen cor~cclcd). Thr Soft· 
ware Engineering Ol!purtmcnt t'timplcres ~s m:ul}' of thcse 
changes as possrblc prior to the Sdi.eduled date uf the TJCCH 
meeting. (Jf too many chungcs :~re still not completed by 
that date, the Software Engineering Depurirncnt may request 
a postponement of thc TICCB meering.J Ou the s.:heduled 
date, another TICCB meeting is conveneJ ;~nJ th" Software 
Enginc.:ring Depurtmcnt formally returns· the (updated) 
devclopment b"Jse!ine to thc Product As~urance Dcpanment. 

TI1e solutions to the TIR's prcsented at thc previous_TICCB 
meeting are discussed. Thc Software Enginccring Department 
m::zy als" prcsent new TIR's gencrJtcd as a resir!t of its attempt 
to fix thc other TIR's. Following thc meeting, the Produ.:t 
AssurancC Dcparlment writcs a memorandum such :rs that 
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-------,-,E-.b-10-RANI>UM . ~ -~ 
TQ: Dimibution DATE: IBby 199.5 

FROM: Product A~~ur¡¡nceOcp~nment CliRON: 95-PA0-1 OS 

SUilJ: R<:le~wXXTestin~Mcctin¿c#l 

1.0 lhl_c ofMc~ting: 14 ~luy·J99S 

2.0 Au~ndc~~: Jllcre, tllc n:unc of •~Jc'h pcr1on who altcnded 
tho met,tin¡: ~nd hi5 ur¡:~nil~rional nffili11tlon 
art!Mcd,J 

3.0 CC8 Actlon: 

1. Rel~ou~:~ XX wu turncd ovcr to the pro¡:ru·~mln, uaff. 

b. One llun!.lred Pnd fivc {105} TIR's wcre rurn«< overand 
. rlistll!..~cd. There "'as c:~.tcnsivc.di~cus>ion uf TIR's 37 

throu¡:h 45 whkh describe p1ob!ems relaied.to thencw 
mcm1~ d~nncd in CDD ;!].CS. Thc rimna,l(cr Of thc 5oft· 
w~ro Enpineerin¡! DcpJTimcnt indicatcd that he would 
have his staff gjvc particular attention to thb set of 
prob!cnu. 

c. h .wa5 a¡lrccd that thc Softu'l!re Engineering Dcpartment 
wou!d rcturn the Rc!ea~e XX softw~re to the Product 
Anurancc Departmcnt on 21 May 1995 for additio~ 
IC$1Íil,!!. 

Di~tribution~ /llere, thc namc of each pct$On who is ll' reccive 
a copy of thc mcn10randum is !istcd. This Hst _gen· 
CtJ!l)' includcs arl the meeting attendccs and cor· 
poratc managcmcnt.J ,________ ------------~ 

Fi¡l. 7. SJmp!e TJCCB ininutes summ.ll'izing the turnowr of the de
vclopment baselinc from thc Product Anurance Dcpartmcnt to the 
Software Engin~cring Departmcnt. · 

sho_wn in Fig. 8 that summarizes what happened at the 
meeting. 

The Pruduct Asmrailce De-partment then repeats the 
activitie~ it perfnrmcd when it first re~·civcd the development 
baselinc. The ¡:y eJe of turnuvers ·betwecn the Product Assurance 
Departmcnt and the- Softw;.~re Enginccring Department con· 
tinues until no TIR'~ remain or until tlJcte is corpor~te agree· 
ri1em that any oUtst:wding T!H's·are nut suffidently serious 
tO preven! denwnstr<~tion of the devclopmcnt baseline to the 
customcr. Each turnm•cr is documcnted as indicatcd in Figs. 
7or 8. 

As s}¡",,wn in Fig. 4, in·housc testing (Step 5) is followed 
by a demonmarion 10 the Cll:i!Omer (Step 6). Tltis dcmonsrra· 
tion .rypkally consists of o:ecutk•n of our test procedures by 
thc customer at our facility :lUgmented by customer excur· 

. sions from thesc procedures. As a result of rhis dernonstration, 
<!dditional TIR 's may be genera!ed that thc customer may 
want fixe-d bcfore the development ba\cline is deployed 
for onsite testing. When Íhc demonstration (which may last 

. se\·eral days or longcr) has been completed to the satisfac· 
tion of the customer. he signs the rest procedurcs. The dc\'elop· 
ment base!ine is then deployed lo tlle user si tes. Testing by our 
coniPany andiór other custOmer agents is thcn performed on the 
developmcnt baseline operating .in a live environment. Addi· 
tional test incidents th~t the customer may want corre.::ted may 
result from this testinll. When tlle customer and tite user 
airee rhar thc: devclopment bascli11e is operating salisf¡¡ctorlly 
in' acCordaJJce with our and/or the othcr customer agents' 
test procedurcs minu~ :rny mutually accept~ble discrepancies, 
the user statcs in wtiring thai thl.! developmcnt bJseline has 
heen accepted. Al th3l point, the development baselinc be· 
comes.the new operario~al baseline. · ' 

. ¡· 

61' MD.IORANDVM 

TO: Dlstribution DATE:· 22 May 1995 

FROM: Produc! A~surJnccDcpartment CIIRON: 95.PAD-129 

SUBJ; Rl•lc:ls,•XXTenin¡;M~ctin¡:#l 

1.0 D~tcofMcctin~: 21 M~y !995 

2.0 Attcndc~·~: Jllcrr., thc llJilJC of u~h penan who attended 
the mectin!1 and hb or¡:~nil.3tional affi1i.1tlon 
are lisi~'<I.J 

3.0 CCB Action: 

a. ReleJ :.e XX was rctuJned to !he- Product Auurancc Do· 
partmem. 

b. Of the onc hundred and fwe ( 1 0.5) TIR 's turned o ver at 
the 1_4 May meetiri¡::. cone hundrcd (100} TJR's have been 
corrcdcd via codc chan¡1CJ (TIR'¡ ttl lhrough 87, ilnd 
91 through 1 03). 

c. Thc manager of the Softw~ En¡dneerin¡; Departmenl 
statcd that TJR .~:88 was thc result 6f an impiopcr op
eration of thc system by thc Product Auur~nce Depart· 
ruent and thcrcfor_c no t:orrcC1h·e a1·tion wu re-quircd. 
Thc mJnJJ:cr of thc Produet Assurance Dc-panmcn\ 
s:~id thJt he would corree! thc pertincnt test procedurel 
to provide appropriate duification lo the te~ters. 

d. The mJnJ¡!CI of the Software En!!inecting' Dep;¡rtment 
submi!H;d TIR's 106 th1ough 125. Be indkatcd that 
so!utions -.md associated ende had been devetopcd for 
TJR's 106, 119,and 122 through 125. Jlea]so indil;ated 
that solu!ions for the rcm~inin¡:! new TIR's have not yet 
becn de,cJoped. Therc wa~ sorne Ui~ussion abo u\ TJR 
J 19 whkh thc manJ!"Cr oí thc Softw.ll'c [n¡!ineering De· 
partmcnt fclt lllJ}' not rcally be a prot>lem bccaus.e thc 
spcdfkJtior., FDD .:2-IBS. was V3¡:'11~ in the aw,¡ of con· 
ccrn. Th~ mana,2cr of tlic Software Enginccring Dtparl· 
mcnt ~totcd that hcwrotcTIR 119 :o obtain cJ~rilication 

·on the UlaHcr. lt wa.1 deddcd that thc problem dted IIÍ. 
TIR 119 w:u indced a problcm. 

e. lt was Jj!N:Cd thai the Product Assuranee Dcpa."lment 
would r~turn the Rclcase XX softw;uc to·the Software 

l 
En¡:inccring Dep~rtment on JO Mar 1995. 

Dtstrlbu!lon [Ber~. the nante of cach perwn who is lo reC'cive a 
copy (! fthc memoro ndum is li1ted. Thisli~t ~encully 
lncludi'S aU the mceti~ auendecs and corporuo 

--- managcmcnt.j 

Fig. 8 .. Sample TICCll minUte~ summarir.inJ the turñoVer of thc de
n]opmcnt b~~eline from the Software Enginr:erin¡; to the Product 
Assuronce Dcpartment. 

V. Kn:riNr. TllE Ct.:STOMER SAnsnz:o-TliE 

CoNF'lGIJHAT!ON CONTROL BOA!W (CCB) 

A/'W THC MANTENASCE PROCESS 

Following the ruablishment of the n~w operational blse· 
line, the user employs it in his liH" operational efp;ironnlent 
untiJ the neAt major release rC"p/aces i!. During this opera· 
tional phase, the user m::ty require that mainten"ai1ce be per· 
formed on t/1e software. One cause of this maintenance. 
requírement may be the discovery of latent .defttrs in the 
software, i.e., software performance that fails to.meet the 
use·r·s prcviously statcd requirements. Other causes of maln· 
ten3nce action are a changc in the user's nceds or a des.ire to 
enhunce his systcm. Each maintcnance rcquirement is docu
mented in the fonn of an opeJ:ttiOnal incidt>nt rcport. Opera
tional inciden! repoi"ts. are forwarded to the M .. intenance 
Cnnfiguration Control Bo~rd (MCCB) fo! process.ing. 

The MCCB consists of ·CTEC and customcr r~preSen.ta· 
tivcs. Jointly chaired by our iJroject managcment and the 
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customer's projec¡ mnnagemcnt, it meets regularly (typic:~lly Sol!ware _systems. Thcir adoption/adaptation c¡¡n enhance :; 
weekly) to process operational incidents submitted by users thc Jike!ihood ofsuo.:cessfully meeting the software enginecring ,, 
of the curre~tly deploycd operational b<Jsclinc. In response projcct managcment cltallcngL·. We fcel that our cxperience ~ 
to these incidents, thc MCCB takcs onc of the following ac- is further confirmation of thc hypothcsis statcd in (6] that ~· 
tions: "large-projcct software engineering procedures can be cost-

1) Determines that the inciden! was the result of improper effectively tailored to small projeCu." 
user operation of the system.·fn this case. the user is informed 
o( the·proper way to.use the system, and the incident report is 
simply atchived. · 

2) Detcnpines that the inciden! was cither 1) the result of 
proper user operation and therefore reptesents a system 
defidency or 2) an opcration not provided by the current 
system and therefore represeuts a system enhnncement or a 
changed user need. In !mth cases, the MCCB appro\'CS a 
change rcquest that, depending on the mture of the change, 
results'in one of the following dispositions: 

a) lhe change is within the scopc of the existíng main· 
tenance contract. In this case, the cho:mge Js submitted to the 
Software Engineering Department for coding and incorpora· 
tion into the next releasc ofthe operatioOaJ baseline. 

b) The changc is not within the scope of the cxisting 
maintenanCe contract. In this case, the ~:hangc is' fi!l!'d for · 
incorporation into a subsequent mntract (i.e., customer re· 
quirements statement) for eventual incorporation into a 
future major release. 

e) The .change is needed to corre~:! a problem that is 
making the · operationaJ baseline inope!;Llive or unable to 
satisfactorily support opcrations. In this case, an emcrgency 
patch to the operational base!ine is aulhorized by the MCClL 
The Software Engineering Department prepares the patch 
codc, which is then submitted to · the Product Assurance 
Department for testing. If this testing indicatcs that the 
patch codc corrects the problem, the. pa¡¡;h codo! is ~ent to 
the affeCted us~r sites whert it is incorporated into tht opera· 
tional base\ine. This patch code is also incorporated into the 
development baseline. 

Each MCCB meeting is donimentcd by a set of minutes 
similar in nature and form .tO those. of the TICCB (see Figs. 
.7 and 8). As was the case with the TICCD minutes, the minutes 
of the MCCB áre Tccurded, ardlived, and reported by a member 

Or the ~roduct Assurance Depanment. 

VI. SUMMARY ANO CONCLUSIONS 

6 2 RE~'ERENCES 
{1) F. P. Brooks. Jr .. Tht Mrthiral Man·Mumll: EH<'.I'' "" Soji>H¡rt 

Enginurin!(. ReaJing, MA: Addi,on·We~ln·. I'J75. 
(2) E. H. Be(',off. V. O. Hcnd~non. 1nd S. ·G. Sic¡:d. St>fr .. ·an· 

Conftgurution Ma~~<~g~mem: An ln~~Jim~n.t in Prudua lme¡,r¡·. 
Englewood Clifro. Nl: Premic~-lla!l. l';l.SO. 

{3] W. Stallings, "A matri:c. man:lf(m~m ~pproa~h m \Y'Itm de•eiop· 
ment," in Proc !9th Armu. ACM/NI/S lúlr. ~\mp.; Purh .. ·uptu 

· Syslrm fnugrir,v, June 1980. pp. 41-4~. 
{41 W. Bryllll, S. SicgCI; anJ G. 'll.'hite\e¡rther. "AuJilin¡: thl"u~~htJul 

the software lifc cyc!e: A pnmer," Jt'l·:t: Co>rnpulrr. HJ!. 15. pp. 
57-67, Mar. 19112. . 

!51 -, "An appruach lo ,oft..,are.confi¡!:urauun cummt.·· in f'rr
fomumr~ E•·al~<llfi<HT Rr•·i~,. ( l'•M 1 /\CM w,"l•t:upi.Sylup. Mea\· 
uremenl and E~aluation of Soft"'·~te Quality. M~t. Z~-::1. I'J~I f 

vol: 10, no. l. Spting 19111. pp. D-17. 
161 B. W. Eloehm, "An <:t!l"rimclll in ~n•alt..~cale <tppli~•tiun 1ulf"' 4 r~ 

engineering," IEEf: Trani. Snft .. art Eng .. .,.oJ. SE·?, i'i'· .1!!2-
493. SepL 1981. 

Wllliam Bryun receiveJ the Pn.D. ·k~rec in 
cumputet ~cieuc<: from Gc,rgc w~~l11n~t;•11 \!m· 
vcr,ity. Wa,hillgtun. DC. 1n t97b 
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Mcl..ean, VA. He has been a.:u·,efy invul-.·d al 
C'TEC in !he applicalíon 01 "'f¡w~rc c11nfi~u1a· 
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tirm and valiú:uion, aml te~! anJ C>alualiun. Thi~ 
aclivity ha~ inclu .. !cú dctaikd 1c..:hni.;al Judit- of 

softw.1re and documentalion. disciplint:J ~·cmtrol üf ch~ngc~ 111 "''!".~'~ 
.and documcntation, and acc~pumc·~ te~ling of soft"~le 'Y"cnL•. ~JI ll•r 
sy¡tems ran¡;ing in siz~ fmm small tu ~cry Jargc. !le h~, kclurcl.! c\1.·n· 
~ivt<Jy on software pro<Jucl assur~nce. hnch nation&ll)' and inr.:rn~:iun.,tl). 
!lis lccturÍn)l i~ ba.~cd no hi~ con~idcrahlc CApo::rienc~ in !he ~··tua! pr Jtllc· 
Ín¡! of .wftware prnduct aswrance. He h~~ uver .23 ycan cxp~ricn~c m che 
soltwnc engmccring ptufc">swn, and ho~.s workcd in th~ 'pt:"~ilicatiUn. 
dcv~lupmcnc. and maintcnancc of mililary n•mmand Jnd cnnttul ') ,¡,•ms. 
ind11slrial pn:>eC$5 cunero[ syslems. and IJrgc dutabl!sc man~~en~etn ·•Y~· 
tems. 

St.anley Si~¡;cl r.:occived the Ph O. <lcgn::c in thco
retical nuclear rh~~¡, .• f«>m 1tu1~c~ Uni•·~rsity, 
Nc:w Brun~wick. Nl. in 1')70. 

In the preceding sections, an org:miz~tion and procedures 
for making software visible, operational, and maintainable 
have becn described. The organization cmphasizes an in
dependen! product assurance group. During the softw:~re 
development and change l:OÍltrol process, the lr:msition from 
a slalemeni of customer needs to software code is accompli!hed 
through a series of design reviews that provide visibility to the 
developing software ~nd enhance its n111intainability through 
thc establishment of traceability. The tcsting cyde, which 
determines that operating software is consisten! with custome'r i. 

He is curr~ntly the Tcchnical Oirc.:hll o( !he 
lntclligen~c: S)>lCIIh D .. i~ion uf cn:c. lnc .. 
Mcl.ean. VA. A IOil-pefMln cumr;uÍy. LTI.C <k· 
vclop~ software ~y~u:m., that ~uppnrt milil~ry ar.d 
intcll•gcm·e t1p.:ratiun~. C'TiiC ahu prm idcs in· 
dependen\ ~Úifkatinn anJ ~~lid~ll<ln (V & V) 'er· 
vices wbich indudc applic~uun ol thc ~ult"'·arc 

li(e cycle managcmcnt 1o.xhniquc. d<:...:1ihcd in needs, ensures that the softwnre works. During the operation:il 
period, thc Maintenance CCB ensures that the software as 
changed is visible, operational, and retains its maintainability. 

The foregoinS pra..:tkes have been suc..:cssful for our cÓm· 

pany, and we fccl·th~t theY, L:all be app!icd to problems fa¡;ed 
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· by similar small organiJ.ations developing and maintaining 

hi~ teuhool on S<tftwan: cotlfigur.ation nt.ana¡:cmcnt. He ha~ wnrh•d in rhc 
computcr lkhl in various an:u. includin¡~ s:Ystcm' ptt~r~mmin¡: ;md 
autom;~tcU ~up¡>ort fut natinnal levd milic~ry c"nun~nd ~nll cnnll<>l ·'~~
.tcn1~. Ourin¡: thc pasl !IC~cn ycafll, he h?s hccn at CTEC pcrfunnin~: :ond 
tcaching sof1warc pmduct as~Utlln<.:e. He l~cturc~ intcrn.lllonally "" chi~ 
~uhjcct. whkh indudc~ cunlit;uration tn~n;o¡:cmcnt. t¡u;.,Jit~ ~·suran<'c, · 
;¡uJiting, und tc~ting. 
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Reviews, Walkthroughs, and lrispections 

GERALD M. WEINBERG ANO DANIEL P. FREEDMAN 

A.b.rlroN-Formaltefhnical re•·itlu .!1Uppl}· lhe qua!Jty Rll'D~urement 

lO tht' "costerTrctiv{'ncss" equatiou In u proj~ct motna~cmt'ni5)'Urm. 
There lln -~nu:.l uui(jue fl•rrnnl tcchnkal rnie" procrdurr!, QCb 
appliuhic ¡u partkular typc~ of Jt•chniul maltrial nnd to lhr parllcu· 
lar mix of the Rnit"'l Commiuee. ,\1/ formal terhniral rcvir,.·• pro. 
duct rl'pnru on iht· on·rall qualily ror projecl mana¡¡:tmenl, and 
~pecinc lcchnical infurmalinn for the producen. Th~ reporta abo 
serve 11~ an hl•tnrk uccounl of lhl' s)~lcm~ drvelopm,.nl pr~eu. 
Historie origins and future lrcnds or formal and informal l«hnlul 
.review~ :are discussed. 

Inda Tu~n.s-Project "managt"ment. soft~~oare dndopmtnt mana¡e: 
menl, fechnkal review¡. 

TIIE PROBLEM OF CoNTROLUNG TECHNICAL 

INFOf\MATION 

A~y CONTROL systern requires reli:!ble infotmnti~n. A 
projcd mJnagcmcnt systcm nurmally obtains Hs informa· 

!ion by lwü qtJitc differelll rnutes, ~s indicated in Fig. l. Cost 
and schedule inflmnarivn n~mcs in ..:h;u,nels re)a!ive/y inde· 
rcrulent of the pruducing unit. :md can thus be rclied upon to 
detect crosr ovcrmm and schedule slippagcs. Evaluotion of 
rechnical (l/llf'/lt. huwcver. ¡, nft~:n ;¡nother mllttcr. 

lf pruject. m;rnagemcnt is uot ·in a. pusítion to cv<~luate 

tcchnica) uutput dirc;;t/y, it lllUSt rrly nn the producing unit's 
own e>·aluation-a dangcrous ¡!ame if that unit is ma!function· 
ing. If !he unit is tedrnica!ly we~k in a cen~in area, the unit's 
judgment will be wrJk in the ~ame arca. Just w/;cre the vMrk is 
poorest. t/H' ev:~Juation sent w mao:~gement wil/ De l~ast likely 
10 show the wcakncss. . · 

But cvcn if thc produdng unit is not tcdmic;¡J!y weak, the 
problcm of unrcliablc inforn1ali,m pcrsists becau:e of inform:J· 

tion.ovcrk•:Jd. As a 11nÚ ovei-Juad~. inatkquate ~upcrvision may 
¡;ffect v.wk quality-while at thc s::unc tlrne <~ffe~..ting the 
quality ,¡f the r1·;duation. The tulit II'WUS lo be done on 
schedule and wams the work tn be corren. linde¡ prcssure, 
any hun;Jn be in~ w[ll s~·~· what ís II"Jntcd instcad ofw!JJt exists. 
Jusi wl1cn it i> n..;oeJo:-·d most. thh n,ntwl s~stem uttetly fai!s. 

Ttn: R1nE or THE forH.JAL Tr.otNJCAL·REVJF.W 

F onnal tcchnical reviews cOme in m~ny vadations, under 
mnny namc~. but all play the same role in pruject manage· 
mcni. as indicatcd in Fig. 1. As in fig. l. the produ.;Jng unit 
controls irs own de1·c!opment \!.OJk, perh;~ps even conducting 
infom1al rc•·icws intermlly. Al thr leve] of the pruducing unit, 
in fact, the use of thc formal tl'chnical review requircs no 

Manuscript reccived hnt.JJ!Y 5, 1983. 
G. M. WriJJbc•r¡r.ls with \\'dnbcr¡; ~tld Wcinbcrg, RurJI Route Two, 

Unco]JJ, NE 6850.S. 
IJ. P. Freedm:tn i~ witJJ·Ethnotcch, lnc., P. O. !lo.\ 6617, Uncoln,

NE68S06. 

~·- '"""" .. 
Fi;¡. l. Managcrm·m's ~¡~~ of the \Holpu 1 uf <1 fnugramn1in~ rf(ort. 

·-·~'o~,..,. P".,.n, 

fi¡;. 2. Thr pt.ce Ofthc formal rechnkal r~•icw. 

ch:mgc. which simplifics its introduction ns 3, proje.:t rnanagc· 
Jl)ent too!. 

As thl' di~gram shows, the formal rl'\·ic·w is conJucted by 
peopk who JrC llflf part of that producing uuit. Hupefully, 
the~e ~re pcople wlw hJI·e no conscious or UJ~cnnsc:o·l~ reason 
for favoring or Jisfill"uring the pro.icct"s work. ~!oreovcr, their 
report-the technica! rcview summary rrport-goes to manage· 
men1, thus providing re/iable iii[Qmzarion 10 be U5ed in man· 
agement rcviews of the project. 

MA..'-;AGF.1>1ENT RJiVIEWS VERSUS TEOINJCAL 

REVIEWS 

Fig. 2 also il!u~trates !he difference bctwcen a teclmical 
rcv:iew and a managcmem revtew, ~ometirncs c~ll:!d a "prujcct 

© 1983 Gcrald M. Wcinberg and Daniel P. Fn:cdman 
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revicw" or some similar naure. 1hc lechnical rcvicw committcc 
is stuffcd by technicill pcoplc and'studics only tcchnical issucs. 
lis job ls lo put tl1e l'Valuation of tcchnical output on thc samc 
reliab!e ba~is as. say, cost and schedule information to man
agémrnt. Using buth sorts of inform:Jtion, managemelit can 
now make informed judg¡nrnts uf what is to be doi1e in 
contrulling thc proje~.:t. 

11 should a\so be notctl that rnost "projcct ~:orJ!r0l" sy~tems 
do not cuucrrn thcmsdvcs with thc accuratc and rcliablc 
C\'alu<.~tiun of the qualily vf tcchnical output. lnstead, tl1cy 
concern thrrmdves with mcasuring what can be measurcd 
wirhou/ tt!dwical re\·iew. assuming, more· or less, that one 
module Of 300 lines of codc is just like any other. lf that 
assumptiou of qua!ity h ~orrect, then thcse systems can 
providc exccllent managcment inform:Jiion for proje..:t 
control. 
' Jf that :tsq,unption is not corree!. howerl!r, thcn only tite 
''cost" side Of the .. cost cffecth"cncss'' ledgl'r lws any meaning. 
Undcr such com.litions, cvcn the best projeet control systcnos 
can provirlc only an illusiun of control. Thc ..:onsequcnces are 
familbr enough--missed schcdulc-i. cost_ mwruns, unrnct 
specifications, inadequatc performance. error-pronc pwduc
tion, and huge :md ne~·cr ending maintcnance. 

REVIEW RnORTS ANO PROJf.CT MANA•IEMENT 

Whutevcr goes on inside it, the major projed control 
function of any rcvicw is to provide mana¡;cmcnt a rcliable 
answer to thc fundamental question: 
Do~ rhis producr do rhe Job it is supposcd rn do? 
Once any picce of work has becn rcvicwctl and acccptcd, 

it bccnmes part of the sy¡tem. Subjc..:t to a vcry smal! risk 
factor, il Í$ 

1) complct~. 
2) corree t. 
3) depcndable as a bast' {or rclated work, ;md 
4) mcasUrablc for purposcs of tJacking progrcss. 
Without rcviews, there are no reliuble mt.'thods for meas

uring the progrcss of a project. Sometimes we get dcpendahlc 
rcports from t_he produo.:crs tl1em~elvcs, but sometimes is not 
good enough. No mattcr how good thcir intt'llfions, product'rs 
are simply not in a position to give conshtcntly re!iablc 
reports on thcir own products. 

For small, simple oUjects, with we\l-intentioned, compc
t<'nt produc<'rs. there is ·some ch~no.:e of succcss without 
reliable progr'-'SS measures. As projects grnw lurger and more 
complex, howe\·er, the chance of som~ self-rcpon being 
overly optimistic becomcs a certainty. 

Whatever the system of formal reviews, thc review report· 
ing serves as J fom1al commitmcnt by technio.:~lly competent 
and unbiased peoplc th~t a piece ofwork i~ complete, correct, 
ami depcndab!e. The review report states a:. :~ccurately as 
possible the completcncss and acccptability of a piece of 
software work. be it spccifkJtions, dcsign. codc, d~umc:nta· 
tion, test pl:m, or whatevcr, 

By thcmsclves, thcse revicw reports do nut guarantee that 
a projcct wUI not end up in· crisis or f<~ilufc. lt is up to thc 
managémcnt of thc prujcct lu use thc information in the 
revicw rcports to makc m~nagcmcnt decisions nccdcd tu kcep 
the proj.cct un track. Wdl done rcvicw rcports are not suf-

ficient tom~kc.o pi"Ojcct succced, though poorly done rcvicws. 
or no rcviews at all, <~re surc to,gct a projcct in truublc--no 
m~tler how skillcd the m<Jnagcrncnt or how sophisticated 
thc projc~t manugemcntsyStcm. · 

64 TYPES OF TLCIINICAl. Rl::VIEW RU'ül<TS 

Thc Onc rcport tl1at is' always gcncrated by a }órmal revicw 
is thc rcclmiral rcvit.W .1/11111/wry n·porr. Thís rc¡wrt canics 
thc conclusion~ uf thc rcvicw to m:lflagemcut. owU thus ís thc 
funUamcntal link bctwcen the u--•icw proces::. and the pruject 
mana:::!'ment sy~tcm. 

Other repons may be grncr~tcd. Jssucs r:liseU that must be 
brought tu th!' :J!Iention of thc prodl:c~r~ ~re plact'U on a 
tcchnical rn·ieh· ismc~· li.u · 

lf issues are raiscd ~hout sorncthing <Hhcr ;!1JJÍ thc r;:vic~·ed 
work ihelf, a teclmical rc~·icw rr/{ued issucs rc¡•ort i~ ,;¡~·:Hcd 
for eat h issue. 

On o~casion, ~n nrg<Jni?ation wtll institutc ~·mH' rru.uch 
report. such as :t dctailcd brcakdhw11 of stanolards u~cd :mJ 
bwken, ora rcport uf ltits ~nd mi,>c~ un a ch~'d:Jisl. 

Thosc cases whcrc the re\·icw !c:Jder hos to give :1 rqw.rt of 
a failcú rcvicw (nota f~ilcd prodt,,·¡) lcad toa rcl'iew fl'ocen 
report, the funu and tlmtcnt ot" ·o~.·Jti.;h wi/1 be uniq~tc to thc 
situation and or¡;anization. For it1stance, on dc!io.:~tc mattcrs 
the review proccss rcport m:~y be ;·crb:d. 

Other p:Jrticip:Juts tllJY also rcport on thc p'roces~ uf tl:e 
revicw itsclf. For inst:tnce, onc or more p3rticipJnts mi¡;ht 
want to objcct to the behavior of the review lc~dcr. 

Tm; Rtvn:w SUMMA!tY .REP()IH 

For effectivc proje..:t managtment, revicw sumnwry repnlts 
must idcntify tlirce it•:ms:· 

1) What w~s rcvicwcd? 
2) Who did the re\·icwing? 
3) What was their conclusion? 

Fig. 3 shows a widely uscd formut containing tltesc itcms. 
Although formats vary, the surnmary shoulJ gci1cr~!Jy be 
confined to a ~ingle p:~ge, Jest its condusion be los! in a 
fnrest of words. 

THE TECHNICAL Rt-:viEw .lssur.s llsT 

Whereas the summary report is primari!y a rcport to manoge
mcnt, the issucs list is primari!y a rcport to ttJc produccrs. 
Thc issucs list tclls thc producers why thcir \.\Ork was not 
fu!ly acccptJblc as is, hopcfu!ly in sufficicnt detail tu enable 
thcm to rcmedy the siru:ltion. · 

The issucs list is prúnarily a communiciltion from one. 
tcchnical group to another. It is not in tended for rwntcchnical 
rcadcrs and then·fore necd not be "t¡";mslated" for thcir cycs. 
Morcover, it is a rránsient ..:ornmunic<ttioti." in tltut once the 
issues are resolved, thc list might ;,¡s wcll dis;,¡ppCar. (We ex
elude, for thc moment, resc:Jrch u:.e of the list). Thcrefore, 
the issues list necd not be f:~ncy, as long as it is clear. 

Practíccs vary, but among our clielltS, managcmcnt ducs not 
routincly get the issues list. The summary rcpurt ~lrt'<~dy 
cnnt~inS, in its ussesSment of thc work, a wci¡;htcd Ppinion uf 
tite scriousncss uf thc issues, su mana¡;cmcnt nct·d uot be 
burdened with extra papcr and tcchnica! dctails. 
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A lcchnkJ! rc~i~w ~umm.uy rcport.· · 

The is.~ucs list uced not he concealed from m:~mgem~nt, 
but when managers routincly recCi\·e lists of.issues, they 
naturJIJy try lo use the information. For cxample, they may 
count issucs as a mcans of evalu:lling producers or reviewers
a practi¡;e which tcnds to· undcrmine the quality of future 
reviews. 

