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PREFACE

This technical report was prepared in fulfillment of Statement of Work

TCN 79—075 issued to Advanced Technology , Inc . by the  Bat telle Columbus

Laboratories under its Scientific Services Program with the U.S. Army .

The technical user is the Army Institute for Research in M.lnagement

Info rmation and Computer Sciences (AIRMICS) . The AIRMICS is a field

activity of the U.S. Army Computer Sys tems Command re spons ible f or

conduct thg a research and technology program to improve the develop-

ment and maintenance of large management information systems for pers~tnn el ,

log ist ic , and financial management applications.

The task objective is expressed in the statement of work as follows :

The objective of this task is to have a qualified
indlviiual in the area of software requirements
analys is survey the research and literature to
determflne which research efforts are app l icable
to th enclosed AIRMICS concept paper in auto
mate management information requirements analysis.

The referenced concep t paper is tit led “Requirements Formulation for

MIS through System Sketching”. During an initial task meeting, the

con trac t ing o f f icer ’s technical representative requested that the study

not be limited to the system sketching technique , but ~iddre ss require—

men ts anal ys is me thodolog ies in general.
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SECTION 1 . EXECUT IVE SU?IMARY

Based on a general awareness of the effects of inadequacies in

requirements definition throughout the life cycle of a system , AI R M ICS has
initiated a comprehensive program for application of the latest methodolo g ies

in requirements analysis to the Army ’s informat ion system development

programs. This study is intended to provide a survey of the state-of-the -

field of requ i rements methodology ; that is , any of the component capabi lities

of requirements defin ition Support such as methods, lang uages , and tools.

The authors have endeavored , to the extent possible , to cite those organi-

zations with relevant activities in requirements methodologies as developers ,

evaluators and users. The field is not mature and it is d ifficult to establish

a set of desirable criteria for judg i ng candidate methodolog ies. As an

alternative , a small set of “a,~or factors i s def i ned and used to determine
the basic applicability of each candidate methodology to the A IRMICS program .

The authors have previous experience in the development and use of
requirements definition tools and methods. On the basis of this survey
effort and previous experience , they have developed a set of specific ob-

serva ti ons and recomendati ons i n terms of concepts such as a requ i rements
definition team , the represen tati on of requ i rements for advance d systems ,
problem concept definition methods, resource and projection modeling,

and integrated approaches to requirements definition. These observations

lead to the conclusion that an appropriate methodology must take into account
the Army information system environment. For this reason it is concluded

that a requirements definition language should be designated onl y when the

environment and the uses of the methodology are fully specified . At that
ti me, the technology surveyed here will be easily transferabl e to the Army
information systems environment.
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SECTION 2. PURPOSE OF THE STUDY

2.1 THE A IRM ICS MISSION

The Army Institute for Research in Management Information and Computer

Sciences (AIRMICS) has research responsibilities across the whole of the
Army information system needs. The existing Standard Army Management In-
formation Systems (STAMIS) is example of:

1 . The type and scope of the information system applications.
2 . The products resulting from the Army information system

development/modification environment , an environment which
consists of the proponent agencies and their constituents ,
together with the Computer Systems Comand (csc) acting
as developer .

The CSC being responsible for the non-tactical ADP needs of the Army

has , most naturally, traditionally reflected the thinking and approaches

of the business processing corrrnunity at large.

Certain factors can be perceived which together are produc ing a need for

improvement in present CSC apnroaches and capabilit y for ADP reouirements

support. In particular , we note:

• The grea t need to reduce the cost of software
development and iainten ance.

• Awareness that systems too often fall short of
a level and type of service which should have
been accomplished .

• New emphasis on MIS support. The overall CSC
responsibility is becoming more complex .

*The terms “users” and developers ” are used in two ways in this report.
In the first usage , such as is the case here, “users ” refers to that
group which is the ultimate beneficiary of a given system, and “developers ”
are those who produce the system. In the Army environment , these would
ordi narily be the proponent agency and the CSC respectively. The second
usage of these terms refers to the users and developer s of a particular
requirements methodology. In this case, “users ” of a methodology mi ght
be the Army CSC , and “develo pers ” mi ght be, for example , the University
of Michi gan (the developers of PSL/PSA). It will always be clear from
Context which usage of these terms applies.

