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& BSTRACT

This thesis investi tes the trends of thought and
actual practices of commercial cospu'er companies in th _

area of software quality i3surmnce. this is done to see if

any of these practices zould be utilized in the Fleet

Material Support Office (FISO) environment. This was accom-

plished by personal interview of software quality issurance

personnel in a few randomly selectel computer zompanies an!

comparing thier quality assurance pr.-rams to !hat of ?SO.
The following companies were select-!:

1. International Business .1achies (IBM) Ccrporation,

2. TRW Incorporated,

3. Hewlett Packard Company,

4. Amdahl Corporation,

5. Software Research Associates (;9A.
Results indicate that the greatest differences between

the commerical world and the FSO envizonment ICe in manage-

meat's view of what role or funzti3 a quality issurance

group should take, staff as compired to lina, and -his

group's interface with the software dssign and development

personnel.
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I. rNTRDDUCrIJ

A. THE PROBLEM

Software quality assucance is the planned and systematic

actions required to provide alequat- confidence that soft-

ware products conform to standarlB established by the

coapany developing the product and the contractual rsquire-

meats provided by the customer [Raf. 1]. This phenomenon

crosses all customer b:ui aries: :ommercial, industrial,

military, other governments; and z-.-)ss-s different apDlica-

ton types: operating systems, infor3latior systems, prccess

control, command and coatrol, co munication, business

systems, etc (Ref. 2].

In the United States qivy (SNI, the office in charge of

design, development and life cyclp maintenance of the supply

system computer network is the Fleet llaterial Sipport Office

(FISO) in Mrechanicsburg, P-nnsylvai. On 29 Oztobe= 1981,

FMSO's Commanding Offic-r e-:ablisheqi a quali-y program task

group which consisted of Automati: Data Processsng (ADP)

technical personnel from each of its Central Dz.sign Agency

(CDA) departments and Supporting le:-nrmen-s. Its purpose

was to consider guality "n A bradi ssnse as it r=_lated to

the ADP system development process arn to outline a crernral

plan for a viable and :,ntinuing qaali-y program. The

group's main objectives w.ze to provilt . ecommealations that

would improve the quality of F%SO ?:- ducts, account for this

quality process and sustaia it throughout the product's .if_

cycle. The conclusions of th -ask g:oup were:
1. Quality imprrvemr : nt was pssible I t=. FISO

en.viroren .



2. Qualit:y accountability was re;uired and was becomi-ng

.nceainlyimportant. Corzactly perft rmed, measure-

4 ~ment+ would result in an afeztive and acountable

quality process.

3. The ability to sustain acceptable levels o)f quali'y in

an Pnvironment of changinag ,teczhn.ology can be accommo-

dated through the i-terative iccounting ari analysis of

prciductivityv and inven4.,o_.y =a:acte7-is-ics. :Ref. 3]

During this same tizze ;oer:d, t:) other snecial projects

were receiving ma jo r attent'io n bf FMSC. Oe :s thp

Res oIcit4-a ti-on project which idenrtifics th 9 computer

requirements at the two Iivent:ory Control Points (I:P's) i

the 1980's and beyond, ti king 4it: acc-ount bo)th the nsar

saturation of the prssent_ Jnivac 494 computers a- the ICP's

and their obsolescence. The othar praject,' called

"Resystemization," is also a massi-ve undertaking as wil! IL
eventually result- in new software or: computer programs for

tIha ICP's. Talks between the authDr and FISO's Commanding

OfEficer i-ndi-cate that thaiS projsc-:2f 4] gives FMSO morle
4incentive to take a seri-:is 1li-ok a- itls quality assu-ance?

pro qram.

B. PURPOSE

The purpose of thi-s thesis is to Lave--stigate? the met-hods

used by large commercial zompater- c~apanles in -1the area of

software quality assuranca. T-he prinary obIjscti-vP is to see

if any of these practi as can ac u 4 1izai: in FMSO's

env ir ormen t.



C. METHODOLOGY

The procedure used to ac=omplish -he thesis objectiv_

was to irterview personnel from the various cosputer compa-

nies. The following compaiies' pecsonnel were interviewed:

1. International Business Machines (IBM) Corporation,

2. TRW Incorporated,

3. Hewlett Packard Zompany,
4. Amdahl Corporation,

5. Software Research Associat=s (SRA).

These companies were chosen because they are located ncar

the Naval Postgraduate School in Monterey, CA and they giv:.

a broad view of the coaputer software indistry. .h=
following questions were asked at the interview:

1. Where does the quality issuraa=s group fit into th-

organization?

2. What type of authority/power 3oes the gaality assur-

ance group have over the softwar- product?

3. What qualifications do the .)eopie in the quality

assurance group have?

4. How does the quality assuranze group interface with

the design/developmeat group?

5. What tools, methodlogies, or tachni.ues ioes the

quality assurance group use to do their job?

5. Are historical retorls kept of problems with softwars

products after their release aad who in the zompany's
organization keeps them?

7. Who handles problems with software afte: :-e-ase, an!

how are such problens haniled?

9. If a brand new produ.:t is designed, who -n the compa-

ny's organization trains the castomer on t.his product?

The data was then comparel with exiting prac:.ices at ?MSO

anI conclusions and recomnendations ihen rendered.

11I



D. STRUJCTURE OF THE THESIS

Chapter I, the ittrodtiztion to the thesis, presents the

thesis objective and methodology. :hapter Ir presen~ts a

general literature review of the problem of quality assur-

ance and the factors that are taken into consilaraticn when

defining it. Chapter III addresses the FMS environment andl

its process of quality control. :hapter IV presents tho

interviews conducted with the persoanial of the five computer

organizations as to their software jaility assacr organi-

zations anel how they itork. Tha final chapter offers a
summary of these interviews and proviles =ecomaendations on

how these ideas m*iaht be i~plied at F1133.



II. SURVEY OFLIERTURE

Chapter II deals wita the problem of software quality

assurance. After a coaputer search to find current

literature on this subject, it was discovered -that all

authors of these writings failed to agree on the definition

of pertinent terms. In order to define the -rms relevant

to this thesis, the author p:esents the followin;

def initions.

A. DEFINITIONS

Software is a set :f coded L"nstructions which arc

supplied to and operate with the zonputer hardware to cause

the hardware to perfora the f an:tions defined in the

instructions. [Ref. 5]

A system, as definsl by the Fleet Matecial Support

Office, is an organized set of katomatic Data Processing

(ADP) hardware, environne-atal and aplicaticn software, and

dccumented procedures designed to automate the basic manage-

ment and operating processes for a zistome. site_ or group of

customer sites with common mission resoonsibilities

[Ref. 6]. "Documented prozedures," as used above, refers to

the applicable ADP-related and ftn-ADP-related procedures

established to support the? hardware and software aspscts of

the system, e.g. the computer operat.on manual and the users

manual [Ref. 7].
Quality assurance of hardware has been successfully

accomplished for many years , but there are malor differerces

between hardware and softieare:

1. Software development specifi-ations ar- usually no-. as

specific as those for hardwi.-e. Precise sounding

13



terms with unspecified definitions such as "optimum"

or "99.9 percent reliable,, are used whinh are poten-

tial seeds of dissension or lawsuits once the software

is produced.

2. Software product (bailt-to) specifications are usually

less rigorous.

3. The software development pr3cess is also the produc-

tion process because there are no bread boards, brass

beards, phototypes or pra-production models to use.

4. The production of sofftware (cols) is neither a fully

ccnstrained nor a uniquely defined process.

5. The software product itself (code) is essentially an

intangible substance with form, content, and functions

manifested via images.

5. Software oroblem fires always result in a product

configuration change. (Ref. 8)

A basic software development pro-ess is shown ir Figure

2.1. Corporate analyses of life-cycle cost have shown that

the cost of maintenance i nd redasign exceed the cost of

initial development and -qat the cost of fixing errors after

the software is operationil is up to 30 times greater than

for correcting errors luring system testing. Figure 2.2

shows a summary of experier.ce at International Business

Machines, General Telecommunications Equipment (GrE), ani

TRW on the relative cost :f correct'ng software errors as a

function of the phase in which they ire corrected. Figure

2.2 suggests that it !L ys to i vsst in one-ian hour

searching for errors during th+ - e early stages of development

than to spend 100-man horis corre=ting errors after the

system is in operation. "Ref. 9]
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B. QUALITY FACTORS AND CRITERIA

Specific factors contribute to the quality of software.

Eleven of these factors are defined in Figure 2. 3 The

rationale (Ref. 10] behind the choice of these is one of

utility; each factor identified could be applied to :t

production environment. The interaction of support groups

within an operational environment involves three distinct

activities: product operation, product rvision, and

product transition. Figare 2.4 shDws a concep-ulal scheme

with these three activities and some related questions which

involve the quality factocs (Ref. 11].

These quality factors can be firther broken down into
criteria which could be used for other purposes. Firs-, a
set of criteria for each factor further defines the factor.

Second, the criteria which affect iore bhan one factor help

describe the relationships between the fac-ocs, and the

criteria establish a wo:king hirarichical f:amevcrk for

factors in software quality. rhese zriteria are defined and

their relations -o factors are shown in Fiaures 2.5 and 2.6.

Las-ly, with the use C R-f. 12] of these factors -nd -heir

criteria, a possible numerical valae may be added to heln

forecast the quality of the softwars during its develcpment

cycle. This is the goal of software ie-.rics, a tool used by

so2e corpanies for this parpose (Ref. 131.

C. GENERAL RESPONSIBILITtES AND ORGANIZATION

Companies are finding that it is a vanlag~ous, from both

product quality and cost:-effectiveness ---ardpoiats, -o have

an explicit quality assarance activity on their software

projects (Ref. 14]. The 'asks of -is activi:y ar:. usu.lly

tailored to the project aal lepend oa size an! scope. This

approach has proved effective in -nsuring that -hz project

17



00MCTNESS Etn to which a program satisfies its specifctcris

and fulfills the user's missian obect~.'ies.

ML1BnlY Extent to which a program can be empected to perform its

intended function with required precision.

EZYMCENI It* a~unt of owputng res~uxes and cod required by

a program to perform a furcticn.

TEGITY Extent to ,&ich access to software or data by unauthorized

persons can be controlled.

LSABn.IT Effort requi~red to learn, operate, prepare input, and

interpret ouput of a program.

MXflIflMMfL.Z Effort required to locate and fix an error in an cperational

program.

TETM~ITY Effort required to test a program to insure It performs

its intended fun~ction.

FZZ~ITY Effort required to mrodify an opraticnal program.

_________T Effort reuiwred to tzransfer a program ftan one hardwvare

onnfiguration an4/or software system env2.r=nent to another.

PUA= Extent to which a -program can be used i~n other aplcaticnis

"elated to the packaging and scope of the f-mctions that

proqrats eerm.

=rMPERAnzL-.Y EF-fort requixed t= =;ple =ne system wi.th another.

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

TRACEABILITY ThOse attributes of the software that prmvide Correctness
a thread from the requirements to the imple-
mentaton with respect to the specific
development and operational environment.

COP4PLETNESS 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 Reliability
provide the requirted precision in calcula-
tions and outputS.

ERROR TOLERANCE Those attributes of the software that Reliability
provide continuity of operation under
nonnaminal conditions.

SIMPLICITY Those attributes of the software that Reliability
provide imolementation of functions In the Maintainability
most understandable sanner. (Usually Testability
avoidance of practices which increasecomplexity.)

MOULRIT Those attributes of the software that aintainability
provide a structure of highly independent Flexibility

modules. Testability
Dortabil Sty
ReusabilIi ty
Interoerabi :ty

E)IERALITY Those attributes of the software that Flexibility
provide breadth to the funct-ons perromed. Reusability

EXPANOABILITY Those attributes of the Software that
provide for expansion of data storage
requirements or computational functions. Flexibility

INSTRUXENTATION Those attributes of the software that Testability I

provide for the measurement of usage or
Identification of errors.

7SE-- hose !ttritutes of t'e software t3t -'exbilit.
3E:C'IP?;';E1;ESS provide eipljnatfan i' fhe *molementaton Maint3'iabi tv

of A ,.inctaon. "estab, !

FIGURE 2.6 Criteria Definitions for Software Quality Factors

SOURCE: Macabe's Book on Software Quality Assurance - A
S urvey

22



I " RELATED

ZRITERION DEFINITION FACTRS

10N Those attributes of the softiare that Efficiency*4C provide for minimum processing time.

STORAGE Those attributes of the software that Efficiency
EFFIC:ENCY provide for minimum storage requirements

during ooeration.

'COES N ?TROL Those attributes of the software that :ntegrity
provide for control of the access of
software and data.

ACCESS AUO:T Those attributes of the software that integrity
provide for an audit of the access of
software and data.

ZPEPRBILTY Those attributes of the software tnat I Jsaoility
determine operation ano procedures con-

cerned .4ith the operation of the software.

TRA 1,1 IG Those attributes of the software that Jsability
orovide transiticn from current operation
or initial familiarization.

IYMUNICAT7'.E.1ESS Those attributes of the software that Jsability
provide useful inputs and cutoutS wnich
can be assimilated.

SOFT. ARE SYSTEM Those attributes of tre software that :ortaoilitv
:)CEE2QCE determine its dependency on the software Reusability

environment kooerat.ng systems. itilities.
input/outout routines, etc.) I

Those attributes of the software tnat Portaoilty
:NCEPE,DE'CE determine its ooendency on the iarcware Qeusaoilty

system.

Those attoibuces af :re software h~a: :nter~eraor:.
f.*MC;ALprovide !he use or standard orotzcois

&no interface -iutnes.

ZATA 2:MC]ALTy F Those attributes f :me software -hat :.flero:er ',.
:rovlde the ise of stanaaro jata re:re-
sentations.

. .. 7hoe i- %re s ;ftware " r a:: lao:

4it'. a I~ -un 1.1U1 IT :cce.

FIGURE 2.6 Criteria Definitions for Software Quality Factors
(Con td.)

SOURCE: Macabe's Book on Software Quality Assurance - A Survey
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is responsive to the qgiality requi.-ments of the customer

and to the particular system application. rhe ge-neral

responsibilities of such an activity include:

1. Planning

a) Preparation of the quality assurance plan sta'ing

duties, responsibilities, and schedul?.

b) Project and cu3sroer interfaces.

c) Resource management.

d) Subcontractor/supplier man m=n-_.

2. Policy, Practice and Proceduce Develcpmqnt

a) Preparation of standards miauals for all phases of

the software prcdIuction, including requirements

design, coding, and test -ailored to specific

project requirements.

b) Problem reporting and analyses.

3. Scftware Quality Assuranze Aids Development

a) Adaptation of existing tools or methods.

b) Development of manual and automated procedures.

c) Keeping abreast of new and "state of the ar'" ails.