_ Anothcr· commun subversion of the revicw proccss is the 
attempt to makc 1/IC issucs list into a solutio/IS list. The job 
o( the rcvicw commi1tec is to r<iise issucs; lhe job of the 
producing unlt is to rcsolve theril. A rcvie\\' committee is 
generally 110 bcucr at resoh·irig issUe~ than a produ.::ing unit 
is at rahin;; thcnr. ~fana&emcnt may want 10 sce issues lists 
from time to time :o ensure that they are remaining issue~ 
lists. rJthcr !han solutions lists. 

THE TECIINICAl REVIEW RELATEO I5$Ul;s REt'ORT 

A rclated issue is somcthing thal comes up. !n lhc coursc 
of a review that doC"s. not h:~ppen to be lhc prindpal reason 
fo'r the rcvicw. Examplts of rclated issues might be: 

1) a typographical error in a related do¡;urnent; 
2) a hidéien assumption in the s¡)ecifications th&t makes 

part of one module obsolete; 
· 3) a fl'Jw in the original problem statement t/¡at makcs 

tJ;e éntirc project plan invalid. 
If an organizatiuo c;wnot handle issuc J) without alerting 

thc man;¡gcrnent chain, il is probab!y in as badil shape asan 
organization that handlcS issue 3) wilhour :llcrting the manage· 

Bccause a r!'btcd issue is, by drfinilion, a deviation from 
unooth prodL_Il'l de\'elopmcnt, thcre is really no way to de· 
vclop a stand:11d pfactice for handling all situatiom. A rclated 
issuc repolt oftcn dcscends like a bol! from the b!ue on sorne 
people who m ay nqt even know that a review is tak..ing place . 
Jf it is nof communicated in some standard, official form, 
people m ay not cven recogniz.e i!. Therefore, if we want to 
kccp relatcd issuc rcports fronl passing direclly into thc 
wast.ebasket, we have got to gi\'C them some official status . 

TJ:le mildest ·approach is to use a stand01rd trrmsmirtal 
sheet, idenlifying the source of lhe m11terial and attached to 
the actual conmmnication, which may take any convenient 
form. Some organizations prefer ¡¡ fom1al follow-up system 
tl1at requires that each related issue report re.:eive a reply 
within a few da)'s. Another approach is to send the rel.!ted 
Í$SUe repon through the appropriate rnana&er, leaving any 
action or follow·up decision on the manageriallevel. 

HlSTORICA[. AN~LYSES 

Sorne of the infom1ation obtained from an hi¡toric.ll 
:malysis of redew reporrs c~u be extr~mely specific. For 
inslancc, many mg;inizations classify the typcS of problems 
turned up in cach i-cvicw Jnd tabulate thc frcyucncy uf each 
typc. A similar t.Jbulation is m¡¡de of crrun that ~!ip through 
the review unly to be caught al a !:~ter stage. · 

Comparison of rhese tabulaliOns-in total. by re\'ÍC'-' group, 
and by proclucer--prO\'ides de:~r guidance · for fuiure educa· 
tional and reviewing practices. !t is essenlial. however, t!tut this 
infonnation he used for in1provement ofproject management, 
not for punishment of individuals, lcst the whole S!:hcme 
backfire and produce better mcthods of concealin::¡ erwrs and 
defidencies. · 

To illustralc appropriate use of such historien] analyses, 
Jet us say that most of !he flaws detected during code review§ 
ccmered around the module iuterfaces. lf this Jr:'ficiency was 
project-wide, the trU:ining depurtmenl cot,tld set up special 
tr:üning for everyone, guidccl by the specific rypes of ínter· 
facing errors recorded in the rev!ew repom. 

Or pcrhaps the interfacing errors, upon analysis, re\·eal 
a weakness in project stand<rrds concerning interfaces. What· 
evcr the prob!em. the historical records should fust makc it 
visible, them make il measurat.lc, and fmally help nauow it 
down ro its true source. 

REV/8'-'S AND PHASf.s 

Any time after a project begins, an occurate, complete 
re\·iew report history can' be compared v.;ith the schedule 
projected at the bcginning of thc dcvelopmcnt cycle. In which 

phases did thc estimated time mJtch the actual time? Whcre did 
the deviations occur'! Wcre 'tl.le de\i:itiom ca u sed by problerns, 
in dcvrlopment? Were thcy mist;¡k('~ in ihe ori¡;in~l estima te? 

Such historical infom1ation is obviouSiy es'senti'll ifproject 
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munagement is to improvd from projc.:t to projc~.:t:·Yct such 
lnformation will be me;~ningless if thc "pha~cs" of the 'projt>cl 
plan do not· correspond to units of work nwrked at both 
beginning and tnd by revicws. 

In arder f6r itny projcct control system to work, the system 
life cycle fnust be exprcssed in terms of mcasurab.le phases
some meaningful, revicwable product that represcnts tl1e end 
of ene ph3.se and the beginning of the next." Jf therc is nothing 
that can be rcvicwed, then no!hing l1as been produced, and if 
nothing haS been prorluccd, how can it be controlled? 

VARU:Tfi::S OF REVIEWED MATERIAL$ 

Much of the earlitSt public discussicin o! reviews foc11sed 
on thc vatil.'tics of codc rn·iews, rathcr than reviews of other 
materlais produced in thc life cycle. In thc ~arly history of 
software devclopmcnt. we were primarily concerned with 
cod"e accuraq, be~<~ use the coding sccmcd io be the major 
uumbling bluck to rcliable product dt'vclopment. :\s our 
coding impruved, huwevcr, we bc:gan to see other problems 
that had bee11 obscured by the tanglc of CQding errors. 

At first wc notict>d that many of thc Oiffkulties were not 
coding errors but design errors, so more attcntion was de
voted to desig11 revicws. As these tcchniques begin to be 
effective at clearing up design problems, the whole cyclc 
Slélrls again, for we notic~ that dcsign is no longer the major 
hurd~. , , . 

In m¡¡ny of these cases. wC nev~r clearly unders10od the 
problein the design was attcmpting to solve. We were solving 
a slwatlon, nota problcm. Current!y, increased emphasis is 
being placed un the an:llysis prOcess. which bccumes "the next 
area of applic~tion of tcchnical revicws--spccijicariotl rcviews. 

Othcr types of rcvicweJ material illdudc docunmrtatirm, 
test data anJ test plans, tools anJ packuges. training marcrials; 
procrdures and sra1rdards: as wcll as any othcr "de!iveratJle" 
uscd in a system, 

Reviews uf these matcrials are conducted not only during 
devclopmcnt, but also during opcration and maintenancc 
of lhe system. 

PRINCIPAL VARILTfLS OF Rl-;vmw DISCIPLINF.S 

lt is po~iblc lo conduct a rcvicw without any particular 
dlscipHne decidcd in advance. simply adjusting the course of 
the me"cting to the dcmands of the product under review, 
Many reviews are coi1ducted .in jusi this w:~y, lmt over time 
spedal disciplines.· tend to evolve which. cmphosize ccrtain 
aspects of reviewing at lhe expense of others. . 

For iftstance, rnany uf the best known review disciplines are 

attcmpu :to "cover" a grcatcr qu:~ntity of material in tlie 
rcview;. Thc "inspectiun" opProach tries to gain effidency 
by" fOcwdng on a much narrower, much more sha.rply de· 
fmcd, set of quutlons. In some coses. an inspection consists 
o( running thruugh a checklist of f:lll!ts, une oftcr the other, 
over .the. 'en tire pi-odur.:t. Ob"viously, ont: danger o( su~:h an 
approJch' is from {aults tl\ii.l, do not ·~rPe~r (,n the checklist, 
so effective inspectiun sysicms gcncra\Jy e\olve methods 
for :JUgnll.'nting chccklists as expericncc grows. 

Another w~y to try to cuver more m:.~teriol is by having the · 

·., .. 

product "wa!kcd throttgh" by someone who is ~·cry f~mili1rr 

with it-cven s¡Jecially prrpared with ~ mure or Jess fom1~! 
prcsCntation. Walking tluuugh the product, a lot of detoil 
can be ski¡)ped--which is gond if yOu are just trying to verify 
an overall approach or bad if your object is to find crrurs of 
detall. - · · llll .. · 

In some cases, t!M 'l'a!kthrough is very' c!ose to a lecturc 
about the product-which suggests onother reason for nrying 
the formal rcvicw opproadl. In sorne cases, rapid education of 
large numbers of peupl<' may sugge~t sÓme variatíon uf the 
formal review. 

In a walkthroug,h, thcn,-the process is driven by the p;oduct 
being· reviewed. In nn impectio;l, the Ust o[ poims to be' 
inspect(d determines th•: scqucnce. In¡¡ pluin tt'\'iew. the order 
is drtcrmincd by the jlow o[ the mceti11¡; as ir unfolds. In 

.cor\lrast to thcse;typcs, the vi!rious kinds o( "round-robin" 
revicws emph:lsile :1 t:l't.Jillg rlmm¡,:lr tlr~ ~oriuus parrici{1omts. 
with each pcrson taking :~n equal und similar sharc of the 

.entirl.' task. 

Round·robin rcviews are cspccially U$e(ul in Siwathms 
where-the participants :1re at the same leve! uf know\cdg~. :1 

leve! that muy not be too high. lt emurcs that nobody will 
shrink from partÍcipation through .lack of confidcncc, while ;:.¡ 

thc same time guaramceing a mor"e df:t<~iled look at thc p!Od
uct, par! by par t. 

RLAL Vf:ltSUS IDEAL Rt-;v¡¡;ws 

Although m:~r1y "purc" review systcms ha ve been described. 
Peop\e \vho observe actual. reviews will never finJ onc fr.Uow· ; 
ing all lhe ,"rules." By c...::unining sume of thc rc:tl :u.!v:wtagl'!' 
and di~advant.igcs of one of.lhese "purr" systems. we ~·:1/l 
understand why every real review systcm iuvolvcs :l~peo.:ts 

of al! the 1itojor r;¡rieti~~- We will use the wulkthrough a~ 1,ur 
exomplc, but anr S},"Stcrn could .be u~ed to illustrate the ~ame 
points. 

With a walkthrough, bct:ausc uf thc prior Prep¡¡r:~üon o/ 
the prcscnter, a largc alllllll!lt of material c:~n be mm·cd thJ(Jllgh 

rather ~pcedily. Morco\·cr, since the revicws are f:lf more 
passive than participating. larger: m11nbcrs of peoplc ·can be
come familiar with t!Jc walked ~hrough mutcri:J.!. This lo1ger 
audience t:an serve edltc~tioJ\JI purposcs, but it also can biing. 
a great number of diversc vicwpoints to bear on thc prescntcd 
material. lf all in the audience are alcrt, and if they r~present 
a bro:~d cross section of skills and viewpoints, the walkthrough 
can give strong st~tistic:~J assu~ance that no majar oversight 
Jies conccaled in the material. 

Another adv:~uúrge of the walkthrougl} is that it does not 
make many demunds on the participan!~ for preparólth>n in 
advano.:e. Where there are brge nui11bers of partidpants, or 
wherc the participunts come .from di verse org:rmz:~ti;H\S not 
undcr tlie same opcrotion:~l contrul, it ma~ pwve impussible 
to get cvcryonc prcpar~·d for thc rcvicw. In such cases, thc 
walkthrougil may be the only rca~onablc way to cnsurc tllat" 
Jil those prescnt huvc :u;tually lookcd at the material. 

The problenn of thc wa!krhrough spring rathcr ducctly 
from its unique · advantJges. Advanr.:e prcponation is nut re· 
quired, roo each p:~rtidpant may havc :1 different dcpth of 
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undcrstanding. TI10se close lo the work may be borcd ~nd not and Wcinberg (1). Publications, howe1•er, lend to conco::~J the 
pay a!lention. Those who :ne. seeing thc work for tl1e first ¡;rass-roots origin of rr.views, piving rhe impression !hat they 
tirnc m ay not be ablc to kccp up witll the pace of presenta· were "invcnted" by &omc person or company al a certain 
tion. In eithcr case, the ability to raise penettatlug issues is time and place . 
lost. 

W~y THF.ItE IS SO MUCH VARJETY IN REVIEWS 

Ahhough all reviews oc'cupy the same role In project 
man:~gemcnt as a control system, managers are justiOably 
confused by the great varie1y fuund ht tcclmkal rcview pwc· 
tices. The prncticc of tcchnical rcview dlffers from place 
!o pillee for a varicty of reasons, the prlncip:ll ones being; 

l) different externa! requircm~nts, such as go\'ernment 
contract provisions: 

2) diffcrent internal organizations, such as the use or 
nonuse of. tcams: 

3) conlinuity with past practices. 
ConÚnuity is probably the sirongest reason. Whcn it comes 

to 'social bchador, people tend to resist changing what they 
.UréadY. do, even if it does not seem exccptionally productive 
in today's envirorunent. In many project management systems. 
formal technical reviews ha ve' been iniroduced as a new fonn 
of sorne old practice. perhaps because it was easier.to inlro· 
duce re\'iews in this way. 

•.tow Rr.vn:Ws Evot vm 

TI1c idt•a of revlcws of ~oflware is as old as software lhelf. 
Evcry early software develUper quickly camc to uutlerstand 
that writing cornpletely accurnte progr:uus was ioo great a 
problem f•Jt the unaided human nlind··cven rhe mind of a 
gcnius. BJbhagc shuwed his rrograms w Ada Lovelace, orlo 
1111yune elst' who would rcvicw them. Jp]m vu11 ¡..;eumann 
regul:nly st~bmittcd his progr~ms to his eolleagucs for review. 

These reviews, in Otlt terms. wcrc informal reviews, bccause 
they did no! iuvoh'c fom1al procedures for conr~ecting the 
revlew rcpor!S 10 ¡¡ projcct managc:nent system. Informal 
rcview proccdures were passed on froril person to person in 
the gener;¡J culture of compuring for 111:1ny years befare they 
wcre acknowledged in print.. The nced for rc1·iewing was so 
obvious to thc best programmcn that they Tlncly mentioned 
it in print. whiJ¡:o the wors.t programmers believed tJ1ey were su 
good th:.tt ¡/¡eir wurk did not 11ecd reviewing. 

Arotuld "thl.' cnd of t/u: 1950's, thc creution of sorne large 
soÍiw:~re rw.il'cts bcgan to maKe the need for 'iome fnrm of 
technical rert~1dn¡; tlbl'ious· 1•) m"Jnagement :rl! o1·er the wurld. 
~1ust b:¡!c proj\'Cts ltad some son of reviewing procedures, 
which evo;YC'd thr<JU!!h tht 1 !)60's into more forina1ized ideas. 

· In the !970'~. ptlhlicalion e¿¡.lOusing various rcvkw forms 
Ocgan to _nrpear in the litcr<Hure. for thusc in!erested in a 
llistory uf public:Jtiun, a bibli_ogr<~phy appe:ln in Freedman 

WHt;ltF. REVl[;\\'S ARE GOING 

Today, the evolu!ion of reviewing procedure~ cuntinues. 
prirn~rily on an cxperiential b~sis within projccts. l_{cvicwi nre 
a partí:~! funmliz~tion of :l n:rmral social priJCC\~, arisiug 
from the supeJ]mm:~n need for C'Xtrcmc precislon in 1ofrware. 
Thei"cfore. the "scicnee" of reviewing is a social scicnce, and 

. it is difficul! to muke general, qu;¡ntífiable statements that 
apply to aU reviews. 

Sorne exrerimeJltal work hns been done on reviews, but 
these experimenls generally suffer from the following ptob· 
lems: 

l) Only one or two narrowly defined review proccdure¡ 
are cxamined. 

2) Rcviewers are noYices in thc prOcedures used . 
3) The envirorunent !s signific;:¡mJy differem from that of 

a real software dcvelopment or m::iintenance environmcnt. 
Field reports overcome items 2) and 3), but introduce the 

problem of éxpcriment01l cormol. Neverthelc~s. many of these 
reporls indicate th:1t cffcctlve projcct managcmc-nt is not 
pos.~iblc without the tcdmical rcvie\\•, in une fonll 'oJ :uwtlrer. 
Thesc rcports are sonJelirncs pun:ling to m:11J:1grrs in other 
urg:rnilations, who havc ''llic!l rcYiews," but who h"JI"C fallcd 
to ovcrcornc some of thc hunwu pwhlrms of dr:lllring en· 
trcnched social practkcs. 

The bcst evidrltL'C for thc efft:ctiYencss of tC\"iCM is that 
lhcir use continues to spre:Jd. A body uf prnctical !wowledge 
has grown .,.,;ith this sprcad, p:JlliL:ubrly concerninr, thc proi>
Jems associated with st3rting a .~y~tern of reviews. We antid· 
pate chat most future Jc,·eJoprncnt of reYiew tcchnology will 
::rrise from such on-t.he~ob experiments, 1ather Ül3tl ar.y 
thcoretical or Jaboratory \~Ork. 
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Software Engineering Project Standards 
MARTHA l3RANSTAD ANlJ PATRICIA B. POWELL. 

ltbJtr~o~ct-Sohwaroe En~tirwrrinli! l'rojtl'l Standurd_, rst:PSf and 
Chelr lmportunce are pu.-\l'llh•d in thi~ pa¡n·r h_1 luul.ln~_ al \llwdard' 
In gtn~ul, lhen proJ!rt~'IHiy narrn10ln¡: ¡¡,,. 1ir10 tu 'ortv.•re •tarul
ard•, In •nftwlrr tn~:incerinli! ,tllndard~, and rm~ll} lo SEI'S. Arttr 
drfinin¡: St:PS, hsuts a''ncialcd with !he ,~IHtiun. ~uppnrl, and use 
of SEPS are t\llmin~ and lrend~ nc di.~u•..-d. ,\ britf o~rnie.,. oi 
ulstin¡: ~uftv.llrl' rngino:erill}: $l11ndards is prrsenltd u thr Apprndi\. 

Inda T<'rmJ-Projt'ct uuHlll¡,:l'm..-nl, software dtnlopmtnl, §oft' 
warr tll¡:lncniug, sofll•an englne~ring standard~, sof\.,.are managt· 
rilen!, ¡oftwueo slandards. 

l. lNTJtOllUCTION 

ASTANDt\RO can he: 1) an objcct or mcastue of comparl· 
son th<.~t r.Jefincs. re¡Hcsents, or record~ thc mugnltudc of a · 

unit, 2) a cunonicaJ .Júrm m chM:~ctt·ril;Hion that es.t:~blishe~ 
allowablc tolerances ur cunstraints for categorics of itcms, 3) 
a dcgrce or leve] of rcquir!.'d cxccll!.'ncc, confidcnce, assutJncc, 
or attainment. Fig. 1 di5plays thh breakduwn and cxamples 
from each c;~tegory. ~'leasurcment stamlards provides 3 metrit: 
by which 311 cmity cJn be measurcd or comparcd, e.g., a stand-

. ard meter or standard time. An lntcro.:h:lllgt• stand3n.! pr.ivides 
a nonn.fur product wmpatibility, e.g., stamlard light sockct 
or Ianguagc st;md3rd. t\ performance standanl provides a cate· 
gori7.ation or descriptin· framcwork, e.g_., a"graJing systcm. 

Standards are definitional by naturc, cither established to 

further undcrstanding and intcractíon, or as observed norms of 
exhibited characteristics or behavior. Stanr.brds are formulatcd 
when thcrc is motiV:nion i<n co11trol ofvariabllity. M;my insti· 
tulionalilcd standanls have bcen established to cnabk com

. mercial intcraction antl division of !abur le.g .. standards for. 
weights, machinc compuncnts, etc.). Other stJn_dards cbrify 
quality aspccts implicó by the use of givcn tcrms (e.g .. U.S. 
meat grades). 

Early · software stantlardization cffort~ cmphasized in ter· 
change of products. St;mdards wcrc Uefinetl·ILI control varia
bility and to fadlitatc ~oftware transpurtnbility. Piograms 
and data produced or a.:cumulated at one sltc nceded to be 
move:.l to computers. pcrhaps produced by a tlifferent manu· 
facturer, 31 anothcr si te. The Code fm InlorulJtion !nterchange 
(ASCII) stand~rtl (Fcd,•r;¡J lnform:Hion Proccssing Standard 
l·l) and the Cobol !Jngu:~ge stund:ud (fetler;¡J lnformation 
Processing St~nd~rd 21·1) are ex:unples of st:lndards est:~blishcd 

· 10 fadlitJtc intcrch:mge. In contrast, currcm software engineer· 
ing stand:~rds :~re motivated primarily by a dcsire to establish 
levels of confidem·e ur dcfinitiona.l aspects uf $Oftwarc rather 
tlun to fostcr gloh:tl intcrchange of software [27J. Muny of 
thc current sOftware stanüardi.:;~tion effom :~re motiv;~ted by 

Manuscriplto.'C~ivcd July !3,1982. 
The authros :w: ~·ith che ln~litul~ t'tlr Compuh:r Sdcncr~ 3nd TL't:h· 

nology, Nationat BurcJu ofStJndlrd~. Washin~ton, OC 20234. 
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Fi,l!.. l. Ca:cgori~ of Standa.rJ\. 

q~oll ty 
f'"~~~tl•lty 

manngement's desirc to L'•JrHrol softwnc •jtr:.tlit}: anU impw1·e 
pwdtl\.:tivity in onkr tu achkw better corHru! uf Cú•tll•tnk· 

issues, fuf_ c.\:!mplc. r~·~•HHl'C I.'Stimation Oww w e~tim<Jt(' 
softWJfC Jc•·elupmcnt ~u)t, dl·ve!upmcut time, rCijl!itcd h"· 

sourccs, ~11d rcli~bility). 
Effort5 to cstabfhh ~oftw;nc ~lti;inccrin¡; standard., f,r laq.:c, 

hetcn,geneous populatiutl~ tnust rcach u cornrrorni~,, hL'twcen 
thc Ucsire for ~pccific. Uetaile.J st:mdards anU the Jiwr~c nceds 
of lhc constitucnt bodies. Suftw<Jrc Cnl;linecriu¡; stanJards is·· 
sucd by IEEE. Federal lnfermation Pro(t:hing St:mJards 
(FIPS), and thc Anh.'tic;,.H N:~Íional Standanb lnstitutc !A\Sl) 
are ex:.~mples. Parti.·ubrly whett qlt:.~lity control rather than 
prut!U<;t interchangc is the unJcrlying llH>tiv:Hion. "glub:tl'" 
standards tend toward the Jcfinition of gcn~rJI framewotb. 
p!3nning guidl.'s, or tai!orable St<Jndards. Thcse are ~·;¡rcful!y 

rlcllned to serve :~s a bam for cummunication, general qu:.tlily 
control, and the cstabli~hmcnt of no~ms of good pt~:;icc, 

while providing Je¡;:way for thc use of tliv~rse devclopt:1Ctll 
techniqul.'s and JPPl'tl:tC!Je~. 

Thc rather g.:ncr:d, glub;~l st:mJards scrl'e a vcry real nceU 
for intlustry-\vitlc ttonm- :111J de!1nitiom: howen~r. f01 u~ 
within a ~oltware dcvelopment project more spccilk st~ndards 
are appropriate. h b in this domJin, that ofa spcciftc software 
devekpment project. that Softwar~.Engineering Project Stand· 
ards (SEI'S) should be cstablislwJ anJ used. \\'itltin the project, 
the nced for ~peci!!tity docs e~ist, for nwterials n;u~t.be com
munic:~ted and shared amnng mt.'inh.:rs of the devclopment 
te:~m. SEPS ~erve the necr.h for both qu;~Jity cuntrol and infor
m<Jtion inten·hangc ¡,, support division of labor. SEPS can be 
very ~pccifk since the standards are being cstJbli~hed for a 
particular project with knuwn.o.:haractcristics. SEI'S are (or 
slwuld be) the embodiment of Projcd dr:velopmerú polky. 
They should establish Lhc Jcvclopmcni mcthods to be used: 
the spcclfic requiremc;lls, r.Jcsign, anJ o.:oding. techniques and 
languagcs: the veril1cation, va!ida.tion and testin!_! (VV&T) 
appro¡¡¡;h: the t'orm anJ type of records to be kcpt :tnr.l con
trollcd: :md the offid:~l documet,!S tlwl shou!d be JHOt.ith:ed. 
Thc specifi_c nature ol thc SEPS JI](./ thf. HmiteJ Jo111¡¡in in 
Whkh they are applict.! ere<~ te btith opportunity ,md chal!enges 
whidt are discussed la ter in thc artlde. 

To synopsize the prcccding r.li:>O.:U~Si(l!\, s:lt'twarc Enginc,·r
ing Pruject St~ndards :~re ntHms ut IClJUircrJ pr~o.:til:e .:stabli~hcd 

U.S. Govcrnmcnt work not prott:1:ter.J by U.S . ..:opyrlght 
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by thc projcct m:m:1ger in unkr lo prodtu;c a softw<~rc ~ystem 
of unifonnJy high qtla]ity ~IHJ In f~CíJita!C i,;OIIIJllU!Iic;JIÍOil ¡¡m] 
intcn:h:mge within thC' pwjcct. TI1c SEPS \'urnprbr ;¡ co!Jcc
tinn tlf ~wnd:uJ> which covcr OL~tl! manag,cmcn¡ aud l~chnk:ú 
aspccts uf sofiW<Irc dcvclupmclll ;~ntl pwvülc thcA\cucr:~l frmnc
worJ.. in which suftw:Jrc Jcvc)opmcnt is pcrfMmcJ, Whcn dc
fincd in 1 hcir cntir( ¡y, Sl:Ps ¡cprcscnt an cmlwJimrut 11f ¡m1j· · 
c~·¡,,h:\'clopmcnt policy, 

11'. lssm:s 69 
'fhc successful csi:Jbilshment :uid use of SEPS j¡,Vo!ves sig· 

nifkant understanding and imight into the st:llc of curren! 
softw¡¡rc technology. human nature, peoplc's ubilily tu dc:ll 
with changc. and thc go~ls uf 1hc plrticul:lr organir..ttitm and 
projcct. A number uf specific issucs associatcd with the sclcc
tion, intwduction, suppor1, Jntl use uf S[J•s ~re prcscn1cd 
bclow. Se e [10], l26), [29] for ¡¡Jditíonal discussion of 
stand<uds issues. 

SranJarJs and Atl!aswabi/ity 

By 1hcir very u:~turc, st:.llld:~rds involve mcasurcmcnt. Sincc 
a standard is a moJel or rule against whieh o1hcr ubjccts are 
comp;ucd or mea~ured, ü is ·c.<.scntial 1hat it be pos~iblc 10 de
t~:rmine i(thc c:mdid:tte complies with th'= st~ndatd or is 1\;ithin 
0111 a..:ccpt;lhlc tolcraJH:e uf thc ~tandard. :\lthuugh this may 
sl!cm ob\'iPus, it is >Jften uvcdl•oh:d·. This i~ partkul:uly true 
in thc softw:nc cn¡.dnccrin~ arena where the dcsirc for increascd 
gu:~Ji!y :~r~d protltÍ<.:tivi1y is a ~lrong force behind SEPS. Soft· 
war~· qu:dily is mu~l!y dcfinctJ'as a wlle,:tion uf char:H:tcris1ics. 
c.g., cffirieJh:y, maint:1inabilit}', te:.tability [JO]. wi1h the itU· 
¡>O!IJih:c o!· ead1 ~po:cifJc charactcri:>tic varying írom projcct to 

projcct. /low.:ver, the gua!ity o:h:Hao:teri~tics are diffi..:ult to 
mcasu1c diJcctly. Two different ~pproachcs- lo thi~ dilcmma 
ha\'C ;uisen. Thc first approach ,¡;¡nd:HJiz~s tltosc JH<lpcrtic~ 
whkh :trL' amcnablc tu ~~~~~~urentcnt cvcn thougl1 it is rccog· 
ni1cd that the propcrtics ~re ~et:ond~ry or surpurt charactcr
istics :~nd dt.l nfll guarantce qu;~!ity software. Module ·siLC, 
ct•turol ~tructurc comple:..ity. ami n.:11niug comentitms ¡¡re 
cx¡¡mplc:;_ Thc Se.:und appro;1d1 l'<•tK~nHa\c~ ltJ'OII the pwc· 
C$S by. which thc ~<¡Úw;¡¡c prt•duct is ptodt!..:.:d rathcr than on 
thc dt:tra..:tcristi.:~ "f thc product itsclf. Tt• cflc..:t thc ~ccond 
~pprt>;JCit. ~p~..:ifk ~tep~ Íll'[]¡c okrciPJl!lll'lll prtit.'CSS :lll' ~l:ltld· 
arJit.Cd butit WÍ!h fc'SJ'CC{ \tJ ,tJIL'ir (lül!trCII,'t' and [O tht' !{'Ch· 
nit¡ucs u~~d to ;Kcl>mplish thc ~~~r- Altlwugh both typcs uf 
soll\\';uc enginecrin~ .\t;¡ndJflb are' u sed in tile collc..:tion cum· 
prising tht SEPS, thc process st:mtbrds arc cturenlly vic\•.rd 
ilS the mo~t import;~nt [J). !JO[. 

A mild w.trning shmdJ be ¡.dn-n .;:on.:crnin¡; mcasurcmcnt ul 
ptojcct dnrac1erhti~s. Peop!e _:1rc vcry cffcctivc ~\ aln!ll~l un· 
cou::.dvu,, bclwvior nwditlc~tinn in rcspoliSC 10 what is rcr· 
ccivcd as Je~ir:lblc or n'WarJnl b~lwviol. !f liut:'s ot' <.:o lile are 
lllC~)ured a1al coders b..-li.:ve tlt;lt more h bctter, nwrt will be 
prodth:Cd. Ouly import~nf <Uld meaningful clJJt:tctetistics 
should be emphasized. 

s_randcmls a11d Ti!chnulozy 

Software cngincering ~1Jnd~rds :ue dr:pcndcnt uron thc 
tcchno!ogy that. they r.:prescnt <tnd serve. lhey C!llliHll out· 
pace tht: teclllwlogy, ncithtOr ~lwuld they.curtail or supprcss it. 

