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ABSTRACT

This thesis investijyates <¢he tzends of <hought ani

actual practices of comaercial computsr companies in “h2
area of software guality assurancs. This 4is done to see if s
ary of *hese practices could b2 u+tilized in +*he Flee*
Material Support Office (PYSO) environmen«. This was accom- .
plished by personal interview of software gquali<y assurance
personnel in a few randomly select2] computer companias ani ;
comparing thier quali+<y assurance pr>jrams *“o that of P¥SO. f
Tha followirng companies ware s2lect=1:

1. International Businzss Machines (IBM) Cecrporation,

2. TRW Incorporated,

3. Hewle+x* Packard Company,

4. Amdahl Corporation,

5. Software Research Associa<es (5R%A).

Results indicate +¢hat the greatss: differancss between

+ha commerical world and the FYSO z2avi-onmen< ace in manage-
men+'s viaw of what <2l2 or functisr a quali“y assucance

group should +ake, staff as compar=2i1 to 1lina2, and =-his
group's interface with “h2 sof+wars dzsign and developmant

personnel. j
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A. THE PROBLENM

Softwars quality assurince is thz plarned aad systematic
actions required to provile adsquat: confidencz <“hat sof+-
ware products confsrm *> standards es+ablished by <h=
coapany developing the proluct anl -h=2 contractuzl c-zquirce-
ments provided by the customsr ([R2f. 11]. This phenomenorn
crosses all customer bsuadariss: commercial, industrial,
mili*ary, o*her governm2n%s; and scossss differen4 applica-
<ijn *ypes: operating systeams, inforaa%iorn systams, pPrccass
conztrol, commard and coa<rol, z>amunica<=ion, business
sys-ems, e*c [Ref. 2].

In ~he United S+*ates Navy (USNi, the o
design, development 2and life cycle miintenance
system computer netwozk is +the Flzat ¥a+

(I»
ﬂi
'—l
[#7]
O = v

{(FMSO) in Mechanicsburg, P22ansylvania. or 29
FM50's Ccamanding 2£f£ficzc 2s<ablish2i a quali-y or
group which consistad of Automatisz Data Procsssing (ADP)
echnical personnel froa =2ach c¢f itvs Ca2ntral Dszsign Agency
(CpA) departmen+«s ard supporting 120a-tmen<s. I4«s purpos2

was to consider guali“y L2 a3 broad szns2 as i+ c-=la
tha ADP system developman*t process 13ind +o5 outlinz 2 g=anera
plan for a viable and <con*inuing 3uali-y progran. Th2
graup's main objectives warce ¢o proviiz zecommerda<isons +«ha
would improvs *h2 gualisy 5% FYSO orsducts, zccoun*= for =his
quali+y process and sustzia it throuzhou*t *he product's 1ife
cycle. The conclusions 2f the -ask 3jroup wer=

1. Quality improvement wis pissible i1 <he i Bo10)




2. Quali*y accountability w#as rsjuired and was becoming
ircreasingly importaat. Co tly perf-raed, measure-
ment would resul: in an =ffac<ive and acscountabls
quali+*y process.

3. The ability to sus“ain acceptablz levels 5£ gquali+y in
an snvironment of changing . *=chnology can be accomao-
dated “hrough the itarative ac-ounting arl analysis of
prcduc+ivity ard inv

[(H

n*orcy chacac<eris*ics. " Ref. 3]
Durirngy this same tinz perind, twd> d2-her spscial projects
were recesiving major attention by FMSC. dre is +h=
Resolici+a*ion project «#hich ijap+tifies zhe computer

requirements at “he <vwo Iaven-zory Coa*col Points

+ha 1980's and beyond, +=iking 3int> 22co

saturation of *he prssen= Jnivac 494 computers a2+« -he ICP's
ard their obsolescence. Phe othszr: precizce, called
WRasystemization," is also a massivs wuadec*akiag 2s i< will

evantually rasul=< in n2w sof<wares 5° =ompu%er pro
*hs ICP's. Talks be“w=2en +he =2uth>dz and FMSO's Com

Officer 3indicats that %ais prejsec- “2=2f, 8] gives FMSO more
incentive to “ake a serisas 1l3ok a% i4s quali4y assu.anc2

progranm.

B. PURPOSE

The purpose 9f *his =h2sis is ¢t2 laves<igat2 *h:z me<hods
us=d by largs commercial compater cd>apanies in +hs arcea of
sof“4are guality assurancs. The prinary ctjective is %o se2
if any of <these practizes can 22 u=ilized in FYSO's

envizonmen<.

1
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METHODOLOGY

The procedure
was to irterview personnel from

used €3 accomplish =he

th2 vazious coaputar

thesis oshjectivs

compa~

niss., The fs5llowing compaiies' persdancel were interviewed:
1. International Busin2ss Machinss (IBM) Corporatiorn, ,
2. TRW Incorporated,
3. Hewlet+ Packard Coapany,
4, Amdahl Corporation,
» 5. Sof*tware Research Associa%zs (35R1).
Thase companies were chos2n bscause <*“hey are 1located near n
tha Naval Pos*gradua*e School in Mon%2rey, CA 3nd “hey givs
a broad view of the <coaputer s>ftware irndastry. Ths 3
following questions wer2 asked at th2 interview: 1
1. Where doss <the quality assuraass group £i% in%o %h=2
organization? 5
2. Wha* type of authority/powar 15ss *he gJaality assur~- 4
ance2 group have over the softwars preoduct?
3. What gqualificatisns do th=2 »>2o0pi= in
assurance group hava?
4. How does the guality assuranz2 group
the design/developm=a+t group?
5. What =ools, methodslogizs, o>r +tachniguas ioes
quali*+y assurarce group use %5 3> <heir 4§
5. Are historical records kept of problems
products after thesir relzase 23d who iz
organization keeps thenm?
7. Who handl=ss problams with softvare af+=ac
how are such problsas handls=i?
9, If a2 brand new product is desiyn=3, who
ny's organization <raias <h2 castomer on
The data was <+hen compar2l with sxistiag pra
and conclusions and recomnarndations when rende




e

D. STRUCTURE OF THE THESIS

Chap%er I, the irtroduction %45 *“he thesis, presents the
thasis objective 2and m2thodology. “hapter II presents 2
general literature rzvisaw of the problem of Juality assur-
ance and the factors tha* are takan into consiiszraticn when
defining it. Chapter III addrasszss th2 FMS environment and
its process of quality con*rol. Zhapter IV presents the
interviews conducted with “he personiz2l of the five computer
organiza*ions as to their software Jiality assurancs organi-
zations and how they work. Thz final chapter offers 2
suamary of “hese interviews and provides -cecomasndations on
how these ideas might bs 22plizd at P450.

|
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II. SURVEY OF LITERATURE

Chapter II deals with the ©problem of softwarz quality
assurance. After a coaputer szarch +o find curren*
literature on this subjzct, it wais discovared <ha« all

authors of +hese writings failed +5 agre= on *he definition

ocf pertinent terms. In order %o d2fine “he <«z2rms ralzvant
te this

definitions.

*hesis, ths author s2sents the

A. DEFINITIONS

Software is a set >f c»ded iastructions which are

supplied *o and operate with the =onputer hardware “*o causz
tha hardware to perfora *he fanstisns defined in +*he
{Ref. 5]

defin=3 by th=2
of Automatic

ins-=ructions.

A system, as Plzet Matarial Suppor*

Office, 1is an organized set Data Procassing
(ADP) hardware, environn=2n-al and applica*icn s>ftware, and
dccumen-ed procedures dssigned to automate th=2 basic manage-
men+ and operatinrg procassas for a castomer sit2 or group of
on esponsibilities

§oe

~

sites with common miss

"pocument=d procedures," as usad above, cefers %o

customer
[Ref. 6].
th2 applicable ADP-rela:21
established to support =h2 hardwara2
+hs system, 2.J. “he compa¢er operatisn manual and <hs us=rs
manual [Ref. 7].
Quali%y assurance
accomplished for many ysars, but thars ars mador Jifferences

and n>a-ADP-related procedures

and software aspects of

of hariwarz has beer =successfully

bet ween hardware and sof<4are:

1. Scf-ware developm2nt specifisa-ions are usaally no=- as
a

specific as *hos2 for h

13
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teras wit unspecified definitions such as "optimum”

or "99.9 percent rsliabls" ar> used whizh are poten-

tial sz2edis of dissension or lawsuits orce the softwara
is produced.

2. Software product (bailt-to) spacifications ar=s usually
less rigorous.

3. The softwara devslopment pricass is also th2 produc-
tion process becauss there arz n> bread bsards, brass
bcards, phototypes or prz-production models o> use.

4. The production of s>ftware (cai2) is neither a fully
censtrained nor a uniquely defin=d procsss.

5. The software product izseslf (c2d4z) is =ssentially an
intangible substarcz with foras, con%en%, ard functions
manifested via imag:ss.

5. Software oproblem fixes always rcesuls ia a product
confiquration chang2. {[Ref. 8]

A basic software devalopmen+t proassss 1s shown In Figure
2.1. Corpeorate analyses >% life-cysle c¢cs+ have shown +ha*
the cos*t of maintenance and redasign exceed +he cost of
initial davelopment and <hat the cos- >f fixing erzors afzer
+he sof*ware is operationil is up t> 30 +ima2s greater than
for correczting errors 3during sys+tenr t2s+ing. Figute 2.2
shows a summary of -expsrierce at Interra<isnal Business
Machines, General Teslecomamunicatiosas ZEquipmen* (GrE), ani
TBRW on +hs relative cost >f corrscting sof“wars er-ors as a
function of the phase in which thsy 2r2 correctad. Figure
2.2 sugg3s+=s that it 23ys %o iavest ir dJae-naa  hour
searching for ercors during *“h2 =2acly stages of developmen<«
than to spend 100-man hd>1ITs corcsctiang errors af+ter thse

+

system is in operation. TRef. 9]

13
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SOURCE: Dr. Barry W. Boehm's Article on Software Engineering,
1 June 1981
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B. QUALITY PACTORS AND CRITERIA

Specific factors con<ributs to <hs quality 2f sof+ware.
Elaven c¢f +hese factors are defirsd in Pigure 2.3 Th2
rationale (Ref, 10] behinil ths <choics of thase is ore of
utility: each factor il2n+ified =z5ould be applied ¢to 12
production environmen<. The interaction of sapport groups
withir an operational snvironmsnt involves “hree distinct
activities: product op2ration, product <c-=zvision, angd
product *ransitiosn. Pigare 2.4 shows a conc2p=uil schkeme
with these three activitias anrd som2 r=la+=d quastions which
invelve «he guality factors {Raf. 11].

Thase quality factazs can be firther brokser 13
cri“eria which could be us24d for othar purposes. Pirs+, 12
set of criteria for each fac*or furthzr: defines th: €
Second, <*he cri*eria which affect 1>rz “han onz fac+os hz2lp
describe <he -ela*ionships betwe2p *hz2 faczors, and the
criteria westablish a working hisrarchical f-amewcck for
factors in software gqualiy. Phes2 cri<eria arz definsd and
tha2i- relations =9 factors ara shoan in Pigures 2.5 and 2.6.
Las=ly, with *+he wuse [R2f. 12] of *ha2se factdrs and +heir
criteria, 2 possible numzrical vali2 mav be added <o held
forecas+ the quality of <h2 softwar: during ics develcpment*
cyzle. This is the goal 3£ sof+-warzs me<«rics, 2 =00l use<d by
some cempanies for this parpose [R2f. 131

C. GENERAL RESPONSIBILITIES AND ORGANIZATION

Companies are finding that i+« is aivan*ag=ous, f-om Do+h

produc~ quali*y and cos=-2f€factivenszss s=ardpoiats, <=5 havs
>

ar explici+ quality assarancs activity on <h2ir sof-ware
projects [Ref. 14]. Th=2 %asks of =a1is activity ar= usually
tailor2@ %0 <h2 projesct 2131 Jepend 721 size and scop=. This
approach has proved effective in zasuring *hat <h® projac*

17
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CORRECTNESS

RELIABILITY

EFFICIENCY

INTEGRITY

USABILITY

MAINTAINABILITY

TESTABILITY

FLEXIBILITY
PORTABILITY

PEUSABLITY

2ITEROPERABILITY

Extent to which a program satisfies its specificaticns

and fulfills the user's mission objectives,

Extent to which a program can be expected to perform its
intended function with required precision.

The amount of carputing resources and code required by

a program to perform a function.

Extent to which access to software or data by unauthorized
perscns can be controlled.

Effort required to leam, operates, prepare irput, and
interpret output of a program.

Effort required to locate and fix an error in an cperational
program.

Effort required to test a program <O insure it serrorrs

its intended Sunction.

Effort required %o modify an operaticnal program.

Effort required to transfer a program £rom one hardware
cenfiquraticn and/or software system envircnment to ancther.
Extent to which a program can be used in other applicaticns
related to the packacing and scope of the Sfunctions <hat
orograms Jerform.

Zffort required *c ouple one system wizh another.

FIGURE 2.3 Definition of Software Quality Factors
SOURCE: Macabe's Book on Software Quality Assurance - A Survey

18
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| Traceability | | Consistency | [ Comoleteness |

y | [ Acumey ] [ simiieity |

Error Tolarance

¢

| Execution Effictency | | Storage Efficiency |
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O Factor
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| Access Control | | Access Augit |

Lo

| tTraining | | Commnicativeness | | Operaoility |
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{ Consistency | | Simpiicity | [ Conctseness | | wodularsty | [ 'se1f-descriptiveness |

FIGURE 2.5 Relationship of Criteria to Software Quality
Factors

SOURCE: Macabe's Book on Software Quality Assurance - A
Survey
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DEFINITION

RELATED

CRITERION FACTORS

TRACEABILITY Those attributes of the software that provide| Correctiness
a thread from the requirements to the imple-
mentation with respect to the specific
development and operational environment.

COMPLETENESS Those attributes of the software that Correctness
provide full implementation of the functions
required.

CONSISTENCY Those attributes of the software that Correctness |
provide uniform design and implementation Reliability
techniques and notation. Maintainability

ACCURACY Those attributes of the software that Reltapility

provide the required precision in calcula-
tions and outputs.

ERROR TOLERANCE

- Those attributes of the caftware that

provide continuizy of operation under
nonnominal conditions.

Reliability

S S

SIMPLICITY Those attributes of the software that Reliabiiity
provide implementation of functions in the Maintainability
most understandable manner. (Usually Testability
avoidance of practices which increase
complexity.)

MOOULARITY Those attributes of the software that Maintatnability
provide a structure of highly independent Fiexibility
modules. Testapility

dartability ;
Reysapility
Interosperadii:ty

SENMERALITY Those atiributes of the software that Flexibility
provide breadth to the funct:ons performed. eusability I

CXPANDABILITY Those attributes of the software that i
provide for expansion af data storage
requirements or computaticnal functions. Flexibiiity

[MSTRUMENTATION | Those attributes of the software that Testadijity
srovide for the measursment cf usage or
identification of errors. | j

T SELF. Those attritytes of the sGftware that Textbrlity
| JEZCRIPTIVENESS | pravide axpianation 3¢ the -molementat on Vainta nabilotvy
of a4 ‘unction. Tegtabr ity

Igeeazilcty
dagsant ety

SOURCE:

Survey
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. RELATED
o INITION
CRITERICN QEFINITION | ReLaTe
IXECUTION Those atiributes of the sofiware that £éficiency |
IFFICIENCY provide for minimum processing time.
' STORAGE Those attributes of <he software that Zfficiency
' EFFICIENCY provide for minimum storage requirements

during aperation.

ACZESS QONTROL

Those attripbutes Jf the sofiware that
provide for control of the access of
software and data.

ntegrity

ACCZSS AUQIT

Those attributes of the software that
provide for an audit of the access of
software and data.

inteqrity

SPERABILITY

Those attributes of the software %hat
determine operaticn and proceduyres ccn-
cerned ~ith the operation of the scftware,

Jsapility

TRAINING

Those attributes of the software that
provide transiticn from current operation
or initial familiarizazion,

Jsability

SOMMUNICATIVENESS

Those attributes of the saftware that
provide useful inputs and cutouts wnicn
can Se assimilatad,

Jsabilisy

SOFTWARE SYSTEM
INEPENDENCE

Those attributes of ne software Shat
determine its Jependency on the sofitware

i “ortapilicy

environment (operating systems, J:ili:ies.i

input/outaut rcutines, atc.)

feusaciiity

PMACHINE
boongeRenbENCE

Those attributes 2f the software thal
detarmine its denendency on the naraware
system.

fortapility

" Reusapility

CR[ZATIONS

Those atiributes 2f tre software tha:
provide the uyse 3T standard 2retlcois
ang nter<ace ~3utines.

nterocerini’’

SATA CIMMONALITY

Those ittributas of che software that
Jrovide <he Jse Jf stancarc Jatd reore-
sentations.

|
|

Interocerapy’

‘v

JINCIIINGSS

mehyes oF e

Sse 4nt 2 3cfsware
oraviie “3r 'molementat.on 1T 1 Timzticna
AiTh 3 Timitum oanuun . LT Zzce.

Maintiinad: et

FIGURE 2.6 Criteria Definitions for Software Quality Factors

(Contd.)

SOURCE :
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is responsive t95 the guality requizzaments of the custcaer

ani

+0 *he ac*icular system applica+ion. The general
p

responsibilities of such an activity include:

1.

Plancing

a) Presparation of *the quality assurance plan sta*ing
duties, responsidilities, ani schedulsa.

b) Project and cusctoaer interfacas.

C) Resource managsasn*.

d) Sutcontractor/supplisr manajysmzn-<.

Policy, Practice and Procedurs Dzvelcpment

a) Preparation of s%andards m2axuals £for 211 phases of
the software production, frcluding rsequiremen%s
design, codirg, and <+2st =ailored to specific
project requirsmsznts.

b) Problem repcc-tiny and analyses

Scftware Quality Assurance Alds Devaloom2at

a) Adaptation o€ =2xisting todls or me+heds.

b) Development of manual and au*omated procsducss.

C) Keeping abreast >f new anl "sta*e of “h2 ar+" aiids.

Audi+s

a) Review cf projsct procedurzs and decumarn*a+ior for
compliance ¢o s=iadaris.

b) Par+icipa+ion ia in*erim rsvizws.

c) Pacticipa%ion in customer audi<s of “h2 preojece.

d) Quality assuranc2 inspsctions.