4. Audits

a) Review of project procedures and dccum-2nt4taior for

compliance to s-adarls.

b) Participation in interim reri:-ws.

c) Participation in customer audits of the project.

d) Quality assurance inspections.

5. Test Surveillance

a) ?a-:icipation in the tsstin; phase.

b) Reporting of software proble2ms.

c) Analysis of e_--: cases aal assurancz_ of correc-

tive action.

5. Records Retention

a) Quality assurancs r-cords 1. 1gsemS.nt.
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b) Retention of problem reports, lest cases, test

data, logs of guality assurlne reviews.

c) Insure proper dozamentation.

7. Physical Media Control

a) Inspection of disk, tapes, cards, and cther

program-retaining media - verification at all times

of physical transaittal or rstention.

b) Protection fron mishandLing or altering by

environment. [Ref. 15]
The classical quality assurance group role or inzerface

with the development cycle usually :oies at the end of th-

development cycle when t-sting sta.ts. The'r job i4S to

dissect the problem, find errors, test for the envior.ment
i-n which the software pro)uct is to be used in and nctify

the developers of faults. This sometimes produces an adver-

sary relationship between the groups, Jestroying any cocper- 1
ation or aid one might give the othar. The autonomy of the

quality assurancs group is also imo-rative for achleving any

type of success. [Ref. 15]

In software production environments today, the quality

assurance group's intention is to work with the levslopment

side of the house througnout the dewelcoment cycle. They

view themselves as a tool or aid t3 the managemen-_ of the

development process, irfo.ming the tanager of oroblems they

see as a hinderance to the sch-lule or juality of the

product under development. Ihe autonomy of this group is

still impor-ant. (Ref. 17]

D. SUMMARY

This chapter has listed the questions which mus-t be

answered about the software po:Duct before the duties of the

quality assurance group can be delin!ated. A!:a; with these.

questions, the exact role of the " aalitv assurance group an
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its interfaces with the levelopment group may be viewed

differently, depending on the charazter of the organi-zation

itself. rh following chiptprs defias the purpose and envi-

ronments of the quality assuranz3 organizations unle:

consideration and explain theIr process of quality

assurance.



III. SP ERIAL S3PDRT OFFICE

The purpose of this zhapter is to describe the FMSD

environment and the prozess of softwire quality assurance in

this organization. The following references were used:

1. Fleet material Support Office Drganizatioaal Manual

2. Fleet Material Sapo)rt Offiez Cental Design Agency

(CDA) Management Ra.ibook, 1 Jinuary 1981,

3. Fleet Material Su:oort Office -nternal Instruction

5230.20A CDA Develomient Handb~ok, 1 Deceiber 1979,

4. Fleet material Support Offi: Internal Instruction

5230.12 Quality Assirarce Pro:am, 17 May 1979,

5. Fleet Material Support Offi: uality .rogram Task

Group Report, 31 January 1982,

5. The Nv S!211 Zoros Newss-t:er, January 1982,

Special Issue "Calebrating F153s 20th Aaaiversary."

A. HISTORY

Established in 1962, FMS3 was :.-iginally chartered to

provide central management for the2 ztail portion. of th-

Navy Stock Fund (NSF). it was also ised to obtain -and stock

supplies from other servir.s. It ilso catalogued data for

supply system performs1 ce analT3is and evaluation.
Originally -his organizat :n c:nsistsd of five officers and

56 civilian employees, bit todly it has grown to more than

33 military personnel and iv-r 1,30) nivilians.

The main reason for -he =ganizitio..s grodth has been

its increase iz responsi bilities. The first addition

oc:ured in 1965 when -he Zen--ral D-sign Agency func-ion was

incorporated into its mission ar-as. rhis funztion -. vclves

thei design, development and lifa :ycl maintanance of
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programs used in computer systems. rhis initial designation

was limited to computer systems used in supply and financial

operations at various fiell activities.

In 1973, FMSO's direct relationship with the fleet was

increased with the assignment of the 3%! program. This func-

tion was reassigned to the Navy maitenance support office

in 1978. In 1977, two additionli increasss in FMSO's

mission area occurred. The finaacial systems role was

significantly expanded with the assignment of :DA responsi-

bility for financial sys-n.is utilie.a by headquarters activ-

ities in Washington, D.Z., such as the Naval Material

Coimand and varicus systezs commands. The other -xnansion

was the result of FMS3's designation as the :DA for th1

Trident Logistics Data System, whica added submarine inter-

mediate level maintenance to F4SO's ZDA missi-a. The most

recent addition to their iission area occurred in 1978 with

the responsibilit-y assianment of th- prototype dsvelopment

for the Naval Aviatioa Lagistics Command Ian a eent

Infcrmatior. System (NALZOIS) .

Approximately 80 of FISO's work force is engaged in CDA

act ivit ies. A si nifi :ant portion of that effort 4s

expended in four Uniform kutomati: Data Processin7 Systems

(URDPS) : the Uniform &DP System for Inventory Control

Points (UICP), the Uniform kDP System for Stock Points

(UADPS-SP), the Level II/rIi systm, and the Disk Orientel

Supply System (DOSS). A list of the user sir.es for each
system appears in Figure 3. 1.

B. ORGANIZATIONAL STRUCTURE

Figure 3.2 shows the 3rganizatioaal structure of FMSO.

Two departments carry out ill of the staff functions such as

resource management, ops.ation and maintenance Navy budg-
qring, plarnning/administration, production supDOrt, or C sc-
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control, standards development, lita base administration,

training and ADP operations sup.ort. These are thq

Comptroller Department (Code 911 and the Management

Department (Code 92). The softwar. quality control branch

is in the planning division of Code 92. (Figure 3.3) The

Ccmptroller Department also performs external missions

inzluding stock fund budgeting and direct fleet support

functions.

The Operations Analysis Depactment (Code 93) is the

Naval Supply Systems Commad's (NAVS7P) principal agent for

conducting analysis in logisti:s maaigsment. This depart-

meat is made up of operations researzh analysts and mathema-

ticians who use various mathematical, statistical Ind

economic analysis techni;-ues to study and improve the

procurement, financial and inve.tory management functions

throughout the United States Navy. These services are also

provided for all NAVSUP iztivities, the fleet, Chief of

Naval Operations and Chief of .aval laterial offices, othe-

systems commands and various projeat xanagrs.

C. THE CDA

"A central design ageacy is defined as a single organi-

zation which designs, develops, implements and maintains

automated data proczssing sysrems in support of multiple

operating sites." (Ref. 13] The five_ FMSO CDA production

departments (Code 94 through 93) are -he linr orgar.izations

which are directly r-sponsi. ble fo- taa develcpment and main-

tenance of standard ADP systems. The personnel in -hese

departments are functional systems designers, comou-er

systems analysts, compate.r sperzia lists, Ind comut.er

proqrammers. Their vor., developme-nt and dccizen'a-ion of

these programs, is the major produc-, of th- CDA.
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Three basic principles necessitate the existence of this
type of production orqanizition and directly impinge or its

eff ectiveness.

1. There must be a potential jroup of customer site, s
which perform a missi-on of functional s-imilarity and operats

with business volume of a magnitude sufficient to just-fy

acguisitio3n and operation o)f aatouatsl systems.

2. The functional similarity o)f the individual sites

withi4n the customer group must be zcomplete enough to psrmit

a degree of system staalrdizatio)a by which the singla

product of the design agency can aidequately support the
needs of multiple users, thus the cost of system development

and maintenance can be defrayed by thse berefits obtained by

the many users. At the sate time, a marked degree of stan-

dardization and improvei ma nagament Is obtained.I
3. The concentratioa of system design and developmsnt

talent i*:n a CDA affords o)pportunities for single operating i
sites to obtain development of syste ms that :hey could not,

afford to develop themselves.

The objectives of a CDA IS as EfoIlows:

"To initiate ADP develoom ental actio_:n
on projects whic:h have uftlergone cs
benefit analysip and were determined to
have a~high ra:.io of benefit to Cos;.
-To Insure continued anipatibili-yo

all systems vwi+h approvel ailita ry stanr-
dardizat*o. progr ams and sicisting supply
and financi'al man~agement po)li-Cy.
- To optimize resos~veness to logistic
managers in. the2 Ilsat and shore estaib-
l-*shments in t-he devalopmenit and :alrte-
nnce of assigngred sy sttemIS. Opt, 11Mu
_sspons..vens Lth timaly prCio
of accuratre reports and. !nalysis docua-
ments reguirel improve -:he effacliwe-
ress 0,6 supply, -an c al 1
maintenance fu t-ions.

-To emphasize user s~eresourc-
savings in staffing, ADP harzdware, plant
eguipment and inventory i nvs st mrints in .

tidevelopment a!Id main~snance of
assignied systems.

-To involve user sites in the 4ierntifi-
cation of iutomation ODPortuni:i=eS
43f init ion o f :egtu:ernents irleconmics pr ir.tzatfon of workloid
and support, o f sys-,e-ms pcototyping q
implementation.
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- To develop r4 gidly-uniform programs
with des gn options, alternatives and
modularity whih fazilitat;e subsequen 4

policy/procedural changes a11 accomodate
unique customer require e -ts with due

consideration of efficiently/flexibility
trade-offs.
- To design and develop ADP syst.ms
which will be compatible witr the
proJected role of user sites during
Future years.
- To participate in the exchange of
informatncn with other DOD desian agen-
cies and to enhance systems effective-
heSS and personnel p -fc-To ien~iy IPoJect resource requ-ce_
ments in the In.itial planing stage so
that sufficient lead time= is provi 'ed
for timely acquisition and 1d.velcpment.
- To prepare CD& budgets which reflact
sound and int;-,ated prodic ion plans;
to allocate resources withtn the CDA in
accordance witi reconciled budget/pro-
duct ion plans.
- To opt-m-ze ZDA organizational struc-
ture, staffing levels, and allocation of
personnel resourzes in orlr tc insure
maximum productivity on high priorityprojects.

-O pursue nersonnel :.a-ruitment and
training prograims which insure avail-abilizy of advanzed knowledge and skills
in loqist~cs, data roces f33 financial
management and rela ed discip ines.
- To enhance CDA productive capability
thorugh the os.: of spenal tools,
including interactive programming, data
base manaqement, pre-zoapilers, and
other available techniques.

To employ the most effeztve training
techniques available !n o.der to imple-
men t systems at new us-r sites and
install new a33lications at exist:n
user sitesi i' ccnduct a program o
field assis -ance which assa_-a continued
proficiency of user sites in oDerations
supported y CDA systems.
- To nt lize_  standari high-lev!l
p=ogramming ,aiguages to the maximum
extent feasible and to use assembly
languages only ohere techn'-_al
ments unequivocally dictate." (Ref. 19]

While all of the CDAs are involvsd in basi-ally the samse

operation, they are separated into logical functional areas

of support. Because of this saparat!on, the CDhs do n.ot all

serve the same customers. FMSO as a ZDA is div,.ded itc the

fcllcwing areas:
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(Code 2!) (Figure 3.4~)

This department is responsible for the design, development,

implementation and maint -2nancea of anvironmeatal systqms

software in support of NAVSUP-saonsored &DP systeus,

including UADPS of stock points, UICP, the trident program,

the international lognistis pragram, and programs that ars

assigned. This department also performs these functions for

the systems maintained by the oth:er CDA's.

Telecommuni-cations netwo)rks sponso)rei by the lIavaI. supply

Systems Command are anothzer area in which code 94 is respon-

sible for the environmental systems software. This depart-

meat is made up of 109 co mputer specialists ar.d 27 peoplze

wha handle all managerial and cleric-al activities. Other

major projects either designed or supported are:

1. SPLICE - stock point logistizs integratad communica-

tions environment4
2. LDC - loaistics data commun~zations

3. OLA - on-line autodin

(4. AtITODIN IIA - automatic digital network

Stock Point Systems Desiaa and Proced1ures DIe-11tmen- (92Q2

.2.) (Figure 3.5)

This department's purpose Is --o develop and maintain. th-

automated Systems for Navy stock ?)oint support includ-ing

trident Logi-stic Data System (LDSI , NALCONIS, Automated

Ready Supply Stores Systan (XRSSS) , Tape Orientsd supply

System (TOSS), Disk Orieanted SupplT System (DOSS) , Electric

Point of Sale, level It, Navy Aai omatsd T:ansoortat -on

Dcumentation System (4&VALDS), Navy kutomated ransportat -on-

Data System (NATDS), Trinsportatori Operatioanal Pe rsonal

Pro perty Standard Syste-3m (TOPS) , Navy I rt -ar a ted

Storage-Tracking and Retrie-val Systeii (NISTARS), Reguisition

material Monitorina and -Exoeditiag (RI&E) , Zlcsed Lcoo3
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Aeronautical Management Program (:LAMP) , an4 Defense

Warehousing and Shipment ?rocess (DASP). This department

also assists customers with the implementation of these ADP

systems through development of training d)cumnt ation,

initial training and ins-tallation assistance, monitoring of

performance under operational conditions and follow-on fiel

assistance-. The department is inwvlved with approximately

40 Navy stock points located around ths world.
Inventcr7 Control Points Desian a n! Procedures Department

(CoAde 96) (Figure 3.6)

The purpose of -his department is to develop and maintain

the ICP's UADPS design and work on refinements to th-st.

proqrams to carry out NAVSJ? and hardware SYSCOMS inventory

control functions. Their principal customers are the two I
major Navy ICPS: the Ships Parts Zoatrol Center (SPCC) and

the Aviation Supply Office (ASO). This department also

develops and maintains detailed systems design for trident

ani ship-support functio2s. It is comprised of aoproxi-

mately 250 people and is i furctionally oriented department.

The Financial Sistems Desian and Prozedures Departmen- (Cod-

.22) (Figure 3-7)
This organization is responsible for systems d.=-ign, ievel-

opient implementation a.d saintanan a services for headquar-

ters, Naval material command; hi f of Naval Material

designated project management office2s; and other partici-

pating headquar-ters commands and offices. It provides

service to both of the iajor custmser groups; inventory

con'rol points and stock poir.ts and other activi es under

the UICP and UADPS programs in the areas of financial invez-

tory control, stores acoanting, disoursing, olant property,

payroll and personnel azcounting.

The sys-ems designed oy this or;anization supports 91%

of -he Navy's financial inventory r--port requirem=_r.ts, 75
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of the current Navy dollir resour:es under its resource

management system, ani 63% of 189,300 civilian employee

sal aries.

Code 97 provides similar serv.:es to the Navy regional

finance centers and evalnates the ?erfo:mance and develop

such projects as the integrated Disbursing and Accounting

(IDA) System, Standarl Accountin; and Reporting System

(STARS) and the Automated Procurement and Acrounting Data

Entry (APADE) System.