2— 1
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• Increasingly complex technical issues with respect
to networking , S e cu ri t y, dep loya b il ity, and in
some cases, m oh i l it~ .

There is another , and m ost imp ortant, factor which must be considered

a s t h e  CS C moves U.) ‘ret pr f lt  dii nex t 
~i t f l C l d t  iOn ch~ l lenor’ . The

ADP ccxi,nunitv is now f rac t io nated t v  the rap id i ty  and d i ve rs i t y  of tech-
nol i v 1.a i ~~e~ . A ne er~ l C cr ~ , r s u s as t i ~ the n ii i h~ ~~ to  qo bor~,drd is

nc longer a v a i l a b l e  ~~r the ADP cumun i ty.

e p n e c t ’l ino con s i de ra t i o ns  lead to the conc lus ion t h it  the ~ T y csc
nu st be able to re ly  en ~I~~’ ICS to :

C h a r t  d l i  i pru:~r i a t e  cours e through the var ie ty
o f ha 1~~ire a l t e r n a t i v e s .

2. Take adv a nta ge of eme rg ing software/systems disciplines.

3. Prov i de ~nd recornend system development techniques.

The proponent agencies must he able to rely on AIR ~t ICS to perfo rm the
research necessary to obtain:

1 . More ef fective means to state and manage their requirements.

2. The framework for quantitatively improving the quality of
the A rmy information systems .

~o work toward these qoals , A IRMICS has initiated a comprehensive,

phased program . The first phase of the nrogram deals with the probl er of

re uirem ents definition. It is the natural starting place. Acco i:ipl is~ iients

o~ this pha se will serve dual purposes. Capability will he obtained such

tha t :

1 . A I R~’iCS will be able to ensure the correctness of its
own requirements; and hence, the a pp ropriateness of
the direct ion to be followed for the remaining program
phases.

2. The present and near-term ADP problems of the Army can
be cor rectly defined .

2.2 THE REQUIREMENTS PROBLEM

The current A IRM ICS requirements definition methodology phase coincides

w ith a growing general awareness of the effects of inadequacies in reouir enients

defi nition throughout the life cycl e of a system . This awareness is

now reflected in the m~jor policy centers of the DOD , in the academic
comunity, and within industry .
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The survey by Ramamoorthy and So [1977) describes the typi cal si tuati on :

Traditional means to analyze and state requirements
result in u n s a t i s f a c t o r y  s p e c i f i c a t i on s . The f o l l o w i n g
figures indicate the magnitude of the problems : manual
examination of the require nent specification reveals
that there are more than 50 problems in a specification
document of about 48 double spaced typewritten pages
and 972 problems in a specification containing 8248
requirements and support paragraphs (2500 pages). Most
frequentl y occuring problems are (1) incorrect require-
ments , and (2) inconsistent and incompatible requirements ,
and (3) requirements unc ’ear.

A very clea r insi ght is provided in the FY 79-83 R & D Technology
Plan by the R & P Technology Panel to the Ma nagement Steering Committee for
Embedded Computer Resources (MSC-ECR) of DDR&E. We quote directly:

I. _/~~~
uc Summar1

• Dissatisfied Users

• Excessive Requirements

• Incomp lete Requirements

• Inconsistent Requirements

• Untes tab le  Requi rements

• Untraceable  Requi rements

• Infeasible Requirements

II .  Research D i r e c t i o n  and Ac t ion

Requirements specification is , and always will
be a problem . The process involves the t r a n s f o r m a t i o n  and
synthesis of thoughts , desires , needs , fears , and per-
ceptions into a precise specification of the problem the
system is to solve. We will always be faced with con-
flicting , inconsistent , and changeable missions , and
responses. It is important to recognize tha t we cannot
technologically eliminate this fact , and instead to
concentrate on providing rapid insight into the technical
implications of stated system requirements on computer
resources (and vice versa), identif ying risk areas ,
and exploring imp l ementation alternatives iteratively
bef ore mak ing hardware , schedule , and projected cost
commitments. The user needs to have the closed—loop
opportunity to see and feel the imp lications of his
requirements before he becomes irrevocably committed