Test Surveillance

a) Participa+ion in the %¢

b) Repor+ing of softwa

c) Analysis 2f e-=>c caas
tive action.

Records Raten+ion

a) Quality assuranc:z rzcords ninagemen=.

- T e P




b) Re%*ention of problem repsc*:s, +es+t cases, teost
da*a, logs 2f guality assurance raviews,
¢c) Insur= propsr dscumentaction,
7. Physical Media Con*rol
a) Inspection of 3isk, tapes, cards, and c=her

program-ret2ainingy media - vzrifica+ion at 21l +imes
of physical transai“*al or rsztention.

b) Protection e} | mishaadling o= al-ering by
environmen*. [R2f. 15]

p role o5r irnt2

The classical guality assurarncs gJro rfac
o} t “hz end of «h=

]
1))
h <
W
4+

with the development cycls usually =
develcopment cycle when “zs%ing stacks. Their dqob is =2
dissect the problem, £finl errors, tes+ £
in which the softvar= pryiuct Zs *¢> be u
the developers of faults., This sometim=s prcduca2s zn advar-
sary relationship betwesn th2 groups, 32st-oyiag any cocper-
a*ion or aid one migh* give <he othsr, The au-onomy of “h=
quality assurancz group is also> imos-cative for achizving any

~ype of success. [Ref. 15]

Ir sof+ware production envi-onm=2n%ts *“oday, <*hz quality
assurance group's in*ention is to work with *h2 development
sijde 0f +he house +througars>u* <he dsvalcomernt cycle, They

€
view themselves as a tool or aid =5 #na
development proczss, iz2forming *h2 manager of orco

see as a hinderance to the schsiul=z or guali«y cf +ha
product under davelopmen<, The autonomy cf “his group is

s+ill impor-=ant. [Ref. 17]

D. SUMMARY

This chapter has 1listed the gu2siiors which mus=

> U
W

(1)

b}
answer2d abous the sof*warz pryduct befsre *he Juties nf ¢
Al>ag wi+th *h
quastiorns, *h2 exac* rolz2 3¢ =<h> guaali:=y assurance grcup 2

1}
[oN)
.

WD
0
W

quali“y assurance group zan be jeliniat
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T
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its interfaces with <the ievelopment group may be viewed

differently, depending on the character of the srganization
itself. Th2 £51lowing chapters define the purp>se and envi-
ronments of the quali*y assurapc-2 orgazizations unde:
consideration and explain +hzic process of quality
assurance.

——— ™




III. FLEET MATERIAL SJIPPJRT OFFICE

e e s e esasdin e -

The purpose 9f +this chapter s to describe the FMS)
environment and the prozess of softwirs quality assurance irn
+his organiza*ion. The following r2f2rences wer2 used:

1. Pleat Ma*terial sSupport Offic2 Jdrganiza*iosaal Marual

2. Plea*t Material Supo>dr* Jffi-: Cern+-al D2sign Agsncy
(CDA) Maragemern+* Hanibook, 1 January 1981,

3. Fles+t Material Sudoort Offics
5230.204 CDA Davelooanent Handby>ok, 1 Deczaber 1979,

4., Fleet Material sSupport 2f€iz:z 1Irternal 3Ins<ruction

5233.12 Quality Assicanrc2 P-oz-cam, 17 May 1978,

5. Plee* Material Suppor« O0ffizz DQuality Program Task

2z In=ernal Instrcuc=tion

Group Report, 31 Japnuary 1982,
he Navy Supply :c2rps Newslat:zer, January 1982,

€ 2N3VY 2upplYy <2CLRS d&eWSL2:Z:e:l
e

z
Special Issue “Celebra+ing F4S)'s 20+h Anaiversary.”

A. HISTCRY

Bs=ablished in 1962, FMSD was o>riginally char+sred %o
provide cen*ral managemznt for th2 c=%ail portion 5I <h2
Navy Stcck Pund (NSF). 1I: was als> 1s2d to obtain and stoack
supplies from o*her servicas., I+ 1also catalojyued data for
supply system per formaaces analysis and avaluation,
Originally =his osrganization consiszt:d of five officars and
56 civilian employees, bit %o0day i< has grown to morse “han
33 mili<ary personnel aad >vzr 1,303 civilians.

The main reason for “he <-ganizi+iont's graeth has been
its dincrease in responsibilities. The €i:st 243i+ion
oczured in 1965 when *h2 CZencral Da2s5ign Agercy function was
incorporated in+to i*s mission areas, This functiorn invelves
+hs design, davelopmant and lifs cycle maiatznance of

Cedlar: Lama AL TR ks i o el




programs used in computar systams. This iritial designation
was limited *o computer systems us2i iy supply and financial
oparations at various fiell activitizasz,

In 1973, FMSO's direct relationship with the fleet was
increased with the assignment 5f *he 3¥ program. This func-
+ion wvas reassigned +to th2 Navy maiatarnance sappor* office
in 1978. In 1977, two additional increasszs in FMSOt's
mission area occurr=d, The finaacial sys«2ms -cle was
significantly expanded wi*h “hs assigynment of IDA responsi-
bility for financial syst2a1s utili .21 by headquar+ters activ-
ities in Washingtorn, DeZ., such 3as <+he Naval Ma*erial
Coamand and varicus sys%=21s commands. The ozther =z=xvansion
was the result of PHMSO's designatisn as “he CTDA €5z +h2
Trident Logistics Data System, whichr added submarire irter-
mediate level main+enance o0 PMSO's CDA missizca. The mos*
recent addizion to their wission ar=za occurred in 1978 with
+ha responsibility assignamaent of th2 prc+otypz d=velopment
for the Naval Aviatioa Logistizs Command Managenmen*
Infcrma“ion System (NALZOMIS).

Approximat=aly 80% of PYSO's work £srce is =ngaged in CDa
activities. A signifizan+ portion of <+hat effor+t is
expended in four Uniform Automatic Da<a Processing Sys+«zms
(UADPS) : the Uniform ADP System for Inventory Corn*rol
Poin«s (UICP), <*“he Uniform ADP Sys%zn fer
(UADPS-SF), the Level II/III syst:zm, and the
Supply System (DOSS). A list 0of *+“h=2 user sizes for

tock Peciais

(o= B/
2

isk Orientsd
ach

[{}]

system appears in Piagurs 3. 1.

B. ORGANIZATIONAL STRUCTURE

Figqure 3.2 shows the d>rganizational s%ructurce of FMSO.
Tw> depar+men*s carry ou% 11l of <h2 staff functions such as
rTesource manragemsng, dspsra*isn a2l main“ena

e
c 0O
w
=
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e=ing, planning/administraition, produc<ion supo>d
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control, s+andards devslopment, jata base adainistration,
training and ADP operations supIodT*. These are the
Comptroller Department {(Coda 91) and *hz2 Managemen*
Department (Code 92). Th2 s>ftwar2 juality csn<rcl branch
is in the planning divisisn o€ Code 92. (Figure 3.3) The
Ccaptroller Department 1also pecforms external missions
ircludirg s*tock fund bulge-ing and direct flze: support

functiocrs.
The Operations Agnalysis Departaznt (Code 33) is +hs
Naval Supply Systems Command's (NAVSIP) principal agent for

conducting analysis in logyistic malajemen+. This dzpart-
ment is made up of operations Cesearch analys+s and mathema-
ticians who use vzrious mathematical, s«atistical anl
ecoromic analysis technijues ¢2 study and dimprove <+h2
procuremen*, firancial 1and inventory maragem2nt functions
throughcut *he United Stata2s Navy. Thase services are also
provided for all NAVSUP activities, +he fleer, Chief of
Naval Opera*ions and Chi=f of Naval Yatarial offices, o%her

sys+ems conmmands and various project minagars.,

C. THE CDA

WA central design agency is d2£fins=d as a singlzs organi-
za*ion which designs, dzvelops, iamaplazments and maintains
automate data proczssing systems in support of muleipla
operating sites." [Ref., 13] The fiv2 FMSO CDA produc+ion
departments (Code 94 +through 93) ar2 -he line organizations
which ace dirsc+ly rzsponsible €cr ta22 develcpmsn* and main-

+enance of s*andard ADP syst=as. The persecnael in thesa
departmerts are functisnal systzms designars, cormputer
sys-ems analysts, computer spa2ciilis+s, 1nd compu<er

programmers. Thair work, dev=2loprzn: and dccamenta-iorn of

th2se prograas, is *he major produc= 5% <h= CDA,

- PR P T - . a L
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Three basic principles necessitate “he existence of +his
type of production organiza+tion and directly impinge on i+s

effectiveness.

1. There nust be a potential jroup of customer sites
which perform a mission of functional similarity and operats
with business volume of 2 magrituds sufficiens to justify
acguisitisn ard operatiosn 5>f automa-23 systenms.

2. The functioral similarity >f£ ths individual sites
within ¢he customer group must Dbe co>mplete erdugh %o psrmit
a2 degree of system stanlardization by which the singls
oraoduc:t of the design agsncy can 2aizquately suppoc* *he
ne2ds of multiple users, thus the cost of sys“em developmen+*
ard main*enance can be 3=frayed by ths berefits obtained by
th2 many users. At the sane time, 2 marked degree of stan-
dardiza*ion and improved minagamant is ob+tained.

3. The concen*ratisa of systenm design ani developm=zn:
talen* in a CDA affords ospportunitiss for single operating
sites tc ob+*ain developman+ of syst2ms that <h=2y could no*
afford *o develop *hemszalvas,

The objectives of a CDA is 2s follows:

"- To initiats ,ADP J=asvelosoamen<al action
on rojects whizh hav= asdsrgone <cost
benefit analysis and wers detérminzd to
have a high ratio of bena2fi+ <o cos+.
- To insdre zoatinued cgownpatibiliry of
all systems wit+th approved ailitary stap-
da*d*zat-on rojyrams and =xkis<ing supply
nd finapncial minagemsn® policy.
-"To optimize ->sponsivensss <0 logis-:
managers ir th2 Fflest and shore °s*ao-
lishments in th2 devalopmeat znd na Lts-
nance of assigned systa1as. Op«<iium
esponsiveness i35 tha "+im2ly produc=ion
Of accura*s zeporis and analysis dosu-
man+ts ra2quired %> improva the &flac-ive-
1esS of supply, firancial 1nd
ma*n enances funst idns. .
- To emphasiz2 user site <r=source
savings in staffing, ADP hardwar-e, plan<
egulpmen* and invantory iavestmants in
jevelcpnznt and "main=enance of
ass.gned systams. ) .
- To involve ussr sit=2s in *he 3ider<ifi-
cation | of automation  ooportuni=i:s
d<fini<ion af ceguicaments arnd
economics, pri orl*'zat_on of workload
and _supper: 3% sys-sms pros=atyding azd

iaplementa+ticn.
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-. To _deyelop rigidly-upiform _program
with design optidns,  alt:zrna“ives an
modylarity which fatilitate subsequ2n
pol;cy/procedural changes an3 accomdda+
unique cus<tomer raquifeaeits with Ju
consideration of efficiently/flexibilis

t*ade offs,

To design and develog ADP _sgs t2
uh*ch will b2 c¢ompatible wit k
g*o jecrted role of ussr si<es duri

uture years. )
- articipate in ths exchange
znkorma &cr with other DIJD dssiagn’agsan
cies and *to snhance syst2ms effective-
ness and Eersonq=1 profi
- To iden*ify  project =
men+s in_+th e *~1t:al pi
+hat suffi >~ 1=2a3ad ¢
for timely acqu~51‘~on and Aday
- To_ pra2pare CDA budgets which
scund and’ int=2yra*ad ‘prodic-ion
+0 alloca*e rgsdurces within <he
accordance wirta recdncilai budge
duc*tion ?lans.
- To o timize DA organiza
ture, staffing l=vals, and
p—rsonnal resdurses irn ori
maximun produc*'VLty on hi
pro%nc S,

O pursue nersonnel ©

alnlnq prograns which sure avai
abll Ty of advanced knowl=i;= and skil
in loq stics, data grocess:qg financi
management and rala lS“‘pi‘qps.
- =uhance CDA productive capab 1
thorug the us= of sp=cial 02
including intsractive programming, 4
base managemant, pre-*anp'lers,
other available techniguss.
- To employ the most eff2s%ive *raining
techn*qucs available in o-da- ¢¢ impla-=
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install’ na2w adclicactions a+ exls::ng
user sxtesl *o cenduct 2 progran £
£ield assis an which assizz& c¢é nued

proficienc user sitss in opera*iasns

supported gy CDA systems.
- To utiliza standari high-lzvs=l
p-ogramming laagyuagses t> *he “maxiaun

extént feasibla" and %o use2 assambly
languages only #here_  technica gu**e-
ments unequivocilly dictata.® [Re 19]
While all of ¢<he CDAs are involvzd irn basizcally
oparation, %“hey are separi*ed in%> lo3zical func+ioral ar=aas
of suppert. Because of <hils szparatiosn, “he CDAs @& 1
serve “he same cus*omers. FMSD as 3 CDA is divided iz+tc *=h2

fcllcwing aceas:
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Environmeptal Systems D:sigp and Development Depariment
(Cade 34) (Pigure 3.4)

This depar*ment is responsible for thz design, development,
implemen+a*ion and maint2nance of =znvironmeatal systems
software in support of NAVSUP-sponsored ADP systans,
includirg UADPS of s*tock points, UICZP, <+the trijent pregran,
ths interna+ional logistizs progranm, and programs tha+ ars
assigned. This d2pacr+m=snt als> perforas “hese func+ions for
the systems maintaipnsd by the othar CDA's.
Telecommunications ne+wdorks sponsdrsl by <«he Yaval Supply
Systems Command are anothsr arza in which code 34 is rcespon-
sible for the environmen+2]l systems so5ftware. This depart-
ment is made up of 109 :co>mputer spacialists and 27 peopls
who handle all managerial and cl2rizal activities. O*th
najor projects either dasigyned or suoodrted are:

1. SPLICE - stock voint logistizs integratad commurnica-
tions environment ‘

2. LDC - looistics data communizations

3. OLA - on-line au%“odin

4. AUTODIN II - automatic digital ne+work
tdck Pcint Systems Desizn and Brassdurss Depazimen
5) (Figure 3.5)
This departmen%'s purposs2 is <o d2vz2lop and naintain <he

v

(Cedz

automated systems for Navy stock 99iat support including
triden* lLogistic Data System (LDS), MNALCOMIS, Automated
Ready Supply Stores Sys=a2m (ARSSS), Tape Orient=zd Supply
System (T0SS), Disk Cri=nt24 Supply System (DOSS), Elec*ric
Peint cf Sale, level II, Navy 3duazomatsed Traanspor-+ation
Dccumen+tation System (NAVADS), Navy Automa+ed Tcanspoc<a<=ion
Data System (NATDS), Transpor+a<isn Operatioazal Personal
Property Standard Systam (ToP3), Navy
Storage-Tracking and Retz-i2val Syst2n (NISTARS),
Material Monitoring and Z2xpeditingy (RMMEE),

s
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FMSO Organization Manual

SOURCE :
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STOCK POINT SYSTEMS
DESIGN & PROCEDURES

FIGURE 3.5 Code 95 Organization

SOURCE:

FMSO Oraanization Manual
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Aeronau+tical Management Program (CLANP), and Defense
Warehcusing and Shipmen= Process (DWASP). This depar<men=
also assists customers with +ths impl=2mentation 5f these ADP
systems <+hrough developmzn* of training documsn+ta*ion,
initial *raining and ins=al lation assistance, aonitoring of
per formance under operatisnal conditions and £5llowvw-cn £fieli
assistarce, The departmznt is ZInvslved wi*h approxima“ely
40 Navy s*ock points locat=24d around th: worzld.
Invertery Control Points Design and 2rocedurss Derparzman:
(Code 96) (Figure 3.6)

The purpose of <his department is “o develop ard main+ain
+ha ICP's UADPS design and work cn refinemsats “¢ +hzs2
programs to carry out NAVSJI® and hardware SYSTIOMS inventory

control functions. Their principal customers are *=he twd
major Navy ICPS: +the Ships Parts Coatrol Can%szc (SPCC) and
th2 Aviation Supply Office (ASO). This departmsn+: 21lso

develops and main*ains d2tailsd systa=ms design for trijent
and ship-suppoct functioas, I+ is

omprised of approxi-
)

mately 250 people and is rientsl d=pacziment.

a ona
Ths Eipancial Systems Da2sian and Braz2dures Dspazimen: (Codz
397) (Pigure 3-7)
This organization is respoasible for sys+sms dssigrn, devel-
opaent implamentaticn axd maintznancs services for headquar-

ters, Naval material commani Chizf of Naval Ma+terial

designa+ed project wmanagsanen<t o9ffiz=ss; and other par=ici-
pating headquarters commands and oSffices. I+ provides
service %5 bo%h 9of ths m1ajor cus4>
centrol poirnts and s+*ock poirnts and cther 2
*ha UICP and UADPS prograas in *=he ac=zas of financial inve
tcry con*rol, s+tores acsoun+ting, disbursing, plant
payroll and personnzl accoun*ing.

The sys=-ems desigr=2d by <his or3yaniza%ion subpocz<s 91%

of -he Yavy's firancial invertory rzpoI< cT2quirszmscnss, 7S5%
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of the current Navy dollar rssources under its r2source
management systsm, anl 63% >f 189,000 civilian employee
salaries.

Code 97 provides similar servicss <o the Navy rsgional
finance centers and evalaates tha s2erformance and develop
such projects as *the Int2grated Disbursing aad Azcounting
(IDA) Sys+em, Standard Accountiny and Reporting Systenm
(STARS) and <+he Automa+23 Procurz2m=n%t and ccounting Data
Entry (APADE) Systen.

This departm=nt ccnsists of *+hr2e military officers and
a civilian complement >¢ 244, covaring the full <range of

Irterna-ional Logistics Suppor* Depac*ment (Cod=z 98) (FPigu:zs

3.8)

This deparzaent is rasponsible for the maiatenance and
continual enhancz=ment of the Managsa2n: Inforaaticn Sys<enm
for Interna+ional Logistics (MISIL). Its principal custoner
is the Naval Zntsrrational <Control J)f€icer (NAVILCO) which
utilizes its systems to provide s=2rvices *o numarocus a2llied
navies and governments. The depar+ment handlss complet=
automation for <he Saudi Arabiar's Navy supply system ani
au-oma*ion of suppecrt systams (supply, snvizonaertal,
parsonnel and firnancial) f>r Kuwait's Navy. It establishes
+raining programs for Jai+ted Stacss Navy Supply Corps
personnel going %o Military Assistanc:z Advisory 3rcoup (MAAG)
juty and develops an advazce base sudply system £or ovarszas
supoly depo*s.

