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Abstract 

Desp ite dramatic changec., m computmg Ill t llf' two df'cc:1,df's c,111cf' t llf' tE'l'ms ~oft­
warc crz,;zc; and ~oftwarc engineering \\ere ronlf'd, problem<., of ddi,1f'nt quality c:1,nd 
unmanageable costs cont inue to affi1ct the software mdustry lmprovement<., m t be 
<.,oftware engmeerrng pro< ec:.;s- methods, rathE'l' tlMn too ls- are now w1df' ly < on'>1d­
ered ec;<.,e nt ,al to bnngrng c;oftware quality d tH-1 < oc,t<., under < ontrol 

Drffus10n of c,oftware piocess mnovatrons Ill mdmtiy hac, oc< uired only slowly tu 
date, leavmg a bc:1,cklog of largely un tried rec,ea1 < b p1opo<.,c:1,]<., Ill need of d1<.,<.,emHMt1on 
and evalu ation T lllS tbec;1c; rnmpn <.,es a case study of c:1, pilot p10Je< t tbc:1,t 1nt1od11< f'd 
two such < red1ble but ]pc:.;s-known soft\,are engrneenng method<., mto c:1,n mdmt11ctl 
sett ing 

Techrnqupc; of module rntPrface spec1Titdt1on dlld lll '-, JW< t10n we1e <.,ele< ted ct,nd 
,u-lc:1,pted to the < ontext , c:1,ccordrng to a model of <.,oftwctre te,bnolo.e,y t r ctn'>f<"r In 
order to exploit t he potential of the mspet t10n prucec,s fo1 venfymg work prud11< t 
p1opert1e<.,, c:1, ve11ficat1on-onented approad1 Wd<., dev1c,ed for pct1c:1,ph1c:1,<.,ll)g mod11le 
mtE'l'face <.,enMnt1t <., during the mspect1on meet mg 

Tllf' new methods wE'!'e mtroduced , 1a a< c:1,1efully de<.,1gned t1c:1,1nrng p10.e,1c:1,m , 
and were pos1t1vely received by pract1t1oners Pro< ec,c,, prod LI( t c:1,nd defe< t met1 I< c:, 

were defined and c:1, measurement program m1t1c:1,tf'd, to c:,uppo1 t obj<-'< t1Vt-' f'vc1, lu c:1,t 1un 
of thec:,e technolog1es , and ongomg soft\\are p10c ec:,c:, 1mp1overnent, m the lun.e,e1 te1 m 
Both partI< 1pant re'>ponc;e and pn,!Jmrnary examrndt1on of t llf' ddta < ollf'< tf'd du1111.e, 
the pilot proJ<"ct, md1cate that these metbodc:, ctre effectrv<" 1n 111duc:,t11c:1,I ctpplH c:1,t1on 
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Chapter 1 

Introduction 

1.1 The software crisis 

The term software c, 1sis has been widely used for the past two decades to refer to 

a well-known litany of problems 111 the 111dustnal production of software Software 

1s expensive to create and even more expensive to ma111ta111, late dehvenes and 

s1g111ficant cost ove1runs are commonplace and the performance of delivered software 

1s often umehable 01 111adequate to user requirements In a classic book of essays 

on these p1oblems, F1edend. P B1ooh.s, Jr wrote 111 1972 

Large-system p1og1 ammmg has over the past decade been such a tar pit, and 
many g1eat and powe1 ful beasts have thrashed v10lently m 1t Most have 
emerged with runnmg systems-few have met goals, schedules and budgets 
[Bro75, page 4] 

In the ensumg two decades, computer software has assumed a central role 111 much 

public and puvate enterpuse, 111cludmg safety-c11t1cal systems D1ssat1sfact10n with 

the problems of software quality and product1v1ty has accordingly magmfied and the 

d1sc1phne of softwa1e engmeeung has emerged 111 response to this "software cns1s ," 

yet the p1oblems pe1s1st Why has softwa1e product10n not been brought under 

sat1sfacto1y cont101? 
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Computer p1ofess1onals readily place thell hope 111 improved hardware and soft­

ware suppo1 t , such as worJ...stat10ns, w111dow111g systems and CASE1 software to 

address the 111tractab1ht1es of software product10n Such tools have aided the devel­

opment of larger and more powerful software systems than those of the early 1970s, 

but they have not ehm111ated the software cns1s, as Brooks v1v1dly 1dent1fies 111 a 

more recent woil~ "There 1s no silver bullet" [Bro87] Some researchers 111to soft­

ware quality and product1v1ty now po111t to the software development process rather 

than tools as the a1 ea m need of attent10n, e g 

the maJ0l problems associated with the production of trustworthy software 
are mo1e associated with the organization and management of complexity 

than with d1rect technological concerns that affect md1v1dual programmer 
product1v1ty [SP90, page 8] 

On the technology side, relatively simple tools and methods, if well managed, 
are all that a1 e needed It may be that the development of the Japanese 
softwa1e mdust1y 1s due more to good management than to Fifth Generat10n 

reseaich [BM91b] 

The effective use of software technology 1s limited by several factors an 111-
defined process , mcons1stent 1mplementat10n and poor process management 

[Hum89, page 1-.] 

1.2 The problem: immature industrial pract ice 

In the late 1980s, the Software Engmeenng Institute at Carnegie Mellon Umvers1ty 

(SEI) developed a 5-level "softwa1e process matunty framework" for assessmg the 

software engmeermg capab1hty of software contractors for US Department of De­

fence p10Jects Subsequent studies showed some 85% of contractors to be at level 

1 (termed initial 01 chaotic) and most of t he 1est a t level 2 (repeatable) Reports 

of self-asses5ments by othe1 softwa1 e orgamzations agree that the great maJonty 

1Computer Aided Software Eng111ee11ng 
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of softwa1e oiga111zat1ons lack a 1epeatable, let alone defined (SEI level 3) software 

process This state of affairs not only restricts mdustnal capabilities but will m­

creasmgly threaten the ve1y survival of North American software producers m the 

face of mtens1fymg mternat10nal compet1t10n [BM9la, You92] 

The chaotic state of mdustnal p1act1ce 1s no accurate reflect10n of the state 

of software engmee11ng knowledge Viable methods to tackle many problems of 

the softwa1e development p1ocess have already been elaborated, but are not yet 

widely usecl Indeed, the transfer and d1ffus1on of software engmeering methods m 

mdust1y has proven to be such a slow and difficult process that 1t has itself attracted 

study [RR85, Ch188, RC89, BM9lb] Our contnbut10n 1s therefore concerned with 

addressmg the gap between mdust11al practice and existmg best-known methods 

1.3 The approach 

No technology will transition into widespread use unless there is a recog­

nized need, a receptive target community and believable demonstrations of 

cost/benefit [RR85] 

The work desc11bed m this thesis was made possible by the supportive collaborat10n 

of MPR Teltech Ltd of Burnaby, a leadmg high-technology enterprise m British 

Columbia, where the author was formerly employed m software development MPR 

Tel tech 's sup poi t of this proJect was noteworthy because the absence of strong lmks 

between academia and mdust1y 1s a sigrnficant obstacle to software engmeenng 

technology t1 ans fer m Canada 

Our appioach was to identify some practical software engmeermg methods both 

offering s1g111ficant benefit and suitable for immediate apphcat10n at MPR Teltech 

We adapted the methods to the pa1 t1cular requirements of that settmg and provided 

trammg and assistance with early use (a pilot proJect) Data collection act1v1ties 

were m1t1ated to support long-term obJect1ve evaluation of the methods At the 
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end of the pilot p10Ject, we produced an experience report for the company The 

obJect1ves of this work were to gaII1 II1s1ght both II1to the methods deployed and II1to 

the practical issues of software engII1ee11ng technology transfer 

1.3.1 Industrial set t ing 

MPR Teltech Ltd 1s an advanced telecommunications company prov1dII1g design , 

consultII1g, p1oduct development and II1tegrat1on services to an II1ternat10nal portfo­

lio of custome1s and pa1 tners Product areas ll1 which the company 1s active mclude 

network management, ISDN and satellite commumcat10ns A subs1d1ary of BC TEL 

headquarte1ed ll1 Bu1naby, BC, MPR Teltech has the largest mdustnal research and 

development capability ll1 western Canada and employs some 500 people at three 

sites across North Ame11ca 

W1thII1 MPR Teltech, our collaboiator was the Special Service Networks (SSN) 

department of the D1g1tal Products d1v1s10n SSN has about 60 employees, who 

work largely on d1g1tal network management software The work of the department 

1s pnmanly m p1oduct development rather than research, and its ethos reflects this 

m a strong 011entat1on toward effective apphcat10n of proven techmques m the en­

gmeenng of viable products In other words, this 1s a results-onented orgamzat10n 

with little 111clmat10n to mdulge speculative expenmentat1on, although 1t 1s open to 

mnovations of well-Justified potential benefit Modern software development tools 

are used UNIX2 workstations, X wmdows and Care standard C++, Eiffel, graphi­

cal user mte1 face and automated testmg packages ha,e been used on recent projects 

Management 1s d1sc1plmed but dependent on leader expertise and experience Tech­

meal staff work m small task groups under the d1rect1on of a techmcal leader, who 

1s responsible for the quality and timelmess of the work of the group Employees do 

not have fixed roles as designer, implementor, mamtenance programmer, tester or 

2 UNIX 1s a registered trademark of AT&T 
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the like Instead, they are assigned to different p1oducts and tasks, as proJects have 

need of staff All wo1 k products of the software process are reviewed 111 wnt111g, 

normally by the 111d1v1dual tech111cal leade1 

In our research, we worked with the techrncal leader and three other members 

of a group 1espons1ble for ma111tenance and enhancement of an established product, 

the D1g1tal Networks Suppo1 t System (DSS) This product consists of about 100,000 

C source statements and has p1ogress1vely evolved from a much more modest system 

m1t1ally produced m about 1986 It 1s ll1 active use for managmg connect1v1ty of 

hete1ogeneous Tl and El networks at BC TEL and a number of telephone compa111es 

m the U111ted States and New Zealand 

1.3.2 Methods studied 

The softwa1e eng111ee11ng methods chosen for study were module interface specifica­

tion and inspection Our defi111tion of module mterface spec1ficat1on follows the work 

of Parnas et al [PCWS4] and Hoffman [Hof90a] a module 1s a programmmg work 

assignment, usually cons1st111g of a g10up of closely related procedures or functions 

A module interface 1s the set of assumpt10ns that users (callers) may make about the 

module's behaviour and that the module implementer may make about the calling 

context, that 1s, circumstances under which the module 1s used By inspection we 

mean the d1sc1pl111ed peer review tech111que 111vented by Michael Fagan at IBM 111 

the m1d-1970s [Fag76], sometimes known as Fagan inspection or formal inspection 

to d1stmgu1s h 1t f1om less p1esc11pt1ve 1ev1ew techrnques such as the walkthrough 

These pa.1 t1cula1 methods, selected m collaboration with the SSN department, 

address prom111ent act1v1t1es and concerns m the workmg environment Much of 

the work of the depa1 tment and 111 part1cula1 of the DSS group mvolves add111g, 

mod1fymg and ma111ta111111g features of ex1stmg systems This typically mvolves 

mod1ficat1on of ex1st111g softwa1e modu les or design and 1mplementat1on of small 
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numbers of new modules The module 1s the1efore the typical focus of mterest 

"arch1tectmal" design act1v1t1es mvolvmg entne systems or subsystems are much 

less frequent This 1s a common pattern m mdustry, where perfective and corrective 

mamtenance of ex1stmg systems greatly predommates over development of entirely 

new systems 111 the wo1 k of most enterprises By addressmg module spec1ficat1ons 

we were able to exe1 c1se some new methods of appreciable potential value without 

affectmg the methods used mother phases of SSN's software process This restricted 

scope was 1mpo1 tant to the pract1cab1hty of the proJect 

Om w01k dealt with module specifications rather than implementations The 

SSN techlllcal lea.de1 ship believed that they had more to gam from mnovat1on m the 

p1e-1mplementat1on phases of the softwa1e development process A subsequent study 

of h1stoncal defect data for DSS confii med this mtmt1on that relatively few defect 

reports could be attubuted strictly to 1mplementat10n errors This 1s consistent 

with Brooks' obse1 vat1on 

I believe the ha1d part of bmldmg software to be the spec1ficat10n, design 
and testmg of this conceptual construct, not the labour of representmg 1t and 
testmg the fidelity of the representation [Bro87] 

The SSN management was mterested m the potential of the mspect10n techlllque 

to alleviate the 1ev1ewmg workload of their techlllcal leaders while mamtammg or 

1mprovmg the consJStency and effectiveness of reviews Published reports of mdus­

t11al expeuence with code mspect1on consistently claim that this techmque, while 

labour-mtens1ve, 1s so effective at fault detection that overall software hfecycle costs 

are s1glllficantly 1educed [Fag76, Fow86 , ABL89, Rus91, D0092, KSH92] 

The most mnovat1ve contnbut1on of our wo1k 1s m the development of mspect10n 

procedmes fo1 mte1jace spec1ficat10ns This form of module design documentat10n 

1s itself not widely used m mdustry, although experience reports from the U S 

Naval Resea.1ch Laborato1y's Software Cost Reduct10n program are encouragmg 

[PCW84, Hag89] Published reports concernmg mspect10n frequently propose the 
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applicab1hty of the technique to all k111ds of wot!, products, but describe specifically 

only code mspect1on or to a lesser extent 111spect10n of requirements spec1ficat1ons 

1.4 Thesis overview 

Chapte1 2 describes the background to our wmk prev10us theoretical and empm­

cal results concerning softwa1e process improvement, module mterface spec1ficat10n 

and mspect1on Chapte1 3 describes our approach to module 111terface specification 

and Chapte1 4 the inspection technique as we applied 1t to mterface specifications 

Chapter 5 desc11bes the technology transfer process we used with MPR Teltech and 

its results In Chapte1 6 we p1esent our conclus10ns Examples of work products 

and tra111111g mate11als a1 e p1ov1ded as appendices 



Chapter 2 

Terminology, Concepts and 
Related Work 

2.1 Software process improvement 

8 

The idea of improving a software engmeermg process 1s 1mphc1tly based on a view 

of software and software engmeenng as thmgs that can be modelled, measured, con­

trolled, and changed The software metrics enterpnse developed m the 1970s m 

recognrt1on of the 1mpor tance of measurement for makmg comparative Judgements 

of software and software processes Although the importance of measurement 1s 

a fundamental sc1ent1fic 1dea,1 softwa1e metucs have been slow to gam acceptance 

Skeptical p1 act1t10ne1 s a te conscious of the d1fficult1es of experimental design and ap­

preciate that ad-hoc measu1ements cannot support credible conclusions about com­

plex products and ptocesses Leadmg met11cs researchers have contmually stressed 

the 1mpo1 tance of theoret ical foundat1ons-models- pomtmg out that measurement 

1s not meanmgful unless based on a coherent mtellectual model of the artifact or 

1 Writers on metn cs like to appeal to sc1ent1fic trad1t1011 with the followmg quote 

When you can measure what you are speakmg about, and express 1t 111 numbers, you 
know somethmg about 1t , but when you cannot measure 1t, when you cannot express 
1t 111 numbers , your knowledge 1s of a meagre and unsatisfactory kmd (Lord Kelvm , 
Popular Lectures and Addresses, 1889) [CDS86] 
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act1v1ty be111g measured [PSS81, CDS86, Hum89, BM91a] Some contnbutions to 

software modelling a1e well-known, fo1 e"\ample hfecycles (waterfall and spiral), com­

plexity (Halstead's Softwa1e Science) , costs (Boehm's COCOMO) and behav10ur 

(fimte-state mach111es) , yet much resea1 ch rem a111s to be done m these and other ar­

eas such as rehabd1 ty and defects Softwa1 e p1 ocess modellmg 1s a particular focus of 

act1v1ty at cent1es of softwa1e engmee11ng research such as the Software Eng111eenng 

Laboratory (SEL) [BCM+92] and the Software Engmeenng Institute [Hum89] 

Because software p10cesses are complex and tasks and resources change fre­

quently, the task of softwa1e p1ocess improvement must itself be seen as a cont111uous 

act1v1ty rathe1 than a d1sc1 ete event Mays et al descnbe an approach to defect 

p1evention [MJHS90] that has been 111fluent1al w1th111 IBM and that illustrates ongo­

mg commitment of 1esou1ces to defect p1 event10n as a specific activity Cont111uous 

process optn111zat1on 1s the d1stmgu1sh111g charactenstic of the most mature software 

process 111 Humph1ey's SEI maturity frameworl'- [Hum89] 

lmp1ovement implies change and 111 the case of the software process the change 

1s most often 111 technology- be 1t methods or tools Software technology transfer 

has proven to be a fiagile p1ocess, which f1 equently fails 111 the absence of careful 

plann111g and attention to ce1 tam cnti cal factois To summarize, software process 

imp1ovement must be based on adequate models and metncs and implemented as a 

planned and supp01 ted ongo111g process with attent10n to technology transfer issues 

2.1.1 The SEI software process maturity framework 

The SEI software p10cess matu11ty f1 ameworh was developed 111 the late 1980s by 

Watts S Humph1ey [Hum89] and othe1s, for assessment of U S Department of 

Defense softwa1 e cont1acto1s It has smce become rnfluent1al 111 other software de­

velopment a1eas such as telecommunications Software suppliers 111creas111gly en­

counter customer expectations of SEI ' rat ings," although this 1s a distortion of 
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the rntended pu1 pose of SEI self-assessments Although the SEI taxonomy and 

assessment scheme a1 e not without critics, the SEI model 1s presently important 

rn prov1drng a widely-known frameworl-.-a common language for describrng and 

comparing software engrnee11ng processes 

The SEI f1amework 1dent1fies five levels of software process maturity They are 

1 Initial Management lad.s mechanisms for reliably pred1ctrng, monitoring or 

controllrng the software process Ind1v1dual workmg groups operate m an ad­

hoc manner, with rnformal procedures or weak adherence to formal procedures 

Under c11s1s cond1t1ons, codmg and testmg act1v1ties predomrnate 

2 Repeatable The orgarnzat1on 1s able reliably to make and meet estimates and 

plans based on past expe11ence However, changes of personnel , markets or 

technology 1eadily d1srnpt this expe11ence-based order 

3 Defined Roles , methods and technologies are coherent and clearly defined, so 

that the process 1s marntamed and monitored m the face of change and crisis 

4 Managed E\.tens1ve process data rs collected and analyzed for product im­

provement 

5 Optimizing The p1 ocess 1s modified on the basis of data analysis, to ehmrnate 

p1oblems and 1mp1ove productivi ty Automatic data collection fac1htates the 

ongomg opt1m1zat1011 process 

The great maJonty of orga111zat10ns studied by SEI were found to operate at level 

1 Level 4 and 5 01ga111 zations are essentially unknown- hence the appropnate­

ness of the5e defirnt1ons may be questioned The "factory" paradigm of software 

development that unde1 hes this model 1s also content10us 

The SEI framew01k offers an emp111cally-based sequence of models of the software 

process By 1dentify111g the level of an ex1st111g software process, we also 1dent1fy 
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the most 1mmed1ately suitable process 1mp1 ovements for the orgarnzation This 1s 

important because 1mp1ovements suitable for a higher level process may be !Ilfeas1ble 

or even delete11ous for a lower level p1ocess For example, !Ilnovations ll1 software 

tool technology may destabilize a level 2 process which stands ll1 more 1mmed1ate 

need of process fo1 mahzat1on 

2.1.2 Software metrics 

A software metric 1s a parameter of measu1ement Software producers and con­

sumers are vitally mte1 ested m quantitative md1ces of ment for obJect1ve and ac­

curate assessment, pied1ct10n and control of software quality and costs Direct 

measm ement of these softwaie attubu tes 1s normally mfeasible Quality 1s a com­

plex concept to which a va11ety of facto1s contnbute (e g, correctness, rehab1hty, 

produc1b1hty, usability, testability, mteiopeiabihty), many of which are themselves 

!Iltang1ble and must be 1elated to a measurable aspect of a specific software model 

Cost 1s by contiast 111t11ns1cally quanti tative and measurable However , our chief 

mte1 est 1s to d1 scove1 what dete1m111es cost so 1t can be predicted and controlled 

before unfo1 eseen e"\ pencl1ture has occurred, this also must be achieved by modell111g 

cost as a fun ct ion of some measurable aspects of work products and processes 

The gene1al p1oceclure of software metncs 1s to model some process metric of 

mterest-such as team p1oduct1v1ty, or defects 1emammg after release-as a funct10n 

of some p1ocess 01 p1oduct-related mdependent vanables-such as lmes of code 

produced , type of development envnonment or team size The modellmg function 

may be analytically 01 empmcally deri ved , or both An oft-cited textbook by Conte 

et al [CDS86] pomts out that the meamng and hence applicability of empmcal 

models 1s unclea1 when coefficients and exponents other than small mtegers are 

denved f1om data-fitting P1eferred models a1e simple, mtu1t1vely plausible and 

robustly consistent with the 1elevant data 
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Process metrics 

Process meti 1cs quantify aspects of the software process and its environment such 

as size of teams , levels of staff experience ( w1 th tools, languages, application areas 

etc), effort expended (e g, person-homs by act1v1ty category), computer resource 

usage, development tech111ques and tools Measurements of techrnques and tools 

are typically on a nominal or ordinal scale, 1 e , a 0/1 value or category rankmg 1s 

ascribed 

Product metrics 

The softwa1e p1oduct metucs encounte1ed 111 the literature fall mto two maJor cate­

gories size and compleuty metucs, due to a compelling mtmt10n that these product 

characte11stics are li1-ely to s1g111ficantly detenmne effort and cost of design, imple­

mentation, testmg, mamtenance, etc 

Work on softwa1 e met11cs sta1 ted with the most promment work product of the 

software p1ocess program code An obvious and therefore early size measure was 

lmes of code (LOC), of which the cunent accepted defimt1on 1s "every lme of pro­

gram te:>..t that 1s not a comment or a blank lme" [CDS86] Efforts at circumventmg 

the mtu1tively obv10us shortcommgs of LOC2 have taken a variety of approaches 

to cha1acte11z111g the essential size and cog111t1ve complexity of a software artifact 

These mclude calculat1ons based on counts of operators and operands,3 program 

data (mputs, outputs, 111te1nal va11ables, spans of usage and mter-module mforma­

t10n flow), and analysis of logic strnctme (dec1s1on counts and graph-based measures 

such as McCabe's cyclomat1c complexity [McC76] and reachability analyses) 

2 LOC 1s affected by choice of language and cod mg style, 1t doesn't d1stmgu1sh between dense 
or complicated and simple or repet1t1ous code 

3 1-Ialstead's Software Science was an 11nportant early contr1but1on to software measurement, al­
though subsequent stud1ec, 111d1cated that Halstead's mea.c,ures probably do not offer any s1gn1ficant 
advantage over the seernmgly cruder LOC metnc [CDS86, CG90] 
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Smee ou1 wotk was conce1ned with module mterface spec1ficat10ns, we were in­

terested m measu1es fo1 assessing the size, complexity and quality of software spect­

fications, independent of 1mplementat10n Such a priori measurements have received 

much less attention than the code-based measmes [MK89] Interface spec1ficat10ns 

fall mto the 1ealm of what 1s b1oadly te1med software design 4 The best-known 

quantifiable cha1actenzat10ns of software design quality denve from prmc1ples of 

structured des1gn methodology module size, cohes10n, coupling and structure chart 

complexity 5 

Interface spec1ficat10ns derive from the mformat1on-h1dmg rather than the func­

tional decompos1t10n philosophy of software modularizat10n and therefore have no 

natu1al 1elat1onsh1p with the p1eced111g st1uctu1e-cha1t and code-based measures 

Instead, sti a1ghtfo1 wa1 dly measu1 able characte11st1cs of mterface spec1ficat1ons ( such 

as numbe1s of functions, mputs and outputs) a1e similar to the metrics of function 

point analysis This app toach was fiist p1oposed by Albrecht at IBM m the late 

1970s Albrecht modelled development productivity as a weighted sum of five as­

pects of user-perceived funct10nahty mputs, outputs, mqumes, mterfaces and logi­

cal files Wetghtmgs we1e de11ved by measu11ng a set of programs written by IBM's 

Data P1ocessmg Se1 vices group Alb1echt's approach was refined and popularized m 

the 1980s6 and now mcludes a complexity we1ghtmg based on subjective evaluation 

of 14 comple>..1ty facto1s Featme pomts , DeMa1co's bang metnc [DeM82] and the 

4 See also Sect10n 2 2 1 below 

5 Cohesion or strength refers to mtra-rnodule relat1onsh1ps It may be exh1b1ted m a vanety of 
ways , such as dependence on a common resource or data, functional, temporal or, least strongly, 
comc1dental cohes10n Coup/mg refers to 111ter-modu le relat1onsh1ps, which may be based on passmg 
or shanng of data or cont1ol 111format10n The trad1t10nal hypothesis 1s that low complexity, modest 
module size, high cohesion and low coupling are associated with high quality However , SEL-based 
studies of the 1elat10nsh1p between these cntena and software cost and error rate have shown some 
unexpected results , supporting the value of cohesion but fin dmg module size and data coupling 
ms1g111ficant contributors [CG90] 

6The metnc 1s supported by an 111ternat1onal user group, IFPUG 
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Bnt1sh Ma1h II function pornt metrics a1e related or similar schemes [Jon91] Such 

composite met11cs 1eflect the common-sense rntmt10n that software size and com­

plexity have many cont11butrng fact01s, notw1thstandrng the caut10n of Conte et al 

about the mearnng and validity of empmcally-denved we1ghtrngs (see page 11) 

D efect metrics 

Smee the failme of softwa1e to opeiate couectly (whether defined with respect to 

explicit 1equnements 01 occasional use1 e}..pectat1ons) 1s an unhappily fam1har phe­

nomenon, much softwa1e hfecycle act1v1ty 1s concerned with ferretrng out software 

defects and estabhsh111g confidence of couectness Before d1scuss111g the uses and 

find111gs of mea5u1ernent 111 this a.1ea, 1t 1s necessary to clarify our termmology The 

endeaung "bug" has 1ecently been supplanted by more appropriately somber terms 

such as "eno1 ," "defect" and "fault " Use of this language 1s not yet standardized 

We follow the te1mmology shown 111 Table 2 1, adapted from [Hum89, Table 15 3], 

while notmg that many of om 1efe1ences pan the terms and defi111t10ns listed rn 

urnquely d1ffe1ent ways The d1stmct1ons made m the table are meanrngful when we 

compare d1ffe1ent app1oaches to software quality assurance The outputs of testmg 

are failures, which must subsequently be tiaced to defects m order to correct the 

softwa1e Veufica.t1011 techmques such as mspect10n find defects directly 

Defect rnetucs rnclude counts, locations, seventy assessments (subJect1ve or ac­

cordmg to measu1es such as number of faded test cases or Imes of code affected) , 

cost to repa1 r and som ce of en or (by development phase or act1 v1 ty type) They are 

used fo1 assessmg cut rent softwa1e usabili ty, pred1ctmg software rehab1hty or future 

Te1m Defimt1on Cause 
Enor Human act1011 Human mistake 
Defect P10g1 am property Enor 
Fa1lu1e Program malfunction Defect 

Table 2 1 Softwa.1 e problem termmology 



CHAPTER 2 TERMINOLOGY, CONCEPTS AND RELATED WORK 15 

defect removal costs, 1dent1fymg defect-p10ne modules and error-prone act1v1t1es and 

evaluatrng the softwa1e process Our rnterest was m the latter two areas, both for 

selectrng candidate methodologies and for settrng rn place metncs for assessrng their 

contnbut1on 

Metrics and maturity 

If we accept a p1og1ess1ve model of software process maturity, such as the SEI frame­

work, 1t 1s apparent that app1op11ate choices of metrics for software process control 

and 1mp1ovement depend on the existrng level of process maturity At the rnitial 

process level, measurement 1s not particularly meanmgful, except for begmnmg to 

establish a baseline Effo1 t at this level 1s best devoted to estabhshmg some re­

peatable piocedm es, rather than mst1tutmg measurement schemes At level 2, the 

repeatable process, some simple metri cs such as proJect effort and cost can help 

with process cont1ol Fme1-gia111ed metncs a1e not appropriate when activities and 

products are not standardized At higher process maturity levels, mcreasmgly re­

fined met11cs are mandated to drive process control and improvement In [Pfl89] 