This department ccnsi -ts of three military officers and

a zivilian complement of 244, cov:.rinq ths full range of

financial systems and data processin; expertise.

Interna-_ioal o29.ics. U 2.22r= 2i" (g2a 98) (figgre
3.8)

This department is responsible for the maintenance and

continual enhancement of the .anag-eunt Inforsation System

for International Logistics (MISIL). Its principal customer

is the Naval _:nte r.ational Control )fficer (NAWILCO) which

utilizes its systems to provide services to numerous allied

navies and governments. The department handles complete

automation for -he Sauli Arabian's Navy supply system ani

automation of support systems (supply, env4:ronmental,

personnel a.d fir.ancial) for Kuwait's Navy. It establishes

training programs for Jnite= States Navy Supply Corps

personnel going to Military Assistance Advisory Group (MAAG)

duty and develops an advance base supply system for overseas

supply depo's.

D. SYSTEM DESIGN AND QUALrTY ASSURANCE PROCESS

The top down design method is used as the standard

approach for new system/program 1.V:loopmn'- in the FM.SO

environment. This app.-oach is also known as s-_epwise

refinement, hierarchial design, le.Is of abstrac'io-r -d
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design by explosion. The sethod uses a breakdown technique,

dividing the main function into smaller subfunztiors. The

primary function, thought of as the :entral or driving func-

tion, is designed first; then steowise, this process is

continued until the smallest functional unit of the system

is specified.

Because of this breakdown, the system can be viewed as

modules. Every stage of the system and program yields a

visible output. Each subsequent subfunct-ion which is

defined becomes a module of code whizh, when tested, serves

to retest and more thoroughly test all higher l.vel modules.

The use of hierarchical charts forces the design of new

system/programs in the top down method. This use of visual

diagrams shows the major functions and their subfunctions

with the emphasis or their subordination and not their

logical flow.

FMSO personnel state that the system designers focus on

what is required and the systems anilysis workers focus on

how to achieve it. The system lesigner, working very

closely with the system aser, defi.es what information is

reluired, how it is required, when it is required, and for

whom it is required. This helps tremendously in keeping

this prccess of development at minimum cost.

The system developmeat process is deliniatad in FMSO's

CDh Ma.ament Handbook. Appendix 4, taken from the hand-

book, shows the process.

During the development process a quality assurance

checklist is required. Figure 3.3 is an example of -.he

checklist.

On 31 January 1982, a quality program task group report

was published. In this report were the results received

from the following: an internal survey taker from -he CDAs;

an examination of the A3P development model and the ZDA

43
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QUALITY ASSURANCE CHEC.LIST

Program/version Date

ELEMENT SIGNATURE DATE

1. Scope of Release:
a. New program/complete

rewrite
b. Major modification
c. Moderate revision
d. Minor adjustmnt

2. Criticality of Release:

a. Mandatory (HQ. directed)
b. PTR response
c. Solves serious program

deficiencies
d. 14hily desirable

enhancement
e. Routine release

3. Urgency of Implementation:
a. Inmediate
b. No later than
c. Optional

4. Level of Testing:
a. Local FMSO resting with

simulated test data
b. Service tested at

c. Prototyped/Op Raviewed

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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I,

ELEENT SIGNATURE DATE

5. Meets standards of hardware
utiliZatiOn

6. Availability of proper hard-

ware verified at user sites

7. Impact on hardware capacity
assessed and verified as

available at user sites

8. Release will lengthen real

time responses by

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

a. Functional Description

b. System/Subsystem Specification

c. Program Specification

d. Computer Operation Manual

a. Program Maintenance Manual

f. Test and Implementation Plan

g. User's Manual

h. Data Requirements Document

i. Data Base Specification

J. Change Transmittal Notice

k. Test Analysis Report

1. Project Manual

a. Technical Report

a. Technical Note

10. Systeu/Subsystru Specification

was approved by NAVSUP

2

FIGURE 3 9 Quality Assurance Checklist (Contd.)

SOURCE: FMSO Quality Assurance Program

45

A.,t -



ELL4ENT SICNATURE DATE

11. Satisfies System/Subsystem Speci-
fication as Approved

12. Satisfies Program Specification

13. File Integration/Integrity
Verified

14. System Integration/Integrity
Verified

15. Tested in (Simulated/
Production) Environment

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

17. Program Restart Capability
Verified

18. Program Interfaces with Software:

a. Currently Implemented

b. New Software Package
Required

c. Scheduled for Release

19. (Software) Release is Upward
Compatibla with Prior Releases

20. Programs have been developed,
analyzed, coded and reviewed at
critical steps utilizing the
FMSO standard Improved Pro-
graing Techniques, as described
in FHSOINTINST

21. User Training fas Been Provided/
Is Not Required

e. Type Training Provided

b. Date Traininq Completed

3

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. Reurks/qualification/explanation:

24. Clement certification responsibilities: 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 o~f 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
reedy for release to customer activities.

tkrench Head Date

Division Head Date

Department Head Data

4

FIGURE 3.9 Quality Assurance Checklist (Contd.)

SOURCE: FMSO Quality Assurance Program
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handbcoks; a review of the functi,:nal operations of thea

quali-ty control organizatlon, research and rsview of the

technical li-braries and priblications dealing with software

quality assurance programs, and an extarnal survey guestion-

naire directed to the FMS2)-systems zastomer community.

The report stated that the following factors in the FMSD

enyironment prejudice quality in varying degrees:

1. Mandated, multiple and dissimilar hardware

conf igurations.
2. Unreal-istic/inflexible/mandate project completion

dates.

3. ill de -fined or undo:.amented re~iu::ements.

4 . Inadequate test facilities.

5. Funling (budget/travel) zonstraints.
1. Pr olect p ri-orit iza tion pr oce ss.

7. Diversity of customer activity in systess/p~ocessingI
r e gui rmen ts.

S. System changes/controls sdict:"ed from agency/system

command echelons.

9. Federal procurement poli-cies and regulations.

The task group's work experience, a review :)f industrial

literature, and the internal suzvey revealed that t h-,
following specific conditions ?xist:
1. Poorly Defined Regu-rements/Speci-fica:-4ons

a) FM1SO design procedures/practices tend to be appli-

cation-orientel and at th±e discretion of ths

developer.

b) System design and analysis knowledge is nc- being

shared between or within the ::DAs.
c) Formal review 3ad walkth:oughs are n:ot being

car.ried out pro)perly during svst-em development.

d) ]!here is no visible interaction with custom-rs.



e) System analysts ace not always required during unit

testing.

f) With the exceptio:n of the program trouble report,

there is no provision for solicit-ing or consoli-;

dating customer feedback 4-iformation on a recur-

ring basis.

g) ADP system developmental information arnd expsri.-

ence is not forially or coasisterntly shared among

developmental organiza tions.

h) A more business-like, -onprehensive policy and

procedures document is nacessary for FISO/cus,,omer

relationships.

2. Unrealistic Schedalas/Estimatel Completion Da-tzes

a) mandatory due dates cause abbreviation of qual.ity

events.

b) Completion date as set by tie POASM is usually "set

instone." I
c) Project trackingfstatus rseporting and resource

accounting are not currently provided on an ints-

grated basis for project 3a2agemert.
d) There is limited iutomated c;apazility i-n the areas

of documentatiorn :?rparat4-o)a, Storage, assembly,

packaging and distribution.

3. Insufficient Testi-ng Ti-me/Test Facilities
a) uneliabiliv of hiardware (F150) , basi-cally the tesz

beds, precludes es-niMating realistic time frames

and comletion dates.
b) There is lack of uniformity in -:he assignmen-: oil

specific eposblt3 in program/system3
testing.

c) No uniform methols or prozadars exist A'= estab-

lishing and maintaining FIS)'s test films.
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d) In undisciplined ipproach to program testing among

CDAs is used.

e) Software engineering is not a distinct function.

4. Lack of "State-of- rhe- rt" Davelopmen-al Tools ani

Aids

5. Unecessary Paperwork and Processes

E. CONCLUSION

As shown in the system developaest process, Appendix A,

th quality assurance brcnch interfaces with development

personnel in tracking of the functional description and

system specifications ani in checking the product before

release for compliance with standars and quality assurance

procedures (check list). All tests and project reviews are

carried out by the developsent persoansl with the use cf the

quality assurance check list. rhe actual duties of ths

quality assurance branch say be viewed as only administra-

tive in nature. The next chapter shows how other quality

assurance groups function in their o:ganiza-ons.
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1V. INTERVIEWS

This chapter presents the author-conducted interviews

with personnel of the gaality assurance groups in the

computer organizations addrssed in Chapte- r. The

following questions were asked durin; the interview:

1. Where does the quality assura.ce group fi' into the

organizat ion?

2. What type of authority/power does the quality

assurance group have over the sof-ware product?

3. What gualifications do the people in the quality

assurance group have?

4. Hew does the guality assuranze group interface with

the design/development group?

5. What tools, methodologies, or technigies does the

quality assurance group use to do their job?

5. Are historical records of oriblems with software

products kept after the products' release, and who in

the company's organization keeos them?

7. Who handles problems wih software after r-lease, and

how are such problems handled?

3. if a brand new product is designed, who in th=

company's organization trains the customer on this

product?

The reader is enjoined to comoa~r the isterv4ews with

the discussions in Chapters !I and III.

A. HEWLETT PACKARD

The Hewlett Packard Company is a major designr= an!

manufacture- of precision electroniz eguipment for rn-asure-

ment, analysis and compatition. The =cnipany ms mor -han
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4,300 products which ar. sold worldwide and have broad

application in the fields of science, engineering, business,

industry, medicine and eilzcation. Their four main product

segments are:

1. Electronic Data Pcoducts -- computational products

Jnciuding personal computing devices, desk top computers for

engi.eering and scientific applications, small busiress

computers, and larger computer systens for both business and

technical needs. They also offer a large selection of
applica-ion software and have developed a wide selection of

peripheral equipment for ase with their computers, including

computer terminals, disc 3emori.s, printers and plotters.

2. Electronic Test and Measu..sent Products -- rang:e

from general purpose instruments and systems for electroniI

test and measurement to specializ-i instrumenta.ticn for

computed measurements to =omponents and accessories such as

microwave semiconductors, optoelectric displays, bar code4
readers, and fiber optic systems.

3. Medical Electronic Equipment -- family of more -han
303 medical products which are used for diagnosing, moni-

toring, and treating patients, and for medical information

ma.agement. This equipment ranges f-om portable electrocar-

diographs to powerful compoter-aided patient monitoring and

patient data management systems.

4. Analytical Inst rumentation -- Product family

includes gas and liquid cnromatographs, mass sDectrCmeters,

autcmatic fluid samplers, analytical laboratory da-a acqui-

sition systams, and spectcoohotometsrs. This instrumenta-

tion is used for research, product:on, and environmental

app lications.
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Figures 4.1 thra 4.3 show ths crganizational struc-

ture of the Hewlett Packarl Company. in the computer area,

there is the techn ical computers group, of which the Data

Systems Division -s a part. rhe products or guality assur-

ance organization comes from this livision. This organiza-

tion is not only responsible for software quality aIssurance

but also for hardware guality assurancs, production support,

product reliability, information systems, quality assurance,

production regulation and safety, at:. The software quality

assurance engineering group is madce up of 114 people who have

the education and experiaace to be program designers and

programmers themselves, but their job is strictly guality

assurance. Their main purpose is to work along with the

product designers from the research and development group,

assisting them in designing a quality product. Thi-sitr

face between designers a.i quality issuraflce people IS not
true for all areas of Ifewlett Packarl production, but the

company is moving -in that JIirezt-on.

The quality assurance group does not have abscluts

authority over the pr-iduct. lbsolute power would 2aan that
if they thought the proluct was not ready, it would no- be

released. They state :hait their raal power lie-s I- their
reputation and their ab-li-ty to pers.~ade. if they prsdict a

failure and it occurs, tha gro0up's credibi."Ity and reputa-

t-ion are enhancsed, an! the persuasion speaks for itself.

The division general manager makss the fin4-al iecisicn on

whether a product is released, an] it is 'he Job of thle

quality assurance personnel, in :ompetition with Iesign

people, to convince him/her that the product is not ready.
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2. 21II gjc nd JD!C ne g

Figure 4.4 shows the development cycle as it is

perceived by Hewlett Packard personnel. When the designers

from research and development have an idea for a new

product, a proposal is sent to management. If permission is

given, a product design group is forzed consisting of people

from marketing, research and developient, manufacturing, and

quality assurance. 4hen the design Is laid out, the quality

assurance people ask "Wiat if" gaestions to ensure all

aspects are considered. The company sets n) particular

specifications to which the designers must adhere, so they

have the freedom to be creative. rh: main languages used by

the designers are assembler, Pascal, and FORTRAN because

their products tend to be more techaical than commercial in

nature. They also pr3duce environental and applications

software. One person from quality assurance is assigned to

each project.

During the requirement phase of the development

process, an investigatioa has to b% completed in order to

produce a detailed specification plan and a user interface

specification plan. In the external design segment the

quality assurance people must produce a quality plan deli-

neating the quality goals or objects of the project and how

they are to be measurel. This is a problem area for ths

quality assurance people bacause if the product is generated

at a customer's request, the request is usually not specific

or incomplete. It is iioortnt that formalized communica-

tions be established to eliminate this problem.

In the internal lesign phaSe of the development

cycle, the internal specifications, top down design, and

submodule design take place. rhe: quality assuzanc.

personnel set up, monitor, and part-zipat. in design reviews

ani code reviews he.ld during -his pecircd. They also producs

the functional test plan.
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During the implementation statement, the quality

assurance people set lp the systems test plan. Actual

testing is not accomplished until the integration and 4est

segments, and it is done Dn the function and systems levels.

Although the functional test plan is produced by the quality

assurance people, the actual tasting is done by the

designers themselves. This level of testing is viewed

mainly as a debugging exercise and would be a waste of the

quality assurance organizitions time and resources if done

by them. At the systems level of testing, the plan and

tests are done by the quality assurance people. These tests

are viewed as a third party auditing inspetio of the-
product. This third party testing is done because Hewlett

Packard does not believe that the program designers and

analysts can be completely objective about their product.

The qualily assurance group is also responsible for -he

packaging of all test plans for rausability. rhere are no

percentages of correctness sought during these testinq

levels. When this segment is complete, the product is

considered 100 correct..

According to the 4aality assurance people, ancther

problem area is the schedule planning. The designers do not

think that problems will occur during this testing phase, so

they have to be careful to plan for extra time if problems

occur.

After the quality certification sgqment, which i--
basically a customer aczeotance inspsction, and the produc-

tion certification segment, comes the manufacturing segment.