Thc stam\;,¡rds should incorporatc stahlc lechnolo¡zy whkh is 
¡¡v;¡ibblc for Ji:;tribution and u~, Tt:dl!lkal fcasibilily :¡}une is 
insufficicn t; tho.: uudcr/ying tcchniqucs :m.i the sup¡wrt rcquircd 
W implcmt:nl thc st:tndanls must be H':tdily ¡¡v¡¡iJablt:'. Stand· 
;,¡rds for dynaHlil' 1cdmolo)!y invo]ve ¡¡ fuud:~mcntal conllk.l 
betwccn thc stJhility implio.:d by thc stambrJ ami thc ~-h~n¡;e 
inho;orcnl in tht• t~chnn]u¡.!y. Softw<~rc cugin~rin¡_: ~t:md:Hds 

nlUSI de al wilh thi:; is~uc. Not only is l'<llllJ'llh'f h:tr<lware ~till 
cvolvíng, but th~· )oi'!w;ut cuginccrin¡.J tCilcts that thc stJnd· 

:~rJs should emhudy are still u'ndcr dcv~lopmcnt. Alt!tough 
there i¡ general' agrccment Jhnut the nwre fundamen13l princi· 
pies, thcre <Jrc n',JflY úpen hsucs. Thc snlutions have a signifi
cant likclihood uf incorporaliug new insigh1s, rathcr than be· 
ing only funher refincmcn1s.ofe.\isting "truths." The need for 
futurc modification must be anticipated 1-rhcn es<ablishing soft· 
warc st~ndMds. Sincc thc implicd duration is more limitcd for 
project sland:.uds, this problcm of ~d:lpting the standards toa 
dyna111ic tcchnulogy is somcwhat Jess scvere than for global 
stand~rds. Each pwjcct m.m~ger has thc rcsponsibiliry for.de· 
fining SEPS; howcv'er, the cost assodatcd with imroducing 
SEPS tlm diffcr significatitly from thosc uscJ prcviously must 
be addresscd. For both softw~re engiuccring ~tJnd:Hds antl 
SEPS thc t:ost of ch~nge mus! b1.• weighcd a¡!~inst the co~t of 
nol clwngiJlg. 

]11/ruJuetiun anJ lrnÍJ/1'mentatioll u{Stawiards 

ManJ::.elll~ll! rcJps thc putclllial hcncfit5 ofSf.PS: de<.:JCa)Cll 
VJti~bility, incrc:t~.:d pruduc1 qu;¡Jily, ittcrcaseJ 1\'tnk~r p!O· 
du..:tivity, fadlitatcd l·ommunic.nion, ami b-.:!lcr n>~Hr,,J {:'}. 
~bnago:ment mus~ m..tke a dcfinitc c0mmi1mcnt for <1 SEPS ci· 
fort 10 come !o t'ruition ~nd bc cffccti\'C. The introdu..:tion of 
SEPS wilJ, in mo~t cascs, in\'c)]\'c a changc in the m:.nner ill 
which work has bt'cn pcrformcd previously f3J]. Ch~nge is 
Uifficuh fl1r mos1 po.:ople J!Hl he!1ce thcy tcnd 10 rcoist it. 
Thcrdore, anytimc ;¡ ch~ngc b m;¡de and it is desireil that it be 
suc..:essfully in~.·orpnril!Cd, effort musl be expcndcJ lo facili
tate· the tr.msition. Thc chJJlfC, in 1his ca;c the introduc1ion 
of SErS. must be mutiv:.ted. (lt i~ J$$Wned ¡h;¡t the SEPS wcre 

·C:IH fully scle..:tcd ~,¡ th:u thcy :.re rea~onahlc O!lld umlcnlJnd· 
¡¡b]c fm thC l!Í\'Cil pr:•jl'CI CllVÍ!illllllCtll.) ,\11 CJIIC:J!iOn proi¡!r':JJJI 
shotJ!d bc inítiatcd. l'.::ul))r lllll>l uuJCJHJ!Id tl1c SfJ'S Íll l•hk-r 

.¡o u:;l.' thc!11. lf th~ Si:J>S rcpr .. ':.cnt ¡¡ sigriificant Jepa~turc from 
prcvious ;oftware t.kvclopmcnt rruccJurcs, thcy shou!d bc 
intwduccd in a pha~cd nwnner . .\\ltOJ!i;~tcJ suppurt for thc 
SEPS slwu/d be provit.kd. Sofn\:Jre wols th:!t ;¡~\IJ:,d!y. emhody 
thc ;í~mbro.h are Jll\lSl ~.·ffcnivc: Str•;~·tur~ prcprot:c¿sors :md 
cnmpilers arc cxampks. Wheu ap¡H(•pri;uc autom~Iion i~ avail· 
Jbk, i1 bccumei C!:t\ier w pcrfo>rlll rhe w,)¡): the standard way 
th;JJl by all)-' :.ltcn¡;otivc mc~n.>. In ~\•Cii ·iH~t:ul;:e;, s!antl:trds 
:wdit 111 cnforccmrnt hcwmc~ !tJtbpucnt, since ti1c dev~·lup·. 
mcnt proc~~s incorp .. r:Ílc~ thc ~t:uld;,¡rd, 

Clvhul StJ[flwm•l:'n¡:inr!crfng .'irand.JrJs VerStiS !.oca/ SEPS 

In most cases. 1hc projcct nwn¡¡gcr tlocs not hav'.' complete 
liccn~e in dcfinin¡1 thc SEPS ~incc :tt Jc:m ~ p011ion of the 
stand:trds ~re impo;~J upun him by thc orpnitatit.'n in which 
the pro¡ect c-..:hts anJ thc client for wlwm the work i~ bcing 
done. Jn :ttlditi .. •n, tlw induwy i-; Jevclupin).! 1'oluntary ;t:md· 
ard~ whkh ~hould b~ Clllt,¡JcJcd. Rc,:onciliation ofsomctimcs 
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cunnh.:tiug sct~ of softwal'C stan~¡¡rJs han initial step in dctin- controls documcnts aml pruJucts produccJ duriu¡: devdop
in~ the SEPS tu be u sed during a softw¡¡¡c dcvclopmcm proj- mcnt ¡¡¡hJ the chang.:s ma1..k to them. As¡~ccts o! conligur~tiun · 
cct. Frequcntly, thc processinvolvcstailoringgencralsoftw¡¡rc m:magcmcnt that shuuld be defincd inthc SFPS im:ludt•: vcr
cngineering st;urd:~rds to proVide spccific ~tanUards for the given sion id.:mi!1r:ation ..:mies. ch:mgc control me thuds, iUr.111 ilka
project. The limited dum;~in and spccific n:nure of SEPS pro· tion of thc documcnts that are tu be conuolkd, :mJ ~uUIIing 
vide~ opportunity fur thc selcction of panicular dcvclopmcnt procedurcs. Oo..:umcrnation is a J... e y tu thc ~u.-crss of ~uftwar~ · 
tcchnlqucs. While agrecmcnt ·upun :1 single tcchniquc is un!ikcly ~cve!opment. Two e~ tcgorics of Jo..:un:en ts c~xi~t, Jevdopmcnt 
(and lnappropri:lte) in the FJobal arena, therc b economil: prcs· rccords and uscr-olicntcJ nwur:~ls. Dcvelopmcnt L!.H,:tllllcnta· 
sure lo have SEJ'S exto:tH.I beyund tite bmitHlary uf a sin~lc tion pruvidcs thr üri'l'tmatiun nc~t!cll to lll<lll.!),''-' ami ~t•ntru! 
projcct (unlcss thc pt11j~~~ is extrt>mc!y brgc and of signlJI..:ant thc projcct. SEPS shuu!d llcl1nc thc typcs ~~r JtH.'\HllCill> re· 
duration.} The overhead costs flH truining :md <Jutomatell sup· qttired, the material tltcy shuu!U indudc ami tht• forrn;¡Jity nf 
port necessary tu' introduce and implt>mcnt the SEPS success· thc prcsentatiun. ~l:Jnugemo.'nt ano! planmng docurncnts un· in· 
fully are more attra..:tivc when amonited ovcr se\·eral pwjccts cluded a~ a sub~t of thc prujc.:t dn..;umcntalion Hanll:11ó. 
within an organiz¡¡\iun. To the extent pcrmi!tcd by th<.' com- Thc overview Jctivitics art' pJnkularlv ~·rit!c:~l .;r·~;¡s for SEPS 
p<ltiblc nature Df projcct~ within :~n urgani7.atiun, the econum- since.tl;ey impJCt all plt~se:. nf dl·vckoPment anU :~re ct•ntr~ri tu 
ics SIJggcst that SEI'S :.l!totrld be supportcd thruughout thc or· w;ord keeping, communi~Jtiun within tl1e prlljcct. m:magc-
g:rttiz¡¡tion. · ment control, anll gcllcr;Jl quality ~·;mtwl issue~. 

70 
SJ::l'S and So[ll\'are Quali1y Assurance 

Software quallty assurance (SQAJ is usu;¡Jly Jpproached by 
control of the dcvclupmcnt pro..:css. ·Thc process is spc•:ificd 
by devcloping standards, whilc qu;¡Jity :J~our~oce auditing de
termines compliance' with the ~tanda rUs. Software stanU~rds 
and SOA aJe companion proccsscs. SEPS pruvide thc basis 
from which to perform SQA. When develupin~ SEPS, it is of 
prime importance to sel<.'ct standarUs whkh are 4uantit1ab!e 
and hence mcasur:~bk t'ur an objcctive audit by thcSQAgwup. 
Thc SQA gwup sho~Jid be orgJnil.atíon;~lly inJ<:pendent frum 
thc dcvclo[lment effort to m:lint;lin its funo.:tiuml pcrspcctivc 
(lú]. 

111. CANDIIlAI ES FOR SEPS Sl;t.J;cnON 

The SEPS should be thc embollimcnt of tlie development 
poÚcy for the projcct. As such, thc sped!ic standards ~stab· 
lished will v:uy from proiect to projecr, hut >hnuld addrcs) k.!y 
l!SJlCCIS uf ~uft ware do.:vcl< opmcnt. Sitt~·c tire st:l'S are conlptiscU 
of' a cotlcction of ~t:Jiltl:111h. citch rcbting !lo~ ph:~~c or spcdfic 
aspcct of thc devclnpmcnt pruccs~. thc imli\'iUu:~l stanllards 
mu~t be cornp:~tible Jnd con~istent with onc :muthcr. ror ~·x· 
amplc, coding techniqucs mu~t be cornp:diblc with the l:~ngu~l!e 
being u sed. Thc foltowing scctions Uhcuss .:~to.:gorics of ~<mdi· 
date st3nU:~rds for indu~inn in SEI'S. 1\ tlllJnbcr of software 
lifc cydc-s wHh SOnlC\1 lt~t Uiffercut phascs huvt' bccn Udincd 
ami uscr.l within thc industry. For illustr~nivc ptnpu~s. u fl•llt· 
phusc life cyd~: is u~<.'tl m the fullowing JJ~...:u~sion: re•¡uirc
rncnts, de~ign. constru...:tiun, and muinrcnan~c. ¡\c:ivi1ics which 
span thc cntirc life cydc are tenncd ovcrview ~ctivities. 

Oven·icw Actil'ities 

Three arcas uf 0\'Ctview activitics :~re c:mdiJates for ~t:md
arJiwtion: verill.::atiun, valillation, and tcsting tVV&TJ; con· 
figuration managemcnt: and do-:umcntatit'll. \'V&T ;~ctivitks 
t:tke pla.;e tlut.mghout the !ifc cyclc to cmurc the currcctncss 
ami quality of thc software. VV&T itcms thJt shou!d be de· 
fined in the SEPS indudc: VV&T pbnuing Jo..:umcnts, u:vicw 
puints, specit1.: v<:ritkath •n t~.:hniques fot ea..:h Ji fe .:y ele plwsc, 
Vt~rific~tion tcdmiqucs tu ensurc consistency of prudu..:ts be
twcen phases. test in¡; StJmbnls including cover:~gc, and rccotds 
for cumpleted V\'& T activitics. Cunfi¡;urauun man:~gcmcnt 

Requirements 

lhe requiremcnts ph:~st' begins with a projcct pr•lpo~al :~nd 
ends with a rcl{uircmcnts spccitkation ducument whi~h f'IO· 
vides thc buseline for product v~liUatiun. Although th..: ~:)111· 

plete requircmcnt Jcvclopment prnccss is not :~mcnubk to 
st~nd;~rdintion at tltis lime, al lh<.' prujcct leve]. a ~fll'dtic 
mcthod for recurding thc rcquircmcnt ~rc,·ific:~tion l'Jll be 
stand:u~lized. Tite mcth·.•d should support butli Ju-:uml.'!llation 
anJ a11alysis of tite rcquircmcnts a1H.! should iad!itate thc Je
vdopmcnt of :~ cum¡•lctc, consistent, :~nd comprdten~ibl~ ¡e
quir~:ment sp~cifi..:alion. Scc [ 1] .¡;)r :1 Uiscu~_~ion uf .;;l!lditlatc 
mcthodS and to.:..:lini4ucs tt> be useU througlli,ut thc ,bdop~ 
mcnt cycle: 

Dcsign 

During thc· dcsign pha~c. rhc ~perified requirCmen:·~ .!te 

lr:tmf<Hmed int·J·Jet;lilcll de~i¡:us frnm w!rich ...:ude ~;Jr! be j1ro· 
duccJ. FrCl{UCIIt]y, thi> ¡1h~1>e ÍS <'l/!.Jilil.<.'tl ;1s ;¡ {\H• ~\1')' ¡lJil\7· 
e~~ with· pleiimiu:iry, hi;:h-levcl ,h;~igm bl'Í!I,l' ¡'rudth:,·d :md 
1·c¡i/1etl bcforc bcing furt!rcr ticvct<opcd illt<• JctJi!cd dt:~¡rtn. 
Thc SJ PS shuuld desi¡;natc a p:utit.ubr llh'tlhld 111 bt• ll~l·,; fur 
dcsign. JlHI s!J,Juld furtht>r cl~1ify tcrminvJ,,gy. ~!i<l..:troting,' 
c•Jmplc.xity, siz~. Jnd interface cunstraints ~$ ;¡ppwpri~w to 

thc mcthod sc!cc!cd. 

Consrruction 

The coustructiun ph:~se induJe~ coding, intc~ratiuu, test, 
and inst~ll~tiun of thc ~cccptcd ~ystcm. This ph:~sc h:~~ lri~hly 
visihle pruducts whkh ~·:m be mc~t)lltcll ag~iust prc-dctcrmincd 
critcriu, e.g .. moUulc sizc. SEPS fl•r ¡his pha~c ~!wuld c~ld,!ish 
the high-lcvcll:~nguage lo be u sed tincluding special C'ü·cptions 
cunccrning thc use or exdmiun uf ~rccific bu~uugc fcatur..::s), 
n:.~ming cunvcntiuns. module sil,<.', .:ude cou;pJcxity, Jesired 
cod<.' suut:tUiirtg, collllilL'nting anJ in-line ~ot:um.;ont:Jtiuu o.:or:· 
veutiuns. and interface wnstraints. Tcstirtg st:~nUJrds fot thc 
cunstruct_iun phasc shc•uld be cstablishcJ :.~s ~ suhsct of 1hc 
VV&T stanUarUs. Most urg:~ni/,utium hav;: .Hand:1tíh 11Joi1:h 
JdillC;J{C the lll<.:thud f~)f COJC d·:veJopment. U~c of a\lllllllJ· 
tion to determine cumpii:Jnce (cudc ;~uditing) is becuming 
nwrc o.:ommon. Although rnu..:h )tautbrUil:~tion :Jctivity ccn

"ters upon this phase, tloe char:J..:tcristi..;s bdng ~·onuullcJ ar'! 
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of sumcwhat lcss imponancc to thc qualily of the final suft
w<~rc produ~.:t tlum ;trC thc p~opcr dcvdupm¡;nt ofrcquircmcnts 
aiH.! design . 
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Maintmance 

Thc lll<~intcnam;c ph~se starts whcn thc softw;uc hus bcC"n 
iiiStJ.Jlcd ~wJ ucccptcd und cnds whcn thc softwurc is rcpluccd 
ur dis~.:urdcd. AhiHIUf,h diffcrcu! tllillla¡;cmcnt is usu:~Jiy re
spomiblc fnr thc suftwure r.lurin~ the m~intrn:.mce ph;¡sc, the 
SEPS ;¡re still importan!. S¡udics shüw [l7J tlm 50 pcrccnt 
or more of m¡¡inlcuance activitics u re Sllftwarc cnh:mrcmcuts, 
work tl\ut could c;~sily be dcS~.:ribcd :~s tlcvclopment in a "con·· 
strained" environmcnl. Thc remaining maintcnance activities 
can be c:itegorizcd as correctivc (error fúdng) allr.l :.~dJptive 

(e.g., moJifications rcquired by a ch:.tngillg hardware for soft
ware systems env\romnent.) ThroughlHH all these maintenance 
operations, thc original SEPS should be u sed ~nd enforccd .In 
many case~. thc most signific;~nt cconomic return on the in· 
vestmt:nt in softwar.: ~tantlards comes dttring the rn:lintcn:mcc 
ph~se. Unle.~s the u~c ofStPS continucs, howcver, !he improVcd 
contr<Jl antl managcability will degraUe with each mndific:Jtion 
to the software. 

TI1erc has b~·cu J signilk:mt incJc~sr iu int,·resl iu software 
cnginccfiJt!' ~t¡¡ntlJrd~ iri recer_lt ycars, as iudk¡¡tcrl by the num· 
ber <Jf IEEE st:urtLirtls committccs :md wurl-.ing ~roups that 
hal'e hccn organizcU. Thc cmphasis on ~r,ftll'<~re engin~·ering 

st~JH.!aHh is Cxpccted to conlinuc in thc futurc ll'ith a cutlec
tion uf ,.,_Jobl softw:Hc cnginccring st:mJards being cst:.tblishcd 
by IEEE. Fnr t/lc FcdcrJJ gol'ernrncnt. :1 numberofFJPSguide
lines iur v<.~rious aspccts r1f ~oftll';~re cn¡:inccrin~ are .:ithcr rc
cemly Cr>lllpletcd [8). [91, in proccss. or pbnncd. Upd:~tcd 
guidancc tor softw<.~rc document<~tion, ¡¡dditional guidancc for 
VV&T und acccpt;~nce testÍIJg, nwintennnt:e guidelincs, :rnd 

· re~.:ommcnr.I:Jtions for the use of wols tluou¡!hnut the devcl
opment proccss :u e pl~nned. L!.S. milit:uy standurds ~ontinue 
to cxhibit an ino..:re,Jscd empll:.tsis :111U conccrn for sol'tw:tre en· 
gin~erin~ ~tJnd:~fds. Tire effon tlmt I1JS ~onc into the Joint 
Scrvices Dct'cnse Sy•arms St,ftwar~ Oe\'c]r¡plllC!II St¡¡nd~rd is 
reprcsentati>·e. 

1t is cxpc.:ted tl1at the futurc will bring an increascd effort 
in pl:~nniug. org:milÍn);!. anJ st~nJardiling thc softwJrc devcl
opmcnt p;oc~ss. Software dcvd~1pers will cüntinue to re:.t!i1.e 
the economic bcnl'fit~ of st~ndardiz:~tioll of 1hciJ proccsscs 
whi!c n:.!lional st:md<.~rds will pro\ide llh•difiable guide!incs 
th:.tt can be adupted tu specific projcct~. 'fhe trcnd toward 
standarJióng pans of tl1e soflw:1rC dcvelopment pro(ess.will 
continuc. motivated in part by the use of <~utomation to sup· 
pon the developmcnt proccss. 

APPENDlX 
SOFn\IARE ENGINEEitl!'oiG STA:OWARDS 

others :~re currently in r.l-:veiopmcnt. Surnmarized bclow are 
glob:tl SPftwarc cnginccl ing ~t:mdanls. in ur.c or being drafted, 
from tlnce nativn<~l -~our~.:cs of st<~ntbrds: IEEE otand.:~rds, 

flPS, :~nd military ~l:nubrrh. Thcsc softwure cn¡:!ineering stand
:.trds Jrc c:~ndidate~ for use during ~of1wa1e tlel'elopment and 
heucc imp:1Cl thc SEPS to he c~t<~hlislted by the prujL'<:I man
:.t~·.er. The summ:.tric~ ure extmctctl frnn1 Jtl<~ltriah ;~l.!i!able in 
t!le Fodl of 1983. 

!EEE Software l-."ngim•,•ting Srandard1 

IEEE Srandatd for Su[nrurc Qua/ity A uurance F/am(A!\Sif 
IEEE SlD 730-1981). 

"The purposc of tite st:md:ud is to providc uniform, 
mínimum ~cccptancc requiremeJIIs for pr~paration anJ content 
of Software Ouality As~urance Pl;ms. Thi~ st;~ndatd applics to 
the dcvelopment auJ maintcnilnce ofcriti(a] software .... For 
non..:ritical soft\.\·ne, or for software ulrc~tly tlevcl?pC'd, a sub
se! of lhe requiremcnts of this standuJd may be appli<!d" (J4J, 
The s1antlurd includcs thc f(lllowing nwjor topics: purpo>e; 
refcrcnced Jocunlcnts: m:~n:.t!!emerlt; documentation; stand
ards, practiccs, aHd convcntiuns; rcview 'Jlld <~Udits; configura
tion man:~gemcrll: problcm rcpuning :~nJ currcctivt' Jction; 
tooh, tcchniquc~. anJ mctlwd~)logic~; code cumrol; media 
control; supplier control; un ti rccurds collcctinn,- m~intl.'nance, 
:~nd retcntion. 

JF:J:."f:.' S!tmdurd (i/os)al')' of Svfrware l:.'ngineerin¡: 'fcmu·

nology (A!"\SI/IEEI: Std. 7 2fJ· J 9!U). 
The dol.'umcnt is a glm~:.tr}' of tcrms_ in general~~~ in the 

fieJJ oisoftware cngitlccring ( 1.3J. 

JEJ:.E Cuide jUr Software Requircmt:t/1 Spcdflcariqnr 
(IEEE Std. 830-19SJ). 

"This document is J guide for writing software IN]uirc
mems specification.'>. 1t describe~ the ncccss¡¡ry content :~nd 

qualities of ¡¡ good SoftwJrC Rer.JUiJcrlleng Spccific;.~tiun (SRS) 
¡¡nd presents :1 prowtypc-SI~S uutline" [15). Thc J!Uideline 
dis,ússcs wh.H 'J rcquirement is: qu:.tlitics of requircrncnts 
sucn as un~mbiguity: wrnpletene~s. 11erillnble, cQnsbtency. 
and traccability; a t}'pical outlinc for a SHS: the evo!tnion 
of a SRS: mcihods used to e~.prcss software rcquirements; 

· and tools for developiñg a SRS. 

lEE/:.' Standard for Software Conflswarion Alanagcmenl 
Pla11s(IEEE S!d. 828-1983). 

"Thc purpose uf this stanJard is to proviJc min]mum re· 
quirements for thc p~cpar<.~tÍIIJI ;~nd cornrnt of Software Con
f¡gttrmion Man:.tgement ( SC.\1) PJans .... This st¡¡nda.rd applie} 
10 the dcvelopment and muintenanc~ ofany kind of;oftware" 
[ ll J. Thc standard discusscs the SO! cnvironillCnl overview, 
i.e .. systcm description.life cycle. and SCM r0lcs, responsibil
ities, :~nd interf:~ces: SOt organization, c.g .. organizational 
struuurcs responsibilities and authodties: S01 activities: tools; 
rcle:tses and librarie); SCM throughout the life _cyc!c; ~nd SCM 

1 
1. 

Seveml national standards producing bodieshavc established resource requircments., 
a number oí global software standarJs. Sqf¡w¡¡re engineering, 
however, is il rclativcly ICCCnl ;uc;t for stanr.l~r;Jization :.tCtivity . 
Ncvenhclcss. somc so!'twure enginecring st:rndards ~lrcady cx
ist. _sorne ha>:e bccn atbptcd f~om hardwure stand~rds, and 
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JEJ:."E Standard [oi- Software Test Docwnentarion (A~Sl/ 
lEEE Std. 829-1983). 

"This standJrd u.:~cnbcs ¡¡ ha~ic sCt of test documents' 
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IIHANS 11111 ,,,.._, I'{JWI:I.L: S()J'"JWIIItE EN(;INITIIINt; 1'1(0/El"' S~·¡ ,\ .... 11,\J~[)S -,~--l 
which are as~odateU with thc pro..:css uf aualyúu!l ~unlputcr 
programs in orUcr tu tlctcct f~ults aml cstinwt~: thc risk of f:lil· 
ure ... , lt is npplkabk- tu comincrci:ll, sciclllifk, ui milit~ry, 
software which runs on any digital cornputcr.'' [121 Thc b~sic 
documents Jiscussed are thc test plan, test dcsign spccifica· 
tion, test case spcci!ll.:ation, test proccdu~c spccifi~:llion. test 
itcm transmitta.l form, ¡est log, lest incident repon, and test 
summ:uy repon. 

New IEEE st;md:ud~ working ~roups are cuntinually form· 
ing. Thosc which have projcct authoriz:Hion are: A Standard 
for Software Rdiability :lf<'Glurenm¡t (P982). A Cuide {or 

Software Quality Assur.ma (P9.s3J, A Cuide jOr tite Use of 
Ada as a fDl. (P990), Sof(lwire Engineering Stum};¡rds Tw:on· 

oniy (Pi002): A StulidiJrJ [or Soj(ware Unir Te.Hing (PI iJOS), 
A Standard for So[tll'art: PlmB (PJ O !2), A Guide for Software 
Dcsigll DocwncntatiOII (P!016), ami a revision toA Standard 
for Software Q¡¡ality ASStmmce Plans (P730-J'j. 

Federallnfomunion Proce.uing Standards aml Guidt•line¡ 

GuÚeiiJu."s for Documemotion of Cvmpur.·r Programs ond 

Automatcd Data Sy~rcms (FIPS PUB 38). ' 
This guidcline adt!re~scs thc ,;unten! of ten document.s 

for the de~ci(Jpnlent ph~se. of the Hfe cydc. lhe docurnents 
are: function:U requilements, d:.lt:.J rcquircm.:nts, sy~tclll/sub· 
systcm ~pl..'ci!Jc .. tion, prn¡:r~m ~pedticatiun, datab~~e srccil1· 
CJtion, u ser\ manual. npcr<~t ion~ m;lllUal. pro~1 :un llJ;JÍOICIIancc 
manual, teM p!an, und \L'St Jtralysis repon [6]. 

Guidclinn [or Doeumt:ntulion of Compwa froKru/11.\' um/ 

Automatcd Uata Systcms for tiÚ: lnitiarionl'lwse (FIPS I'UB 
64). 

This ruiJclinc provid~.s J basis fnr dcte1111Íning the cun
tent and extent of doct11nentafion for the initiatioil ph~.:>~: of 
soflw~re llL'I'd•lpmcnt. (;uidance i~ givcn 1\•r thc fullowin¡; 
document types: Pruje.:t Rl·qucst, Fc;~sibility Stndy, ;¡nd Cost/ 
Benefit An~lysis p]. 

Guidc/inc: A Fromerc·vrk for the f:'~·oluatú•1 and (:'ompari· 
son of Soft•c·an; Dc~·e!o{JII/mt Tools 1 FIPS PUB 99). 

This do.;ument is dcsigncd to be use U ""a rcfctcn¡:l! and 
suggcsts a frumcwo1k which aiU~ m idcmifying, diS\.:ussing, 
evaluating, ~nd comp;~rin¡; softw;¡rc Jevelopm.;nJ tools. lt is 
rccommendcd for use when acquiring or implemcnting Louls, 
developing polides or pru.:cdures for tools, and rcvicwlng thc 
currcnt use of tools [8J. 

Guidelincs for Lif~·cyclc Valü.lation. VaificoJtiOII, and Test· 

ing ofComputcr Softrrmc (FJPS PUB lO!). 
"This guit.lc!inc rel.:vtllmcuds Jhat valid;Jti,ln, verificatiun, 

and tcsting (V\'&T) be pctformcd througlwut thc·su!hv<~rc de
vclopment lirecyclc. Thc )elcction and use of ;¡ wllcction of 
valid<~tion, vcril1.::tlion, auJ tcsting tcdmiqucs to mcct p1ojc~t 
requircmeuts is presentcd. Thc guit!cllnc ~:.\plains lruw tu de· 
velo¡> a VV~XT pl:1n whi.:h will fult'i!l u spedtk projc~t's VV&T 
rcquircmcms" [9j. 

fJ.S. Mi/itary Standarj.~ 
SpccijktJtiunl'racticn· (~HL-STD-490). 

Thc slandJrd ~pcci(ic·~ huw 3 spccifi.; typ:: uf conlputer 
pru&r:un JcvclupmciH sp~·d!kation shnuld be prep~rcd {:!4). 

Cu.njigur:ation Mu11ugenu•m l'ruáiccs fvr Sysh'/1/S, 1 qwp· 

ment, :\!unitiuns, aml Cvmfillf('r l'rograms {M !L-STD··HlJ ). F 
7 ,2rhe stand:nd pruvide~ !\lr a con!lguratiun mauagcmcn¡ .~ 

plan, configuratioa idcntifkatiun. ba~lincs. changc cumrol, ¡·~·.':.: .. 
and Jutlits; it is h~rdware uricntcd [.23J. . 

Tedmical Rc1·icws ai/CI Audits for S,vstems. Equipmcr11, anJ 
Compurer Prop1ums (.\111.-SlD· l 5 ~ Jt\). ! 

. 1·· Thc -standard c~lb t'IJJ five revie1'S ~nJ \ll'o <~w.lit_,, 1 he~ ¡: 
are: sy~tcm requircmcms rcvicw, ~y~tcm de~i~n rc·.·icw. r;rclim· 

11 inary Jcsign re1·ícw, cJitic:1l de~i<;tn rcvicw. !urm:.J qualifka· !j 
tions revicw, functionJI cOnfigura~iun ~udit. :md ílh}'sical con· 
figuration audit [20]. 

Sojiware Quulity .·lslllfUIIL'e l'rogram Re(¡tdrenumts (~111.-S· 
52779A). 

Thc st;mtlard l'equircs that thc wntractor dcvelop and 
implcment a Quality Assuranec Prv~ram specifica!ly for H.:ft· 
w~rc. To accumplish this, thc pm¡>.ram mus! pr,11it.le fu¡ Je. 
tceJion, rcportinG, analysis, ~nd correction of softwah: dcfi· 
cicncics I25J. 

l!'eapon Systcm So¡:warc Dcrclo¡nnel/l (DOJiSl P·l 1;79,\J, 

This ~tamt11d :n!dJcss thc. cumple te s"úw:nc ch'I'CII.•J'· 
mclll pro,;~:;s .. 11 includl·~ thc !olluwin!O are:¡_.,: S"l\Waa· pc1· 
form:uh.:C rcqui!•~m~nt~o; snltw:n~ d(·~i¡.tn ll'qlliiCIIIl'Jll,, ]'tu· 
gr"Jmming ~l<llld·.¡r,J~ ;¡nd l'lJ!\I'Cil\ iun>~ ~~,¡ \WJIL' i111 pll'llll'ltla ¡ ¡, 111 ~ 

pro¡'.ram re~·l'll•'t:1\1011; ICstint:: s~.oftw;r¡c· n¡w;:lth>JI;· ,,Jf\IIJIC 

quJJily :!S>Uram:c; wftwJre ;.r.:c~:ptano.:c:; ~·lltw:IJl' o,;pufig· 
uraüon nlangcnlcnt; and ~'' ftwarc ntan~gcJncnt pl:uinlllr! 12: 1 . 