S L Pfleege1 develops this idea and recommends basic measures of software size, 

personnel effo1 t and 1equ11ements volatility at SEI level 1 At level 2, she recom­

mends the addition of p1oduct comple>.1ty measm es and defect counts Shortly after 

the sta1 t of our p10Ject, MPR Tel tech Ltd m1t1ated a related metrics study and 

trial p10J ect t hat was mfluenced by these recommendat10ns 

2.1.3 Technology transfer 

The accele1ation of technological change m Western society durmg recent decades 

has p1ompted extensive study by soc10log1sts and management scientists Computer 

scientists have mo1e iecently noted that advances m software technology are often 
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slow to be adopted 111to widespread use 7 By 1elatmg this phenomenon to ex1st111g 

th eon es of technology t1 ansfe1 and some pa1 t1cular characteristics of the software 

mdustry and its technolog1es, a theory of software technology transfer has been de­

veloped and some c11t1cal success factors and pitfalls 1dent1fied This theory provides 

a useful f1am ewo rJ.... fo1 the software engmeermg mnovator 

The d1ffus10n process 

In speakmg about softwa1e eng111ee11ng technology transfer we use the term software 

engineering technology broadly, follow mg [RC89], to mclude any concepts, tools, 

tech111ques and methods used to c1eate software to meet stated ob3ect1ves Software 

metrics , the 111spect1on tech111que, high-level languages and configuration manage­

ment systems a1e all e.>..amples of software engmeenng technology The process by 

which an 111vent1on (1 e, a new technology) comes mto widespread use 1s termed 

diffusion D1ffus1011 1s d11ven by commu111cat1ons m two d1rect1ons mventors try to 

push the technology mto application and potential users pull new technology mto 

use to add1ess pe1ce1ved needs As noted by Redwme and Riddle, this process has 

frequently taken as long as 15 01 20 yea1s, 11np1obable as that may seem m such a 

rapidly evolvmg 111dust1y as software Ob3ect-onented technology 1s a timely exam­

ple the J....ey 1dea.s we1e p1esent m the Simula language (developed m the late 1960s) 

but did not become popula1 until the late 1980s 

Roles 

Buxton and \1alcolrn [BM91 b] identify the follow mg roles m the d1ffus10n process 

• Supplz e, A commercial supplier, academic or mdustnal research laboratory 

or depa1 tment which has mvented or adopted the technology The supplier 

7 A collection of case studies by Redw111e and Riddle showed that that 1t takes 15 to 20 years 
for a software tech nology to be populai ized and \Hdely d1ssemmated (RR85] 
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typ1ca.lly publicizes the technology and p1ornotes its adopt10n, supplies 1t and 

frequently a:,,s1sts the u:,e1s with lea1 n111g to use the technology or adapt111g 1t 

to theu needs 

• Gatel.,eepe1 A pe1son 01 group w1thrn the user orga111zat1on havmg authonty 

for assessmg new technologies Other names for this role are opinion leader 

and change agent If convmced of the value of the mnovat1on, the gatekeeper 

may exe1t then mfluence as a champion of the technology, when skeptical of 

the new technology the gatekeeper may be equally mfluent1al m blockmg its 

adoption 

• ~Management This 1s the iole 111 which foimal decis10n-makmg authonty re­

sides Se111oi or uppei management are concerned with the "big picture" 

and the long te1 m and fiequently lack up-to-date techmcal expertise Mid­

dle ma.nageis, by contrast, are preoccupied wi th respons1b1ht1es for relatively 

shoi t- tei m schedules and budgets These two groups are therefore mterested m 

d1ffe1ent type5 of 111foimat1on about a proposed mnovation and may evaluate 

the same technology d1ffeiently 

• Educators Educat10n 111 the new technology 1s normally important to the 

d1ffus1on piocess Without adequate t1ammg workers readily neglect the most 

p10m1smg mnovation This role may be exercised by the supplier or an external 

or 111te1nal t1ammg 01ga111zat1on 

• W01 ke, s The success of an 111novat1on ultimately depends on its adoption by 

the people who can make use of 1t m their work 

P hases 

The technology d1ffus1on process 1s seen as compnsmg a number of phases, whether 

considered ac1oss the 111dust1y as a whole or w1th111 a s111gle orgamzat10n Our work 
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concerns technology ti ansfe1 to a s1I1gle orgal1!za tion Buxton et al and Raghavan 

et al d1 sce1 n the follow1I1g phases of adoption w1 thll1 the user orgal1Jzat10n 

l Awai eness Techl1!cal staff, especially "gatekeepers," are often the first to be 

awa1 e of a new technology, although 111ltial awareness may on occasion anse 

elsewhere ll1 the 01gal1Jzat1on, fo1 e'<ample with managers seeking competitive 

J11fo1mat1on 01 be1I1g lobbied by technology suppliers 

2 Assessment and D ecision Assessment J11volves gathenng mformat10n to sup­

port dec1s1on-ma.k111g Two kinds of mformat10n are important hard mfor­

mat1on descnbmg the details of what the 111novat10n does and how 1t 1s used 

and soft rnfo1rnat1on such as costs, analyses of economic benefits, orgal1!za­

tional impacts and the like While hard 111format10n 1s of the greatest J11terest 

to technologists, management requires soft J11format10n for makmg adopt10n 

dec1s1ons As noted above, upper and middle management are mterested ll1 

d1ffe1 ent k1I1ds of soft mformation 

The role of the gatekeepe1 1s critical m this phase With the support of the 

gatekeepe1, a p1 ehm111a1y dec1s1on may be made to undertake a pilot proJect as 

a means of ga.the11ng final assessment mformation Pilot projects are particu­

larly valued because they exh1b1t m mm1ature most of the issues and phases 

of the entne technology ti ansfer process Eventually, a management dec1s10n 

1s made to adopt 01 1eJect the new technology 

3 Adoption It 1s after the dec1s1on to adopt the new technology that the max­

imum 01gal1Jzat1onal 1es1stance 1s apt to be encountered Middle managers 

who a1e not adequately committed to the ne¼ technology resist changes to 

schedules, budgets, st1 uctures and procedures, workers may feel threatened 

by change, unconvmced that the mnovat1on 1s practical or simply unwillmg to 

111vest effoi t 111 lea1 l1lng new ways especially 1f not adequately tra111ed A p-



CHAPTER 2 TERMINOLOGY, CONCEPTS AND RELATED WORK 19 

phcat1on of a new technology to 1eal w01 k 1s rarely as straightforward as 1t 

appea1 s Ill a t1 ammg cou1 se 01 demonst1 at1on Adaptat10n or custom1zat10n 

of the 111novat1on to local customs and requirements 1s essential , as 1s tra111111g 

The suppo1 t of the gatekeeper or supplier 1s critical to the former activity, the 

same people may also exe1 c1se t he educato1 role 

4 Assimilation If the 111novat10n survives the difficult early stages of adopt10n 

1t acqu11es mcreasmg c1ed161lity and eventually becomes "the new orgamza­

t1onal 01 t hod0>,y" [B M91 b] In the lat te1 stages of adoption the need for 

fo1 m al t 1 a111111g d11rnrnshes as people hasten to Jorn the bandwagon through 

pee1 assistance 

Critical factors 

The followrng chaiactenst1cs of the new technology itself have been found critical 

to its successful adopt10n [RR85, RC89] 

• Relative advantage The technology fills a well-defined and articulated need 

by offe1111g a s1grnficant advantage over the technology 1t supersedes 

• Compattbihty The technology 1s compatible with 01 readily adaptable to fit 

ex1st111g 01ga111zational values, practices, past experiences and needs 8 

• Access1btlity The technology 1s perceived to be reasonably easy to understand , 

learn and use 

• Smtabil1ty f01 tnal use The technology can readily be tned out on small 

demonst1 at1on p1oblems 01 pilot p10Jects 

8Th1s factor may be part1cula1 ly important to relatively large and well-established orgam­
zat10ns, which welcome competence-enhancing mnovat10ns- those that build on ex1stmg skills 
and methods-but resist competence-destroying changes that radically replace ex1stmg technol­
ogy [TA86) 
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• Visibility The 1esults of the mnovat1on are easy to see and measure 

Pitfalls 

Failed technology transfe1 expe11ences illustrate the following pitfalls 

• Inapprop riate eipectatwns of users Much software engineering technology 1s 

inherently abstract, having a funct10n that 1s not completely simple and ob­

v10us CASE 1s an example of abstiact technology This type of technology 

1s easily 1111sunderstood and misapplied, with mev1tably d1sappomtmg results 

Pressures to keep up-to-date and produce concrete results quickly also lead or­

garnzations to "shop fo1 methods and tools without well-defined goals" [Chi88], 

with high 11sk of failu1e at the subsequent adoption phase 

• Inapprop , iate expectations of innovators Enthusiasm for the new technology 

can lead suppliers and opm10n leaders to overestimate the maturity both of the 

orgarnzation and the technology We have noted already that mtroduct10n of 

an advanced technology may actually be detrimental to an orgarnzat1on that 1s 

usmg a much less advanced softwa1e process Another kmd of problem occurs 

when enthus iasts ove1 look weaknesses of the innovation Redwine et al claim 

that conceptual mteg11 ty 1s essentia.l to the success of an mnovat10n, notmg 

that conceptual cont1ove1sy has held back the d1ffus10n of software metrics 

[RR85] Even a conceptually solid innovat10n may require considerable refine­

ment to handle 1ea l-world applications Under-est1mat10n of this phenomenon 

leads to adoption fiascos 

• Social systems Softwa1e engmeers a1e not normally trained m soc10logy 

and the1efo1e tend not to take adequate account of the d1fficult1es that are 

f1equent ly mvolved m dealing with the social systems of the orgamzat10n 

A common example of this 1s failure to recogrnze that managers are not 
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technologists- they a1e concerned with soft issues and prone to mak111g weak 

commitments that p1ove 111suffic1ent to susta111 the project through early prob­

lems 

• Repeating the "/em nmg rnrve" The technology transfer process 1s not neces­

sarily complete followrng a successful mtroduct10n and widespread adoption 

S1g111ficant pe1sonnel turnove1, which 1s common m the software mdustry, may 

lead to a loss of benefits from the technology as the overall level of staff tram­

mg 1111t decays Ongo111g attention to educat10n 1s needed to help combat this 

problem 

Con cl us10ns 

Successful technology t1 ansfe1 1s likely to start w1 th a carefully-selected 111novat1on 

one that iates well on the c11 ti cal facto1 s listed above, especially those factors to 

which the target orga111zat10n seems particularly sensitive The support of op1rnon 

leaders and agents of change w1th111 the orgarnzat10n must be gamed Adequate hard 

and soft 111format1on must be gathered to support dec1s10n-mak111g, a pilot proJect 

can provide conv111c111g empn 1cal evidence for this purpose Firm management com­

mitment of 1esou1ces must be secured and wo1kers must be tramed to make full 

and correct use of the new technology The 111tioduct1on process should m1111mize 

disrupt1011 and complexity, typically by expand111g 111 small steps from a few users 

and the simplest applications Users must be supported 111 adapt111g the technology 

to local customs and needs 
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2.2 Module interface specification 

2.2.1 Modules and interfaces in software design 

Module 111te1 face spec1ficat1ons fa]] mto the realm of software design documentation 

In everyday language design 1s a broad concept associated with creative act1v1ty For 

our purposes, E S Taylor's more nanow defi111t1on 1s adequate 

the process of applying various techniques and principles for the purpose 
of defining a device, a process or a system m sufficient detail to permit its 

physical realzzatzon [P1e87, page 213] 

The undisputed fir st pnnc1ple of software design 1s modulanzatwn-d1v1dmg the 

software task mto a numbe1 of separate pieces, each havmg fewer respons1b1ht1es 

than the whole Such a "d1v1de and conquer" approach 1s helpful 1f not md1spensable 

to copmg with the mtellectual complexity of large programs It enables delegat10n 

of work to multiple par t1c1pants and mspnes the hope of reusmg port10ns of ex1stmg 

programs m new work Although the advantages of modulanzation as a pnnc1ple 

are uncontroversial, the questions of what constitutes good modulanzation and how 

to achieve 1t have evoked some d1ve1s1ty of answers over the last 20 years, mcludmg 

mfo1mation h1d111g, functional decompos1t1on and obJect-onented techrnques, and 

new proposal5 contmue to appear 9 

Module 111te1 face spec1ficat1ons 011g111ate 111 the work of D L Parnas, who pro­

posed the mfo1 matwn hiding modulanzat1on principle m the early 1970s [Par72] 

This p11nc1ple attempts to mm1m1ze the long-term expected software cost by reqmr­

mg the system des1gne1 to 1dent1fy the system details most likely to change m future 

The modula1 st1 uctu1 e of the system 1s then devised so that each module hides a 

potential change as its sec1 et-ensu1 mg that a change m the secret would affect 

only the encapsulatmg module Potentially mdependent changes are hidden m sep­

arate modules Although Parnas' work was quite well-known, funct10nal abstraction 

9e g , tool abstraction [GKN92] 
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was the dom111ant modula11zat1on p1111c1ple 111 use 111 the 1970s and early 1980s It 

was associated with structm ed analysis, design and programm111g [You 79, P J80] In 

the late 1980s obJect-onented techmques rose to prom111ence, offer111g advantages of 

encapsulation and inheritance over t he st ructu1 ed techmques Encapsulation 1s an 

apphcat10n of Parna.s' 111fo1rnat1on-h1d111g pnnc1ple, which illustrates lagg111g tech­

nology transfer 

Parnas defin es a module as a p1og1ammmg w01k assignment (of an 111d1v1dual or 

team) cons1st111g of a g1oup of closely related procedures or functions [PCW84] At 

first glance this defi111t1on appears convemently able to embrace the vanety of styles 

of progiam decompos1t1on piact1ced by work111g programmers, but perhaps rather 

und1sclll111nat111g However when we consider what a practical programm111g work 

assignment might be, t he defimt10n implies that a module must have a complete, 

precise and 111tellectually tractable descnpt10n This favours modules that "corre­

spond to a s111gle, coherent abs tract10n" [BL91] In order to protect the module's 

secret, the 111format1on h1d111g p11nc1ple reqmres attention to the module interface, 

defined as the set of assumpt10ns that programmers us111g the module may make 

about its behavio ur [PCWS9] Because the notion of an rnterface 1s essentially 

symmet11cal , a second set of assu rnpt10ns 1s also operative those that the module 

1mplemento1 may make about the user's behav10ur D Hoffman notes that 111 a ro­

bust module the fiist type of assumptions dom111ate and implementor assumpt10ns 

are few [HS92] The mod ule 111te1face specification thus descnbes the 111terface so 

as to suppo1t the 1oles of the 011g111al designer, the implementor, verifier and user, 

or author of p1og1ams that call the module 

As obJ ect-011entecl technology has come mto mcreasmg use, some classi cal soft­

ware engmeenng p1oblems have 111ev1tably 1esmfaced 111 the new paradigm, lead111g 

to red1scove1y 01 1econs1de1at1on of related wod" f1om outside the obJect-onented 

commumty B Meye1 has ve1y 1ecently descnbed design by contract as a means of 
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p1omot111g 1eliabd1ty of obJect-ouented systems [Mey92a] Meyer's contract docu­

ments have effect ively the same defi111t1on as 111te1face specificat10ns10 and similar 

content, as we shall see 111 the follow111g section 

Other decomposition st1ateg1es such as structured design methodology attack 

complexity but without pa, t1culai attention to 111terfaces Precise mterface spec­

ificat10n ensuies that 1mplement01s ate able to work mdependently [PC86] The 

111format1on-h1d111g principle piomotes softwa1e flex1b1hty (ease of change), for re­

duced ma111tenance costs [Pai 79] This fle>..1b1hty, along with the separat10n of con­

cerns due to 111f01mat10n-h1dmg, can be expected to make the software easier to 

reuse [PCW89] Hoffman has p1oposed quality cntena for mterfaces, pomtmg out 

that attention to simple and consistent mte1face design can lead to reduced costs 

because use1s unde1stand the 111te1face easily and use 1t with fewer errors [Hof90a] 

These claims by proponents of the methodology are supported by studies of defect 

metrics which highlight 111te1 faces as t1ouble-prone For example, Bas1h and Per­

ucone found 111tei face defects to be the dommant abstract defect type m new and 

modified modules of a 90,000-hne FORTRAN system for satellite plannmg studies 

[BP84] In a mo1e recent Japanese study of the development of four commercial 

measuring-equipment cont1ol packages, NakaJo and Kume also found mterface de­

fects p1edommant (account111g fm 57% of 670 recorded faults) and m1sunderstandmg 

of softwaie mte1face spec1ficat1ons to be the cause of more than half of these [NK91] 

Ch11larege et al also found 111te1face m1sunde1standmg problems promment m a 

study of a large ope1atmg systems ptoJect at IBM [CKC91] 

10 "It p10tects the client by spec1fy111g how much should be done It protects the contractor by 
spec1fy111g how little 1s acceptable " [Mey92a] 
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2.2 2 Interface specification contents 

Precise interfa ce descriptions are an essential part of any large-scale pro1ect 
because they allow the uses of a module to be designed and checked without 

examining the implementation of a module For this reason, interface de­

scriptions must include the intended meaning of each module in additzon to 

the fo rmat for mvol.,mg each of the services the module provides [BL91, page 
14] 

Our wor h. 1s based on the 111tei face spec1ficat10ns of Hoffman [Hof89, Hof90b, HS92] 

Hoffman's obJective 1s to piov1de documentat10n schemes that mdustnal software 

developers will find p1 act1ca l, not111g that formal specification schemes appear un­

attractive to w01krng programmers His documents are therefore succmct, multi­

purpose and make Jud1c1ous use of mathematical notat10n ( used only where 1t facil­

itates commu111cat1on) While software design spec1ficat1on 1s an area 111 which 111-

dustnal piact1ce remams d1veigent, there does exist an ANSI/IEEE standard which 

provides general gu1del111es as to orga111zat10n and content [ANS87] The style of 

mterface specification here desc11bed conforms with the Interface Descnpt1on prov1-

s1ons of that standard 

An mterface spec1ficat1on has two maJor sect10ns syntax and semantics The 

syntax sect10n defines the exported data types and constants and access programs­

rout111es through V\.h1ch the module may be accessed For each access program, 

the mputs (pa1amete1 types), outputs (parameters or return value) and except10ns 

raised are detailed In Hoffman's scheme an exception names a user-provided pro­

gram that will be called under c11cumstances specified m the mterface semantics 

The mterface semantics 111clude a module abstract state defi111t10n, implemen­

tor's assumptions, and fo1 each access program, specifications of its state trans1t10n, 

outputs and e>..cept1011 cond1t1ons (1f any) The state defi111t1011 uses basic well-known 

abstract data types (mtege1, st11ng, set, sequence, tuple, etc) to facilitate simple 

yet precise characte11zat1on of the contnbut1on to module behav10ur made by the 

h1st01y of p1ev1ous calls While not all modules have state, this 1s a familiar way 
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of descubmg modules that implement abstract data types, such as that perennially 

favourite ex. ample, stack The state of a stack module might be described as 

s sequence of integer 

In the obJect-011ented wodd, an obJect 1s analogous to a module state plus the 

operat10ns t he1eon 

The implem entor 's assumptions desc11be cond1t1ons that the implementor may 

assume hold , they are not checked by the 1mplementat1on For example, the seman­

tics of a module that iequnes some state i111t1ahzat10n may provide an implementor's 

assumption that the 1111t1ahzat10n 1out111e 1s called before any other 

The access program trans1t10ns, outputs and exceptions precisely describe the 

behav1out that the user may e>..pect of calls to the module Transitions are the effects 

on the module state and system ent1 t1es external to the module such as displays or 

files Outputs ate 1eturned values and data elements Exceptions are the conditions 

under which named exception routrnes are called In Hoffman's model, the module 

state 1s unchanged by calls which generate except10ns This approach has the virtue 

of simplicity and 1s implementable 111 many practical cases 

In Pa111as' Softwa1e Cost Reduct10n (SCR) method [PC86], module mterface 

spec1ficat10ns a1e logically mapped to implementation specifications, the repository 

of deli bet ately hidden 111fo1 mat1on and other 1mplementat10n-spec1fic details By 

contrast, Meye1 's contract docum ents are automatically e>..tracted from function 

headers and as5e1 t1ons 111 Eiffel 1mplementat10ns [Mey92a] and thus correspond to 

an 111te1sect1011 of the 111te1face and 1mplementat1on spec1ficat10n work products 

This has advantage5 of ease of mamtenance and executab1hty, but does not support 

111fo1mat1on-h1d111g Documentat10n of implementor assumptions that are not ven­

fiable 111 the 1mplernentat1on ( the most common type m Hoffman 's robust modules) 

also seem5 problemati c when method preconditions are expressed only by executable 

assertions 
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State or class i1wa1 iants- pted1cates that chaiactenze valid configurations-are 

used m both appioaches Hoffman employs 1mplementat10n state mvanants to facili­

tate ve11fica.t1on of 1rnplementat1ons agamst mte1face spec1ficat1ons [Hof90b] Meyer 

makes pa1 t1cular use of class invariants m his except10n-handlmg scheme, where 

except10ns do not necessa11ly leave the module state unchanged, but are guaranteed 

to mamtam 01 1esto1e the 111va11ant Invariants have a long history m programmmg 

languages and fo1mal methods \vot!, [Wm90, B191] 

2.3 Inspection 

Inspect10n 1s a techmque fo1 team 1ev1ew of w01k products It was mvented by 

M Fagan m the mid 1970s [Fag76] and has smce attracted gradually mcreasmg 

attention, pat t1culady m the last five years or so Subsequent practit10ners have re­

ported most success with the techmque when closely followmg Fagan's prescnpt10n, 

which had been refined m practice at IBM The method 1s therefore well defined 

Good buef O\e1v1ews may be found 111 [ABL89, Rus91] and detailed descnpt1ons 111 

[Gil88, GTE89, Hum89] 

The mspect1on p1ocess 1s ca1ned out by small teams of three to five or six md1v1d­

uals, consisting of the wotl-.. p1oduct author(s) and some peer colleagues Managers, 

clients, se1 vice 1ep tesentat1ves, and the M .. e ate n01mally excluded The process has 

qmte stuct gu1del111es Pat t1c1pants are requaed to prepare by md1v1dual advance 

study of the mate11al to be inspected and to fulfill specified roles of moderator, 

reader, mspecto1, and 1eco1de1 111 the inspection meetmg An author may not serve 

as modeiato1 01 1eade1 In the meeting, the reader systematically paraphrases the 

work p1oduct aloud, allowing all participants to check thelf understandmg of the 

material and 1a1se obJect10ns and concerns Preparation time, the rate at which the 

material 1s rnspected , and the 1equired outputs of the process are all prescnbed and 

actual 1esults logged The put pose of mspect10n 1s narrowly defined as defect de-
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tectwn and to this end, d1scuss10n of such matters as design issues and alternatives 

and defect solution stiateg1es 1s not permitted 111 the 111spect1on meet111g Checklists 

of potential defects 01 defect somces appropnate to the work product type are used 

to promote tho1oughness 

Inspection outputs are specified by forms on which the recorder logs work prod­

ucts, part1c1pants, preparat10n and rneet111g times, and defects found The result­

mg 111format1on 1s 111tended not only fo1 co1rect111g the defects 111 the work prod­

uct mspected, but may also be analyzed for the purpose of process improvement 

Humphrey 1dent1fies 111spect10n as a 1equ11ed act1v1ty 111 the SEI level 3 defined soft­

wa1e p1ocess [Hum89] Cl111stenson and Huang desc11be how stat1st1cal analysis of 

code 111spect10n data guided 1efinements to the 111spect10n process itself at AT&T 

[CH87] Mays et al desc11be a successful defect prevention process at IBM, based 

on analyzmg 111spect1on data [MJHS90] 

Use of the 111spect10n p1ocess can also contribute to staff development By study­

mg each othe1 's wail~ 111 detail, pa1 tic1pants learn about parts of the work product 

outside of the scope of the11 1egular 1espons1b1ht1es This can improve cooperation 

and also p1epa1edness fo1 1otat1on of assignments and emergency coverage Norms, 

standards, and quality c11te11a become more concrete through exposure to examples 

of the wmk of othe1s As a 1esult of this exposme, coupled with the desire to exh1b1t 

respectable wo1k to peer sc1Ut111y, the quality of 111d1v1dual work tends to improve 

The 111spect1on p1ocess 1s a safe, cont1olled fo1 um 111 which people learn to function 

as an effectne team These benefits seem to lead to mc1eased confidence and satis­

faction on the pa1 t of soitwa1e developers experience reports note improvement 111 

staff mo1ale [AFE84 , Fow86, Doo92] 
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2.3.1 Comparison with other techniques 

Reviews and walkthroughs 

Accordmg to [KM91], both Babbage and von Neumann regularly asked colleagues 

to exam me theu pt og1 ams Inspection 1s by no means the first or only application of 

this obv10us approach to checkmg software correctness Two earlier and well-known 

techmques of this type ate the 1ev1ew and the walkthrough Review 1s a general term 

that can be used to cover a va11ety of techmque5, rncludrng rnspect1on In rndustnal 

settmgs, howeve1, a wot!" product 1ev1ew 1s generally a p1esentabon by the author 

to a g1oup mclud111g manage1s 01 clients The presentation is therefore driven from 

the autho1 's po111t of view and defect detection 1s likely not to be an obJect1ve 

A walkthrough 1s s11rnla1 to an 111spect1on 111 that 1t typically 111volves only some 

peers of the author and 1s conducted for the purpose of vahdatmg a design or findmg 

defects However, as 111 the case of a review, the walk through 1s normally conducted 

by the wo1k p1oduct autho1 and other part1c1pants are less likely to have prepared 

by detailed advance study of the material \Nalkthroughs are loosely defined and 

thus the activ1t1es coveted by this term va1y 111 practice, however a frequent act1v1ty 

1s simulated e'\ecut10n of test scena11os "walk111g through" the code on the basis of 

some assumed 111puts This cont1asts with the paraphrasmg approach of mspect1ons, 

which 1s mote analogous to p1ogram provmg than to testmg Scenario testmg can 

often be a.ccomphshecl more cheaply and reliably by automation 

The less pt esc11 bed fo1 mat of review and walkthrough meetmgs perm1 ts more 

vaned kmcls of discussion than 111 the 111spect1on meetmg This may be unproduc­

tive unless ca1efully cont10llecl E>..penence 1epo1 ts suggests that the d1st111ct1ve 

characte11st1 cs of 111spect1on- 111d1v1dual prepa1at10n, controlled use of group time 

with prescubed focus and outcome, defined roles and a paraphrasmg approach to 

the subject-account fo1 its cost-effective rate of fault detection 
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Testmg 

Both 111specL1on and test111g a1 e fo1ms of work p1oduct verification Use of 111spect1on 

should reduce test mg costs and 111 the Clearn oom approach code 111spect1on has 

even replaced urnt test111g [Dye92] Inspection should not be expected to further 

replace test111g because the two tech111ques have such complementary strengths and 

weaknesses that even though they a1e both costly, use of both techmques 1s necessary 

to assure confidence of softwa1e quality 

The advantages of test111g a1e obvious 1t 1s a well-established techmque with 

assured conc1ete 1esults and quite amenable to automation Inspection 1s a human­

dependent p1ocess Its 1esults a1e therefo1e not guaranteed (111spectors can m1s111-

te1p1et p1og1am logic 01 ovedook defects) and the prospects of useful automation 

appear distant and p1oblemat1c 11 On the other hand, for non-tnvial programs 

test111g 1s 111va11ably 111complete 1t can assure us of the program behaviour under 

the scenauos tested, but has nothmg to say about the general behaviour of the 

program lnspect1on can be general the reade1 argues the adequacy of the spec1-

ficat1on 01 p1 og1 am for all poss1 ble 111 puts The results of 111spect1on are also more 

sat1sfacto1y actual p1og1am defects The results of test111g are program failures 

(see Table 2 1 ), which must be ti aced to defects before they can be corrected This 

p1ocess 1s typically e>..pens1ve and imperfectly 1eliable 

2.3.2 Industrial experience 

Inspection was mvented 111 111dust1y (by Fagan at IBM) and the mspection literature 

1s almost ent11 ely of 111dustnal 011g111 , lendmg the tech111que solid credentials of 

p1 act1cali ty 

11 Not on ly a powerful automated theorem prover but also complete, precise and machine­
readable formal spec1ficat1ons would seem to be required 
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Fagan developed 111spect1on at IBM, therefore his mspect10n rules had to 
cont11bute to net profit rn order to survive If you thmk an mspect10n rule 1s 
unnecessary, you have probably misunderstood the method [G1l88] 

Although 1t 1s frequently noted that rn principle, mspect1on can be applied to any 

"1eadable" p1oduct of a development process, the maJonty of experience reports 

concern the 111spect1on of software code A recent except10n 1s [KSH92], m which 

Kelly et al 1epo1 t on statistical findmgs of three years' expenence mspectmg soft­

ware requ11ements, arch1tectu1 al design, detail design, source code, test plans and 

test p1ocedu1es at the Califo1ma Institute of Technology's Jet Propulsion Labora­

tory Then results showed s1g111ficantly h1ghe1 density of defects at earlier phases of 

the software life cycle, with 1elat1vely constant (and low) cost to fix defects found 