2-3
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o t hem . Our pr I mar v r e sea rc ii t h r u s t  in he nt a t  t erm
th en , is a imed at So I t  w ire First ” l e e  hn t t  l o g y  ( i n
c o n lu n e t  Ion wit ii em u l a t  Ion  t a r  lil t It’s ti~st  beds )
Com~’et it ivt’ l’ t o  t o t  vp t ’  (~u Ide  I I  nt~~ and Eva 1 uat Ion e~ i t  ‘ I a
and Requ I i  emen t Tract . l’ t~~’ I s . Tool s I or Sem i - Au t tuna t ‘t i
Cons 1st t ’ncv and Comp let eue’ss An a ly si s and Reqti i i  e n n e n t
tie r t’inI5~5 I t  ion are pion i  I s !  ng b a s ic  t e st ’ a r cli h i t i s t

The R & I) Technolo gy Panel F Y / ~~~— ~i3 Technolo gy P an made rec omiiit ’nd at i on

to the MSC — I CR which adopted those ,‘t’c omnin&’nda t ions as objec t i ye’; for over—
COfli 1 nq dt’f i c I enc I es n the technolo gy base for hot Ii embedded and tlent ’rd 1
purpose c(~nputer appl ica t  ion a reas. The object ive w i th  respec t to requ i r e—
ments d e finition is aqa in incisive and to the point. We c it e

‘‘ F)t ’ve I op m et h o d s . I . ini t n e .s and t ot ’ I a I or ~I e a t  i Ii ’ ! m~
and va 1 ida  t lug requ I r t n i e n t  a

It is the purpose of th i s st tidy to  Support tht ’ obj ec t i v e  of t f it ’ R ~ [1

Techno l ogy Panel tailor ed to the spec I t i c needs of A IRM ICS by providin g a

ba seline of the st at e— of—t he —field as it relat es to the A IRMftS nm i ss io n .

‘.3 DESCRIPTI ON OF Til l REPORT

‘.3.l Scope of the Study

The word methodolo gy is used here in a general sense to refer to any

of the component capabi l i t ies  of requirements def ini t ion support: mt ’thods ,

‘~ ngua ges , and tools. The study , then , is a survey of the st ~ t~ -ot -the-
fie ld of requirements methodology. It is not however , t he  type ot survey

‘~‘::nd in the journals .

There are a 1 ready mima ny valuable con tr i but i out s to the requ rt~nt’n

methodo 1 oqy survey 1 i tera ture . We mien t ion , just  as example . t he work o

Ramamnorthy and So f I  9781 , Taqqart arid Tharp I 1 ~/ ‘ 1

Our purposes here are very much di fferent from that of a surve~ t o  a

qenera l audience. It is  the ex p l ic i t  intent of the study to prey mAe •\I ~“U’.

w i th  conc 1 us ions and recotnimme nda t ions such that Al RM I CS can m •m& ’v t ’  m t s OW n

program forwa rd in sign if i cant ways. We are therefore , much 11 ’s  s cone e,’ned

wi th  descri bin9 methodology tha n wo u ld he the CdSC for a ,iou rna 1 5 t i t V t ’V

I nstt ’ad , the study is foc used on report i nij cand id a te  met hodol otm ~ 
t ’ t.t ~ I : J ; ’ t ’!l

• Ut i l i ty

• Near - term tievel opment s expected

• Ava i lab i l i t y

_ _ _ _ _  
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• Credentials

• Relationship to the life-cycle

With this or ientat ion, the  s tud y has endeavored , to the extent possible ,
to br ing attention to those orga nizations and projects which are involve d

wi th  relevant methodology a c t i v i t i e s  either as:

• Developers

• Evaluators

• Users

As wi l l  be seen , the ac t i v i t i es  of a group may span these categories.

The f ield is not mature. Therefore it cannot he supposed that it is
m e a n i n g ful to set out a l ist of desirable features and then judqe how well
a candidate fu l f i l ls those desirable qual i t ies.  Instead , a small set of
major factors wi l l  be defined . These factors wi l l  be used to determine the
basic applicability of candidate methodology to the ~4 IRMJCS prg c~j ~m.

The study is focused on major requirements methodology thrusts , based

on the material tha t could be obtained within the scope of the effort.
Concepts discussed in the literature , but not yet sufficiently practiced ,

are not reported . Certa i n papers are referenced for purposes of conceptua l
framework , but no attempt has been made to do a paper by paper evaluation.
The au thors do, however , feel that the scope of the study is s u f f i c i e n t

to support the conclu si ons reache d , and the reconinendations put forward .