Toctiwl lhsital j)',1r.:m Sru/1(/urd. Softwar,' (.!wrlit)' A 1sur· 
ance Tcsting Critaia (TAUSTKANJ) ~~ ). 

Thc key re<¡uilemcnts adJ¡~~scd are softw~re enJur:mcc 
rum, third- p;~rty condtlct uf cnJur~ncc ruus whi::h ;¡r;:: pan nf 
acccpt~HKe, :.llowablc s~ftwaJc t:rruJS. ~ud alluwable í':Jtchc~. 

Endurnnce runs indu~olc Slfcss load in¡;, degrading mo•.k~. J/lJ 

on-linc m:..i.ntenallce SUfl]"11t pwg¡;um {28J. 

ConJ'i!;urafhJII Cvntrul-l:'llgiriCL'rÜig Clwngr'S, Dei'ÍiJiiOns, 
and Woircrs (DOU-ST!HI:l01~). 

This standard inwrpor:~tcs specifk instructions Ú•t ptL'· 
paring suftwarc cn¡;inccring changc proposi.ds [5 J. 

Milit11ry StanclurJ JJr![r.:mr.: SyHems Sojiwurc Dcrdo¡J/11(11/ 
(draft of proposc¡] MIJ..Sl'IJSDS). 

Thc standard rcquircs contJ<~~tors tu h:tvc software pn>j· 
cct managcmcnt which providcs :111 :..cccptablc lc\·cl uf vi~ibil· 
ity intu, thc dcvclopmcnt procc~~ atH.l additiun:1l requircmcnts 
for: stru~wrct.l ;~nd mut.lul;.,r so(twure ;:rchill'ClHrc, rcr:¡uire· 
nwnts an<~lysis, approwJ high OJder l:m¡:uagc, snftwarc in te· 
gratiun tcstin!!,, .:onligttr:r'lion !lt;ltJ:tt;CillCill, s••flw:..rc qu<~!ity 
assurance, projc..:t pla1111ing :wd ..:untwl, anJ ~uh~''!ll/;rdor 

l'llllltol llY]. This p11>pP\cd ~t;uubrt.l lll'¡':tll its ;~ppr<~v;.,l 
proccss in 1982. Rt'C\J!llilll'llt.lcJ .:lt:m¡;cs frum !lic Joirll U.rbiS· 
ties Conu11:111ders tu Mil -S'J]) . .J 1JÜ, MIL·STU--1~3. aut.l ~1/L· 
STD-152 J A :.re iuduJ.:J to makc thcm cump;1tiblc w ith ~ll L· 
STD·SIJ'i. 
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ant.l l4J. 
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Elements of Software Configura.tion Mariagement 
EDWARD H. BERSOFF, S[;NlOR MEMBf.ll., IEEE 

A.b1trm·t--'Sofl "llrt wnn¡.:unatJnn m~u;a¡:~m~ut I."'C.\1) ¡, unr or thr 
dl\l'l¡ollnr~ cof thr I'JXU'~ ~hich ¡:rn1 in rn¡ounu• tu thr nt:111~· fulluu" uf 
lltr 'nfiWHfl' hulu•1r1 thrunl(howlllol" 1'11!1'•. lhrr chr '"'llrn ¡rM•, 
1"11/lfjtU/rt~ hllll' lorl'll 11ppllo•r/ In 1/U' '"'lution u( '" 111~111 fOill¡•h•• 

Jlrnhll'tn\ Huat uur 11hUII)' 1<1 lllllrt;lr.:r tln·•~ ~IJfltl•·••liun• h~• nU l<t<t 
lnqu~n!l} fHih·d. '! hh h11\ n.ulrrd in thr dr.•~luport~•nt uf 11 ~Hif' uf 
''ntl'l'' dl\dplint·l intrnd1•d In ht•lp cnn\rul !he •ufl11~n prnn••• 

1'hls papt·r .. ¡¡¡ ftKU~ on tl!t discl¡oline ur Sl::\1 h) nr,¡ piado¡¡; 11 In 
itt proper ('onlt\1 "ith n .. p~ct lo th~ r~~• uf thr •ort "~re <le•clupr11~n1 
prox:t~\. as \\di 11~ lo th~ ~o:ol~ <Jf that prucn.~. 11 .,¡u ~'<QO!in.- lhl' 
tOII\IÍiutnl compunent~ o! SC~I. d•HIIlng at !<time lt·ngch on on<' nf 
thost compun~nl\, confi~ruration cunlrul. 11 11ill nH!du<.lc "ith a lnok 
ti \\"hall he 1980's mighl h:n·r in slore. 

/tultx Tum1-Configuration mana¡:ement, mana~tmtnl, producl 
I!ISunan~;e, sofl\\arr. 

fNTRODUCTION 

SOFTWARE conflgur;;tion man;;¡:cmcm (SCMJ is une of 

thc discipline~ uf the 1900's which grcw in respunsc to 
the many failures uf our industry throu¡¡.hout the 1970's. 
Over thc bst tcn years, computcts haw hccn :~pplicd to the 

su!ution of ~o m:.my cnmplex problcms that our ;;bilit)' to 
manage thc~ applicatiuns in thc "traJition:tl" way has all 
too frequcnt!y fHiled. Of cour~e. traditiun in the software 

business begaH only 30 years agu or less, but e ven new ha bits 

·are difficult tu b¡eak. In thc 1970's wc lc:uned the hard way 

that thc tasks involvcd in ffianaging a suftwatt: prujcct wcre 
not lincar!y. dependen! on the number of lines uf code pro· 

duced. The rei:Jtionship was, in f>1~t. highly cxponential. 

As the dccade closed, we looked b:~ck on our failurcs [ l 1, 
p] trying 10 understanJ wh;~t went wrong and how we 

could corrc~·t it. We bcgan to disscct the software dcv.:lop

ment process IJJ, [4] and to define techniques by whit:h it 
could be effectively managed (5J-ISJ. This scli·exarnination 

by sorne of the most talented and cxpcricnccJ members oi 
the software comrnunity Jed lo the Jevelopmcnt of a series 
of .. new" disciplines intended to help control the software 

process. 
Whilc this p;1pcr v.·ill focus on the particu!:Jr discipline nf 

SCM, we will !lrst place it in its proper context wíth respect 
to the rest of the software development pr...>cess, as well as 
to the goals of that proce~s. Wc will examine thc constitucnt 
componcnts 'of SCM, dwelling at so me Je¡lgth on onc of thosc 
components, configuration control. Once we h:we woven our 

way through aH the trees, we will once again stand back and 
take a bricf look at the forcst and see what the 1980's might 

h:lVe in store. 

Manuscripl rcccived April 15, 198:!; r~viscd Dcc-clrobcr 1, 1982 and 
Octobcr 18. 19!0. . 

Thcautl1ur iswith BTG, In..:., 1945 Galluws Rd., Vicnno, VA 22180. 
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sot IN CoN nxr 

lt ],;¡¡ hctn .,;Jid tl1;11 ¡¡· ynu do nnl kn1>\l 1\ h,•t,· 1'>111 ,111: 

g~>in¡o. :rny road wlll gd )'1'11 lit,· re In "Hkr ¡, ¡•t•'l't:li)· 1111•kr· 
stand thc tt1k tltat SC,\1 plays 111 thc ~oftW.IIt' <in•'h'J'111t'ld 

prn~.:css, we mu~l first n11dcrstand what the ¡;"al ni' thal]'ll•>c~s 
h, i.c .. wherc wc :w: f..lling. Fiu·nnw, ;wJ ¡·~·rh:q1~ t'u1 ~"l•lL' 

Úme to come, softw:1re Jrvel>~pcrs a1c pcL•pk. !l"''!"lc whu 
respond to the needs oí ;;noth~r set of pC~lpk ~li::l\in: t"liÚt· 

putcr pr;gro.ms dc~igucJ· w sati~fy tho~e nc·:ds. Th··~c Cilll

puter ptograms are the t;mgible \JUtpm ()fa th~•lr~ht rw.:n~·
thc convcrsion uf a thought pro,·ess in tu a prudu..:t. lJ1~ goJl 

of the software dl'\'dopL'f is. or sltould be. t.lu: ~·onstru..:tir.•n uf 
a produc.t i.vhkh closely n;atchcs tire real needs ol t!:L' 'ol'l of 
peopk for whum the soft\\ 3!C i~ de·.-clopt!d, \\"e cJll this ~u al 

the achiCvemcn\ of "¡)roduct inlt':"rity.·· ~!ore !urm:illy stat:•d, 

product imegrity (dcpicteJ in Ft~. l) is Jefi:wd t1• O,• thc 
intrinsic setofattributc'> thal charactelite a pwdu.:t !IJ]: 

• !hat fulfills us.:r lun.:tinnaJ ncc<.l~; 
• th<~t can casily and compktely be tra.:cd ¡J,n'ut'o;h its 

lifc cycle; 

that meets spccif'ieJ perfOJm;mcc criteria: 
• who~e co~l expc.:t;nions u~ mct; 

~ whose dclivery cxpectatiuns ~te met. 

Thc above r.kf'inition is pra:;matirally b:~scJ. 1! r.Jcm;;nd~ 
tllat ¡Úuduet integrity bo.: a me¡¡sure of thc 1:Jt:sfJl:ttnn ur ;!te 

real n.:-e<.ls and ~xpc...:tatiüns c1f th<: software u~~r. h pb--.·s 
the burden for ;1rhkvmg the suftware gOal, prvdu-:t ink:,!IÜ)', 

squarcly on the shou!Jc¡s of the developer, for it is he J!uno.: 
who· is in control of the devclopmcnt pro-:css. \\'hile ':1s wc 

shall sce, the user can o.::aablish safcguards and checkpoint> to 
gain visibílity into the Jcvelopmcnt process, the prime rc5pon· 
sihility for software sucres,; is ~he developer·s. Su our ¡;ua! is 

now clear; we want to build soit~\ar<'! which cxhibit~ al! thc 
charactcristks of product integrity. Let us make sure that wc 

all undcrstand, howevcr. what thb thing callcJ software rt!nlly 

is. We havc le:~rn<:d in rccent time~ that equating the tc:ms 
"software" and ··computer pro~r<~mi' impropcrly rcst;icts 

our vicw of software. Soitw:ue is much more. A definition 
which can be U>Cd to focus thc t!is..:ussion iu thi~ pJp~·~ is that 

software i~ information that is: 

• strUcturcd with logical an.d functional ptopcrtks: 
• created and maintained in various form~ and representa· 

tions Juriflg the Ji fe cycle; 
tailorcr.l for machine proc~ssing ·¡n its ful!y dcw:loped 

state. 

So by our de!inition. software is not simpl~· ;; set of cr.•m· 

pUtcr progr:mls, hut Lm:ludcs th~ <.lucumcut;ltitlll 1equircll to 
define, de~dop, and maintain thcse pmgr:mls, Whilc this 
notiun is nut very new, it still frc,¡ucnt.ly escapes the wftwa¡e 
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Fig. l. Ptoduct inlcgrity. 

devclopment manager who assumcs th;¡t controlling a software 
proJuct h the samc as controlling computr.r code, 

Now th:n wC more fully.apprco.:iatc wh~t we are aftcr, i.e., 
tu build ;¡ softw;tre product with intcgrity, Jet us look at the 
une road which might gct us !l1ere. \Ve h:1vc, until now, uscd. 
the tcrm "devclopl.'r" w ch:uacrcri!.c thc ur¡;~nizational unit 
rcspon~ihlc for comcnillg thc software idea in tu a software 
pr<.H.luo.:t. But dewlopcrs. ;¡rr., in rcality. ~ c0nlj'lex sct of 
intcrar.:tiug org~nization:ú entitics. Whcn untknaking a soft
ware projcr.:t, mus! Jcvc!opcr~ Sllucturc thcm~clvcs into duce 

b:i~ic discipline ~ets which induJe: 

pru_jc¡,;t m:magcmcnl, 
• de\dtlpment, and 
• proJu..:t assurancc. 

Projcc: managcm~·nt disdplin<'S are buth inward!y :md out
w¡¡rdly dircdcd. Thc'y suppt.H t ~encral muna~cment's nccd tu 
scc wh:Jt ¡~ going on in a prujcct and ¡o (;MillTC that the parent 
N hmt · l>r¡.-ani7:ilil111 conshtcntly Uevclop~ products with 
int~¡aity. At the s:nue time. tlt.::~c di;ciphnc:. lr1ol\ ·imiUc a 
projcct í11 suppun uf thc assignment, al]u .. ·ation, and colltrol 
o)( all Jlf•'ji·Ct re~otHLC'S. In tlt~ll e~p~city, prujc..:t nwn~gemcnt 
LÍl'l<'fJ11ÍJlC'> the reJatÍVC ~JloCJIÍOII tlf fCS1liHCes 10 thC SCI Of 
Jc\'elopmcnt :md product :mtuance disciplines. Jt is manage
mo::nt's preroé!;..live to spcrify thc cxtt•nt to which a gi>'t'll 
Jiscip!in~ will be ~pplied lo a given project. llistorically, 
m:111agr-mem has oit~n bccn handicappcd whcn it camc to 
dcddÍ!lf how·much tlf lhe.pmtluct as~urancc disciplines were 
requircd. ·Thi~ was a resuh of·both inexpcucnce ~nd organiza· 
tional immJHirity. 

The dcvdopmeni disciplines represen! thosc traditionally 
apphed H• a software projcct. They include: 

analysis, 
• deJ>ign, 

engint'ering, 
productiun (codiJJg), 
test (unit/subsystem), 
installation, 
doctuncntalinn, 

• !Jaining, and 
maintcnance. 

In thc bro".ld('s! sci1sc, lh~se are thc disciplines rcquir('J to 
take a systcm ..:oJJCCJ1! from its he¡:.inning through the dewlop
mcnt Jifc cyck 1! !Jkes a wcll·)(fUo:!urcd, rigurous tcchnic:tl 
approach lo sy~tcm dcveltlplllcllt, aJong wilh thc ri¡;ht mix of 
dcvclopm~nt disciplines w ~uain produet integrit}', espccially 
for software. lhc concl'pt 1.1f an ordcrcd, proc<'Jurally dis
ciplincd ;Jppruaeh hl systcn1 dcvcloprncnt i~ fundamental lo 
produet imc¡;lity. Such ·.111 :tpptoach providcs succc~s.ive 

dcvclopmrnt platc<.~us, cach ofwhich i~ an identil1~hlc mcamrc 
of progrcss whio.:h ftlflllS ;¡ p<~ll uf thc lota! flltnHbtion sup· 
porting thc fiH:1l pn)~IICI. Going wqucntÍ:Uiy fr<)lll une ba~· 
Jinc (platcau) to ;mothcr ll'ith high probability uf success, 
neces~italcs the use of the rit~ht development disciplines at 
precise! y thc righl time." 

Thc product assurancc dhciplincs which are uscd by proj· 
cct manag'cmcnt to gain visihility into the dcvelopment pro.:ess 
include: 

_. con11gur;:nion managemcnt, 
• qualily ;ts~ur~nce, 

validation :md vcrilication, and 
• test and C\';tlualinn. 

Proper cmploylllcnt of tl1c~c product assÚromco· disciplines 
by thc pwjcct m:1n.tgcr is h;•>k.to thc ~ucce~s of a pr\iÍ('ct ~ince 
thcy providL' tite tt•chnical cJ¡~.:J.s ~nd baLnccs o\ct the prod· 
ud bdng devéJ,pcd. Fig.. 2 reprL~~cnts thc reJ..¡:ivtl)llip ~m.:n~ 
th(' m<l113g('ll1CJ\l. Jcvclopw('nt, ami pwdlll'! <J~SlJtJP...:c diM.'Í· 
rlincs. Lct us lo<~J... ;¡\ C<tdi of th(' JlfOclll!.:l a~~Utanrc di~ciplíncs 
!iricny, in turn, hdo:c wc e\ pl••rc thc JetJih of SC~l. 

ConfigtuJlion 111an~gcmcnt (C.\1) is thr (1\~;:iplinc uf idcnti· 
fying thc rontlgnr:.~tion of a $)'Stcm JI di~crcte pt:int.; in time 

for the purposc uf systcmatícally contrulling ch<J:Jgc~ w the 
configuratiun ~nd maint;1inin~ the intcgritr and trao2e::!bílity 
of thc cunfigur:.~li<Jll through,ul thc svstcm life ~\·ele. Soft· 
ware configur<~th•u lli<Jnagcmr.nt (SC.\1) .is simply co;Jfigur<Jtion 
m:wagemcnt tailoreU tt1 sntcuJs, ur p•Htions of ~y~tetm, 
that lile ~;nmpri~r!l ptCdl!lllinantly of S\•f\II'Dre. Tlm~, SCM 
Jocs not diffn ~lth:,t;unblly fwrnthe CM ufhardw.1r~·'•!Ít'llll'd 

system~. ll'hicl1 is .~cncr:~lly wcll rmJcntoOJd <JJirl effcctivc!y 
practiccd. !lowcv~·1. attcmpls to implcml'•ll SCM h~vc oftcn 
failcd bec;~u~c lhl' p;irticulars r•f SC\·1 do not folhlil' by direct 
~nalugy from the p-;,rticu!Jl\ uf h;udw~rc CM anJ br:c:tu~ 
SCM is a lc~s zi1~:urc (.h~ciplinc tfm1 th<:tt (•f h::!tdw:tre CM. 
We will return to thi~ suhjc~;t ~hortly. 

Quality aswran.::c (QA) :1~" discipline is corm.nm;l:· invoke.J 
throug.hout govrmmcnt and indusuy orpniz.~tior:s \\Íth rea· 
~0/l.!ble ~tand.~rdil.atiun 1•ohcn :.or.plicd 10 systcm:; compri5Cd 
oul~· uf hardw~r~. Hut therc is cnormous ·o;¡ri<~ticm in t/lin!:tng 
~nd practicc '•·hcn the (),\ \lhcirline i> in':ol;ed fcr ~ soft· 
wurc develnplllcnt (lf fu¡ a $~ ~tcm containin¡; .<..oftw~re com
¡JUIIC/Jl~. QA h~s 11 J'm¡: hi~t{;ry: ancl much !Jk~ C•l. it hfl~ been 
L1rgcly devclopeJ :111d pr<Jclh.:r:rJ on ll~rdv.are prc.jccts. lt ís 
lhcrefore maturc, in tl1~1 scu~e, ~~ ~ di~cípline. Like CM, 
Jwwcver, it i~; rcl:lli\'Cly iJnnwture whcn applied to ~oftware 
clcvclopmcnt. We deOnc OA ~s combting of thc ¡;ro~·~~dure~. 
tcchniqué~: and tonh ilpplicd by prufcssion;tls to insu:c th~t 
:1 product mects ur 'c\cccds prr.sp('cifkd st;JrHbl .h dtJrim 
a product's dcvdupmCJil"·tYck; Jr1d withl)ll! ~pe:ific pre: 
scrihcd ~Wnd:;rds, OA (:JJ1ad~ iusurillg tl1~1 ~ pl{lduct nlcr:ts or 

,, 
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• TIIAINING 

Fig. 2. Thc discipline triJngle. 

exceeds ¡i minimum industrial and/or com¡n.;>rc¡o~Jly ac.:eptable 
kvcl of ex.:elkn~c. 

1 he QA t!b<.:iplinc has not be.: u uuifwmly ltcaled. pra~tkrd 
or lnvo!..:~d ¡rJ:uiv"e w ~oftwan• dl~v~ll'J'lll\!111 Fint, \"Ct}' t"cw 
or~~nitatium h~ve ~oftw~re dl·~irn ;uHl de~l']''JllUCttl ~tan·l~rds 
th~t t:ompare in ;¡u;· w;ly. with lt:udw~rc ~taullards fur Jct:lll 
:wd compll·tcnc~S. S.::o.:ond. it t:tkc5 a hi¡!lt kvcl of ~oftw:uc 
expertisc to asscss wltct!tcr a ~oftw:nr pwduct mccts prc~rib~d 
standards. Thitd, fcw buycr mg:mit.:lli•ms h~ve provilkd (ur or 
havt Ue\·eloped the cJpability to impose and 1hen monitor 
software QA endcavors on seller organiza1ions. Finally; few 
org:mizations h~1·e becn conccrned ovcr prc.;i~ely delining 
thc differencc betwcen QA and l>thcr product ~sstH3nce 

disciplines, C.\1 oft.:n being suhM:"rvi~nt to QA m vice versa 
in a given development org:mization. Our dC'finition of soft· 
ware givcn earlier su_f:¡.>Csts still anothcr Jl'~~·ITl for thc )oft· 
wl!rc QA dbcipline being in the s~mC' _state a~ SCM so far as 
its universal :~pplicatinn within thr user. buy("f, and scllcr 
CllJlllllllllitics. Suftw:.tre, :.ts a form of infutmation, car\Jll.lt be 
Sl~nd:1rdizcd; 011ly st!UC1Utcs fur dci1Jlin¡;/ducttmcntin~ 

softw;tre c<~n be ~tanJJrdilcd. 1t folluws that software tlcl·dop· 
mcnt tcclmiqu~s ca11 L>nly be mc:tningfully st~Hd:.trdizl'J in 
rclation to iufmmatiort s!ructures, nut inform:ltio11 contcnL 

The third of thc fuur product ~ssur~n<:c dis.:iplincs is vJlida· 
tion :md verificatiun (V& V). U1\lih CM :md QA, V& V has 
con;e into being cxp1e~sly for tilc purposc of cupíng with 
software and its devclo~ment. Vnlikc QA. wllkh prinicip::Uly 
deais with thc problcm <1f a rToduct's :IJhercnce to.prc
establishcr.! stanr.lards, V&V dc~ls with the issue uf how wcll 
software fulfills functiona! and pl.'tformancc rcquirct;tcnts 
and thc assurancc t![;J\ spccifi¡;d n::quir,·nll:nts are iudccd 
stated and intcrprctcd rorrccrly. The vcrilk:Iliun par! of V& V 
assures that a pror.lt~o.:t mccts its prcscribcd goals ~s dcfincd 
through bascline Jocumentation. l'hn is, vcrification · is a 
discipline imposcr.l to :Iscertain that a product is what ·il was 
intt'nded to be rc!Jti\"C to its preo.:cding ba~eline. Tite v~lidation 
part of V&V, by contrast. is lcvicd as :1 di~cipHm· to assurc 
that a product not only mects thc Llhjcctivcs spcdfied throuj!h 
bascline documcntJtion, b'ut il1 :~dditián, r.loes thc ri¡:ht job. 

S1atctl :~nother way, thc valida!ion disciplin·.' is in\·,,1-:cd !« 

imurt' that the cnd·u.<.ér geL~ thc right pt,.dt,.:t. A ¡.,,_ .... ·¡ •JI 

rt't¡UÍJCJllt'fl!.> llave cl.:uJ¡•cd, or thc ~~~~·r t•,·t:; '" J...u,,"· tll<•tl! 
:~lwut what ht• llCl'lh. w c;uly ,j,c..::ill~ati<•Jh ,,¡ H"•J'~Il• ll"''l:\. 
wcrc wrong "' iucumpktc 111 in :• ~t:Jlc t•f Jiu.\.·¡ he ·.-.di,l.Jlt"IJ 
pnll't:'>~ serve~ to a'>~liH' that \U.:h pr•¡Hclll~ ,¡.,· 111•1 p;·,~iq 

amoJ¡~· tite U~l't. buyc¡, and ~lkr. Tu cnharh:C ";;_\-:~IJ\"11)". 

it is of1cu dcsir:.~bk to ha·.·t Jn indcpcnJ..-ul t>t~:uti,,d¡•~n. 

from üllt\idc thc dcvl'luping or:;;;niz:ation, pcrf0r111 tl1c V&\' 

fum:tiun, 
lhc fourth of thc prnduc1 a~surance {lhciplinl'~ i5 :e,~ :u1J 

ev:tlua'iun (T&n. peJh<~ps the discipline most tu:dcrstood. 
and yct p~radoxically. le~~¡ pr:Jcticcd with uni1mmity. ll.:E 
is ddincd JS tlic discipline imposcd óutsidc th.: dt!l"clüpment 

projt'C1 org3nÍ7<ltion 111 indepcndcntly asscs, wll,'ihct . .1 ;'rod· 
u..:t fulfills objectil'ts. l&E ducs this tiHL>Uj:.il tht• cx••;.·u:J~ln 

o( a SI.'! of test plan\ :JtHJ proo.:ctlurrs. Spt:cilkally in ~up¡..rJrt 

uf lhr cnd u~cr, T&L ent:.~ils evaluating ptodu,·t pcifl>ITTt:JII~C 

in a li·ll~ or nt::u-!ivt• Cttviwnmcnt. Frl'cíucntly. p:.trli•:ul:uly 
within thc milbtry atcna, T&F is· a majnr u¡¡¡;cn:Tkin~ in
vulvin!] 't>nc tl/ l!l(JfC •,ystcms which are to opt•r:~tc tu~ctJ-..~r. 

but wlikh havc bccn inJividually t.levclopcd ;md :¡~cc¡l!l'd JS 

statH.!-;tlJ\Ill' i1cms. Somc urganiiJlions form:dl~· turn un'J T .. ~ E 
K~pon~.ibility to a group outsidc thc dt"wlupn~cnt p¡nj~~~ 

ut)!•llÚl.ation :~ftcr thc ¡1roduct rcachcs a o.:ertaHI sL1;:.~ nf de
vclopmcn!,. their pllll<Nlphy briug !hJt dcvdopcrs canno: be 
objCL'tive \O thc poiut uf fully tcsling/cvalu~ting wh~t thcy 
h~vc ptuduccd. 

Thc dclinitil>llS &ivrn for CM, OA, V&V. ~nd T&.E wg::-c~t 
souw ovcrlap 1n rcqui¡,•rJ skilh JJH.l ft!tl<.::lion~ to he pcrfL•rmc¡j 
in onkr to inv,>kc t!tc"'.! disdplillL'1 cullcctivcly fw pt":Ju..:t 
~~surauc~· purp¡N'S, lkpcudin¡; on nuny f:~ctot~, thc aCu•al 
uvcrbp may be ~ignilirant or litth.:. In fa~t. therc :JIL' th1>~c 

who wuuld arguc th:.tt \'&V and T&E are but sub~ct t"tm.:tions 
of QA. But thc wntc~ling argum~nt is that V& V ~nd ·u;:.E 
havc come iuto bl'in!: as sc"p:Ir:JIC disciplines bc;.::m~L· ú>llH'll· 
tiuua! 0A mcthod~ :t11<1 tcchniqu,·s l1av.: failcd tu d.: Jll :Idc· 
quate job with n·spcct tu pwqding produ..:t :Js~ur:UlL"C. P:u· 
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ticuttrly for computcr-ccntcrcd . systcms wltl1 · softw;uc wm
poucuts. Managcmcnl must he com·crncd with minimi.dug 
!he ap¡}Jícatiou ol cxccssivc and redunUant rcsuurccs lt1addrcs5 
U1c twcrbp of lhcsc disciplines. Whal is importan! is th::u all 
lhc fuuctions dcllncd abovc are pcrfnrmcd, JWI wh:ll t!lcy 
are calkd or whu c;trrics thcm out, 77 

Tu E ELEMENTS OF SCM 

Whcn the nccU fnr th~ discipline of confifluration managc
mem fin:~lly achicvcd wJdcsprc<Jd rccognition within !he soft. 
warc cnginccrinp. community, the qucstiou :twsc as to how 
closcly thC' suftii'Jrc CM discipline ought to parallCJ 1hc extant 
h·Jrdwarc practicc of con.flgur<Jtion m:magcment. Early SCM 
authors and practitioners !JOJ wisely chose the path of 
common:.~lity with the hardware world, at leas! at the highest 
leve!. Of coursc. h~rdware cngincering is diffe_rem frozn soft. 
ware cngincering, but broad similarities do exist and ternlS 
<~pplied to one. scgment of the engineering comntunity can 
casily be applied to anotllCr, cven ii the spccific nleanings of 
those ter111s diifer si~nificantly in dct<Jil. For that rc<Json, 
the elcmt!nts of SOl were choscn to be the samc as thosc 
for han.l\\·are CM. As foi hardware, thC' four C0mponents 
of SOl are: 

• idcntification,· 
• ~ontrol, 

• :Jllditing, and 
status nccountmg. 

Let u~ C"xamine each one in turn. 
Software CunP~uration Jdcntifkation: Effectívr m;mapC· 

mcnt of thr dcvelopmcnt of J ~ystcm requircs carcful definítion 
of its bJ~dinc compunents; changcs to th<'r.c. components also 
need to be Jefined s_ince tltese changes, wsether with the base. 
lines. speo.:iíy the systcm evolutinn. A systcm basclif,c is like a 
snapshot of the aggrcgate of ~ysrem componcnts as they exist 
ata given p•)Írtt in time; updatcs to thh b~seline :~re like fn.mes 
in·<: movie strip of th~· system Ji fe cyde. ·¡he n)le of software 
cunJ1guratiPn hl~rniik;ltion.·in rile SCM prucess is to provide 
l:!bcls_f11r 1h~sc Sll:il'\liül$ anrl tl1c nwVie sttip. 

A b~~cline can be charac.teritcd by twu labels. Onc !abe! 
klentifie~ tlle basclinc itsc!f. while the s<.'ConU Jahcl ii.lclltiítc~ 

¡¡n updatc ro ~ partkular ba~elinc. An update ro a basc!ine 
represen!~ a b~scline plus a sct uf ch~ng~.:s that h:~ve been 
inclHponned íuto it. bch of thc ba5elincs est:~bH~hed during 
¡¡ sofn\"are system ·s Ji fe e y ele CNlln.'/s subsequent system de· 
vc!opmcnt. :\r thc time it is first established a software base· 
line cmbodies the actu.J softv.:arc in its most recen! state. When 
changes are made to the must recently ~·~tabli!Jled baseline, 
then, irom rhe viewpoim of the software configuration man· 
agcr, this b<Jscline anJ these chang.cs embudy tlle uctual soft· 
ware in its most rccent state (u.ltlwugh, from the viewpoim 
of the software dcveluper, .tlle a.:t\la.l software may be in a 
more adv¡¡nced statc). 