D. SYSTEM DESIGN AND QUALITY ASSURANCE PROCESS

s-andari

r
2
@D

The <“op down design me+hod is used as
app-oach for new sys*2a/program 3:v=2lopmen=t in the FMSO
environmernt. This appc>ach is also known as s<epwise
refinement, hievarchial 1zsiga, 1lzvzls of abstrac*ior -2d
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design by explosion. The nethod uses a breakdown techrigue,
dividing the main function into smallzr subfunctiorns. The
primary function, though« >f as ths c-2n+tral or iriving func-
+tion, is designed firs%; <*hen steowise, <*his process is
continued until the smalles* functiosnal unit of +the sys+enm
is specified.

Because of this breakiown, th2 system can bs vicwed as
mojules. Every stage of *he syst2a and program yields a
visible ou*put. Fach subsequent subfunctisn which is
defined becomas a moduls >f code whizh, when “ested, serves
to retes* ard more thoroughly test all higher l=2vel moduleas.

The use of hierarchical charts forces the design cf new
system/programs in the top down meth>i. This use of visual
diagrams shows <he major €functions and their subfunctions
with the emphasis orn *h2ir suboriination ari not +hair
logical flow.

FNSO personnel stats that “he system designers focus on
what is raquired and the systems anilvysis workers focus on
how *o achieve it. Thes system 1ssigner, working very
closely with the system aser, defiies what informa+ion is
rejuired, how it is requir=2d4, when it is required, and for
whom i+ is reguired. This helps trsmendously in keeping
+his preccess of development a+ minimum costz.

The sys*em developm=21t process is deliniat2d in PMSO's
CDA Manszgemen* Handbook. Appendix A, tak2n from “he hand-
bosk, shows “he process.

During <“he AJdevelopmsat procass
chacklist is requirsd. Figurs 3.3 is an example of <hs
checklist,

On 31 January 1982, =2 gquality program task group repocz*

2

a gquality assuranca

was published. In +*his ceport warz the =c-esults receliveld
from the following: an in*ernal survey takern from -he CDAs;

an examina“ion of <+he ADP davelopunznt model and +*he DA
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QUALITY ASSURANCE CHECKXLIST

Progran/version Date
ELEMENT SIGNATURE DATE
1. Scope of Release:

3.

4.

a. New program/complete
rewrite

b. Major modification

c. Moderate revision

d. Minor adjustment

Criticality of Release:

a. Mandatory (HQ. directed)

b. PTR response

¢. Solves serious program
deficlencies

d. Highly desirable
enhancemnent

e. Routine release

Urgency of Implementation:

a. lmmediate
b. No later than

¢. Optional

Level of Testing:
a. Local FMSO testing with

simulated test data
b. Service tested at

c. Prototyped/Op Reaviewed
at

d. Tested by FMSO with live
data files/transactions
from

FIGURE 3.9 Quality Assurance Checklist
SOURCE: FMSO Quality Assurance Program
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6.

7.

10.

ELEMENT SIGNATURE DATE

Meets standards of hardvare
utilization

Availability of proper hard-
ware verified at user sites

Iopact on hardware capacity
assessed and verified as
available at user sites

Release will lengthen real
time responses by

Documentation meets standards
of NAVSUP Pub. 506
(Rev. April 1976)

a. Punctional Description

b. System/Subsystem Specification

¢. Program Specification

d. Computer Operation Manual

e. Program Maintenance Manual

£. Test aud Implementation Plan

g. User's Manual

h. Data Requirements Document

i. Data Base Specificstion

j. Change Transmittal Notice

k. Test Analysis Report

1. Project Msnual

a. Technical Report

a. Technical Note

System/Subsystem Specification
was approved by NAVSUP

FIGURE 39 Quality Assurance Checklist (Contd.)
SOURCE: FMSO Quality Assurance Program
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11.

12.
13.

14,

is.

16.

i7.

18.

i9.

20.

21.

ELEMENT : SICNATURE DATE :

Satisfies System/Subsystem Speci-
fication as Approved

Satisfies Program Specification

File Integration/Integrity
Varified

System Integration/Integrity s
Verified !

Tested {n (Simulaced/
Production) Environment

Test Data Base Updated To
Ensure Adequate "Real World"
Cases

Program Rescart Capabdbility
Verified

Program Interfaces with Softwarve:

a. Currently Implementced

b. Hew Software Package
Required
¢. Scheduled for Release

(Software) Release is Upward
Compatible with Prior Releases

Programs have been developed,
analyzed, coded and reviewed at
critical steps utilizing the
FMS0 standard Improved Pro-
gramming Techniques, as described
in FMSOINTINST .

User Training Has Been Provided/
I3 Not Required

a. Type Training Provided

b. Date Training Completed

FIGURE 3.9 Quality Assurance Checklist (Contd.)
SOURCE: FMSO Quality Assurance Program
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22. Standard data element names have
been used throughout the program
coding.

23. Remarks/qualification/explanation:

24. Element certification responsibilitjes: see item 24, enclosure (4)
for individual element certification responsibility.

25. QUALITY ASSURANCE CHECKLIST CERTIFICATION.

Each of the above quality assurance checkpoints has been verified/
validated by myself or by persons under my supervision. The responses
given are true and correct to the best of my professional knowledge. I
understand that individual quality assurance level is a significant
factor in each annual performance rating. I certify that this program
release has met all FMSO quality assurance tests and standards and is
ready for release to customer activities,

Rranch Head Dats g
Division Head Date
Department Head Date

FIGURE 3.9 Quality Assurance Checklist (Contd.)
SQURCE: FMSO Quality Assurance Program
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handbcoks; a review of the functis>nal operations of <the
quality control organiza:ion, vreszarch and ra2view cf “he
technical libraries and oublica*isns dealing with softwarce
quali+ty assurance programs, and an sx%srnal survey Juestion-
naire directed *o the FMS)-systems castomer community.

The report stated that the following factors in the FMSD
envircnment prejudice quality in varying degrees:

1. Manda+«ad, multiple and dissimilar hardwars
configurations.

2. OUOrnr=alistic/inflexible/mandace projec* completion
dates.

3. 1Iil 3dzfined or undocaimented rajuirements,
4. rnadequate test facilitiss.
5. Funpding (bulget/trav=1l) constrain<s,
5. Project prioritization process.
7. Diversity of custom2r astivity in sysrte2as/processing
requirments.
8. System changes/controls edizt=2d from agency/systea
command achelons.
9. Federal procuresmen* policies and regula*+ions.

The “ask group's work 2xperiences, 2 review >f indus*ria
litera*turs, and +he internal sucva2y revealsd <ha* *h=2
followinrg specific condi<ions 2xist:

1. Pcorly Defined Rejuirements/Spacifications
a) FMSO design proc=23ures/prac+ices tard *o be appli-
cation-oriented and a+ *+h2 discretion of +*h=
ieveloper.
b) System design anrd analysis knowledge is nc* being
shared between or within th2 ZDAs.
¢) Pormal review 2and walkthicoughs ar2 n>%  being

carried ou% proparly during svs<em devalopment.

d) There is no visible interaction with cus+o

A
2TE.




e)

f)

q)

h)

System analysts are not always required during aunit

testing.

With the excep<ion of ¢the program <+rouble C-=2pert,
there is no provision €or solici«ing or consoli-
dating customer feedoack iiforma+ion on 2 recur-
ring basis.

ADP system developmental information arnd experi-
enca is not foraally or coasis*tertly shared among
developmental organiza tions.

A more businsss-1like, <cospreksnsive vpolicy and
proceduras docuasnt is naczssary for FMSJO/cus-=omer

relationships.

Onrzalistic Schedulas/Es4imatel Completion Da=es

a)

b)

)

d)

Mandatory due dates causz ibbrevia+tion of quality
events,

Completion date as set by “h12 POAEM is usuz2lly "set
in stone."

Project *rackinjy/status rzporiin and «r=so
accounting are no+% currsatly provided on an 2
jrated basis for project maiagement.

There is limit=sd automated capabilicy in “he areas
5f documentatior prevaration, s+-orag2, assembly,
packaging and distribu<tion.

Irsufficient T2sting Time/Tes*t Facilities

a)

D)

)

Unreliabiliy of hardware (FYSJ), basically “he <=2s*
beds, precludes es=inmatingy rszalistic +time franmes
and comple+ion dates.

There is lack of uniforai<y ir <he assigrnmen: of
specific respoasibiliziss in program/sys*+ena
testing.

No uniform methd>3s or pros=juce exist £c7 estab-
lishing and maintaining F

49
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d) An undisciplined approsach t> program testing among
CDAs is used.
e) Software enginszering is not a distinct func+ion.
4. Lack of "state-of-The=-Ar+" Davzlopmenzal Tools ani
Aids
5. Urecessary Paperwurk and Procass=ss

E. CONCLUSION

As shown in the system developaszat process, ppendix a,
2

A
th2 quality assurance branch Zintsrfaces wit<h dsvelopment
persennel in tracking of +ha functional description ani
system specifications ani in checking +he producst befors
relcase for compliance with stanrdaris and quality assuranca
procedures (check list). 411 <ests and project reviews are
carried out by *he dsveloprent perssanzl with the use cf <ha
quality assurance check lis*. Th: ac*ual duties of +h2
quality assurance branch =nay be viawed as only administra-
+ive in nature, The next chapter shows how other gquality
assurance groups function in *heir s:ganizations.




.

IV. INTERVIENS

This chapter presents <*he authaor-conductel inter
with personnel of <+hs 3aality assurance grIoups in
computer organriza*ions 1ddrzssei in Chap*=zr I.
following questicns wer2 2sked duriny “he interview:

1. Where does <+he quality assuraics grooup f£i* in=o

organization?

2. What type of authority/powsr does the quali+y

assurance group have over the sofctware pcoduct?

3. What gualifications dJdo th2 people in *he quality

assurance group havs?

4. Hew does the guality assuranse group interface wi<h

the design/developm2nt group?
5. What *o0ls, nethodsleogies, »>r tachrigues 3Joes
=}

quali“y assurance group use +o 15 thei:- job?

*h2

6. Are thistorical =r2cords of oroblems with sof<wars

products kept af+*sr the products' release, and who in

the company's srganization k2z3s them?
7. Who handles prcblszams with sofrtwars after rzlaass,
how are such probleas handlei?

3. If a brand new product is 43dzsignzd, who in

company's organization “rains <*he customer on
produc+?

The rzader is enjeir2d *o compare <he interviews

-he discussions in Chap*ers II and ITI.

A. HEWLETT PACKARD

The Hewlet® Packard Company is a madjc- designs:c

manufactucer of precision 2lectro

and

ot
=
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o
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n

=
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I's 2
=

ani

iz =g3uiomen% for m2asursa-

ni
men+, anaiysis and cowmpu+=a-ion., Th2 coapany makaes meI2 ~han
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4,000 products which ar2 sold worldwide ard bhave broad
applica+ion in the £fielis of sciencs, sngineeriag, busirness,
inlustry, medicine and eiacation. Their four main product
segnents ars:

1. Electroric Da%a Products -- compu%atisnal products
inciudirg personal computing devicess, dssk *op computers for
enyireering and scientific applications, small busiress
coapu*ers, 2nd larger compu*er systsas €or both busir2ss and
technical nrneeds. They alsc offar a large selection of
applicazion softvare and have dsvelopa2d a widz selsctiorn of
peripheral =2quipment for a1se with th2ir compu*te2rs, includirg
computer terainals, disc a3moriss, printers ard plo=*ers.

2. El=ctronic Test and Measuc2mant
from gereral purpose ins+<ruments anl sys+tem

+ and measurement to specializ=l instrumantaticn for
compu*sd measurements +o =>mponents and acc2ssd>ries such as
microwave samiconductors, optoel=ctric displays, bharo cods
readers, arnd fiber op*tic sys+eas.

3. Medical ®Blectroniz Equipmant -- family >f mora2 <han
300 medical products which ar2 uszd for diagnosing, mcii-
toring, and treating patisznts, and for medical inforamation
management. This equipaszat rCangaes £-om por+abls elec=reccar-
disgraphs “o powerful computer-aid=z3d opatient moni%oring and
patient data managemernt systems.

4. Analytical Instrumsntatisn -- Produc+ family
includes gas and liquid chromatographs, mass spectrcme+ers,
autcmatic fluid samplers, analytical laboza%sry daza acgui-

sition systems, and spact-oohotomzt=ars. This instrumen<ta-
«ion is used for research, production, and snvironmental
applications.
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1. Organizatiop

Figures 4.1 thra 4.3 show *hsz crganizational struc-
ture of *the Hewl=2tt Packari Company. In *he computer area,
thare is the technrical computsazs group, of which the Dat¢a
Systems Division is a part. The products or guality assur-
ance organization comes from <this 3ivision. This srganiza-
tion is not only responsible €£or s>fiware gquality assuranca
but alsec for hardwars guali+¢y assuraazcs, production support,
product reliability, information syst2ms, quality assurance,
production csgulation and safety, 2ts. The sof:tware quali+ty
assurance engineering group is mad= up of 14 people who have
th2 education and experiance ¢o b=z prograr dssigners and
programzers thamselves, but their job is s+ric+ly quality
assurance, Their main parpose is +*o work alsng wi<th the
product designers from th2 research and developament group,
assisting them in designiny a quality produce. This inter-
face between designers an3 cquality assurarnce people is no:
true for all areas of Hewlett Packari prcduction, Dbu* +h2
coapany is moving in tha+ 3icection.

The quali*y assurance group o2s not have abscluts
aut hority over the prnduct. Absolut2 power would me2an +ha*
if <hey *hought <he product was 1ot -sady, it would ro= b=z

released, They state <-hat %heir r2al power lies in +heir

a
reputation and their ability %o persiade, If “hay predic: 2

"
w

o N
'-Jo

failure and i+ occurs, =h2 roup’'s = iilicy and -eputa-

b
+ion are enhanpc=4, and ¢! persuasion speaks for itself.
£

he 2

Tha division general manajer mak:zs ths iral jecisien on

wha+ther a2 product is ral2ased, an? I+ is *h2 jJob of +h2

gquality assurance personn21l, in competition with design
)

)
edple, *t> convince himshsc +ha* +h2 produc+ is no+- r=zady.
Y
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2. Quality Assurance and Designar Integzface

FPigure 4.4 shows the devalopment cycle as i+ {s
perceived by Hewlett Packard personnzl, When the designers
from research and development hav2 an idea for a new
product, a proposal is sent *o managsmzsn*+, If permission is
given, a product design group is fora=d coansisting of people
from marketing, research and dsvelopaent, marnufacturing, and
quality assurance. When the d2sign is laid ocut, +hs quality
assurance people ask "Waat if" gasstions 4o ensure all
aspects are considered. The compainy sets n> par*icular
specifications to which the Jdesigners aust adhere, so they
have the freedom *o be crzativa, Th? maia languages used by
the designers are assemblar, Pascal, and FORTRAN because
thair products tend to be mors techaical than commercial in
nature. They also produce environnental and applications
sof+ware. One persorn from quali«y assuranrcz is assigned *»o
each project.

During +he requirement phase of +*he dJavelopmant
process, an inrvestigation has *o b2 completed in order to

rt

D
@

w

c
h
quali+y assurance people must produce a quality plan deli-

produce a detailed specification plan and a ussr int

ot
w

spacification plan. Irn <*he ext2rnal design segment*
a

neating the guality goals 5>t objects o5f +*he projec+ and hovw
thay are to be measurei. This is 3 problem area for %h=2
quality assurance peopl2 b2cause if ths product is gerneraczed
at a cus*omer's reguest, the request is usually not specific
or incomple<=a. I+ is iaoor+ant +ha* formaliz2d commurnica-
tions be established to eliminate this problesnm.

In the iaternal desigan phase of *he dJdevelopmen®
cycle, *he internal specifications, “op down 3design, 2and
submodule design taks place. The quality assuranca
personnel sat up, moritor, and par4isipat2 In dasign ceviaws
and code reviews h213d during chis paciszd. They alsc producs

<he func+ional tes: plan.

ey
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PROPOSAL OR CONCEPT

REQULREMENTS
1. Investigation

2. External Design

DEVELOPMEL T
1. Internal Design
2. Implementation
3. Integration & Test
A. Functional
B. Systems
4. Quality Certification (Customer Acceptance)
Production Certification

5.
6. Munufacturing

OPERATION

Pigure 4.4 Hewletzt Packard Software Developeent Cycle

sour.ce:

Interview o1 Hewlett Packard Sottware Qualit. Assurance

o . '
Celsonile
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During +the implemantation statement, <¢he quality
assurance people set up the systsms <“est plan. Actual
testing is not accomplish2d until thas inteqgration and “es:
seJments, and it is don2 >n +he functisn and systems levels.

Although the functional ¢2st plan is produced by th> quali¢

assurance people, the actual tsstiag 1is done by the
designers <“hemselves. This 1leval »of +es*ting is viewed
mainly as a debugging 2x2rcise and would be a waste of *hs

quali+y assurance organization's timz2 and resources if done
by them. At the systams level »>f %+=2s¢irg, the plan and

tests are dqone by the quality assurance psopl=s. Thzse tests
are viewsd as a *hird party auditirg inspection of <+hs2
product. This +hird pacty testing is done because Hewlett
Packard does no* believa that th2 program dzsigners and
analysts can be complet=2ly objective about their product.
Tha quali+y assurance group is alss> rcesponsible for - <he

packaging of all test plaas for rausabili+y. There are no
percentages of correctnass sought during the2se +ss*ing
levels. When +his segmaant is comolete, +*hs prsduct is
considered 100% correct..

According to th2 juality assarance people, another
problem area is “he schedule planniay. The designers 3o no+
“hink that problems will sccur during this testing phase, so
*hay have to be carsful to> plan £5r a2x4ra +im= if problams
ocsur.