2.3.2 Report Approach Rationale

The study authors have previous participation in the development of

requ i rements methodology. The present effort together wit h the exper i ence
of the authors has yielded some clear conclusions and recommendations.

These resul ts, however, should be readily apparent to any experienced ob-

server without biased or vested interest. Finely drawn anal ysis on survey

results is not needed at this time . This is fortunate since such analysis

would not be supportable owing to the state-of-the-field.

2-5

- - -~~~~ -“-- ----- ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~



-~~~

The next secti on , Section 3, se ts up the framework for the survey
and the techniques to be used . Section 4 provides some observations and
recomendations which serve to support the concluding remarks of Section 5.

Discussion of specific methodologies surveyed is placed in Appendix A .
Appendix A is princip ally structured according to the organization involved
rather than by methodology type categories. This reflects both the data

gathering approach and an emphasis on organizational support.

2—6
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SECTION 3. SURVEY APPROACH

3.1 REQ1J 1 RFME~1TS ACTIVITIES ~lODEL

In order to survey requ i rements methodolo gy and evaluate findin g s, we

m ust first underst and the nature of the acti vities which go into the

requ ireme nts de f i n i t i on  proces s .

A requ irements methodolo gy must support the ac t i v i t i es  described be-
low. In each case the activity results in des cription Jdocum entatìon. There-

fore language (in a general sense) is crucial to the endeavor of the activity .

Analysis of various kinds are needed d5 the means whereby the descrip-

tion provided by an activity is validated , and features of iuport ance are

calculated and displayed .

The requirements definition process is fundamentally iterative in

nature. Lack of appropriate methodology and requirements enciineerin g tools

account for much of the not iceable fa i lure of development projects to
adequatel y produce and maintain the system and subsyste m requirements defin-
itions . We therefore have need for methodology which , in addition to support-

ing the individual activities of the requirements definition process , is

cognizant of and is also supportive of the iterative aspect of the problem .

Opinion among experts differs with respect to the interactions among

the various pursuits involved in a major system/software requirements def-

inition. The approach here has been to limit consideration to major activities

and to formulate as simple a model of the i terative interactions as is con-

sistent with providing a common basis for discussing the surveyed method-

ologies.

The model reflects the concensus tha t there is a distinction between

problem requirements and solut ion-system requirements. In practic e , this
distinction is often not maintained . Syste m require mmi ents are often specified

in lieu of a forma l problem def ini t ion.

There is another concensus in the f ie ld:  requirements must be speci f ied
hierarchically. However , hierarchy has di f ferent meaning s to different people.
This is not surprising since there are indeed different hierarchicall y

3— 1
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organized pursuits encompassed by the requirements activities.

In rea l ity , the relat ions hips among the major act i v i ties of the requ i re-
men ts definition process are not fixed . As the requirements process prog-

resses, the rela ti onsh ip s and focus among the act i v i ti es evolve . We have
illus trated th i s evolu ti on by a seri es of three models representi ng the
rela ti onship s among the major requ i rements defin iti on ac ti v i t ies. Fig ure
3.1 shows the Bas ic Requ i rements Ac ti vi ty Iterati on Model . The follow i ng
di scusses the i nd iv idual activ iti es and the rela tionsh ip s among them.

3.1.1 Probl em Concept Definition Activity

This activity is generally informal. Documentation is usually English
language oriented .

Uhr ig (19781 has pointed out that any such activity provides a level of

explicit reQuirements knowl edge and l eaves the next level of requirements

particulars as implicit. To formulate requirements is to express tacit

knowl edge and awareness. Uhrig states:

“One may f a i r ly claim that the central problem
of sys tem requirements is to address this tacit
dimension. ”

There is an altogether different aspect of the problem definition. It

is that sometimes we must proceed wi th only certain portions of the probl em

definabl e to any meaningful level . When there is a feeling that the

portion we can ma ke explicit represents “enough” of the problem , we are
will ing to move ahead and bel ieve we can add the rest later. “Enough”
here usuall y has to do wi th the resources ultimately to be required . Pro-

v iding a safety factor in resource estimates is a familiar procedure.

There is an important point. It is that we want to have assurance that

when unknowa ble portions of the problem can be made knowable , the “hard”
requ irements prev iously defined are not mater i ally impacted . That is , we
do not want to have what is not yet definable to altogether undo the results

of efforts based on partial knowledge.