The most clementary entity in the softw;ue configurlttion 
idcntification J;~bclin~ mechanism ís the software confi¡!urrition 
item (SCJ). Vkwcd frum an SCM pcrspcctive. a surt ware b;¡sc. 
line appcars a$ a sct uf SCl's. Thc SCl's within ;¡ b~scline :~re 

rei:Úed to une nnother via ¡¡ .tiec·like hierJn:l1y. As the suft· 
ware systcttl cvoi"ves tluough its Jife cycle, the numbet" of 

br:mchcs in this hier<~rchy gcncrally incre:~St"s; thc first ba~. 
Jine may comist t•f nü more than one SCJ. The lowe~t le\·ej 
SCJ'~ in the trcc hicr¡¡rchy may ~oti/1 he undcr lkvclopment 
and not yet urrdcr .SCM control. Thesc rntític1 ~re tcJJned 
design objects or mmputer pro~ram Ctlmponenls (Sl'e fig. 3). 
E:t~h baseline :.md eadt member in the a~uciatl.'tl family of 
updi!tCs wiil exist Ül tlllC or more furnts, such as ;¡ de~lgn 
dllcumcnt. so1ncc coJc on a disk, vr cxc~·uting (lhject code. 

In perfonuing the idcutifk:uion function, thc soflware 
configuratiun manager is, in efíect. taking snapshots of the 
SCJ's. Each baseline and ih associ;¡ted updatcs collcctively 
rcprescnts thc evolution of the software during t'ach o( its 
life cycle stages. Tltcse stagcs are staggered wíth respect to 
onc another. Thus, the collection of life cyclc sfages looks 
like a collection of sta!!gered and ovcrlappi..ng sequences of 
:.napshots of SCJ rrees. let us now Imagine thatthis collection 
o[ snapshot sequences is thrcaded, in chro~olo,gkal order, 
onto a strip of movie ft.hn as in Fig. 4. Let us furtlter imagine 
that the strip of movie film is run through a prujector. Then 
we would see a history of the evoluiion of thc software. 
ConseqUently, the identific;uion of basclines and •lpdates 
providcs an explicit documentottion trail linkiág all ~tages o( 

the software life cycle. With rhe aid of this documentation 
trail, the software developer can assess the intcgrity of his 
product, and tlll! software. huyer can asscss the in:cgrity of 
thc product he is paying for. 

Software Conj/guration Control: The e\'oiuÜon of a soft
ware system is, in rhe Janguuge of SC\1. tJJC development of 
b¡¡sc!ines and the incorporar ion of a series of changes into the 
ba~clines. In addition to tltesc changes that explicitly affect 
exiMing basclincs, therc are changes tllat uccur Juling·early 
stages of the system Jife cycle th~t may affect ba~clínes tltat 
do not yet exist. For example, some tilne beforc software 
coding begins (i.e., somc time prior to the establishment 
oí;.~ desi~n baseline), a contr<:~ct may be modified to induJe 
a Software wurranty pro\'i~i~'ll such as: ~ystem downtime due 
to software failurcs ~lt;tlJ not exceed 30 minutes pcr 1by. This 
Wilrranty provbiPil wiJJ gencw!Jy ;¡{fect ~nbsequent h:.1~dines 

but in a manncr ti1:H CJIIIltll he explicitly determin~·d ,¡ priMi. 
Ot~r. role oi ,oftw,,rC confl~IIJJ!Íüll coJilrol is to pr(•vide the 
administrativc medwnísm f11C precipitating, preparing, evaJu. 

. uting, and approvíng or dis<~pproving ¡¡!J chaugc proposals 
throughout thc sys1er!llife cycle. 

\l,r'e have said that sllftw;.~re. for configuration man;,gement 
purposcs, is a col!cction oi SCJ's that are rclatcd tO one another 
in a welJ.defined way. in C<~rly b<tselines :..nd their aS!.ocialed 
updJtes; SCJ's are specification documents (o!~C or more 
volumcs of text for e;~ch baseline or a~wcíatid update); 
in later ba~elines anr.l their :~ssodated updatcs, each SCI 
may manifest itsclf in any ur .jJ Clf rhc various software 
reprcscnt:.1tions. Software configuration control focures on 
mnnaging ChJnges lO SCJ"s (existin~ Of lO be dercJoped) in 
n/J of thcir repre~cmations: This proce~ involvcs three basic. 
ingrcdients. 

1) Documentathm (such a; :~dministr:tiivc fmms and slip· 
poning ~echnical and adminhu;stive nwtt:Jbl) f1Jr form11lly 
ptedpilating and defining a propo!oetl change to a software 
system. 

2) An oq;aniz01tional body fur formally en!uating and 
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Hg. J. The dc~c/opment/SC.\1 interface. 
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Fig.4. SCI evolution in a sin¡;lc documcnt. 

approving or disapproving a proposcd changc to a software 
system (the C'onfigur;~tion Control Boml). 

3) Procedures for co1Hro!ling clt;~llt!CS 10 a St,ftware sysrcm. 

The Engincering Chan¡:..: Pto[lllsal (FCP), a majur coutrol 
d!l~·ument, cont:lins iuform~llinn suclt :lS a dcscription l\f thc 

proposed change, identifkalion of !he oti¡;in:tting org:mization, 

rationalc for thc chan!!c, idcntiftc;,¡il'll of affcctcd b:~~din..::.> 
and SCI's (if approptÚtc.J. ami ;,pc..:ificiltimt 1)[ ro~: :md 

schedule impacts. ECP's are rcvicv.cJ and co,n.iiflah'd In tl.c 

CCB, whkh is typic:tlly ~ body rcrrcscntmg al\ uJ)!~IIÍ/.;.t;i.nt:d 
units wlticll h:tvc a vestcd iutcrcst iu prupt>~cd dii.ln~cs. 

Fig . .S dcpicts thc softw:m: c,,¡¡figutation CllJllto[ pwC(~.,; .. 
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J'ip.. 5. The tootrul proces¡;, 

As ·thc 11gure su¡:gcsts, ch:mge im:orporation is not an SCM 
funCtion. but monitllting the change impkmentation process 
H.'SUltiu[.! in clJ;mgc incorporation is. Fig. 5 also cmphasizcs 
that tite analysis that may be reyulrcd to pn::p:1rc ~n I~CP is 
~]5tl out~iJt• the SCM purvicw. Note alsu from thc figure how 
ECP'~ not npprowd by the CCB are not simply t!iscardcd but 
are archived for pos~ibte future rcference. 

Many automazcd tools Stlpport the control pro..:ess. The 
major um·s aid in co!llrt;JUini; software change once the coding 
stage has becn rcached, and are gent"rically referred tu as 
progrum ~upport ·mmries ¡PSL'sJ. Tht' levé! of support pro· 
vided by PSL's, howcver, varíes greatly. As a minimum, a PSL 

· should prmide a cemra1izcd :md readily :wailable rcpOsitory 
for autlwrit:~tíve vcrsions of cach componen! of a software 
sy~tem. 1 t dj()uld contain tht' duta nccessaty for the ordcrly 
devclopniCJ\1 :llld ¡,:ontrol of c:~cll SCI. Automat1'on of other 
functilms. ~uch as library acccss control. softw~rc and docu
mcnt \Cr.<,iun maiotcnance, ch~nhc re..:urding: 3fld 1!ocument 
r('Cún~ttuction, pca:Jy enhance both thc <.:OJltrul and muintc· 
nance pn,cc~~es. 1hc:.c capabiliti~~ are cuuently av:~ilable in 
systems su..:h as SOFTOOL's ch:.ngc aml conOgur:nion control 
environmem (CCC). 

A PSL supports a development:LI approach in which project 
personnel work on a common visible product r:Hhcr than on 
independent components. In thosc PSL's which indude acce~ 
contrOls, project personnel can be separately assigncd reaú/ 
write acccss to each software documcnt/componcnt, from 

· programs to lines of code. Thus, ¡¡JI project personnel are 
assured ready acccss to the critica.l interface information 
necessary · for effective software dcvelopment. At the same 
time, modifications to ":arious software components, whethcr 
-~anctioned baselines or modules undcr dcvcloprhent, can be 
closcly controllcd. 

Under the PSL concept, the pJOgrammcr.oPeratcs undcr a 
.wcll-dcfincd set of parametcrs and exerciscs;; narrowcr span 

'. 
!' ·, ~ 

' .,. 

.. ,. 

... 

of detaUed control. This minirnizes thc nccd for <'Xplicit 
conllllUnication Mctwccn an~JySts and pr;1gr~mmcrs <.~nd makc' 
the inclusion of ncw projcct personncl les~ tlnumatic .~nce 
interface rcyvircments are wcll docu:ncntcd. Jt a1so rl\ÍJii· 
mizcs thc preparati,llr crTon fur tcctrnical audils. 

Rcspomihility _ fllr maimcnance uf !he PSL dat~ v:..ries 
dfpcnJing on tire Jcvrl of automation prm·ided. For those 
sy~t~ms whit:h providc unly ;; rcposi\01)' for d:t.ta, a secretary/ 
Jibr~rian is usually rcsponsiblc for rnaintaininl! the not~books 
which will cont:rin 1he data dcvclopcd ~~.d u~cd by projcct 
pcrsonnel and for n1aintcnancc of thc PSL archh·es. More 
adv:rnced PSL systcl\ls providc real time, on·line ac<..cs's to data 
and programs :wd aut.Jtnatic~lly 'creat.: thc records necessary 
to fully trace the history of thc devclopm~nt. In' t-ithcr ca5e 
the ~SL provides .~tandardi7ation of pJOjcct reconlkccping, 
ensures that systcm documentaüon corresponds to the eurrent 
system Configuration, and guar:mtees tht' existenrc of <Jde

. qu1te documentatilln of prcvious ver~ions. 
A PSL slllluld ~upport thr~'C main actil'llit's: coJe develop· 

mcut, softw~re rnJn~!!cmcnt, :~nd confipuation cülllltJI. 
Support to tht' J~vc!opmcnt pror~~~ 'indudcs !Upporl to 
design, codiug. tc.o;ting, docurncnt:~tir•n, ami pr.:1gram mainte· 
nance along with a~soci:lled J:~t:~base ~hema and subs.:hema. 
A PSL providcs this ~upport through: · 

• storage and maintenance of software documcntation 
and code, 

• support to program compilatiun/testing, 
• support for tl1e genemtion of program/systcm docu· 

· mentation. 

Support to thc man:~gcment of.the softw:~re devclopment 
proccss involves thc' storage and output of programmiug data 
such as: 

• collection and :mtom:llic teporting of managcmt'nt data 
rehned to program de~clopmcnt, 
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• control !)Ver the integrity and sccurity uf the data in thc cunducted on a to-bc-cstablishcd basclinc is a s:mctioncd ~ · 
PSL, basclinc. The same may be said about basclinc updatcs. ~ 

• s~p:lration uf the clerical activitY related to tllC,nP¡p- Software configuration auditing serves twu purposcs, ~-
grannrung process. . O U configuration verification and configuration valiJ:~ti_on. Verifi- li 

PSL's' provir.le support 10 the configuration control pruccss cation ensurcs that what is iiitcnded for eao.:h softwne ,-cm- ~ 
through: · · figuration itcm as spccified in onc baselinc or update is actually ¡; 

• access and changc authorization control 
thc library, . · 

for al! data in 
achicvcd in thc succcc_ding basel_ine or update; vali(l:ition en· f·,. 

sures that thc SCI configuration solvcs the right prnblcm ¡; 
(i.e., that customcr needs are satisfied). Software coutigur:,¡tion 
audiiing is applied to each baselinc (~nd corrcspundiug upd~te) '¡¡' 

• autuniatic program and document. rCconstruction, 
in its to·be-cstab!ished statc. An auditing p!'O\:Css cDtllnh'!l to .· 

• automatic change tra~;king and reporting, all basclines is the determination that an SCI structu>e c-.\hts 

• control of software codr rc)cases, 

• · assurañcc of the conSistency between documentation, 11 
· and that its contcms are b:tsed on aU a\·ailablc inforlllation. ~ 

code, and Jisting!. Software auditing is int~nd!'d to incr~ase ~uftw:u.c \'Í$ibility 
A PSL has four major componcnts: intCrnal librari!s in and to ·establish traccability throughout thc Ji fe cycle of thc ft 

machine-rcadable fonn, externa! libraries in hardcupy form, software prodUCI. Of course, this \'isibility and traceability n 
~ computer procedures, and office procedures .. The components · are no! achieved without cosl. Soi¡w¡¡re auditing costs time n 

of a PSL systcm are i.ntcrlocked to establish an exact corre· and moncy. But the judicious investmcnt of time and rnoney, !l 
spondence between tire int~rnal units of code ;~nd ex:~rnal pank:ularly in the e¡¡rly stages oi a projcct, p:tys dividcnJs 
versions (such as listings) of the developi.ng systems. This in the latter stages. These dividt:nds indudc th.:- :1\'oid;mce 

1

¡ 
·continuous· correspomlence is the cha'ractcristic of a PSL of costly rctrofits rcsulting from problems such JS the sudd.:-n 
that gu~rantccs ongoing visibilitY and identilicatiun of the appearance of new requiremcnts and the discovery oi m~jor 
dcveluping S}'$tem. design 11aws. Conversely, failing 10 perform :tuditing. or 

Differcnt PSL implcmcntations exist for various sy~tem constr~ining it to thc later stages of the software life n·cle. 
environments with thc specitlcs uf the implcmentation de- can jrop;udize succrssful software devcJoj,r.rcnt. Often in .sudt 
penden! upon the hardware, software, user. and opetating ca~cs, by thc time t!isrrep;mdcs an~ discovNet! (ii they JrC 1, 
cnvironmcnt.' The fundamental corrcspondence between thc the software cannot be easily or econumkally 111utlifi~·U Lo 
intern~J and externa! librarie~·in each cm·irunment, howcver, rectify the discrepancies. The rcsult is <•flcr1 a Jis~.athfrcU 

is establishetl by thc PSL librarian ami computcr proccJures. customcr, lar¡;c cost ovcrruns, slippcd ~hcUulr$, or c<rnccllcJ 
The officc procedurcs are specitled in a project CM I'lilll so project.~. 

that the fornwt of tl11.: externa! libraries is· stand:úd across Softwáre auditing makcs visible to managemcnt the cuucnt. 
software projects,. and intemal and extcmal liln:uics are 
rasily maint~inablc. 

Newer PSL systems nrlnimize the necd fo1 both offic~'. and 
computer procedures thwugh thc implernentatiun of extensive 
managemcnt functionalit~. This functionality providrs signili· 
cant flcxibility in cotHrullmg thc access to d~ta and alloc~ling 
ehange authnrity, while pwviding a \'ariety uf status reporting 
capllhilitles. The availability of n~an.igement inform::rtion, 
such as a list of aJJ _thc software structurrs changed lo sol ve a 
particular Softwarr Trouhlc Repon or thc Jrtails on the la test 
changes to a particular soitware documl·nt, J'roviJcs ;¡ me::rns 
for the control function tu effectivclr operalr without burden
ing the devclopmcnt tcam with cumbcrsomc procedures and 
aJministrativc f'apcrwork. Curren! cffous in PSI. refmement/ 

devrlopment are aimed :n linking suppurt of the developmcm 
environment with that of the_ coni'iguration control cnviron
ment. The goal of such systcms is to provtdc an intcgr<~led 

ei1vironrnent where conlrol and managcment infurmatinn iS 
. gencrated automatically as a parl oi a fully supportrd d~sign 

status of !he-software in !he life cycle product auditcd. /t ~hl• 
revrals whethe! the p1 oject requircmcms are being satisft·~d 
and whether the intent of the preceding ba~dine h<~s been 
fulfrlt.:J. With this visibility, project man~gement cun eva/uatc 
the intrgJity of the software product bcing de1'clopcJ, H'SL)Ivc 
issues that may h::rve bcc11 raised by thc audit, and corrcct 
defects in the devclopmcnt proccss. Thc visibility afforJed by 
thc softv.·are ~udit a!~l) provides a !">:.~si~ fur thc establishment 
of the tiuditetl lifc ~yclc product as o nrw b:~sclinc. 

Software auditin¡; pnwides tr:~ce¡¡bility bctween a suftw:~re 
life cyde product and thc ret¡uircment!> for that product. 
Thus, as lifc cycle prut!ucts are auJit.et! :~nd basclines establislu.:d, 
every requirement is trJccd successively from baseline tu bJse· 
linr.. Disconnccts are al~o madr vbiblc during thc eswbli>h· 
ment t'f traceability. Thcse discunnects include rcquircrncnts 
not satbfied in thc audited product and cxtianr.ous re~turcs 
observed in the product (i.e., fcatures for which no st;,ted 
requiremrnt cxisb¡ . 

1 

and dcvelopmenl process. · 

. Witll the different p;_,int of vicw madc 
visibility and twceabiliLy achicveJ in the 

possible hy the 
software auJit. w 

Software Conjigurulion Auditing: Software conflgur~ti~n 
auditin¡z providcs thc mcchanism for dctcrminiJtg thc d~gree 
to which tht> currcnt state of the software system 'mirrors the 
software system pictured in bascline ·Jnd rcquiremeuts docu· 
mentation. 1t also prnvidcs the. mrdwnism for formal! y cst01b· 
!ishing 01 b01seline. A b~sclirte in ·¡¡s fuwwcive stagcs {for ex· 
ample; a draft spcdficatiort d~cument that aj,pc:1r~ prior to thc 
cxisten~;r of the functional baSciine) is rcfcrrcd to as a "to
bc-establishcd" bJsclinc; thc 11nil st;~tc of tite auditing pruccss 

managcment c~n ntakc better decisious ~nd excrcisc more · 
indsivr control over the software Jevelopmcnt pru..:ess. 1 he 
result of :1 software aut!it niay be !he establishment of a 
b01selinc, the rcdirection of project tasking, oran :~djustmcm 
of applicd projcct.resourccs. . · . 

Thc resp<msibility for a successfui softw~rc t!cvelop_menÍ 
projccl is shured by the buyer, scllcr, ::rnd user. Svfcware 
auditing uniqurly bcncfits cach uf !hesc projcct p;..rti.:ipJnts 
Appmpriatc auditing by cach parti providcs ·,h~.:l.:s anJ 
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balam:c~ 'uvcr thc developmcnt cffurt. Thc scopc ami dcpth 
uf !he :iuJits undcrt<J.kcu hy thc tlucc pilrtjcs may v:uy ¡.trcally. 
1-lowcvcr, thc purposcs uf thcsc diffcrint; fozms of suflw~rc 
:JUtlil rcmoün thc s:~mc: lo providc visibility and tu cstahlish 
tr:Jcc~hility tlf thc ~oftwarc llfc cydc product~. An cxcellcnt 
ovcrvicw uf thc software audit pwc.:css, from which sume of 
tlu: ~t>,vc dh.c;us~itJJl ha~ hl'c~ ex tractcU, appc:us iu (J lJ.· 

Sojt\\'arc Conjiguratüm Swtus AccotllilJi/g: A dcdsion to 
makc J ch¡¡ngc is ~cucrally followcd by a time dci<:~y befurc 
!he ch:mgc is actually maJe, :wd changcs tu basclines gcncra!ly 
occur ovcr a protr:Jctcd pcrioJ of time beforc thcy ¡¡re incor· 
poratcJ into busclincs as upJates. A Jllechanism is thercforc 
nccded fur maintaining 3 record of how the system h~s cvolvcd 

, ~nd wlrcrc thc systein is al any time rclativc to what appCars 
in· published b~!>elinc documentation and wrillcn agrecmcnts. 
Softwatc configur¡¡tion stiltus accounting provides this mcch~· 
nism. Swws accuurlting is lhe adminbtr;~tive tracking and 
rcporting of ali software itcms formally idcntifi~d 31ld con· 
trollcd. lt also involvcs thc maintenancc ofrccord, tosupport 
S<lftwar.:- confipu1ation autlíting. Thus, suftw:uc configur;~tion 
statu~ a..:..:ounting n·cords thc :~ctivlty :~ssodated with thc other 
thrcc SCM flHt~o•tiUns. :mU thcrcfore pwvides thc mc:~ns by 
whi<.:h the history of tite software sptcm lifc cyc~e can be 
Haced. 
. Allhuugh :~dnú!listnnive in naturc. •.t~tus accnunting is a 
functiun th<~t incre<~~cs in éuntplcxity :.~s the system Jifc ¡;yc!c 
progres~c~ bccau~c of the multiple snft\•><~re reprcscnt:~tions 
th:~t cm.:-r:;c wilh l:ncr basclincs. This ..:omplexity generally 
rcsuh~ ill brge :nnuunts of data lo be rccorded :md reponed. 
In p;utkubr, the scope of soft\v;ac ~unliguration stu1us ac
counting 1-'ncmnp:~s~es thc reconling ;md rcporting of: 

1) tl1c -time :tt which ea,·h rcprcsentatiun of a baschne :~nd 
up¡I<Jtc l':lillC intn bcing; 

~) thl' ti m~ ut whkh each s~1ftwarc cord'iguration item came 
into bC'in!!: 

3) Jcs..:riptivc inf~•rmation about each SCI; 
4) <.'lr~inccrin~ clnn¡;c propl•~::J status (approvcd, disap· 

proved, ;¡w:liting ~ction); 
5) Jl'~"iptivc infurmatiun abmu each ECP; 
6) di<lllge status; 
7) dcs·;riptive infozm:~tion about cach change; 
8) st~tus of tedlllic<Jl and ~Jministr:l!i\'e documcntation. 

associ:ncd · with a IJ~:.elinc ur updatc (~11th as a plan pre· 
scribi11g tests to be performcJ on 3 haselinc tOr updating 

purposes); 
9) dcfkiencics in a to·be-cst~blishcJ baseline uncovereJ 

duri.ng a configur3tion auJi1. 

Softw:.~rc config'uation status accounling, bccause of its 
l:Jrgc clat~ iuput .:md output rcquircmcnts, is !lCneraliy sup· 
ported in pan by autom:J\cd processes such as the PSL de· 
scribecl carlicr. Data are cullcctcJ aild organiLed for lnput to 
a computcr and ¡epons giving thc status of entilie~ are cum· 
pilccl anJ ¡;cncratcd by the computer. 

Tm: MANAGEJ.l~NT DJLEMMA 

As wc mentioned at .the bcginning of this p:~pcr, SCM 
and ma·uy uf the utiJcr prnduct assur:~ncc ¡Ji!teiplillCS ~otrcw 

up in thc 1970's in r~~('l!Jmc tu softw;1rr! failurC'. ·n¡c new 
dhcipliucs wcrc Jc~igncd lo achic\'e visihility intn the soft· 

w:~rc enginccJing proccss :.~nJ thcreby cxc,cise ~mne me<~surc 
of control over tlwt pru..:ch. Studcnts of m;lthcm<~tical conlwl 
the(lry :~re t:JU¡ . .JJt carly in !hcir studics a simple example of 
the C{lnlrul p¡uccss.'. Cun~hkr bcin~ cunfrontcd v.ith a cup 
uf l10t coffce. fillcd to thc top, which .ytlU are cxpcctcd to 
carry fmm thc kitdzeu coun1er tu thc kitdll'll table. lt is 
C<Jsily vcriJicd lh:~t if you w¡¡tch thc cup as you c:~rry it, you 
are likcly tu spill nwrc 'oifcc !han if yuu wc¡r 10 keep your 
hcad turned aw:~y frum tl1c cup. Thc problem with Jooking 
at thc cup ls one of OVCJl'ompens.Jtion. A~ you ob!>Crvc s!ight 
devi:~tions from the str:.~iglH·anJ-IeveJ, you ::nljust. but often 
yuu adjust tou much. T o compensa te fur that ol't'r<~Jjuslment, 
you tcnd to ovcradju5t again, with the rcsult. being hot coffl!e 
on your flour. 

"J:'Iüs liulc Lliwrsion frnm ~uf main topic of SO.I h<~s an 
obvious mor~L There is ~ fund3meJ1lal pwpcmity on the pJ1t 
of thc practitiun.Ús of thr pnniuct ,J>wr:Jncc disdplincs to 
r>veradjust, 10 ov~·¡cumpcn~~lc fur the fJiJures lJf thc J~·~·clop· 
ment JhcipliiiCS. fhcrc is oJJC sure way ro I.'Jimin¡¡te failure 

. complctcly frouz thc snftwaro.: Jc1·eJopmo.:nt ¡no<:C\~, and th:d is 
lo stop it complctcly. Thc ~oftw:ne jlJt1jCct JII:JildfCJ must 
lcaw how lo ~pply !11~ rcsnllrú'~ inte!Jig,·utly. J k mu~t :.~chi~o'\'C 

-risibili1y aJHl ~·orllwl. but he mu~l Jlllt M' cn~.·umhcr tht' Jc. 
vdupcr su ~S to h1i11g pfllgJCs:. lo a l'irtu~l halt. Th~ pCt)Ju-.:t 
as~urcrs ],avo.: ~ \'Íiluous pci~pt<.:live. lhcy stri\'e for pclfl'ction 
and point out when and ll'iH'Je p{·rfcction has not bccn <!Chlevcd. 
\Ve secm to ha,·c a bin<~ry attituJc :~bout software: it _is 
cilhcr corrcct or ir is no t.·¡ l1at is pcll1:~ps JnJc, but 11c camJc>t 
expcct :Jllyunc lll Jclircr prrfc~o·t s.uftwaic Jn ~ny rcaso!lablc 
time pcrÍ(I<i or fu¡ ¡¡ rc~~oii:Jblc sum of 11Wilcy. \\'hat we nced 
to dc1·cJup is ~Pftware thi!t is toot.l enough. So11Jc oi tl1c con· 
lroh lh~t wc havc pl;Jccd 011 tl11: dcve!op~r llave ¡l¡~ delcterious 
effect. of incrcasing costs <~JJd c.xp<~nJin¡; schedule~ n11her 
than shrinking thcm. 

Thc dilenuna to mana¿;cmcnt is rc¡¡J. We nlU~t iJJve the 
visibility ~J)(] control ¡Jt¡¡t the proJuct a)suran.:c Ji~ciplincs 
harc thc l':JPJcity W prnddc. But we lllll~l be CJrcfulnut tu 
mcr..:ompcnsatc ~ml ovcrcontr<.l!. Tl1is is the fine linc w}¡h:h 
wül clistinguÚh the ~uccc~~iul ~~lftwarc l!lilll:t¡:eJ) f)Í ¡J¡c IYSO'~ 
frnm thc rcst of thc softw:lr·~ cntinccting communily. · 
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Software 

Programas de computadora y su documentación asociada, requeri-. 

da ·para su desarrollo operación, y mantenimiento. 

Ingeniería de Software 

La aplicación practica del conocimiento cientüico en el diseno y 

construcción de programas de computadora y la documentación aso 

ciada requerida pa'ra desarrollarlos, operarlos y mantenerlos. 

medio de programas de computadora, procedimientos y documenta 

ción asociada. 

. ! 
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Que es· el Software? 

El Software es información: 

1). Estructurada con propiedades lógicas y funcionales . 

. 2). Creada y mantenida en varias formas y representaciones du 

rante su. ciclo de vida. 

3).· Fabricado para una maquina. en su. est~do de desarrollo corn 

pleto. 

Existe en 2 formas básicas: 

No ejecutable 

Documentación 

procesable en máquina 

Ejecutable 
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La Ingeniería de Software determina el costo y la calidad del Soft\va 

re producido. 

COSTO 

El Software es caro y su costo tiende a ser mayor. 

En 1980en U.S.A. el gasto·en Software fué de' 

·40, 000 millones de dólares 2'7o del PIB~ 

Para 1990 podría llegar a ser el 13'7o del Pll:l. 
• ,, 

El reto aqu( es de dos tipos: 

a) Incrementar significativamente la productividad del 

desarrollo de Software. 

b) Incrementar la eficiencia del mantEmlmiento del -

Software. 

' 

'· 

., ,' 
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IMPACTO SOCIAL 

El papel que juega el Software dentro de la sociedad cada vez es 

más importante. 

El crecimiento de ta·. demanda de Software tiene su origen en el -

hecho que conforme· el. Hardware se hace más económico, confía-

ble y poderoso, se e·ncuentran mayores ventajas para automatizar 

las partes mecánicas de· las tareas de .los humanos. 

se desarrolle y mantenga Software que sea: 1 
El incre.mento en el impacto en el bienestar humano requiere que 

. o 

Extremadamente Confiable 

Humano 

Fácil de· usar 

Difícil de usar mal 

Auditable 

1 

1 
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Enfoque Orientado a Metas para el Ciclo de Vida .del. Software 

l. Defina las metas principales a ser alcanzadas por el producto 

de Software y el proceso de Software. 

2. Use la. estructura de metas de la Ingenieda de Software como una 

.lista de puntos a checar, para asegurar que se han identificado- i 
1 

todas las metas. principales. 

3. · Defina los medios por los cuales se lograran estas meta~. 

Esto incluye definir un plan par:a: . . . 

1 · Quien es el responsable de lograr cada meta. 

Cuando y donde se logrará cada meta. 

. • Como se. logrará cada meta • Esto incluye la definición de 

cualquier conjunto adicional de metas de submetas requerí-

das y su secuencia. 

Que supuestos deben ser validos con el fin de alcam:ar las 

metas. 

Varios niveles de Submetas pueden ser necesarios para definir los 

medios con suficiente detalle para mantener el proceso bajo con-

troL 

4.. Siga su pian hasta el logro de la siguiente sub meta del proc~ 



•. 

so ( ó Conjunto dé Submetas si estas pueden ser tra?ajadas en 

paralelo). 

5. Revise el estado tanto del proceso como del producto con res-

pecto a todas las metas y sub metas definidas. 

6. Itere las metas y planes tantas veces como sea necesario. 

· 7. Continue desempeñando los pasos 4· a 6 para submetas sucesi-

vas del proceso hasta que el proceso este completo. 

8. Independientemente de los pasos anter lores, la .revisión per i~ 

dica del progreso con respecto a la estructura de metas com-

1 pleta. Itere sus metas y planes como· sea necesario. 

____ , __ _..:. ___ . --~--------· _· -· ~--~-----· __ _:_ ___ ._·--~-------------------~~~----~ .. -~----~- .. --'--·------·--------
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Estructura de Metas de la Ingenierfa de Sbft~a~e 

La estructura jerárqu-ica de metas para la Ingeniería de Software ~ 

1 

1 

., éxitosa, indica que hay que prestar atención a dos subtemas prin-' 
• < 

cipales. 

1. .. Lograr .un prc::>ducto de Software éxitoso. 