During this segment a oilot ran is made on the product to

ensure zhat, if a custome.r requestal the product, all the

materials -- the product itself, aser. manuals and any other

items -- are shipped.
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3. 21

Hewlett Packard believes i.n "cradle to grave"

involvement with its software products, which ueans they do

not abandon their customers after sa.e. All Hewlett Packar!

software is copyrighted so if there are any problems after

it is in operation, the cost to the customer is $100 per

hour for repairs unless the custoner has a subscription

service. Subscription service enti-.les the customer -o have

software repaired, updated, or repl:-ed at a lower f-e.

This service includes a plan by which, if a program is

updated or fixed for any customer, the updated version is

sent out to all other customers who have -he same program.

The decision to use it within the customer's system is left

to the customer.

If there is a problem, the customer firs: notifies

the field activity which, if nezessary, creat.s a "work

around" program to keep the custome:'s system operational.

From the field activity, the problem is referred tc ths

manufacturer, via support, and eventually to the people in

research and development who design the program. They

prioritize -he problem ani place it in their schsdule, and

it is eventually fixed. go historical records of problems

or changes to programs ar? maintainea.

The quality assurancs organization keeps abreas-t of

the latest ideas and changes in this field and is ccnstantly

striving to improve its prcgra2.

Personal interview with ,c. Raymozi L. Spear, software

produces assurance mang.-3, at the Rewlatt Packard plant,

Data Systems Division, Cupertino, :alifornia, on 14 April

1992.
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B. TRW

TRW is a diversified multinational company which manu-

factures a wide range of products from components for cars

ani trucks to defense electronics and space systems. TRW

produces transistors, resistors, capacitors, diodes, poten-

tiometers, trimmers, tuning devices, TV convergence yckes,

connectors, transformerS, printed circuit boards, electric

motors, electric data processing terminals, aad jet engine

parts. Other products include pumps, fluid handling equip-

ment, nuclear reactor zomponents, fastners, bearings,

cutting tools, and hand tools.

This company handles defense systems contracts which

include the development of software and the construction of

the entire system.
1. oanization

TRW is divided into many groups because of its

diversification. One of these groups, the defense systems

group, contains the engineering division of which the prod-

ucts assurance organization is a part. (Figure 4.5) This

level is made up of maaagers who are assigned to the

different projects in assistant project manager capacity.

This department is not just concerned with softwar- product

assurance, but also with hardware an! system engineering ani

design (SEAD) product assarance. (Figure 4.6)

Figure 4.7 shows the standard work breakdown struc-

ture for any product in the defense systems group as it is

concerned with product assurance. rhe assistant prcject

manager heads up a staff of personnel who work in the areas

of quality assurance, configuration iagement, reliahility,

and safety.

Figure 4.8 shows the standard work breakdown s-ruc-

ture for the quality assurance area of the proJect which is
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further subdivided into maageament, software, hardware and

system.

When working on military contracts, the company must

follow specifications required for -ontract award. One of

these specifications is MIL-S-52779A "Software Quality

Assurance Program Requirements" of 1 August 1979. This

document states the requirement for the establishment and

implementation of a software quality assurance program. It

is hoped that this program could be tailored, zconomically

planned and developed in conjuncti)n with the cortractors

programs of this type. rhe contractor is required to docu-

ment this program in the form of a software guality assur-

ance plan which meets its specifications. This plan has to

identify organizational responsibility and authority for its

execution and make timely provisio)ns for special needs

(controls, tools, facilities, skills, etc.). Because this

is part of the contract, it is coasidered to give the prod-

ucts assurance organization its authority over the project.

2. _naqement and Software Areas of the Project

The standard duties expected to be performed by the

personnel in the management area of the project are as

follows: (Figure 4.9)

a. Planning and :ontrol

(1) To provide directioa and participate in the

generation of quality assurance input into the project

implementation plan, project schedules, documentation lans

and other similar documents.

(2) To define thea quality assurance tasks and

assign the appropriate DSocnnel. 1) monitor their pe.rform-

ance and prepare status reports.
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~~MANAGEMN

PLANNING
AND CONTROL

" PROJECT PLANS
" OA TASKS
" CONTRACT CHANCES

SQA PLANS AND
PROCEDURES

" QA PLAN
" OA PROCEDURES

PROJECT

INTERFACES

" PROJECT MANAGEMENT
" PROJECT PA MANAGEMENT
" FUNCTIONAL PA MANAGEMENT
" TRW FUNCTIONAL MANAGEMENT
" PROJECT BOARDS
" QA OPERATIONS
" CONFIGURATION MANAGEMENT

CUSTOMERINTERFACES

" AFPRO
* FORMAL REVIEWS & AUDITS

: ASSOCIATE CONTRACTOR
* DOCUMENTATION REVIEW

SUBCONTRACTOR /
SUPPLIER MGMT.

" SELECTION
" 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 :hanges.

b. Quality Assurance Plans and Procedures

They are reqired to direct the gereration of

the quality assurance plan which follows the controlling

government specification IIL-S-52779.k,to review, maintain,
and update it1 throughout the project's life. rhis plan is

reguired to address:

(1) Tools, techniques, methodologies and

records to be employed in the performance of. the wiork to
support the quality assurance objectivss.

(2) Procedures by whic:h design documenta-:ior. is

reviewed to evaluate design logic, fulfillment of require-
ments, completeness, and compliance with specifiel

sta ndards.
(3) Contractor's procedures for formally

appr-ov4-ngq or certifyinrg the descripti, authorization and

completion of work performed under co)ntract.

(4) Document ition of standards, programmig

conventions and oractices to be used for all software.
(5) Documentation of the ccontract-or-'s procs-

dures and contro's for handling of 3ource code and ob jsc t

code and related data in their various forms and ve rsiors.

(6) Documentation of =ontractor's- procedures
for preparation and exac-ation of rev--ews and iudits neces-

sary in establishing tr-aceability of -44tial ccntract

requirement s.

C. Project Interfaces

The management detail aldresses the irterfaCes

between project ma na ger , assistant proisct manager, sub

pro ject managers and othzers in conjuict.ion with the project.

They at":er~d the staff mstings ani responl to action items.

63.



d. Customer Interfaces

The management detail wDrks with the customer

representative offices, hosts the3ir visits and formal

reviews and take care of documeatation to and from the

customer.

e. Subcontractor and Supplie.r Management

Figure 4 .10 delinates the duties of the

personnel in the software area of the project. The three

groupings are:
(1) Managemeat Support -- carries out duties

in support of the minagement section of

the projact.

(2) Engineering

(a) Identify and define the quality

standards and procedures that will

be Efllowed u:ing zhe design,

development, programming, testing

and documentatior stages.

(b) Identify software tools al.d special

methodlogies that would be used in

performance of quality assurance

task. Establish procedures for their

use and ensure their use during the

project.
(c) Participate in definition and implemen-

tal' n of a software problem repcrting,

analysis, correction and control system.

(d) Participate in formal reviews, oroject

boards and customer boards.

(e) Maintain recorls and files of documen-

tation review for adherencs to

stan ards.

(3) Operations
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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
e 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) Perform audits on project activities.

(b) Participate in each level of software

testing as designed by the quality

assurance plan and perform surveillance

activities.

(c) Perf3rm visual inspections of all
software prolu:ts purchased with hard-

ware from supplier.

(d) Perform quality assurance function at

each site and :emoke site for testing.

If, during any documentation audit, a discrepancy is found,

the discrepancy is documented and is taken first to the

responsible designer. if, in a certain amount of time, the

error is not corrected, the problea is taken to the next

level in the project orgaaization. The problem will travel

up the organization until the discrepancy is corrected even

if it means going outside the project's environment.

Approximately 2 to 5.5% of the entire project's

funds is charged to quality product assurance, but it is the

opinion of the managers of quality assurance in tho TRW

company that the cost of iuality assarance is zero.

Once a proluct has been accepted by the

customer, with the siqning of defense form DD250 Material

Inspection and Receiving Report, the legal obligation of TRW

is ended. If any problems arise aft.r release, the customer

pays to have more work done.

Personal interview with Mr. William V. Buck, Product

Assurance Manager; Mr. Samuel E. B-ne.sch, Department Manaaer

Product Assurance; and Mr. Martin F. Kenehan, Senior Staff

Engineer of the Defense ind Space 3roup of :RW, Redcndo

Beach, California on 7 lay 1982.
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C. IBN

Figure 4.11 shows the structar _ of the IBM organiza-

tion as of March 1982. I shows that, under the staff

level, the company is divided Lnto two zajor areas,

marketing and service and manufacturing and development.

Under these areas, the qroaping of divisions start in which,

under the information systems and technology group, the

general products division exists.

The general products division, with its headquarters

located in San Jose, California, is responsible for the

development of all hardware and software products at IBM.

It has two development laboratories, one lccated in Santa

Teresa, California and the other in rucson, Arizona. (Figure

4.12)

The general products division is headed by a presi-

dent with a vice-president in char;e of each operational

department including: hardware, software, manufacturing,

financinq, support and products assurance. Heading each

development laboratory is a center nanager with functional

managers in charge of each department below him. Within

each of the development .-enters, a func-ional manager in

charge of products or quality assurance.

The quality assurance departme.nt within this organi-

zation is completely independent of other depar-ments. The

software products developed in these laboratori-s li within

the environment or operational too! area (Figure 4.13) and

they are produced in all of the major programming languages.

The quality assurance groap does have authority over prod-

ucts that are new and a. . about to be announced and over

products that are being shippel to cistomers. If this group

does not agree that a prolact is realy, it is :ot released.
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Figure .12 IBM 3eneral Products Division
Source: Interview with IBM Products Assurance Personnel
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Figure 4.13 IBM Software Irsa of Development

Source: Interview with IBM Products Assurance Personnel
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The decision for product release is not driven by any other

factors.

The quality assurance department is divided into

three divisions, two of which are products assurance, and

the other is verification and testing. Every software

product developed is divided between the two product assur-

ance divisions. The number of people assigned is a function

of the project's size and their schedule depends on that of

the developers. At the end of the development cycle, all

products go through the verification and testing division.

2. ualit1 Assur~ace and Desi1n Interface

The quality assurance group interfaces with the

program developers throughout the etire development cycle.

(Figure 4.14) The people within tais group have no prere-

quisite skill requirement and most iave varied backgrounds

ranging from programming expertise to marketing skills. To

do their Job, they depend mainly on their experience and gut

feelings. It is not considered necessary for them to have a

programming or computer eagineering background because it is

very rare that they have to inspect the actual code itself.

Within each development department are performance groups

who examine the code and test it periodically throughout the

development cycle.

The managers of the developmant groups lepend on the

people from products assurance for their objectivity and do

not view them as a resource tool. rhsse products assurance

people contribute to the oroduc, ir. the follow ag ways:

a. Planning

Before any work can be started, a project plan

has to be put together in which th? prcgram ers have to

claim which development style out o) a possible three will
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be used for this project. rhis plan is named the

Comprehensive Evaluation Plan (CEP! which also takes into

account the quality assurance proced2rCs, use of resources,

and the project's schedule. It is considered the main plan-

ning document and has to be approval by the products assur-

ance division before the project is started.

b. Early Warnings

If at any time during the development cycle, the

quality assurance inspector sees aaything which might keep

the program development group from keeping schedule, they

notify the project manager.

c. Value Added

If, during the process, the quality assurance

people feel that something could be added to the software to

enhance or improve it, they inform the development group.

d. Education

The education of the .programmers on possible

development tools, whether developed in house or externally,

is carried out by this organization.

IBM sets stanlards requirements that have to be

built into the products, but --here is flexibility in their

use because it is left to the discretion of the programmer.

The verificat.on And testing people carry out

their functional testing at the -nd of the development

process, performing basizilly user oriented tl.sts. Their

main objective is to debug these products of any user

oriented problems.

Besides the product issurance, performance

group, ard verification ari test groups interfazes, there is

still another built-in device for insu-ing quality products.
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A Review and Inspection process (RSIe is carried cut by the

programmers themselves throughout thei development cycle. It:

is carried out either In a formal manner in which a meetinq

is held witrh the programmers and a mod rator an(d they

discuss the program and its progress ta depth, or i.t can be

held on an informal basis with only the programmers' ±4mme-

diate peers present. A rspresentative if -he product assur-

a-ice division is required to attend these meetings.

3. OQe~t:.2ns

Once a product his been relsased, the field1 engi-

-eeing division is responasible for remedying any problems

experienced by the customers in use of the product. This

divisicn. is also responsible for mairtairing a historical

tricking record or probleas with the software products once

in the field. If a product is to be renewed or e-nhancsd,

the products assurance people can request this historical

informatiion, but they are not requirad to kesp track of it.
If a completely new produ~t --s released by the

company for which the users would reguire -training, the

responsibilit_-y for this trai.ning is assumed by the marketing

d.'visi4on. Requests f0or new produzts a rfe not received

directly by the dev -lopmaat labor:ato)ries, but through the,
two main IBI user groups, $HARZ and 3UIDE, whi-;.h meet twice

yearly to discuss problems and possible ideas for new prod-

ucts. The marketing division is also constaatly carrying
i r out surveys of customers for new product ideas.

The people of the quality assurancs department

thought that their main objective was to mafitain a wide

raante perspective of t.he product Idevelopment process and

never to become overly -involved with details.
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Personal interview with Mr. Barron A. McDonald and Mr.
Norman Towns of the products issurance group, IBM

Development Center, Santi Teresa, Californi4a on 21 April

1982.

D. AMDAHL

Amdahl is a high tsechnology c:ompany engaged in the

state-of-the-art design, development, mnufacr uri-ng,

marketing and maintenance of large majinframe computers,

software and communication. systems. rhese products are used

by large computer users -,i the full -Dectrum :f commerci-al

and scientific data processing environments.

The companyls central processinag unit's design s,:rate-gy

is to focus on the development of efficien-: desi-gn archit4-ec-
ture for high performance, dependability, and flexibi-lit y
for future enhancement of the product.

The company's communziationi systams divisi on designs and

manufactures digital =oaiunization, networks which allow

users to interface with multiple gsog~aphically dispersed

systems.

Amdahl also offers a number of servicess to its

customers. There are programs for cross trairing support
with specialists in both hardware and software di-scipline,-s.

There are also expandqd educational offerings wi4th -allored

traininq to enhance Amdahl product sapport.
The company's software development and program enhance-

men-ts ensure compatibility of Its hardwars products to the?
most widely used systems, and other software products are?

aimed at increasing produtivity of the user.
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The software department is a part of the engineering

division at Amdahl. The software guality assurance group is

a part of that department and it ronsists of five people.