In repo1 ts f1om the telecommumcat1ons mdustry [Rus91, Fow86], space flight 

control [KSH92], seismic research [D0092] and data processmg (Fag86], code mspec­

tions are repoi ted as findmg about 80% of product defects at the rate of about one 

defect pe1 person-bout 111vested (111clud111g all 111spect10n-related activities) This is 

much cheapei than frnd111g defects by testmg, by factors rangrng from two to four 

times [Rus91] to twenty times [Fow86] For this reason it is recommended that 

111spect1on znecede any p1oduct testmg The cost of correctmg defects found by 111-

spect1on is much less than that of detects found by testmg (by a factor of 10, 111 

one AT&T study [Fow86]) while the cost of c01rectrng a defect reported 111 the field 

( i e , uncle1 actual custome1 use) is larger agam 4 5-5 days per defect accord mg to 

[Rus91, D0092] Both auth01s conclude that every hour spent on 111spect10n saved 

about 30 hou1 5 of rnamtenance effort 

Seveial studies have 111vest1gated the relat1onsh1ps between preparat10n time, 

meet111g length, 111spect1011 1ate and defects detected [Rus91, KSH92, CH87, AFE84, 

Fag86] It is u111ve1sally concluded that preparation is essential, that 111spect10n 

meetmgs should not exceed two homs rn length and the 111spect10n pace must not 

be too fast Recommended I ates of 100-150 Imes of C code per hour are typical 
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[Rus91, AFE84] 

Expe11ence reports stiess the importance of attention to technology transfer is­

sues (see Sect ion 2 1 3) fo1 ach1ev111g a successful mtroduct1011 of the techrnque m 

the workplace [AFE84, Rus9 1, Doo92] The importance of part1c1pant traznzng, par­

ticulady fo1 moderato1s, 1s especially st1essed, although details are lackmg While 

examples of code 111spect1on checU1sts and fo1 ms are extant [Fag76, Fow86, ABL89, 

Hum89], specifics on checklists and techrnques for mspectmg other work products 

are not available Indeed , one group of researchers who attempted a bnef survey 

of mdustual expe11ence with the techrnque found orgarnzat10ns reluctant to divulge 

specific 111fo1mat1011 on the11 111spect1on program, apparently because 1t was seen as 

an important cornpet1t1ve advantage The reseai chers concluded that 

Inspect10ns a1 e a ve1 y useful tool If mo1 e could be discovered and published 
about how to rn1 t1ate an d use mspect10ns, the whole software mdustry could 
benefit [ABL89] 

Our work with 111spect1ons attempts to answer this suggestion 

Because the 111spect1011 rneet111g 1s a group process, videotaped examples of 111-

spect1011 m eet 111gs suggest themselves as a poweiful tiammg tool During our ie­

search, we viewed three 111spect1on tia111111g tapes, produced by SEI [De191], Quali ty 

Assurance Institute, Inc and Bell- Northern Research [Rus91] respectively The 

BNR mate11al was the most compiehens1ve, piov1d111g a complete 111troduct1on to 

the 111spect1on techrnque foi the software developer with extensive scenes of a meet­

mg p1oceed111g well and badly In the good example, participants are punctual , 

well-prepared, obJect1ve, keep to the11 assigned roles and cooperate effectively In 

the bad e:,... ample, the meetmg 1s chaotic, unp1ofess1onal and meffective No written 

descnpt1on could so convmcmgly prepare tramees to attempt an unfamiliar tech­

rnque 

The SEI and QAI tapes also p1ov1ded examples of meetmgs gorng well and badly 

The SEI mate11al 1s of good quality but very brief seven short scenes each under 3 
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mmutes 111 length T he QAI mate11al mteg1ated a presentat10n of mspect1on benefits 

fo1 manage1s with t1a111111g mate11al sU1table for practit10ners This dual focus was 

confusmg, while the meetmg diamat1zat1ons were art1fic1al 

2.3.3 More rigorous inspection techniques 

A weakness of Fagan 's 111spect10n techrnque 1s that 1t provides no direct means of 

ensu11ng that the woi 1' pioduct 1s scrut1111 zed a t more than a superficial level The 

part1c1pat10n of techmcal pee1s and the mandatmg and morntormg of preparat10n 

time are plamly mtended to help ensure that the 111spect10n 1s thorough and pene­

t1 at111g, but t hi s cannot be guaianteed A vete1an of 111spect10ns at IBM has noted 

that "the typical e1101 catego11es suggest that 111spect10ns as commonly pract iced 

do not p1obe deeply enough" [B1188] 

This p1oblem 1s not specifi c to 111spect1on but 1s rather a hazard of all human re­

view techmques Parnas and Weiss have 1epo1 ted success 111 forcmg active reviewer 

engagement with the wod" pioduct by Active Design Reviews [PW85] In this tech­

mque, 1ev1ewe1s a1e p1ov1ded with questionnaires 1athe1 than checklists In-depth 

study of the documentation 1s necessa1y fo1 answering questions such as "Which 

a.ssumpt10ns tell you that this function can be unplemented as described?" [PW85 , 

Figure 1] Active Des ign Reviews employ a vaned group of reviewers, mcludmg 

softwa1e specialists, methodologists and use1 1epresentatives, each with specialized 

rev1ew111g 1espons1b1lit1es The p1oduct author meets with reviewers md1v1dually to 

obtam the1r comments, iathe1 than 111 a g1oup 111spect1on meetmg 

Verification-based mspect1ons are an important component of the Cleanroom 

softwa1e engmeeung methodology developed at IBM's Federal Sys tems D1v1s1on 

[Dye92] A scupt of questions used both 111 preparation and the mspect10n m eetmg 

1s generated f1om the w01k p1oduct pseudo-code by an automatic analysis tool The 

questions fo cus on showmg the algebraic conectness of the program design This 
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approach 1s based on Hallan Mills' wad, on developing and reasoning about correct 

programs [LMW79] Dye1 's book [Dye92] provides a comprehensive descnpt10n of 

all aspects of Cleamoom An ea1her paper by Britcher, also of IBM, presents the 

essential idea of ve11ficat1on-based mspect1on and also recommends attention to 

precond1t1ons and rnva11ants [BnSS] 

Hoffman ha5 ptoposed a ve11ficat1on-011ented approach to the inspection meet­

ing, in which the 1eader takes 1espons1b1ht_y not simply for paraphrasing the work 

product, but for arguing its correctness with respect to its specification [Hof90b] 

Hoffman aigues that controversy ove1 "formality" m proofs of program correctness 

has needlessly d1scouiaged the use of ve11fication-onented approaches in industry 

He cites the cont1ove1s1al papei of De Milla et al [DLP79] 111 support of the idea 

that an adequate p10of 1s any argument that convmces a representative group of 

pee1s Interestmgly, the same paper 1s also cited in an early report on the 1mple­

mentat10n of the 111spect10n p1ocess at AT&T [AFE84] There 1t 1s used to support 

the mo1e modest claim the mspect10n 1s not in pnnc1ple incompatible with proofs 

of p10giam conectness At that time, the idea seems not to have been extended to 

couectness-oLJented 111spect1on tech111ques 
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Chapter 3 

Module interface specification 

3.1 Designing t he work product 

Our mandate horn MPR Teltech (see Appendix A) was to study ex1stJng module 

design documentation pract ices and p1opose a new standard We found that ex1stmg 

document5 combJned module 111te1face and implementation design Jnformat1on This 

kJnd of p1 esentat1011 seems nat mal to module designers and 1s frequently seen Ill 

association w1 th t1 ach t10nal wate1 fall models of the software development process 

[Boe76] The all-Jn-one module design document 1s a straightforward formulation of 

the dehve1able of the detailed design phase which precedes 1mplementat10n 

It 1s rncieasmgly recogmzed that this view of the software development pro­

cess unde1 e"St1mates the cornple>..1ty and costs of ongoing product maintenance and 

evolut10n, wh ich ult imately donunate the hfecycle of a long-lived software product 

such as DSS [SP90, sect ion 2 5] DSS module design documentation tended to be 

well oriented to the 1rnt1al design and 1mplementat1on tasks, but module users and 

mamta111e1s found them only modestly useful Consequently, despite good mten­

tions, they we1e f1 equent ly not mamtained Our 111tent1on was not to disregard the 

important needs of 1mp lernento1s, but to achieve a better balance with user needs 

The sepa1at1on of rnte1face and 1mplementat1on spec1ficat1ons was important to this 

aim, as well as havmg the p1ev1ously-ment1oned benefits to design quality resu lt ing 
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fiom sepaiat1on of conceins 

Hav111g 5elected module 111tei face spec1ficat1ons as the recommended type of de­

sign documentation, we p10ceeded to formulate a document standard that would 

be smtable fo1 use 111 the SSN department of MPR Teltech As descnbed m Sec­

tion 2 1 3, adaptation to local needs and practices 1s vital to successful technology 

transfei Theie were two pt 11nary obJect1ves to take mto account, plus a variety of 

lesser cons1de1 at1ons 

3.1.1 Specification completeness 

To identify local needs-weaknesses m the software process-that the new work 

product might usefully address, we conducted a study of recent defect reports agamst 

the DSS softwaie p1oduct (see Append!).. B) This study identified design incom­

pleteness as a leadmg sou1ce of defects Piogiams typically performed correctly 

when called unde1 rncumstances anticipated by the designers However, testers and 

users we1 e able to c1 eate scena11os not an t1c1 pated by the designers, under w h1ch 

the softwaie would not behave as desired Smee unstated assumptions are at the 

root of such design defects, we were led to emphasize implementor's assumptions m 

a document 01 ganization that facilitated analysis of the problem space partit1onmg 

( see Section 3 2 3 below) 

3.1.2 Inspectability and usability 

To facilitate 111spect1on of woil" pioducts, they should be systematically orgarnzed, 

readable, 5ucc111t and p1ec1se These same attributes are equally important to spec­

ificat10n usability and ma111ta111ab1hty Module users are unlikely to read and mam­

tameis unlikely to mamta.111 iamblrng, repetitious or vague descriptions 

Mathematica l const1 ucts and "foi ma!" notat ions such as sets and predicate logic 

a1e sup1emely p1ec1se They ate also highly succmct , so long as the power of the 
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form alism chosen 1s com parab le with the complexity of the task We therefore pro­

moted the use of simple fo1 malisms-sets and sequences, propositional and predicate 

log1c-wheteve1 authors and 1eadeis found the11 mean111g clear Comprehensive for­

mal methods have been slow to 111filtrate the software 111dustry, we believe that 

mdust11al softwa1e engmee1s often find fo1mal notations more mtim1datmg than 

enhghten111g F01 example, the statement 

sequence x 1s s01 ted, sti 1ct ly mcreasmg 

may be p1 efe11 ed to 

(Vz,J)(O:::; z < J < n ---t x[z] < x[y]) 

Sumlady, pseudo-code 1s sometimes more accessible than unadulterated logic for 

specify111g ptogiam functions Out c11tenon was effective commumcation-a central 

purpose of the spec1fi cat1on effo1 t m this proJect We modelled Jud1c1ous use of 

formality 111 ti a111111g mate11als but pressed more strongly for consIStency than for 

use of any one pa1 t1cula1 style m pa1 t1c1pants' wo1k Followmg Parnas, we also used 

tab les to p1omote succmctness and readability of spec1ficat10ns 

3.1.3 Compat ibility 

Some basic cornpat1bd1 ty cons1de1at1ons we1e to lml-.. smoothly to ex1st111g wod, 

products, to ens u1 e that all functions of the replaced work product were accounted 

for, and to use local te1m111ology F01 e"\ample, the document itself was entitled a 

Module Access Spec1ficat1on, because the term lnte1 face Spec1ficat10n was already 111 

well-established use to desc11be a different worl-.. product havmg to do with mterfaces 

to physical devices A Module Implementat1on Specification document standard 

was drafted and e'<amples p1ov1cled , even t hough subsequent proJect act1v1t1es did 

not mvol ve this type of wo1 k p1oduct The material provided served to show how 
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implementation design 111format1on cou ld be handled under the new scheme, and 111 

a fo1 mat very s11111la r to the fam1ha1 p1ev1ous document 

Some mundane cons1de1at1ons governed the choice of document preparat10n sys­

tem It was 1mpo1 tant that the documents be readily accessible on-screen, because 

MPR Teltech techrncal staff are well-supplied with workstations and this 1s generally 

the p1efeu ed mode of access to 111format10n If t he documents were not readily avail­

able for v1ew111g, e>.am111at1on of source code would likely contmue to be the preferred 

means of obta111111g 111fo1 ma.t1on We wanted to discourage this practice m order to 

facilitate rn fo1 mat1on-h1d111g and reduce problems due to mterface misunderstand­

mg Smee the pu1 pose of the p10Ject was not to focus on document-formattmg, 1t 

was appropriate to rely on document pr eparation software that was already available 

m the department (Framemal-.e1 and troff) If the documents were to be mamtamed, 

1t was also best t hat they be compatible with the local RCS version-control system 

RCS manages only ASCII files F01 these reasons we elected to prepa1 e the docu­

ments 111 UNIX man page fo1mat (nroff and troff) 

3.2 Work product example: module spath 

F1gu1es 3 1-3 5 contam poi t10ns of a Module Interface Specification for a demon­

st1at10n module named spath The followmg sections descnbe the work product 

contents with refe1ence to this e>.ample A work product standard , the complete 

spa.th spec1ficat1on, and a fm ther example are provided rn Appendices C, D and H 

respect1 vely 

The name spath 1s an ac1onym for shortest path A summary of the module 

semantics may be found 111 the DESCRIPTION sect10n at the bottom of Figure 3 1 
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NAME 
spath, sp --1m t1alize, sp_add _node, sp_delete_node, sp_add_edge, sp_delete_edge, 
sp_q ue1 y _path, sp _geLpathJength, sp_get_fii sLedge - shortest- path directed 
g1aph module 

SYNOPSIS 
#mclude "spath h" 

v01d sp_m1tiahze(), 

boo! sp_add_node( 
mt nod), /*1* / 

boo! sp_delete_node( 
mt nod), /*1* I 

boo! sp_add_edge( 
mt src, /*1* I 
mt dst, /*1* I 
mt !en), /*1*/ 

boo! sp_delete_edge( 
mt src, /*1* I 
mt dst ), /*1* I 

bool sp_q uery _path( 
mt SIC, /*1* I 
mt dst), /*1* I 

mt sp_geLpath_length( 
mt src, /*1* I 
mt dst ), /*1*/ 

mt sp_geLfirsLedge( 
mt SIC, /*1* I 
mt dst, /*1* I 
mt* nod), /*o*/ 

DESCRIPTION 
Module spath provides access to a weighted, dJrected graph with mteger-valued 
node 1dent1fi e1 s and edge lengths Spath allows the user to add and delete nodes 

and edge'> m the graph and to e'\.amme its paths 

F1gme 3 1 SPATH Module Inte1face Spec1fication-Name, Synopsis, Descnpt10n 
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STATE 
set of 111teger nodes 

set of 1 ecord { 
1ntege1 s1c, dst, len 

} edges 

Invariant Properties 
fo1 each edge e 111 edges 

e src and e dst are m nodes 

Figure 3 2 SPATH State 
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Conditions and lnva, rnnt P, ope, ti es Both specify cond1t1ons or predicates that 

rest11ct the class of valid states I111t1 al Cond1t1ons specifies properties of the 1111t1al 

state (befo1e any call s to the module) 

The spath e>..ample exh1b1ts an Inva11ant Property that every node referenced 

m the edge set must occur 111 the node set By attachmg this kmd of property to the 

state spec1ficat10n, we iest11ct the domam of states with which access routmes must 

be concerned Such rest11ct1on pe1rn1ts simpler access routme semantics, smce the 

excluded states need not be addiessed Invauants also guide mspect10n of access 

routme semant ics, as rnamta111111g the module state mvanant 1s a mm1mal correctness 

requn ement fo1 a ll access ioutmes 

The spath state 111va11ant illustrates our pnnc1ple of fl ex1b1hty m notation Soft­

ware develope1s e>-.piessed a piefe1ence for this p1ograrnmmg-language like approach 

ovei trad1t1onal pied1cate logic notation 

3.2.3 Semantics 

The SEMANTICS sect ion (F1gu1e 3 3) contams a separate subsection for each access 

routme listed 111 the SYN OP SIS Each begms with an overview, or short English 

descnpt1on of the access 10ut111e semantics This feature was suggested by the MPR 

Tel tech pat t1c1pants It 1s 1edundant for a module as simple as spath, but we found 
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SEMANTICS 
sp_m1t1ahze() 

overview 
Imt1ahze the g1 aph to have no nodes or edges 

effects nodes = edges = {} 
sp_add_node( noel) 

overview 
Add a node to the graph 

assumptions 
sp_m1t1ahze has been called 

e, cept1ons 
1ange nod not 111 the 1ange O SP_MAXNODES-1 

An ala1 m message 1s logged 

effects nodes = nodes + { nod} 

outputs 
ent1 y cond1t1on 1eturn value 
nod 111 ra nge TRUE 
1 ange e, cept1on FALSE 

sp_delete_node( nod) 
ove1v1ew 

Delete a node f1 om the g1 aph 

assumptions 
sp_m1tiahze has been called 

effects nodes = nodes - { nod} 

outputs 

FOR each edge e 
IF e src == nod OR e dst == nod 
TH EN edges = edges - { e} 

ent1 y cond1t1on return value 
nod 111 nodes TRUE 
nod not 111 nodes FALS E 

I· 1gu1 e 3 3 SPATH Semantics-node operations 

42 



CHAPTER 3 MODULE INTERFACE SPECIFICATION 43 

1t helpful m modules with mo1e complicated semant ics 

The fos t access 10ut111e, sp_znztialzze, has simple semantics which are fully spec­

ified as effects on the module abst1act state 

The semantics of s71-adcLnode illustrate ou1 part1t1onmg of access rout111e se­

mantics Assumptwns a1e 1mplemento1 's assumpt1ons-cond1t1ons that the caller ts 

requ11ed to ensu1e They a te not ched .. ed 111 the 1mplementat10n Access routme 

behav10u1 may be at b1t1a1y 1f assumpt10ns ate v10lated For example, mvanant 

properties may be v10lated ( comp10m1s111g all subsequent calls) or the program may 

abort The presence of assumpt10ns the1efore 111d1cates that the module 1s not per­

fectly 10bust Although 10bustness 1s a strongly desired attribute of software, a 

des1gne1 must 111clude assumptions m a spec1ficat1on when 1t 1s mfeas1ble to check 

some necessa1y p1econd1t1ons fo1 couect funct10111ng of a rout111e 111 the rout111e itself 

Such a check may be 111feas1ble due to lack of facilities for detectmg the problem 

(for example, an unassigned memory address), or 1mpract1cally expensive 111 rela­

t10n to the benefit gamed Cost considerations ( whether of 1mplementat10n effort 

or run-time 1esou1ce consumpt1on) assume s1g111ficance when the precond1t10n can 

easily be ensu1ed by the caller The assumption specified for sp_add_node-that 

the 1111t1abzat1on 1out111e has been called at some time prev10us-m1ght plausibly be 

accounted unde1 the latte1 catego1y, 1f not the fo1mer 

Exceptions a1 e abno1 mal cond1 t1ons that a1 e detected and signalled by the rou­

t me These mclude mhe1 ent ly 1llegal 1equests (as 111 the sp_add_node example) and 

detectable system p1oblems, fo1 example, a dynamic memory allocat1on failure Ex­

ception semantics a1e specified followmg the except ion cond1t10n(s) and are expected 

to comp11se solely not1ficat1011 of the occu11ence of the exception cond1t10n In the 

DSS env11onment, this 1s no1mally achieved by logg111g an alarm message to the sys­

tem event log, as 1llustiated 111 the e>..ample Where more extensive semantics are 

unavo1dable, ma111tenance of module state 111vanant properties 1s mandated For the 
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maJouty of DSS modules, the safe and simple null-effect approach proved adequate, 

while the wod'- p1oduct standa1d 1s open to m01e elaborate except10n semantics per 

[C1191, Mey92a] when necessary 

The rnnge exception specified for sp_add_node allows the implementor to restrict 

the size of d1g1aph suppo1 ted The constant SP _MAXNODES referenced must be 

defined 111 the SYNOPSIS Smee it 1s not specified there directly, the reader would 

expect to find 1t 111 the 111cluded fil e "spath h" 

Effects are the 1101 rnal-case semantics of the routme They mclude module state 

trans1t1ons and external effects such as mput/output This portwn of the spec1fica­

twn assumes that the assumptwns a1e sat isfied and that no exceptwn 1s detected 

Fm sp_a.dd_node, the effects a1e the1efo1 e very simple the given node 1s added to 

the module state 

Outputs a1e the values 1etmned by the 10utme, as return values or output pa­

ramete1 values We mal'-e f1equent use of tables for bstmg output values 

The semantics of sp_delete_ node have no exceptwns Delet10n of a non-existent 

node 1s t1eated as an acceptable call, with a special return value mdicatmg that 

the module state 1s unchanged Dependmg on the software requirements, this de­

sign choi ce could be made otherwise We use except10ns to report mherently illegal 

calls and sys tem p1oblems Effects and outputs may also provide for the detection 

and 1epo1 t111g of special cases that a1e not deemed exceptwns This 1s particularly 

appaient 111 modules that p1ocess 111fo1mat1on 1eceived from the user mterface Re­

Jectwn of mvalid use1 111put may be a normal effect 111 such modules, rather than an 

exceptwn 

The sp_delete-110de 10ut111e has mo1 e elaborate effects than sp_add_node, due to 

the necessity of updatmg the edges set to mamtam the state mvanant On deletion 

of a node from the nodes set, all edges connected with that node are also removed 

The semantics of the 1ema111111g access rou tmes a1e shown m Appendix D 
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Sen1antics part1t10nmg 

An access routme semantics specification 1s a funct10n from module state x mput 

paramete1 s to module state x outputs 1 

F S x I------+S x O 

Our spec1ficat1on fo1mat 1s 011ented towa1d ensurmg that md1v1dual access rou­

tme spec1ficat1ons a1 e complete, that 1s, that the spec1ficatwn deals with the entire 

domam S x I The domam 1s pa1 t1t1oned mto three cases excluded by assump­

tions (A), cases specified as exceptions (E) , and normal cases (N) handled m the 

effects/outputs specifications 

s X I = -,Au Eu N 

We term this pa1 t1t10111ng the specification trichotomy By completeness, we do not 

mean that the access 10u tme behav10u1, F , 1s necessanly defined over the entire 

domam Indeed, 1t 1s no1mally defined over EUN only What 1s important 1s 

that the excluded portion, -,A, be 1dent1fied e>..phc1tly, and F be completely defined 

everywhere else As illustrated by F1gme 3 4, this simple formula guides a systematic 

app1oach to ensu1111g completeness during spec1ficat10n and mspect1on 

Du11ng spec1ficat1on, no1mal and abnormal cases are first d1stmgmshed- the first 

dichotomy, shown at the top of the figm e The normal case 1s likely to be foremost m 

mmd Once the specifier 1dent1fies what situations are not covered by the mtended 

normal-case p1oces5111g, the abn01 rnal cases are further partitioned mto assumptions 

and e>..eept1ons- the second dichotomy Our t11chotomy has a very evident asym­

met1y 111 that we use a negat ion , -,A, to 1epresent the abnormal cases for which the 

access routrne behav1ou1 1s not specified, while the two remammg portions of the 

1 Both the domain and the I ange may be augmented by external cond1t10ns mediated by m­
put/output devices This e'\tens1on does not affect the part1t1onmg argument, so for s1mphc1ty 1t 
1s ignored herein 
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abno1mal 

,A 

~ 

behav10u1 
unspec'd 

E 

normal 
~ 

N 

behav1ou1 specified 

F1gu1e 3 4 The spec1ficat1on tnchotomy- two d1chotom1es m one trichotomy 
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domam a1e mote 51mply labelled E and N This asymmetry occurs because the 

acceptable case 1s normally fi amed as a positive expression It therefore seems more 

natural m p1act1ce to state pos1t1ve assumptions (A), that are precond1t1ons of the 

specified behav1ou1, 1athe1 than negative exclusions of cases to which the specified 

behav10u1 does not pe1 tarn Fo1 e>..ample, rn the spec1ficat1on for sp_add_node, we 

state the assumption that sp_1111t1ahze has been called, rather than the exclusion 

of cases m which s1u111t1ahze has not been called Except10ns, by contrast, are 

p1econd1t1om of d1si111ct1ve specified behav10ur, so 1t 1s natural to frame them as 

pos1t1ve cond1t1ons v.1th consequences, e g, "when the value exceeds the limit, 1a1se 

an ala1m," 1athe1 than match111g the t1eatment of assumptions, which would lead 

to exp1ess1ons such as, "u nless the value does not exceed the limit, raise an alarm" 

When the specification 1s mspected, the n01mal cases are 1dent1fied by ehmmat1on 

as 

N = ((S x I ) n A) - E 

The effects and outputs a1e then 111spected to venfy adequate handlmg of all such 

cases 

3.2.4 Usage 

The USAGE section (F1gu1e 3 5) p10v1des 1llustiat1ve module usage scenanos, to 

help vellfie1s and use1s of the spec1ficat10n Vvorh efficiently The first purpose of 
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USAGE 

1 G1aph with 5 nodes and 4 edges 1s c1eated, a path 1s followed, mterme­
d1ate node 1s deleted, a longer path 1s found 

call except10n nodes edges 

sp-1mtiahze() {} {} 
sp_add_node( 0) {O} {} 
sp_add_node( 1 4) {0,1,2,3,4} {} 
sp_add_edge(0,1,1) {0,1,2,3,4} {<0,1,1>} 
sp_add_edge( 1,4,1) {0,1,2,3,4} { <0,1,1>,<1,4,1>} 
sp_add_edge( 1,4,5) dup edge {0,1,2,3,4} { <0,1,1>,<l,4,1>} 
sp_add_edge( 0,2 ,2) {0,1,2,3,4} { <0,1,1>,< 1,4,1>, 

<0,2,2>} 
sp_add_edge( 2,4,1) {0,1,2,3,4} { <0,1,1>,<1,4,1>, 

<0,2,2>,<2,4,1>} 
sp_query_path(0,4) {0,1,2,3,4} { <0,1,1>,<1,4,l>, 

<0,2,2>,<2,4,1>} 
sp_get_pathJength(0,4) {0,1,2,3,4} { <0,1,1>,< 1,4,1>, 

<0,2,2>,<2,4,1>} 
sp_geUi1st_edge(0,4) {0,1,2,3,4} { <0,1,1>,< 1,4,1>, 

< 0,2 ,2>,< 2,4 ,l>} 
sp_get_fir5t_edge( 1,4 ) {0,1,2,3,4} { < 0,l ,l>,<1,4,1>, 

<0,2,2>,<2,4,1>} 
sp_delete_node( 1) {0,2,3,4} { <0,2,2>,<2,4,1>} 
sp_get_pathJength(0,4) {0,2,3,4} { <0,2,2>,<2,4,1>} 
sp_get_fir sLedge( 0,4) {0,2,3,4} { <0,2,2>,<2,4,1>} 

2 Pnnt all nodes on the shortest path from x to j 

p1111t '\ 

Z = X 

DO n = sp_firsLedge(z,y,&z), print z 
UNTIL z == y 

DIAGNOSTICS 
void sp_dump(), 

P11nts a dump of nodes and edges 

F1gu1e 3 5 SPATH Usage and D1agnost1cs 

outputs 

TRUE 
TRUE 
TRUE 
TRUE 
FALSE 

TRUE 

TRUE 

TRUE 

2 

nod= 1, 1 

nod= 4, 1 
TRUE 
3 
nod= 2, 2 
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the usage scena11os 1s to demonst1 ate the sufficiency of the mterface for meetmg 

the module 1equ1rements This demonstrat10n does not depend on the existence of 

a comparable Requuements Spec1ficat1on document While precise, complete, and 

cunent 1equuements documentation 1s frequently not available m mdustnal settmgs, 

softwa1e 1equu ements a1e typically 1mplic1t 111 the 1-.nowledge of expert 111d1v1dual(s) 

In such cases, the expe1 ts should ve11fy this sect10n agamst their expectat10ns The 

same scenarios p1ov1de the module user with model call sequences they can copy 

This section f u1111shes some of the kmd of mate11al that reviewers might be asked 

to geneiate 111 an Active Design Review (see Section 2 3 3, [PW85]) By havmg 

the auth01 woil~ out some scenarios, 1mmed1ate defic1enc1es may be corrected before 

111volv111g multiple 1ev1ewe1s The model scena11os speed readers' understandmg of 

the mate11al and may be the basis fo1 more specialized review questions and tests 