2. Conducir un proceso éxitoso tanto en el desarrollo como en 

el mantenimiento del Software . 
• < 

·Cada una de estos dos subtcmas tiene .tres componentes similares. 

l. Relaciones Humanas. La aplicación de la ciencia y juicio 
'.< 

humano a el désarrollo de sistemas lo cual habilite a la 
. . 

gente a satisfacer sus necesidades humanas y a llenar su 

potencial como personas. 

2. · Ingenie da de Recursos. La aplicación de la ciencia y ma-

temáticas a el desarrollo de sistemas costo-efectivos. 

3. Ingenieda de Programación. La aplicación de la ciencia y 

matemáticas a el desarrollo de programas de computadora. 

El éxito de la Ingeniería de Software es el resultado de lograr un 

apropiado balance entre las submetas de estos componentes, tanto 

para . eL producto como para el proceso. 

: i 
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Metas del Producto de Software 

· Fácil de Usar. Esto implica que las entradas, salidas, documenta 

ci6n y controles de usuario·· del producto sean con

venientes, naturales, flexibles y dirigidos a la peE 

sona que los va a usar. 

Satisfagan las Necesidades del Humano. Esto implica que el pro-

dueto de Software debe estar bien sintonizado a las 
' ' 

necesidades del humano en cuanto a informaci6n o 

instrumentos producidos por· la computadora que 

pretende satisfacer. 

Llene el Potencial Humano. El producto de Software provee gran 

reto y satlsfacci6n _en el empleo para la gente que 
.. -~ 

lo usa y· lo opera: · . ~.~ .. ·- .. 

REGLA DE ORO MODIFICADA 

Haz. a los otros 

. · lo. que tt1 quis Leras que te hicieran 

si fueras como ellos; 

•; .. 
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Metas. de la Ingenie da de Recursos para el Pr;oducto. de. Software 

·Eficiente. El producto debe cubrir su propósit~>'sin desperdicio 

··de recprscis. 

Sintonizable El logro éxitoso de esta submeta · implica que el pr~ 

dueto puéda ser facilmente instrumentado y medido pa-

ra identificar cuellos de botella e in'eficiencias y pueda' 

ser facilmente modificado o reslnt~nizado para tomar 

en cuenta carilbios en la carga de trabajo 'lbs compone_!! 

. tes de Hardware o interfases externas . . . 

Metas de la Irigenierfa. dé· Programación para él. producto de· Softwa 

re. 

. Especificado precisamente. Los requerimientos funcionales, de . ;. . . .· . 

. desempeno e interfase del p~oducto tienen. que ser es pe 
. -

cificados completamente y sin ambiguedades, como un 

prercquerimiento para el desarrollo del programa. 

Caracter[sticas Básicas de una Especificación Precisa 
. ' 

Completa. Una .especificación esta completa en la médida que todos 

·sus partes es tan presentes y cada . parte esta . complé~ 
. '"· . 

~ente desarrollada. · 

' "· . . :: ~-::~_·._· _:_._~·--·:.;~·-· -· ..:._~~:._--~~-~.:~--~,r_:_':J..:~~~ .·. ' ' ~ .. 
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Resguardada. En la medida que esta especifica como el Softwa 

re debelcomportarse bajo tódas condicioqcs, p[it'tlcul~E: 

mente aquellas fuera de lo normal. 

Consistencia. tJ~a especificación es consistente en la medida -

Factible. 

que no haya conflictos entre sus diversas metas y ob-

·jetivos. 

Esto implica que los beneficios del Ciclo de Vida del 

Sistema especificado exceda~ los costos del Ciclo de 

·Vida. 

Probable. En la medida en la que uno pueda identificar una técni-

ea económicamente factible para determinar cuando o no 

el Software desarrollado satisface la especificación. 

Correcto. Esto im:pllca que el producto de Software satisfaga exa.c:. 

· taméilte ·las especificaciones funciona_les y de interfase, 

y cubre todas las especificaciones de desempeño dentro 

de las tolerancias requeridas. 

Adaptable. El togro de esta submeta implica que el producto de 

Software o sus componentes pueda ser facilmente usado 

ro :mbdificado para servir a otro propósito. 

~--- -- -----· ---~-- -- -~----- ---··-·e·-------------- : ... ,;. ______ ce:__ ______________________ _ 
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La adaptabilidad incluye: 

Modificabilidad. El producto facilita la incorporación de cambios. 

· Portabilidad. El producto puede ser operado facilmente y bien 

en configuraCiones diferentes a la actual. 

interoperabilidad •. El producto o sus componentes pueden ser fácil 

mente incorporados co·mo componentes de otros 

sistemas. 

Estructurado. Un producto de Software estructurado en la me-

dida que esta organizado de acuerdo con los si-

1 guientes principios: 

l. Abstracción. El producto esta organizado en 

una jerarquía de "níveles de -

abstracción" cada uno de los -

cuales no tiene información acer 

ca de las propiedades de otros 

n{veles más altos, y esconden 

su propia información interna de 

los n{veles superiores. 

2. Modularidad.· . El producto esta organizado en 

módulos pequet'los, coherentes e 

.... 
··--··---~------~_..,....___,..._ .•. -...,.,.----. ._,.:..~- '-· ---- ----~-- ---- . -- ______ :._ __ __:::..._ __ . __ . ---- ------·---- --------
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· independ lentes . 

l¡' 

~--
. . 3. Parsimonia· de Componentes. El producto. e~-

ta constru{do de el menor riúme 
¡. 
•' 

ro práctico de componentes. 

Independiente de Dispositivos. El desempefio del producto no es 

.. 
afectado por el cambio de dispositivos. 

Comprensible. Un producto de Software es comprensible en la me· 

dida en que su prop6sito y operaci6n son claros p~ 

ra la persona que debe trabajar con el. 

¡ 

• 

. --

- 1 
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METAS DEL PI10CESO DEL SOJ<'TWAlm 

Metas para Relaclones Humanas en el Proceso del Software 

Planeación. El -logro éxitoso de esta submeta implica el desarro-

llo y continuo mantenimiento del plan de proyecto del 

Ciclo de Vida del Software, el cual nos dice: 

Porque se debe llevar a_ cabo el proyecto . 

. Que resultados debe alcanzar el proyecto. 

1 
Cuando los resultados deben lograrse. 

Quien es el responsable de lograrlo. 

Donde deberán lograrse. 

Como ·deberán alcanzarse. 

Que tanto (en recursos) tomará el alcanzarlos. 

Mientras o asumiendo que se mantengan las siguie!_! 

tes condiciones. 

Organización. El logro éxitoso de esta submeta implica el desarr~ 

_llo y continuo mantenimiento de una estructura de -

papeles del proyecto y responsabilidades a través del 

Ciclo de Vida del Software. Los principales campo-

nentes de la organización son las funciones; 

-----------~--------~--. _,_! _______ ---------· --- -- --~------------------------------- --



·Delegación de Aut6t·idad 

División del Tr·abajo. 

Slaffing. · Esto implica la selección, reclutamiento y retención 

del personal apropiado para cubrir los papeles en la 

organización. Particularmente en esto el gerente tic 
' 

ne que balancear las. necesidades de los diferentes -

Ciclos de Vida. 

El Ciclo de Vida del Producto de. Software. 

El Ciclo de V ida o carrera de cada pe !:'SO na invo 

lucrada en d proyecto. 

·nirecc ión. El·logro éxitoso de estas submetas involucra los si-

guientes objetivos: 

Motivación. La creación y mantenimiento de retos 

e incentivos los cuales motiven a la 

gente a contribuir' con su mejor es-

fuerzo hacia el 0.xito del pr·oyccto. 

Liderazgo. La comprensión por el gerente de 

los factores que motivan a los subor 

dinados y la continua reflexión en es-

te entendimiento eri··las acciones y de 

cisiones tomadas por la gerencia. 

'--~---- -----· -----...:---·~-...:..--------,-~,......--~--~--------------'-:.--------- __:_ ______ .:____ ______ ~· -------·------· ·-· --·----



Control. Esto involucra la medición de los logros del proyecto 

con respecto a. el cstandar- de metas y planes del pr~ 

yecto, ·y la corrección de desviaciones par-a asegurar 

el mantener los logros del proyecto de acuerdo ·con 

los planes. Planeación y Control son submetas com

plementarias .. 

Automatización. El uso del poder de la computadora para liberar 

a la gente de tareas tediosas y propensas a errores. 

Metas de la Ingenieda de Recur-sos en el Proceso del Software. 

Análisis Costo-Efectividad.· Esto implica el análisis de los costos 

y beneficios de enfoques alternativos a el proyecto 

de Software, para ~seleccionar el más ::propiado. 

Planeaéión y Control. Estas funciones son importantes tanto en rela 

ciones humanas cOmo en Ingenieda de recursos. 

Debido a que no se puede ejercer ·control sin tener 

un buen plan y no se puede planear- sin contar con 

estimaciones buenas de los recursos. 

Metas de la Ingenieda de Pr-ogr-amación para el Pl'oceso del Softwat·e 

Las ocho principales submetas secuenciales son: 



'.; 

l. Factibilidad. El lograr· la definición de un concepto preferido de 

operación para el producto de Software, y la dete;: 

minación de la factibilidad del Ciclo de Vida y su 

superioridad respecto a conceptos alternativos. 

2. Requerimientos. El logro de un enunciado precisamente csp~ 

cifícado de las funciones rcquei·idas, intcrr"ases 

y desempeño deL-producto de Software. 

3. Diseno del Producto. El logro de un enunciado precisamente 

especificado. de ia arquitectura general del Hardw~." 

re y Software, la estructura de co-nttol, la estruc 

tura de ,datos del producto junto con los demás _-

componentes necesar_ios como. son manuales de .... 

usuarios y planes. de pruebas. 

4. Programación. El obtener un. conjunto completo_ de componen-

tes del Software. 

5. Integración. El lograr un producto de Software trabajando e~ 

rrectamcnte compuesto· de sus diversos compo-

nentes. 

6. Implantación.· El lograr un sistema completamente operacional 

----------~-----------'---"------~~------=--------'-'--------:..:--.__:- ------------------~-
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incluyendo tales objetivos como convcrs ión de el~ 

tos y programas, instalación y entrenamiento. 

7. Mantenimiento. Obtener una actualización del siSema de Hardwa 

re Software trabajando completamente (se repite 

para cada actualización). 

8. Retiro. El_lograr una transición limpia de las funciones 

desempeñadas por un producto a sus sucesores 

{si hay alguno). 

9. Verificación y Validación. Una parte integral de los logros 

de cada submeta de la Ingeniería de programación 

es la verficación y validación ( V & V ) que los 

productos intermedios realmente satisfacen sus 

objetivos. Los definiremos como sigue: 

Verficación: Establecer la verdad· de la corres 

pondencia entre. el producto de 

Software y su especificación. 

Validación: Establecer el ajuste o valor del pr~ 

dueto de Software a su misión ope-

racional. 

1 
i 
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16. Administración de la Configuración. El logro de esta submcta 

implica que el producto es capaz en cualquier m~ 

mento de proveer una versión 'definitiva del produ;:_ 

to de Software o de cualquiera de los productos 

intermedios controlados. (llamados Hneas base) 

. ' tales como la especificación de requerimientos • 

Estas lilleas base ·y las mojonera en Ciclo de Vi-

da en las cuales son establEicidas son fundamenta 

les. 

... 
Estas forman una liga vital que unifica la admi-,.,., 

-.'•·.· 

nistración y el control del proceso de Software, 

",' y la arlminiRtración y el control del proceso del 

Software, y la administración y el. control del -

producto de Software. 

El proceso mojonera "Hnea. base generalmente tra · 

baja ·de' la siguiente manera: 

1. Una versión inicial intermedia o final del. 

producto de Software es desarrollada. 

2. Esta versión inicial es verificada y validada, 

e iterada en caso de ser necesario • 

• 
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3. Una· revis i6n formal del ·producto determina 

si el producto esta o no en forma satisfacto 

ria para proseguir a la seguiente fase, si no 

se regresa a la fase 1. 

4. Si el producto es satisfactorio, se le hace · 

Hnea-base (esto es,· se la coloca bajo un pr~ 

ceso de control de cambios formal). 

El hacer el producto línea. base tiene las·--

tres ventajas principales siguientes: 

1, No se puede hacer cambios si no hay un 

acuerdo de los inter~?-s;¡_00s. 

2. El umbral de cambios tan alto tiende a 

estabilizar el producto. 

3. · El controlador del proceso de administra 

ci6n de la configuración logra· la meta de 

tener en cualquier momento ·una versión 

definitiva del producto. 

La submeta de la administración de la conf~ 

guraci6n se alcanza concurrentemente con -

las otras submetas secuenciales de la inge-

... 
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nier(a de prograrnaci6n del Ciclo de Vida. 
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Estimaci6n de los cost6s del softwa~e. 

La estimación de costos es el eslabon entre el análisis 

económico. y la inge~ierla d~ software. 

Sin una idea claia del costq del desarrollo del software 

nos enfre.ntamos a los siguientes problemas: 

1.~ El personal a cargo del ~royecto carece de 

bases para opinar acerca del presupuesto e 

itinerario, .asi como para evalua·r las di-
1 

versas opciones tales como la de comprar ó 
1 

construir • 

.2.- El analista de sdftw~re carece de fundamen 

tos en los cuales basarse para diseñar el 

sistema. Lo· que generalmente lleva a mini-

mlzar el costo del hardware a cos'ta de 

elevar el costo del software. 

J.- Los gerentes de proyecto carecen de bases 

firmes para determinar el tiempo y esfuer-

zo que cada fase llevará. 

·-------· 



E x a e t ! tu d d e 1 M o d e 1 n do de C o s t o s de 1 S o f t·w a re • • 

Actualmente la capacidad para estimar_los costos del software 

la podemos considerar razonablemente precis~. 

Las razones por las que no podemos predecir los costos exacta 

mente son entre otros: 

A.- Las instrucciones fuente no _son un producto 

unifOrme, .ni son la escencia del producto -

deseado. 

8.- El softwAre requiere la creatividad y coor-

peración de seres humanos cuyo comportamie~ 

to individual y en gr~po es generalmente di 

ficil de predecir. 

C.- El softwar~ tiene una base mis peque"a de 

experiencia histórica cuantitativa y es di-. ' 

flcil agregar a la base, datos desarro-

llande pequeños experimentos controlados. 

1 

----- ---- --~------~ _______ -:.....:.....:..~-.-.: ____ __. ___ _:. ____ . ______ _:_._ ___ . __ . _____ --' ---·--------~-_:_._ ___ . __ ._. _______ -------



El Modelo de Cascada del Ciclo de Vida del Software 

Las caracterlsticas generales del modelo de cascada en su 

forma actual son las siguientes: 

i 

Cada fase es culminada por una actividad de veri-

fic~ci6n valid~ci6n cuy~ objeti~o es eliminar 

cuantos problemas sea posible en los productos 

de ta·l fase. 

tos de fases anteriores son desempeAados en la -1 
En tanto sea posible, las iteraciones de produc-

fase inmediata anterior. 

El razonamiento tcon6mico para el modelo_ de cascada se bas~ 

en dos remisas principales. 

1.- En orden de lograr un producto de software exi.toso, 

debemos lograr todas las submetas en alguna etapa 

de cualquier forma. 

_2.- Todo ordenamiento diferente de las submetas producl 

; . 
ra un producto de software menos exitoso. 

-~---"'~;,_ :.... ____ ---' ----~-- _ .. ____ _ 
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Refin~mientos al Modelo de caacHcta 

.Q.!sarrollo Incremental 

E 1 d e s a r' ro 11 o i n e re m e n t a 1 e s un r e f i n a m i e n t o d.e t a n t o e 1 e n -

foque de prototipo completo-o hagalo dos veces y enfoque 

top-down, nivel por nivel. Este sostiene que en vez de los 

dos enfoques anteriores, debemos desarrollar el software en 

incrementos de capacidad funcional 

La principal ventaja del desarrollo incremental sobre .los -

otros enfoques son los siguientes: 

Los incrementos de capacidad funcional son mucho 

m,_s utiles v fa~il~s de proba~ q.ue los produ~tos de 

nivel interm~dio en el des.arrollo t9p-down nivel 

p o ;r nivel. 

• El uso de los incrementos sucesivos provee un ~ami-

no para incorporar la experiencia del usuario en un 

producto refinado en una forma menos costosa que el 
• 

completo desarrollo duplicado en el enfoque hagalo 

dos veces. 

,, 
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Documentación avanzada 

Dccumen_tación preparada en avance por dos razones 

1.- Para definir objetivos detallados y planes para 

actividades futuras de desarrollo de software. 

2.- Para pio~ucir versiones tempranas de documenta-

c·i6n.de usuario. Esto tiene una gran ventaja 

ya que rla a los usuarios la oportunidad de ver 

c6mo.el sistema los afectar¡. 

Andami~ 

Andamiaje se r~fiere a los productos extras que deberin 

ser desarr~lledos para realizar 1~ tarea principal de d! 

serrallo de software y V&V ~va~zar suavemente y tan efi-

clentemente como sea posible. 

Implicaciones Eco~Ómicas 

1.- Tienden a reducir los costos generales, primeramente 

reduciendo la entropía involucrada en el ciclo de vi-

da del software: aquellas actividades las cuales con-

sumen la energla de la gente y talento sin resultados 

e o n s t r u t: ti v.o s ~ 

2.- Tienden ha adelantar la distribuci6n de la carga de -

.trabajo. 
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ACTIVIDADES Y FASES 

Para propÓsitos de planea~ión presupuestarii y control es 

util organizar las actividades del proyecta en unas estructu 

ras jerarquicés llamadas estructuras del despiece del traba

jo. 

Jerarquia de actividades, la cual indica las varias activida 

des, las cuales pueden tratar con un componente de software. 

En la pr~ctica tarita en la jerarquia del producto cama en la 

jefarquia de actividades asociada~ para cada componente, san 

definidas unicamente al nivel necesario para reparte de cas-

tos y control, en términos del 

decir 

tamaña del proyecta podemos 

Pequeño 

Mediano 

7 hombres-mes 

300 hombres-mes 

Muy grand~ 7000 hombres-mes 

al menas 7% ó 0.5 hombres-mes 

al menas 1% ó 

al menas0.26 

3 hambres-mes 

15 ·hombres-mes 

.. 
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PART 11 

man·monlh projccl to de1·elop an energy model·of aboul 10,000 inslructions .. lt shows 
some activitics applictl al more then onc leve! of lhe product hicrarchy. Managcmcnt 
is applied both lo thc 0\'erall projcct (SI) and ro thc cornputation subsystcm (SI!I'¡. 
Systcm enginccring is applied both to thc ovcrall projcrt (S2, with componcnts S21 
and 522) and lo the energy module (SUA2). 

Uses of the Software WBS 

One main use of the software wns is to h,·Jr. define just what cos1s are heing 
estimatcd by a software cost-csrim;.tlion rn<.xld. \'. .. ith~Htt such definitians, .soft\•.:trc 
cost estimares and clara lose prt.:~.:isiou aud meaning. Tbt: dnttt'J lind in Fig. 4--fJh 
show that thc soft\\M•' dc1dopmcnt rosts cstim:ttnl by thc COC0\10 mudd prcs·:nit•d 
in 1his hook CO\'l'f :.di of thc \\-'l)rk pc.:rforn1-.·c! in \he.: lir"'t fh·t• 111:1jnr :tctivity eklll:..:nt.s 
(SX I-SX5) .. with thc exrcption <•f fc•Jsibility 'ludrcs-t he work pc·rformcd in tire fc':l'i· 
bilíty phasc of !l!e sofl\''''tn: lif('·<.')'~o.:k--~and rj,:quircmcnts iHHtly . ..:;i~. whkh is estinl::t~d 
as a scpar?l< quantily apart from ;oftwarc dt"vdopmcnt. 

Soh:warr• ststem (SSt 

Subsystem 
ISSN) 

Subsystem 
<ss •. ,,l 

SN 

SAM 

SAA>< 

Subsvstcm 
ISSA.Af() 

S 

fiGURE 4·6{a) Soflwaro work brcakdown structurc: Product hierarchy 

llte Soflwan: lif..:-c,:ydc: PhJ.St."'S and Acli\'ili~s 51 
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DEFINICION DE FIN DE LAS FASES 

1 

2 

Inicio de planes y Fase de requerimientos 

(Fin de la revisión de conceptos del ciclo de vida) 

Aprobaci·ón de la arqui•tectura del sistema validada, 

incluyendo asignaciones básicas de hardware-softwa 

re. 

Aprobación de la validación del concepto de oper~-

ción incluyehdo ~signaciones básicas hombre-máqui-

na. 

Plen·del ciclo de vida de alto nivel, incluyendo 

mojoneras, recursos, responsabilidades, itinera

rios y actividades principales. 

Fin de Fase de Planes y Requerimientos. 

fase de ·Diseño- del Producto. 

Inicio de la 

(Fin de la revisión de requerimientos de software) 

Plan de desarrollo detallado; criterios detallados 

de mojoneras de desarrollo, presupuesto de recursos, 

organización, responsabilidades, itinerarios, acti

vidades, técnicas y productos. 

Plan detallado de uso; contrapartes de los puntos 

del plan de desarrollo para entrenamiento, conver

sión, instalación, ope~aciones y reporte. 

,. 
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Plan detallado de Control del Producto; plan de admi-

nistraci6n de la configuraci6n, plan de aseguramiento 

de la calidad, plan general de v&v (~xcluvendo planes 

detallados de pruebas) 

1 
Aprobaci6n de las especificaciones de requerimientos 

de software validadas; funcionales, desempeño, v esp~ 

cificaciones de interfase validadas por completas, 

, consistentes, probables v factibles. 

1 

1 
• 1 

Aprobaci6n (formal o informal) del contrato de desa-

rrollo; basado en los puntos anteriores. 

3 Fin de la Fase de Diseño :del Producto. Inicio-de la. Fa- 1 
se de diseño detallado. 

(Fin de la Revisi6n d~l djs•ño del producto) 

' ¡ 
Especificaci6n del diseño del producto espicificado 

Jerarquia de componentes del programa, interfase 

de control y datos hasta nivel unitario • 

• 
, Estr~ctura de dato~ 16gic~ y ffsica hasta el ni-

vel de campo.· 

Presupuesto de recursos para procesamiento de datos 

Verificadá por completo, consistente, factible y 

rastreable en los requerimientos. 

' 
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Identlf1cac16n v reaolucl6n de los puntos de desorrullu 

de alto riesgo. 

Integración preliminar y plan de pruebas 

Plan de pruebas de aceptación y manuales de usuario. 

4 Fin de la Fase de Dise~o Detallado' Inicio de la codifica-

ción v Fase de pruebas unitarias. 

(Fin de los walkthrough de dise~o o revisión de Dise~o por 

unidad)) 

Especificación de dise~o detallado verificada por cada 

1 unidad. 

Por cada rutina ( 100 instrucciones fuente.), es~~ 

cifique nombre, propÓsito, supuestos, tamaño, se-

cuencia.de llamado, salidas de error, entradas, sa-

lidas, algoritmos v flujo de procesamiento. 

• Descripción de la Base de Datos a nivel de paráme~ 

tro/carácter/bit • 

• Verificado por completo, consistente y r~str~able 

con requerimientos v especificaciones de diseño del 

sistema v presupuestos. 

Plan de pruebas d~ aceptación aprobado. 

B6squ~jo completo del_ plan de integración v pruebas y 

manuales de usuario. 

1 

---'---~- ·------~::__ : __ ·_ . ___ :_.__:;_ __ ~~-.--'---~--~---~--'-,:.:__~-"7-'----'---·---· : .. ~-_:_:.,.. ____ .. ____ ; . _____ _j 
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S Fin de la Fase de Codificación y Prueba unitarias. In i-

cio de la Fase de pruebas e Integración. 

(Satisfacción de los criterios de pruebas unitarias) 

VerificaciÓn de todas las unidades 'computationales, 

usand·q na··unicamente valores nominales sino tambi~n 

valores singulares y extrem~s. 

Verificación de todas las opciones de entrada y sal! 

da de todas las unidades, incluyendo mensajes, de 

error. 

Ejercitación de todos los enunciados ejecutables y -
• 

todas las opciories de rami~i6ación; 

·verificación de la adhkrencia a los estandares de 

programación. 

Finalización de la docum~ntación a nivel unitario. 

" f 

6 F i n de 1 a F a s e de I n t·e g rae i ó n y p r u e b as , I n i e i o de 1 a 

Fase de Implantación 

(Fin de la revisión de aceptación del .software) 

Satisfacción de la prueba de aceptación del softwa-

re. 

-------------
~--------- -- ----- _. ____________ -_...::_ ______ .__ _________________ , ___ ~-. 
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Verificación o satisfacción de los requerimientos de 

software. 

Demostración del desempeño. 

Aceptació~ de tódos los productos entregables: reportes, 

manuales, especificaciones como se construyo, Bases de 

Datos. 

1 
! 

7 Fin de la Fase de Implantación. Inicio de la Fase de oper~ 

ción y mantenimiento. 

(Fin de la Revisión de aceptación del sistema) 

1 Satisfacción de las pruebas de ateptación del sistema 
,;, : 

. Verificación de la satisfacción de los requerimientos 

del sistema. 

Verificación del estado operacional del software, 

hardware, persorial e instalaciones. 

AceptaciÓn de todos los productos del sistema entrega-

bles: hardware, softwa·re·, documentación, entrenamiento 

e instalaciones. 

Finalización de todas las actividades de conversión e 

instalaciónes especificadas. 

• 



8 Fin de la Fase de Operación y Mantenimiento 

(Vía retiro) 

Finalización de todos l9s puntos en el plan de retiro: 

e: o n ver si á n·, do e u m en t a e i ó n , are h i v o , t r a n s i e i ó n a 1 n u e

va sistema. 

• 

1 

., 

-~-:..-;:: _______________ .. -· ---~------ _________ : _________ ...:_ __ ---~-:--------;-:-------.---~----~'--- ~-----~-----------------------·· 
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Definición de Actividades 

Análisis de 

Requerimientos 

Diseño del 

P-roducto 

Programación 

Planeación de 

Pruebas 

-· ------- ------~---

Determinaci6n, esp~cificaci6n, revisi6n .V 

actualización del software funcional. 

requerimientos de desempeño, interfase y 

verificación. 

Determinación, especificación, revisión y 

actualización de la arquitectura de hard

ware-software, diseño de programas y dise 

ño de la Base de Datos. 

Diseño detallado, codificación, prueba 

unitaria e integración de los componentes 

individuales de los progra~as. Incluye -

p 1 anea e i ó n de 1 pe r son 9 1 d" .Programa e i ó ii , 

adquisición de herramientas, desarrollo -

de la Base de Datos, documentación a ni

vel de componente y administración de la 

programación a nivel medio. 

Especificación, revisión, y actualización 

de los planes de pruebas de aceptación y 

pruebas de product~. Adquisic{ón de las 

herramientas y datos de prueba. 

---------~--~-

1 

---------------· -----------------__ . __ 



Verificación 

y 

Validación 

Funciones de la 

Oficina de Pro-

yectcs 

a Administración 

1 de. la Configu-

rae ión y· aseg_!! 

ramiento de la 

calidad 

Manuales 

Validación de requerimientos de desempeAo 

independientes, V&V de diseAo, pruebas de 

producto y pruebas de aceptación. Adqui-

sición de herramientas. 

Funciones de administración a nivel de 

proyecto. Incluyen planeación y control 

a nivel de proyecto, contratación y sub-

contratación de administración e interfa 

se cori el cliente. 

La administración de _la calidad incluye 

identi~icación del producto, control de 

cambios, contabilidad de status, ope~a-

ción de la librerla de soporte a la pr~ 

gramación, desarrollo y monitoreo del 

plan de aceptación. El aseguramiento de 

la calidad incluye el desarrollo y moni-

toreo de estandares de proyecto y audit~ 

ria~ técnicas a los productos y procesos 

-de 1 se f t w are • 

Desarrollo y actualización de los manua-

les de usuario, manuales de operador ~ 

manuales de mantenimiento. 

_¡ 

1 

1 

1 

1 
1 
t 

1 
l ¡ 

1 
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TABLE 4-3 Projoct TasJ..s by Activity and l'hilsa 

Activ1ly 

Requirements 
anatysis 

Product design 

Programming 

Test planning 

VerifiCallon and 
validation 

Project oflice 
functions · 

CM/OA 

Manuals 

Plans and 
· R~quircments 

Anatyze e:.:ist1ng 
· . system. de

termine uscr 
needs. into
grate, docu
ment, and 
iterate re
quirOments 

Ocvelop basic 
architecture; 
moders. pro· 
totypes. risk 
analysis 

Top·level per· 
sonnel and 
tools plan
ning 

Acceptance 
test require
mcnts, IOP· 
le'leltest 
plans 

Validata re· 
quirements. 

· acquire re
quirements, 
design V & V 
tools 

Projcct leve! 
managemenl. 
project MIS 
planning, 
contracts, li
aison, etc. 

CM /QA plans, 
procedures, 
acceptance 
plan, identily 
CM/QA IOOIS 

Outline portions 
ot users' 
manual 

Phase 

Producl 
OP.sign 

Updatc require
ments 

Oevelop prod." 
uc.t design; 
modct~. pro
tolypes, risk 
anatysis 

Personnel plan
ning, acquire 
toots, ulihties 

Oran test ptans, 
acquire test 
tools 

V & V product 
dosign, ac· 
quire destgn 
V & V tools 

Project leve! 
management, 
status moni-
torrng. con-
tracts, liaison. 
etc. 

CMIOA of re· 
quirements, 
design; proj-
ect standards. 
acquire 
CMIOA tools 

Draft users'. op~ 
erators' man-
uals, outlir:e 
mainlenance 
manuat 

Prociramming 

. Upda!c require- · 
ments 

Update design 

Deta!led design, 
code and unit 
test. compo
nen! docu· 
menlation, 
integration 
planning· 

De!arled test 
plans, acquire 
test tools 

V & V top pcr-
tions ol code. 
V & V design 
changas 

Projecl leve! 
management, 
status moni. 
toring, con-
tracts. liaison, 
etc: 

CMIOA of re. 
. quiraments, 
design; code, 
ope:-rate li~ 

brary 

Fui! draft users' 
and opera-
tors' manuals 
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lntcgiation 
ar:d Test 

Update require • 
manis 

Updato design 

/ntegrate soft· 
ware, update 
components 

Octailed test 
plans. instan 
test tools 

Pertorm product 

le~t. ~ccep· 
lance test, 
V & V design 
changes 

Projcct level 
m.:tnagement. 
status moni· 
toring, con· 
tracts. liaison, 
etc. 