(Figure 4.15) The mair purpose of software in the Amdahl

world is for architectural interface of its product with the

customer's system. Because of this, the software develop-

ment group does not have to start with any top down design

of its product but to develop complement software in order

to tie the hardware produots togethsr. The driving force

for the development of software in this company is the inno-

vative hardware of its =ompetitors, such as IBM. The

authority of this organization dep.nds on its cr=edibility

and expertise. The produ:ts that they release have proven

themselves in the market place.

2. Development Interface

The guality assarance group of Amdahl's main inter-

face with the development group :oues at the end of the

development cycle during the testing and measuring. They

also take part in all tezhnical reviews throughout -he new

products levelopment. The quality assurance group insures

that the program is "packaged corr-ztly '' for installation.

This means that the software product meets all the standards

of their competitor's system.

3. OPR tions

For new software about to be released by -his

company, they have what is known as the sa:ly support

program. The program saables the develcpe rs to take the

software into the field, test and debug it on the systsm to

which it is to be applied b.ifor - it --s announced.
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After installation, if thera are problems with the

software, the field unit3 of Amdahl handle them. Ther . is

the Amdahl warning system and maintenance tape, which is

maintained by the fiell units and, if there is a major

priblem, the software is sent back tD the development center

for rework.

No training is carried out for the Amddhl products,

but there is a treme.1d3us in-h:use training effort on

competitors' equipment.

Ref erence
Interview with Mr. Richarl L. Patrick, Manager, Software

Quality Assurance Group at Amdihl's.
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V. jNAjLYSIS gONCLUSION AND RECOMENATIONS

This chapter gives the reader an analysis and summary of

the interviews with the commercial comiputer cozpani-es and a

comparison with the FMSO environment. At the end of the

chapter, conclusions and recommendations are given.

A. QUESTIONS FROM INTERVIEW:

1. Where does the quality assucance group fit into the

company's organization?
a. Hewlett Packacl

The products assurance group is a parr- of the

data systems division and Is on the same level as engi-

neering, manufacturing, marketing, and other departments of

this division. The pro)diits assuraace group fits into ths

company's organization _Jr. a li-ne funr tion position.
b. TRW

The products assurance group is a part of the

engineering di-vision. Trhis group fits into the company's

organization in a staff fanction.

C. IBM

The products assurance "lepart-ment is a part of

the software development center. it Is positioned on tha

same level as the development lepartnent of t:he cenrter, in a

ine function.
d. Amdahl

The software gualit-6y assurance group is a par-:

of the software de~partaent. It is positioned on the sims

level as the research and development groups. rhe software

quality assurance group Is in a line function position.
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e. FMSO

The quality control branch exists in the manage-

ment department, Code 92. It is in i staff funztion.

2. What type of authority/power does the quality assur-

ance group have over their software product?

a. Hewlett Packard

This group's power relies on its ability to

persuade management that the product is not ready and its

rC ut at ion.

b. TRW

The authority of this quality assurance group is

given by a contractual rs-uirement, !IL-S-52779A "Software

Quality Assurance Program Requiremetnts."

c. IBM

The products assurance group has complete

authority over software product. If this group feels that

the product is not ready, it is not rleased.

d. Amdahl

The software quality assurance group's power

over the product depends on the group's credibility and

exp er ts'e.

e. ?MSO

The quality control group exercises administra-

tive power over products. It insures that the quality

assurance check-off list is properly filled our ind that th-

product meets specificati.)s.

3. What qualifications lo the reop ple in the quality

assurance group have?

a. Hewlett Packard

Their quality assurancp personnel are requireJd

to have enough education irnd experie.nce to be prcgrammers

and designers.

b. TRW
lo specific qualilicatior required.
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C. IBM

No specific qualification requirsd.

d. Amdahl

No specific qualification required.

e. FMSO

Personnel in the quality control branch are

expected to have a complete knowledge of the system develop-

ment process, from all aspects.

4. Pow does the quality assurcace group interface with

the design/development group?

a. Hewlett Packard

The quality assurance psrsonnel are a part of

the product development group and work with the product

designers throughout the development cycle. rhqy are

required to produce a quality assurance plan which states

the measurements of the gaality objectives and to partici-

pate in the product testing on both the functional and

system levels.

b. TRW

An assistant project manager is assigned to

every project, with his own staff, tc coordinate and partic-

ipate in the quality control fanctions required in -he

project. They perform tudit testing of the product and

participate in all technical reviews.

c. IBM

The product assurance peDple interface with the

software development personnel throughout the development

cycle. They approve the program dev:?lopment plan and keep
management informed of inything that might affect the
project's schedule. They do not participate in product

testing, but there are two third party groups, the perform-

ance group and the veri fication ani test personnel, who

carry cut -his function.
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d. Amdahl

The software guality asirance group interfaces

with the development personnel at the testing and measure-

ment end of the development cycle. They insure that the

product is "packaged correctly' before release. They are

required to attend and participate in all technical reviews

during the development of the product.

e. FMSO

The quality control branch checks the functional

description and system specificat ions administratively.

They insure that the quality contro.l check-off list is

filled out properly and participate in product testing on a

very infrequent basis.

As shown in the question, all of those interviewed,

except TRW and FISO, hal their software quality assurance

groups in a line function position ia the organization. it

should be noted that the products issurance group of TRW was
in charge of a line management staff which was assigned to

each product to perform in a line function. In FSO, there

is only the staff group.

It is the opinion of the author of this thesis that

questions 2, 3, and 4 tie in together. In all the companie-_

interviewed, the quality issurance group is c:nsidered and

functions as an integral part of the development team. They

work with the development personnel throughout the develop-

ment cycle, relieving any advisary situation.

If the personnel in the quality assurance group do not

have the expertise to carry out testing of the produc-, a

third party in the compa:ay's organization do. Development

pe-sonnel canrot be expe-ted to b _ completely objective

about their own product -o perform its lesting.

Because the quality assuranc . pe.rsonnql work alongside

the development people and perfDrn some fo- o f audit
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function, their opinion his credibility with the development

people and management. rhis has a lirect effect on their

authority over the product.

In FMSO, the quality control branch does not become an

integral part of the development tea2. They rarely perform

any auditing function on the proluct. The development

people in the CDks carry Dut all testing. If the quality

assurance check-off list is completely filled out, the

quality control branch has no real justificatiDn for stop-

ping the product's release.

5. What tools, methodologies, or techniques does the?

quality assurance group use to do their job?

a. Hewlett Packard

No tools, methodologies or techniqges were used

that were unique to the quality assurance function.

b. TRW

No tools, methodologies or techniques were usel

that were unique to the quality assurance function.

c. IBM

No tools, ethodologieas or techniques were used

that were unique to the qulity assurance func'ion.
d. Amdahl

No tools, methodologies or techniques were usel

that were unique to the quality assu.ance function.
e. FMSO

No tools, sethodclogies or techniques were used

that were unique to the quality assurance function.

On this question, aDne t -e companies interviwed

stated -that they used anyt.hing unique to the quality assur-

ance function. The quality assurance personnel were

knowledgable of tools ind techniques that cculd be used by

the development programm-rs which, from theair viewpoint,
aided in the quality of the softwar _ because 4t hel-ed th .
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programmers write better programs. These tools and techni-

ques were acquired through the survey of computer science

literature or developed within the company and passed on.

No company interviewed was willing to share any of these

tools with the author of this thesis because their tools

were of a proprietary nature.

There are companies that develop tools and provide

services which aid in the areas of programming and quality

assurance. One such company is Software Research Associates

(SRA), headquartered in San Francisco, California. A

description of the purpose of this company and its activi-

ties is provided in Appendix B.

6 Are historical records kept of problems with soft-

ware products after their release and who in the company's

organization keeps them?

a. Hewlett Packard

No records of this type ars being kept at this

time.

b. TRW

No records are kept of product problems after

release.

c. IBM

Historical rezords of problems are kept by the

field engineering division.

d. Amdahl

A maintenance tape of problems is kept by the

field engineering division.

e. FNSO

Records are maintained :y the_ quality control

branch through analysis of Program T.ouble Reports (PTR).

7. Who handles problems with 3oftware after release,

and how ar: such problems handled?
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a. Hewlett Packarl

Problems are iandled by field engineering activ-

ities who build "work arounds" for :-ustomers if necessary.

If there is a critical problem, the software is returned to

the development group for repair.

b. TRW

There is no legal obligation on the part of the

company to handle problems after a product's release. If a

customer desires TRW to fix a problea after product release,

the customer will be charged for the servicss.

C. IBM

All problems are completely handled by t.,e fielH

engineering division. The software is not returned to the

development laboratory, no matter how critical.

d. Amdahl

Problems are handled by the field engineering

group. If there is a major problem, the software is

returned to the development personnel.

e. FMSO

The software is reported to the CDA and

repaired.

8. If a brand new product is desig.ed, who in the_

coipany's organization trains the customer or this product?

a. Hewlett Packarl

Marketing divisior carries out training.

b. TRW
go training is carried Oit by 'he company after

product release.

c. IBM

Marketing division carries out training.

d. Amdahl

Marketing division carries out traiaing.



e. FASO
Field training units go to activities from thq

CDhs.

A question that might have been asked luring these

interviews concerned the effectiveness of the company's

software guality assurance program. The author did not ask

this question because It would be improbable to expect an

objective answer. This thesis did not offer a quantitative

measure of these grcups' performance=- to make its compari-

sons. The author's intent was to zompa~e their view of the
quality assurance organizatiorn's role and how they function.

B. SUMMARY CONCLUSIONS

The purpose of this thesis wis to irvestigate the

methods used by large coizercial Couaputer companies in the

area of software quality assurance. The prizary objectivei

was to see i-f any of thess practices could be used in FMSO's

erv irorment.

1. The greatest difference betweer the commercial

companies and the FMSC environment was in management's view

of what role or function a quality assurancs group shoul!

take. in the commercial environment, the trer~d of though--

is that the quality assurance role is a li-ne function that

could be controlled from a sta:!ff Dosition. In FtiSO, the

quality assurance role is only beinag fulfilled through a

staff position.
2. There was a differe-nce i-n the- way the quality assur-

ance personnel interfaced with the !evelopment people-. In

the commercial companies, the qualitly assurance personnel

became an integral part of the develbpmdent team, thsiroin

ions and actions being a very valuiable manacemant device, to

project managers. In F1S3, the quality control branch from
i ts staff pcsition, does aot- become a part of the devslop-

ment team, -:hus creating an adversary e nvirorment.
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C. RECOMMENDATIONS

1. It is the opinion of the iuthor that FPSO should

change the quality control branch's 33sition from a staff to

a line function. As shown by the interviews, this is the

trend of thought on the position of in organization of this

type in a software production environsent of today.

2. In the FfSO environm-at, to convert the quality control

branch's position from a staff to a line fanction, an

increase in the branch's size would be necessary.

This could be acComplished in ti: ways. 3ne way would

be to hire more people to inzrease its size. The other

manner would be to take people already in the :DAs and

assign them the specific job of quality assurance. The

sezond manner may be nore effective because these people

would already be acclimated to the F13D environment and have

the knowledge of practices in their own CDA. People of

experience and expertise could be chosen and, since already

known by the personnel in their devlopment groups, would

not be viewed as outsilecs. They would be able to either

carry out or be in charge of the auiiting func-tions in the

software development process. FMS) iould not have to change

its development process. The staff function or position

could still be held in Cols 92, but it would be in charge of

a line quality assurance organization in the CD&s.

3. The Qualty Assurance Checklist could be used as th=

quality assurance group's work des=ription document. They

would be in charge of carrying -. t the eleents of the

checklist in a third partT auditing function. Because the

checklist points out the segments during the development

process where surveillence for quality is important and the

list covers the entire development orocess, it would be a

very useful guideline.
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Looking at the first element of the checklist, the scope

of release, a separate checklist should be made up for each

of the four levels of projects to cat down on confusion of

which elements should be lone for which project.

The elements stated in the checklist are also very

broad. A more specific lescription of the tasks that would

have to be carried out by the quality assurance personnel

should be promulgated. This description of tasks would also

have to coinside with the steps of the system development

process.

The quality assurance staff fanction in Code 92 should

monitor the projects progress and be irvolved in it's POASM

phase. They should have final authority over the this mile-

stone plan. They should attend all ._oject internal reviews

and partipate in, if no more than monitor, all testinq.

4. With the quality control branch in its present position,

it is the opinion of the author that Jt is a waste of this

organization's time and resources to be involved in the

collection and analysis of Program 7zouble Reports which

record problems after software release. The only

organization to which this type of information is important

is the organization which developed it and has to fix it.

This crganization should expead its energy in the

maintenance of these types of rezords, and the quality

assurance people should mon:tor them.

5. An effort should be made by FIS) to maintain records of
in-house development tools that could be shared between the

CDAs. The assistance of a tool lavelopment organization,

such as Software Resea-ch Associates, could be sought to

help them in the areas of program development and software

quality control tools.

6. If any justification need be supplied for acquiring

resources to accomplish these g;oIs, the requirzements
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invoked on civilian coatractors f3.- a software quality

assurance program, MIL-S-52779A, =3uld be given. If the?

government requires this3 extensiva a program for its

civilian contractors, why not require i for Itself?

I.

93



APPENDIX A
FMSO SYSTEM DEVELOPMENT PROCESS

2.3.2 System Development Process (SDP) is the function by which FMSO trans-
forms a Requirements Statement into a documented, functioning set of computer
programs and procedures. FKSOINTNOTE 5230 of 21 Nov 1979 established the CDA
Development Process Model provided as Figure 2-4. rhe CDA Development Process
Model reflects all of the basic steps appropriate in ensuring that each CDA
Tasking received by FSO 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 Ls anticipated
that some of the steps in the model may not be applicable to all projects.
Therefore, an explicit decision by tne appropriate levei of management is
required in order to exclude process steps determined not appiicable on a
project.

2.3.2.1 Definitions of Figure 2-4 Syvmbols

2.3.2.1.1 (Line Management neview and Approval). This responsibility Ls
assigned to FMS0 Department line managers tlat ha-: een tasked with the
development of a Project or resoluticj of a Program Troiuble Report (PTR).

2.3.2.1.2 "0" (Top 4anagement Review (Optional)). This responsibility is
assigned to a Project Review Board appointed bv toe Commanding Offiier to
review designated Comwand-interest projects. The :ommanding Officer will be
final approval authority on these projects.

2.3.2.1.3 "+" (Management Department _Code 92) Project Tracking). This
responsibility is assigned to the .anagement Department to administratively
act as FHSO's front door on all Project and PMR tasking, and to track progress
for the Comeand via the standard FMSO project status tracking reporting system
of specific Command-designated projects.