Af+ter *he quality certification segmen:, which is '
basically a customer accaptarce inspa2ction, and <hes produc- \
+ion cer+ification sagma2nt, comes th:z manufactucing szgmen<.
During +his s2gment a o0ila* run is made on <“he produc= +o
ensure tha*, if a custom3r ©rzquestzd +he preduc+, all th2
materials -- the product i-self, us2r manuals and any o%her

i<ams -- are shipped.




3. Operations

Hewlett Packard believes in "cradls tc grave"
involvement with its sof*ware products, which aeans =hey 4o
not abandon their customers after sals., All Hewlet*+ Packarl
sof+vare is copyrighted so if thare are any problzms after
it is in operation, ¢th= cost <+5 the customer is $100 per
hcur for repairs unless the custcasr has a2 subscription
service. Subscription service sntizless :*he customer =o havz
software repaired, updatad, or rsplrsed a+* a 1lower fee,
This service 1includes a3 plan by which, if a1 program is
updated or fixed for any sustomer, <the updazted varsion is
sent ou* *o all o*her customers whc have <=k2 same program.
The decision <o use it within the customer's sys+em is laf+
to the customer.

If +here is a problenm, ths cus+tomer first notifies
the field ac+ivity which, if necsssary, creates a "work
around"™ program <¢o keep the cus*omer's sys*=2m opera+tional.
From the field activity, <he problem 3is r=2fz2rred +%c¢ the
panufacturer, wvia suppoct, and evantually *to the people in
researck and development who design the progran. They
prioritize <he problem ani placze it in their schedul2, ani
i+ is eventually £fixed. ¥o histosrical reco-ds of problenms
or changes *“o programs ar2 main%tainai,

The quality assurance organiza+ion keeps abresast of
*ha latest ideas and chanjy2s in ¢this £field and is cocnstan+ly
stciving “o improve its pragran.

Reference

Personal in“erview with 4c, Rayadad L. Spear,
produces assurance manigac, a“~ +h2 Hawle++« DPack
Data Sys+2ms Division, ¢ o)
198 2.

aper*ino, <Zalifornia,

[
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B. TBW

TRW is a diversifizd maultiratisnal company which manu-
factures a wide range of products from compona2nts for cars
anl trucks %5 defense 21l2ctronics and space systems. TRW
produces transistors, rassistors, capacitors, disdes, poren-
+iometers, +*rimmers, tuning devices, TV convergence yckes,
connrectors, transformers, printed circui+ bcards, electric
motors, electric data processing tszraminals, 223 je« erngins
parts. Other products include pumps, £luid handling equip-
men+t, nuclear reactor c>mponents, fastners, bearings,
cutting to0ls, and kand to>1ls.

This company handles defanse systems con:rac%s which
irclude thke development »f softwar2 and “he coastructicn of
tha entire systemn.

1. Ozganization

"Jc

*

TRW is divided into many 3Jroups because of its
diversification. One of thes2 groups, *+he defenss systenms
graoup, <¢dn+ains the engin2ering divisicn of which <he prod-
ucts assurance organizatior is a par-. (Figur=s 4.5) This
level is made up of miazagers whd> are assigned <o *he
different projects in assistant pro>ject marager capacity.
This department is not just concarnsd with sof:zwars product
assurance, but also with hardware ani sys“em zsngineering ani
design (SEAD) product assarancs. (Figure 4.6)

Figure 4.7 shows the standard work breakdown s+-uc-
ture for any product in *he dafens2 systems group as i+ i

n

concerned with product 2assurance. The assis%an+ prcjec

!

manager heads up a staff >f personpzl who work in “he areas
of quali+«y assurance, configuration management, reliadilisy,
anl safety.

Figure 4.8 shows the stardard work breakdown s<ruc-

ture for *h2? quali%y assurance ar=22a 9of +he project which is
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further subdivided into maazageaent, so>ftware, hardware and
system.

When working on military contracts, “+he company mus*
follow specifica+<ions required for =contract award. One of
these spacifications is MIL-S-52779A “"Software Quality
Assurance Program Requirs:ments" 23f 1 RAugus*t 1979. This
document states the requirement £or the es+tablishment and
implemertation of a scoftwire quality assurance program. I«
is hoped that this program <could bz tailored, =zconomically
planned and developed in conjunctisn with the con+tractors
programs of this *ype. The contractor is required <o docu-
ment this program 3in the form of a so5ftware guality assur-
ance plan which m2ets its specifications. This plar has +o
idantify organizatioral rasponsibility and authority for its
execution and make timely provisisns for specizl needs
{(controls, *ools, facilitizs, skills, =estc.). Because this
is par* of -he contract, it is considered +o give the prod-
ucts assurance organization its authority over the projeck.

2. Mapagement and Sofhiwars Areas 2f &

The standard dutiss expec+ed &> be performed by the
personnel in +he managama2n* area >f <the projecs ace as
follows: (Figurs 4.9)

a. Planning ani Control

{1) To provilz direc+isa and par+icipa%e in the
generation of gquality 2assurance iInpu* 3in*o +he project
implemen+*ation plan, projact schedul:zs, documsntation plans
anl other siailar documsnis,

(2) To defins th2z gquali‘y assurance +a
assign “he appropriate p=arscnnel. T> mcai“or their psrfcra-
ance and prepare s%atus rszporis.
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- MANAGEMENT

- PLANNING
AND CONTROL

e PROJECT PLANS
» QA TASKS
o CONTRACT CHANGCES

L. QA PLANS AND
PROCEDURES

e QA PLAN
e QA PROCEDURES

PROJECT
INTERFACES

T

PROJECT MANAGCEMENT
PROJECT PA MANAGEMENT
FUNCTIONAL PA MANACEMENT
TRW FUNCTIONAL MANAGEMENT
PROJECT BOARDS

QA OPERATIONS
CONFIGURATION MANAGEMENT

CUSTOMER
INTERFACES

AFPRO

FORMAL REVIEWS § AUDITS
ASSOCIATE CONTRACTOR
DOCUMENTATION REVIEW

SUBCONTRACTOR/
SUPPLIER MGMT. |

e SELECTION
e REQUIREMENTS DEFINITION
& MONITORING AND CONTROL

FIGURE 4.9 TRW Quality Assurance Project WBS - Management Detail

SOURCE: TRW Status Report on Standardization of Quality Assurance
Functions Task, 20 April 1982
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(3) To monitor all actions in conjunction with

contract and engineering changes.
b. Quality Assurance Plans and Prccedursas

They ar reqaired to direct the gereration of
tha quality assurance plan which follows *he controlling
government specification MIL-S-52779A,to revisw, maintain,
and upda+e it throughout the projsct's 1life. This plan is

|
!
'
;
i
;

rejuirad to address:
(n Tools, techniquss, me+thodologias and

reczords to be employed 1in *he performance of the work %o
suppor+* “he gquality assurince objectives,

(2) Procedur=s by which dasign documenta<=iorn is
reviewed to evaluate design logic, £fulfillmen* of require-
ments, completeness, and compliance with specifiel

standards.
(3) Contractor's procedures £oar formally

approving or certifying *h2 description, authoarization and

- -

completion of work perform2d under contract.

) Documentation of standards, programming
conventions and practicss to be us2d for all software. ‘

(S) Docum=ntation of tha coentraztor's procs-
dures and controls for handling of source cods and obj=c: |
code and rela*ed data in their various forms 2and versiors. ’

(6) Documsntation of contrac+tort!s procedures
for preparation and exzcation of raviaws and audi:s neces-
sary 1in establishing traceability 0f initial ccantract

requiremencs,

B e P P SR

c. Project Intzrfaces

Th2 managemaznt detail aldrcesses <+he irntecfaces ﬂ
between projec~ manager, assistant prodect manager sub I
‘ project managers and o*thsrs In conjuacstion witn “he ojec*. |
F : Thay a*=erd “he staff m2et-ings andi rzspond %o az<ion items
;' f
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b d. Customer Interfaces

3 _ The management detail works with the customer
' representative offices, hoasts th=zir wvisi¢ts and formal
reviews 2and take care of documen*tation to and from *the
F ' customer.

e. Subcontractor and Supplizr Management

Figure 4.10 delinatss <+he duties of +he
personnel irn the softwar2 area of tha precject. The +<hre=

groupings are:

(1) Managemeat Support -- carries su*t duzies
in support of the management ssc+tion of
the projact.

(2) Enginesring

(2) Identify and dz€ine +he quality
standards and procedures “hat will
b2 £31lowed 3ucing the design,
dav=lopment, programming, *es*ing
and documentatiosn stages.

(by Identify softwars tools and special
methodclogies that would be used in
performance of quality assurarnce
task., Establish procedures for <heir v
use and ensurz *heir use 3uring the
pcrojac*. N

(c) Participate in d2finit¢ion and Zmplemen- f
¢3+«ion of a s>f<ware problea -eper+ing, |
analysis, corr2ction and zon*rol systsa. ﬂ

(d) Participate in formal reviews, project
boards and customer boards. i

(¢) Maintain recoris and files of deccuman-
tazisn review for adherence *o
staniaris.,

{3) Opera*iorns
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SOFTWARE

MANAGEMENT
SUPPORT

PROJECT PLANNING AND CONTROL

QA PLAN AND PROCEDURES

PROJECT INTERFACES

CUSTOMER INTERFACES
SUBCONTRACTOR /SUPPLIER INTERFACES

— ENGINEERING

S/W STANDARDS AND PROCEDURES
S/W TOOLS AND METHODOLOGIES
S/W PROBLEM CONTROL

FORMAL REVIEWS

PROJECT BOARDS

RECORDS MAINTENANCE
DOCUMENTATION REVIEW

OPERATIONS

AUDITS
TESTS
INSPECTIONS
SITE SUPPORT

FIGURE 4.10 TRW Quality Assurance Project WBS - Software Detail

SOURCE:

TRW Status Report on Standardization of Quality Assurance
Functions Task, 20 April 1982
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(a) P=2rform audits on project activities,

(b} Participate in 2ach level of software
testing as dasigned by *h2 quality
assurance plan and perform surveillancs
activitiss.

{(c) P2rform visual inspections of all
softvare proiucts purchased with hard-
wars from supplier. ?

() P2rform quality assurance function at 5
each si*2 and -emo%e site for testing.

If, during any documentation audit, a discrepancy s foungd,
+tha discrepancy is documented and is taken first to +the
responsible designer. If, in a cer*ain amoun* 2f time, th2
error is not corrected, the problen is *aken to <he nex:
level 3ir the project orgaaization. The probleam will *ravel
up the crganization until “he discrzpancy is correct=2d even

if it means going outside the projsct's environament.
Approximately 2 to 5.5% of *he entire project!s
funds is charged *o quality product assurance, but it is *he
opinion of “he wmaragers 52€ gquality assurance in +he TRW
company “ha* the cost of jualisy assarance is z=ro.
Once a pcroluct has besan accepted by the
customer, with *he signing of def21s2 form DD250 Material

Inspection and Receiving Raport, thz lzgal obligation of TRW
is ended. 1If any problsms ariss aftar release, “he customer E
pays to have more work dona.

Refazence

Personal interview with 4r. ¥illiama V. Buck, ?roduc+
Assurance Manager; Mr., Samuel E, Ban:zsch, Department Manager
Praoduct Assurance; and Mr. Mar*in F. Kenehan, Senior S$+af€
Eryineer of <+the Defens2 and Spacz 35roup ¢f TRW, Re2dcnd>
Beach, California oa 7 May 1982.
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C. IBAM

1. Organjzation

Pigure 4.11 shows the structar? of the IBM organiza-
tion as of March 1982. I+ shows that, under <*he s<=aff
level, the company is divided into two 1aajor areas,
marketing and service and wmanrufac*uring ard devslopment.
Unler these areas, the groaping of divisions s%ar« in which,
under +he information sys+tems and t=zchnology gcoup, ~he
general products division 2xists.

The general products divisioi, wizth i%s headquar+ers
located in San Jose, California, is responsible <€or +*he
development of all hardware and software products at IBM.
It has two development laboratoriss, one lccated in Santa
Teresa, California and ¢h=z other in Tucson, Arizora. (Pigqurs
4,12

The general products divisisa is headed by a presi-
den+ with 2a vice-president in charjs of each opesrational
department including: hardware, s>f%ware, @®anufacturirng,
financing, suppor* and products assurance. Headiing each
developmen+ laboratory is a c¢zn%sr nanager “ith functional
managers in charge of =2ach dapartasznt below him. Wishin
each of the development c-2n*ers, 3 func*ionali manager in
charge of products or quality assuraacs.

The quality assurance depar*a2n= within this organi-
zation is complately indiepsndent of >+her depar-men*s. Tha
sof+ware products develop=1 3in thess laboratoriszs lie within
th2 environment or opera=ional *3575)1 area (Figqure 4.1713) and
+*+hey are produced in all 5f <h2 major pregramming languages.
Ths quality assurance grouap does hav2 au+thority over prod-
ucts that are new and ac= abou* %> be anncunced and over
products that are being shippel to cas*omers. If this group
does no+t agree that 2 prolict is rzaly, i+ is 23+ released.

?
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Marxeting
and Service Manufacturing ana Develooment

FIGURE 4.11 IBM Organization
SOURCE: Interview with [BM Products Assurance 2ersonnel
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Pigure 4.12 IBM 3eneral Products Division

Source: Interview with IBM Products Assurance Personnel
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Tha decision for product ralease is no+ driven by any other
factors.

The quality assurance department is divided into
three divisions, two of which are praducts assurance, ani
+he other is wverification and t=sting. Evary softwars
product developed is diviied between the two product assur-
arce divisions. The number of peopl:s assigned is a function
of the project's size and their schzdule depends orn ¢ha+ of
+he developers. At th2 =nd of *he 3svelcpment cycle, all
products 3o through the varification and +es*ing division.

2. Quality Assurance and Dssign Interface

—— -~

The quality assurance group interfaces with +he
program developers throughout the =2ntire develspmen* cycle.
(Figure 4.14) The peopls wi<hin tais group have no prere-
quisite skill requirement and most 1ave variel backgrounds
ranging from programming 2xpertise to marke+ing skills. To
do their job, they dzperd mainly on their experience and gu*
fealings. 1I: is not considered necsssary for thsm to have 2
programming 9r computer 213inesring background becausz2 i+ is
very rare that *hey havs *o inspect *th2 actual cods its=21f.
Within each dev=lopment 32partment are performance groups
who examire the code and tas* it psriodically throughout <*hs
development cycle.

The maragers of thz Jevelopm2n% groups i1=pend on %h2
people from products assurance for <their objectivi<y and do
not view “hem as a ra2sourcs +ool. Th2s2 products assurancs
people contribute ¢o the oroduc* in “hs following ways:

a. Planning

Before any work can be star+ted, a projec* plan
has “o be pu+ +“ogether in which th=2 oprcgramaers have 4o
claim which development style ou« 5f a possiblz +hree will
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be used for this project. This plan is npamed the
Comprehensive Evaluation Plan (CEP) which alss takss into
account the guality assurance procediarss, use of resources,
ard the project!s scheduls. It is considered the main plan-

ning documen* and has to bs approval by the products a2ssur-
ance division before the project is star+ed.

b. Barly Warnings

If at any tim2 during thz developma2n* cycle, *he
quality assurance inspector s2es aaything which migh% keep
th2 program development Jroup from keoeping scha2dule, *hey

notify *he project marager.
c. Value Added

If, during *he process, the quality assurance
people feel that somethingy could b2 2died o %*he sof*ware *+o
enhance or improve i+, thay irform %12 developmzant group.

d. Education

The education of +the programmers on possible
development tools, whether develop2l in house or externally,
{s carried out by this o5ryanization.

IBM sets stariards requirsmants <thzat have to be
built in*o <he produc*s, bu% <her=2 is flexibility in their
us2 because it is left to the discr2tisn of ths progranmmer.

The verifica*ion and testing people carry ou*
d of <*he development

W

their func+ional tes*ing at *=he 2

process, perforaing basizally ussr oriented tas<s. Thair

main objsctive is 2o d2bug thess products 5f any user
riented probleas.

Begides th2 product iassurance, performancs

group, and verification and +es< groups interfacss, *there is

still aro=her buil*-ip dzvice for insucing quality produc<s.

7
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A Reviewv and Inspection process (R5I) s carried cut by the
programmers ~hemselves throughout th2 davelopment cycle. 1I¢
is carried out either in 2 formal maannar in which a meeting
is held with the progriamers and a 20d rat>r and <they
discuss *he program and i*s progress ‘{1 depth, or it can b2
held on ar informal basis with only ¢tke progriasers' imae-~
diate peers present. A r2presentacivs Lf “he produc*t assur-
ance divisior is requirad £o at*end th2se mestiags.

3. OQpezations

Cnce a product has been =2lzased, +he £iel13 engi-
rearing division is respoasible for cemedying any probleams
experienced by the custcmsrs in use of +the product. This
divisicn is also responsible for maintairing a his*orical
¢racking record or problass with th=s software produc“s oncs
ir +he field. If a product is +o be —renevwed 5>r =nhanced,
th2 products assurance p2dple can rsques* <this historical
irforma<ion, but they are not requirsd to kesp track of It,

If a completely new product s released by +he
company for which the wusa2rs would rsquire =raining, *h
responsibility for this ¢*raining is assumed by “he marke+ing
divisionxn, Requests for new produc*s are ot received
directly by <the developm2a* laboratdries, but +*hrough the
tw> main IBY user groups, SHARE and 30IDE, which mese* *wice
yearly *o discuss problsams and possible ideas for new prod-
ucts. The marketing livision is 21so cons*aatly carrying
out surveys of customers £or new proiuc+ ideas.

The people of <he quality assurancs depar+<ment
thought that *“heir main obdjective was <c maintain 2 wide
rTange perspective of +<h2 product 31svelopment process and

rever to become overly Involved with J=tails.
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Reference

Personal in%erview with ¥r, Barron A. McDonald and Mr.
Norman Towns of +he products assurance group, IBM
Development Center, Santa Teresa, California on 21 April
1982.

D. AMDAHL

Amdzhl is a high <%=2chnolecgy <company engaged in <+h=
s*ate-~of-the-art design, davelopaens, manufac<uring,
marketing and maintenancs of larg2 mainframe ccmputers,
sof+tware and communication systems. These prcducts are used
by large computer wusers ia +ths full -vec*rum >f commercial
ard scien+tific data processing environaents.