The spath USAGE section illustrates both of our recommended formats for usage 

scenanos execut10n tables and pseudo-code The execution table (scenario 1) shows 

a sequence of module access calls, with the resultant exceptions signalled, state 

effects and outputs 

3 2.5 Other inforn1ation 

The w01k p1oduct standard (Appendix C) provides three further sections followmg 

USAGE They are APPLICATIONS, SEE ALSO and DIAGNOSTICS 

APPLICATIONS p1ov1des a table of dependencies between top-level system fea­

tu1es and access 1out111es called This mate11al 1s used as a reference for System Test 

plannmg See Appendn, H fo1 an example 

SEE ALSO and DIAGNOSTICS are standa1d man page sections Figure 3 5 

mcludes DIAGNOSTICS mfo1mat1on 
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3.3 Quality criteria 

Many softwa1e quality facto1s are applicable to module mterface designs Card 

li sts eleven w1clely-acceptecl gene1 al categories ( correctness, reliab1lity, efficiency, m­

teg11 ty, usabi lity, ma111ta111abd1ty, testability, flex1b1lity, portability, reusab1lity, and 

mteroperabd1ty) ollgmat1ng m the w01k of McCall et al at the Rome Air Devel­

opment Cente1 m the 1970s [CG90] Numerous specific cntena may be adduced 

for each such catego1y, leadrng to hund1eds of potentially relevant considerations 

Rathe1 than ove1 whelming des1gne1s with an unmanageable number of gu1delmes, 

we 1ecommended attention to a ::,mall nurnbe1 of fundamental c11tena Olil selection 

was gu ided by the defect st udy and gene1al p11nc1ples, and yielded five items 

• Completeness The behav1ou1 of each access routme for all combmat10ns of 

states and 111puts must be clearly specified This cntenon emerged most 

st1ongly horn the defect study 

• Comzn ehensibilzty The spec1ficat1on should be easily understood by the m­

tended audience This c11te11on 1s not the same as readability by a general 

aud ience The 111tencled audience consists of techrncal peers- mspectors , 1m­

plemento1 s, use1s and mamtarners-who a1e familiar with relevant supportmg 

documentation ( see A ppencl1x C) 

• Consistency The 111te1face must be consistent with local standards, conven­

t1om and cha1 acte11st1cs of 1elated modules This applies to matters rangmg 

horn obey111g nammg convent ions and usmg standard return codes to followmg 

local 1d1oms of fun ct ional decompos1t1on 2 

2 For nample, if several modules e.>.. ist to provide commumcat1ons to the same number of dif­
ferent devices, and each module has access routines called _initiate_connection, _send_message, 
_ac/..now ledge, etc , the designer of a new module to provide commumcations to a new device 
should be extremely reluctant to rnnovate 
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• Sufficiency The 111te1 face must be powe1 ful enough to satisfy all the relevant 

software Requaements This 1s the mm1mal cntenon for satisfymg Requ1re­

ment5 

• Szmplzczty The rnte1 face should be as simple as 1t can be without v10lat111g 

the othe1 c11te11 a This 1s a basic pun c1ple of what people normally recog­

mze as "good" design 1t does eve1ythmg necessary and nothmg superfluous 

To p1omote und1st1acted attent1011 to the precedmg fundamental cntena, we 

treat s1mphc1ty as a heuristic c11tenon that 1s not further broken down or 

quantified 3 Instead, \\e call upon expe11enced designers and mspectors to 

keep 1t 111 mmd and "know 1t when they see 1t" 

3 Hoffman p1oposes essent1ality, generality and m11111nahty as more precise interface quality 
criteria which part1c1pate Ill our broad heuristic of s1mplic1ty [Hof90a] 
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The basic elements of the mspect10n process-1oles of part1c1pants, preparat10n 

guided by checklist, cont1olled focus of meetmg, data collection usmg forms-are 

quite well standardized m the literature Our process was modelled on the common 

practices desc11bed by [AFE84, Fow86, GTE89, Hum89, Rus91], with adaptat10n to 

sUJt om mdustnal settmg and wo1 k product Smee published mspect1on materials 

and techrnques address wo1 k products quite different from mterface specifications 

(1 e, code, pseudo-code, and 1equ1rements spec1ficat10ns), 1t was necessary to mvent 

OUJ own checU1sts, met11cs and pa1aph1as111g techrnques 

4.2 Roles 

Om mspect1on teams consisted of th1ee to five 111d1v1duals, takmg the roles of Au­

tho1, Mode1ato1, Reade1, Reco1cle1, lnspecto1 and Obse1 ver All participants ex­

cept Obse1 ve1s fulfill Inspecto1 1espons161lit1es An Author may serve as Recorder 

The m1111mal rnspect1011 team thus has three pa1 t1c1pants Moderator, Reader and 

Recorde1 /Au tho1 
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4 2.1 Author 

The pa1 t1c1pation of an autho1 of the wo1k p1oduct 1s a standard feature of the 

111spect10n p1 ocess The autho1 may not serve as Reader because the author 's famil­

ia11ty with the wod .. p1oduct 1s likely to lead them to read too quickly for the other 

inspect ion pa1 t1c1pants, and to 111te1polate over omitted or unclear descnpt1ons 

The autho1 may not se1 ve as Modeiato1 because their 1dent1ficat10n with their work 

1s likely to be 111compat1ble with the mode1ator's tasl-.. of promotmg 1mpart1ahty 

Nonetheless, the au th01 's pa1 t1c1pat1on 1s cu ti cal The author 1s best able to answer 

quest10ns and cla1 iiy confusmg issues, so that the other mspectors do not needlessly 

waste tune I Also, >when f1eed of the duty of p1esent111g their worl-.. (smce that tasJ... 

1s handled by the Reade1), an autho1 's experti se can maJ...e them the most ms1ghtful 

mspecto1 of all Smee 1t 1s the autho1 's 1espons1bil1ty to subsequently resolve issues 

rai sed 111 the 111spect1on meeL111g, an author may also appropriately take on the role 

of 111spect1on Reco1de1 

The autho1 's respons1b1ht1es are 1tem1zed 111 Figure 4 1 The Overview ment10ned 

m item 4 1s a b11ef 01 a l p1esentat10n (pe1haps five to ten mmutes long) that sets 

the module rn conte '-1. t fo1 t he othe1 mspectors The moderator may request such a 

presentation fo1 a module that 1s especially complicated or m some way unusual 

4.2.2 Moderator 

The mocle1 ato1 1s 1espons1ble fo1 01ga111z111g and conductmg the mspection meetmg 

m a p1ofess10na l and p1ocluct1ve manner, and for ensuring that follow-up work 1s 

completed sa.t1 sfactouly The mspect1on literature stresses the importance of the 

moclerat01 's 1ole and the need fo1 specialized moderator tra1mng, with special at­

tention to the psychology of g1oups dealmg wi t h contentious JSsues [Fag86, Hum89, 

You89] In ou1 p10Ject at MPR Teltech mspect10n meetmgs were lively but not ac-

1Tlus does not affect the record111g of defects 111 clarity 
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1 Ensure that the wo1 k ts 1eady to be mspected 

2 Support the Mode1 ator 111 plannmg the mspect10n meetmg( s) 

3 Mahe the mspect1on package ava1lable on time to all participants 

4 Provide a product Ove1 view 1f 1equ1red 

5 Marntam objectivity and avoid defensiveness 

6 Exe1 c1se patience at cove11ng familiar g1 ound 

7 Explam cleaily wheneve1 1equested 
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8 Resolve all 1dent1fied issues, checkmg with relevant mspector(s) whenever somethmg 
1s not cleat f1om the 111spect10n meetmg records 

F1gu1 e 4 1 Autho1 respons1bil1t1es and gmdel111es 

nmornous, even though we cl1cl not offer speciaJ tra111111g or emphasis on the moder­

ato1 's 10le 111 cont1ollrng disputes (This 1esult 1s further discussed 111 Section 5 4 2) 

The mode1ato1 's 1espons161ht1es, 1tem1zed 111 Figure 4 2, emphasize accountabil­

ity fo1 ensuung that the rnspect1on p1ocess 1s executed thoroughly and correctly, 

befo1e, du11ng and afte1 the 111spect10n meetmg 

4.2.3 Reader 

The task of the 1eade1 111 the rnspect10n m eet111g 1s to verbally present the spec-

1ficat1on so as to conv111c111gly clemonst1ate its co11ectness, or to ensure that any 

defic1enc1es come to light Thus the reader paiaphrases the matenal m such a way 

as to e'\p1ess then uncle1stand111g of 1t , as a representative well-111formed peer of the 

autho1 This p10v1des a ll the other part1c1pants, mclud111g the author, a normative 

111te1p1etat1on to compa1e with the11 own unde1standmg of the matenal and check 

fo1 quest10ns and concerns A measm ed ve1 bal presentation assists participants to 

be mentally engaged with the mateual at a pace that encourages thorough evalua­

t10n This rnocle1 ate pace 1s key to the detection duung the meet111g of defects that 



CHAPTER 4 INSPECTIO N OF INTERFACE SPECIFICATIONS 

1 Vellfy that the worh 1s 1eady to be mspected 

2 Dete1rn111e whether an Overview 1s 1equired 

3 Select and notify mspect10n pa1 t1c1pa nts 

4 Schedule a nd book 111spect10n meetmg(s) 
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5 Ensme that the mspect1on starts and ends on time, with all part1C1pants present 
and p1 epa1ed (If not, 1eschedule the mspect10n) 

6 Conduct the 111 spect1on meetmg so that 

(a) The pace of the meet111g 1s appropnate for cost-effective defect detect10n (Too 
slow 1s expensive and leads to "tunmg out " Too fast leads to superfic1al.Jty -

n1aJ01 defects a1 e overlooked) 

(b) All pa1 t1c1pants contI1bute 

( c) The fo cus ts on findmg defects 

( d) D1scuss1on 1s on-topic and obJect1ve 

( e) All I eq u11 ed 111spect1on data and detected problems are recorded 

7 Review the Inspection Reco1d and Summa1y (p1epared by the Recorder) 

8 Ensu1e that <lll p1 oblems found a1e followed up on schedule 

9 Review t he follow-up w01 k 01 1111t1ate the re-111spect10n meetmg 

F1gu1 e 4 2 Modeiato1 mspect1011 respons1b1ht1es and gu1delmes 
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1 Paraph 1ase t he work out loud , that 1s, 1estate the meanmg of each port10n 111 your 
own wo1ds 

2 Read slowly enough that other inspectors can follow the paraphrasmg and mentally 
compa1e 1t with their own understandmg 

3 Mamtam a consistent readmg pace, spendmg equal time on sect10ns of equ1valant 
difficulty (Simple and un contentious matenal should be paraphrased more bnefl y 
than comple>,. sections) Avoid 

(a) 1.,erbatim read mg-sun ply I epeatmg the prmted matenal verbally 

(b) sl.,immmg or browsmg-su perfi c1al summanzat1on w h1ch discourages defect de­
tect ion 

4 For each access 10utme, make verbal a1guments to satisfy the 111spect10n team that 
the stated semantics a1 e app1 op11ate In pa1 t1cular, argue 

( a) completeness that the routme correctly handles all possible calling contexts 
(module states, mput parameters, environmental cond1t10ns) 

(b) invarumts that t he 1out111e p1 eserves 111vanant properties of the module state, 
1f any 

F1gu1e 4 3 Reader 111spect1on 1espons1b1ht1es and guidelines 

escape noti ce du11ng 111d1v1dual 111spect10n p1eparat10n 2 

The 1eade1 's 1espons1bd1t1es a1e 1tem1zed 111 Figure 4 3 We promote active en­

gagement wi th the spec1fica.t1on by 1equ11111g t he 1eader to m ake verbal a rguments 

(rnf01mal p1 oofs) 1athe1 than simply 1ec1trng the punted material This paraphras­

rng tech111que 1s fu1 the1 desc11 bed rn Section 4 4 below The lis t of reader respons1-

b1h t1es does not explic itly mention sufficiency arguments because the DSS software 

Requ11ements Spec1ficat1ons we1e not sufficiently detailed to support this kmd of 

argument Hence we focus on completeness, which 1s a self-contamed property of 

the Module Inte1face Spec1ficat10n alone The 111spect1on process 1s also helpful for 

promotrng sufficiency rn the absence of detailed formal requ1rements , because 1t sub-

2Stud1e5 a t IBM , AT&T and Bell-Northern Research have shown that the most defects are found 
m systems code when the 111spect1on rate 1s about 150 source Imes per hour (Fag76, AFE84 , Rus91] 
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Jects the w01 k p1oduct to the sc1 ut111y of multiple 111d1v1duals, who may be chosen 

to b11ng ddfe1 ent ateas of expe1 t1se to then evaluat10n of the spec1ficat1on 

4.2.4 Inspector 

All 111specto1s a1e responsible for p1epar111g consCJentiously and part1c1pat111g ac­

tively 111 the 111spect1on meet111g Om gu1del111es for mspectors, 1tem1zed 111 Fig­

ure 4 4, emphasize courteous 06Ject1v1ty, and focus111g on substantive rather than 

tnvial conce1 ns Extended d1scuss10n 111 the 111spect1on meetmg of mmute or sub­

Ject1 ve c11t1c1srns 1s not only unp1oduct1ve but apt to be perceived by the author 

as harassment When othe1 mspectors avoid this temptat10n, the author 1s more 

likely to welcome their assistance at find111g substantive defects Solut1on-seek111g 

d1scuss10n 1s d1scouiaged fo1 similar reasons First, 1t 111fnnges on the author's re­

spons1b1ht1es Even when the autho1 does not find such 111fr111gement 111sult111g, 1t 

nsks weakemng the autho1 's sense of mot1vat1on and respons1b1hty for achiev111g the 

best resolution of the issues ia1sed Furthermore, spontaneous problem-solvmg 1s 

typically a poo1 use of g1oup t1111e, and yields solut10ns that have flaws because they 

were not ca1 efully thought out While the 111teract1on of a group of experts can be 

effective f01 p1oblem solvmg, we 1ecommend that such discuss10ns be deferred until 

afte1 the close of the 1115pect10n meetmg prope1 

4.2.5 Recorder 

The reco1 de1 1s 1 espons1 ble fo1 the w11 t ten 1 eco1 ds of the mspection meet mg The 

111spect1on p1ocess mandates the use of standard fo1 ms for data collect10n Our forms 

are desc11bed 111 Section 4 5 below The rec01der's responsib1ht1es are itemized 111 

Figure 4 5 
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1 Be p1 epa1 ed fo1 t he mspect10n 

2 Men tally anal} ze the reade1 's para ph rase, ash. mg 

(a) Is that the same as my unde1s tan dmg of the work product? 

(b) A1e the1e any problems wi t h the wod. product? 

3 Marntam obJectIVIty and politeness 

4 Evaluate the wo1 h. product, not t he a uthor 

5 Concent1 ate on detectmg problems 

6 Acknowledge good work 
(Objective feedback mcludec; the pos1t1ves as well as the negatives) 

7 A v01d cnt1c1sm of style 

8 Insist on more e-.planat1on whenever you don't understand somethmg 

9 When you turn out to be wrong, forget 1t 

10 Avoid d1scuss1on of trIVJal p1oblems 
(Just make s u1 e they're recorded) 

11 A void problem-solvmg 
(If you have a good suggest10n for the author, offer 1t after the meetmg) 

12 Suppo1t the Mode1ato1 

Figure 4 4 Inspector 1espons161ht1es and gmdelmes 

1 Complete all 1elevant sect10ns of the forms 

2 Reco1d eve1y issue raised, m clear and obJect1ve language 

3 Ensu1e that the pe1son(s) 1a1smg the issue agree with your descnpt10n 
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(Unless t he iss ue 1s st1a1ghtfo1 wa1d and uncontentious, state verbally what you're 
w11tmg) 

4 Classify the problems acco1 dmg to the project class1ficat1on scheme 

5 P1 epa1e and d1stnbute the Inspection Record and Inspection Summary promptly 

F1gu1 e 4 5 Recorde1 111spect1on respons161ht1es and gu1delmes 
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4.3 Preparation 

58 

lnd1v1dual advance ptepatat1on by rnspectots 1s essential to the mspect1on process 

If rnspectot 5 ate not adequately pt epa1 ed, the meet mg Itself 1s apt to find superficial 

defects at best- an madequate 1etm n on the staff time mvested To encourage 

adequate p1 epa1 at10n and to collect data for formulatmg and refinmg preparat10n 

time gu1del1nes, 111 d1v1dual 111spector p1 epaiat10n times are logged by the recorder 

at the beg11111111g of the 111spect1on meet111g 

The pi epai at 1011 act1v1ty 1s much like an md1v1dual work product review or desk­

check, but with more e'>..p li c1tly p1escubed cutena and less prescnbed outputs In­

spection p1 epa1 at1on has a clea1 defect-findmg 011entat10n and 1s guided by a check­

list which 1s customized fot the wot!, product and accordmg to local expenence 

This gm dance 15 pat ticulady helpful to the software developer who is mexpenenced 

at rev1ew111g the w011-.. of othets The output of mspect10n preparat10n 1s simply 

notes of quest ions and concerns, fot the mspector's own use durmg the mspect10n 

meetmg This 1s qu1cke1 and eas1e1 to piepa1e than review notes that the author 

must use 

The 111spect1on checklist shown m F1gmes 4 6-4 7 has two maJor divisions doc­

ument c11te11a and mte1jace cutena Document cntena are concerned with the 

quality of the spec1ficat1on as a document that 1t complies with the work pioduct 

standa1d and 1s 1eaclable lnte1face cute11a ate concerned with the quality of the 

mte1face descubed by the document The detailed mterface cntena m the checkli st 

are derived f1om the gene1al quality c11tena of Sect10n 3 3 

4.4 Paraphrasing and proofs 

As discussed m Sect1011 2 3 1, mspect1on and testmg are complementary techmques 

for assu11ng pioduct quality lnspect1on 1s labour-mtens1ve, but has a potential 
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1 All 1eq un ed document sect10ns are present 

2 The order and format of mformat10n compl!e5 with the document standard 

3 Eve1y data element ( type and constant) referenced 1s defined m a Data Defi111t1on 
File 

4 Description 1s a b11ef and accurate overview sUJtable for a tech111cal reader who has 
some famd1a11ty with the ove1all system but not with this module 

5 State desc11pt10n 1s clea1 and as simple as possible 

6 State desc11pt1on contams all mforrnat1on needed to make effects of access routmes 
precise 

7 State desc11pt1on 1s not unnecessarily 1mplementat1on-spec1fic 

8 All assumptions about the state are documented as m1t1al cond1t1ons or mvanant 
prope1 ties 

9 Access 1outrn e semantics (ove1v1ews, assumpt10ns, effects and outputs) are clear and 
p1ec1se 

10 The meanmg a nd use of each parameter 1s clear 

11 The usage scenario for eve1y service the module is required to provide is either 
obvious or documented 

F1gu1 e 4 6 Module Access Spec1ficat1on mspect10n checklist-document cntena 
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12 Access 1outme names, 1etu111ed types and behav10ur are consistent with other rou­
tmes and modules 

13 Parameter names, types and orde1 mg are consistent with other routmes and mod-
ules 

14 Assumptions are reasonable and consistent 

15 E\.cept10ns and t hen effects a1e reasonable and consJStent 

16 Access 10utme semantics are complete, 1 e , every combmat10n of parameters and 
state not e\.cluded by the assumpt10ns 01 1dent1fied as an except10n 1s acceptable as 
a "n01 rnal case" 

17 Effects are precise for all normal cases 

18 All outputs (1eturn value and output paiameters) are specified for each case 

19 Effec t s and outputs satisfy the 1elevant Requirements 

20 Parameters and ret urn values are adequate to express all the required service van­
at1ons 

21 No access 10ut1ne duplicates the services of other access routines 

22 No unnecessa1 y services a1 e p1 ov1ded 

23 Independent se1 vices a1e p10v1ded by mdependent access routmes 

24 The most hl.ely future enhancements , extens10ns and 1mplementat10n changes to 

this module could be accommodated without changmg the mterface syntax 

F1gu1 e 4 7 Module Access Spec1ficat1on mspect10n ched.hst- mterface cntena 



CHAPTER ..J INSPECTION OF INTERFACE SPECIFICATIONS 61 

advantage of generality ove1 testing, the 1esults of which are mev1tably scenano­

spec1fic In 01de1 to maxurnze the benefits of the mspection meetmg, we believe 

that the 1eade1 's par aphrasmg technique should mtent1onally aim at venfication of 

desned p1oper ties of the w01 k product Smee an mspect10n meetmg 1s an assembly 

of a competent pee1 group, 1t 1s an a.pp1op11ate venue for proofs, as defined by Mills 

a proof 15 an a1gument that satisfies people with competence m the topic [LMW79] 

The principal type of p1oof we 1equue of readers 1s the completeness argument 

It must be shown that the effects a1e well defined over all normal cases 

N = ((S x I) n A) - E 

(see also Section 3 2 .3), and that the specrfied except10n semantics and effects are 

at least feasible The 1eade1 no1mally also argues that the effects are sufficient to 

meet the 1equu ements When the 1equ11ements are not completely documented, 

this provides a ched on the sha1ed unde1standmg of what 1s required, as well as on 

the module mte1 face design 

4.4.1 Paraphasing example: spath semantics 

He1e 1s a concrete e\ample of how a reader might pa1aphrase the semantics of 

SJLadd_node and sp_delete_node shown m F1gme 3 3 This 1s a transcnpt1on of an 

u111ehea1sed ve1 bal paraph1ase, with colloqmahsms and weaknesses of expos1t1on 

1eta111ed to p1ov1de a 1eahst1c example of mspect10n-meetmg argumentat10n The 

reade1 sta1 ts with a st1a1ghtfo1 ward paraphrase of the semantics specification 

P1ocedu1e sp_add_node adds a node to the graph The node to add 

1s specified by the pa1amete1 

It has one assumption-that sp_m1t1ahze has been called-so the 

graph has been 1111t1alized at some pomt 

It has one except1on 1 called range, which 1s signalled when the node 

numbe1 supplied 1s outside the range zero to SP _MAXNODES mmus 
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one So we have a lurnt on the maximum number of nodes m the graph 

If the e"\cept10n occu1s, an alarm message 1s logged, as per usual 

The effect of the p1ocedu1 e, so long as the node 1s m range, 1s that 

the node 1s added to the nodes set 

The outputs a1e Just the boolean return value It's true 1f the node 

was 111 1 ange and added to the set, and false 1f the range except10n 

occm 1ed 
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Other mspecto1s might mterJect questions and comments dunng this monologue, 

which 1s moderately paced because the reader 1s not the author and therefore does 

not know all the details by heart Because the reader needs time to thmk , there 

1s a tendency to make summa11z111g comments such as "so we have a limit on the 

maximum numbe1 of nodes 111 the g1aph " This helps the other mspectors keep 

up with the 1ead111g, with tune to fo1m ulate quest10ns and comments The reader 

cont111ues with the completeness a1gument 

Let 's consider the completeness argument for this procedure Smee 

we ass ume that sp_1111t1alize has been called, we know that the mvanant 

p1ope1 ty holds on ent1y to the procedme, and that charactenzes the 

module state The node pa1amete1 value can be any mteger However , 

the 1a11ge e>..cept1on elllrnnates all values outside the legal range zero to 

SP _MAXNODES mums one 

If the node 1s m iange, there are two poss1b1lities either it's already 

m the g1aph, 01 it's not If it's not already m the graph, the case we 

p1obably n01mally e>..pect, 1t gets added to the node set That seems 

app1op11ate If 1t 1s alieady 111 the g1aph, addmg 1t won't change the 

nodes set, because sels can't contam dup licates, so the add operation 

has a null effect 
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I th111k these semantics a1e complete no matter what the module 

state was to sta1 t out with It appea1s that attemptmg to add a node 

that's ali eady m the graph has no effect, and the user 1sn 't notified m 

any way that the node was aheady the1e Any comments on that before 

we cons1de1 the 111va11ant a1gument? 
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F111ally, the a1gument that the module state 111vanant property 1s preserved by the 

semantics 

OK, we h.now the mva11ant holds on entry to the procedure and we 

have to a.ssure 1t holds on exit The1e's two poss1b1hties as we've seen 

e1the1 a node gets added or 1t doesn't If 1t doesn 't then the procedure 

doesn't change the module state so the mvanant 1s mamtamed 

If a node 1s added, then we need to look at the mvanant It says 

eve1y node mentioned 111 the edge set 1s 111 the node set If that was 

t1 ue on ent1y, then s111ce the edge set 1s unchanged by the procedure 

and the node set 1s only enla1ged, 1t will still be true on exit Even 1f 

the g1 aph sta1 ted off empty, we'll get a graph with a node but no edges 

That's OK and 1t satisfies the mvanant So m either case the mvanant 

1s ma111ta111ed I thmk that's 1t fo1 th is procedure 

The 1eade1 pauses momenta11ly to ensu1e the1e's an opporturnty for d1scuss1on , then 

contmues 

Let's move on to the mve1se p1ocedu1e, sp_delete_node, which also 

takes a node as pa1amete1 and deletes 1t from the graph 

Once agam, we assume that sp_m1tiahze has been called 

The1e are no e>..cept10ns for this procedure but the effects are a bit 

mo1e com ple\. than sp_add_node Fust of all, the node 1s deleted from 

the nodes set That makes sense Then eve1y edge 111 the edge set 1s 
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e>..am111ed, and 1f e1the1 end node 1s the node that was deleted from the 

nodes set, then that edge 1s deleted from the edge set Fmally, the 

outputs a1e that 1f the node was m the node set on entry we return true, 

and othe1 wise we ieturn false So as add_node didn't obJect to attempts 

to add a node that was alieady 111 the graph, similarly delete_node doesn't 

obJect to attempts to delete a node that was not there However, the 

return value tells us that's what happened, which seems mcons1stent 

with the adcLnode behav1ou1 wheie the user can't tell Does anyone else 

th111k that's a pioblem? 
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Some comment fiom the authoi and moderator 1s likely at this pomt The m­

cons1stency 1s m11101 but might make the module more difficult to use It's worth 

notmg that this 111cons1stency m the 111te1face design was not deliberately seeded 

111 F1gme 3 3, but only came to light du11ng the mspect10n exercise Fmally, the 

completeness and 1nvaL1ant a1guments foi this procedure 

Oh, let's deal with the completeness a1gument There are two pos­

s1b1lit1es here the case where the node specified 1s m the graph, and the 

case wheie it 's not If 1t 1s 111 the graph to start off, then 1t gets deleted 

fi om the node ~et and edges that connect to It are also deleted from 

the edge set That seems 1easonable If it's not 111 the graph, then the 

set opeiat1011 of tak111g the node from the nodes set won't do anythmg 

Now, we'll also delete any edges 111volvmg that node from the edge set, 

but, s111ce by the 111va11ant p1operty 1f the node wasn't m the node set 1t 

couldn't be on any edges, that also won't change anythmg That seems 

1easonable and 1t applies even 1f one or both of the sets was empty to 

beg111 with 

The 1easonablene5s of these effects depends on the mvanant property, 

so let's cons1dei that On entry to the p10ced ure the 111vanant property 
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holds In our first case, where the node rs 111 the graph, we take rt out 

of the node set and we take its edges out of the edge set Smee we 

don't mal,e any other changes to e1 ther set, that preserves the mvanant 

property that every node on an edge, 1s 111 the node set If the node 

1s not 111 the graph, the graph 1sn 't changed so the mvanant 1s trivially 

mamtamed That concludes my a1gument for sp_delete_node 

4 4.2 Proof technique: case partitioning 
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As illustrated by the preced111g example, the most frequently useful approach to 

completeness and 111va11ance arguments 1s the case part1t10n The reader d1v1des all 

the possible states and 111put values 111to a collect10n of cases, then argues each case 

111 turn Typically, the 111d1v1dual case arguments are very simple the spec1ficat1on 

logic either stra1ghtfor wa1dly handles the case or Just as evidently doesn't take the 

case mto account What most 111spectors find more difficult 1s seemg the appropnate 

par t1t1on This 1s an 1mpor tant skill not only 111 the 111spect1on role but for design, 

1mplementat10n and test plann111g Weakness at d1v1dmg the problem doma111 111to a 

complete set of sU1table cases 1s probably a cause of completeness defects 111 designs 

The ngom s of the 111spect1on meet111g bring this skill to the foreground, which 

motivates 111specto1s to 1mp1ove Some basic gu1del111es can be taught, for example, 

to consider bounda1y cond1t1ons and the natural d1v1s10ns accord111g to data type 

shown 111 Table 4 1 Then the c1oss-p1oduct of state and 111put parameter cases must 

be add1essed Facility at seemg the ught pa1 trt1on comes with practice 

Data Type Cases 
mteger negative, zero and pos1t1ve values 
st1111g null pomter, empty, non-empty 

boolean TRUE, FALSE 
set empty, part1ally-filled, full 

record g1 oupmgs of hey field values 

Table 4 1 Standa1 d cases by data type 
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4.5 Data collection 