2.3.2.1.4 "0 " (Management Department (Code 92) Project Management). This
responsibility is assigned to Code 92 for i.rojects that have significant
critical interfaces in two or more Departments for which the Command has not
specifically designated a Project Manager. Project 4anagers will be the
Command focal point for the project and provide the coordination necessary to
ensure that all significant/critical interfaces are resolved.

2.3.2.1.3 " " (Management Department 'Code 92) Quaiitv Control (Q/C)).
This responsibility is assigned to -be lanagement Department to assure that
all line management tasking has been achieved within F'SO Q/A standards.

-12
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Z.3..1.6 "Z" (Management Department (Code 92) Quality Control (Q/C
Optional)). This responsibility is assigned the .1anagement Department to
perform selectively at their discretion on designated development process
events.

2.3.2.1.7 " " (Management Department (Code 92) Line 4anatement). This
responsibility is assigned to the 1anagement Department to perform line
management functions for designated develoment process events for all
projects where applicable.

2.3.2.2 Descriptions of SDP 1odel Steps

2.3.2.2.1 Tasking Requirements Statement kRS) or Proiect. 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 is to provide assistance in the preparation of the RS by the
system proponent (where warranted and approved by the appropriate Department
Director or Project 'anager). 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 sufficient information
from which to develop a functional description, cost benefit analysis, plan of
action and milestones (POA&W) (internal or external), resource estimates, and
priority acceptability. If sufficient information is not provided, a letter
citing tasking deficiencies will be sent by line management or by the Project
'tanager (if appropriate) to NAVSUP with a copy to Code 92 to stop Project
Tracking. Tasking must contain the general defin:tion of the target hardware/
software environment to be used or it must be clear that in existing suite of
hardware/software is intended. When tasking 1. acceptable and the project is
a aew development, is a new ApplicationiOveration, changes disk files or
teleprocessing, is estLimaLed to rxceed 1.000 manhours ft FM.SO effort, or
may impact system software, a copy of the project will oe sent to Code 94
to provide estimated costs or Jetermine that system software is not affected.
Code 94 will respond to application Departments within two working days in
either case. When tasking is acceptable from all of the above. line manage-
ment will return a copy of the project to Code 92. with total estimated costs
annotated, for a Cost Benefit Analysis.

2.3.2.2.3 Cost Benefit Analysis. Code 92 will develop a Cost Benefit Analysis
with the assistance of line management. if not cost beneficial, Code 92 will
prepare a letter to MAVSUP rejecting the project, update Project Tracking
records, and advise line management and the Project lanager (if appropriate)
to stop further effort. CBA may be subsequently iterated at the discretion of
Code 92 or line management.

2.3.2.2.4 Estimate Resources. Line management. including Code 94 if involved.
will develop initial resource esttmates ind determine priority acceptability/
required to perform the tasking. Resources include personnel, test bed and
operational hardware, software, travel and overtime requirements. :f there is
a shortfall, line management or the Project 'anager fif appropriate) will
prepare correspondence (including an impact statement) to NAVSUP requesting
additional resources or a change in priorit',. A\ copy of the letter will be
forwarded to Code 92 for Project Tracking.
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2.3.2.2.5 POiM.. Line management, including Code 94 if involved or the
Project tnager (ai appropriate), will develop internal and external POAUIs
for CO-designated projects as discussed tn paragraph 4.1.5.4.2. £xamples of
POAWs are provided in Appendices 4.1-A-I and 4.1-A-2. A copy of the POWAs
will be retained by Code 92 for Project Tracking. The CBA. resource estimates,
and kfor CO-designated prolects) PO/lI will normally be done concurrently and
included in a letter to NAVSUP including a commitment date for FMSO to complete
the Functional Description (FO). In addition, FMSO line management or the
Project Manager if ippropriate) will update external POAMfs monthly for
submission to 4AVSUP NOTE: A senior executive Project Review Board OPRB) has
been established to execute FItSOINTINST 5200.78. Line management will, on
Comanding )fficer-designated projects, provide or present to the PB a System
Definition Review in accordance with FIISOIXTINST 5200.7B. When this is approved
by the PRB and subsequently by the Commanding Officer, line management will
prepare a letter for :he Commanding Officer's signature to NAVSUP stating the
official P15O position/.

2.3.2.2.o Approve POA ,'. Code 92 will orator this event as a project track-
ing responsibility. When the approved POA&M is received from NAVSUP. the next
three steps (i.e., retne hardware requirements, provide ADS plan, provide
resources, will be ItialtLed concurrently.

'.3.2.1.7 Refine dardware Requirements. If required, VAVSUP will refine the
hardware requirements it a level adequate for inclusion in an ADS plan. Code
92 will monitor this event for progress as a Project Tracking task.

2.3.2.2.8 Provide ADS Plan. If required, NAVSUP will develop or update an
ADS plan and process it up the chain of command for approval. Although it is
recognized that further F1SO development of the tasking should wait for ADS
plan approval, this nas proven to be impractical.

2.3.2.2.9 Provide Resources. If required, MAYSUP will provide resources
and/or priorities necessary to execute the POAMI. Code 92 will monitor this
event for progress is . Project Tracking task.

2.3.2.4.10 .evelo , Functional Description FD). Line management will develop
the Functional Description FD) and submit to NAVSUP for approval, including
refined estimates of resources per paragraph 2.3.2.2.7, above, with a copy to
'Ode 92 for Project Tracking, quality Control, and compliance with standards.
Upon completion f the FD, line management or the Project 'anager (if appro-
priate) will conduct i System Design Review. On Commanding Officer-designated
projects, the review wil be provided or presented to the PRB in accordance
with NSC!NTINST 5200.78. Code 92 will provide or present an updated CBA as
appropriate. When approved by the PRB and subsequently by the Commanding
Officer, Lne management or the Project Manager (if appropriate) will prepare
a letter to NAVSUP. for Comanding Officer signature, including an updated
POAW with a commitment Late for 11SO to complete the System Specifications
ISS).

2.3.2-.211 Approve Fnctional Description. NAVSUP will review the FD and

approve, appreve with lualifications, or disapprove. This is the critical
path to the ievelopment )f 'he System Specification. NAVSUP will update
resource requirements as required. Code 92 will monitor this dvent for

progress as a Project rracking task, if required.
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2.3.2.2.12 Acquire Hardware. FHSO assists by estimating capacity needed for
a representative site. NAVSUP coordinates with other NAVAT or Fleet claimants,
performs data call to all affected activities, and determines system-wide
requirements. NAVSUP, directly or by notification to other claimants, initiates
acquisition. Code 92 will monitor this event for progress as a 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 required), Quality Control, and standards review. in addition, at the
completion of the SS, line management or the Project Manager (if appropriate)
will, on CO-designated projects, provide or present to the PRB a Computer
System Analysis Review in accordance with FMSOINTrNST 5200.7B. In addition,
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 'anager (if appropriate) will prepare a Letter to NAVSUP for Commanding
Officer signature, including an updated POA&M with a commitment date for FMSO

to make the progr3m release.

2.3.2.2.14 Provide Test Bed Hardware. NAVSUP provides hardware and system
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 monitor this process event on projects where test bed hardware/software
is required as part of their Proiert Tracking fnction.

2.3.2.2.15 Program Trouble Report (PTR). PTRs will be received by Code 92,
logged for PTR monitoring as part of their Projec . Tracking function, and
forwarded to the responsible department for resolution. FaRs may affect any
development process step in this model, and are discussed in detail in paragraph
4.2.5.

'.3.2.2.16 Program Development. ine management will develop Program Speci-
fications tPSs), develop programs, perform unit testing, develop Program
Maintenance .Manuals Lths), Users Manuals (Uls), and Computer Operation Manuals
(Ofs). PSs, Uts, and O~s 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 responsible for the
formulation of a systematic implementation 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 implementatiun plan will be performed by Code
q2 as a line management function for designated projects. with 3ssistance and
review/approval by line management in affected departments. impiementation
plans required on projects not designated for Code 92 development will be
developed by the appropriate department line management.

2.3.2.2.18 Testing. Test Plans will be developed and string tests and/or
system tests will be performed by :Ine management. Code 92 will selectively
review test plans and test requests for compliance with Quality Assurance
standards and procedures.
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2.3.2.2.19 Provide Hardware to Field Activities. MAVSUP and other claimants
will provide required hardware capacity, if any, for field activity implemen-
tation. If required, Code 92 will monitor this event for progress as a
Project Tracking function.

2.3.2.20 Program Optimization. Line management is routinely responsible
for program optimization. Code 42 will select programs for review and process-
iag through available optimization tools, and provide any solutions developed
to line management by formal memo with logic changes specified. Line manage-
meat will schedule and modify the programs in accordance with the solution
provided or resolve with Code 92.

2.3.2.2.21 Independent Test Group. An independent 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 .uality. in instances where this effort will be accom-
plished prior to program release, line management will be advised during
initial POAMiI development for inclusion in estimates. Recomendations for
changes or corrections will be made to line management. Line management will
make the changes or corrections in accordance with the Code 92 recomendations
or resolve with Code 42.

2.3.2.2,22 Release Programs. Line management will release programs for
Operational Review, Prototype or Implementation when all Q/A functions 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 notification will normaIly
be torwarded by a prototype activity to FHSO. Code 92 will provide administrative
release services in accordance with current procedures, coordinating the release
of environmental and application software and coordinating resolution of hardware
and software interface requirements. In addition, Code 92 will review program
rejeases for completeness, clarity and compliance with documentation and
system development process standards as a Code 92 Q/C function. If required,
Code 92 will monitor this event for Project 'lanagement or Project Tracking.

2.3.2.2.23 OP Review or Prototype. This is the responsibility of the customer
and the primary participating responsibility of line management. When this
occurs, Code 92 will pacticipate at their option as a Code 92 Q/C function.
If required, Code 92 will monitor this function for Project Tracking.

2.3.2.2.24 I.piomentt,12n. [mplement.ition is a customer responsibility with
support provided by F SO. Support will he provided by lioi mjnagement ind/or
CuJe 92 in iccurdan(e ith the mplement.ition plan. If relutred, Code 92 will
selectivelv monitor his event for Project Tracking.

_.3.2.2.25 Post Reie.se Review. As a Quality Control function. post imple-
mentation visit3 will be made to selected sites by Code 92, at their option,
to determine dhether ine FMSO program release satisfied the tasking and whether
Lhe activity is usina t properly. Feelback will be provided to line management.
An attempt will be naie to verify that the expected benefits were achieved.
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APPENDIX B

SOFTWARE RESEARCH ASSOCIATES (SRA)

Software Research
&BOUT SOFTWARN RZSKAICE..

Software Research Asociates (SRA) is an advanced technolog$ research and en.-neer.-
firm involved in software science, software engineering, software quality assurance, and
softvre maintenance. The main acivities of the Company are education, research and
developmen, consulting, software tool deagn and producin. and allied technical
serviTcs. The Company has offies in San Francisco (headquarters) and Los Angeles,
C.l&forn"'.

Prosonl Development Technokl Seinm*.

The Company offers series of Professonal Development Seminars on a periodic basis
publially, and on an in-house bars as vell. SEA seminars are distinuished by their
dedication to presentation of state-of-Che-art software engineering techniques. Se.ti.3r
offerings currently include: Software Ouality Assurance, Applied Veric.iation Te:nni:- jes.
Advanced Software Validation Techniq.es, Automated Software Engi.eering Too:
Technology, and Software Maintenance Technology.

Iteinxb and Developmen..-

Companur researchers track the latest technical developrents L- a range of ir-as.
including software prod'tct.on, softwere testing, and software maintenance, as -t'" is
ocher areas of software science and engineering. Typical Company resear:. or.';ec:I
have included worK in such areas as: cechninues for validation of software engLnee..n,.
systematic au-oua.ion of the maincenance function, and general methodoioC.es :c-r
comprehenpive software testing and analysis.

Comulting and Tecbhical Services...

Cons::li ng 'or Com-pany clients has ranged from evaluation of advanced coepu:er
arch it-ectu-res -to rhe design of state--of-the-art software -3uaUzv assurance ra.acs.
The Company's ps.roach to Consulting emphasizes complete technical disclosure so n::
client argenizations can make enlightened choices between technical alterna ves. Te
Company aL'o provides specialized technical services using advanced software
engineering tooLs. Such services include software quality assurance, software testing,
and software maintenance support.

Publicaios..

The Compan- publishes a quarterl newsletter, "Teating Tachsiques", -nat is distri buted
without charge to qualified technologists throughout the world. The new newsle-:,,
"Quacy Maageoue Monthly", is focused on applying quality vanagement -echniqJes
throughout the software life cycle. The Company also publishes 'in prnted and
machinable form) .he "Software Engineering Automated Tools Index" that Iesz:ies
some 5004 software support tools.

Softwma Engineering Tools..

The Coz2:anv provides scftware productin. testing and quali"" ass-irance. and
2aL.tenar.ce tools for a variety of conpu:er sstens. The SITIAN avtst!
structured programming preproce.Rsant oro'ndes advanced cor.trcl stricturei. 1 3:tr.ot
progran documentation, ana ju:o:anc inscrimentation. The TCAT :vste- !,r ::.r
system test coverage analyqa p3r-vides a quanititativ- base -.-r ~aivaarret.i
of .03L 'rograms. The TSB inttracti'v %oftware analysis ts-', :i:n
advancqA analysis concerts for is~r f interactive software zi~ s~rr!
ISUS s-tera for qezantic zodat' ,d Ma.ntenance o so t are :te.s -..- -
aliamil ~nteScate of the ;4Ti software cammeur,tior.ns~tc an' 71r
:or.trt t.

qevixec: Decem!er 1961

sC Soc24Z . 0'F c • Ca"o-'t G4'2t. • e,eoto'e, , .,. " • " . %c :,!:z
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APPLIED VERIFICATION TECHNOLOGY SMUMA

Quality in a software system is a function of I cal integrity o f every part of the system
and of the system as a whole. VerificationI-or "proof") techniques are used to help
establish the needed levels of integrity.

This new SRA Software Technology Seminar describes applications of the "?roof of
corretnese methods to software system quality control. In the correctness proving
approach conjectures are formulated which express correctness with respect to
specifications. The conjectures are generated by combining assertions about the program
behavior with information from the program source text. Theae conjectures are then proved
using information about the "meaning" of the programming and specification languages,
mnathematical lgc algebraic manioulation, and mechanical theorem proving. rhe
methodology that surrounds the AFFIRM system will be described in detail.

This seminar is intended both far individuals in R&D positions and software engineering
personnel working on highly reliable computing systems. A brief outline of the main topics
in the seminar isi

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

THEORETICAL FOUNDATION&s Inductive Methods far Programs and Data; Proof
R10cb :or Simple Control Structures Axiomatic Specifications for Data
atructures; State Transition Systems; Fouz*Iations of the AFFIRM Approachl
Styles of Mathematical Proofs.