The conmpany's ceantral processiny uni:t's design s<rategy
is to focus on thz developnent of 2fficient design architec-
+uyre fo- high performance, dependability, and fl=xibilisy
for future enhencement of the product.

The company's communication syst2ms divisiogn designe and
manufactures digital <coamunication nstworks which allow
us2rs “o interface with multiple gsographically dispersed

sys:tems.
Amdahl also offers a number 9o£f services o Its
customers., There are programs for cross +“rairirg support

with specialists in both hardware ani softwars disciplinss.
Thare are also expanied 23ucational offerings with “ailored
+*raining “o enhance Amdahl product sapporct.

The company's sof+*warz Jdevalopm2n: and program enhance-
men+s ersure compatibili+y of its hardwarce proiuces <“c ¢he
most widely used systems, &nd othar software products ace

aimed a= increasing productivicy of “he user.
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1. Qrganiza*ion

The software department is 3 par-* of +hs engineering
division a¢ Amdahl. The software jyuality assurance group is
a part of +hat departmant and it consists of fivs people.
(Figure 4.15) The pain purpose 2f software in the Amdahl
world is for architectural intsrfacs of its product with ths
customer's systen. Because of this, +the sofiware d=velop-
ment group d4oes not have to start with any <op down design
of i+*s product but to 1avalop complzmznt software in order
to *ie the hardware products *ogsthar, The drivirng force
for the develooment of software in this compary is +ths inno-
vative hardware 92f its competizors, such as IBM. The
authori<y of <*his organiza+ion d2pznis on its crsdibility
and expertise. The products that they releass have proven
themselves in the market place,

r

2. Deyvelopment Intsrface

The guality assarance group of Amdahl's main In+sr-
face with <*he dszvelopm2nt group conas a* *+he end of <h=
development cycle during tha %estiny 2nd ameasucing. They
also take part in all t=chnical rsvisws <+hrocughouz <he new
praoducts jevelopment. Th2 quality assurancs group insures
tha® *he program is "packaged corr2c-tly"™ £or installation.
This means “ha*t *he software produc* meets all <he standards
of *hei- competitor's systam.

3. Opezations

ot
O
o
(1)
t
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hy <uis

«r
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For new softwars abo
is

ut d
company, “hey have wha kaown 2 e sarly support

o

e

program. The program 21ables +he 13 take “hs
sof«ware in“o “he field, *est and dabug i« on the sys*em +5
which i+ is *o be appli=d befcrz i% is announcel.
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After installation, 3if thars are problems with the
software, *he field uri«s of Amdahkl handle thesn. Thers is
+he Amdahl warning system and maintanance tape, vwhich is
maintaired by the field units ard, if there is a major
problem, the software is s2nt back to> the developmen* center
for rework.

No +raining is carried out €for *“he Amdahl products,
but thers is a tremendous 4ir-hdouss trainingy <effort on
competitors' equipment.

Reference
Interview with Mr. Richaril L. Patrick, Manager, Softwars
Quality Assurance Group a* Amdahl's.
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V. ANALYSIS CONCLOSION AND RECOMMENDATIONS

This chapter gives ths reader an 2aralysis and summary of

the interviews with the commercial computer coapanies and a

(1]

comparison with the FMSO 2nvironment:. A+ *he end of <h
chapter, conclusions and r=commendations are given,

A. QUESTIONS FROM INTERVIERW:

ot
=
t]

1. Where does the quali+y assurance group fit in%o
company's organization?
a. Hewlstt Packari
The products assuranc2 jroup is 32 part of +the
data systems division and 3is on the same 1level as engi-
neering, manufac+turing, marketing, 2:1nd other dspartm2nts of
this division. The produc+s assuraics group fi4s into <ths

company's organiza<ion ir a1 1line function position.

b. TRW
The products assurancs Jroup is a3 part of %hs
enrgineering division. This group £fits into <the company's

organization in a stz2ff fanction.
c. IBHM
The products assurance iepartmen* is
tha sof+ware development cen<ar. I+ 2
sane level as +the developmant Jepartazn+ c¢f “he centes, in 2
line functicn.
d. Amdahl

The sof*twar=2 Juali“ty assurance group is a pac<
of +“he software dspartaent. I+ is oosi<ioned on “he samz
level as *he research and ievelopment groups. The sof+tware

quality assurancz group iz in a line functicn posi<ien.

e
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e. PNSO
The guality coantrol branch exis*s in the manage-
men+ depar+~ment, Code 92. It is in a2 sta€ff function.
2. Wha* typ=s of authori+y/power 3ices the guali‘y assur-
ance group have over their softwars product?
a. Hewlett Packari
This group's powsr r2liss or iIts abili*y ¢o
persuade managemant +ha* the product is not resady and iss
repu+ation.
b. TRW
The authority of this gquality assurance group is
given by a contractual r23uirsment, MIL-S-52779A "Sof*twars
Quali+y Assurance Program Requirem2nts."
c. IBM
The products assuranc group has comple*e
authority over software prsducs. If <+“his group feels tha*
+he product is no* ready, it is not r=alecased.
d. Amdahl
The softvware quality assurance group's power
ovar the product depends on th: 3Jroup's credibili+ and

{

expertise.
e, FMSO
The quality coatrol group exercises adminis<ra-
tive power over produc<+s. I+ insures +hat the quality

assurance check-off list is properly filled out ard “ha%t *ths

product mee+s sp=2cifications.
3. Wha* qualifications 1o ths rp=20ple in +“h2 quality
assurance group have?
a. Hewlett Packari
Thei- Juality assurance2 pecsornel are regquired
*0o have =2enough educa+ion and experiance to b2 brsgranm
anl designers.
b. TRW
Yo specifiic qualifica%ion raquirad.
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c. IBM
No specific qualification required.

d. Amdahl
No specific qualification required.
e, FMSO

Personnel in +*he quality control branch ace
exp2cted to have a complaet2 knowledge of the system develop-
men+ process, from all aspscts,

4. Bow does +he guali+y assuraicz group interface with
+te design/developmen* group?
a. Hewlstt Packard

The quality assurance psrsonnel are a pact of
thes product development gJroup and work wit<h the product
designers <+throughout <+hs developm2nt cycle, Thay ars
rejuired to produce a gquili~y assurance plan which states
the measuremen*s of +thes guality objsctives and +o partici-
pate ir the product testing on bdoth <+he fuactional and
system levels.

b. TRW

An assistant preject manager is assigned *o
every project, with his own staff, tc coordinats ani parc+ic-
ipate ir the gquality c>atrol <£functions required in <he
pro jec*. They perform audit <testing of <the produc* and
participate in all technical raviews.

C. IBM

The product assurance ped>ple in%erface wi+h ths
software development personnel +throughout the dJdavelopment
cycle. They approve the program davalopmen* plan aad kaep
managemant informed of anything that w@ight affect +he
project?s schedule. Thay do not pacticipa4z in produc+
tes-ing, bu+ “her2 are =wo +hird parc*y groups, <*he perfora-
ance group 2and *he wverifica*ion anl <+es* personnel, who

cacry cu* <his func+ion.
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d. Amdahl
The softwar2 Juali*y asirance group interfaces
with the development personnel at the testing 2and measure-
ment end of the developm2at cycls, They insure <+ha* ths
product is *"packaged corractly" befors release. They arz
tejyuired to attend and participate in all technical reviews
during the development of the product.
€. FMSO
The guality control branch checks +h=2 functicral
description and systenm specifications administra+ively.
They 4insure that the quality contrcl check-sff list is
filled out properly and par+ticipats in product testing on a
very infrequent basis.

As showrn in the question, all of those interviewed,
2xcept TRW and PFMSO, hai €heéir software quality assurance
groups in a line func+*tion position in “he organizaticn. p
should be noted “ha+t ths products assurance group cf TRW was
in charge of a line managament staff which was assigned to
each produc% <o perform in a line function. In FMSO, *hera
is only the staff group.

It is <the opinion of *he author of +his thesis <+hat*
quas+tions 2, 3, and 4 tie in togethsr. In all =he companie
interviewed, <“he qualizy assurancs gJroup is ¢on
func-iors as an integral par+ of the development team. They
work wi+h the development —personn2l throughcout “he develcp-
men+t cycle, relieving any advisary si*uation.

If the personnel in “"he guality assurance group do no+
have the exper+ise =0 carry out %2sting of <h=z produc=, 2
third party in ¢he compaay's organiza-ion do. Developmen*
pecsonnel canno* be expa:sted %o b2 complet=2ly objective
apout +heir owr product =2 perform is +es“ing.

Because the quality 2ssurancs psrsonnel wdork alongside
*he development peopls2 2nd perforn some £ozm 5¢ audi-
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pedple and management. This has a 3irect <2ffect on their
authority over the product.

In PMSO, +the guality control branch dces nd5t become an
integral part of the developmen“t “eax. They rarely perfornm
any auditing function on “*he proluct. The development y
people in the CDAs carry o>u%t all tssting. If “he quality ;
assurance check-off list is compla2%2ly £illzd ou+, the f
quality control branch has no real justifica%isn £or stop- ;

i

|
|
',

function, their opinion has credibility with the developmen* {
|
|

ping the product's releass,
5. What *ools, methodologies, or %*a2chnigues does *he
quality assurance group use *o 3o +“h2ir job?
a. Hewlett Packari
No tools, asthodologizs or technigues were used
tha* were unique to the gquality assurance function.
b. TRW
No *ools, nmethodologizs or technigues were used

that were unique to the guality assucance function.
c. 1IBM
No too5ls, =aethodologias o- *echnijues were used
nce £

~hat were unique to “he gqulity assurance func*iosn.
d. Amdahl
No tools, wmethodologiass or *technijuss were used
that were unique to the 3quality assucance furc+tion.
e. FNMSO
No +tools, 1we-hodclogiss 5r “echrnijues were used
that vere unique %*o the quality assurance func+ion.
on +his question, 15ne ~f “hs companies in+erviwed

stated that they used any-hinrg uniquz to the Juali+y assur-

ance func+ion. The 3Jualiny assurance perscnnel wers
knowledagable of *0ols and technigues “hat cculd be used by
the developnmnent prograamacs which, f-om “h2i: viewpoint,

ailed in the gquality of “he sof+twar2 bacause iz helped “h2
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programmers write better prograas. These tools and *echni-
1 ques were acquired through the survsy of computer science

H : literature or developed within the compary and passed on.
No compan interviewed wis willing t> share any of these 1

todls with the author of this +4hesis because their tools H
were of a proprietary nature. |
There are companies <that devalop tools ard provide

!
services which aid 3in ths areas of programminy and guality i
1
assurance. One such company is Software Research Associa“es f

(SRA) , headquartersd in Sar PFrancisco, California. A
descrip+ion of the purpos= of this company and its activi-

ties is provided in Appesniix B.

6. Are historical ca2cords kspt of problems with sof:-

ware products after their release and who 1in the comparny's

organization keeps them?
a. Hewlett Packari
No records of this ¢ype ar=s being kept a+t this

b. TRW
No records ara2 kept o0f product problems after

release.
c. 1IBnM
Historical rezords of problems ars kept by *he ;

£i21d4 engineering division.
d. Amdahl
A maintenancez *ape of problems Is kep*

fiald engineering division.
2. PHsO
Records are m2ain%ained >y <th2 quality con
branch <hrough analysis of Program T-oubla Reparts (PTR)
7. Who handles problems with s5ftware after

arl how ar: such probleams handlzd?




a. Hewlett Packaril
Problems ar2 handlad by field enginzering ac*iv-
ities wko build *"work arounds" for customers if necessary.
If there is a critical problem, the software is returned +o
the developmant group for repair.
b. TRW
There is no l:gal obliga*ion on *h2 par* of the
coapany to handle problsams after a product's release. If a
customer desires TRW to fix a problens after product release,
the customer will be chargzd f£or ths services.
c. 1IBA
A1l problems are complatzly handled by t.e field
engineering division. The softwars is no% returned *+¢c *h

D

development laboratory, no matter how critical.
d. Amdahl
Problems are handled by +the field engineering
group. If there is a a2ajor problen, the sof*ware is
returned to the developamen* personnal.
e. FMSO
The software is reportsd +c¢ +the CDA and
repaired.
8. If a brand new product is designed, who in ¢ha
cospany's organization trains the customer onrn this prnduct?
a. Hewlett rackari
Marketing divisiorn carriss out *raining.
b. TRW
No traininpg is carried o1+ by “he company after
product relecasa.

c. 1IBM
Marketing division carrias ous training.
d. Anmdahl

Marke*ing division carriass out *raiaing.
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e, FMSO
Pield training wunits 3o to> activities from the
CDAs.

A ques+ion that might have b22n asked 3Juring <hese
irterviews concerned thz effectiveness of the company's
software quality assurancs program. The author did no* ask
this question Dbecause i+ would be improbabls to =expect an

objective answer. This thesis did no% offer a quantitative

measure of these grcups' performancass *o maks its compari-

sons. The author's intent was to compare their view of <the
an

guality assurance organizatiorn's rolsa 4 how thay function.

B. SOMMARY CONCLUSIONS

The purpose of this thesis wis to 3irvestigate +the
methods used by larges commercial conpu*er companies 3in the
arsa of sof-ware quality assurancs, The primarcy objective
was to sez if any of thass practicas could be used in FYSO's
envirorment.

1. The greatest 4if ference betwean +*h: commercial
companies and *he FMSC 2nvironment was in management's view
of what role or function a quality a2ssurance group shcul?
take, In *he commercial =nvironment, <*he %rerd of “hough-
is that *he quality assurance rol2 is a 1linsz function “ha%
could be controlled £rom 2 s<aff position. In FMSO, +he
quality assurance role is only baiang £fulfillasd <hzough 2a
staff position.

2, There was a 3iffersnce in +th: way *he gJuality assur-
ance personnrel interfacsd wi%h thz 3z2va2lopmen: peobpla. In
the commercial companiss, <hs quali%y assucance personnel

m

1
became an integral part of the devszl ent “eam, <hzi- opin-
a

3
ions and actions being 2 very valuabls manageman+ device to
project managers. In #4453, “he quality con%r-ol branch fronm
i+5 staff pesition, AdQo2s 10t becomz 131 par* of +*he davelop-

men~ *<am, <hus crea+ing 2ac advessacy 2nviconmanc.
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C. RECOMMENDATIONS

1. I+ 4is the opiniosn of +hes author +*hat FNSO should
change th2 quality control branch's 2s5sition from a staff ¢o
a line furc*tion. As shown by th2 iaterviews, ¢this is *h2
trend of thought on the pi>sition of an organization of this
type in a software production snvirsaaznt of *olay.

2. In the PMSO environm2at, to convart the quality comntrol
branch's position from 2a staff to a1 1line fanction, an
increase in *he branch's size wouli b2 necessary.

This could be accomplished in :t4> ways. Jne way wouli
be to hire more peopla t> increasz 1i:s size. The other
manner would be *o take people already in the CDAs ani
assign “hem the specific Job of gquality assurancs. The
second manner m2y be aora effective because these peopl2
would already be acclimat2l %+0 the FY3) environaent and have
“he knowledge of practicas in +heir own CDA. People of
experiencz and sxpertiss could be chiysen and, since already
known by the personnel in their d=2v21lopment groups, would
rot be viawed as outsiilers., They would be able to eizher
carry cu* or be in chargs of the auii*ing fuanztions in *he
software jevelopment procass. FNS) éould not have “o change
its development prcecess., Tha staff function or position
could still be held in Co3z 92, but i* would be in charge of
a line quality assurance Scrganiza+ioan in <he CDAs.

3. Th= Qualty Assuranc2 Chacklist could be used as <+h=2
quali+y assurancs group's sork desczrip-ion document. They
would Dbe ia <charge of =c>arrying =zu%t “he =2l21ents 2£ <+he
chacklist in a third party audi<ing function. Because %hs
chacklist points out th2 segments 3Juring =hz developmen©
process where surveillenc2 for quality is important and %he
list covers the =2ntire davelopment orocess, it would be a
very useful guideline.
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Looking at the first 2lement of the checklist, the scope
of release, a separate chacklist should be made up for each
of the four 1levsls of projects %5 cut dowr on confusion of
which elements should be ione for which preoject.

The <lements stated in the checklist are also very
broad. A more specific dascription of the tasks +hat would
have to be carried sut by the quality assurance personnel
should be promulgated. This description of tasks would also
have to coinside with th2 steps of the system developmen<+
process.

The gquality assurance staff functien in Cods 92 should
monitor the projects progr2ss and b2 irvolved in Z4's TOASM
phase. They should have final authori%y over thes this mile-
stone plan. They should at+end all s-oject internal reviews
and par+tipa*2 in, if no more tharn mdaitor, all testing.

4, With the quality con“rsl bracch in its pressnt pesi<ion,
i+ Is the opinion of the au*hor that i* is a wasts ¢f =his
organization's +time and resourcss =2 be involved in +the
collection and analysis o€ Program Trouble Rspcrts which
record problems after softwars relesase, The orly
orjanization to which this *ype of informa+ion is impor*an*
is *he organizazion which develop2d i+ and has to fix it,
This crganization should 2xpend ics energy in tha
nraintenance of 2hese *typ2s of r2coris, and the qualit
assurance psople should mdait>r thanm.
Se An effor+ should be made by FY¥4S) “o main+ain records of
in~hous2 3evelopment *o0o5ls that coull be sharz2d between ths
CDAs. The assis*ance of a tool 1avelopment d>rganiza+ion,
such as Software Resea:zch Assdcia“es, could be sough< to
help “hem in *he areas of program 1avelopment and sof+wara
quality con*rol +ools.
6. If any jus<ifica%tion nea2d bz supplied Z>5r acquiring
aments

resources %2 accomplish these 3Joals, the =requircsmen

e s L b Tt S




invoked on «civilian <coatractors f>r a softWare quality
assurance program, MIL-S-52779A, <c>uld be givan. If th=2
government requires this extensivs a program for its
civilian contractors, why not requirz it for its=21€?
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APPENDIX A
FMSQ SYSTEM DEVELOPMENT PROCESS

2.3.2 System Development Process (SDP) is the fumction by which FMSO trans-
forms a Requirements Statement 1ato a documented, functioning set of Computer
programs and procedures. FMSOINTNOTE 5230 of 21 Nov 1979 established the (DA
Development Process Model provided as Figure 2-4. The CDA Develiopment Process
Model reflects all of the basic steps appropriate in ensuring that each CDA
Tasking received by FMSO is effectively managed and results in a high quality
product being released for use by the customer. The model covers all projects,
large and small, new development or maintenance. However, it 1s anticipated
that some of the steps in the model may not be applicable to all projects.
Therefore, an explicit decision by the appropriate levei of maragement is
required in order to exclude process steps determined not applicable on a
project.