3—2
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At the probl em concept stage , we would like to be able to partition the
problem def in i t ion knowledge into the fol l owing categories :

• Explicit

• Tacit

• Unknowable

A useful methodology would be one which contributes to:

1. Document ation organization.
2. Ensuring that the domain of tacit  knowledge is

entirely relegated to the hierarchical level
representin g the particular s of the explicit
knowl edge level .

3. Rules and measures to hound the impact of that
portion of the problem which is unknowable.

4. Means to move and track portions of the problem
definition as they change from : a

F a. Unknowable to tacit , and from

b . Tacit to expl ic i t .

5. Procedures to expa nd the problem definition

L 

because:

a. When tacit particulars are made explicit ,
a new set of (hierarchicall y) l ower level
tacit particulars is generated .

b. The specifics of wha t is unknowabl e become
more f i nely definable. This establishes
a need for documen tati on extens i on and
modif icat ion.

So far , we have d i sc ussed methodolog ical i ssues related to the mechani cs
of the activity . There remains the question of methods for the conceptual

perception of the needs/requirements underly ing the problem definition. By

way of answer , there are certain clear rules from the experience in the field:

1. The eventual users must be surveyed to obtain
fundamental problem needs/requirements.

2. Users and developers must be teamed earl y.

3—4
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3. Users must remain in the loop during the
i t e ra t i ve  requireme nts de f in it ion  process.

Certain elaborations on these rules are necessary . First , we draw a
dis t inc t ion between hands-on us ers and user mmm anagtm~nt. Then w i th  respec t
to Rule 1 , the user surve) should e ncom pass a 1 ar~ie sar mm p l I ng of both ty pe s
of users. A small workin g tearm of users and devel opers is to he in t em ’ f ace d
accordin g to Ru le The f i r s t  task  of the team is to evaluate the user

needs surv ey. It is clea r tha t it would he des i rab le  to have had the same
team for the formulat ion and Lomid uct  of the surv ey.

It should be pointed out t ha t the eventual s y s t e m  developer is seldom
on board at such an early po in t  due to procurement philosophy . This speci f ic
s i t u a t i o n  w i l l  he u n a l t e r a b l e .  T h e  s i m p le reason is that the job to be hid
is not yet defined .

In view of this last cons iderat ion , we must subst i tute the word s systems
engineer or technologist for developer in the Rules . There are however ,
problems with this. The difficultie s center on the ability of the team to
make meaning ful feasib i l i ty  and cost vs.  performance vs. schedule constraint
judgements. A recomendation for the s i tuat ion w i l l  be made in the next
section.

Final ly, wi th  respec t to Rule 3 , the team must become structured so
that only management-level operationa l and financial decision issues are put

before the user management team members. This is not altogether in the
interests of efficiency. It is rather the usual consideration of decisi on

made at the most qualif ied level .

3.1 .2  Information Structurinq Ac t i v i t y

This ac t iv i ty  identi f ies information production , use and f low. The
result is a formal definition of the problem as a set of information trans-

formations and relationships together with relevant parameters. The pam-a-

meterized information characteristics would include absolute or relative

values hav i ng to do w i th:
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• Access

• Ilccuracy

• Range

• Age

• Stimu lus

• Security

• [)ura t ion o ~ i nforma t ion ~a I nt enance

• Source

In at least the early sta ges of the requirements de f i n it i on  phase , t h e

Information Structuring Act i~’it y i terates directly with the Problem Co nce p t
Def ini t ion. It therefore re f lec ts  the current par t i t ions of knowledge ahout

the problem . As discussed in the previous subsection , the e x p l i c i t  and t ac i t
knowledge partitions are hierarchically related .

The more usual notion of hiera rchy results frommm the information structure

obtained by information decomposition. But any approach to the structurin g

of information throuqh decomposition rests on the orqani:at iona l schema

~ ,osued . For example, the information could be structured accord ing to ty pe

ot material described , or by relevance to an output report, or based on source —

~‘~ncy , etc . Decompositions would refine details , hut would he conducted in

flne with the structuring schema . There is no one way to structure; there
is  no general concensus in the  field. However , there is some aum-evcmn ’nt t h a t

it is desirab le to:

1 . Define the information (not data ) report outputs
desired , and

2. Work backwards , upstream so to speak, against the
information transformation flow.

The Information Structuring Ac t i v i t y  is problem def in i t ion or iented .