CMIOA of re-
quiremcnts, 
design; coda, 
opt:!r3te li· 
brary; monitor 
acceptance 
plan 

Final users', OP· 
erators', and 
maintenance 
manuals 
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l. Carcful dcfinition and valid~tion of the software rcquircmcnts spcciñcation 
by a rclatively small numbcr of people prior to significan! work on !he full 
systcm <ksign. 
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and test 
¡ t.1!interianct 

¡ 1 

1 i 
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FIGURE 5~1 Software project phases, activities, and milestones 
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Mantenimiento de Software 

El mantenimiento de Software se define como el proceso de modif~ 

car el Software Operacional existente dejando sus funciones prima-

rias intaCtas La definición incluye las siguientes tipos de activida 

des dentro de la categoría de mantenimiento de Software. 

Redisefio y rediseñ.o de pequefias porciones (menos de 50o/o 

de código nuevo de un producto de Software existente. 

Diseñ.o y desarrollo de pequefios paquetes de interfase de·--

Software los cuales r_equiera algo. de- rediseñ.o (de menos del 

20%) del producto de Software existente. 

Modificación del código del producto de Software su documen 

tación o estructura de la Base de Datos. 

El mantenimiento de Software puede ser clasificado en dos catego-

· rias principales: 

l. Actualización de Software, el cual resulta en un cambio en 

la especificación funcional del producto. 

2. Reparación de Software, la cual deja la especificación funcio 

nal intacta. 

.. 

1 

_J 
1 

1 

1 
1 

. 1 

1 
1 

1 
j 
1 
J 

1 

. . ·) 
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Las Reparaciones puede clasificarse en 3 subcategorías: 

2a. Mantenimiento correctivo (de procesamiento, o fallas de 

implantación). 

¡i 2b. Mantenimiento adaptivo ( a cambios en el procesamiento o 

medio ambiente de datos). 

2c. Mantenimiento perfectivo (para rre jorar el desempeño o la 

posibilidad de mantenimiento) 

••• - ••••. , .>. '.... • ~ • 

'· ~ 

... 
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Modelo Básico 

Definiciones y Supuestos 

•·1 

l. ·Instrucciones Fuente Entregadas 

(Delivered source instructions (DSI) ) 1 

1 

1 

Entregadas. Este termino generalmente significa que se excluye 

Software que no es entregado. S in embargo si es 

desarrollado con el mismo cuidado que el Software 

1 
entregado, con sus revisiones, planes de prueba, do 

1 cumentación, etc., ellas deberán contarse. 

1 

1 

Instrucciones Fuente. Este termino incluye todas aquellas ins-

trucciones de programa creadas por el personal de 1 • 

proyecto y procesados en la máquina ¡ior alguna com 

binación de preprocesadores, compiladores y ensam-

bladores. 

Esto excluye ·comentarios y tarjetas de utileria sin 

modificaciones. Incluye tarjetas de JCL, enunciados 

de formato y declaraciones de datos. Instrucciones 

se definen como líneas de código o imagenes de tar-

jeta~ 
.... 

J 



2._ El período de desarrollo cubierto por el modelo inicia en la fa-. 

se de diseño del producto, y termina con la fase de pruebas 

·de integración._ 

3. Las estimaciones de costo cubren solo aquellas actividades indi 

cadas en la figura. 

4. El modelo de costos solamente cubre los costos directos de sa 

larios. 

5. En el modelo un hombre mes consiste de 152 horas de tiempo 

trabajado. 

Hombres - Hora· = Hombres - Mes x 152 

Hombres - Día = Hombres -·Mes x 19 

Hombres - Año = Hombres - Mes - 12 

6. El. modelo asume una buena adminisrración tanto por parte del 

que desarrolla como del cliente. 

7. El. modelo asume especificaciones de requerimientos relativa-

mente estables. 

8. Los Modelos Bás leos e Intermedio nÓ distinguen' entre los fac 

tores de costo de las ·fases únicamente entre desarrollo y roan 

tenimiento; 

9. Los costos de las fases incluyen todos los costos en que se incurre 

durante la fase •. 
----·-----------...:-..__: ___ .:_. _ _: ____ _o __ 

i' 
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·La siguiente figura también sumariza el modelo fundamental del pr~ 

ceso de desarrollo de Software que el modelo de costo asume, se-

rá usado en el proyecto. 

·Este proceso enfatiza las siguientes características principales: 

l. La cuidadosa definición y validación de la especificación de r~ 

querimientos de Software por un relativamente pequeño número 

de gentes antes de trabajo en el .diseño del sistema completo. 

2. La cuidadosa definición y validación del diseño del Software del 

sistema hasta el nivel ·unitr.rio por un grupo mayor, pero aún 

relativamente peque no, antes de realizar un trabajo s ignificaE; 

. te en el disef'lo detallado y codificación. 

3. Diseño detallado, codificación y pruebas unitarias desempeñado 

por un grupo de prograni~9ores en paralelo, trabajando dentro 

de un .marco de disef'lo del sistema con líneas-base firmes fre 

cuentemente con respecto a un desarrollo incremental planeado. 

4. La Integración y prueba de cada incremento es basado en un· 

monto significante de planeación de pruebas temprana, y ·la· 

eliminación de cas[ todas las fallas dentro de las unidades por 

.medio de walk throughs y pruebas unitarias. 

5. Mucho del esfuerzo de la documÉmtación es desempeñado de 

-- ____ .• ~--:....- - ---·---- ---- ~ -'-7- ::--o:·· - ~-~- --- __ :_ __ , ----- ---- ____ _i_;_·l __ : __ ': ; ___ , -
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forma tempra; en orden. de proveer a los usuarios (_:r a.los· que 

desarrollan) alguna realimentación temprana en: la natut·aleza -

·operacional del producto. 

Esfuerzo de Desarrollo ! Schedule 

Esfuerzo de Desarrollo 

1.05 
MM=2. 4 (KDSI) . 

MM=hombres- mes 

KDSI= miles de instrucciones fuente entregadas 

Sehedule 

TDEV=2. 5(MM)O· 38 

TDEV"tiempo de desarrollo en meses. 

Productividad 

DSI 
MM 

·Personal promedio 

MM 
'Ti5Ev 

• 

1 
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Al decremento en la productividad en· proyecto grandes se le llama. 

deseconom[a de escala. 

Las principales razones por las que productos grandes de Software 

incurren en deseconom(as de escala son: 

l. Relativamente más diseno de producto es requerido para desa-

rrollar hasta er nivel de unidad las especificaciones requeridas 

para. soportar la aétividad paralela de un gran grupo de progr~ 

madores. 

'lo. 

1 

3. Aún y cuando se cuenta con esp~cificaciones más completas los : 1 

programadores de proyectos grandes ocuparan relativamente -

más tiempo comunicando y resolviendo asuntos de· interfase. 

4. Relativamente más actividad de integración se requiere para -

poner las unidades juntas. 

5. En general,· se requieren pruebas más extensivas para verifi-

car y validar el producto. 

6• Se requiere relativamente más esfuerzo para administrar el -

proyecto •. 



Estimaci6n Básica del Esfuerzo de Mantenimiento del Software 

·Tráfico anual de cambios (ACT) 

· (Annual Change Traffic) 

La fracci6n de instrucciones fuente ·del producto las cuales sufren 

cambios durante un año (típico), ya sea por adici6n o modificaci6n. 

(MM)AM = l. O (ACT)(MM)D 

(MM) AM=hombres-mcs ocupados en llEI!'ltenimiento anual 

(MMln= hombres-mes de esfuerzo de desarrollo estimado. 



Modelo Básico: Modos de Desarrollo 

• Existen varios modos de desarrollo de Software • 

• Estos diferentes modos de desarrollo de Software tienen rela-

clones de estima~ión de costos que son de forma ·similar, pero 

que dan esti!naciones cie costos significantemente diferentes para 

productos. de Software del mismo tamaño. 

' . 1 

. Modo Órgánico 1 

• Equipos de desarrollo relativamente pequeños desarrollan el -

Software en un ambiente altamente· familiar, desarrollo en ca-

ra. 

La mayorfa del personal conectado con el proyecto tiene exp~ 

riencia extensiva trabajando con sistemas relacionados dentro 

de la organizaciÓn, y tienen una clara idea de como el sistema 

en desarrollo contribuirá a los objetivos de la organización. 

• Un medio ambiente de desarrollo generalmente estable, con un de 

sarrollo concurrente de Hardware nuevo y procedimientos ope-

racionales asociados muy pequeño. 

• Necesidad mfuima de algoritmos y arquitecturas de procesa-

miento de datos nuevos. 

-----·- --- --·-----. ~~-.~-....--~-----· - --------~-- - ..... 
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Un premio relativamente bajo p~ra ·adelantar la fecha en que -

se termine el proyecto. 

Tamaño relativamente pequeño. Muy pocos son los proyectos 

de modo orgánico que han desarrollado productos. con más de 

50 KDSI de Software nuevo. 

;, 

' . 
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Modo Semiséparado 

El modo semiseparado de desarrollo de- Software representa una ct~ 

para intermedia entre los modos orgánico y el incrustado. (embedded). 

Intermedio puede significar cualquiera de dos cosas: 

l. Un nivel intermedio de las características del proyecto 

2. Una mezcla de las características de los modos orgánicos 

e incrustados. 

As{ con respecto a la caraCterística "experiencia en trabajo con. 

sistemas de Software relacionados", cualquiera de las siguientes 

puede ser una caradedstica de un proye·cto de modo semiseparado. 

Los miembros. del equipo tienen todos un nivel de experiencia 

medio con sistemas relac lonados. 

• El equipo tiene una amplia mezcla de personas con experiencia 

y e in ella. 

Los miembros del equipo tienen experiencia relacionada con 

algunos aspectos del sistema bajo desarrollo, pero no otros. 

Los proyectos de modo-semiseparado' pueden ser un sistema de 

procesamiento de transacciones con algunas interfases muy rigu-

rosas y otros no tanto. 
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La flexibilidad parcial explica el termino semiseparado. . 

El Rango de tamaño de productos de .modo semisepara,do generalme_12 

te se extiende hasta los 300 KDSI. 

-~ 
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Modo Incrustado. 

El factor que distingue este tipo de Software es la necesidad de 

··.operar dentro de restricciones muy estrechas. 

El producto debe operar. dentro (esta incrustado en) de complejos 

fuertemente acoplados de Hardware, Software, Regulaciones y Pro 

cedimientos Op eracioriales. 

En general, los costos de cambiar las otras partes de estos com-

1 

i 
plejos son tan altos que sus caracterfsticas son consideradas esen-

c.ialmente incambiables, se espera que el Software se conforme a 
1 

sus especificaciones y absorba cualquier dificultad no prevista o cam 

bios . requeridos dentro de las otras partes def complejo. 

• Este modo requiere de un pequeño grupo de analistas en las 

etapas tempranas._ 

Una vez se ha terminado el diseño del p roducto traer a un gran 

equipo de programadores a realizar el diseño detallado, codi-

ficaci6n y pruebas unitarias en paralelo. De otro modo el --

proyecto llevaría más tiempo, lo que sería negativo por las si 

guientes · razones: 

1 
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El produCto tendría que absorver más· cambios. 

· El producto se entregada fuera de tiempo. 
., 

Estas estragegias ,ocasionan picos en la demanda de personal en 

el proyecto. 
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TABLE 6-3 Oistinguishing Features ~~ Softwaá~ D~velopment ~odes 

Mode 

Fea tU re Organic Semidetachcd Emb~dded 

Organizational undarstanding of 
· product objcctivCs · .Thorough Considerable Generz¡! ~ 
EYporiOncc in v;or~_.ing with relatcd 

. ExtensiVe software _systefT!S Considerable Mode:rale. 
Need for software conformance 

with prc-e.stablished rcquirc- · 

ments Basic Consid~rable " Full 
Need lar softNare: conformancc 

with extcr~al interface spOcilica· 
tions Basic Considerable: Full 

Concurren! dcvctohmrmt of as5oci· 
atcd now hardw_are and OpCf a· 
tiOnal procndur~s So me Modera te Extcnsrvc 

Need for innovat;ve data processing 
architecturc!), atgorilhms Minimal Som·c Considerable 

Premiu_m on carty :completion Low Medium High 
Product size range <50 KDSI <300 KDSI All sizes 
Examples Balch data Most trans2-:tbn larg~. ccmp:ox · 

roduction procossing sys- transacüon 
Scientilic tems procossing 

modcls New os. osr~s systems 
Business Ambitious inven· Ambilious, very 

models tory, production largo OS 
Familiar control Avionics 

OS, compiter Simple command- Ambitious com-
Simple inven- control mand-controi 

tory, produc-
tion control 

Semidctachcd Modc (Aircraft flight-training simulotor): "\Ve nccd a fa ir amount 
of accuracy for this llight si111ulator, and thc sensor inpllls are so111ewhat dilfcr
ent from our prcvious cxpcricncc, but our main concern will be in gctting 

· thc sirnulated aircraft pnsition cumpurcd in time fur cach display cyck. lf 
wc ·ha\'c to reduce accuracy to mcct thc time constraints, wc can livc with 
that." 

Embcdded Mode (Aircraft on-board collision avoidance systeni): "With this new 
radar, wc're going to hove to cxpcrimcnt with various algorithn\s to find o11c 
with adcquare accúracy and spccd. lf wc don't find a satisfactory algurithm, 
we'll havc to rework thc enrire collision-avoidallcc approach in the on-bo:trd 

'compi.ttcr, and wc may run into problcms wirh thc FAA flight-safcty guidc· 
Iincs." 

A largc software projcct may conrain severa! subprojccrs opcrating in diOác11t 
modes (cnlht.:ddt:d-modc missi0t1 cor1trol soflwarc: or~a1tic-rm)dc support software.) 
Fur!hcr, if thc subprojc'Cts aro not dosel y illtcrrdated :md do 1101 cause ca eh othcr 
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·TADLE 6-4 Projocl-.Activtty Oi!tcrcnccs Duo t~ Sol1ware Oovelopment Modo 

Mode· ·. 
Aeqc,lr~rt'.Cn::.; and 

ílro{!uc: Dc~$:un 
Dc:tailcd 

Dcsign 

Pr.ase · 

Cede and 
Uni! Test 

lntegra:tion 

and Test 
~-..,..-~------------.,..-~-~..,..-,...-.---------------

. Semidutacned 

Organic: 

ExtcnsiVc rc·,"'ork to accom-
modatO $p.::cl!iCJilon ---,..--------------,-..,------------------

chang~s 

Tnorousn sp.::~tlication, vali
·. dation -al r-c_quircmcnts 

anc! intér1<~..:.::s 

Extcr.~iv . ..:: ari.J!¡rsis. prototy~
¡r)g of ht~h-rish. elomcnts 

lntcrmcd1ate tevol of abovo 

Very formal configuration ---------------------
managemcnt, interface 
control 

Extonsive rework to 
a.:commo~atc ------------

code ~_hangcs Extensivo require· 
rr.e,...tts, intartace test~ 
ing 

cH~cts -------------------------------:-----

Rcl:J.tlvc:y t.\t~e _rework to-ac· 
comm::>r.!ati! spcc1ficatíon .------------------,-----------------

·chan':)Js. 
Fairty cenera! spoci!ication, 

vabjJ:ion o! rcq~iromonts 
ar.d ;:~tcrfac..:s 

Occas1ona·: .:l:-talysis, proto~ · 
ty¡:>ing o! h;gh·risk ele· 
mcn~s 

F¡:irly informal con!H_;uration 
· managcment, intcr:'acu --------.,-----~~-------

control Moderate rcwork to 
accommodate ------------

codc changos Moderate require· 
mcnts, interface test
ing 

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

1 
1 

.; 

j ., ·{ 



¡~ 
Ñ -, 

. ·~ "· 

-. 

discconomies of scalc, 1hcir cosls should be c>limaled as severa! smalkr projccls 
rather than as onc largl:: prujccl with its corrcsponding largc diseconomy or sc:Jk. 

- 6.4 DISCLJSSION 'OF THE BASIC COCO MO EFFOHT 
AND-SCHEUULE EQU/\TIONS 

The COCO~fü Data llase 

The Ihsic COC0\10 cstimating cquations (and thc othcr COC0\10 c;tim:lling 
equation~) ha ve bccr. obtaincd by analy~ing a carcfully scre(;ncd samrle of 63 suft ware 
projecl data poinls. Tablc 6-5 summarizcs lhe n:Hure of thc coco:-.-10 data base; 
more det01iled inforrnation is gi\"cn in Chápkr ~9. 

As can· he seen from Tablc 6-5. the distrlbution of prnjcct~ in thc COCO~.IO 
data base is 110t pcrfcctly repn.:s,;ntativc of thc ~..:urr~.:nt uni\"NS-.:.of -;oftwan: pruj~c(-. 
(iherc an:.n't e_nough COUOL data points, for cxamplc) or of th.:. Jil.~cly futun.: n!Ú\'t:r~c 
of softwarC projects (there ar..:n't enough microprnct·ssor data pllints, for t:.\:nnpl...•). 
~owever, thc data base docs ha ve somc rcjlrL"~l.!nlati,·l.! p0inrs frum al! 0f th~ m::tj0r 
sectors of tlte soft\varc world, and thcre ha ve b~.:l~n !lo examp!e~ ur'datJ f rum a p;: n le u br 

TABLE 6-5 The COCOIAO Dnla Base 

------
·Nu~1t1~r of · Pruch.JC!N•Iy 

Oala Points nango ¡QSt/Mf,~l 

----·--···-· 
Entire Data Baso - 63 20-1250 

MOd~s: Organic 23 82-1250 
SGmidctached 12 41-583 
Embedded 28 20-S67 

Types: Business 7 5>-862 
Conlrol 10 20-304 
Human-Machina 13 28-336 
Scient1fiC: 17 47-1250 
Support 8 82-563 
Syslems 8 26-667 

Year dcveloped: 1964-69 3 113-775 
1970-74 14 20-465 
1975-79 46 41-1250 

Type of computar: Maxi 31 28-1250 
Midi 7 - 114-563 
Mini 21 20-723 
Micro 4 4 1-379' 

Programming Languagcs: FORTRAN 24 28-a63 
COBOL 5 5>-862 
Jovial 5 45-583 
PLII 4 93-1250 
Pascal 2 336-560 
Othcr HOL 3 124-300 
Asscmbly 20 20-667 
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~. whosc peak cffort occurS at the 6QlJo point in thc ~cvclopment stheduk (thc t:onst~nt 
'13,300 normalizcs the curve to account for thc portion of thc distribution left out 
beyond thc 100% poinl in Fig. 1>-8). Again, thc Rayle!gh curve is a rcasonably g<~od 
lit for portiOJJS ofthc manpowcr distriburion (por:iculady for the scmidctachcd mocl<), 

with 11;.! ~tain cxccption of its zcro-kvel bchavior al ú'te start of thc proj<·ct. 
Tliús, f9r practica! use, 1vc would ha ve to t!tilo(a portian of a Raykigh curve 

to a particular. modc and a particular portion of thc~dcvcloimtcnr-cyclc, '" wc ·did 
in Chaptcr S for thc organic mode. In general, it is' easicr and more rcalisti<: to 
dcvelop a projcct labor plan from thc average p<rsonnel pa phase informatinn gi.vcn 

'tíy the COCOMO niodcl, plus as much information. as you can obtain abc>ut 'thc 
. •L- - • . 

· future availability of peopk.tn,surrort \he pro jcct.and their needs for ad vanee t r"i ning, 
. ~ombined with your know!t"t!g.c ofthe projcct's s~ratciY for incremental d~~vch"~pmcnt, 
· ñeed for C~1rly dcvdopmcnt of Sp~cial support software, aml so on. Thc.:sc topics are 

. -r. ~ 
covercd in dc!wil in Chapta 32> .. > ' 

:. ·' "\- ) 

.l ... ·¡ 

,, 

'" 

A Final Pcrspectlve 
• ' :;; 1 

-~ ~ 

- __ .... 
These last points provide us with a ·valuatile final pcrspcctivc for this chaptcr, 

on ·the use of.analytic·modds in pr'?ject pcrson;tcl planning. 
. . .. .. ·; . - . -- -· . 

' . 
' •' 

The módels are jflsnhere to he/p, 1101 lo móke your managrmenl decisiotts 
for you. ·. ... . .. .. 

·.J~ ·. ~--·~ 
Thc Ha.,!c COCOMO ~h .... ld: Dcvclopnu·nt Ml~r.ks 

1, ;¡1: ~· 

93 

1 
() ~ 

~ 
1 
f 

t 
\: 

. ¡· 

' • 1 
1 

i 
l 

t 
1 
' 
1 
¡ 
i 
r 
í 
' 

.. 

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



.".·. 

1.50 -

j 
t 1.25 

1 
i;r;;atfo;; 

and test 

Ptans and 

--- Verv \Jrgc (512 KDSll 

--- Medium (32 KDSI) 

--- Small 12 KOSI) 

30 20 10 10 20 30 40 .50 60 70 90 

Percent ot devcloprncnt schedule corr.pletcd 

FIGURE 6-9 BaSic p~rsonnel distributiOn: Embedded-modo projects 

. ' 

lf you be.:omo a softwaro projcc! manag~r. and thc COCO MO modcl or the Raylcigh 
distribution says you should b(ing anothcr 10 peopk onto the project ncxt wcck, 
while your designcrs say thcy 'won't bo able to use any more pcople for anothcr 

. ' month, by al! mcans wait anot~er month. 

6.6 

6.1. 

94 

QUESTIONS 
'. 
i 

Thl' Hunt National llank is;embarking on a numbcr of software dcvclopment projects. 
' . lndicatc wheth(r eaL:h proj~..>Ct is characteristic of the organic, semidctach~J or cmbt:dded 

n1ocie: ¡ · 

(a) A program to print various str~tightforward 5Ummaries of infom1ation from a daily 
tape of intern<Hional m~ney markct transactions. 

(b) A high-volume, real-tirric national clectronic fund:\ transfc.:r system. 
' (e) A major nc="t gen,:r.:.1tiqn central ftnancial managcmcnt sys.tem, intcgrating and ex-

tending sevcral e:dsting· program~ and files. 
· (d) A modd predicting ncar-tc:rm trcnds in dcmand fC?r various bank serviccs, based 

on c:-<isting b:1nk transaction summary files. 
(t) An experimental on-liOc transaction proccs'ling system for bank tcllcrs. 
(/) A simple: on-1ine qu~rY systt:m to support lo•m applications, basc·J on the bank's 

loan files and a st~mt"afd. data bao;c qucry par.:k~ge. . . 

THE SOFTWARE LlFE·CYCLE: A QUANTITATIVE MODEL PART 11 
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ESTRUCTURA DEL PROYECTO 

o 
Un organigrama nos dice como el gerente del proyecto ha deleg~ 

do autoridad y ~es~onsabilidad por funciones de.l proy~cto a la 

gente identificada en la grfifica. 

Es valiosa al clasific~r las responsabilidades del proy~cto y 

en acuerdo con princi~ios de buena administraci6n del proyecto 

( tales como "unidad de comando" y "paridad de autoridad y res 

·pons~bilidad"). 

Llneamiento~ara la elaborac.i6n del orooniqrama 

1.- ·combine funciones adyacen.tes en el organigrama generaliz~ 

do. 

2.- Combine una funci6n con menos de 2 personas con la vecina 

a menos que: 

~) representa el gerente o un conjunto de funcion~s gene-

ralizadas. 

b) si cuenta con el mP.nos 0.5 personas y crecera a una 

funci6n completa en la siguiente fose .• 

3 • - D i v i da u n a fu n e i 6 n en s·u g e r e n t e y u n e o n j u n t o de· fu n e i o

nes subordinados si cuento con m~s de 7 personas. 

/ 



'· 

4.- Mantenga el ambito de control (número de funciones admi

nistr~tivas) de cualquier. gerente a no m&s de 7 persona~. 

5.- Si cualquiera de los lineamientos presentan conflictos 

con el sentido común, olvide el lineamiento y use el sen 

tido común. 

• 

t 
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FUNCIONES DE LA OFICINA DEL PROVECTO 

Gerencia del Proyect6 

Staff 

P~aneaci6n y Control 

INGENIERIA DE SISTEMAS 

An,.lisis de Requerimientos 

Dis~Ro.~el producto 

Manuales 

VALID~CION V VERIFJCACIDN 

Validaci6n 

Verificaci6n 

Pruebas 

Progromaci.6n de los subsistemas de 

software 



.• 

1 ¡ 

1 
IMPLANTACI.DN 

·~ 

cOnversión 

Instalación 

· E n t r.e na m i e n t o 

Actitudes relacionadas con la fase de 

implanta e i ó n 
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. Limitaciones del Modelo Bfislco 

• 1 

Una de las limitaciones del Modelo Bisic~ ( y de todos los mo-

deles de distribuci6n por fase a la ·fech~) es que no rep=esen-

ta" formas altamente secuenciales de desarrollo incremental". 

Las distribuciones de esf~erzo ajustan bastante:biin, pero el 

cilculo del schedule debe calcularse diferente. 

El ~odelo Bisico c6lcula-el ni~el prqmedio de personal en.cada 

fase. 

La limitaci6n prirtcipal: del modelo b¡sico es que este no incor 

para el efecto de ning6n factor de cos~o ademAs del de instruc 

cienes fuente entregadas, y el trfifico de cambio an~al para 

• mantenimiento • 

Con respecto a la Base de Datos el modelo Bisico nos da estima 

cienes con un factor de 1.3 con respecto a la realidad el 29% 

del tiempo y dentro de un factor de 2 unicamente el 60% del 

tiempo. • 

, l' 
1 

1 

1 
1 

1 
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1 

MODELO INTERMEDIO 

El modelo intermedio incorpora 15· variables predictoras mfis las 

cuales toman en cuenta gran parte de la variaci6n de costos del 

proyecto de software que quedan sin ex~licaci6n en el modelo Bfi 

sic o. 

Con respecto a la Base·de Datos las "estimaciones del modelo. in-

termedio estan dentro del 20% de los datos actuales el 68% del 

tiempo. 

+ Atributos del producto 

RELV Confiabilidad requerida d~l producto 

DATA TamaH6 de la Base ~e Datos 

CPLX Complejidad del prodcto 

+ Atributos de la Computadora 

TIME Restricciones de tien1po de ejecuci6n 

STOR Restricciones de almacenamiento "principal 

VIRT Volatilidad d~ la M~quina Virtual 

TURN Tiempo de respuesté de la Computadora 
• 

' + Atributos de Personal 

ACAP Capaciada de los An6listas 

AEXP Experiencia en las Explicaciones 

PCAP Capacidad. d~ los Programadores 



... 

\ VEXP 

LEXP 

Experiencin en la M6quinn Virtu~l 

Ex~eriencia en el lenguaje de Programaci6~ 

+ Atributos del Proye¿tb 

MODP 

TOOL 

SCED 

Prácticas Modernas de Programación 

Uso de Herramientas de Software 

Schedule ~equerido de Desarrollo 

Cada uno de estos atributos determina un factor multiplicativo 

el cual estima el efecto del atributo en el esfuerzo de desa-

rrollo de software. Estos multiplicadores se aplican a las es 

timaciones riominales de esfuerzo de desarrollo para obtener un 

estimado refinado del esfuerzo de desarrollo de software •. Un 

proceso similar se lleva a cabo.para determinar un estimado re 

finado del esfue~zo de mantenimien~o de software. 

• 

• . 
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Estimación del Nominal del esfuerzo 

Modo de Desarrollo 

Orgánico 

Semisepnrado 

Incrustado· 

Ecuación de Esfuerzo Nominal 

(MM)nom=3.2(KDSI) 1 " 05 

(MH)nom=3.D(KDSI) 1 " 12 

(MM)nom=2.B(KDSI) 1 " 20 



Distribuci6n por fase y activid8d del Esfuerzo y Sch8dule. 

~1 Mod~lo intermedio usa las mismDs ~elaciones de estimaci6n 

para el schedule de desarrollo y· la distribuci6n de activida 

des que las usadas en el Modelo Básico. 

Esto es: 

+ El schedule de desarrollo estimado, TDEV, es calculado 

del esfuerzo de desarrollo estimado en el modelo interme-

dio. 

+ La distribu~i6n del porcentaje de esfuerzo y schedule por 

fase ·son obt~nidos tomo una funci6n del modo y tamaAo del 

producto. 

+ La distribuci6n'del porcentaje de esfuerzo por actividad 

·y fase es obtenido como una funci6n del modo y t~maHo del 

producto. 

AnÓlic.is de Sensibilidad 

El modelo intermedio nos permite realizar un análisis de sen-

• 
sibilidad con respecto a los factores de costo, el cual nos -

per~ite estimar ~1 efecio de cambios en estos factores en el 

costo ~el softwa~e. 
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TAtlt.E s-2 Se>ltw3ro Ocvulcpmon! El!orl Multipliors 

~ 
Ratinns 

Very Very Extra 
Cost Drivers Low Lcw Nom·~nat Hi¡;h H.gh Hsgh 

---------
Prorluct Attri~utcs 
Rt:.LV Rcc:urrctJ-so!:wnro tc:iabitity , Í'S .es 1.00 1.1 S 1.•0 
O t... '7 A Oa:J ~ase :;.i;::c .9~ 1.00 1.09 1.16 . CPLX Pro::!uct co:npicxity .70 .65 1.CO 1.15 1.30 1.65 
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J 
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C:~~~:.:!cr A!!rt~JL..!r.S 

~:~11::::: ExecuLon :imc CC:"'lStr:lint 1.00 1.11 1.30 1.66 
SIOR ~.::\in slo~~~·:! constr<••r.t 1.00 1.C6 1.21 1.56 
VIRT v.rtL:ai r.:~c:::.-:c ...-o:ar::i~ .81 1.CO 1.15 1.30 
Tuí¡~ Cor:"'lptJ!Cr 1!:-'rn;J~ou:uJ t•l":"'d .81 1.00 1.07 1.15 

Pcrso;~nt:l 1\:treb;•!~s 

AC.!,P /,r.¡'tly~t ca~~\Ji~•ty 1.46 1.10 1.00 .86 .71 
A!: X? ,\;r.i:c.ll•u!1:~ f!):pcr¡e!"Cé ·1.29 1.1:1 1.00 .91 .62 
PCAP. P~o(;• :unrncr C:tp:¡!J.:i:y 1.42 1.11 1.CO 

" . .es .70 
VEXP ;,•;::~ji m,1¡;;hinc ~x~.::zcnce~ 1.~1 1.1 () 1.00 .!JO 
u: x: Prog::;:n~·ning l~ngu~G.! c.xpeño!-tco • 1.1·1 1.07 1.00 .SS 
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Pio:~ct A!\rlh-..;:c:; 

!.~C8? Use o: rnü;!\..:rn pro~_¡r~rr.ming_ prac:iee~ 1.24 1.10 1.00 .91 .e2 ·-
TQr:L :Jsc o: ~c::w:;src :ac:s 1.24 1.1 o 1.00 .01 .83 
SCEQ Nc~~:ircd cc·;c:c;::>mc:nt schcCü!o: 1.23 1.08 1.00 1.04 1.10 

• Fcr a f;:vcn ~ ... ~~;w~ru: p~o:.:·.n::::, ::"~'l ~.;:-:c..:r~yir.:J vit!u31 mü.ct'.ino is :r.o comp:u){ ol t~•arc:w .. uo and software \OS. 
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Cost O~iv~r 

Prooj'•Jct a:trib•J!~s · 
R::LY 

0/\TA 

CPLX 

CotT':~:J~er a~trihut'!'S 
T::J.E 

STOR 

VIRT 

TUR"' 

Perso.,n-et att~~otes 
ACf,p 
AEXP 

?CA? 
VEX? . 