2.3.2.1 Definitioas of Figure 2-4 Symbols

2.3.2.1.1 "D (Line Management Neview snd Approvali. This respoasibility 1is
assigned to FMSO Department Line managers that h.u: ceea tasked with the
development of 3 Project or resolutica of a Program Trouble Repart (PTR).

2.3.2.1.2 "J" (Top Management Review (Optionai)). This responsibility is
assigned to a Project Review Board appointed LV tne Commanding Officer to
review designated Command-interest projects. The Zommanding Officer will be
final approval authority on these projects.

2.3.2.1.3 D" (Management Department (Code 92) Projec: Tracking). This
responsibility 1s assigned to the Yanagement Department to administratively
act as FMSO's front door on all Project and PTR tasking, and to track progress
for the Command via the standard FMSO project status tracking reporting system
of specific Command~designated projects.

2.3.2.1.4 "O" (Management Department (Code 92) Project Management). This
responsibility is assigned to Code 92 for yr-ojects that have significant
critical interfaces in two or more Departme.ts for which the Command has not
specifically designated a Project Manager. Project Managers will bde the
Command focal point for the project and provide the coordination necessary %o
ensure that all significaat/critical interfaces are resoived.

2.3.2.1.5 "@®" (Management Department [Code 32) Quaiity Control (Q/C)).
This responsibility 1s assigned to the lanagement Department to issure that
all line management tasking has been achieved within FMSO 0/A standards.

- Wl STy T ks
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2.3.2.1.6_“@" (Management Department (Code 92) Quality Control (Q/C

Optional)). This responsibility is assigned the Yanagement Department to
perform selectively at their discret:on on designated development process
events.

2.3.2.1.7 @O (Management Department (Code 92) Line Management). This
tesponsibility 1s assigned to the Management Department to perform line
management functions for designated Jdevelopment process =vents for all
projects where applicable.

.3.2.2 Descriptions of SDP Model Steps

2

2.3.2.2.1 Tasking Requirements Statement (RS) or Project. The development of
a Requirements Statement (formerly entitled the Systems Policy and Concepts
Statement) is the responsibility of the system proponent; however, current
Command policy 1s to provide assistance 1n the preparation of the RS by the
system proponent (where warraanted and approved by the appropriate Department
Director or Project Manager). The RS or project tasking document will be
logged in by Code 92 as a Project Tracking function and forwarded to the
responsible department(s) for acceptance or rejection.

2.3.2.2.2 System Definition Acceptable (SYSDEF OK). Line management will
review the tasking document to ensure that it contains sufficieat i1nformation
from which to develop a functional description, cost benefit analysis, plan of
action and milestones (POA&M) (internal or external), resource estimates., and
priority acceptability. I[f sufficient information :s not provided, a letter
citing tasking deficiencies will be sent by line management or by the Project
Manager (if appropriate) to NAYSUP with a copy to Code 92 to stop Project
Tracking. Tasking must contain the general defin:tion oi the target hardware/
software environment to be used or it must be clear that an existing suite of
hardware/software is Lntended. When tasking 1. acceptable and the project is
a aew development, 1s a new Application/Operation, changes disk files or
teleprocessing, 15 estimated to =2xceed 1,000 manhours ~f FMSO etfort, or

may impact system softwarae, a copy of the project will be sent to Code 94

to provide estimatea costs or jetermine that system software is aot iffected.
Code 94 will respond to application Departments within two working days in
either case. When tasking is acceptable from all of rhe above. line manage-
ment will return a copy of the project to Code 92, wich total estimated costs
anootated, for a Cost Benefit Anaiysis.

2.3.2.2.3 Cost Benefit Analysis. Code 92 wrll develop a Cost Benefit Analysis
with the assistance of line management. [f not cost beneficial, Code 92 will
ptepare 1 letter to NAVSUP rejecting the project, update Project Tracking
records, and advise line management and the Project Manager (if appropriate)

to stop further effort. CBA may be subsequently iterated at the discretioa of
Code 92 or line management.

2.3.2.2.4 Estimate Resources. Line management, :ncluding Code 94 if involved,
will develop initial resource estimates ind determine priority acceptability/
required to perform the tasking. Resources include personnel, test bded and
operational hardware, software, travel ind overtime requirements. (f there :s
a shortfall, line management or the Project Manager (1f appropriate) will
prepare correspondence (including an impact statement) to NAVSUP requesting
additional resources or 2 change in priority. 4 copy of the letter will be
forwarded to Code 92 for Project Tracking.
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2.3.2.2.5 POA&M. Line sanagement, including Code 94 1f igvolved or the
Project Manager (1{ Jppropriate), will develop internsl and external POALts

for CO-designated projects as discussed in paragraph 4.1.5.4.2. Exzsmples of
POAGMs are provided in Appendices &4.1-A-1 and &4.1-A-2. A copy of the POA&Ms
will be retained by Code 32 for Project Tracking. The CBA, resource estimates,
and (for CO-designated projects) POA&M will normally be done concurreatly aad
iacluded 1n a letter to NAVSUP including a commitment date for FMSO to complete
the Functional Description (FD). In additioan, FMSO line msnagement or the
Project Manager (:f ippropriate) will update external POA&Ms monthly for
submission to NAVSUP 'NOTE: A semior executive Project Review Board (PRB) has
been established to execute FMSOINTINST 5200.78. Line msnagemeat will, on
Commanding Jfficer-designated projects, provide or present to the PRB a System
Defiartion Review 1a iccordance with FMSOINTINST 5200.7B. When this :s approved
by the PRB and subsequently by the Commsnding Officer, line management will
prepare a lecter for the Commanding Officer's signature to NAVSUP stating the
official FMSO position;.

2.).2.2.0 _Approve POAaM. Code 92 will moritor this event as a project track-
ing responsibility. ‘when the approved POA&M 1s received from NAVSUP, the next
three steps (1.e., rotfine hardware requirements, provide ADS plan, provade
resources) will be i1nitisted concurrently.

2.3.2.2.7 Retine dHardware Requicrements. If required, NAVSUP will refine the
hardvare requirements it a level adequate for inclusion :a an ADS plan. Code
92 will momitor this event for progress as a Project Tracking task.

2.3.2.2.8 Provide ADS Plan. If required, NAVSUP will deveiop or update an
ADS plas 4nd process 1t up the chain of comsand for approval. Although it is
recognized that further FMSO development of the tasking should wait for ADS
plan approval, this nas provea to be impractical.

2.3.2.2.9 Provide Resources. If required, NAVSUP will provide resources
and/or priorities necessary to execute the POA&M. Code 92 will monitor this
event for progress as i Project Tracking task.

2,3.2.2.10_ Jevelop Functional Description (FD). Line management will develop
the Functionai Description (FD) and submit to NAVSUP for approval, i1aciuding
refined estimates of resources per paragraph 2.3.2.2.7, above, with a copy to
Jode 92 for Project Irackiag, Quality Control, and compliance with standards.
tpon completion -f the FD, line mauagement or the Project Manager (if appro-
priate) will conduct 3 Svstem Design Review. On Commanding Ufficer-designated
projects, the review wiil be provided or presented to the PRB ia accordance
with FMSCINTINST 53200.7B. Code 92 will provide or preseat an updated CBA as
appropriate. When approved by the PRB and subsequently by the Commanding
Officer, .ine management or the Project Manager (if appropriate) will prepare
2 letter to NAVSUP, for Commasnding Officer signature, includiag an updated
POASM with 2 commitment -jate for FMSO to complete the System Specificatioms
{S§).

2.3.2.2.11 Approve Functional Description. NAVSUP will review the FD and
approve, apprcve with jualifications, or disapprove. This is the critical
path to the jevelopment »f *he System Specification. NAVSUP will update
cesource requirements is required. Code 92 will monitor this event foc
progress as 3 Project Tracking task, if required.
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2.3.2.2.12 Acquire Hardware. FMSO assists by estimsting capacity needed for

a representative site. NAVSUP coordinates with other NAVMAT or Fleet claisants,
performs dasta call to all affected activities, and determines system-wide
requirements. NAVSUP, directly or by notification to other claimsnts, initiates
acquisition. Code 92 will monitor this event for progress as a1 Project Track-
ing task, if required.

2.3.2.2.13 Develop System Specifications (SS). Line management will develop
the SS for release to customers with a copy to Code 92 for Project Tracking
(if requared), Quality Control, and standards review. [n addition, at the
completion of the SS, line management or the roject Manager (1.f appropriate)
will, on CO-designated projects, provide or present to the PRB a Computer
System Analysis Review in accordance with FMSOINTINST 5200.7B. Ia additionm,
Code 92 will provide or present an updated CBA if appropriate. When approved
by the PRB and subsequently by the Commanding Officer, line management or the
Project Manager (if appropriate) will prepare a letter to NAVSUP for Commsading
Officer signature, including an updated POA&M with a commitment dJate for FMSC
to make <he program release.

2.3.2.2.14 Provide Test Bed Hardware. NAVSUP provides hardware and systea
software (if any) needed for program development and testing. Code 92 will
coordinate or arrange the installation. Since this is the critical path to
process event 2.3.2.2.16, program development can begin but not be completed

if test bed augmentations or acquisitions are needed but not provided. Code

92 will momitor this process event on projects where test bed hardware/software
is required as part of their Proiect Tracking function.

2.3.2.2.15 Program Trouble Report (PTR). PTRs will be received by Code 92,
logged for PTR monitoring as part of their Project Trackiag fuaction, and
forwarded to the responsible department for resolution. PTRs may affect aay
development process step in this model, and are discussed in detail in pacragraph
8.2.5.

2.3.2.2.16 Program Development. .ine management will develop Program Spec:-
fications (PSs), develop programs, perform unit testing, develop Program
Maintenance Manuals (M1s), Users Manuals (UMs), and Computer Operation Maauals
(CMs). PSs, UMs, and OMs will be released by line management to customers.
Code 92 will provide administrative documentation release services including
review of the documentation for completeness and compliance with documentation
and system development process standards.

2.3.2.2.17 Develop Implementation Plan. The customer is responsibie for the
formulation of a systematic implementat:ion plan based upon individual customer
requirements. However, FMSO must assist the customer on some projects by
developing a proposed plan and negotiating the issuance of a plan by the
customer. Negotiations on the implementation pian will be performed by Code
92 as a line management function for designated projects, with assistance and
review/approval by line management in atfiected Jdepartments. Impiementation
plans required on projects not designated for Code 92 Jevelopment will be
developed by the appropriate department line management.

2.3.2.2.18 Testing. Test Plans will be Jeveloped and string tests and/or
system tests will be performed by .ine managemeat. Code 92 will selectively
review test plans and test requests for compiiance with Quality Assurance
stangdards and procedures.




2.3.2.2.19 Provide Hardware to Field Activities. NAVSUP and other claimsats
will provide required hardware capacity, .f aay, for field activity implemen-
tation. If required, Code 92 will monitor this event for progress as a
Project Tracking function.

2.3.2.2.20 Program Optimization. Line management 1s routinely responsible

for program optimization. Code 32 will select programs for review and process-
ing through available optimization tools, and provide any solutiocas developed
to line management by formal memo with logic changes specified. Line mapage-
ment will schedule and modify the programs in accordance with the solution
provided or resolve with Code 92.

2.3.2.2.2]1 Independent Test Group. An independeat test group will be estab-
Lished in Code 92. For Code 92-selectea projects, entire release packages

will be Quality Controlled for compliance with standards and procedures, clarity
and ease of implementation. Also, all output products for the selected projects
will be reviewed for .wuality. Tn instances where this effort will be accom-
plished prior to program release, line management will be advised during

taitial POA&M development for inclusion in estimates. Recommendations for
changes or correctiuns will be made to line management. Line management will
make the changes or corrections in accordaoce with the Code 92 recommendations
or resolve with Code 2.

2.3.2.2.22 Release Programs. Line management will release programs for
Operational Review, Prototype or Implementation when all Q/A functioans have

been satisfied. When released for prototype, line management may withhold
program releases to other customers for implementation pending successful
prototype. Program Trouble Reports (PTRs) or Flash notificatiom will normally

be torwarded by a prototype activity to FMSO. Code 92 will provide administrative
release services in accordance with current procedures, coordinating the release
of environmentai and application software and coordinating resolution of hardware
and software :interface requirements. [n addition, Code 92 will review program
reieases for completeness, clarity and compliaace with documentation and

system development process standards as a Code 92 Q/C function. If required,
Code 32 will monitor this event for Project Management or Project Tracking.

2.3.2.2.23 OP Review or Prototvpe. This is the respoasibility of the customer
and the primary part:cipating respoasibility of line management. When thais
occurs, Code 91 will participate at their option as a Code 92 Q/C function.

If requared, Code 92 will monitor this functioan for Project Tracking.

2.3.2.2.26 lmplementatiun. [mplementation is a customer responsibility with
support provided by FMSO. Support will he provided by lLine management and/or
Cuode 92 in accordance 7ith the mplementation plan. [f required, Code 92 will
selectively monitor this event for Project Tracking.

2.3.2.2.25 Post Relesase Review. As 2 Quality Control funct:on., post .mple-

mentation visits will be made to selected sites by Code 92, at their option,

to Jetermine wvhether the ™SO program release satisfied the tasking and whether
Lthe activity is using < properly. Feedback will be provided to line management.
An attempt will be nade to verify that the expected benefits were achieved.




APPENDIX B
SOFTWARE RESEARCH ASSOCIATES (SRA) -

Software Research Agseciates
ABOUT SOFPTWARE RESEARCH..

Software Research Associstes (SRA) is an advanced technology research and engineering
firm involved in software scnncc. sofcware engineering, softwvare quality assurance, and

software maintenance. The main accivities of the Company are education, researsn and
development, consulting, software tool design and production, and allied technicil
services. The Company has offices in San Francisco (hesdquarters) and Los Angeles,
Culiformia.

Profsssicnal Development Techuology Sewminars...

The Company offers series of Profeszmional Dcvcbpn.ut Seminars on a periodi: dasis
publically, and on an in-house basis as well. SRA seminars are distinguished by their
dedication to presentation of state-of=the-art softwvare cngmeermg tee‘:m.ques. Seminar
offerings currently include: Software Quality Assurance, Aopued Verifizatisn Teznnizuas. 1
Advanced Software Validation Tachniques, Automated Softvare Engineering Too!
Technology, and Software Maintenance Technology.

Resasrch 30d Develdpment...

Company researchers track the latest technical developmen:s in a2 range 57 zress.
including softwvare production, software testing, and software maintensnce, as w4l 7%
other zreas of softwvare science and e-\gmunn;. Typical Company researzh. projects
have included work in such areas as: techiniques for validation of software enginesring,
systenatiz automation of the maintenance function, and zeneral methodoisgies Zor
compraiensive software testing and analysis.

Cousulting and Techuical Services...

Consultzing ‘or Coxipany clienzs has rangeZ Srom evaluazion cf advanced cocputer
architectures In the design of state-of-the-srt software Juaiily assurance >Tramizazicta.
The Compan\' s approach to corsulting emphasizes complece techaical disclosurs so zha:
clen: organizations can make enlightened choices between technizal altermazives. The
Compeny also provides specialized technical services using advanced softwars
engineering tools. Such services include software quality assuranze, software testing,
and sofiware maintenance support.

Publications...

The Conmpany publishes a quarterly newsietter, “Testing Techmiques”, :hat is discridured
vithout charge to qualified ;ecnnomgnts throughout the world, The new newslez:er,
“Qualiry Mansgement Moathly", is focused on applyving qualicy nanagenmen: technigues
throughout the software life cycle. The Company also publishes ‘in osrinted anag
machinable form) the "Software Engineering Automated Tools Index” ctha: iesirides
some 500+ software support tools.

Softvare Engineering Tools..

The Comrany provides scitware produstinn, testing and qualitv assurance. and
sainterance tools for a varisty 5f zonpucer svstens. The SRTRAR syste °f
structured program ming preprocessing orovides advanzed congrol stractures.
prograc documentation, and autdTafic inst=smentation. The TCAT |
systen cest soverage analydis drnvides a juantitative bdase Ir qualit
of COBGL »rograms. The TTB interactive software analvsis ini zes:
advanced analvsis ¢oncepcs Zor sapport +f intaractive soflwisre 3igls
ISUS svaten for semantiz ipdaze iad wmaintenance 3 soliwars ewslenms
aavanse i1 the state of the a— :n software configuralion =anigacenl
sonerstl.

Revisec: Jecenbder 198;
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APPLIED VERIFICATION TECHNOLOGY SEMINAR

Quality in a software system is a function of logical integrity of every part of the system
and of the system as a whole. Verification (or "proof™) techniques are used to help
establish the needea leveis of integrity.

This new SRA Software Technoiogy Seminar describes applications of the ">roof of
correctness” methods (o software system quality control [n the correctness proving
approach conjectures are formulated which express correctness with respect to
specifications. The conjectures are generated by comDning assertions asbout the program
behavior with information from the pi m source text. These conjectures are then proved
using information about the "mnm'g'“ of the programming and specification lmgulﬁ‘s,
mathematical logic, algebraic manibulation, and mechanical theorem proving. e
methodology that surrounds the AFFIRM system will be described in detail

This seminar is intended both for individusls in R&D positions and software engineering

personnel working on highly reliable computing systems. A brief outline of the main topics
in the seminar is:

PHILOSOPHY AND MOTIVATION: What is Verification?; Programs as Mathematical
Objects; Unification of Verification and Design.

THEORETICAL FOUNDATIONS: Inductive Methods for Programs and Data; Proof
Rules :or Simple Control Structuress Axiomatic Specifications for Data
structures; State Transition Systems; Fourddations of the AFFIRM Approach;
Styles of Mathematical Proofs.

VERIFICATION METHODS: [nductive Assertionss Recursive Functions And Their
Proofs; Proofs of Data Structure Properties; State Transition Proofs.