Collection of data to1 the pu1 poses of both p1oduct and process improvement 1s 

a central tenet of the mspect10n philosophy The use of forms 1s standard, with 

very s1mila1 models of mspect10n rneetmg notices, defect logs , meetmg reports and 

defect summa11es appea1 mg 111 the hteiature, e g , [Fag76, AFE84, Fow86, Hum89, 

KSH92] Defect 111fo1 mat1on p1 edommates, 111 l...eepmg with t he central m1ss1on of 

the mspect1on p1ocess Met11cs on t he mspect1on process itself receive attent10n, 

m conJunction with simple rneas u1 es of p1oduct size used to support evaluat10ns 

and comparisons of the p1ocess p1oduct1v1ty Our data collection efforts generally 

followed this typ ical pattern 

4.5.1 Defect data 

Duung the 1mpect1on rneet111g, the 1eco1de1 c1eates the lnspect10n Defect 11st, usmg 

the f01 m shown 111 F1gu1 e 4 S 

To n111111111ze w11t111g tune, the 1eco1de1 1dent1fies defect locations by marking 

up a copy of the wod, p1oduct with the defect 1dent1ficat10n numbers (sequentially 

assigned f1om 1 as defects a1e 1eco1ded) The Tally column on the defect list counts 

multiple occuu ences of the same defect 

Cuculat10n of t his handwutten list 1s limited to the author and moderator, who 

use the defect descL1pt1ons to ensu1 e the issues raised are resolved To provide 

defect met11cs to t hose 1espons1ble f01 rnomton ng and product and process quality, 

the 1eco1de1 p1epa1es an Inspection Summary tables of defect counts by type, class 

and seveuty The elements of this categonzat10n scheme are shown m Table 4 2 and 

an Inspection Sumrna1y fo11n 111 Figure 4 9 

The defect type 1dent1fies the general quality cntenon v10lated We started with 

a large1 numbe1 of catego11es (mcludmg perfo1mance, mamtamabd1ty and human 

factors), modelled mote closely on examples rn the above-cited literature, but found 
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INSPECTION DEFECT LIST 

P10Ject thesis examples 

Item spath Module Interface Spec, version 1 0 

Id 

1 

Tally Type 

co 

Class Sev Descnpt10n 

w P4 add..node, delete.node return vals 

inconsistent when null effect 

Page _ of _ 

F igure 4 8 lnspect1on Defect List form 

67 



CHAPTER 4 INSPECTIO N OF INTERFACE SPECIFICATIONS 68 

INSPECTIO N SUMMARY 

Date 15Sep92 
From John Doe 

ProJect thesis e'<amples 
Item sample Module Inte1face Spec1ficat10n 

Pl Defects P 2 Defects 
M E w Pl M E w P2 

ST standa1ds 
co consistency 
DE desc11p t1on 1 1 
FN fun ct1ona.li ty 3 3 5 1 1 7 
SU suffi ciency 2 1 3 
CM completeness 
SI sm1 pl1c1 ty 1 1 
OT othe1 

Total 3 3 8 2 2 12 

P3 Defects P4 Defects Grand 
J'v1 E w P3 M E w P4 Total 

ST standa1ds 2 2 1 1 3 
co conSl'itency 3 3 3 
DE desc11pt1on 5 9 14 2 5 7 22 
FN f unct10n a l1 ty 3 2 5 15 
SU suffi ciency 

..., 
1 8 1 1 12 I 

CM completeness 
SI s1mpl1c1ty 1 1 2 3 
OT other 1 1 1 

Total 11 8 16 35 2 0 7 9 59 

F1gu1 e 4 9 Inspection Summary form 
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Type Class Seventy 

ST standards M missing Pl cnt1cal 
co consistency E ext raneo us P2 severe 
DE desc11p t1on w w1ong P3 mmor 
FN functionality P4 non-funct10nal 

SU sufficiency 
CM completeness 
SI s11nplic1ty 

OT othe1 

Table 4 2 Defect categones 

that 1eco1ders did not use the na11owe1 categories The reduced list (111 Table 4 2) 

closely 1eflects the concerns we had ti amed 111spectors to look for the quality criteria 

of Sect ion 3 3 

The defect class 1s a standa1 d categorization While extraneous content 1s rare 

111 module 111te1 face spec1ficat10ns, we 1eta111ed this met ric to help 1dent1fy complete­

ness p1oblems ( apt to be designated missing, even 1f the completeness type 1s not 

selected) 

The defect seve'llly iankrngs 1eplicate the SSN department's established scheme 

for p1oblern 1epo1 trng, with the add1t1on of category P4 for non-operat ional defects 

4 5.2 Process metrics 

Basic 111spect1on p1ocess rneasu1es of p1epa1ation time, meetrng type, duration, and 

outcome a1e ente1ed by the 1eco1de1 on the Inspect10n Meetmg Record form shown 

111 F1gme 4 10 Categories of meeting type and final disposition used on this form are 

listed 111 Table 4 3 The d1spos1t10n of the wod, product 1s decided by the moderator , 

Meetmg Type 
Overview 
Inspection 

Re-1nspect1on 

D1spos1t10n 
Accept no defects found 

Cond1t10nal moderator to review correct10ns 
Re-mspect corrected work product must be re- mspected 

Table 4 3 Inspection reco1d categones 
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INSPECTION MEETING RECORD 

thesis examples ProJect 

Item sample Module Interface Spec 

Mtg Type 

Date 

D1spos1t10n 

Inspection 

15Sep92 

Conditional 

Role 

Moderator 

Reader 

Recorder 

Author 

Inspector 

Kate 

John 

Bill 

Bill 

Mary 

P1 eparat10n covei age __ % 

Notes 

Chen 

Smith 

Lee 

Lee 

Broz 

Stai t Time 13 30 

End Time 

Name 

15 10 

Prep Time 

50 mm 

80 min 

20 mm 

60 mm 

F1gu1 e 4 10 Inspection Meetmg Record form 
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after general consu ltation The gu1 del111e 1s that cond1t1onal acceptance may be 

granted when the requlled 1ev1s10ns 111 the worl,, product amount are expected to 

change 1t by less than 15% Work products expected to undergo more extensive 

change are no1mally slated for re-111spect10n The moderator may also subsequently 

elect to call a re-111spect1on on a work p1oduct granted cond1t10nal acceptance, if the 

rev1s10ns turn out to be more e>..tens1ve than ant1c1pated Re-111spect10n rneet111gs 

are expected to proceed more quickly than 1111tial 111spect10ns, 1 e , at up to twice 

the ong111al pace 

The preparatwn coverage item on the Inspect10n Record form 1s a measure of 

value of the 111spect1011 meetmg over and above 111d1v1dual p1epaiat1on by mspectors 

Duung the meet 111g, as each defect 1s logged by the 1ecorder, its 1dent1ficat10n number 

on the defect li st 1s announced so that each 111spector can mamta111 a hst of those 

items they noted du11ng the11 p1epa1at1on One such li st might read 

1, 2, 5, 7, 11 , 12, 13 , 14, 15, 19 

At the end of t he meet111g, the 1eco1der collects all these lists, which are anonymous , 

and computes the preparat10n coveiage metric the percentage of mspect10n-meetmg 

defects which we1e detected by any 111spector du11ng preparation 

4.5.3 Product metrics 

The d1fficul ty and cost of c1 eatmg, 1rn,pect111g, and rev1s111g a Module Interface 

Spec1ficat1on may be e'\pected to vary with the size and complexity of the work 

product The measu1es shown 111 Figure 4 11 were chosen to assess these factors 

The wo1!-.. p1ocluct sowce 1clent1fies the circumstance of its creation or rev1s1on , 

as listed m Table 4 4 

Counts of total lines a1e measured after man page formatt111g ( nroff), to avoid 

measuung va11abd1ty 111 author usage of man macros, lme breaks, and blank l111es 

As noted 111 Sect10n 2 1 2, the met11cs countmg access routines, inputs, outputs, 
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MODULE INTERFACE SPECIFICATION METRICS 

Project thesis examples 

Item spath Module Interface Spec, version 1 0 

Source New Date January 4, 1993 

Att11bute Count 

total Imes 396 

access 10utmes 8 

mput va11ables 13 

output variables 1 

state va11ables 4 

e\.cept1011 cond1t10ns 6 

design tune 12 hrs 

rewo1k tune 1 5 hrs 

F1guie 4 11 Module Interface Specrfication Metncs form 
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Somce 
New Spec1ficat10n for a new module 

Update Rev1s10n of ex1stmg spec1ficat1on 
Reve1 se-engmee1 ed Spec1ficat10n c1 eated for existmg module 

Table 4 4 Module Interface Spec1ficat10n source categones 

etc , a1e conceptually surn la1 to Funct1011 Po111ts When count111g mputs, outputs 

and state ,a11ables , 1eco1d st1 uctu1es contribute the number of their constituent 

fields, e g , a 1ecord of six fields counts as six vanables (Unless any fields are them­

selves 1eco1ds, 111 wluch case these 111 turn cont11bute the number of their constituent 

fields, and so on) Set~ and sequences, howeve1, are counted as a s111gle van able of 

then component type, e g , a sequence of six 111tegers counts as one Return values 

a1e 111cluded 111 the count of output variables 
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Chapter 5 

The pilot project 

5.1 Introduct ion 

Aftet develop111g the methods and rnate11als desc11bed II1 the precedmg chapters, we 

conducted a pilot project at MPR Teltech Ltd , as set forth II1 the proposal (Ap­

pendix A) In tetms of the technology ttansfer model of Sect10n 2 1 3, we funct10ned 

as the technology supplier We selected and adapted software engmeenng methods 

that rated well on the cntzcal factors advantage, compat1b1hty, access1b1hty, smt­

ab1hty fot tnal , and v1s1bil1ty Out II1s1de \...nowledge of the company helped us 

effect1 vely p1 ornate awa1 eness II1 gatekeepers and management, and secure resource 

commitments We p1oposed the pilot project as a recogmzed means of technology 

assessment by the company Happily, the characteristics of pilot projects that rec­

ommend them as technology assessment veh1cles-cost-effect1veness and flex1b1hty 

tl11ough 1est11cted scope, mean111gful results through part1c1pat1on of real workers 

do111g teal wo1k-also made fo1 a feasible research project 

The pilot p1oject had two major components first, tra111111g of the partic1patII1g 

MPR Teltech employees 111 the techmques of module II1terface spec1ficat10n and 

II1spection, then application of the new techniq ues to ongo111g maII1tenance of the 

D1g1tal Netv\•orks Suppo1 t System (DSS ) softwa1e product 
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5.2 Participants 

The MPR Tel tech employee pa1 tic1pants seconded to the project compnsed the 

Techmcal Leade1 and th1ee staff members of the DSS development and support 

g1oup Softwa1 e p10fess1onals at MPR Teltech are designated "Members of Tech­

meal Staff," which we hencefo1 th abb1eviate as MOTS 1 These people were not 

voluntee1s, 1101 we1e they selected fo1 possessmg any special knowledge or skills, or 

lack thereof Rather, they we1 e the staff cu11ently assigned ( accordmg to the depart­

mental practice of 10tatmg assignments for techmcal staff) to mamtammg the DSS 

product Management nommated their project to part1c1pate m our study because 

the relatively long h1s to1y of the DSS software might provide a benchmark agamst 

which the effect of new methods could be assessed, and because current work on the 

product was of modest scope and 11sk In summary, our results were achieved by 

and with employees of ave1age ability and mot1vat10n 

A company Softwa1e Quality Specialist had respons1b1hty for overseemg our 

project As a 1ecent fo1me1 membe1 of the SSN department, she was well qualified 

to evaluate our act1v1t1es , elect111g to attend the tra111mg program and to observe 

some 111spect1on meetmgs We collabo1ated with her on 1mt1at111g a tnal metncs 

prog1am 111 conjunct ion with ou1 p1oject 

One add1t10nal MOTS sha1ed 111 the wntmg of two Module Interface Spec1fica­

t10ns and pa1 t1c1 pated 111 the associated 111spect10ns, because he was assigned at the 

time to assis t with the design and implementation of those modules Although he 

did not pa1tic1pate 111 the tia111111g sess10ns, as a 1ecent graduate of the U111vers1ty of 

V1cto11a he was acqua111ted with some of the backg1ound of our work, and succeeded 

1 Nomenclatu1 e for software p1 ofess1011a.ls 1s problematic Des1gna t1ons such as "programmer" 
and "analyst" are too na11 ow for w01ke1s whose respons1b1ht1es at different times mclude proposals, 
feas1b1hty studies , p1oduct design , 11nplementat1on , testrng, field trials, customer support, etc It 
1s potentially nw,leadmg , and 111 some Junsd1ct1ons 1llegal, to term persons "software engmeers" 
unless they a1e certified Professional Engmeers, which computer science graduates rarely are 
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m catch111g up with and cont11but111g to the p10Ject 

All these people hold deg1ees m computer science or computer engmeermg from 

Canadian public um vers1ties Their wo1krng expenence m software development 

ranged fro m two to seven yea1s 

5.3 Training 

The success of an mnovat10n 111 softwa1 e engrneenng technology clearly depends on 

its favomable 1ecept10n and effective use by software engmeers The educat10n or 

tia111111g received 111 the new technology strongly mfluences these outcomes, hence 

the training p1ogi am 1s a c11tical component of a pilot project 

Because employee trammg 1s an overhead cost , MPR Teltech preferred that em­

ployee tune ded icated exclusively to tra111mg be m1111m1zed We therefore devised a 

program of fou I sho1 t sessions ( of one half day or less), to be given at weekly mter­

vals Sp1ead111g out the t1a111111g activity had seve1al advantages First, it mm1mized 

mteu upt10n of pa1 t1c1pants' 1egula1 w01k In the SSN department workmg environ­

ment, 1t was eas1e1 fo1 MOTS to spa1e a few hours each week from their regular 

tasks, than to a11ange to be ent11ely absent from othe1 duties for the equivalent con­

centrated two-clay tiairnng sess10n Second , 1t gave pa1 t1c1pants a chance to rest and 

reflect upon concepts learned between sess1on5, 1ather than overloadmg them with 

more new mate11 a l than was likely to be abso1bed 111 a concentrated course Fmally, 

1t p1ov1ded the oppo1 turnty to assign practice work for students to tackle between 

tra111mg sess10ns Because ou1 p1111c1pal lea111mg obJectrves were skills-of creatmg 

and 111spect111g Module Inte1face Spec1ficat1ons-pract1ce would be more valuable 

than p1esentat1ons fo1 helpmg students achieve competence [Kno86 , Chapter 5] 

To p1ove ou1 t1a111mg cu111culum and fine-tu ne 1t to part1c1pant needs, at mmi­

mum cost to the company, a s111gle MOTS was seconded to the project earlier than 

her fellows We wod,ecl th1ough the first two tia.111111g sessions mteractrvely with this 
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1lld1v1dual st udent, who w10te seve1al Module Inte1face Specifications dunng this 

tnal t1ammg pe11od This 1esulted Ill some eaily refinements to the work product 

and trallllllg plan It also st1engthened confidence m the viability of the proJect at 

MPR Teltech 

5 .3.1 Objectives 

The broad obJ ect1 ves of the t1 a111111g cou1 se were that pa1t1c1pants acquire 

1 1-..nowledge and comprehens10n of t he prmc1ples of module mterface design 

2 skills of des1g111ng module mterfaces and document111g such designs as Module 

Inte1face Spec1ficat1ons 

3 1-..nowledge an d comp1 ehens10n of t he pnnc1ples of 111spect1on 

4 sl-..1lls of ca11 ymg out 111spect1011 10les 

5 pos1t1ve app1 ec1at1011 of this technology and w1ll111gness to part1c1pate 111 its 

furth e1 application 

6 ability to evaluate piact1ce of the technology, propose improvements , and par­

t1 c1pate 111 plannmg new applicat ions 

These gene1al a ims v- e1e elabo1 ated as a detailed set of performance-oriented obJ ec­

t1ves, listed 111 t he Cou1 se Desc11pt10n (Appendix F) 

We acknowledged the 1mpo1 tance of social issues 111 the technology transfer pro­

cess by mcludmg affect ive lea111111g obJect1ves explicitly (item 5 above, details m 

Appendix F) Such an app1oach 1s recommended by current theones of adult educa­

tion, whi ch st1 ess the 1mpo1 t ance of mal"mg all learrnng obJ ect1ves explicit [Kno86] 

Pos1t1ve affective outcomes a1e not achieved by 111doctnnation- 111feasible with com­

petent adults- but can be encouraged by d1scuss1on of benefits and drawbacks that 

the 111structo1 and students see 111 the technology 
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5.3 2 Syllabus 

The tramrng syllabus ( also detailed Ill Appendix F) had four sess10ns as follows 

1 lnt1 oduction and module design 

(a) Lectme mtroducmg the ptoJect and tra1mng program, followed by mtro­

duct1on to the basic featu1es of the Module Interface Spec1ficat1on 

(b) Student assignment mclud111g comp1ehens10n and wntmg of simple Mod­

ule lntetface Specifications 

2 A1odule Interface Specifications 

(a.) Lectu1e on advanced fea.tu1es of Module Interface Spec1ficat10ns 

(b) lnt1oduct1on to 111spect1on 

(c) Student assignment mcludmg mote advanced comprehens10n and wntmg 

of Module Inte1face Specifications 

3 Inspection 

(a) V1ewmg of an mspect10n trammg videotape 

(b) Follow-up lectu1e 

( c) Student assignment of p1epa1 at1on fo1 an mspect1on meet mg 

4 Inspection prnctzce 

(a.) A p1actice 111spect1on meetmg, with the mstructor servmg as Reader 

(b) D1scuss10n of the mspect10n techmques duung penod1c "time out" from 

the p1act1ce meetmg 

Lectu1es add1essed knowledge obJect1ves, wh ile assignments provided opportumties 

fo1 develop111g skills of applicat10n and evaluation Wutmg assignments mvolved 



CHAPTER 5 THE PILOT PROJECT 79 

reverse eng111eenng Module Inter face Spec1ficat1ons for real DSS modules, which 

would have lastmg practical value beyond the leainmg expenence Examples of 

lecture notes and an assignment a1e p1ov1ded 111 Appendix G 

Inspection meetmg sl-..dls we1e mt1oduced to the students via trammg videotapes, 

then p1act1sed ma part1cipato1y demonstrat10n The Module Interface Specificat10n 

mspected du11ng the piactice meet111g was seeded with several defects, rangmg from 

trivial document defects to a subtle flaw m the mterface described The mstructor 

served as the Reader du11ng this meetmg, m 01der to demonstrate our paraphrasmg 

techmques <lesc11be<l m Chapte1 4 (The trammg videotapes showed scenes of code 

mspect10n meet111gs, usmg 111tu1t1ve paraphrasmg techmques This was not adequate 

to prepare students to pa1aphrase Module Interface Spec1ficat1ons) Durmg this 

tram111g session, we alternated 20-mmute periods of "mspect1on meetmg," m which 

all part1c1pants adhe1ed to 111spect10n meet111g roles and protocols, with 10-mmute 

"time out" penods fo1 questions and d1scuss1on evoked by the precedmg mspect1on 

pe11od By defe1nng quest10ns and comments until the next "t ime out" we ensured 

some mea111ngful 1mme1s10n 111 111spect10n-meetmg 1oles and situations 

5.3.3 Results 

The m1tial tra111ee, assigned to help us test out and refine the technology and trammg 

prog1am, tackled all the student a5s1gnments associated with the trammg program 

In particula1, she w1ote a total of th1ee Module Interface Specifications first two 

reve1se eng111ee1ed spec1ficat1ons of ex1stmg DSS modules, subsequently an ongmal 

spec1ficat1on fo1 a new module that she had been assigned to design Her facility 

and competence at p1epa11ng Module Interface Spec1ficat10ns clearly mcreased as 

she gamed e"\pe11ence It was also the most probable cause of subsequent superior 

competence at 111spect1on p1epa1at1on , descnbed below 

By cont1ast, the subsequent pa1 t1cipants, although faithful m attendance at the 
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class sess ions, attempted few out-of-class ass1gnrnents, reportedly due to pressures 

of other w0tk Th is det1acted fiorn the hoped-fo1 benefit of mterspersmg classroom 

presentat ions with sk1 ll-buddmg assignments As much of the software mdustry 1s 

noted fo1 heavy demands on employee time, we conclude that 1t 1s not prudent to 

expect mdust11 al students to accomplish s1grnficant out-of-class readmg or "home­

work" Class1oorn p1esentat1ons should be comprehensive, mcludmg matenal that 

m an academic setting might p1ofitably be assigned as student readmg Also , smce 

shills development during the ti a111mg p1ogram 1s mev1tably modest, 1t 1s cntical 

that early app li cat10n on the ;ob be st1ongly supported by educators or technology 

suppliers Subtle issues of understandmg and apphcat10n are apt to anse not dunng 

tram111g act1v1t1es but rather when w01kers are obliged to put the new technology to 

use 111 then work This phenomenon did not cause any particular difficulties for us 

because a pilot pioJect lends itself well to such support Although not antic1patmg 

that MOTS have quite so much difficulty findmg time for trammg assignments , we 

had also ant1c1pated p10v1d111g s1grnficant educat ional support dunng the application 

p01 t10n of the p10Ject, because the f0t mal t1am111g program was mm1m1zed from the 

begmnmg 

Pai t1 c1pants' eaily effo1 ts at w11t111g Module Interface Spec1ficat10ns exh1b1ted 

weaknesses m abstiact1on and use of logic Module abstract states tended to be 

closely modelled on implementation states (a natu1al temptation when reverse en­

gmee11ng the spec1ficat1on), ca11y111g 111appropnate 1mplementat10n detail and com­

plexity mto the 111te1face spec1ficat1on Although MOTS had encountered propos1-

t1onal and p1ed1cate logic du11ng then urnve1s1ty trammg, they were not accustomed 

to usrng this appa1atus to desc11be and reason about software entities This unfa­

mil1a11ty caused awl~waidness at formulatmg and understandmg conditions m the 

Module Inteiface Spec1ficat1on, such as 1111t1al conditions and mvanant properties of 

the module state, and assumptions of access rout 111 es 
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It 1s 1mpo1 tant to note that the predicates 1equ1red to express relevant cond1t1ons 

were not complex, and the1e was little or no mampulation thereof to be performed 

The essential p1oblem with the use of logic was not a matter of difficulty with logic 

per se 2 Rathe1, the p1 oblem 1s that software eng111eers are not accustomed, by 

either academic t1a1rnng 01 woil,place practices, to explicitly use logical concepts 

111 des1gn111g and 1easornng about p1og1ams Thus, outright om1ss10n of necessary 

state cond1 t1onc; was a frequent defect of fast efforts at wnt111g a Module Interface 

Spec1ficat1on, a.nd development of mspect10n-meet111g arguments concernrng 111van­

ance and completeness wa.s m1tia.lly challeng111g, as described 111 Sect10n 4 4 2 This 

e)..pe11ence illustrates a s1g111ficant ball1e1 to the adopt10n of thorough-go111g Formal 

Methods such as Z, VDM et al [V/in90] by the software 111dustry 

The task of reve1se eng111ee11ng spec1ficat1ons for ex1st111g modules presented 

pecuha1 d1fficult1es of abst1act111g f1om the implementation, especially of oversized 

modules with comple'. effects On a mo1e positive note, specification tables proved 

helpful 111 eluc1da.t111g complex and confusmg code 

The videotaped 111spect1on tia111111g materials proved very effective at 1mpart111g 

some undeu,tand111g of what to e>-.pect an 111spect1on meetmg to be like, and how to 

behave m this settrng While lectmes and written materials can convey facts and 

principles, a demonst1at1on 111sp11es confidence 111 the onlookers that the process 1s 

comp1ehem1ble and feac;1ble 

At the beg11111111g of the p1act1ce mspect1on meetrng, people were hesitant to 

speak up and pa, t1c1pate Afte1 the fast d1scuss1on break, at which there was 

some chscuss1on of the need to ove1 come this hesitancy, the 1eader 111creased the 

pauses between items and othe1 111specto1s began to rnterJect comments All 14 

seeded woil, p1oduct defects we1e detected, as were 7 other urnntended defects 

2 0ur curnculum 111cluded a bnef review of elementary formal logic MOTS, as h1gh-ach1evmg 
u111vers1ty graduate<; , had few 1ntnns1c d1ffi cult1es wi th this matenal, although a more thorough 
review of the use of quant1fie1s would have been helpful to some 
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Even though the ¼0t k ptoduct was known to be a reverse-engrneered spec1ficat1on 

of an ex1st111g module, valid conce1ns we1e raised as to the quality of the rnterface 

design (111app1opt1ate assumptions imposed on the calle1 ), and of comments 111 the 

associated In te1 face data declaia.t1ons ( 111suffic1ently 111forrnat1 ve) The scru trny of 

111specto1s was evidently mote than superficial 

The seeded defects rncluded a subtle sufficiency defect, which we had feared 

would be too difficult to detect One of the rnspectors suggested that somethrng 

didn't seem quite 11ght 111 the 1elevant a1ea of the spec1ficat10n, but attributed the 

trouble 111c011ectly The rn1t1al tia111ee then spol-.e up and explarned the defect flaw­

lessly, 1ema1k111g that he1 extia. p1epa1at10n time (more than the other mspectors) 

had been spent on tia.c111g this pt oblem This gratify111g result 1mpress1vely demon­

st1ated the 1ewards of expe11ence at us111g the new techmques 

Although the team togethe1 found many problems, 1t seemed clear that no s111gle 

pet son had noted all 01 nea1 ly all Each person appeared to have strengths and 

weakness at detect111g d1ffe1ent types of p1oblems Some problems that had evidently 

escaped all pat t1c1pants du11ng prepa1at1on were detected as a result of d1scuss1on 

It was as a iesult of this eatly obse1 vat1on that we devised the preparat10n coverage 

met11c (see Section 4 5 2), to measme the proport10n of problems detected only 111 

the meetmg 

5.4 Applicat ion 

In the course of the project (111clud111g the tia111111g p1ogram), Module Interface Spec­

ificat10ns we1e w11tten fot 15 DSS modules two by the author, ten by MPR Teltech 

MOTS, and thiee by MOTS 111 collaborat1011 with the author The collaborative 

efforts occuired 111 eatly work with the 1111tial tramee, and m evolvmg an approach 

to spec1fymg the semantics of mteiact10n with the DSS user mterface Five MPR 

Teltech and two collabo1at1ve spec1ficat1ons were mspected-w1th the collaborat1on 
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Even though the wo1k p1oduct was known to be a reverse-engmeered specification 

of an ex1st1ng module, valid conce1ns we1e raised as to the quality of the mterface 

design (111app1op11ate a5sumpt1ons imposed on the calle1) , and of comments 111 the 

associated 1nte1face data declaiat1ons (111suffic1ently mformative) The scrutrny of 

mspecto1s was ev1clently mote than supe1ficial 

The seeded defects 111cluded a subtle sufficiency defect, which we had feared 

would be too difficult to detect One of the mspectors suggested that somethmg 

didn't seem quite 11ght 111 the 1elevant a1ea of the spec1ficat10n, but attnbuted the 

trouble 111co11 ect ly The 1111tial t1a111ee then spoke up and explamed the defect flaw­

lessly, 1ema1k111g that he1 e>.t1a p1epa1at1on time (more than the other mspectors) 

had been spent on tia.c111g this p1oblern Tl11S giat1fymg result 1mpress1vely demon­

st1ated the 1ewarcls of experience at usmg the new techrnques 

Although the team together found many problems, 1t seemed clear that no smgle 

person had noted all 01 neatly all Each person appeared to have strengths and 

weakness at detect111g d1ffe1ent types of p1oblems Some problems that had evidently 

escaped all pa1 t1c1pants du11ng prepa1at1on were detected as a result of d1scuss1on 

It was as a result of this eatly obse1 vat1on that we devised the preparat10n coverage 

met11c (see Section 4 5 2), to rneasu1e the proport10n of problems detected only m 

the meetmg 

5 .4 Application 

In the course of the project (mcludmg the trammg program), Module Interface Spec-

1ficat1ons we1 e w11tten fo1 15 DSS modules two by the author, ten by MPR Teltech 

MOTS, and th1ee by MOTS 111 collaborat10n with the author The collaborative 

efforts occu11ed 111 eat!y work with the 1111t1al tramee, and m evolvmg an approach 

to spec1fymg the semantics of 111teiact10n with the DSS user mterface Five MPR 

Tel tech and two colla.b01 at1 ve specifications were mspected-w1 th the collaborat1on 
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Som cet Name Descnpt10n 
R-E netso Networl, schedulmg computat10ns 
R-E d1fpd Query mte1 face to remote database server 
New comap Gene11c Ill te1 face to vauous commumcat10ns server tasks 
New comll Generic use1 logm/logout to various network elements 
R-E conaf User mte1 face support for DSS admm1strat1ve funct10ns 
R-E d1fpx Expo1 t mte1 face to remote database server 
New d1fdd Builder of expo1 t t1 ansact10ns to remote database server 

tSee Table 4 4 fo1 catego11es "RE" 1s an abbrev1at1on for "reverse-engmeered" 