The results are implementation - and  a s  m u c h  as  p o s si b l e, system Ilesign -

independent. The study has tried to emphasize this activity because it is

especially important to the CSC applications. This is in d istinction to an

arena such as weapon system processin g . For tha t set of applications , it

is very often the case that no information structuring is meanin gful without
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cons ideration of the physical realities of the sensors , the platform , and
the weapons to be available. This is because the physical devices themselves
set ‘much of the u l t i m a t e  o ro c e ss im~ needs.

Ver often then , we find tha t for wea pon systems , after only a s l ight
concept de fini tion effort, soluti on-syste m requir ements are pursued . The

degree to which this appro ach is commendable or is counter productive for
weapon system deve lopment is not at issue here. The subject has been brought
up for contrast. There is very little to hang ones hat on in an information

system problem except wha t the users say they want and the source data avail-
abilit y . Therefore , the Inforna tion Structurin g A ctivity is of major si u ni—
ficance.

If the methodology of the structuring is at all appropriate, the study

authors observe that the structured informational definition of the problem

becomes much easier to work with than the Problem Concept Definition documnen-

tation. This seems true even when the methodology is informal , hut practiced

by experienced requirements ana l ysts. The reasons have to do with:

1 . The brev i ty obtained ; the ability to display
material in digestible form.

2. The appropriatene ss of the language (vs. English).

3. The sugqestiveness the structural ornanization
provides.

For these reasons , after enough of the problem is understood , further

problem definition gravitates to a direct use of the structured informational

definition of the problem . ~Jhi le this may not become completely so, it is

sufficiently the case such that a second-stage Requir ements Activity Iteration

Model is necessary . This model is shown in Figure 3.2.

Method s for establishing an appropriate information structural schema

are centra l to this activity . Rules and procedures for decomposition are

equally important. Any methodol ogy operating in this area should he capabl e

of materially supporting consistency and completeness analysis. The support

may rely on either manual or automated means , but the analysis must he featured .
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Problem oriented languages are generall y being employed in support of
the Infornation Structuring Ac t i v i t y . Diagramatic approaches are comon.
Graphics are used as a visual aid in convey ing the structural relationships.

In some cases we find the diagraming techniques matured and formalized to

the point of being the major f ac i l i t y  of the problem definition language.

In some cases , the problem definition languages , are interactivel y
machine supported . This includes the graphi cal types , but of course on a
less generally available basis. For one thing , interactive machine support
for diagramatic structuring requires a graphi cs terminal. While such terminals
are available in the marketplace, they are still not commonly provided in

general purpose situ~itions .

In conjun ction wi th automated language , a database management system
and report  generator are obvious , necessary tools.

3.1.3 Data Processing Requirements Structuring Activity

This activity deals with the structuring of requirements for the solution

system . For both the model of Figure 3.1 and for the matured model of Figure

3.2, the source for the data processing (DP) requirements is the structured

information problem definition.

Determining solution system requirements implies a system concept defined

to the level at which OP requirements are desired . In this sense, DP system

requirements cannot be independent of the hardware/software technology base ,

and must reflect the architec ture of the system concept.

The journal literature seems confused on this last point. The l i terature
stresses implementation independent requirements definition. This is as it
should be; a definition of system requirements should be free of implementation
specific details. But a compl ete disinvolvement from the system concept ,

system architecture , and technology capabilit ies/limitations , wou ld p lace
the resulting requirements definition back in the probl em definition camp.

A fur ther general confus ion has to do w i t h t he des ig n a s pect of ac tual
OP system requ i rements def i n i t ions. The l i tera ture goes to some len gth s to
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draw fine distinctions between system requ irerim ents d efinition and design .
Such d i s t i n c t i ons are po ten t ia l l y  coun te rp roduc t i ve .  Th i s  is because the
aim s and impacts of syste m roqui r ~e nts  def i  n i t ion  are very ~uch d i f fe re n t

in praL t ice from those envi s lur ed in ~rrent theory and abs t raLt ion .

Any DP so lu t ion-sys tem s p e c i f i c a t i o n  must f u l f i l l  the i nt o  r~at ion prod-
uct ion re~ u irenients spec i f i ed  by the m~f urna t ion Structuri rig A~ t i v  i t y  . ~dd—

it iona l lv ,  there may he othe r r~~uir~ -~~nt s w i t h  res pec t t o  an ac tua l  system.