TECHNOLOGICAL SUPPORT: Verification Conjecture  Generators; Formula
Simplifiers, Rewrite Rules; Interactive Mechanical Theorem Provers; The
APFIRM Approach.

SURVEY OF APPLICATIONS OF VERIPICATION: Security Kernels; Distributed File
Systems; Communication Protocols.

The instruetor for this seminar will be DR. SUSAN L. GERHART, Technical Director of
Sorftware Research Associates, Los Angeles, California, & post she has heid since Octovper
1981. In this capacity she is concerned primarily with the application of verification
technoiogy to practical problems of software and system quality engineering.

Dg. Gerhart earned a B.A. from Ohio Wesieyan University, a M.S. from the University of
Mieh and a Ph.D. from Carnegie-Mellon University. After serving on the computer
sctence faculties of the University of Toronto in 1972-73 and Duke University from 19?3 to
1977, she joined the Program Verification Pro}ect at USC I[nformation Sciences Institute.
There she participated in the deveiopment of the AFFIRM Specification and Verification
System, and served as the AFFIRM Project Leader in 1980-31.

For further information about this and other Software Technol Seminars please check
the appropriate box on the enciosed Reader Response Foem or call :he Seminar Manager at
Software Research Associates.

Note: This and other SRA seminars can be presented "in-house" to larger groups of
ittendees it substantial overall savings and, in_most cases, %artinuy tailored to a client's
specific needs. Please write for a copy of the SRA Software Technology Seminar Srochure.

Software Research Associates
PO. Box 2432
San Francisco. CA 94126

Phone: (4151 957- il — Telex: 340-235
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ENGINEERING AUTOMATE. IN

As part of its continuing resesrch activity in the Automated Software ineering Tools
area, Software Research Associates has assembled a comprehensive index of detailed data
about a wide variety of software engineering support tools.

Available March 1982, this Software Engineering Automated Tools Index will provide
detailed information on approximately 500 di{ferent software engineering toois.

Tools described in the Software Enginesring Automated Tools Index fall into these major
categocies:

o Software Requirements/Specifieation Tools

0 Software Design Tools

o Sof{tware Implementation (Programming) Tools
o Software Quality Assurance Tooils

o Software Maintenance Tools

o Software Project Management Tools

o Cross-Environment Tools

o Miscellansous Utility Systems

The [ndex also includes a comprenhensive By-Name Index, a2 By-Category Index, and a
complete By-Supplisr Index. Available information about obtaining each sottware system is
also inciuded.

The information in the Software Engineering Automated Tools Index has been gathered irom
a w~ide range of sources (Government, [ndustry, and Academia) over the past three years.
Each automated tool is described in a singie "tool ‘rame" that outlines such ecritical
information as a tool's type and classification category, number of insiallations and price,
special features and exceptional characteristics, pius details about the needed execution
environment. There are over 30 tool categories divided equally among the major system
classes mentioned above.

The Software Engineering Automated Tools Index is provided in convenient 3-ring bdinder
format, making it easy to survey the entire field of soitware engineering support tools, or
to focus on just one area. This format makes it easy to incorporate quarterly updates that
will be available to current users of the Software i ing Automated Tooils Index. The
Two~Volume Tools Index costs are: U.S.A./Canada ~ $185.00; Foreign - $225.00. Costs for
%he .qwtesr{ s ggdntea (available on a subscription basis) are: U.S.A./Canada - $85.00;
oreign - .04,

For more information, or to reserve your copy of the Index, please check the appropriate
boxes on the enclosed Readar Response Form.

Note: achine processible versions of the Software Engineering Automated Tools Index are
aiso avaiaole on special license arrangement. Please write SRA for details.

Software Research Associates
P.O. Box 2432
San Francisco, CA 94126

Phone: (415) 987-1441 - Telex: 340-235
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Software Engineering Technology Seminars Spring 1982 Series

ADVANCED SOFTWARE VALIDATION TECHNIQUES

Modern methods of software engineering require use of advanced sethods to as-
sure the installed quality of complex and critical software systems.

This seminar addresses major issues facing the Verification and Validation com-
aunity in such sreas as Symbolic Evaluation Methods, Verification Methods, Mu-
tation Analysis, Functional Testing, Data Flow Analysis, and Domain Testing.

Sesides describing how these advanced concepts can be used in various ways in
Quality Management programs, this seminar provides researchers and appliers of
these technologies with detailed information about the payoffs ss well ¢s the
limitations of each method. For example, should mutation analysis bde done on
"large"” programs? Or, should aucomated test data generation methods be used in
2 COBOL oriented environment?

Attendees will learn sbout state-of-the-art concepts, and vill receive a
comprehensive set of course notes and, in addition, a set of reprints from the
current technical literature.

QUTLINE:

SYMBOLIC EXECUTION TECHNIQUES

Introduction

Components of & Symbolic Execution System
Problems in lmplementing Symbolic Execution
Detection of Anomalous Contructs

Generation of Test Data

Validstion of Program Assertions

Correspondence Between Programs and Specificacions
Partition Analysis

Reliabilicy of Symbolic Execution

ADVANCES IN VERIFICATION

Definitions

Verification by Case Analysis
Inductive Assertions

Proofs with Symbolic Evaluation
Reasoning from the Structure of Data
Practical Alternatives

MUTATION ANALYSIS

Definition

Testing Computer Programs

Mutant Operators

Relation to Other Testing Methods
Practical Experience

Systems That Have Been Built
Relscionship to Error Seeding

SURVEY OF PROMISING TECHNIQUES
Functional Tescing
Data Flow Analysis

Error Seeding
Dowmain Testing Strategy

Software Research Associates -1~ San Francisco, California
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THE INSTRUCTOR |

TIMOTHY BUDD is Assistant Professor of Computer Science at the University of
Arizona.” Professor Budd's research interests have focused on softvare en- :
gineering, program testing and validation techniques, and high level langusge
implementation issues. He vas a member of the research team vhich developed
the Program Mutation Testing method, snd has authored several papers om this
and other areas of program validation technology.

Professor Budd has the Ph.D. degree in Computer Science from Yale University.

For further information about this and other Software Technology
Seminars please contact the Seminar Manager at Sofzware Research
Agsociates...

(415) 957-1441

or write to...
ftware Research Associates

. Q. x 2
San Francisco, Calilornis 96126

Sofzuare Zesearch Associates -2- San Francisco, California
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SOPTWARE QUALITY ASSURANCE TECHNOLOGY

Developing procedures for assuring that a software syotu hu the best possi-
ble chance to operate without eocountering "dugs” or "errors” is an activicy

" that has formed a major focus of softwvare engineering technology for nearly a
decade. The goal of producing error-free software reliably and efficiently has
eluded the best theoretical workers, vhile procedures for systemstically
analyzing aad testing software chrough stacic and dyasmic analysis has ;umd
in popularity. Recent developments in software quality assurance make it pos~-
sible to have a ressonable expectation that software meets minimum standards
of testing. This sewinar focuses onm the concepts, tools and techniques, con~
temporary results, amd prognosis for software juality assurance technology.
Besides providing an investigation of state-of-the-art methods of program
structure analysis (structured testing), the seminar presents a variety of =ma~-
terial that deals with many alternative phases of software quality amalysis.
Attention is given not only to the theoretical aspects of the subject but also
to practical results that can likely bde achieved by use of known methods.

Attendees receive an extensive set of notes and a copy of the tutorial texc
Sofnnrc Testing and Validation Techniques, by Edward Miller ind William 2.

d Attendees will gain an increased understanding of quality assurance
processes and procedures and will learn techniques that caa be applied immedi
ately to quality assurance problems.

QUTLINE:
INTRODUCTION AND OVERVIEW

Introduction to Methodology

Ristory of Testing and QA

Limits of Technology

Overview of Methodology

Theoretizal Implications/Limications

MANAGEMENT ASPECTS

Organizationsl Setup
Psychological Issues
Level of Independence
Typical Results of QA
Case Studies

Toolset Description
Guidelines and Limits

CODE INSPECTION AND STATIC ANALYSIS

Goal of Static Analysis

Code Inspection Procedures
Typical Code Ingpection Rules
Role of Static Analyzers
Cage Studies

Software Research Associates ~l- San Prancisco, California
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software applications.

Software Engineering Technology

TEST PLANNING PROCEDURES

Ob jectives of Test Planning

Bole of Coverage Maasures

Structure of Programs (Graph Theory)
Pure-Structured Programs' Test Plans
Hierarchical Decomposition Methods
Statistics and Infarences

TEST DATA SELECTION METRODS

Critical Values ldentified
Optimum Choice of Specific Values
Theoretical Justifications
Relation to Proof of Correctness
Exsmples

Guidelines

COVERAGE ANALYSIS

Need for Coverage Measures

Cl Defined and Explained

Ct Defined and Explained

Sl Defined and Explained
Anslysis for Ci/Si Zvaluation
3asis in Graph Theory

DOCUMENTATION AND RETESTING

Need for Documentatiom

Data to Keep

Retesting (Regression Testing)
Change Control System

Test Documentation Tools

CASE STUDIES

Role of Interactive Test Support System
Small Example: ADD

Medium Exswple: KLASS, LEXICAL

Large Example: FORM

Statistics and Reliability Issues
Recommendations

AGENDA FOR RESEARCHERS

THE INSTRUCTOR

EDWARD P, MILLZIR, JR., is Technical Director of Software Research Associates,
Sen Francisco, California, a firm devoted to advanced computer technology and
His interests include software engineering management,
softwvare testing technology, software maintenance “echnology, automated tool

design and computer architecture.

Fall 1981

Softwvare Research Associates -2- San Francisco, California
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Dr. Miller was previously Director of the Software Technology Center, Science

Applications, Inc., Ssn Prancisco, and Director of the Prograsm Vslidation Pro-
ject at Ceneral Rasearch Corporation, Santa Bardars, Californis. He received

a BSEE at Iowa Stace University im 1962, an M.S. in Applied Mathematics at the
Dniversity of Colorade in 1964, and the Ph.D. at the University of Maryland in
1968 vhere he vas an Ianstructor from 1964 to 1968.

Dr. Miller is a wember of the IEEE Computer Society, the ACM, SIAM and several
honorary societies. BHe currently serves on several technical committees and
is an Associste Technical Editor of COMPUTER Msgssine.

For further information about this and other Software Technology
Seminars please contact the Seminar Manager st Software Research
Agsociates...

or write to...

Software Research Associates
P. 0. Box 2432
San Prancisco, Cslifornis 34126

Software Research Associates -}~ San Prancisco, California
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AUTOMATED SCT{WARE ENGINEERING TOOLS

The cencral issue of software engineering lies in the use of sutomated tools
that serve the software engineer by smplifying his capabilities. The software
life-cycle can bde divided into five phases: Requirements Analysis, Design,
Implementation (Programming), Testing (Quality Assurance), and Maintenance.
Specialized tools for each area have been found effective in many applica-
tions, even while extensive tool-building research and development continues.

Contemporary softwvare engineering tools are exemplified by commercially avail-
able tools that capture nearly every essential technical concept in good tool
environments. Ranging from single tools that perform one important functionm
(like a source-langusge instrumentor system) to integrated sets of tools that
consolidate a variety of closely related functions, continsued software en~-
gineering experience dictates the use of good tools -- and in some cases the
replacement or upgrade of bad tools.

This seminar introduces the concepts of sutomated tools and how they relate to
the software engineering life cycle, based on a state-of-the-art survey of
contemporary (commercially or publicly available) software engineering tools.
Besides providing an in-depth survey of tools that apply in all five areas,
attention is devoted to system production support tools that aid in management
of software development projects. Attention is also given to estimating when
certain conceptually important tools are expected to be introduced in the
market place in the near fucture.

Attendees receive an extensive set of notes and a copy of the tutorial text
Aucomated Tools for Softvare En.inurin!, by Edward Miller. Attendees will
gain increased appreciation for good software tool design, an increased under-
scanding of how tools interact, and a good feel for the present state-of-the-
art in sutomated tools.

QUTLINE:
PRILOSOPHY CF AUTOMATION
Motivating Forces
General Principles X
Overview of Software Engineering Phases
Overview of Tool Role

TOOLS FOR SPECIFICATION/REQUIREMENTS

Analysis Tools

Synthesis Tools

Manual Versus Automated Versus Automstsble Methodologies
Contemporary Specifications/Requirements Tools

TOOLS FOR DESIGN

Principles of Design

Modes of Design Assistance

Limications of Design Assistance

Contemporary Design/Implewencation Tools

Interaction Between Tools and the Overating Enviromment
Recommendations for Purchase/Lesse Decisions

ToOoLS FOR PROGRAM IMPLEMENTATION
Principles of Programming
Programming Procedures

Debugging Concepts
Contemporary Program Implementation Tools

Software Research Associares ~l- San Francisco, Taliforaia
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TOOLS FOR QUALITY ASSURANCE AND TESTING

Principles of Program Testing

Role of Tools in Progrem Testing

Limitations of Tools Applicable During Testing
Specific EZxamples of Testing Tools
Recommendations for Purchase/Buy Decision

TOOLS FOR PROGRAM MAINTENANCE

Principles of Software Maintenance

Limitations of Automation for Program Maintenance
Specific Example of Maintenance Tools
Recommsndations for Purchase/Buy Decision

THE INSTRUCTOR

EDWARD F. MILLER, JR. is Technical Director of Software Research Associates,
an Francisco, California, a firm devoted to advanced computer technology and
software applications. His interests include software engineering management,
software resting technology, software maintensance technology, automated tool
design and computer architecture.

Dr. Miller was previously Director of the Software Technology Center, Science
Applications, Inc., San Francisco, and Director of the Program Validation Pro-
ject at General Research Corporation, Santa Barbara, California. He received
s BSEE at Iowa State University in 1962, an M.S. in Applied Mathematics at the
University of Colorado in 1964, and the Ph.D. at the University of Maryland in
1968 where he was an Instructor from 1964 to 1963.

Dr. Miller is a member of the I1EEE Computer Society, the ACM, SIAM and several
honorary societies. He currently serves on several technical committees and
is Associate Technical Editor of COMPUTER Magazine.

For further information about this and other Software Technology
Seminars please concact the Seminar Manager at Software Research
Associastes...

(415) 937-1441
or write to...
Software Research Associates

P, 0. Box 24
San Prancisco, California 94126

Software Research Associates ~2- San Francisco, California
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DSER INTERFACE DESIGN PSYCHOLOGY

User Interface Design, as a topic in its own right, has recently become the
focus of significant design efforts. As the price/performance curve of
hardware continues to show a decresse by a factor of 100 each 10 years, in-
creasing ewphasis can (in fact, must) be put on supporting user interactions.
As a result, thera is increased recognition in the computer industry of the
essential importance of terms like "esse~of~-learning” and "ease of use.”

This seminar covers the application of selected information from the psychology
of learning and of vision and time perception to the design of user/computer
interfaces.

Detailed Case Studies of commercial systems will be presented. Video taped
demonstrations of these and some experimental systems will provide an avareness
and some evaluation of the multitude of interaction techniques, approaches and
devices that are now available.

QUTLINE:
INTRODUCTION

Evolution of User 1/F Technology
Anatowmy of the Seminar

User 1/F Dimensions
Informstion Processing Model
Futuristic User I/F Demo

LEARNING THEORIES

Sequential/Parallel Acquisition
Linguistic/Spatial Materials
Physiological 3asis for Thinking Styles

CASE STUDY !

Graphics Edicor Workstation

Structural Model Generation Application
Tablet/Menu Interaction
Coals/Constraints/Rationale

BUMAN MEMORY CHARACTERISTICS

Short~-Term/Long=Term Memory
Recall Versus Recognition
Spatisl/Linguistic Coding

Role of Information Organization

VISUAL PERCEPTION OVERVIEW
Light/Space/Color/Time Sensitivities
Visual Organization
Display Symbols

CASE STUDY 2
Graphics Edicor Workstation
Color Charts and Graphs

Mouse/Menu Interaction
Goals/Constraints/Rationale

Software Research Associates b San Prancisco, California
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STRESS IN USER/COMPUTER INTERACTION

Causes of Stress
What Can Be Done to Raduce
Examples in Computer Systems

INTERACTIVITY AND TRE PERCEPTION OF TIME

User’'s Time Versus the Wall Clock
Two Interaction Models
Case Study of a Database Interaction

CASE STUDY 3 AND &

Desktop Computer Line Editor Study
Application S/W Study
Operating System Interaction Demonstrscion

TEXT EDITOR DEMONSTRATIONS

Line/Character/Screen Oriented
Keyboard /Mouse/Tablet Devices
Ease-of-Learning Versus Zase-of~-Use
Commssnd Invocation Methods

FUTURE CONSIDERATIONS

Spatial Interfaces
Voice Interfaces
Major Issues in the Pield

THE INSTRUCTOR

DR. JACKX GRIMES received his Ph.D from Iowa State University in Electrical Zn-
gineering and Computer Science, his M.S. in Psychology and is currently a doc-
toral student in Applied Cognitive Psychology at the University of Oregon.
Since 1971, 4e has been employed at Tektronix, Inc., io Seaverton, Oregon,
where he is currently a manager of advanced developwent for desktop computers.

Dr. Grimes' research interests have recently focused on understanding the na-
ture of user-computer interaction from the user's perspective. Previously, he
worked in the areas of computer architecture, silicon technology and prograam-
ming systems.

Dr. Grimes was a participant in the China Technology Exchange Program in 1979,
gave presentations at the Computer Architecture Workshop sponsored by Nixdorf
in 1976 in West Germany, and participated in the 2nd USA-Japan Conference held
in Tokyo in 1975. Dr. Grimes has previously given 2 shorter version of this
seminar at SICGRAPH ‘80 and '81, the Sixth West Coast Computer Faire and inter-
nally at Tektronix.

For further informstion about chis and other Software Technology Seminars
please coatact the Seminar .‘h:(u;;g ;t Software Research Associates...
4l 57-~1441

or write to...
Software Research Asspcistes
_F. 0. x 2
Sap Francisco, California 34126

Software Research Associates 2= San Francisco, California
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SOFTWARE MAINTENANCE TECHNOLOGY

Software maintenance can often require 502 to 80% of the overall costs associ-
ated wizh a software system’'s life cycle. Most of the activities of software
maintenance involve detailed recordkeeping, incremencal change to the softvare
system, and anslysis of the impact of changes.