Table 5 1 Module Interface Spec1ficat10ns mspected 

Module MIS Size Ace Inp Out State Exe 
Name Pages Lmes Rtns Vars Vars Vars Cons 
netso 4 7 462 6 19 18 0 1 
netsot 56 594 6 19 18 0 3 
d1fpd 35 396 5 4 8 0 10 

comap 80 792 7 36 13 19 17 
comll 2 5 264 2 8 2 0 4 
conaf 6 1 594 7 9 10 11 7 
d1fp>.. 3 9 396 6 4 7 8 0 
d1fdd 3 5 396 6 17 40 0 0 
Total 37 8 3894 45 116 116 38 42 

t At 1e mspect10n 
See Figure 4 11 fo1 unabbreviated column headmgs 

Table 5 2 Module lnte1face Spec1ficat1ons mspected- metncs 

83 

occu11111g du11ng the follow-up 1ev1s1ons All of the tramees wrote spec1ficat1ons 

and se1 ved at least once 111 each of the mspect10n meetmg roles The spec1ficat1ons 

inspected a1e described 111 Table 5 1, followed by work product metncs m Table 5 2 

The met11cs of Table 5 2 a1e as per Sect10n 4 5 3, with the add1twn of page 

counts estimated by looh111g at the p1 mted ( troff 'ed) documents 

Table 5 3 lists the mspect1on meet ings , with some basic Inspection Record data, 

as descubed m Section 4 5 2 The apphcat10n phase of the proJect compnsed the 

number of 111spect1ons specified by the P roposal (eight , see Appendix A), but took 

place ovei a giea.tei nurnbei of elapsed weeks due to schedulmg difficulties caused by 

employee vacations du11ng the summei months, and preemption by vanous urgent 
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Date Mtg Module Lines Team Mms Prep Mms 
1992 Type Name Data MIS Size Total Med Mtg 

Jul 15 Insp netso 72 462 6 355 53 110 
Jul 29 Re netso 86 594 4 100 25 90 
Jul 29 Insp d1fpd 0 396 4 115 30 90 

Aug 07 /24 Insp comap 444 792 4 305 68 225 
Aug 14 Insp comll 0 264 4 40 10 60 
Oct 02 lnsp conaf 0 594 4 140 35 100 
Nov 02 Insp d1fpx 0 396 4 110 20 60 
Nov 09 lnsp d1fdd 128 396 4 65 15 120 

Totals per median pa1 t1cipant 730 3894 256 855 
Totals for all participants 1230 3640 

Table 5 3 Inspection meetmgs held 

assignments 111 t he ea1 ly fall 

As shown by t he tables, the netso Module Interface Spec1ficat1on (MIS) was 

mspected then subsequently re-mspected , after rev1s10ns which mcreased its size 

This was om only re-111spect1on meetmg All other MIS were cond1t10nally accepted 

on fiist 111spect1on Two meetmgs were required to mspect the comap MIS, which 

was large and complex 3 We mspected another MIS 111 the week between these two 

meetmgs because t he pnnc1pal author of t he comap MIS was away on vacat10n 

Where app1op11ate, module expor ted data was mspected along with the MIS 

The data-file lme counts 111clude commenta1y Imes, contravenmg the standard defi­

mt1on cited m Section 2 1 2, because the comments, which occupied more !mes than 

the som ce code, we1 e 111spe0ted 

At each 111spect1on meetmg, the Recorder collected the 111d1v1dual preparation 

time:, of all rn:,pec to1 s Th is 111formation appea1:, 111 summary fo1m Ill Table 5 3, m 

the double column ent it led "M111s P1ep" Unde1 this headmg, the "Total" column 

con tams the sum of the p1eparat1on times of all pat t1c1patmg mspectors, and the 

3The 111spect1on literature recommends that meetmgs not exceed two hours 111 durat10n , as 

product1v1ty appears to fa ll off beyond this pomt, presumably due to loss of concentrat10n We 
ad hered to tlm gu1delme 
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"Med" column the median of these values , for each meetmg We expected the me­

dian p1 epa1at1on t11nes to be mo te rep1esentat1ve than the mean (1 e, total d1v1ded 

by team size), because A utho1 s typ ically 1epo1 t m1111mal time spent preparmg for 

the meet mg pet se , while Reade1 s tend to spend extra time ensuring t hey are ready 

to paraph1 ase the mate11 al As 1t happened, these two divergences from the norm 

were app10'\1mately equal 111 magmtude, hence mean and median preparat10n t imes 

fo1 each meetmg a1e about the same 

The "Totals" 1ows 111 this table show that the time spent on mspect1on act1v1t1es 

by a medi an pa1 t1npant m t hi s p10Ject was about 4 25 hours of preparation and 

14 25 hou1 s 111 111spec t1on meet111gs The total time spent by all part1c1pants was 

20 5 hou1 s of p1 epat at1on and 60 67 hours m 111spect1on meetmgs 

5.4 1 Metrics 

Eight 01 n111e 111spect1on meet111gs 1s too small a sample to support stat1st1cally 

sound analysis The pu1pose of 111st1tut 111g the measurement program during the 

pilot p10Ject was the1efore not to obtam sound quant1tat1ve results Rather , we 

mtended to 1clent1fy app1op11ate met11cs and sta1 t collectmg data so that MPR Tel­

tech may be able to ca tt y out mean111gful analysis m the future, after accumulat111g 

adequate data In add1t1on, while 1ecog111z111g the lurntat10n of our small sample, we 

exammed the data from the pilot p10J ect for prehmmary md1cat1ons as to the costs 

and effectiveness of the 111spect1on act1v1ty 

Prehmmary 111d1cations 

Tables 5 4 and 5 5 show some 111spect1on data and calculat ions of mspection and 

defect detection 1ates fo1 the pilot project 

Acco1d111g to Table 5 4,4 MIS mspect1on meetmgs proceed at rates of between 2 5 

4The pnrnary data 111 Table 5 4 1s recapitulated fro m Tables 5 2 and 5 3 The calculat10n of 
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Mtg Module Lmes Pages Median Mms Pages/Hour 

T y pe Name Data MIS Totalt Prep Mtg Prep Mtg 

Insp netso 72 462 58 53 110 66 3 2 
Re netso 86 594 74 25 90 17 7 49 

In sp d1fpd 0 396 40 30 90 7 9 26 

Ins p comap 444 792 15 3 68 225 13 5 4 1 
Insp comll 0 264 26 10 60 15 8 26 
In sp conaf 0 594 59 35 100 10 2 3 6 

Insp d1fpx 0 396 40 20 60 11 9 40 

Insp d1fdd 128 396 6 1 15 120 24 4 3 0 

tLmesData/60 + LmesMIS/100 

Table 5 4 Inspect10n iates- median preparat10n and readmg 

and 4 somce document pages pe1 hou1 Ou1 smgle 1e-mspect1on meetmg proceeded 

at a faste1 iate , as e>.pected P1epa1at1on 1ates a1e typically about three times the 

mspect10n rate m the meetmg, although there 1s much vanat10n m this 

Mo111to11ng of p1epa1at1011 and 111spect1on 1ates 1s important for managmg and 

1mprovmg the mspect1on p1ocess There 1s an evident need for more data and 

analysis, m 01 det to unde1stand the sources of vanat10n and determme optimal rates 

for MIS mspect1ons at MPR Tel tech While lme and page counts are mtmt1vely easy 

to wotl-, with, the othet wotl, product measutes (number of access routmes, mputs 

and outputs etc ) may be more md1cat1ve of wo1k product complexity No simple 

relat1onsh1ps based on these rneasut ernents at e evident m the small pilot project 

data sample 

Table 5 5 acids p1 epat at1on cove1 age ( see Section 4 5 2) and defect counts to data 

recapitulated ftorn Table 5 3 The preparat10n coverage figures show that only about 

half of the total defects 1eco1ded wet e detected du11ng preparation by any mspector, 

for the th1ee mspect1on rneetmgs at which t his data was collected 5 

nominal pag,e count'> 1s based on the observation that 111 Table 5 2, MIS line counts (measured on 
the man formatted documents , as desc11bed 111 Section 4 5 3) are consIStently about 100 times the 
visually estunated pag,e count of the respective pr111ted documents (the mean ratio 1s 103 with a 
standard dev1at10n of 6) Data fil es a1 e pr111ted at the standard 60 lmes per page 

5 Authonzat1on to collect this 111fo1111at1011 was delayed dunng finalization of the concurrent 
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Mtg Module Team Mmutes Prep Defects Defects/Hourt 
Type Name Size Prep Mtg Covg Total Fune Total Fune 
Insp netso 6 355 110 ? 34 9 20 0 5 
Re netso 4 100 90 ? 11 6 1 4 08 

Insp d1fpd 4 115 90 ? 19 5 24 0 6 
Insp comap 4 305 225 ? 58 27 29 1 3 
Insp com ll 4 40 60 ? 24 5 5 1 1 1 
Insp conaf 4 140 100 56% 32 9 36 1 0 
Insp d1fp>.. 4 110 60 63% 11 7 1 9 1 2 
Insp d1fdd 4 65 120 42% 7 5 08 06 
Total defects 196 73 
tDefects/(MmsP1epTotal + TeamS1ze x MmsMtg) x 60 

Table 5 5 Inspect1011 meet111g productivity-defects detected 

This table p1 esents sepa1 ate counts of Total and Functional defects Functional 

defects a1e all those of types FN (functionality), CM (completeness) and SU (suffi­

ciency), acco1 d111g to the Inspection Summanes ( see Section 4 5 1) Defects of these 

types may be e,.pected to lead to implementation of software that will fail under 

some conditions The other types of defects typically mal-...e the MIS or the module 

itself more difficult for people to use or ma111tam Such defects may mcrease costs or 

the nsk of ptogrammet e11ot, but are not themselves direct causes of software fa1l­

ute MPR Teltech thetefote rega1ded functional defects as more significant than the 

othet types, tegatdless of seve11ty Table 5 5 shows that the pilot project mspect1on 

ptocess yielded about one funct10nal defect per person-hour, 111clud111g time spent 

by all pat t1c1pants, both 111 ptepaiat1on and 111 the 111spection meet111g This result 

matches the consistent testimony of the 111spect10n literature one non-trivial defect 

detected pet petson-hour 111vested [BD84, Hum89, Rus91, KSH92] 

All of the above-cited studies 111clude code mspect10n 1 some also report on 111-

spect1on of one 01 mote of 1equ11ements spec1ficat1ons 1 high-level or "architectural" 

designs, and detailed designs The fo1 m and content of the reqmrements and high-

metrics pi OJecL 
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level design documents 111 quest10n a1e not descubed, but they are probably d1s­

s1milar f1om each othe1, from Module Interface Spec1ficat10ns, and also from code 

("Detailed design" typically means pseudo-code) Why would the effort expended 

per defect detected be about the same for these d1ss1milar work products? Buck and 

Dobson call this (one defect per pe1son-hour) and some related constants observed 

at IBM "natu1a l numbers of p1og1amm111g," suggestmg that they are 111herent to the 

process 1athe1 t han the pe1sonnel, ptoduct, tools , etc [BD84] Recalling that mspec­

tion rates vary with the wo1k p1oduct type and content, the consistency of the result 

may also suggest that defect mc1dence and detection are approximately proportional 

to complexity or some broade1 measure of intellectual content Achievement of the 

"mdust1y-standa1d" defect detection iate could then be taken to md1cate that the 

local mspect1on p1ocess exh1b1ts no1mative efficiency 

Open quest10ns 

If module rnte1 face spec1ficat10ns and mspect10n are effective technologies at MPR 

Teltech, one would hope to observe 

1 Improved quality of module mte1face des igns 

2 More defects detected by rnspection than by rndiv1dual review 

3 Fewe1 defects detected during subsequent development phases (implementa­

tion and testrng), and 111 the field 

4 Reduced costs ove1 the entire softwa1e hfecycle ( development and mamte­

nance) 

Item 1 1s diffi cult to measu1e, because specific quality cntena of mterest must be 

identified and these a1e not always easily quantifiable (For example, our compre­

hens1.bzlity c11te11on) The1e 1s no existing base of quality measurements on DSS 
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modules , to use fo1 compa11son The1e IS, however, an ex1st111g base of defect data 

It would be 1easonable to evaluate the success of our focus on completeness by study­

mg whethet the 1elat1ve 111c1dence of defects attributable to completeness problems 

declmes, especially m subsequent phases of the software process (item 3) 

The p1 epa1at1on coveiage metric add1esses item 2 The findmg that only about 

half the defects 1eco1 ded du11ng 111spect1on meetmgs were noted durmg prepara­

tion (see Ta ble 5 5), cont1asts st11k111gly with the group's normal practice of solo 

rev1ew111g It wo uld be app1op11ate to 1efine studies 111 this area to determ111e what 

kmds of e11 O1s tend to go undetected, and optimal numbers of mspectors or rev1ew­

e1s Fo1 e>..ample, 111 an e"\pe11ment usmg 111spect10n at the Software Engmeenng 

Labora.to1 y, 1 t was dete1 mrned that 75% of code defects were detected by only one 

mspecto1 [BGI<W90] As a. consequence, new SEL software development guidelines 

now requn e all code to be tead by at least two reviewers, even on proJects not usmg 

mspect1ons [LWM+92, page 117] 

Items 3 and 4 1ep1esent the acid test of whether or not the technology pro­

vides dnect economic benefit to the company These are long-term assessments, 

well beyond the scope of the pilot p10J ect Different categories of work should be 

cons1de1ed- fo1 e"\a.mple, 1t 1s quite possible that mspect1on may not be cost-effective 

mall cases The Defect Study (Appendix B) identi fied that defects tend to cluster 

m ce1 tam modules, these are obv10us candidates for the mtens1ve scrutmy afforded 

by the 111spect1on p1ocess The MPR Teltech met11cs ptoJect 1s attemptmg to put m 

place means of evaluatmg such questions Om specific recommendations for future 

studies a1e 1ep1oduced 111 Sect10n 5 6 

5.4.2 Experiential results 

The theo1y of softwa te technology tiansfe1 suppo1 ts the common-sense mtu1t1on 

that less quant1tat1ve obse1 vat1ons-such as perceived social effects m the work 
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environment- may also be 1elevant when evaluating the impact of technological 

change This 1s pat t1culai ly ti ue of a technology such as inspection, which 1s itself 

pi 1manly a social process 

The difficulty of 1eve1se engmeenng MIS for ex1stmg modules was ment10ned 

above with 1espect to the tia1rnng program (see Section 5 3 3) It was ongmally m­

tended that the appli cation phase of the p10Ject should address new modules bemg 

designed fo1 the next maJot 1elease of DSS Intervemng rev1s1on and reschedulmg of 

the product evolution plan g1eatly reduced the new module design act1v1ty sched­

uled du11ng the p1 0Ject time fiame As a 1esult, most of the MIS written dunng 

the pilot p10J ect documented ex1st111g modules slated for mamtenance act1v1ty This 

has the advantage fo1 beg111ne1s of eltm111at111g the effort associated with the design 

task, and fo cusmg attent ion on spec1ficat1on alone However, some of these modules 

were several yea1s old, and while nommally still "modules," had grown rnto virtual 

sub-systems of substantial size and complex ity F01 such subjects, the MIS format­

des igned fo1 p1ec15e spec1ficat1on of 5malle1 u111ts- tended to become cluttered with 

a mass of t1111e-consum111g detail The difficulty was exacerbated m some cases by 

lack of app1op11ate suppo1 tmg documentat ion that might be referenced- for exam­

ple, detailed 1equuements spec1ficat1ons We attempted to exercise Judgement 111 

om1ttrng ce1 tam types of detail from the MIS The subJect1v1ty of this proceedmg 

was unsat1sfy111g-a.lthough also a useful lea1mng exercise-and the resultrng rncom­

pleteness unde1m111es the value of the documentat10n Nonetheless, the MIS format 

did p10ve adaptable to these less-than-1deal cucumstances In particular, we evolved 

an app10ach to spec1fy111g modules with use1 rnte1face rnteract1on, which required 

some ex t1 a MIS features to account for the DSS user rnterface model This robust­

ness of the wo1k p1oduct 1s 1mpo1tant, because rndustnal software not uncommonly 

e>-. h1b1ts u1 egul a11ttes such as the fo1ego111g 

P10Ject pa1 t1c1pants found w01 kmg on spec1ficat10ns for new modules much more 
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satisfymg, notmg that the MIS approach sUJts the no1mat1ve module size and com­

plexity well ,6 and that the MIS format seemed to prompt cons1derat10n of "the nght 

quest10ns" to achieve a complete and useful design 

By then nature, Module Interface Specificat10ns call attention to mterface de­

sign In ou1 111spect10n meetmgs, people frequently pomted out weaknesses m the 

mterfaces of ex1st111g modules fo1 which spec1ficat10ns had been reverse engmeered­

such as, 1edundant or confus111g parameters, 111cons1stent behav10ur of different ac­

cess routmes, or funct1onahty that might better have been allocated to a different 

module altogethe1 These we1e not 111f1equently designs 111 which the mspectors 

themselves had fo1 medy taken a hand , what was new was the exphc1t cons1dera­

t10n of 111te1face design c11te11a This supports the expectation that the use of MIS 

and 111spect1on has potential to 1educe the mcidence of unsystematic mterface de­

sign, leadmg to 1111p1oved module usab1hty and ma111ta111ab1hty and thereby reduced 

e11ors and costs 

Most of ou1 111spect10n meetmgs mvolved four participants (mcludmg the 111-

structor/1esea1che1) and appea1 ed to achieve an mdustiy-standard rate of defect 

detection ( see Section 5 4 1) J udgmg by appearances, meetmgs of three mspectors 

would be sat1sfact01y for the maJonty of work products, with add1t10nal experts 

perhaps bemg called upon to help mspect unusually complex or specialized pieces of 

work, 01 when high 1elia.bdity 1s a. c11 t ical requu ement By contrast, six to eight or 

even moie pat t1c1pants appea1 to be commonplace at 111spect1on meetmgs elsewhere 

111 mdustiy Based on om 1esearch, we are skeptical of the margmal value of addmg 

e>..tra pa1 t1c1 pants It 1s difficult to envisage that this would be cost effective at 

6SSN department guidelines specify that a module should be of 300 to 500 C language statements 
m size, with component functions Ill the range of 30 to 100 C statements These hm1tat1ons, 
comb med with conventional recommendat10ns of low couplmg and !ugh cohes10n, and expectations 
that the entire task can be handled by one designer and one un plementor , ensure that normative 
modules conform well t.o D L Parnas' defin1t1on as "a programmmg work assignment" ( cited m 
Section 2 2 1) 
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MPR Teltech 

Du11ng the fast couple of 111spect1on meet111gs we were repeatedly obliged to 

delay p1oceed111g 111 01 der to allow the 1ecorder to fimsh wntmg up a defect It was 

as a result of this expe11ence that we devised the simple scheme of 1dent1ficat10n 

numbe1s and tallies fo1 1dent1fy111g defect locations, described 111 Section 4 5 1 This 

app1oach satisfactorily ehm111ated wa1tmg for the recorder 

Lack of 111te1pe1sonal d1fficult1es was a pleasantly d1st111ct1ve feature of our ex­

perience with the mspect1on p1ocess As noted 111 Section 4 2 2, the moderator's 

role was not found to be tax111g 01 p10blematic, even though we did not particularly 

emphasize conflict management skills for mode1ators L1kew1se, the 111volvement of 

the Tech111cal Leade1 did not appea1 111h1b1tmg, although the 111spection literature 

strongly warns agamst the mvolvement of managers or supervisors, on the grounds 

that 06Ject1v1ty will be comp1om1sed due to concern about career impacts on the part 

of subo1d111ates Our lack of difficulty m this area 1s perhaps md1cat1ve of variation 

111 work111g environments, attitudes, and expectations across the software 111dustry 

At MPR Teltech, the ethos of the w01k111g envnonrnent 1s overtly well-d1sc1plmed 

and p1ofes51onal, and MOTS a1e accustomed to sha11ng and rotat111g respons1bd1ty 

for work p1oducts rathe1 than p1ese1 v111g pe1sonal "ownership" of particular pieces 

of wo1k Procedu1es for personnel evaluation are carefully specified and controlled, 

so pa1 t1c1pants had no d1spos1t1on towa1 cl anxiety about misuse of 111spect1on data 

In such an env11onrnent, the 111te1 pe1sonal haza1ds of 1111t1atmg an 111spection pro­

gram may be 1elaL1vely modest, even when (as 111 this case) the part1c1pants are 

little accu5tomed to dealmg with othe1 people a5 pa1 t of theH work duties 

5.5 Response 

Our principal obse1 vat1ons of pa1 t1c1pant responses durmg the proJect are described 

111 the p1eced111g section In add1t1011, 111 Janua1y 1993, MPR Teltech conducted a 
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meetmg of pa1 t1c1pants to solicit candid feedback on the project This meeting was 

attended by employees only, we 1eceived a written summary of the results, which 

did not 1dent1fy 111d1v1dual pe1sons 

This mate11al confii med ou1 obse1 vat1ons of the precedmg sect10n and portrayed 

a highly positive view of the technology and pilot project The only negative issues 

we1e skepticism over the value of 1eve1se engrneenng specificat10ns for the types of 

older (and highly stable) modules desc11bed m the precedmg sect10n, and d1shke of 

the trnff document p1ocesso1 The value of mcorporatmg documents mto the man 

page system was affii med, s111ce man pages can now be prepared by Framemaker, 

this newe1 wo1d p1ocessing technology 1s likely to be preferred m future 

Responses pa1 ticula1 ly emphasized the seconda1y benefits of mspect10n meetmgs 

for p10vicl111g an open f01 um fo1 feedback on designs (smce peers sometimes have 

more knowledge than the Techrncal Leader of the context and issues addressed by a 

pa1t1cula1 piece of wo1J...), fo1 1mp1ov111g v1s1b1hty of the current project status and 

changes, fo1 lea.irnng about pa1ts of the system outside of one's currently assigned 

responsibilities (helpful fo1 futu1e wot!,), and fo1 enhancmg team cooperat10n This 

con ti asts with the SSN depa.1 trnent 's "pens clown" protocol for software engmeenng, 

m which g1oup meetmgs a1e m111un1zed 111 the 111te1ests of promotmg md1v1dual 

respons1b1lity and c1eativ1ty, and avo1dmg t1me-wastmg conversational d1scuss10ns 

[C1086, page 4] Inspect10n rneetmgs appea1 to present a controlled forum m which 

MOTS may benefit fiom team syne1gy and mformat10n-shanng, without unduly 

d1ss1patmg rndividual 1esponsibility and productivity 

Inva11ance a1gurnents (seen as pa.1t1culatly effective for findmg defects), them­

spect1on meet111g scena11os 111 the tia111111g videotape f1om Bell-Northern Research, 

Ltd , and the 111st1 ucto1 's modell111g of 111spect1on roles dunng meetmgs were smgled 

out fo1 pia1se The ability "to p1esent c11t1cism without personal attacks" was iden­

tified as an 1mpo1 tant skill that pa1 t1c1pants felt they had learned from the project 
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Al though people appea1 ed ve1 y comfortable do1J1g this from the first ( as discussed ll1 

Sect10n 5 4 2), t hi s 1espome :,uggests t ha t the tiam1J1g aimed at foster1J1g this skill 

was not redundant, but at the least 111sp11ed self- confidence ll1 essay1J1g negat ive as 

well as pos1t1ve feedback 

The u:,e of sho1t ched.11:, b to guide 111spect1on meet1J1gs , ensuring that no issues 

are missed , was 1ecommended as a potential improvement to the process It was 

thought tha.t the project had made the DSS g1oup more conscious of software quality 

issues Pa, t1 c1pant5 unamrnously 1ecommended future use of this technology ll1 then 

depa1tment , exp1ess1J1g conce1n that the ma111 obstacle to this would be time and 

1esou1ce p1 ess u1 es 111 othe1 a1eas, which might m ake 1t difficult for managers to 

adequately suppo1 t deployment of the new technology 

5.6 Recommendations 

While 1ecogmz1J1g the 1esom ce p1 ess u1 es that managers face, also amply documented 

by p1ev10us studies of softwa1e technology t1ansfer (see Section 2 1 3), we contend 

that othe1 p1 ess u1 e5 111 c1eas111gly mandate effo1 ts to improve the software process 

111 111dust1y T he follow1J1g pa1ag1aphs const itute the recommendations of our final 

proj ect 1epoi t to MPR Tel tech Ltd 

The 1J1c1ea5111g p1e55mes of 111te111ational compet1t1on and demands 

fo1 softwa1e p1ocess quality ce1 t 1ficat1ons are widely recogmzed 111 the 

softwa1e 111dust1y today [BM9l a, You92] Such pressures must be met 

th1ough contmuous 1mp1ovements 111 the software development process 

Smee t he techrnques mtioduced by the pilot proJect appear viable and 

p1oduct1ve, we 1ecom mend then caut ious adoption or cont1J1ued explo-

1ation, along with the met11cs p1oject While 1t may not be possible 

to w11te and 111spect Module Access Specifications for all modules, 1t 

would :,eem 1mpo1 tant to attempt to do th is fo r known or anticipated 
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tiouble spots The defect study showed that p1oblems cluster 111 certa111 

modules 

The follow111g issues might be 111vest1gated 

• Catego11zat1011 of defects The defect type categories used 111 the 

pilot p10Ject seem to have been mo1e confusmg than useful 7 

• Relat1onsh1p bet,.,,een the product1011 and 111spect10n of MASs for 

new modules and costs of implementation, test111g and mamtenance 

• Relat1onsh1p between number of defects found 111 111spect1on and 

number of defects found by testrng 

• Relat ive costs of defect detect ion and p1oblem resolution via testmg 

and 111spect1on 

• Inspect ion of othe1 wo1k products Note that the Cleanroom tech­

mque [Dye92] 1molves 1 eplacem ent of urnt test111g by venficat1on-

01 tented code 111spect1on 

• Defect p1 event1on (based on analysis of defect reports) 

95 

7Th1s issue was discussed further 111 an appendix to the report We allude to 1t m reference to 
the 1educt1on 111 defect type categories, Ill Section 4 5 I 
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Chapter 6 

Conclusions 

6.1 Summary of results 

The fo1emost result of this w011'. 1s the unequivocal demonstrat10n of the v1ab1hty 

of the two techniques, module mte1face spec1ficat10n and 111spect1on Both were 

applied to a convmcmg sample of 1eal mdustnal software modules, by mdustnal 

practit10ne1s who claimed to find the techniques useful and recommended their 

adoption fo1 1egula1 use 

Attention to known issues of softwa1e technology transfer seemed helpful 111 gam­

mg a pos1t1ve 1esponse f1om proJect pa1t1c1pants and managers We believe that 

om "ms1de1" knowledge of the company was 111d1spensable to the success of this 

p10Ject Vi/e b1ought a well-111fo1med unde1stand111g of ex1st111g needs, methods, and 

termmology to the tasks of choosmg, adaptmg, presentmg and teachmg candidate 

technology The c1ed1bd1ty of ou1 recommendat10ns was enhanced by previously 

established v,01 krng 1elat 1onsh1ps 

It 1s mdeed difficult to change the way thrngs a1e done m the workmg environ­

ment, especially 111 the face ol the 1esou1ce and schedule pressures typical of the 

softwa1e rndu c;t1y Management skepticism about change under these cond1t1ons 1s 

unde1standable, and likely to be combatted only by concrete evidence The tech­

nology we chose rated well on the c11t1cal factors relative advantage, compatibility, 
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accesszbzhty, suitability f 01 i1 zal, and vzszbzlzty of hard or technological results How­

ever its soft benefi ts-p11nc1pally, cost 1educt10n- are ant1c1pated to accrue only m 

latei phases of the software lifecycle i This makes 1t more difficult to secure man­

agement comm it ment Ev idence of soft benefits could be obtamed by contmued 

small-scale app li cation 111 conJunct1on with met11cs efforts The pilot proJ ect also 

sei ved to demonst1 ate the geneial fea.s1bil1ty of software process mnovat10n New 

methods we1 e t11ed, wod,ei s wei e able to use them successfully and Judged them 

useful Such experience helps create a pos1t1ve climate for further mnovat10n 

The v1ab1hty resu lt confirms our hypothesis that module mterfaces would be a 

good sta1 t111g po111t fo1 111tioduc111g softwaie p1ocess change "Modules" are mdeed 

not too diffi cult to find, and theie aie 1mmed1ate benefits of usability and mam­

tamab1hty from docurnent111g 111teifaces The Module Interface Spec1ficat10n work 

product 1s sufficiently flexible to accommodate over-sized and highly complex mod­

ules, although best iesults a1e obtamed wi th modules of more standard size and 

comple:,...1ty (see Sect10n 5 4 2) 