For ex ample :

• The sys tem may have to r o e  t in t e rf ac e  and
0-Em un i cat  ions s t ar i~ o md S 1 posed by other

i n — p l a c e  -,v s t en is  or O(’ui~~Ttent s.

• The system conf~ uurat i o n oy be required to
preserv e previous software invest m ents.

• Policy implication on system failure stated
as back -up and recov em f’ requir ements must
be included .

• Si:e , we ig h t , e tc .  may be of enoudh concern
to require definition of allowable values .

We see tha t the DP Requirements Structur ing Activity :

1. Translates and incorporates the structured
informationa l def in i t ion  of the problem into
a OP system context, and

2. Factors in the pre-conditions and constraints
on a solution-system.

The degree of system requirements definition activity which does not

d ir e c t~~ t rans la te  from the inform ation al aspects of the problem is , in

general , very considerab le. For example , consider the need to defi ne require-

mnents for:

1. A user language(s)  and programing tools.
2. Interactive promptin g , menu selection; the

capabilities of the terminal itself.

3. Database management.

4. Operating system features and performance
(efficiency) in view of life cycle concerns
such as modifiability and extensibility .

3-10
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5. Diagnostics at all levels .

6. User accountabil i ty ; i. e. the nature of the
internal (sof tware)  system whic h monitors the
way system resource is used and accounted for.

The OP system requirements definition is to contain all knowable , infor-

rnation relevant to a solution system . The issues which remain open to trade-
offs and choice are the domain of the Design Activity . It is clear tha t the

level of specificity of OP system requirements definition is entirely depend-

ent on the particular situation.

We make the observation that a system is not built from requirements;

it is built from design. Structuring of system requirements has as its real
purpose:

1. Verification. System requ i rements are the foundation
for test plans . Systems are built to (satisfy)
requirements .

2. An instrument for management decision and organization.

Technical literature supports our second point. For example , a paper
by Giese [1979] deals with system requirements partitioning (an approach to
truc turing ) within the context of high level system architecture. Yet it

has as its basic motivation and problem areas treated , identification of

~~ntractually coherent subsystems and administration of interfaces , which

are primarily management issues.

This perspective helps set the stage for explanation of the role of desi gn

in the tiP Requirements Structuring Act iv i ty.  OP system requirements definition

and design are mutually contributory , and mu tually supportive pursuits. It
is altogether reasonable tha t DP system requirements definition makes us of ,

incorporates , or becomes merged with pre liminary design. The authors note
that methodo logists not withstand ing , the practical realities have made , and

will keep this t he case.

As an extension of the concepts found in Uhrig ’ s paper , it is suggested
that preliminary design serves to make explicit the implici t awareness about
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he so 1 ut ion s vs teni known at the s art of the .-.y st em requ I re~nent ‘. clo t ii t ion
proc ess . T he not ion got ’s further and add’. the idea tha t t he’ e’xpl i c t knew -
1 edge’ of s y st e m  re’qu i rements undergoes rrr~d i i  icat ion as the’ imp i i c  t pai I u hir’.

ii? pret un  nary design are a r t i c u l a t e d

The proc ess i s it era t i ye’ . I I an e~ on tie t hat at some ’ p0 cu t  , a en f a ii

5. ’. t tin rt’qu 1 reiiiOfl t s kuowl edge’ s a or i t’d only iircp l t lv and inn ‘- t t’e’ made’

~ i t  t o  art Ic ul ate p articu lars for- pu r pose’s ot advanc i ng des cgn . We

now have’ t he’ nature of the e - e l a t  j nsh I p of pr-e ’ l inc i nary des ig n to s~ f em c - e g t I  i r e

ments clef in it ion.

or .i ‘.t ’r em’. met hodo log I ca I a pprna c h • it w il l ho as sunie’d t hat an
I nfunua t ion ‘

~ t m c  tur i ng Act iv I ty h,i ’-. pmod uc Oci a struc t urod i c i t  o,nca I m ona I

clef in it ion of the protelem . To I )  Jus t ra to a point • let us suppose ’ tha t I hen

someone were to step forward and o f f o r  an already ava i l  ,~h1 e sys t oni. Our job ,

suddenly , Is to validat e the perfonnatic e of t he’ sys t ein aga inst t he’ protr 1 tin

do tin t ion. I f we have c’ea son to suppose the a pp 1 1 ca hi l i  t v of tin’ s~ St  i’m,

~e’ hnve no need to back up and ask for so I ut ion— svs t tiu I’eclU i r nie ’ri t s dot in r t men

and design.