Current technology for software msintenance is in its infancy. Technical
methods for analysis of complex and sophisticated computer programs can migrate
from the resesrch and development arena into practice only if care is taken in
shoosing the "right" algorithms and the “appropriate” methods of controlling
change. This seminar focuses on methods for handling software maintenance prob-
lems that are highly analytical in nature, but vhich can have immediate prascti-
cal benefit. Besides investigsting various aspects of the maintenance problem,
the seminar presents methods of measuring and menaging a variety of software
maintenance scenarios.

Attendees vill receive a comprehensive annotated dibliography of current
literature pertaining to software maintenance technology, an extensive set of
aotes {including case studies of typical maincenance situations), and reprints
from the current technical literature.

OCUTLINE:

INTPODUCTION AND OVERVIEW

Importance of Maintenance
Purposes of Maintenance
Principles of Maintenance

2ROBLEMS OF MAINTENANCE

Jser Knowledge

Programmer Effectiveness, Availability
System Quality

Machine Requirsmencs

Environment Reliability

PROCRAMMING I1SSUES

Types of Changes and Related Problems

Msiatenance 3cenarios

Review Procedures, Documentation Methods
Development Practices to Ease Maintenance Problems

METRICS AND TESTING DURING MAINTENANCE

Maintenance Metrics
Functional Testing
Coverage Testing
SOFTWARE SYSTEM MANAGEMENT TECHNOLOGY

Configuration Control

Test Libraries

Srror Change Tracking
MAINTENANCE AIDS AND TOOLS

Software Tools
Methodologies

Software Research Associates -1~ San Franciseo, Caiifornia
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MANAGEMENT ISSUES

Scheduling for Maintenance
Programmer Motivation
Manpover Management

SUMMARY AND RECOMMENDATIONS

Overall Maintenance Plans
Researchers' Agenda
Bibliography

THE INSTRUCTOR

ZDWARD F. MILLER, JR., is Technical Director of Software Research Associates,
San Francisco, California, a firm devoted to advanced computer technology and
softvare applications. His interests include software engineering management,
software testing technology, software maintenance technology, sutomated tool
design and computer architecture.

Dr. Miller was previously Director of the Software Technology Center, Science
Applications, Inc., San Prancisco, and Director of the Program Validation Pro-
gect at General Research Corporation, Santa Barbara, Califernia. We received a

SEE at Iows State University in 1962, an M.S. in Applied Mathematics at the
University of Colorado in 1964, and the Ph.D. at the University of Marvland in
1968 vhere he was an Instructor from 1964 to 1968.

Cr. Miller is a member of the IEEE Computer Society, the ACM, SIAM and several
honorary societies. He currently serves on numerous technical commit:ees and
is Technical editor of COMPUTER Magazine.

For furzher information about this and other Software Technology
Seminars please contact the Seminar Manager at Software Research
Associates...

(415) 357-144l

ot write to...

Software Research Associates
¥. 0. Box 2

San Francisco, Californis 94126

Sofzware Research Associates 2= San FPrancisco, California
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Software Research Assoeciates

NAME...
Interactive Test Bed (ITB) for SRTRAN
PURPOSE...

Basic suoboort of software quality assurance through systematic testing, by
assisting the user in achieving high values of Cl coverage. Assistance is
provided by allowing the user to alter c¢lobal data and analyzing the
coverage of subsequent executions, Capahility to process Standard
SRTRAN programs.

SYNOPSIS...

Basic capability for analy ing coverage results of executions in an
interactive fashion. Also orovided is ability to alter data to program so as
to alter program flow.

Version current’v available only for Data General AOS environment.
DESCRIPTION...

A free- tanding ore~rocessor and testing aid for interactive analysis of
coverage and execution results of SRTRAN programs and subprograms,

The system consists of a SRTRAN instrumentor, a oreprocessor which
analyzes the data space of the program, and an interactive program which
is linked to the specified test object. The preprocessor automatically
generates subroutines which are used by the testbed specifically for the
given test object.

Coverage and execution results are reported when the user asks for that
information.

SPECIAL FEATURES...

The ITB svstem automatically generates the code it needs to successfully
test the test object. There exist macros which allows the user to set un
an ITB in a few instructions.

A trace feature is included which allows the user to follow execution of
the test object ina segment by segment trace. This may be turned on or
off at will,

Commands entered interactively are automatically stored away so as to
give the user a complete record of his session on disk. Also available is
the ability to use this 'vhosting’' of previous sessions to be the input file
to another test bed session.

The entire data space can be saved at any time during a test bed session
for the user to re-use later in the same session.

P.O. Bow 2432 + San Froncisco « Colfornic 94126 « Telephone (413) 937- 1441 « Telex No. J40-235
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DOCUMENTATION... i‘
ITB comes with a Reference Manual '

SRA provides substantial related documentation on Software Quality ;
Assurance and Software Maintenance. ;

AVAILABILITY...

The ITB system is currently onlv implemented on a Data General AOS 1
environment.

; REQUIREMENTS...

The system requires the nresence of a FORTRAN compiler and an
SRTRAN preprocessor.

CONTACT...

Mr. Thomas E, Mapp

Member of Technical Staff
Software Research Associates
P. O. Box 2432

San Franciseo, CA 94128 USA

(415) 957-1441

Updated: March 1981




NAME...
COBOL Test Coverage Analysis Tool {TCAT/COBOL)
PURPOSE...

TCAT provides basic support of Software Quality Assurance through
systematic testing by measuring the C1 and P1 coverage values for series of
tests (C1l is the percentage of logical segments exercised and Pl is the
percentage of paragraphs exercised).

SYNOPSE...

TCAT provides a basic free-standing capability for sutomatic instrumentation
of programs to analyze and report Cl1 and P1 coverage leveis. TCAT
processes ANS Standard COBOL programs, plus local machine dialect features
depending on the system version and host.

Versions of TCAT are available for |[BM, Univae, ACOS (Japan only), DEC
VAX/VMS, Data General MV/8000, and ONYX C8002 (RM-COBOL, Unix)
computer environments.

DESCRIPTION...

TCAT is a free-standing pre-processor/post-processor system for batch
oriented analysis of testing effectiveness of COBOL programs.

The COBOL Test Coverage Analysis Tool consists of: (1) a comprehensive
COBOL automatic instrumentor, INSTRU, (2) a set of run-time routines that
are loaded and executed with the instrumented COBOL programs, called
RUNTIME, and, {3) a standardized testing coverage analysis package called
CGVER.

The pre-processing stage oroduces a Referemce Listing, used to identify the
logical segments and paragraphs within the candidate COBOL program, and
the post-execution stage of TCAT aetivity produces two forms of output: the
Caverage Report and the Not Hit report. These show the percentage of
coverage attainea Dy test(s) expressed in the Cl and P1 measures. In
addition, the post-processing system generates a Histogram Report that shows
the proportion of times each segment and paragraph is executed.

Coverage values attained by tests of the COBOL program are reported on a
per-test, per-test-group, or an all-test cumulative basis.

Coverage reporting normally is defauited to a predefined set of commonly
used {ormats, out can be put completely under user control.

SPECIAL FEATURES..

The TCAT system can handle cumulative muiti-pun tests by storing stanaard
eoverage history records. Special plocking is used to reduce the size of the
intermediate trace file. The level of system overhead with this method of
intermeciate file storage is reasonaoly low.




Tre [CAT svstem can handle muiltiple entry [O30L source mocules as well
4s COBOL modules with multiple names.

The Reference Listing producea by the pre-processor is specially annotated to
show complete details of each logical segment in the program. The listing
identifies the sense of each logical preqicate outcome in'the COBOL !ogic,
and provides statistics about the COBOL program that are useful for test
moaule size comparisons and test difficulty estimation.

Other leatures include run-time settable option settings.

DOCUMENTATION...

TCAT is supplied with a comprehensive Introduction and User’s Guide plus
special installation support information as appropriate.

Software Research Associates provides substantial related documentation on
Software Quality Assurance aand Software ‘laintenance in the form of one-day
and two-qay Professional Development Seminars that can be made available
for presentation upon request.

AVAILABILITY...

The COBOL TCAT system is available on a single~user binary license
agreement for a variety of computer systems {(see above).

Full documentation, installation-dependent information, and subscription-type
maintenance and upgrade service is also provided with the basic license

agreement. Maintenance and upgrade service after the first year's use is aiso
available.

SYSTEM REQUIREMENTS...

The TCAT system requires the presence of both a COBOL and a FORTRAN
compiler. (The post-processing phase of TCAT is implemented in a portaole

subset of FORTRAN.) [n addition, during execution of instrumented programs
the TCAT system requires the use of one serial file.

CONTACT...
Christopher Walker 1
Software Research Associates °
f. O. Box 2432
San Francisco, CA 94126 USA

Phone: (415) 957~1441 =— Telex: 340-235
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NAME...
Extenued BASIC Validation Test Suite
PURPOSE...

Validation of BASIC interpreters/compilers which contain
extensions similar to those found in the DEC BASIC-PLUS

language.
DESCRIPTION...

The Extended BASIC Validation Test Suite is designed to
validate the syntactic compatibility of a BASIC
interpreter/compiler with the DEC BASIC-~PLUS language .

The test suite consists of over 200 test programs from the
additional 150 test
programs which test the Extended BASIC language features
of DEC BASIC-PLUS. The test programs cover standard
capabpilities, end cases, and exceptions for ihe language

NBS Minimal BASIC Test Suite plus an

features.

The extensions to the DEC BASIC-PLUS language include
such features as matrix funections, block /0, control flow
statements (WHILE, REPEAT, ete), string functions, and
logical operators. All test groups are shown below.

The output from the tests are fully machine processible,

thereoy facilitating later regression testing.

Software Research Associates can offer either a complete
testing service for a client's BASIC interpreter/compiler or
the source code only for the Extended BASIC Test

Programs.

AVAILABILITY...

The Extended BASIC Validation Test Suite is currently
available for DEC BASIC-PLUS compatible implementations
of BASIC. A future implementation will e compatible with
DG AOS/VS BASIC. SRA can also tailor a system to a

client's specific language requirements.

The DEC version of the Extended BASIC Test Suite is
priced at $3200 for a single-user, single-site restricted

source license.

CONTACT...

Mr. Mark Opperman
Software Research Associates
P. O. Box 2432

San Franciseo, CA 94126

(413) 957-1441
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Extended BASIC Validation Test Suite Groups

Language Peature

Simple Printing of striug constants
END and sTOP

PRINTing and simple assignment (LET)
Control Statements and REM
Variables

Numeric Constants, Variables
FOR-NEXT

Arrays

Control Statements

READ, DATA and RESTORE

INPUT
Implementation-supplied Funetions
User~defined Funetions

Numeriec Expressions

Miscellaneous Cheeks

Minimal BASIC Tests (Subtotal)

Variables

Arithmetic Operators
Logical Operators
String Operators
Matrix Operators

Mathematical Functions
Print Functions
String Functions
System Functions
Matrix Functions

Input/Output Functions
Extended Statements
Matrix Statements
Statement Modifiers
Bloek !/0 Statements

Miscellaneous Features
Inmediate ‘lode

E: tended BASIC Tests (Subtotal)

Extended BASIC Test Suite {Total)

Number of
Programs
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SOFTWARE ENGINEERING AUTOMATED TOOLS INDEX -~ PROSPECTUS

TN-875/1

November 1981

2 Copyright 1981 by Software Research Associates
ALL RIGHTS RESERVED. Mo part of this documenc may be reproduced in
any forw, by phocostat, amicrofilm, retvieval system, or by any
other means now known or hereafter iavented, without written per-
mission from Software Research Associates.

Software Research Associates
P. O. Box 2432
San Prancisco, CA 94126 USA

Phone: (415) 957-144]1 ~ Telex: J40-23
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SOFTAARE ENGINEERING AUTOMATED TOOLS INDEX PROSPECTUS

The Softvare Engineering Automsted Tools Index ("TOOLS INDEX”) describes some
600 automated tools that are available from commercial, governmental, indus-
trial, and other sources in the United States and elsevhere in the world. All
tools are categorized and cross-referenced in detail.

1.0 CONTENTS

Following is the structural contents of the TOOLS INDEX:

1.0

2.0
3.0
4.0
5.0
5.0
7.0

8.0

Iable of Contents

Introduction

1 Organization of TOOLS INDEX

2 Contents of Tools Data Frames

3 Cross-Reference Listings

& Updates and Corrections

5 Sources of Information

Tool Categories Listing

Tool Name Cross-Reference Listing
Tool Category Cross-Reference Listing
Tool Supplier Cross-Reference Listing
Supplier Address Listing

SCFTWARE ENGINEERING AUTOMATED TOOLS INDEX DATA FRAMES (A-~Z)

References and 3idliography

2.0 AUTOMATED TOQOL CATEGORIES

The TOOLS INDEX is categorized based on each Tool's role in the softwvare
life cycle. The Tools are classified according to a scheme that provides
a special "category number"” for each major class of Tool.

Following are the major categories used :v the TOOLS INDEX (Reference at~
tached detailed listing ~ "Automated Tool Categories”):

~ Requirement/Specification Tools

[ B B I A |

Software Design Tools

Software Implementation Tools

Software Testing Tools

Software Maintenance Tools

Software Project Management Tsols
Language and Language Processing Systems
Utilicy Packages

Miscellaneous Support Tools

~ Research snd Development Systems (Future Prototvpes)

Software Research Associates .= San Francisco, California
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3.0 AUTOMATED TOOL CROSS-REFERENCE LISTINGS

The TOOLS INDEX provides a series of cross-reference listings to assist in
locating specific tool data.
3.1 Tool Name Listing

Contains a three-field colummized descriptiom:

Tool Name Category Number Supplier Name

Listing is alphadbetical by Tool Name.

3.2 Zool Category Listing
Contains a three-field columnized description:

Category Number Tool Name Supplier Name

Listing is in numeric sequence by Category Number.

3.3 Tool Supplier Listing
Contains a three-field columnized description:

Supplier Name Tool Name Category Number

Liscing is alphabetical by Supplier Name.

3.4 Tool Supplier Address Listing

Is an alphabetical liscing, by Supplier Nawe, with addresses and
telephone numbers.

AUTOMATED TOOL DATA

Tools are described on single "Frames" and organized alphabetically bdy
Tool name. (Reference attached complete Frame, Figure 4.1, and actual
sample, Figure 4-=2.)

The "Frame" zontains a set of fields that describe various features of a
particular Tool:

Software Research Associates -2~ San Francisco, California
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FIGURE 4-1: Contents of Automated Tool “Frame"

Name
Short name of tool (phrase describing tool use).

Cl!t‘bn

Tool's numeric category (determined from "Automated Tools
Categories” listing - assigned by SRA).

Ddescription

Short (one paragraph) description of what the tool is and what the
tool does.

Number of Installations

Number of Installations.

3

The cost for the system (including all options and variations).
Configuration

The configuration on which the tool operates.
Contace

Company name and mailing address to contact about this tool.
Telephone

Telephone number of person to contacr about this tool.
Yotes

Special notes asbout the technical capbilities and features of this
particular tool.

References
Any technical references that describe how this tool operates, its
effectiveness, or its application (using standard bibliographic ci-
tation format).
Source
The source of the information in the above (may e altered by SRA).
Updated

SRA date of latest revision/update of this Slock of information.

Softvare Research Associates 3= San Prancisco, Csalifornia
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FIGURE 4-2
Sample Completed Tool “Frame"

SRTRAN 1 (Baseline)
CATEGORY...

3.4 (Structured Programming Preprocessors)
DESCRIPTION...

Structured Programming Preprocessor for FORTRAN systems.
NUMBER OF INSTALLATIONS...

Approximately 15.
COST...

$750 for perpetusl single-user binary license.
CONPIGURATION. ..

Portable to most FORTRAN environments. SRTRAN has been successfully in-
scalled on I3M, Univac, Data General, DEC, and CDC computer systems.

b
{
t
]
t
¢

CONTACT. ..
Software Research Associates
P. 0. Box 24
San Francisco, CA 94126
PHONE...
(415) 957-1441

This is SRA's own structured programming preprocessor. This "™aseline”
systcn mcludes the standard set of Structured ?ro&gnmg conscrucrs such
IF...ELSE...ELSE IP...END IF, CASE OF...CASE... E...END CASE,
wHILE..END WHILE, REPEAT...END, etc. In additiom, SRTRAN produces w-
tomacically mden:cd, annotated listings of the source programs it
processes. "

SRTRAN is documented in an extensive User's Manual.
UPDATED...
1 October 1981

Softvare Research Associates ~%- San Prancisco, California




5.0

6.0

SOPTWARE ENGINEERING AUTOMATED TOOLS INDEX PROSPECTUS

TOOLS INDEX UPDATES/CORRECTIONS

The TOOLS INDEX updates/corrections/deletions will be forwarded to sub~
scribers on a quarterly basis. SRA is continually modifying its computer-
ized TOOLS INDEX files in order to reflect the most current informstion
available.

SUBSCRIPTION RATES

The TOOLS INDEX, Volumes I & II, will be available January 1982. An Order
Form is enclosed. Subscriptions for Quarterly TOOLS INDEX updates will bde
available on 2 subscripton basis only at the rates quoted below.

TOOLS INDEX QUARTERLY UPDATES
=Volume Set
U.S.A. /Canada  $185.00 U.S.A./Canada § 85.00/Yr.
Foreign §225.00 Poreign $115.00/Yr.

IMPORTANT INFORMATION

U.S.A./Canada orders shipped 4th class book rate. Overseas mail
shipped via sea mail (10~12 week delivery).

For priority shipping to U.S.A./Canada, or airmail service (2 wveek
delivery) to foreign countries, please add the following charges:

Tools Index: U.S.A. /Canada $10.00/Set
Foreign §50.00/Set

Subscription U.S.A./Canada $10.00/0Order /Yr.

Updates Foreign $25.00/0Order/Yr.

Tools Index price and quarterly subscription rates are subject
to change without notice.

Foreign checks must be in U.S. Dollars drawn on a U.S. bank.

5.1 Computerized TOOLS INDEX

Computer readable versions of the TOOLS INDEX are available on special re-
quest.

For

further informacion or ordering details, please concact:

Ms. Terryl Ostmo

Software Research Associates
P.0. Box 2432

San Francisco, California 94126

Telephone: (415) 957-1441 ~= Telex: 340-239%

Softuare esearch Associates -5~ San Francisco. California
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