Om piagmat1c app1oach to use of foimal notat10ns m the spec1ficat10ns was 

well accepted by p1 act1t 1one1s Nonetheless, the wntmg and mspect10n of Module 

lnteiface Spec1fica.t10ns 1s time consum111g,2 and there were unsat1sfymg trade-offs 

between spec1ficat1on t ime and pi ec1s1on Theie 1s evidently room for more work at 

findmg the best desc11pt1ons foi 111teiface designs 

The cu11ent mte1est 111 software product reuse also has relevance to the issue 

of spec1ficat1on cost It 1s difficult and 11shy to 1euse a software artifact whose 

behav1om 1s not p1 ec1sely specified In teiest m reuse 1s particularly strong 111 the 

world of obJ ect-011ented softwa.1e, hence 1t 1s s1g111ficant that several speakers at the 

1 The 1talic1zed terms a1e defined 111 Section 2 1 3 

2 Collect1on of effo1 t data commenced only at the end of the pilot proJect Recorded design 
times for the la5t th1 ee spec1ficat1ons 111spected ranged from t¼o hours to two days 
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OOPSLA '92 confe1 ence 1dent1fied 111te1face spec1ficat10n as a sine qua non of reuse 

[Ath92, Coo92, dLF92 , Mey92b] As the software mdustry moves towards a culture 

of reuse, 1t will be a cu ltu1 e of fewe1 and better software components, and they will 

necessa1 dy be well specified Reuse makes spec1ficat10n more compelling and more 

affordable 

The pilot 111spect1011 p1ocess detected defects at a rate of one functional defect 

per pe1son-hou1 (p1epa1at1on and meet111g time of all part1c1pants) This 1s the same 

rate repo1 ted by othe1 comparnes that use mspect10n About half3 of the defects de­

tected 111 the meet111gs were not detected during preparation by any meetmg part1c-

1pant These sat1sfacto1y-seem111g results were obtamed by partic1pants- mcludmg 

the mstrncto1- w1th no p1101 expe11ence of the mspect1on process We attribute 

them to ca1eful t1ammg, cent1 ed about an excellent videotaped demonstration , and 

custom1zat10n of fo1ms and ched.hsts for the local environment As mspect10n neo­

phytec;;, some of the mspect1on lite1atm e led us to be concerned that we might not 

be able to 1eproduce the apparently mcalculable and mystenous qualities of the 

mspect10n p1ocess For e\.ample, Fagan w11tes 

When part1c1pant5 111 the moderato1 t1ammg classes are questioned about 
their case studies, they rn vanably say that they sensed the presence of the 
"Phantom Inspector," who mate11al1zed as a feel111g that there had been an 
add1t10nal p1 esence cont11buted by the way the 111spect10n team worked to­
gethe1 The mode1 ato1 's task 1s to 111v1te the Phantom Inspector [Fag86] 

Happily, our results suggest that st raightforward application of the more tangible 

pnnc1ples and procedures set fo1 th m this same literature can yield an effective and 

even syne1g1st1c p1ocess We have cont11buted specific trammg matenals, checklists, 

p1ocedu1es, met11cs, and fo1ms fo1 the 111spect1on of Module Interface Spec1ficat1ons, 

a useful type of softwa1e design documentat ion which has not been addressed by 

prev ious 1ec;;ea1ch on mspect1on 

3 Accord mg to data collected at three meetmgs , and consistent with personal observat10n 
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Pai t1c1pants pa1 t1cula1 ly noted the secondaiy benefits of the mspect10n process 

m piomotrng education, team wail, and attent10n to quality We observed that the 

public process of mspect1on appeared to foster more d1scnmmatmg attitudes about 

quality of woik When this happens m a g1oup process, quality standards tend to 

emeige and be suppoi ted by consensus This p1omotes a culture m which workers 

advance fiom awaieness, th10ugh w1lhng compliance to active self-1dent1ficat1on with 

standaids 4 Intu1t10n suggests that committed practitioner support of this kmd 1s 

gorng to be veiy helpful 1f not essential to ach1evrng softwate process improvement 

at advanced levels (whethei accotdmg to the SEI taxonomy or some other scheme) 

The 1mpect1on p1ocess cont11butes to establishmg a culture of commitment 

6.2 Future w ork 

The most 1mmed1ate open questions concern the impact of this work m the con­

te>..t of the oveiall softwaie lifecycle, Ill piagmat1c teuns of costs, and mc1dence and 

detection of defects How do these methods compare with other forms of design 

documentation and verification? How are later phases of the software hfecycle (1m­

plementat10n, testmg, mamtenance, and 1euse) affected? Such quest10ns could be 

addressed by longei-te1 m studies, with pat t1culat attention to metncs 

Analysis of moie defect data, collected both from MIS mspect10ns and from 

subsequent p1ocess phases, could gmcle refinement of these methods toward defect 

pievent10n The laboui-mtem1ve natme of mspect1on 1s evident, 1t would be very 

useful to clete1 m111e whethe1 1t ts mote cost-effective m certam cases than m others 

Mo1e data on pt epa1 at1on coverage, and analysis of the types of defects missed, 

would help answei this Some 01garnzat1ons allegedly find the preparation process 

much m01e p1oduct1ve than the 111spect1on meetmg Do mspect1on expenence and 

suppoi t mate11als such as checklists enable people to perform mcreasmgly thorough 

4 Th1s desc11pt1on follows the standa1d taxonomy of affective learning obJect1ves [KBM64] 
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mcl1v1clual 1ev1ews? 

As 1ecomrnenclecl to MPR Teltech (see Section 5 6), further mvest1gat1on of the 

mspect1on tech111que should also extend its applicat10n to other work products Our 

approach to spec1fymg and mspectmg module mterface designs 1s philosophically 

compatible v. 1th the ideas of co11ectness-011ented software development underlymg 

the Cleamoom technique [Dye92], of which ve11ficat1on-based mspect10n 1s a maJor 

component Clearnoom has not yet been e>..tens1vely used outside IBM , case studies 

m othe1 env11onments would be of mte1 est 

The preced 111g section makes mention of the need for more work at findmg the 

best methods and notations fo1 spec1fy111g mte1faces and software designs generally 

P1 act1 t1one1 s find e\.1st111g fo1 ma! methods mt1m1datmg and cumbersome, less formal 

app10aches, such as we used 111 ou1 Module Interface Spec1ficat1ons, risk semantic 

1mp1ec1s1on and a1e less open to automated support There 1s need for comparative 

case studies and techrnques t hat 61111g together the mo1e advantageous features of 

both app1oaches 
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This document p1oposes a p1oject for inclusion m the MPR Teltech Ltd 1992 Soft­
ware Development Process St1ateg1c Technology Program (STP) It 1s the outcome 
of a meetmg1 at which a p1ev10us p1oposal [1] was discussed 

The ove1all objective of the Module Design and Inspections Pilot Project 1s to 
1mp1ove development team effectiveness m the project design phase (1mmed1ately 
followmg the Techmcal P1oposal) The p11mary goal underlymg this objective 1s 
to alleviate the excessive woil.Joad typically experienced by tech111cal leaders, by 
enabling delegation of some 1ev1ew111g tasks without loss of quality A secondary 
goal 1s to 1mp1ove the quality of woil, and the p1oductiv1ty of designers 

These goals will be attacked via a pilot p1oject applied to current work on the 
D1g1tal Networks Support System (DSS) product The project focuses on module 
des1gm because this 15 the p1edom111ant area of design effort Some attention to 
subp1ogiam de:,1gns may be mcorpo1ated 1£ 1elevant to current DSS work The 
ptoject ha-, the following key components 

1 Documentat1011 of the module prologue standard 
The module p1ologue 1s a key delegation tool for tech111cal leaders The format 
and contents of this document are well understood by expenenced designers 
but a1e not adequately documented Spec1ficat10n of a systematic standard 
fo1 module design documentat1on 1s a prereqms1te for efficient trammg and 
delegation of module design and 1ev1ewing tasks 

2 Tra111111g and apphcat1011 of 111spect10n to module designs 
Inspection 1s a pee1 1ev1ew technique that focuses on defect detection Its 
1epo1 ted effect iveness 111 mdustnal settings such as Bell-Northern Research 
[2] 1ecornrnends 1t fo1 t11al at MPR Inspection 1s especially relevant to the 
p11mary goal of the pilot ptoject because 1t provides an excellent forum for 
tiam111g pat t1c1pants m systematic reviewing sl-..1lls 

1Thu1sday february 27th, 10 a m at MPR Teltech Ltd, attended by D Reid and W Waung 
(MPR), D Hoffm an and A Jacl,.,on (UV1c) 
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3 Collect10n and analysis of defect data 
P1101 DSS defect h1sto1y will be analyzed to provide a basis of comparison 
with defects found via 111spect1on The defect detection results of the pilot 
p10Ject are not expected to be statistically s1gmficant, but will provide quan­
titative 111put to MPR's evaluat ion of the pilot project and a basis for ongomg 
collection of defect stat1st1cs and futu1e woi k m defect causal analysis 

2 Project Outline 

The pilot p10Ject will be conducted by A Jackson under the d1rect10n of D Reid , 
with tech111cal advice fiom Di D Hoffman (Umversity of Victoria) 

2.1 Module Prologues 

1 Collect and study ex1stmg documents 
Documentat ion and examples of module and subprogram prologues from the 
Special Service Netwo1ks (SSN) depa1 tment will be provided by D Reid S1m1-
la1 documentat10n fiom othei MPR d1v1s1ons and departments will be provided 
by W Waung 

2 Interview key users 
E'>..pe11enced useis of p1ologue design documents wil l be identified by D Reid 
and mte1 viewed to obta111 their views on sti engths, weaknesses and usage of 
piologues Between two and four such interviews are anticipated 

3 Document proposed standard 
The p1oposed standa1d will be based on the matenal and mterv1ew results 
obtamed ftom MPR and wot!" p1oduct c11te11a developed m previous work by 
D Hoffman It will define design c11te11a, standaid document sect10ns and 
notat1om to be used 

4 Review and rev1s10n 
The standa1d document will be 1ev1ewed by MPR and revised as requll'ed for 
acceptance 

2.2 Defect History Analysis 

The DSS defect h1stoi y documented via ITRS2 and DTRS3 wi ll be analyzed 111 
orde1 to categouze defects by the development phase 111 which they occurred ( e g , 

2 Intern al T1ouble Report111g System defects detected dunng mternal testing 
3 DSS T1ouble Repo rting Sy5tern dPfect5 detec ted dunng cU5tomer site testing and production 

use of the p1 od uct 
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techmca.l p1oposal, design, 1mplementat1011) Design phase defects will be analyzed 
to 1dent1fy cha1acte11st1c DSS design phase p1oblems 

2.3 D esign Inspection Criteria 

The 111spect1011 c11tena will be based on the prologue standard document, related 
MPR woil, products and the identified chatactenst1c design phase problems They 
will be documented via an inspection checklist and possibly an 111spect1011 prepara­
t1011 guide 

2.4 'Ira1n1ng 

Th1ee 01 mo1e DSS team membe1s will be tiamed 111 the apphcat10n of the prologue 
standard and 111 111spection techrnques Tra111111g matenals will cons1St of the pre­
v10us ly developed documents, model examples of excellent module prologues and 
111spect1011 procedu1es and fo1ms 

A stated MPR obJect1ve 1s to m1111m1ze trammg time not direct ly applied to 
actual cu11ent wot!, This 1s a 1eahst1c 06Ject1ve because the proposed techmques 
a1e 111tent1onally stia1ghtfo1 wa1 d and practical Careful advance preparat10n of the 
necessa1y mate11als by A Jackson will be impo1 tant to mi111m1ze "off-task" time for 
MPR employees 

2.5 Application 

Weekly 111spect1on meet111gs will be conducted on cU1rent designs Inspect10n teams 
wi ll comp11se tl11ee employees The1e may be up to three 111spect10n teams, accordmg 

to the numbe1 of p10Ject pa1 t1c1pants assigned by MPR 

3 Schedule 

Weeks 1- 4 P reparat1011 

1 P10Ject 1111tiat1on 

(a) P1oposal acceptance 

(b) Non-clisclosu1e ag1eement 

( c) Se1 vice cont1 act 

2 lV[oclule p1ologue documentation 

3 Defect h1sto1y analyst:::. 

4 Inspection c11te1 ia 
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Weeks 5-8 'Irammg 
Fou1 weekly fou1-hou1 sessions (preferably of two two-hour segments, morn111g 
and alte1noon), the fiist two sess ions to 111volve a smgle MPR employee, for 
the pu1pose of test111g and 1efin111g t he t1a1111ng matenals The rema111111g two 
sessions will mvolve two 01 mo1e add1t10nal members of the DSS development 
team Participation of t he 011g111al tra111ee 111 the group sess10ns may not be 
necessa1y 

Weeks 9-16 Apphcat10n 
Weekly 111spect1011 meet111gs on cu1 rent w01 k Participants will be required 
to spend app1ox11nately folll homs weekly on the pilot proJect (two hours 
p1epa1at1011, two hou1s 111 the 111spect1011 meet111g) Follow-up time will also 
be 1equ11ed of autho1s and mode1ato1s , to ensure t hat defects are corrected 
app1op11ately This effo1 t should be comparable to the normal expectations 
fo1 1ev1ew follow-up by authors and the techmcal leader 

Week 17+ Evaluat10n 
A p10Ject 1epo1 t will be delivered 111 m id-July If MPR's evaluat10n of the 
pilot p10Ject 1s favou1ab le, fu1th er collabo1at1011 may be entertamed 

4 Results 

1 A basis for proJect evaluat10n 
P1 ev10us and cu11ent defect counts and categon zat10ns, records of time 111-
vested the project 1epo1 t and part1c1pant op1111on 

2 Documented standards and procedures 
The module p10logue standa1d, 111spect1011 f01ms and checklists 

3 'Iramed staff 
Seve1 al DSS des1gne1 s t1 a111ed as 111spectors Theu skill s may be applied 111 
furthe1 u5e of 1115pect10115 and/or 111d1v1dual review ass ignments 

4 'Irammg materials 
Cu 111 culum outl111e, model e'<amples and exe1c1ses 

5 Opportumties for further work 
This p10Ject p10v1des an excellent basis for further work on the Software De­
velopment P1ocess STP, 111dependently or 111 collaboration with the U111vers1ty 
of V1cto11a Of pa1 t 1cu la1 111te1 est are 

(a) Appli cat1on of t he 111spect1on techmque to other worl-. products such as 

1equu e rnents spec1ficat1ons, code and test plans 
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( b) Defect p1 even t1011 1111 tiat1 ves causal analysis of defects and action to 
el11111nate the 1dent1fied causes from the software development process 

5 On Inspection 

The follow111g paiag1 aphs a1 e rep10d uced from the prev10us proposal [l] for the 
benefit of 1eadets who have not seen that document 

lnspect1011 1s a d1sc1pl111ed pee1 review techrnque that 1s earned out by a team 
of at least th1ee 111d1v1duals The part1c1pants are required to prepare by advance 
study of the material to be 111spected and to fulfill specified roles m the mspect1on 
meet111g (rnode1ator, 1eadet and 111spectoi) Preparation time, the rate at which 
the mate11al 1s mspected and the requned outputs of the process are all prescnbed 
and actual 1esults logged The focus of the meet111g 1s on defect detect10n- des1gn 
issues, defect solut10ns and the like a1e not discussed Inspection therefore differs 
from the type of 1ev1ew cu11ently performed at MPR 111 that 1t 1s executed by 
a small team 1athet than an 111d1v1dual and that 1t has a more prescribed focus 
and outcome It d1ffe1s fiom othe1 fo1ms of group review and walkthroughs 111 

that 1t 111volves 111d1v1dual ptepa1at10n, controlled use of group time, defined roles 
and a pa1aphiasrng app1oach to the subject Walkthroughs, for example, frequently 
mvolve unpioduct1ve d1scuss1on and smrnlated execution of test scenarios, which can 
be rnoie cheaply and 1eliably accomplished by testrng Expenence reports suggest 
that all of the d1st111ct1ve cha1acte11st1cs of 111spect1on are important to its supenor 
1ate of fault detect ion 

lnt1oduct1on of mspect10n Ill othe1 comparnes has resulted 111 products bemg 
shipped rno1e cheaply, with fewe1 defects BNR's published findmgs [2] are that 
code 111spections find up to 80% of product defects at the rate of one fault per 
pe1son-houi 111vested (111cludmg all 111spect1011-related act1v1t1es), this bemg two to 
fou1 times cheape1 than fault detection by testmg These results are confirmed or 
bette1ed 111 othei studies It should be noted that mspect10n does not replace testmg 
although 1t does 1educe testmg cost lnspect10n and testmg have complementary 
st1engths and weaknesses, quality assuiance requires both 

Inspection has 1mpo1 tant benefits for the development team Designers learn 
about d1ffe1ent pa1 ts of the system and a1e the1eby equipped for new assignments 
The c11te11a fo1 good design and codmg become more apparent and the quality 
of md1v1dual woil~ 1mp1oves The 111spect1on p1ocess 1s a safe, d1sc1pl111ed forum m 
which people lea1 n to function as an effective team All these benefits seem to lead to 
111c1eased confidence and sat1sfa.ct1011 on the pa1 t of designers morale improvement 
1s consistently iepo1 ted rn the lite1atu1e 

This ptoJect can help lay the foundat10 n of ongomg software development process 
1mp1ovement The 111spect1on tech111que 1s applicable to all the concrete mtellectual 
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products of a development process, 111clucl111g spec1ficat10ns, designs, code and test 
plans As software technology progresses our work products will change, but the 
need for peer review will remam This phenomenon rs well illustrated by the hard­
ware expe11ence the 1rn,pect1on techmque was 011g111ally developed for hardware 
and was used for low-level chec!...rng that was subsequently automated However 
hardware mspect1on has recently been red iscovered (at BNR and elsewhere) for at­
tac!...mg the !...mds of e11ors that occm m present-day hardware design A second way 
m which mspect1on provides a basis for further improvement 1s m prov1d111g defect 
data which may be analyzed to 1dent1fy areas requmng attent10n 

6 References 

[l] A Jackson Code lnspect1011 Pilot P10Ject P1oposal 

[2] G W Russell E-:pe11ence with Inspection 111 Ultra.large-Scale Developments 
IEEE Softwcue Janua1y 1991, pp 25-31 
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Appendix B 

Defect study report 

The followrng 1epo1t has been ab11dged by ehm111at1011 of the maJonty of the data 

tables The om itted 111fo1 rnat1on 1s specific to MPR Tel tech Ltd and did not 

cont11bute to t he thesis 1esea1ch 
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DTRS /ITRS Analysis Report 

1 Introduction 

Ann Jackson 
Umve1s1ty of Victoria 

Apnl 21 , 1992 
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DTRS and ITRS reports aga111st DSS 1eleases 3 2 1 and 3 2 2 to March 31 , 1992 were 
catego11zed by defect detect ion phase, occunence phase, type, seventy, correction 
cost and modules 111volved A few 1epo1ts that were "non-problems" or unaddressed 

and unclea1 a.s to natm e of the p1oblem were di scarded , leavmg 104 reports agamst 
3 2 1 and 81 1ep01 ts agamst 3 2 2 

2 Findings 

1 It 1s not possible to estimate phase contamment of defects from DTRS/ITRS 
data, s111ce the 1epo1 t111g system 1s not used for problems con tamed by phases 
p1101 to Feat u1 e Test 

2 About half the p1oblems 1epo1 ted appea1ed to have ongmated 111 a pnor re­
lease, 1 e the p1oblems we1e p1 esent 111 the p11or DSS release (3 2 0 9 for 3 2 1, 
3 2 1 fo1 3 2 2) C u11 ent-1elease and pnor-release problems are tabulated sep­
a1atel.) 111 the appendices Release conta111ment of problems 1s therefore 1m­

pe1 feet 

3 Although these we1e not specific categonzat10n items, 1t was observed that 
the vast maJ011ty of p1oblems had one or more of the follow111g causes 

(a) Unant1c1pated Cases 

Only 111fiequently does a p1 oblem ana lysis 1dent1fy that program logic 1s 
simply w1ong 1 e does not do what 1s was 111tended to do The maJonty 
of p1oblem 1epo1 ts appea1 to 1esult 111 the add1t10n of new code to handle 

cases t hat we1e not ant1c1pated when the segment or module was designed 

01 modified The typical problem report 1dent1fies that somethmg doesn't 

wo1 k as a use1 might expect when there's a DS0A mtermed1ate hop m 

the middle of a p1edommantly DSOB path, or when a map 1s blocked on 

a fo1ce-out but its schedule says 1t should be m service, or when a user 

changes t he 01 de1 but not the add1esses of X 25 !mks at a node, or when 
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multiple use1s t1y to update the same database obJect simultaneously, or 
when a parameterless operation 1s delegated to the EC task, or when 

(b) U n1111t1alized Data 

Pai t1culaily p1evalent with fields of database records and global data, 
some 111stances with local va11ables also 

( c) Misuse of Global Data 

Typically 111lt1al1zat1011 p1oblems, often 111 scenanos such as the follow­
mg A p1oblem with the DEFINE THING opeiation 1s resolved by creat111g 
a new module va11able which 1s set m one segment and referenced m 
anothe1 Subsequently, a p1oblem 1s 1epo1 ted agamst REMOVE THING or 
VIEW THING etc The new problem turns out to anse because the first 
segment 1s not called fo1 these ope1at10ns, but the second segment 1s 
Hence the ~econd segment now 1efe1ences ul1lrnt1alized data 

4 Some subp1og1ams and modules a1e t10uble-spots Even 1f there was a lot of 
wo1k on NET 111 these 1elea.ses, the la1ge number of pnor release problems m 
that subp1og1am suggests an ongomg p1oblem area 1 

3 Recommendations 

1 Inc1ease atten tion to 1equ11ements specification, whether as part of the for­
mal Techrncal P1oposal 01 ~ubsequently l'vlany "unant1c1pated case" problems 
appea1 lil-ely to be due to des1gne1s' not bemg aware of detailed reqmrements 

2 Use case analysts Ill module and segment design 

3 Requ11 e docurnentat10n of assumptions 111 module design documents 

4 Looi-. fo1 mvalid assumptions du11ng 111spect10ns and reviews 

5 Look fo1 111lt1altzat1on p1oblems dunng t11spect1ons and reviews 

6 D1scou1 age use of globa l data 

7 Allow static data Ill segments, so that module data declarat10n files are not 
clutte1ed with p11vate data fo1 md1v1dual segments 

8 Whe1e global data ts 1eferenced , ensu1e that 1t 1s appropnately m1tiahzed on 
eve1y path leadmg to the 1efe1ence 

1Tlus 1s no su1pn5e of course, but 1t seems worth notmg that the stat1st1cs confirm popular 
mythology 
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4 Current-Release Defects 

The following tables categouze defects that we1e ongmated and detected w1thm the 
same DSS rnaJ01 1elease ( 3 2 1 01 3 2 2) 

4.1 Occurrence Phase 
Occuued In 3 2 1 322 Total 
Requ11ements Spec 6 4 10 
Human lnte1face Spec 1 1 
Design 41 18 59 
Code 6 7 13 
Problem Resolution 3 7 10 
Configu1 at1011 Mgmt 3 3 
Featu1e Test 2 2 
Sy5tem Test 1 2 3 
Field T11al 1 1 

4.2 Defect Type 

Defect Type 3 2 1 3 2 2 Total 
Changed 1 1 
E::,..t1a 1 1 
M1sunde1stood 5 5 
New 3 4 7 
Omitted 24 14 38 
Side-effect 2 2 4 
W1ong 25 21 46 

5 Prior-Release Defects 

The followmg tables catego11 ze defects that we1e detected duung DSS 3 2 1 or 3 2 2 
act1 v1 ties, but that 011g111a ted 111 some p1101 1 el ease, 1 e the defect was present pnor 
to 3 2 1 01 3 2 2 development 1espect1vely 

5.1 Occurrence Phase 

Occuued In 3 2 1 3 2 2 Total 

Requ11ements Spec 3 3 
Design 34 19 53 
Code 7 20 27 
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5.2 Defect Type 

Defect Type 3 2 1 
New 3 
Omitted 19 
W1ong 22 
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322 Total 
2 5 

14 33 
23 4,5 
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The follow111g document u5es the MPR Teltech te1ms Module Access Specification 

rather than i\1odule lnt e1:face Specification , and segment, meanmg subroutine or 

function 
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Module Access Specification Standard 
Version 4 

Ann Jackson 
Umvers1ty of V1ctona 

November 6, 1992 

This document desc11bes the MPR Tel tech Ltd Department B61 standard for 
the Module Access Spec1ficat1on wo1J.... p1oduct 

1 Audience 

Des1gne1s, rev1ewe1s and implementors of tl11s module, designers and implementors 
of othe1 modules , mamtenance det,1gne1s and 1mplement01s 

2 Prerequisites 

1 Techrncal P1 oposal 

2 Subp1ogram Design (1e 011g111al design activ1t1es only) 

3 Scope 

Desc11bes the module 111te1 face I e eve1ythmg that 

1 calle1s may e>.pect a bout module behav1om and 

2 the module 111te1nal cles1gne1 and implementor m ay assume a bout call s 

4 Objectives 

Specify the module 

1 111te1face synopsis 

2 cond1t1ons marnta111ed 

3 1mplemento1 as5umptions 
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4 exceptions checked and how tepot ted 

5 segment effects and outputs 

so as to enable couect 

1 implementation 

2 ma111tenance 

3 use of the module by calleis , without refeience to the 1mplementat1on 

5 Contents 

Titles of optional sections and subsect10ns are btad..eted e g [State] Such sections 
may be omitted only when 111apphcable 

1 Name 
Sho1t and long foims of the module and access (externally v1s1ble) segment 
names 

2 Synopsis 
Function heade1s fo1 all access segments, lI1 logical order Parameters are 
1dent1fied as rnputs and/01 outputs 

3 Descr1pt10n 
Succ111ct desc11pt1on of the overall module service 

4 [State] 
Desc11pt1on of the module's dependence on the past, typically charactenzed 

as abstract data 

This section has subsections 

(a) [I111tial Conditions] 
PI ope1 ties of the state that a1 e assumed to hold before the first call to 
a ny access segment 

(b) [Invariant Properties] 
P10pe1 ties of the state that are mamtamed by all access segments 
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5 Semantics 
Fot each access segment, desc11be 

(a) [Overview) 
The ove1all pu1pose and funct10n of the segment Second person active 
v01ce sentences ate p1eferred Omitted when the Effects are stra1ghtfor­
wa1d enough that t he segment name 1s adequate mtroduct1on 

(b) [Inputs] 
The e'>..pected content and purpose of each mput parameter Omitted 
when t his ts p la111 ftom the pa1 ameter names and types 

(c) [Assurnpt10ns] 
Cond1t1ons that the 1mplemento1 assumes hold on entry to the segment 
Assumptions ate not checked m the 1mplementat1on and must be guar­
anteed by the callet 

(cl) [Exceptions] 
Cond1t1ons detected by the 1mplementat1on that prevent normal func­
t1011111g oi the segment The effect of each exception on the module state 
and e\.ternal ent1L1es ( e g e11or messages logged) 1s specified 

( e) Effects 
Effect~ of a valid call (all assumpt10ns satisfied, no exceptions raised) to 
the segment on the specified module state and on enti ties external to the 
module ( e g 1eco1ds w11tten to files, IP C messages posted) 

(f) [Outputs] 
The segment 1etut n and output paiameter value(s), tabulated by exit 
cond1t1on 

6 Usage 
Desc11pt1ons of 1equll ecl module usage scena11os 

7 Apphcat10ns 
Table of dependencies between application features and access segments 

8 [See Also] 
C1oss-1efe1ence list of 1elated modules 

9 [Diagnostics] 
Invocat1on and outputs of d1agnost1c opeiat1ons 

Tables and p5eudo-cocle a1e 1ecommended fo1111ats for Semantics and Usage descrip­

tions 
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This appendix conta111s the complete Module Inte1face Spec1ficat10n excerpted m 

F1gu1es 3 1- 3 5 
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NAME 
spath, sp_m1t1ahze, sp_add_node, sp_delete_node, sp_add_edge, sp _delete_edge, 
s1Lque1y_path, sp _geLpathJength, sp_geLfirsLedge - shortest-path dll'ected 
g1aph module 

SYNOPSIS 
#111clude "spath h" 