LEXP 

P.ro;~ct attrit:J\t.'!ls 
~/(j;)~ 

TOQL 

~ SCEO 

-· --·-----·~------ --· 

EH.r;:oc:; s!igh! ln
C?'1vC:"'i~ncc 

· 15th ~re~~me
<''- mo:l11~:-:s Cx• 

;:~ricn~e 

15~h ~C'~ccn:i:'!• 

t!'ió 1 rr.0n:.1 cr.~~
ri~rl':") 

01!'::; 1 mc:1:h et.pe
ric:"lcc 

No use 
9:l~ic r.'li~!'OprQ-a 

ccor.sor to~ls 

75•/o- of nominal 

Lcw 

Low. easily tecov· 
.IJ~.a~:c loss~s 

D3 bv:-:s ~ 10· 
F-~OJ. OS: .... 

Ma¡or éhnr.g~ ev: 
e:y 12 roon!hS 
M:~or: 1 mo:"'':M. 

lnt·.:~ac!il/'3 

ast!l pcrecn!~O 
1 ycar 

35th pcorccntil~ 
4 mont!"ls 

( months 

eeºif1ning uné 
B~s:c mini ~oo:f. 

Mcd~Jro.:c, rccove!'• 
o!):(' losscs 

1Q<t;~< 1CO 

e;:;·50% u~o of avni! •. 
:tt-!~ cxecution 
ti~l-:." 

...; s:~o use t'l! avail· 
· :tb:oe ~:c~.::.~~c 

Mi:!j'::'r: 6 ~c~:hs 
~l:r~a·: ::! Wt•cir.s 

Avc:n·~r:'l turr~~uound 
•• .. A hou·s 

S5:h pcrcci,:;:c 
3 ~·cars 

SS!h PNCCI,tilo : 

1 yr.·a~ 

Som~ use 
Eku.ic mldilrN1~ 

too:!'i 

100':0 

High ~l"'~ncio.l 
lOS! 

100 ·• ~ < 10C~ 

'iO% 

Mn¡o~ 2 ,;.,on\hs 
M:r:c:o~: 1 wcek 

~-12 houts 

151h pcrccntile 
5 YC.;'!;"S 

15:~ pc-rccnti~o 

3 ycaos 

3 l¡t;<'l.rs 

'o~nl1ra: use 
s:~ong m:1'11i pro-

;;~-~~~~;r:n. 

test toc1s 

...•.. _______ _.._ 

Risk to human li!o 

o ?" 1000 

~ajor: 2 weeks 
Mincr. ~ d3ys 

>12 hours 

·. 
90:~ pc~ccntile 

12 yc:us 

90:h perccntilo 

Routi!'le use 
Ac!d rcqui~o

mcn~s. dc!lt!gn. 
:n.1:".·19C'~Cnt, 

~c-::umcn\~tien 

!Ot'l:i 

16C~O 

95'!1. 

k. 
l~ ·.. '. ,. ... 

_......_:'-.' . 

--------------~-------
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TABL( 8-4 Morlu~n Comp!o:city nntinlj'l VO'SUS Typu ?' Mt'}rfulo 

Ratin~ 

Vcry low 

L.ow 

-.Nominal 

lligh 

V<:ry high 

J2! 

···Control 
Opcrations 

Straíght!inc codll 

with a fcw non· 
ne31~d !iP• Gpor • 
a!ors: CO!>, 
CASE$, 
IFTifCNELSEs. 
Sirnpl•l predi· 
cates 

Stra!ghtforuard 
nnstin!J (lf SP cp· 
~atc,rs. l.1os:ly 
simple prcrJicatt1:i 

Mvstly simple nP.st
ing. Sr:>rnQ ÍfitCr
Jno1u!o contrcl. 

Oc~sicn taLles 

Highly n.~s,ted SP 
oporators wi:h 

tnan¡ cornpound 

. ptcdicah.:s. 
Ou.:uo and stnck 

. t:on~rol. Cons:d. 
tJfllJlc intP.rí.lo· 

. dule cOntrol. 

R.r.entrar1t nnd re· 
c:u:s.ivo cotlí11g. 
Ftxcd-prionty in

tcrrupt hanúling 

Mulli¡JIO icsourct:! 
scht.~du!ing wil~ 

dynamic:JIIy 
c-har.g:ny piori
t;cs. M•crv ... -odc
fovt'1 c"mtrol 

Comp•Jia!:or1;.1l· 

O~rghon~ 

Evaluati~n vf <:oirnr/oJ 
cxprc~;;ion:-.: <UJ., 
A~B~C· 

(O·· E) 

Evaluati(')n of n:od
e:ratc·k·Jcl ex. 
prc:s~ion:., r..~~ .• 
o" scm 
(B •• 2-4.'A"C) 

Use of stand:tr.J 
math and st.t:i'lti· 
cal routir;r;o;. Bn· 

sic rnatri...:/v~;ctor 
opcration5 

Ba~ic numcr:cal 
anal,sis: rr.t,:¡¡.,¡,,_ 
iate irucrp·:.I.Jt•on, 
ordi!'IJr ( d.fkrcn· 
tinl cqu¡¡tríJrl:>. Oa· 
sic trur.c.aticm, 

roundoU con. 

.ccrns 

Difricult but struc

turcd N.A.: nc.:~r· 
5ingutar rn."\lri-.< 
('QUaiiOftS, p~1rtiJI 

dirtmcnti~l t:q•Ja· 
t!ons · 

Oifficult and un. 
SIIUCIUfl~J N.A.: 
highty occnr:,!o 
anal¡sis of ot~isy, 
stochastic dJ\3 • 

. Dcvit;n dt;pt:mJnnt 
Orc:ra!=c~l'S 

Sirr.r;:c r•:-:1•.1, writ'! 

st:t!<~m·:n:s wi:h 
simp~•J f~rm.lt'i 

No ccar.iz;mca 
nc-c.r!c:•J of .p.Jr

ti~ular PO· 
CCS~Qf Of 1/0 
<.lcY:t:~ ch<:ra-:
téristic!O. 1/0 
dcM al GE:T/ 
PUT tc,r,t tlo 
togr;i¡.jnce of 
av<.:rlap .. 

110 rmc,_;o;~ifll] in- . 

clut!·:!> dcvicc 
sc.-lcr;tion, statu.3 
ch·..:d;iniJ and 
-error procf)ssing 

· Op~r<rt!¡¡ns at 

ph1>icat 1/0 
!¡;;·¡ti f;:;hJ'~:cal 

s!OrtlGP. ~ddliJSS 
tran5lc1h:.ns: 
se...:k.r., rr:arJs. 
ctr.}: O;:o~in~!zcd 
J~O O'ICr!Jp 

RoJtin;;.:s.1cr :n!cr
TUPt c!".~l)nos:s, 

sc.r:;cir.g, mask· 
ing. Communi
cntion linc 
handling 

Ocvicl~ t:rn:ng-dr-· 
pond ... •nt cocJir.g, 
micrC"-p:o· 
gr,lrnmt:d 
cpcratil')nS 

Data 
Marr<lut:rncrll 
0pl~rali•Jil5 

Sin-:¡;i') crra·¡s in 

rr.:ún rn(;mory 

.·. 

Sir"J!'J filo s~b~cl· 
t:n:; wi!h 110 data 
strw:l!ltO 
ch~¡r.g(:S, no cd
it-i, no inlc:rmt:di· 

ato files . 

1.'ufli.rt!O injJul Dnd 
sinrJ~•J t~:·J cut
p~:1. Sim;:.!~ 

stru(.:ural 
ch3r.~o::s. s~mp!c 

Cd1lS 

S;:r.Ci;ll ~._;r~c~IJ 
SL:l:JC/J~i/1(;-'i .aC· 

!i"J:.t:·~d Ly r~:-:ll 

stn·arn con
tcnts. Con~t-l~lC 
tbla rc5tructur· 

ing al r?cord 
lovnl 

A qcn'rr~li7.('d, pa
T<!t nr.\cT ·tlri·1en 
f.lt1 slructuring 
rot;tinc-. file 
building, ccrn
mar:d prOc('~!i
intJ, scarch 
coOptimizatio':' 

ll'ghl1 couplc~. 
ú·¡namic rciJ· 
tional struc· 
twos. N.:itUcal 
languJ'.)C~ dJtJ 
m;lflJI]·: rr.•~nt 

····-·- -TAt:.~.: 

Vcry ¡¡ .. 

low 

.NCmi11.: 

High 

Veryt 

.. ' 

1. 

' ; 

. :: 
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·CI'LX 
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0.70 

..fJGUHE 0·2 lntcrrr.cclialo COCOMO cffort multip!iCrs 

• Thc cstimatnl <k"dnpmclit s.:h.:<lulc, TDÍ:v, ¡, cakulatcd from the.lnt.:rmcdiatc 
COC."':-..10 ¿timatc of dcv<lopmcut cfi'ort in M :O.!, usiu¡; thc cquations in Tablc 
~l. 

0 1'h~ pcn:~..·nl:l.J.C di~tribution of ~.:fl"ort ~nd s.:h~...·duk hy ph:tsc is ('h.~~linl·d as a function 
of 11\0d..: and pr\.ldUt.."t si o.:, usi11~ Taf)1~ 6-S. 

• Th.: r~r"'·l.!nt:\~!..: di ... tributit..'ll C)f l..':f\.Hl by activity am! ph:\S~ is nbt~lint:d as a function 
(Jf modc :md 'prnduct sizc, using Tablcs 7-1 thr,,u;h 7 -J . 
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~~;te? a la estimrJción d~l esfuerzo· onuol ele rrra11teninliento 

los Multlpl.lcadores de esfuerzo en el Modelo In~ermedio pueden 

ser aplicados a la fase de mantenimiento. 

SCEO (schedule de désarrollo requeridó) no tiene sentido en la 

fase de mantenimiento. 

RELV (confiabilidad r~querlda del producto) debido a la dife-

rencia en im~acto de este factor en el desarrollo y mante 

nimientó este factor cambio, sin e~barQo se debe usar el 

mismo nivel tanto en el desarrollo Como en el manteni~iEn 

to. 

Multiplicador de esfuerzo de mantenimi.ento Rely 

Muy bajo 

. 1. 35 

Bajo 

1 • 1 5 

Nominal 

1.0 

Alto 

0.98 

Muy alto 

1. 1 o 

Lo anterior representa dos efectos: 

1.- Mientras menor es la confiabilidad requerida, menor esfue 

zo es. requerido para mantener el nivel requerido. 

2•- Mientras menor la confiabilidad requerida; mayor e~ eJ' es

fuerzo que se.requiere para fijar los errores latentes en 
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el software, V para actualizar un producto de soft~are -

con documen~aci6n V c6digo inadecuado. 

MOOP (Prficticas de Programaci6n .Modernas) 

El. efecto de las Prficticas de Programaci6n Modernas durant~ -

el desarrollo tiene dos efectos en el nivel requerido de man-

tenimiento de software. 

1.- Mientras más PMP son usadas, mayor serfi el ahorro en el -

esfu~rzo de mantenimiento. 

2.- .Mientras m6s PMP son usadas, más fficil es mantener produ~ 

tos grandes cbn la_ misma eficiencia que productos peque-

ños. 

Multiplicadores de Esfuerzo de. Mantenimiento 

1\! i V e 1 

Tamaño del 
P_roducto Muy bajo Bajo Nominal Alto Muy alto 

( KDS 1) 

'2 1.25 1 • 12 1.0 0.90 o.e1 

·e 1.30 1 • 14 1 • o. o.ee o. 77 

32 1.35 1.16 1 • o 0.86 0.74 

128 1.40 1.18 1 • o o. 85· o. 72 

512 1.45 1.20 1 • o 0.84 0.70 



• 

[etlmaci6n de los Efectos de Adriptar Softwnre Exist~nte 

El apr~vechamlento de software existente puede requerir un gran 

~sfuerzo en: 

1.- RediseAo del software adaptado para alcanzar los objetivos 

del. nuevo producto. 

2.- Rehacer porciones del c6digo para acomodar caracterlsticas 

rediseñadas o cambios. en el nu~vo medio ambiente del pro

ducto. 

3.- Integraci6~ del c6~igo adaptado en el nuevo medio ambiente 

del producto y pruebns d~l producto de software r~sultante • 

• 
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Los efectos del software adnptado son manejados en el Modelo -

.calculando el n6merb equivalente :de instrucciones fuent~ ~ntr~ 

gadas. (EDSI), el cual es usado en lugar de las DSI en las re-

laciones de estimación del Modelo. 

EDSI es calculada de las siguientes cantidades de adaptación 

estimadas: 

ADSI El 
, 

numero de instruccior1~s fuente entre 

gadas adaptadas del software existente para form·ar el 

nuevo producto. 

DM Porcr?nt~)e -de. rlis~fio Modificado. El porcentaje del dise-

fio de software adaptado, el cual es modificado en orden 

para adaptarlo a los Muevas objetivos y el medio ambiente. 

(Esta es neciesarlamente una cantidad subjetiva) 

IM Porceritaje d~ ·Integración Requerido para el Software Modi ----- -
ficado. El porcentaje de esfuerzo requ~rido para int~-

grar el software adaptado dentro de un producto y para 

probar el producto resultante comparado con la cantid~d 

norm~i de integ~uci6n y esfuerzo de pruebas para el soft-

ware de tamaño comparnble. 



• 

Las ecuaciones·para calcular el EDSI involucran una cantidad in-

termedia AAF el factor de ajuste de adaptación 

AAF=0.40(DM)+0.30(CM)+0.30(IM) 

EDSI= (ADSI) ·AAF 
100 

J5 



EST!MACIDN A NIVEL DE COMPONENTE 

terma de Estimación a Nivel. de Componente (CLEF) 

(Component Level Estimation Form)· 

Procedimiento para el uso de la forma. 

1.~ Identifique todas las componentes del producto de soft-

ware en la columna 1. 

2.- Estime el.tamaño en DSÍ de·todas las componentes. 

"Si el· componente no es adapt~do ae software existente, co 

laque su tamaño en la columna 2 (EDSI). Si es adaptado, 

compute su factor de ajuste de adaptación (AAF) por la 

et~aci6n dada abajci, coloqu~lo en la columna 5,· entonces 

calcule las OSI equivalentes (EDSI) y coloquelo en la·co-

lumna 2. 

o 
3.- Sume el total de EDSI para .el producto y coloquelo en el 

renglón 11 columna 2 

~.- . ' ecuac1on apropiada de esfuerzo nominal para el mo-Use la 

do de desarrollo e~pecificado (dado abajo) para estimar 

el total nominal de esfuerzo de desarrollo (MM)nom con•o 

uno función de las EDSI y coloquelo en el renglón 12 ca-

lumna 2. 

5.- Calcule la productividad nominal 

(EDSI/MM)nom=(totalEDSI)/(MMnom.) 

y coloquelo.en el renglón 13, columna 2 

1 

1 
i 

MI 
í 
1 
i 
1 
J 
¡ 
¡ ,, ,, 
' 1 
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6.- Para cada comp~n~nt~, calcul~ 

(MM)nom=EDSI/(EDSI/MM)nom 

y coloquelo en la. columna 20 

! 

7.- Provea los factores de costo (col~mnas 4 a 18) para todos 

los compentes, usando las escalas de los niveles. 

8.- Coloque los multiplicadores de esfuerzo correspondientes 

para todos los ·elementos en las columnas 4 a 18. 

9.- Para c~da componente (renglón), calcule el factor de aju~ 

• te de esfuerzo (EAF) como el producto de los multiplicado-

res de. esfuerzo en las columnas 4 a 18 y coloquelo en la 

columna 19. 

10.- Multiplique (MM) nom (columna 20) para cada componente por 

su EAF para producir el estimado ajustado para (MM)DEV el 
' 

cual se coloca en la columna 21. . . 

11.- Agregue el tot~l de estimados hombres-mes ajustados para -

todos los c6mponentes y ~oloquelos en el renglón 11 colum-

na 21. 

12.- Use la ecuación requerida básica de schedule. de desarrollo 

para el modo de desarrollo especificado y coloquela en el 

renglón 12, columna 21 



13.- Para. cada componente y para el producto completo, calcule 

la productividad estimada 

E6SI/MM=EDSI/MM 0 EV). 

y coloquela en la columna 22 

• 1 
1 

14~~ Estime el costo promedio de la .mano de obra ($K!MM) para 

cada componente y coloquela en la columna 25 

15.- Calcule el costo en pesos para.cada componente 

y coloquelo en la columna 23 (mitad inferior) 

16.- Agregue el costo de desarrollo del producto en $K y c~lo-

quelo en el renglón 11, columna 23 

1?.- Para cada componente v para el producto completo, calcule 

el costo.por instrucCiÓn 

$/ED51=(1000)($K)/tDSI 

y criloquelo en la columna 24 

/~ 



.. 

Procedimiento para usar la forma CLEF para la esti~aci6n d~ los 

Costns de Mantenimiento del Soft~are. 

1.- Para cada componente, del factor de ajuste de esfuerzo cal-

culada para el desarrollo de software en la parte baja de 

la columna. 19 '·' 

2.- Para cada componente, identifique cualquier cambio en los 

factores de costo entre el mantemiento y desarrollo colocan 

'do el multiplicador de desarrollo en la parte baja de la ca 
. . -

lumna del factor-costo y el correspondiente multiplicador 

de man~enimiento en la mitad superioi de la col0mna de fac-

tor de costo $columnas 4 a· 18). 

Los multiplicadores de esfuerzo pueden cambiar por cualqui~ 

r a de . 1 a s s i g u i e n te s .r a z o n e s : 

+ Multiplicadores fuera del nominal para SCED deben cam-

biarse a 1 para el mantenimiento. 

+ Mu.ltiplicadores no nominales para RELV y MODP para desa 

rrollo tendrán diferente valor para mantenimiento. 

+ El nivel de ciertos factores puede cambiar (por ejemplo, 

la experiencia).. 

3.- Para·.cada componente, calcule su mantenimiento EAF 

(EIIF) =(EAF) d . 
m ev 

Producto de loo multiplicadores de mantenimien 
to combin<tdos 

.~~~--------------------Producto de lou multiplicado~es de desarrollo 
combinados 



V colocados en la parte superior de la columna 19. 

4.- Para cada componente del tráfico de cambio anual (ACT) ca 

mo una fracci6n (tal como 0.10 para 10%) en la columna 22 

5·- Si todos los componentes tienen una AAF" de 1.0, coloque 

los hombres-me~ de .desarrollo nominal para cada ·compone~ 

te en la columna 20. 

Si no, necesitamos iecalcar,los (MM)nom basados en el ta-

maño del producto a ser mantenido. 

cuyo AAF no es 1.0 calcule su a~tual 

OSI ~ EDSI 
AAF 

Para cada componente· 

V coloquelo en la columna ~. Entonces 

+ Calcule un OSI total revisado y coloquelo en el rengl6n 

11 columna 2. 

+ ~alcule un (MM)nom revisado para el producto usando el 

total de DSI revisado y la ~cuaci6~ apropiada de esfue~ 

zo nominal para el modo" dado y coloquelo en el rengl6n 

12, columna 2. 

+ Para cad~ componente, calcule un (MM)nom revisado 

(MM)nom • DSI 
(051/MH)nom 

., 



.. 
~/ 

y coloquelo en la columna 21 

. 1 

7.~ Agregue el total de esfuerzo de mantenimiento para todos 

lris componentes y coloquelos en 
' 1 

el renglón 11 columna 21 

8.- Estime el costo promedio de trabajo ($K/MM) para mante-

ner cada componente y coloquelo en la parte superior de 

la columna 23. 

9.- Calcule el costo_anual en pesos del mantenimiento de ca~ 

da componente 

SK-(MM)AM (~K/MM) 

y cofoquelo en la columna 23 
' . 

10.- Agregue el costo total del mantenimiento anual para todos 

los componentes y coloquelos _en el rengión 11, columna 23. 
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'-BOE~).¡, SOFTWARE ENGINEERING ECONOMICS 

provide his own fraction), and uses its standard techniq~es to 
estímate the resulting life-cycle effort distribution. 

Maintenance: The estímator provides a pararneter indi· 
·uing the quality leve! of the developed code. PRICE SL usés 

is to estímate the effort required to elíminate remaining er
rors. 

The COnstructive COst MOdel (COCOMO) [ 1 lj 

The primary motivation for the COCOMO model has been 
,., ~o help peóple understand the cost consequené:es of th~ Íle

cisions they will make in commissioning, developing, and sup
porting a software product. Besides providing a software cost 
estimation capability; COCO MO therefore provides a great 
deal of material which explains exactly what costs the model 

· is cstimating, and why it comes up with the estímates it does. 
Further, it prcivides capabilities for sensitivity analysis and 
tradeoff analysis of many of the common software engineering 
·decision issues. 

COCOMO is actually a hierarchy of three increasingly de
tailed models which range from a single macro-estimation 
scaling inodel as a function of product size toa micro-estíma
tion model with a three-level work breakdown ·structure and 
a set of phase-sensitive multipliers for each cost driver attri
bute. To provide a reasonably concise exarnple of a curren! 
statc of the art cost estímation model, the intermediate leve! 
ofCOCOMO is described below. 

lntermediate COCOMO estímates the cost of a proposed 
software product in the following way. 

1) A nominal development effort is estimated as a func
ion of the product's size in delivered source instructions in 

thousands (KDSI) and the project's development mode. 
2) A set of effort multipliers are determined from the 

prod•Jct's ratings on a set of 15 cost driver attributes. 
3) The estimated development effort is obtained by mul; 

tiplying the nominal .effort estímate by all of the product's 
effoll w:Jltipliers. 

4} Additional factors can be used to determine dollar 
costs, development schedules, phase and activity distributions, 
compüter costs, annual maintenarice costs, and other elements 
from the development effort estímate. 

Srep )-Nominal E[fort Estinw.rion: First, Table IV is used 
to determine the ¡iroject's development mode. Organic-mode 
projeG!Ltypically come from stable, familiar. forgiving, rela
tively unconstrained environments, and were found in the 
COCOMO,data analySis of 63 projects have a different scaling 
cquation from the more arnbitious, unfamiliar, unforgiving, 
tightly constrained embedded mode. The resulting scaling 
cquations for each mode are given in Table V; these are used 
to determine the nominal development effort for the project 
in man-months as a function of U1c project's sizc in KDSI 
and the project's devclopment mode. 

For cxarnple, suppose we are estimating thc cost to develop 
the microprocessor-based communications proccssing software 
for a highly arnbitiÓus ncw clectronic funds transfer network 
Nith high rcliability, performance, devclopment schedule, and 
interface rcquirements. From Table IV, we determine 

that thesc charactcristics bcst fit thc profllc of an 
embcdded-modc project. 

Wc ncxtcstintatc thc sizc of thc product u 10000delivcrcd 

13 

·TADLE IV 
COCOMO SOFTWARE DEVEL<;lPMENT M O DES -
Futurt "''"~ Semd$C~ Em!M«<td 

Orv-.-.utoontl -.....:~ .. sttndlnQ o1 
produ(:t Objecllvft ,..,...,.. eo.-- Gt....,.tl 
E~• 11'1 ~ ... m reltttd 

.atlwtrt sysl-

··~ ~- Modertlt 
NMd b loOhwtr• contonntrc. 

-'!h pre .. sttbi•U\tod requor• ........ 
··~ 

,_,_ ... 
N..-d lor s.onware contormarott 

.,11"1 tftemtt 11'1ttf1tc• IPI'Ofa· - .. ~ .,...,.. .... ... 
eonc..re.,t Clt"tlop"""t of ns.oo-

llt<l ..... ~·r:tw••• '"" OPI"'t· 
fi00"\11 prOC9Qurts ,.,._ t.!()dtrl\1 Eo1tf1Sift 

NMd lo< ..ncvtll\ll cialt CI'OC:Hsor>Q 
fi"Ch!IIICI\..-11. tiQ(JI"•tnmS "'·-' ...... c...--

P.•- on ,,,.., ~"o" ,_ ....... """ Ptoduc:l .. u rtr!Qe <:SOKOSI ·:lOO 1(051 Al 11-ZIS 

E-•molt• Batd"l '"" 
t.lost tra,.,..C1.on lt·~. CCJt'"lCIII• - prOCHSI'>Q I)'S· lftn_.Ctor\ 

' """"* -· POC:II""i! ..-. ,._OS. DfWS ,,1-1 ..... 

·~· 
A..-.tlrlo.n;.,.,... .r.mooto.n;. _.,. ,_,. IOI"'r· procructoon ~·;e os F,...,.., """""' """""' os.~ 5omple Cornr"''ICI· ,r,..,D<t>? .. , CO"''· ......,.._ 
""""' ...... 3-C"Oftlrol 

IOI"f. ptOdiC: • --· 
TABLE \' 

COCOMO NOMINAL EFFORT ANO SCHEDULE EOcATIONS 

OEVELOP\IE"'T ~~OOE NOJ.I1!'.4.l EFFORT SCHED~LE 

source instructions, or 10 KDSI. From Table V. we then deter
mine that the nominal dcvelopment effort for this Embedded· 
modo projcct is 

2.8(10)1·20 = 44 man·months (MM). 

. ' Step 2-Derennine E[[orl Mulripliers: Each of the 15 cost 
driver attributes in COCOMO has a rating scale and a set of ef
fort multipliers which indicate by how much the nominal cf
fort estímate must be multiplied to accounl for the project's 
having to work at its rating level foi thc aUribute. 

Thcse cost driver al tributes and their correspondin~ effort 
multipliers are shown in Tablc VI. The summary rating scales 
for each cost driver attribute are shown in Table VIl. c~ccpt 
for the complexity rating scale which is shown in Tablc Vlll 
(cxpanded rating scales for thc othcr attributes are providcd 
in [ll)). 

The rcsults of applyins these tables to our microprocessor 
communications software cumple are shown"in Table IX. Thc 
cffcct of a software fault in thc clccuonic fund transfcr systcm 
could be a serious ftnanciallos.s; t11erefore, thc project's RELY 
rating from Tablc VIl is lliglL Then, from Table VI. the effort 
multiplicr for aciiÍeving a lligh level uf rcquircd reliobility is 
1.15, or 15 pcrccnt more cffort than it would tale to devclop 
the software toa norrtinallcvc1 of rcquircd rcliability. 

' ,,' 
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TABLEVI ¡ 

i. INTERMEDIA TE COCOMO SOFTWARE DEVELOPMENT EFFORT • 
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CALZAVA ACUEDUCTO 161 EV. B_ 
VEPTO. 34 

. COL; LA PIEVAV HUIPULCO 
VE LEGACT OIJ TLALPAN " 
14380 MEXI CO, Vi'!'. 

-- . 

EJE CENTRAL LAZARO CARVENAS No. 1167 
. COL. VERTIZ NARVARTE 

VELEGACION BENITO JUAREZ 
539-41-73 

· JOSE ROVRIGUEZ GONZALEZ No. 9 
COL. CONTITUCION VE 1917 
09260 MEXICO, V.F. 

. 691-08-43 . 

. SINALOA No. 326 
FRAC. JACARANVAS 

.54050 EVO. VE MEXICO 

.391-45-68 

CVA. EZEQUIEL ORVO!VEZ No. 25 
COL. COPILCO 
VELEGACION COVOACAN 
04360 MEXICO, VF .. 

: .. 

2a. PRI VAVA VE' LA SOLEVAV No. 17 
COL. NVA. ANTEQUERA 
43~46-53 
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32 • .: SANCHEZ GARCIA JU!W MANUEL 
S. C. T. 
TECNICO 
AV. VE LAS COMUNICACIONES 
COL. VEL MORAL 
VELEGACION IZTAPALAPA 

33.- SIWCHEZ .FUENTES ENRIQUE 
· • S. A. R. H. 

JEfE . VE OFICINA 
INSURGNETES No. 30-2o. PISO 
COL. JUAREZ 
VELEGACION CUAUHTEMOC 
06000 MEXICO, . V. F • 

. 591-18035 

34.- SEPULVEVA VELGAVO RICARDO 
V. G. C. O. H. 
JEFE· VE LA UNIVAV DEPARTAMENTAL 
VE SISTEMAS. VE INFORMACION 
SIW ANTONIO N3AO No. 231-Je.Jr.. PISO 
COL. OBRE-RA 
VE LEGACI ON CUAUHTEMOC 
06800 MEXICO,V. F • 

. 588-32-27 

35.- SOBERON V •. ROBERTO 
S. C. T. 

36.- TEMPLOS CARBAJAL ALBERTO 
FACULT AV VE ING. 
AYUDANTE VE PROFESOR 
CIUVAV UNIVERSITARIA 
550-52-15 ext. 3750 

37.- VARGAS GUERRERO XAVIE.R 

····-· ---··---~--

RIVA PALACIOS No. 1.17 
COL. CENTRAL 

VELEGACI 0/J NETZAHUALCOYOT L · 

MINAS. No. 82 
COL. ALVARO OBREGON 

· HELIOVORO VALLE No. 340 
COL. LORENZO BOTURINI 
VELEGACION VENUSTIANO CARRANZA 
15820 MEXICO, V.F. 
552-59-90 

OTE 180 No. 182 
COL. MOCTEZUMA 
VELEGACION VENUSTIANO CARRANZA 
15500 MEXI CO, VF; 
762-48-72 . 

UNI VE RS WAV N AC. AUT 01'-J 0/JA VE MEX1 CO VISION VE ANAHUAC No. 9-9. 
· Ni ALISTA PROGRAMADOR 
VIV. EST. POSGRAVO F. I. 
550-52-15 ext. 4860 

. 38.- VAZQ.UEZ HU1TRON VA VIV . 
S. C. T. 

COL. l!NIVAV INDEPENDENCIA 
VELEGACION MAGDALENA CONTRERAS 
JO lOO MEXICO, V. F • 
. 59 3~ 30-26 

1 
1 
i 
i 