VERIFICATION METHODSt Inductive Assertions: Recursive Functions And Their
Proofs; Proofs of Data Structure Properties; State Transition Proofs.

TECHNOLOGICAL SUPPORT2 Verification Conjecture Generatoms Formula
Simolifiers, Rewrite Rules; Interactive Mechanical Theorem Provers; The
AFFIRM Approach.

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

The instructor for this seminar will be OIL SUSAN L. GERHART, Technical Director of
Software Research Associates, Los Angeles. California. a post she has held since October
1981. In this capacity she is concerned primarily with the application of verification
technology to Practical Problems of software and system quality engieering.

Dr. Gerhart earned a B.A. from Ohio Wesleyan University, a M.S. from the University of
Michigan, and a Ph.D. from Carnegie-Mellon University. After serving on the comouter
science faculties of the University of Toronto in 19712-73 and Duke University from 1973 to
1977. she joined the Program Verification Prjc a t USC Information Sciences Institute.
There she participated in the development of theAFIMSefiaon nd erictn
System, and served as the AFFIRM Project Leader in 1990-S1.

For further information about this and other Software Technolg Seminars please check
the appropriate box on the enclosed Raeder Respiam Farmn or cal 'he Seminar Manager at
Software Research Associates.

Notes This and other SEA seminars can be presented 'in-house" to larger groups of
attendees it substantial overall savings and, in most cases, partiaLly tailored to a client's
SPecific niee"s Please write for a copy of the SRA Software Technology Seminar 3rochure.

Software Reseach Associates
P.O. Box -43-'

San Francisc~o. CA 1141 -'

phoner: 45 5I4 Telex: 340-235
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3QrrWARZ ENGD11MRINO AUTOMATED TOOLS INDEX

As part of its continuing research activity in the Automated Software Engineering Tools
area. Software Resarch Associates has assembled Ia comprehensive index of detailed data
about a wide variety of software engineering support tools.

Available M1arch 1982. this Software Hnls~gAutomated Took Index will provide
detailed information on approximately 500 ifrn software engineering tools.

Tools described in the Software Engimearlug Automated Tools hIdes: fall into these major
categories:

" Software Reurm IR peiflmtim Tools

" Software Deslii Tools

o Software Implementation (ProgrammiMJ Tools

o Software Quality Assurime Tools

o Software Mantee Tool.

" Software Projeet Meingemmt Tools

" C... L........znt Tools

o miseeilmos Utility Systm

The Index also includes a Comprehensive By-Name Indes, a By-Category Index, and a
Complete By-6aUPPi Jades Available information about obtaining each sot tware system is
also included.

The information in the Software Enginmaring Automated Tools Indwr has been gathered from
a jvide range a( sources (Government. Industry, and Academia) over the past three years.
Each automated tool is described in a single "tool frame" that outlines such critical
information as a tool's type and classification category, number of installations and price.
specia features and exceptional characteristics, pLus details about the needed execution
environment. There are over 50 tool categories divided equally among the major system
classes mentioned above.
The Softwue Egnmng Automated Tools Inm is provided in convenient 3-ring binder
format. makcing it easy to survey the entire field of software engineering support tools, or
to focus on just one area. This format makes it easy to incorporate quarterly updates that
will tie available to current users of the Softw-r Enginearing Automated Tools ides The
Two-Volume Tools Index coats are: U.S.A./Canada - $185.00;- Foreign - $225.00. Costs for
the quarterly uodates (available on a subscription basis) are- U.S.Ak./Canada - $85.00;
Foreign - S1.15.00.
For more information, or to reserve your copy of the Index. please check the appropriate
boxes on the enclosed Roedr Respone ForU-

Notes Machine processuble versions of the Software Engineeing Automiated Tools Ina are
also availaole on specia Ucense arrangement. ?lease write SRA for details.

Softwe Rlesearchi Associates
P.O. Box 2432

San Francisco, CA 94126

Phone: (415) 957-1441 - 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 methods to as-
sure the installed quality of complex and critical software systems.

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

Besides 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 as well so the
limitatious of each method. For example, should mutation analysis be done on
"large" program? Or, should automated test data generation methods be used in
a COBOL oriented environment?

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

OUTLINE:

SYMBOLIC EXECUTION TECHNIQUES

Introduction
Components of a Symbolic Execution System
Problems in tuplementing Symbolic Execution
Detection of Anomalous Cont.ucts
Generation of Test Data
Validation of Program Assertions
Correspondence Between Programs and Specifications
?artition Analysis
Reliability 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

De finition
Testing Computer Programs
Mutant Operators
Relation to Other Testing Methods
Practical Experience
Systems That Rave Seen Built
Relationship to Error Seeding

SURVEY OF PROMISING TECHNIQUES

Functional Testing
Data Flov Analysis
Error Seeding
Domain Testing Strategy

Software Research Associates -1- San Francisco, California
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Sof:ware Engineering Technology Se. nsrs Spring 1982 Series

MHE INSTRUCTOR

nIMOTHY BUDD is Assistant Professor of Computer Science ac the University of
rizona.-ofeseor Budd's research interests have focused on software en-

4Wneering, program testing and validation techniques, and high level language
implementation issues. Re was a member of the research team which developed
the Program Nutation Testing method, and has authored several papers on 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 Software 'Research
Associates...

("15) 957-1641

or write to...

Software Research Associates

San Francisco.'raliornia 94125

Sof.ware Reisarch Associates -2- San Francisco, California
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Seminar Outline Software Engineering Technology Fall 1981

SOTUAR QUALITY ASSURANCE TECHNOLOGY

Developing procedures for assuring that a software system has the best possi-
ble chance to operate without encountering "bugs" or "errors" is an activity
that has formed a major focus of software engineering technology for nearly a
decade. The goal of producing error-free software reliably and efficiently has
eluded the best theoretical workers, while procedures for systematically
analyzing and testing software through static and dynamic analysis has gained
in popularity. Acent developments in software quality assurance make it pos-
sible to have a reasonable expectation that software meats minimum standards
of testing. This seminar focuses on the concepts, tools and techniques, con-
temporry results, amd prognosis for software quality 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 analysis.
Attention is given not only to the theoretical aspects of the subject but also

to practical results that can likely be achieved by use of known methods.

Attendees receive an extensive set of notes and a copy of the tutorial text

Software Testig ad Validation Techniques by Edward Miller and William %.
Woyde,. Attendees will gain an increased understanding of quality assurance
processes and procedures and will learn techniques that can be applied ijmedi

sately to quality assursnce problems.

OUTWrLIE:

INTRODUCTION ANID OVERVIEW

Introduction to Methodology
Ristory of Testing and QA

Limits of Technology
Over iew of Methodology
Theoretic3l Implications/Limitations

fANGMaCM ASPECTS

Organizational 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 Inspection Rules

Role of Static Analyzers
Came Studies

Software Research Associates -1- San Francisco, California
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Seminar Outline Software Engineering Technology Fall 1981

MEST PLANNIIC PROCEDURES

Objectives of Test Planning
Role of Coverage Measures

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

TEST DATA SELECTION METHODS

Critical Values Identified
Optimum Choice of Specific Values
Theoretical Juatifications
Relation to Proof of Correctness
Examles
Guidelines

COVERAGE ANALYSIS

Need for Coverage Measures
Cl Defined and Explained
Ct Defined and Explained
Sl Defined and Explained
Analysis for Ci/Si Evaluation
3asis in Graph Thaery

DOCUMEMTATION AND RETESTING

Need for Documentation
Data to Keep
Retesting (Regresaion Testing)
Change Control System
Test Documentation Tools

CASE STUDIES

Role of Interactive Test Support System
Small Example: ADD
Medium Example: ILASS, LEXICAL
Large Example: FORM
Statistics and Reliability Issues
Recomendat iono

AGENDA OR RESEARCHERS

THE INSTRUCTOR

WAR D. MILLR, JR., is Technical Director of Software Research Associates,
San Francisco, California, a firm devoted to advanced computer technology and
software applications. His interests include software engineering managemnt,
software testing technology, software maintenance achnologyt, automated tool
design and computer architecture.

Software Research Associates -2- San Francisco, California
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Seminar Outline Software Engineering Technology Fall 1981

Dr. Miller was previously Director of the Softvare Technology Cencer, Science
Applications, Inc., San Francisco, and Director of the Program Validation Pro-
iect at GeCneral Research Corporation, Santa garbers, California. He received

; BSI at Iowa State niversity in 1%2, an .s. in Applied Mathematics at the
University of Colorado in 1964, and the Ph.D. at the University of Maryland in

1968 where be was an Instructor from 1964 to 196.

Dr. Miller is a I er of the 1112 Coputer Society, the AC, SIU and several

honorary societies. ae currently serves on several technical coittees and
is an Asociate Technical Editor of COMPUTER magasine.

For further information about this and other Software Technology

Seminars pleas* contact the Seminar Manager at Software Research
Associates ...

(415) 957-111

or write to...

Software Research Associates
P. 0. In 2432

San Francisco, California 94126

Software Research Associates -3- San Francisco, California
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Software Engineering Technology Seminars Spring 1982 Series

AUTOMATED S CflAE E GCINEERING TOOLS

The central issue of software engineerinq lies in the use of automated tools
that serve the software engineer by smplifying his capabilities. The software
life-cycle can be divided into five phases: Requirements Analysis, Design,
Implementation (Programming), Testing (Quality Assurance), and Maintenance.
Seecialized tools for each area have been found effective in many applica-
ttons, even while eztensive tool-building research and development continues.

Contemporary software engineering tools are exemplified by comercially avail-
able tools that capture nearly every essential technical concept in good tool
environments. Ranging from single tools that perform one important function
(like a source-language instrumator system) to integrated sets of tools that
consolidate a variety of closely related functions, continued 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 automated tools and how they relate to
the software engineering life cycle, based on a state-of-the-art survey of
contemporary (comercially or publicly available) software engineering tools.
Resides 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 future.

Attendees receive an extensive set of notes and a copy of the tutorial text
Automated Tools for Software Engineering, by Edward Miller. Attendees will
gain Lncrease appre-e onfor good sotware tool design, an increased -inder-
standing of ,how tools interact, and a good feel for the present state-of-t.e-
art in automated tools.

OUTLINE:

PHIWI.SOPWY OF AUTOMATION

Motivating Forces
General Principles
Overview of Software Engineering Phases
Overview of Tool Role

TOOLS FOR SPECIFICATION/REQUIREMENTS

Analysis Tools
Synthesis Tools
Manual Versus Automated Versus Automatable Methodologies
Contemporary Specifications/Requirements Tools

TOOLS FOR DESIGN

Principles of Design
Modes of Design Assistance
Limitations of Design Assistance
Contemporary Design/Implementation Tools
Interaction etween Tools and the Ooeracing Environment
Recommendations for Purchase/Lease 3ecisions

TOOLS FOR PROGRAM IMPLEMENTATION

Principles of Programing
Programing Procedures
Debugging Concepts
Contemporary Program Implementation Tools

Software Research Associates -I- San Francisco, California
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Software Engineering Technology Seminars Spring 1982 Series

TOOLS FOR QUALITY ASSURANCE AND TESTING

Principles of Program Testing
Role of Tools in Program Testing
Limitations of Tools Applicable During Testing
Specific Examples of Testing Tools
Recommendations for Purchase/Buy Decision

TOOLS FOR PROGRAM MAINMINANCE

Principles of Software Maintenance
Limitations of Automation for Program Maintenance
Specific Example of Maintenance Tools
Recomeendations for Purchase/Buy Decision

TIE INSTRUCTOR

EDWARD F. MILLER, JR. is Technical Director of Software Research Associates,
San -incisco, aT Tornia, a firm devoted to advanced computer technology and
softvare applications. His interests include software engineering management,
software testing technology, software maintenance 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
a BSEE at low 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
19%8 where he was an Instructor from 1964 to 1968.

Dr. Miller is a member of the IEEE 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 ocher Software Technology
Seminars please contact the Seminar Manager at Software Research
Associates...

(415) 957-1"1

or write to...

Software Research Associates

San Fran is o,-Mlornia 94126

Software Research Associates -2- San Francisco, CaLifornia
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USER INTERFACE DESIGN PSYCHOLOGY

User Interface Design, as a topic in its own right, haa recently become the
focus of significant design efforts. As the price/perforuance curve of
hardware continues to show a decrease by a factor of 100 each lO.years, in-
creasing emphasis can (in fact, met) be put on supporting user interactions.
As a result, there is increased recognition in the computer industry of the
essential importance of terms like "ease-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 comercial system will be presented. Video taped
demonstrations of these and some experimental systems will provide an awareness
and some evaluation of the mltitude of interaction techniques, approaches and
devices that are now available.

OUTLINE:

!MODUCTION

Evolution of User I/F Technology
Anatomy of the Seminar
User I/F Dimensions
Information Processing odel
Futuristic User I/F Demo

LEARNING THEORIES

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

CASE STUDY 1

Graphics Editor Workstation
Structural Model Generation Application
Tablec/Menu Interaction
Gol ls/Constraint s/Rationale

RUMAN MEMORY CHARACTERISTICS

Short-Term/Long-Teru Memory
Recall Versus Recognition
Spatial/Linguistic Coding
Role of Information Organization

VISUAL PERCEPTION OVERVIEW

Light/Space/Color/Timne Sensitivities
Visual Organization
Display Symbols

CASE STUDY 2

Graphics Editor Workstation
Color Charts and Graphs
nouse/Menu Interaction
Goals/Constraints/Rationale

Software Research Associates -I- San Francisco, California
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STRESS IN USER/COMPUTRU INTERACTION

Causes of Stress
14hac Can Be Done to Reduce
Examples in Computer Systems

INTERACTIVITY AND Til PERCEPTION OF TIM!

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

CASE STUDY 3 AND 4

Desktop Computer Line Editor Study
Application S/I Study
Operating System Interaction Demonstration

TEXT EDITOR DE1ONSTRATIONS

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

FUTURE CONSIDERATIONS

Spatial Interfaces
Voice Interfaces
Major Issues in the Field

THE INSTRUCTOR

DR. JAC% GRIMES received his .h.D from Iowa State University in Electrical En-
iTne-gro omputer Science, his M.S. in Psychology and is currently a doc-
toral student in Applied Cognitive Psychology at the University of Oregon.
Since 1971, he has been employed at Tektronix, Inc., in Seaverton, Oregon,
where he is currently a manager of advanced development 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 program-
min$ systems.

Dr. Grimes was a participant in the China Technology Exchange Program in 1979,
4ave 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 a shorter version of this
seminar at SIGGRAPR '80 and '81, the Sixth West Coast Computer Faire and inter-
nally at Tektronix.