,01d sp_m1t1ahze(), 

boo! sp_add_node( 
mt nod), /*1* / 

boo! sp_delete_node( 
lilt nod), /*1* / 

boo! sp_add_edge( 
lilt SIC, /*1* j 
mt dst, /*1* / 
lilt len), /*1* / 

boo! sp_delete_edge( 
mt SIC, /*1* j 
mt dst), /*1* / 

boo! sp_q uery _path( 
mt src, /*1* / 
lilt dst), /*1* / 

mt sp_geLpatlLlength( 
lilt SIC, /*1*/ 
lilt dst), /*1*/ 

mt s p _get _fl rs t _edge( 
lilt SI C, j*1*j 
lilt dst, /*1* / 
mt* nod), /*o*/ 

DESCRIPTION 
Module spath p1ov1des access to a weighted, directed graph with mteger-valued 
node 1dent1fie1s and edge lengths Spath allows the user to add and delete nodes 
a nd edges 111 the g1 aph and to e\.amme I ts paths 
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STATE 
set of 111 t ege1 nodes 

set o f 1eco1d { 
111tege1 s1 c, dst, /en 

} edges 

Invariant Properties 
for each edge e 111 edges 

e src and e dst a1e m nodes 

SEMANTICS 
sp_m1tiahze( ) 

ove1 view 
ln1 t1 a l1 ze the g1 aph to have no nodes or edges 

effects nodes = edges = {} 

sp_add_node( nod) 
ove1 view 

Add a node to the g1 aph 

assum pt ions 
sp_m1tiahze has been called 

e,cept1ons 
1 ange nod not 111 the iange O SP _MAXN ODES-1 

An ala1 m message 1s logged 

effects node.., = nodes + { nod} 

outputs 
ent1 y cond1 t10n 
nod m I ange 
1 ange except ion 

sp_delete_node( nod) 
overview 

1etm n value 

TRUE 
FALSE 

Delete a no de from the gra ph 

assum ptions 
sp_m1tiahze has been called 

effects nodes = nodes - { nod} 

outputs 

FOR each edge e 

Ir e src == nod OR e ds t = = nod 
T H EN edges = edges - { e} 

ent1y cond1t10n return value 

nod 111 nodes TRUE 
nod not 111 nodes FALS E 

126 
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sp_add_edge( src, dst, Len) 
ove1 view 

Add an edge to the g1aph 

assumptions 
sp_m1t1ahze has been called 

e>.. cept10ns 
mva hd node 

s1c not m nodes OR dst not 111 nodes 
duplicate edge 

( exists anylen )( < src, dst, anylen> 111 edges) 
111vahd lengt h 

Len not m 1ange O SP ..MAXLEN 
An ala1 m message 1s logged 

effects edges = edges + { <src, dst, len> } 

outputs 
ent1y cond1t1on 

no e\.cept1on 
e\. cept1on 

sp_delete_edge( src, dst) 
ove1v1ew 

1eturn value 

TRUE 
FALSE 

Delete an edge f1 om the graph 

a5s urn p t1ons 
sp_m1t1ahze has been called 

effects FOR each edge e 

IF e src == src AND e dst == dst 
THEN edges = edges - { e} 

outputs 
entty cond1t1on 

(exists Len)( <src, dst, Len> m edges) 
othe1 wise 

sp_query_path(s1c, dst) 
ove1 view 

C heck existence of a path 

ass umptions 
sp_m1t1ahze has been called 

outputs 

return value 

TRUE 
FALSE 

TRUL 1ff the1e 1s a path 111 edges from src to dst 

127 
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sp_geLpath_length( src, dst) 
overview 

Get path length 

a5sumpt10ns 
sp_m1tiahze has been called 

e,cept1ons 
no path 

outputs 

not sp_q uery _path( src, dst) 
An ala1 m message 1s logged 

entry cond1t10n return value 

path( s) e\.1st length of sho1 test path from src to dst 
no path -1 

sp_geLfirsLedge( src, d,t, nod) 
overview 

Get fiist edge on a path 

assump t ions 
sp_m1tiahze has been called 

except10ns 

output5 

no path 
not sp_query_path( src, dst) 
An ala1 m message 1s logged 

cond1t1on nod 
path(s) e\.1 5t node at end of first edge 

on shortest path 
f1om src to dst 

no path 

return value 
Len such that 
< src, nod, Len> 
m edges 
-1 
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If there a te two 01 mote shortest paths from src to dst then the first 
edge on one such path 1s returned For smgle-edge paths, the smgle 
edge 1s 1 et u1 ned 
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USAGE 

G1aph with 5 nodes and 4 edges 1s c1eated, a path 1s followed, interme­
di ate node 1s deleted, a longer path 1s found 

call e>..cept1on nodes edges 
sp_1111t1 alize() {} {} 
sp_add_node( 0) {0} {} 
sp_ad d_node( 1 4) {0,1 ,2,3,4} {} 
sp_add_edge(0,1 ,1) {0 ,1,2,3,4} { <0,1,1>} 
sp _add_edge( 1,4,1) {0,1,2,3,4} { <0,1,1>,<1,4,1>} 
sp_add_edge( 1,4,5) dup edge {0,1,2,3,4} { <0,l,l>,<1,4,1>} 
sp_add _edge( 0,2 2) {0,1,2,3,4} { <0,1,l>,<l,4,l>, 

< 0,2,2> } 
sp_add_edge(2,4,1) {0 ,1,2,3,4} { < 0,1,1 >,< l,4 ,1>, 

< 0,2,2>,<2,4,1> } 
sp_quen _path(0 4) {0,1 2,3,4 } { < 0,1 ,1>,< 1,4,1>, 

< 0,2,2>,<2,4,1>} 
sp _geLpath J ength(0 ,4) {0,1,2,3,4} { <0,1,1>,<1,4,1>, 

< 0,2,2>,< 2,4,1>} 
sp_geUi1 sLedge(0,4) {0,1,2,3,4} { <0,1,1>,<1,4,1>, 

< 0,2,2> ,<2,4,1>} 
sp_g,eL:fi1 sLedge(l ,4) {0,1,2,3,4} { < 0,1,1 >,< 1,4,1>, 

< 0,2,2 >,<2,4, 1> } 
sp_delete_node( 1) {0,2,3,4} { < 0,2,2>,<2,4,1> } 
sp_geLpathJength( 0 ,4) {0,2,3,4} { < 0,2,2 >,<2,4,1 >} 
sp_geLfi rst_edge( 0,4) {0,2,3,4} { < 0,2,2>,<2,4,1> } 

2 Punt all nodes on the sho1 test path f1 om >.. to y 

J)Illlt >.. 
z = ~ 
DO n = sp_fo sLedge(z,y,&z) , prmt z 
UNTIL z == y 

DIAGNOSTICS 
v01d sp_dump(), 

P1 rnts a dump of nodes and edges 

outputs 

TRUE 
TRUE 
TRUE 
TRUE 
FALSE 

TRUE 

TRUE 

TRUE 

2 

nod= 1, 1 

nod= 4, 1 
TRUE 
3 
nod= 2, 2 
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Appendix E 

Abstract data types 

The following document defines the abstract data types used to specify module 

ab5tJ act State 
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Module Design and Inspections 
Abstract Data Types 

May 13, 1992 

1 Elementary Types 

1.1 Boolean 

Usage boolean va1 iable-list 

example boolean a, b, c 

Constants TRUE and FALSE 

Operat10ns NOT A.ND OR == '= 

1.2 Character 

Usage cha1 variable-list 

example chai a, b, c 

Constants C-sty le ASCII chat acte1 constants 

exan1ples 'a', '\n' 

Operat10ns == '= < <= > >= 

1.3 Integer 

Usage 111tege1 variable-list 

exan1ple 111tege1 a, b, c 

Constants 111tege15 

examples -52, 9706 

Operat10ns == '= < <= > >= + - * / 
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1 4 Real 

Usage 1 ea! VCl1 iable-list 

exan1ple teal a, b, c 

Constants 1eal numbe1s 

examples 1 5, -9706 

Operat10ns == '= < <= > >= + - * / 

1.5 String 

Usage stung variable-list 

example stt mg a, b, c 

Constants C-sty le ASCII st1 mg constants 

example "The co"' Jumped ove1 the moon \n" 

Operat10ns == '= < <= > >= + (catenat10n) [ (element or substring) 

examples "a bcdefg" <= "abchhh" 
" Jack" +"and" + " Jill" (1s "Jack and Jill " ) 
" J ad." [ 1] ( 1 s 'a' ), " J ack" [ 0 2] ( 1 s " J ac" ) 

2 Type Constructors 

2.1 Record 

Usage 1ecot d {fi eld-li st} variable-list 

example 
1eco1d { 

mtege1 1d 
st1 mg lastname, fo st name 

} , eel! 1ec2 
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Constants 01 de1 eel li st of comtants of each field type , enclosed in angle brackets 

example <33, "Smith", "Ma1y'1 > 

Operat10ns == '= (field 1efe1ence) 

examples 1 eel == 1 ec2, reel fi,1 stname 
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2 2 Sequence 

Usage sequence [low high] of type variable-list 
If the 111dex tange 1s omitted then [O ?] 1s assumed 

exan1ples sequence of 111tege1 s, s1, s2 
sequence ['a' 'z'] of boolean flag 

Constants constant5 of the ba5e type , enclosed 111 brackets 

examples [] empty sequence 
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[3, 5, 12 14, -10] sequence of mtege1 ("12 14" 1s equivalent to "12, 13, 14") 
[{ "Jolrn", "1obett"}, {}, {"alpha"}] sequence of set of string 

Operat10ns == '= + ( catenation) [ ( element 01 subrange) 
m (rnembet te5t) I I (length) 

examples element 111 s, s1 + s2, Isl, s[0], s[5 10] 

Notes Sequences a1e 01de1ed and may conta111 duplicates, hence 

[l, 2, 5, 10]-/= [l , 5, 2, 10] and [1, 2, 5, 10] -/= [l, 2, 2, 5, 10] 

These prope1 ties make sequence conceptually more complex than set Unless 
the notion of 01de11ng 1s essential to module semantics, set should be preferred 
ove1 sequence fo1 desc116111g module states 

2.3 Set 

Usage set of type varrnble-list 

example set of mtege1 s, s1, s2 

Constants comtants of the base type, enclosed m biaces 

examples {} empty set 
{3, 5, 12 14, -10} set of mtege1 ("12 14" 1s eqmvalent to "12, 13, 14") 
{{"John", "1obe1t" }, {} , {"alpha"}} setofsetofst1Jng 
{xix> 0 AND 1 < 12} math-style constructor for set of mteger 

Operat10ns ==' = + (u111on) * (mtersect10n) - (d1ffe1ence) 
111 (subset 01 mernbe1 test) 11 (number of elements) 

examples sl '= s2, s1 111 s2, element m s sl - s2, Is l 
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Notes Sets a re unordered and conta111 no duplicate elements, so that 

{1,2,5,10} == {5 ,2,5, 10, 1, 1,2} 

If 01de1111g 01 duplicat1011 are essentia l fo1 descnbmg module semantics, use 
sequence 
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Appendix F 

Training course description 
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Module Design and Inspections 

1 Introduction 

Ann Jackson 
U111ve1s1ty of V1ctona 

Nove1nbe1 30, 1992 
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This document desc11bes the obJ ect1ves and syllabus of the tra1mng component of 

the Module Des ign and Inspect10m Pilot P10Ject[l] fo1 MPR Teltech Ltd 

2 References 

[l] A Jackson, "Module Design and Impect1ons Pilot ProJect Proposal," March 
1992 

[2] "Module Access Spec1ficat10n Standa1d," Ve1s10n 4, 6 November 1992 

[3] "Module In te1nal De!:> 1gn Standaid ," Ve1s1on 1, 1 May 1992 

[4] "Module Design Inspect ion Checklists,'' Ve1s1on 3, 30 November 1992 

3 Objectives 

On completion of this cou 1 se, you will be able to do the follow111g 

3.1 Module D esign Skills 

1 Explam the pu1pose of splittmg modu le des ign 111to 111te1face and mternal 
design act1v1t1es and documents 

2 Explam why the Module Access Spec1ficat1on 1s p1eferable to the code as a 
calle1 's guide to module behav1ou1 

3 Given a Module Access Specifi cation document and a module trace (sequence 
of cal ls to the module ), w1Jte the outputs of the final call and fin a l module 
state 

4 Given a Module Access Spec1ficat1on docu ment and a statement of a require­
ment U!:> 111 g, a !:>et vice of the module , w1Jte co11 ect ca lle1 code 
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5 Given the document standard [2], 

(a) descn be 111 your own words the purpose of each document section 

(b) give an example of acceptable content for each document sect10n 
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6 Give two examples of abstract data types and explarn why they would be 
preferable to 1mplementat10n data types for use 111 a Module Access Specifica­
tion 

7 Given an ex1st111g DSS module, wnte a Module Access Spec1ficat1on that com­
plies with the document standard 

8 Given 111te1face design dehve1ables, 1dent1fy v10lations of rnspection checkhst[4] 
items 

9 Given a Technical P1oposal and Subprogram Design, design and document a 
module 111te1 face that complies with the standards for the deliverables 

10 J ust ify you1 module 111terface designs with reference to completeness, compre­
hens1b1lity, consistency, sufficiency and s1mplic1ty 

3 2 Inspection Skills 

1 Briefly describe the ma111 ideas of the 111spect10n techmque (purpose, process 
and roles) 

2 As 111specto1 111 an 111spect10n meet111g, express quest ions and concerns 

(a) clearly, so that othe1 pa1 tic1pants unde1stand 

( b) 111 te1 ms of softwa1 e behav1ou1 s only, w1 thou t d1scuss1on of 

1 obJect1ons to the requnements spec1ficat10n 

11 solution stiateg1es 

Ill au th01 pe1 fo1 mance 

1v u111elated topics 

3 As author of an 111spected worl ... product, complete recommended fo llow-up 
act1v1t1es to the sat1sfact1on of the 111spect10n moderator 

4 As 1ec01 der 111 an 111spect1on meet111g 

( a) log all 1equnecl 111fo1 rnat1on on the designated forms 

(b) 1ec01d all defects d1scove1ecl so that the autho1 and moderator can un­
de1stand the items on follow-up 
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5 As 1eade1 111 an 111spect1on meetmg, summarize a Module Access Spec1ficat10n 
so that othe1 pa1 t1c1pants 

(a) unde1stand the summa1y 

(b) find the 111spect10n rate app1op11ate 

6 As mode1 ato1 111 an mspection meet111g, ensure that 

(a) all 1equ11ed 111fo1mation 1s logged 

(b) the 111spect1on rate 1s app1 op11ate 

( c) d1scuss1on 1s fo cussed and courteous 

( d) follow-up act1v1ties a.1e completed 

3.3 Attitudes and Evaluative Skills 

1 Value effect ive, efficient use of group resources 

2 P1 efe1 to w01k fiom mspected 111puts 

3 Look at the Module Access Spec1ficat10n before or mstead of the code 

4 Schedule and perform documentation rev1s10n in step 'r'.ith software rev1s10ns 

5 Suggest imp10,,ements to standards, checklists and procedures 

6 Evaluate designs 111 terms of agreed key design prmciples 

7 Propose and Just ify design alternatives 

8 Plan and pa1 t1 c1pate 111 future applications of module 111terface design and 
111spect1ons 

9 Plan and pa.1 t1c1pate m objective evaluat ion of the effectiveness of mspect1on 
and other development process methods and procedures 
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4 Syllabus 

I Module Design 

A Topics 

1 ProJect and course overview 

2 Interface and mternal design 

3 The Module Access Spec1ficat1on - mtroduct1on 

4 Execut10n tables 

B Act1v1t1es 

1 Lecture 

2 Assignment 

II Module Access Spec1ficat10ns 

A Topics 

1 Interface design cntena 

2 Module abstract state 

3 Abstract data types 

4 Inspection - mtroduction 

B Act1v1t1es 

1 D1scuss10n of prev10us assignment 

2 Lecture 

3 SEI video scenes of mspection 

4 Assignment 

II I Inspect10n 

A Topics 

1 Process and roles 

2 Forms 

3 Preparat10n 

B Act1v1ties 

1 BNR mspection video 

2 D1scuss1on 

3 Lecture 

4 Overview of mspect1on material 

5 Assignment - mspect1on preparation 
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IV Inspection Practice 

A Topics 

1 Reading (paraphrasing) Module Access Spec1ficat10ns 

B Act1v1ties 

1 Lecture 

2 Inspect10n meeting 
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Appendix G 

'!raining materials 

The followmg sample trammg materials are for course sess10n II Module Interface 

Specifications 
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1 Lecture outline 

Total time [90 mmutes] 

I Overview [2 mm] 

A Interface Design Cn tena 

B Module Abstract State 

C Abstract Data Types 

D Inspection - mtroduction 

II Interface Design Cntena [15 mm] 

A Many poss1b1hties 

B ,5 key pnnc1ples 

1 Why these prmc1ples? 

a needs identified from ITRS /DTRS survey 

b fundamental concerns - essential, not too many 

2 Completeness 

a ITRS /DTRS analysis md1cated this 1s neglected 
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b Example how does 1t handle mtra-mux and one-hop paths? Un­
usual path statuses? 

3 Comprehens1b1hty 

a Audience 1s the cntenon 

4 Consistency 

a Already under control at MPR 
b Applies to nammg convent10ns, params, except10ns etc 

c Example dss_completion...status_enum for return values 

5 Sufficiency 

a Basic level of "meetmg" requaements 

b Example Parameters for all node types? 

6 S1m1lar but not the same as Completeness 

7 S1mphc1ty 

a Basic prmc1ple of "good" design 

b Everythmg necessary but not more 

c You know 1t when you see 1t 
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III Module Abstract State [20 mm] 

A Dependence on the past 

B Not all modules have state ( e g prev10us assignment) 

C Typical of obJects - awkward to describe otherwise 

D Description cnteria 

1 comprehens161hty and s1mphc1ty 

2 not 1mplementat10n cons1derat10ns 
(language constructs, efficiency) 

E Example - monen abstract state and semantics 

IV Abstract Data Types [15 mm] 

A Simple and powe1ful common concepts 

B C style syntax for MPR 

C Elementa1y types 1eal, mteger, boolean, char, stnng 

D Constructois set, sequence, record 

E Compound types may be "mdexed by" a field or other type 

F Constants 

1 Sets use braces {l, 2, 3} 

2 Sequences use brad.ets [l, 2, 3] 

3 Records use angle brackets <123, "Smith", "John"> 

4 Ranges exp1essed as a z e g [5, 9, 20 30, 35], {l 10} 

G Operat10ns 

1 Use m effects descnpt10ns 

2 Standard arithmetic and relat10nal 

3 Set operato1 s 

H Use 111f01mally - comprehens1b1hty 1s the key (ampl example) 

I fa-..ample utlpg 

V Summary [2 mm] 

A Inte1face Design C11te11a 
5 key p11nc1 pies 

B Module Abstract State 
sunple, comprehensible charactenzat1on of dependency on the past 

C Abstract Data Types 
simple, powerful, common concepts 
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VI Questions, comments and d1scuss1on 

A Access Spec Standard, Design Tutonal, assignment problems 

VII Break 

VIII Inspection - Introduct10n [10 mm] 

A D1sc1plmed peer 1ev1ew tech111que 

B Purpose 1s fault detect10n 

C Industnal ongms and applicat10n 
Successful at IBM, AT&T, BNR 

D Benefits 

1 Quality 1mp1ovement 

2 Cost reduct10n 

a In testmg and mamtenance 

3 Staff development 

a Tech111cal education 

b Team-bu1ldmg, morale improvement 

E Basis for future process improvement 

1 Inspect10n tech111que 1s applicable to to other work products 

2 Inspect10n outputs may be analyzed for defect prevent10n 

IX SEI Video 

2 Materials list 

1 Abstract Data Types handout ( adt tex) 

2 Module Design Inspect10n Checklists (checklist tex) 

3 man page examples (utlpg 1, monen 1) 

4 Inspection P1ocess Desc11pt10n handout (from GTESEQW) 

5 Assignment (ex2 mm) 

6 SEI videotape and notes 
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3 Assignment 

1 Read the Abstract Data Types handout 

2 Usmg the utlpg Module Access Spec1ficat10n, wnte pseudo-code for the fol­
lowrng function 

Given a digraph m utlpg and two nodes a and z that are m the 
graph, find all edges that are on every path from a to z 

3 Write a Module Access Spec1ficat1on for one of the followmg DSS modules If 
you a1e short of time, ensure you complete at least the STATE and normal 
segment effects poi t10n of SEMANTICS 

Module and Access Segments Assigned To 
BILPB 
b1lpb_e>.ecute_b1llmgJequest 
61 Ip b-1 ni tiahze_b1llmg-1nterface 
bil p bJog_bilhng_event 
bilp b_pe1 form_ope1 at10n 
bilpb_read_b1lhng_attnbute 
b1lpb....selecLb1ll1ng_attnbute 
CONLA 
conla_canceLmessage_ watch t 
conla_1 n1 t1ahzeJogfile_1nterface 
conla_1 rn t1ahzeJTiessage_classes 
conla_perform_operat1on 
conla_p1ov1delia1 dcopy _modet 

DSOPE 
dsope_1 rn tiahze-1nterface 
dsope_111te1 rupLoperat10ns 
dsope_rece1 ve_operation_stat us 
dsope_rece1 ve_parameter 
dsope_requesLoperat1on 

tSemant1cs for this segment may be omitted 

For help with formatting, see man(7) and ex1stmg DSS examples 

4 Read the Impect1on Process Description (from the GTE Software Engmeenng 
Quality Wo1ksh1p, 16 October 1989) 

5 Read the Module Design Inspection Checklists, sections 1 through 3 
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Appendix H 

Ind us trial specification 

The followmg Module Interface Spec1ficat10n was written by an employee of MPR 

Teltech Ltd and rnspected durrng the pilot proJect 
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NAME 
d1f p.>-., d1Lprov1de_database_export, 
d1f px1p, d1fpx_m1t1alize_producer , 
d1f p.>-.ot, d1f px_open_transact1on, 
d1f p.>-.q t, d1f px_queue_ transact10n, 
d1fpxic, d1fpx_m1t1alize_consumei, 
d1fpxgt, d1fpx_geLnexLtransact10n, 
d1f pxct, d1f px_close_transact10n - DSS export transact10n services 

SYNOPSIS 
v01d d1fpx_rn1tiahze_prod ucer( 

directory), /*1* / char* 

dss_com plet10n_status_en um 
FILE** 

dss_complet1on_status_enum 

boo! 

void 

dss_complet1oi1-status_enum 
FILE** 
char* 

dss_complet10i1-status_enum 
boo! 

DESCRIPTION 

d 1f px_open_ transact 10 n( 
file), j*o* / 

d1fpx_q ueue_transaction( 
error), /*1*/ 

d1fpx-1mtiahze_consumer( 
dHectory), /*1* / 

d1fpx_get_nexLtransact10n( 
file, j*o* / 
filename), /*o* / 

d1fpx_close_transact10n( 
error), /*1* / 

Module d1fpx p1ov1des services which implement an ordered transact10n queue 
for e.>-.portmg data usmg mtermediate files for storage These services are used 
for exportmg DSS database operat10ns to SIS 

A process usmg these services may be either a producer or a consumer of trans­
actions (but not both) There may be multiple active mstances of transact10n 
producer processes, but only one consumer may be active at a time 

The module provides two s1m1lar sets of services for producers and for consumers 
one nut1alizat10n service, which must be called first, and services to open and 
to close transact10ns, which must be called m pans 

The p1 oducer services implement transact10n creat10n and are used by DSS tasks 
to e,port the database transaction upon its successful complet10n m DSS The 
se1v1ces p10v1ded are INITIALIZE_PRODUCER, OPEN_TRANSACTION, and QUEUE_ 

TRANSACTION 

The consumer services implement transact10n import and are used by the DSS 

EXPORT task to open queued transact10n files and remove them from the queue 
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STATE 

The services provided are INITIALIZE_CONSU MER, GET _NEXT _TRANSACTION' and 
CLOSE_TRANSACTION 

These services work with UNIX standard library file streams and do not impose 
any restrictions on the contents of the transact10n files The caller provides only 
a directory name upon m1t1alizat10n and otherwise need have no knowlege of the 
transact10n file names 

Tlus module also implements the oss EXPORT task, which 1s not described m 
this Module Access Spec1ficat10n 

stung queue_directory 

record { 
boolean open 
rnteger timestamp 
string filename 
FILE * descriptor 

} transaction 

set of record { 

} queue 

boolean error 
mteger timestamp 
stung filename 

Invariant P ropertie s 
All timestamp values m queue are urnque 

SEMANTICS 
d1fpx_m1 tiahze_ producer( direc tory) 

ove1 view 
In1t1ahze the module as a producer of transact10ns 

assumpt10ns 
Tlus segment has not been called before 

effects queue_directory = directory 
transaction open = FALSE 

d1fpx_open_transact1on(file) 
ove1 view 

Create a new transact10n 

assumpt10ns 
d1fpx_m1t 1ahze_prod ucer has already been called 
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exceptwns 
access Unable to access file 

A software error 1s logged, abortmg the operation 

effects If a transaction 1s not already open 

outputs 

A new temporary UNIX file 1s opened for wntmg 
The temporary filename 1s stored m transaction filename 
The opened stream descnptor 1s stored m transaction descriptor 
transaction open = TRUE 

*file = transaction descriptor 

exit cond1t10n return value 
Successful dss_success_ v 
Tlus process already has an open transact10n dss_duphcate_name_v 
The transact10n file could not be created dss_fa1led_ v 

d1fpx_q ueue_transact10n( error) 
ovei view 

Add the currently open transact10n to the queue 

assumpt10ns 
d1fpx_m1hahze_producer has already been called 

effects A umque t1mestamp 1s assigned to transaction tzmestamp 

outputs 

The currently open transact10n stream descnptor , transaction descriptor, 
1s closed 
The file, transaction filename, is umquely renamed to place 1t m the 
transaction queue directory queue_directory 
transaction open = FALSE 
queue = queue + < error, transaction timestamp, transaction filename> 
A SIGUSRl signal ts sent to the oss EXPORT task to notify 1t of the 
newly enqueued transact10n 

exit cond1t1on return value 
Successful dss_success_ v 
This process has no open transaction dss_no_ob JecLby _that_name_ v 
The transaction file could not be dss_fa1led_ v 

enqueued 

d1fpx_m1tiahze_consumer( directory) 
ove1 view 

Imt1ahze the module as a consumer of transactions The queue may 
already contam zero or more arbitrary elements 

assumpt10ns 
This segment has not been called before 
directory exists and 1s accessible 
This process 1s the only transact10n consumer for the specified directory 
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effects queue_directory = directory 
queue 1s m1t1aLzed 
transaction open = FALSE 

d1fpx_geLnexLtransact1on(file, filename) 
overview 

Fmd and open the oldest transaction m the queue 

assumpt10ns 
d1fpx-1mtiahze_consumer has already been called 

effects If queue 1s not empty and no open transact10ns 
The element e 1s found whose timestamp 1s the smallest of 
any element m queue If found 

e filename 1s stored m transaction filename 
If e error 1s FALSE 

e timestamp 1s stored m transaction timestamp 
The file e filename 1s opened for readmg 
The opened stream descnptor 1s stored m 

transaction descriptor 
transaction open = TRUE 

outputs 
*file = transaction descriptor 
filename = transaction filename 

exit cond1t1on 
Successful 

return value 
dss_success_ v 
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There 1s no queued transaction dss__no_ob JecLby _that__name_ v 
This process already has an open 
transaction 
The oldest queued transact10n has an 
error flagged m 1 t 
Could not open 
transact10n 

d1fpx_close_transact10n( error) 
assumpt10ns 

the oldest queued 

dss_d u pLcate_name_ v 

dss_would_block_ v 

dss_fa1led_ v 

d1fpx_m1tiahze_consumer has already been called 

overview 
Close the open transact10n and either remove 1t from the queue or flag 
an error m 1t 
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USAGE 

effects If there 1s an open transact10n 

outputs 

The currently open stream descnptor, transaction descriptor, 1s closed 
The element e m queue 1s found such that 

e timestamp = transaction timestamp 
If error 1s TRUE 

e error = TRUE 
e remams m queue 

else 
If the file, transaction filename, exists 

delete file 
If file 1s deleted 

queue = queue - e 
transaction open = FALSE 

entry cond1t10n 
Successful 
This process has no open transact10n 
The transact10n file could not be 
closed or deleted 

return value 
dss..success_ v 
dss_no_ob Ject_by _thaLname_ v 

dss_f a1led_ v 

To place transact10ns mto the queue 

d1fpx_1n1 t 1al 1ze_producer ("queue") , 

status= d1fpx_open_transact1on(&fp), 
if (status== dss_success_v) 
{ 

f* write data to file fp *f 

status = d1fpx_queue_transact1on(error_flag), 
} 
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To read transact10ns from the queue 

(void) difpx_initialize_consumer("queue"), 

for(,,) 

{ 
status= difpx_get..next_transaction(&fp, filename), 
if (status == dss_success_v) 
{ 

} 
else 

} 

I* read data from file fp *I 

f* process data *f 

status = difpx_close_transaction(error_flag), 
if (status 1= dss_success_v) 

I* log an error *I 

I* log an error *f 

APPLICATIONS 
Applicat10n Operat10n Calls 

DSS E:,..port Database Transaction d1f px-1rn t1alize_ producer() 
d1fpx_open_transact10n () 
d1fpx_queue_transact1on() 

DSS_EXPORT Read Database Transact10n d1f px_m1 t1alize_ consumer() 
d1fpx_geLnexLtransact1on() 
d1f px_close_ t ransact10n () 
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