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

(415) 957-1441

or write to...
Software Research Associates

San Franjis o,_'-al ornia 94126

Software Research Associates -2- San Francisco, California
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SOFTWARE MAINTNANCE TECHNOLOCY

Software maintenance can often require 50 to 80% of the overall costs associ-
ated with a software system's life cycle. Most of the activities of software
maintenance involve detailed recordkeeping, incremental change to the softvare
system, and analysis of the impact of changes.

Current technology for software maintenance is in its infancy. Technical
methods for analysis of complex and sophisticated computer programs can migrate
from the research and development arena into practice only if care is taken in
choosing the "right" algorithms and the "appropriate" methods of controlling
change. This seminar focuses on methods for handling software maintenance prob-
lest that are highly analytical in nature, but uhich can have immediate practi-
cal benefit. Sesides investigating various aspects of the maintenance problem,
the seminar presents methods of measuring and managing a variety of software
maintenance scenarios.

Attendees will receive a comprehensive annotated bibliography of current
literature pertaining to software maintenance technology, an extensive set of
notes Uincluding case studies of typical maintenance situations), and reprints
from the current technical literature.

T4TPODUCTION AND OV'RVtEW

:mportance of Maintenance
Purposes of Maintenance
Principles of Maintenance

?P.OfLMS OF MAINTENANCE

User Knowledge
?rogra-,er EffectiveneSs, Availatlit-i
System quality
Mac!,ine Roquirevents
7nvirt~nment: Reliability

?ROCR. :NG ISSUES

Types of Changei and Related Froolems
Maintenance Scenarios
Review Procedures, Documentation Methods
Development Practices to Ease Maintenance Problems

METRICS AND TEST:.MG DNRING MAINTENAJNCE

Maintenance Metrics
Functional Testing
Coverage Testing

SOFTWARE SYSTEM MANAGEMENT T.C4NOLOGY

Configuration Control
Test Libraries
Error',Change Tracking

MAINTENANCE AIDS AND TOOLS

Software Tools
Methodologies
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THE INSTRUCTOR

EDWARD F. MILLER, JR., is Technical Director of Software Research Associates,
1a-n racisc, CalT'ornia, a firm devoted to advanced computer technology and
software applications. His interests include software engineering management,
software testing technology, software maintenance 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-
ect at General Research Corporation, Santa Barbara, California. He received a

iSEE at lowa State University in 1962, an N.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 1968.

)"r. Miller is a member of the IEEE Computer Society, the ACM, SIA and several
honorary societies. He currently serves on numerous technical comittees and
is Technical editor of COtPL='ER Magazine.

For further information about this and other Software Technology
Seminars please contact the Seminar "anager at Software Research
Assoc iates...

(415) 957-1441

or write to...

Software Research AssociatesP.-. Bx2432..
San yrancisco,luornia 94126

Software Research Associates -2- San Francisco, California
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Software Research A

NAME...

Interactive Test Bed (ITB) for SRTRAN

PURPOSE...

Basic sucoort of software quality assurance through systematic testing, by
assisting the user in achieving high values of Cl coverage. Assistance fs
provided by allowing the us to alter flobal data and analyzing the
coverage of subsequent executions. CaDmhiUtv to process Standard
SRTRAN programs.

SYNOPSIS...

Basic capabilitv for anav lzw coverage results of executionr 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 oreorocessor 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 system automatically generates the code it needs to successfullv
test the test object. There exist macros which allows the user to set un
an LT 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 automaticallv stored away so as to
give the user a complete record of *is session on disk. Also available is
the ahiljty to use this '"hosting' 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. om 2432 • Sn FmOn • Cflaof 94126 • bohom (4135) 957. "1 • 4ex mo. 340-233
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DOCUMENTATION-.

lTD comes with a Reference Manual.

SRA provides substantial related doumentation on Software Quality
Assurance end Software Maintenance.

AVAILABILITY...

The ITS system is currently only implemented on a Oata General AOS
environment.

REQUMREMENTS...

The system requires the -'esenee of a FORTRAN compiler end an

SRTRAK preprocessor.

CONTACT.-.

Mr. Thomas L. Mapp,
Member of Technical Staff
Software Research Mssociates;
P. 0. Box 2432
San Francisco, CA 94126 USA

(425) 957-1441

Updated: March 1961
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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 (Cl is the percentage of logical segments exercised and P1 is the
percentage of paragraphs exercised).

SYNOPSI...

TCAT provides a basic free-standing capability for automatic instrumentation
of programs to analyze and report C1 and P1 coverage levels. TCAT
processes A.NS Standard COBOL programs, plus local machine dialect features
depending on the system version and host.

Versions of TCAT are available for IBM1, Univac, ACOS (Japan only), DEC
VAXiVtS, Data General MV/8000, and ONYX CS002 (RM-COBOLi Unix)
computer environments.

DESCRIPrION.-

"'CAT 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
RUNTIMiE, and. 3) a standardized testing coverage analysis package called

COVER.

The pre-processing stage produces a Reference Listing, used to identify the
logical segments and paragrahs within the candidate COBOL program, and
the post-execution stage of TCAT activity produces two forms of output: the
Coverage Report and the Not Hit report. These show the percentage of
coverage attaineo by test(s) expressed in the Cl and P1 measures. In
addition, the post-processing system generates a Histopgam Report that shows
the proportion of times each segment and paragraph is executed.

Coverage values attained b3y tests of the COBOL program are reported on a
per-test, per-test-group, or an all-test cumulative basis.

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

SPECIAL FEATURES-

The TCAT system can handle cumulative multi-run tests by storing standard
coverage history records. Special olocking is used to reduce the size of the
intermediate trace file. The level of system overhead with this method of
intermediate file storage is reasonaoly low.
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trie rc.kr systeni can handle muitipIe entr., -030L source -noduies as veil
as COBOL modules sith multiple names.

The Reference Listing prouuced oy 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 precicate outcome in'the COBOL logic,
and provides statistics about the COBOL program that are useful for test
mocule size comparisons and test difficulty estimation.

Other 'eatures include run-time settable option settings.

DOCUMENTATION-..

ICAT is supplied with a comprehensive Introduetion and Useas Guide plus
special installation support information as appropriate.

Software Research Associates provides suostantial related documentation on
Software Quality Assurance and Software ,laintenance in the form of one-day
and two-iay Professional Development Seminars that can be made availaole
for presentation upon request.

AVA IABrY-

The COBOL TCAr 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. Vlaintenance and upgrade service after the first year's use is also
available.

SYSTEM LEQUIREMENTS.

The TCAT system requires the presence of both a COBOL and a FORTRAN
compiler. (The post-processing phase of TCAT is implemented in a portaoie
subset of FORTRAN.) In addition, during execution of instrumented programs
the rCAT system requires the use of one serial file.

CONTACT-

Christopher Walker
Software Research Associates
P. 0. Box 2432
San Francisco, CA 94126 USA

Phone: (415) 957-1441 - Telex: 340-235
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Extenued BASIC Validation Test Suite

PURPGSL-

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

DUCREPTION.

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
NBS Minimal BASIC Test Suite plus an additional 150 test
programs which test the Extended BASIC language features
of DEC BASIC-PLUS. The test programs cover standard
capabilities, end cases, and exceptions for Lhe language
features.

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

The output from the tests are fully machine processible,
thereby 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.

AVaIABLITY..

The Extended BASIC Validation Test Suite is currently
available for DEC BASIC-PLUS compatible implementations
of BASIC. A future implementation will oe 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 S3200 for a single-user, single-site restricted
source license.

CONTACT.-

Mr. Mark Ooperman
Software Research Associates
P. 0. Box 2432
San Francisco, CA 94126

(415) 957-1441
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Extended BASIC Validation Test Suite Groups

Numnber ofGroup Language Feature Progran

1 Simple Printing of striig constants I2 END and STOP 43 PRINTing and simple assignment (LET) 94 Control Statements and REM 7
S Variables

6 Numeric Constants, Variables 207 FOR-NEXT 
12

Arrays 49
9 Control Statements 7

10 READ, DATA and RESTORE 15

11 INPUT
12 Imolementation-supplied Functions 3713 User-defined Functions 1314 Numeric Expressions 2115 Miscellaneous Checks 24

1-15 Minimal BASIC Tests (Subtotal) 208

16 Variables 7
17 Arithmetic Operators18 Logical Operators
19 String Operators 5
20 Matrix Operators

21 Mathematical Functions 1122 Print Functions
23 String Functions 3424 System Functions 3
25 Matrix Functions 7

26 Input/Output Functions 427 Extended Statements 42
28 Matrix Statements i
29 Statement Modifiers 730 Block I/O Statements 6
31 Miscellaneous Features 4
32 immediate ',lode

:6-32 E:tended BASIC Tests (Subtotal) 154

1-32 Extended BASIC Test Suite (Total) 362
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SOFTWARE 6 IMIWRINE G AUTOMATED TOOLS lIDIY PtOSPECTUS

SOFTWARR EZI4ZLrtZG AUTOtATED TOOLS NDIEX - PROSPECMTS

"16-875/1

Novesber 1981

Copyright 1981 by Software Research Associates

ALL RIGHTS RESERVED. No part of this document may be reproduced in
any form, by photostat, microfilm, retrieval system, or by any
other means now known or hereafter invented, without written per-
mission from Software Research Associates.

Software Research Associates

P. 0. Box 2432
San Francisco, CA 94126 USA

Phone: (415) 957-14A1 - Telex: 340-235

Software Research Associates San Francisco, Salifornia
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SOYrWARE ENG14EERING AUTOMATED TOOLS INDEX PROSPECTUS

The Software Entineerint Automated Tools Index ("TOOLS INDEX") describes some
600 automated tools that are available from comearcial, governmental, indus-
trial, and other sources in the United States and elsewhere in the world. All
tools are categorized and cross-referenced in detail.

1.0 CONrTrEs

Polloving is the structural contents of the TOOLS INDEX:

Table of Contents

1.0 Introduction

1.1 Organization of TOOLS INDEX
1.2 Contents of Tools Data Frames
1.3 Cross-Reference Listings
1.4 Updates and Corrections
1.5 Sources of Information

2.0 Tool Categories Listing

3.0 Tool Name Cross-Reference Listing

4.0 Tool Category Cross-Reference Listing

5.0 Tool Supplier Cross-Reference Listing

5.0 Supplier Address Listing

7.0 SOFTWARE ENGINEERING AUTOMATED TOOLS INDEX DATA FRAMES (A-Z)

8.0 References and 3ibliography

2.0 ATOMMATED TOOL CATEGORIES

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

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

- Requirement/Specification Tools
- Software Design Tools
- Software Implementation Tools
- Software Testing Tools
- Software 4aintenance Tools
- Software Project Management Tools
- Language and Language Processing Systems

Utility Packages
- Miscellaneous Support Tools
- Research and Development System (Future Prototypes)

Software Research Associates -I- San Frsncisco. Calilornia
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SOFTWARE ENGINEERING AUTOMATED TOOLS INDEX PROSPECTUS

3.0 AUTOMATED .OOL CROSS-REFERENCE LISTUNCS

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

3.1 Tool Mas Listini

Contains a three-field columnized description:

Tool am Category Number Supplier Name

Listing is alphabetical by Tool Nam.

3.2 Tool Cateory Listint

Contains a three-field columnized description:

Categorv Number Tool Nam Supplier Name

Listing is in numeric sequence by Category Number.

3.3 Tool Suplier Listing

Contains a three-field columized description:

Supplier Name Tool Name Catesory Number

Listing is alphabetical by Supplier Name.

3.4 Tool Supolier Address Listing

Is an alphabetical listing, by Supplier Name, with addresses and
telephone numbers.

4.0 AUTOMATED TOOL DATA

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

The "Frame" :ontains a set of fields :hat describe various features of a
particular Tool:

Softvare Research Associates -2- San Francisco, California
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SOPTMAAE ENGINEERING AUTOMATED TOOLS INDEX PROSPECTUS

FIGURE 4-1: Contents of Automated Tool "Frame"

Name4

Short name of tool (phrase describing tool use).

Category

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

Description

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

Vumber of installations

Number of Installations.

Cost

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

Con fituration

The configuration an which the tool operates.

Contact

Company name and mailing address to contact about this tool.

Te lephone

Telephone number of person to contact about this tool.

Nactea

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

Ref(erences

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 (my e altered bv SRA).

Updated

SIA date of latest revision/update of this ilockc of information.

Software Research Associates -3- San ?rincieco, California
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Automated Softvare Engineering Tools Index ,ndex -- S

Sarle Completed Tool "Pras"

NAME...

SRTRAN I (Baseline)

CATEGORY...

3.4 (Structured Programing Preprocessors)

DESCRIPTION...

Structured Programing Preprocessor for FORTRAN systems.

Approximately 15.

COST...

$750 for perpetual single-user binary license.

CONFIGURATION...

Portable to iost FORTRAN environments. SITRAN has been successfullv in-
stalled on IBM, Univac, Data General, DEC, and CDC computer systems.

CONTACT...

Software Research Associates
P. 0. Box 2432
San Francisco, CA 94126

.ON...

(415) 957-1441

NOTES...

This is SRA's ovn structured programing preprocessor. This '"aseline"
system includes the standard set of Structured Programing constructs such
as IF...ELSE...ELSE I...END IF, CASE OF...CASE...CASE ELSE...END CASE,
WHILE..END 'WHILE, REPEAT... END, etc. In addition, SRTRAN produces su-
tomatically indented, annotated listings of the source programs it
proce-ses.

SRTRAN is documented in an extensive User's Nanual.

UPDATED...

1 October 1981

Softvare Research Associates "4- San ?rancisco, California
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SOFTWAR ENGINERINC AUTOMATED TOOLS INDEX PROSPECTUS

5.0 TOOLS INDEX UPDATESICOURECTIONS

The TOOLS INDEX updates/correction$/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 information
available.

6.0 SUBSCRIPTION RATES

The TOOLS INDEX, Volumes I & 1I, will be available January 1982. An Order
Form is enclosed. Subscriptions for quarterly TOOLS INDEX updates will be
available on a subscripton basis only at the rates quoted below.

TOOLS INDEX QUARTERLY UPDATES

U.S.A./Canada $185.00 U.S.A./Canada $ 85.00/Yr.

Foreign $225.00 Foreign $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 week
delivery) to foreign countries, please add the following charges:

Tools Index: U.S.A./Canada $10.O0/Set
Foreign $50.00/Set

Subscription U.S.A./Canada $10.00/Order/Yr.
Updates Foreign $25.0O/Order/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 information or ordering details, please contact:

Ms. Terryl 0stmo
Software Research Associates
P.O. Sox 2432
San Francisco, California 94126

Telephone: (415) 957-1441 - Telex: 340-235

Software .esearch Associates -5- San Francisco. California
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