It is often the case tha t we can d educe a good dea l about  a ‘.‘~ s tem whic h

wi l l  meet the problem requirements and be w ith in  the major c oOs t ma ro ts of

~c hedu 1 o , money • c ompa t lb 111 ty , etc . There  I s good re’a ‘,cm fo r be I ng able to

t ak e  t h is pr-oce’dura 1 ,j ump. It is beca use ’ in at t i m p  I i nq to  s uppl a PP ~s s t  em.
or a design of a PP system , we only seek ( in pract ice)  sut f Ic Ie ’nc v . At nest

we obtain a few su f Ic i cot a 1 te’mna t i vi’’, and p i c k  t he’ “hc’c t “ one .

When pursu i nq a sy s t e’in requ i ,.einon t s do f I nit ion on — t he’ — o t her ha nd , we ’

at tempt a balance . We do not want to e ither under or over rt’qu i me t he

sys tern. We are ther efore put in the s i t  ua t ion of having to do i- e q u rre ’;nonts

tuning without . knowin g enough to properly do sci . I he re’sul t is a d i l l  i~ nI t

consumin g a c t i v i t y  of ( late r’ )  doubtfu l ut i lity.

It is for the above i-i’asons that. we ’ do not I or-mall v 1 1 ‘- 1 a t o r r t  1 ’pt cia 1
System Requ I remen t s Act iv I ty in the mode’ I of I qu me -~ . I . To do ‘.o r~ou Id
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be counter to the realities of the practicing field. The authors have in

fact found no methodology available to address such an activity .

We wi l l  suppose in our model , that a conceptual system definition is
folded into the OP Requirements Structuring Act iv i ty  as the architectura l
rationale for the structuring schema and decomposition rules. Procedures
for decomposition again are relevant and come under the heading of methods.

For the OP Requ irements Structuring Act iv i ty , we expec t language
support  to reflect the proximity of the activity to design. Therefore , in
the field we can expect a convenient design language to be borrowed for

purposes of the OP Requirements Structuring Act ivi ty .

Some design languages are basically graphical representations. Again ,

the remarks made in the previous subsection with respect to machine support

for language are applicable. DBMSs , report generators  and (possibly) inter-

active display are all valuable supporting capabilities.

3.1.4 Resource and Performance Projection Activity

This activity is initiated in the requirements phase , and continues

throughout develo pment . As projec t develo pment progresses , more reliable

cstimates become available. The results of the activity are centra l to

both project level and technical level decision making . An act ivi ty iteration

~~del which shows this and incorporates a preliminary design activity is shown

in Figure 3.3.

The basic tools in support of resource and performance projection are

modeling and simulation . During early stages , manual means may be sufficient.

There is an operationa l conc ensus in the field that for projects of any size ,
automated simulation is necessary as support to design and impl ementation.

Language for developing a simulator may be nothing other than one of

the genera l purpose simulation languages such as GPSS or SIMULA. On-the-

other-hand with appropriate automated support to the other activities , it

has been demonstrated tha t simulation can be obta i ned directly from an auto-

mated requ irements database.
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There is not much avai lab le in the field by way of general method s and

rules of procedure for resource and performanc e projection. Experience
seem s to be the onl y real quide. Pursuit of this a c t i v i t y  tends to he as
app l  icat ion dependent as the’ degree of awaren ess about a so lu t ion-systom

• permi ts _ Traditiona lly, there has been little tra us fe,’ermce of t e’c ho m ques

or tools from one app l i ca t i on  to another .

The possib i l i ty  of automatic simulation qe ’ ner at ion d i rect ly  f rom an

automa ted requirements /desi gn database is a promising avenue to rel ieve the
si tuat ion.  There remains open however , the issue of firm methodology to
support obtaining meaningfu l parameter estimates to use in the si m ul a tions

and projection models.

3.2 REPORT ING TIlE SURVEY

The study has attempted ident i f icat ion of extant method ology which can

be adopted/adapted for the A IRMI CS mission . The ap p roach has been to survey

certain of those organizations involved in maj or ways w i t h  methodo log y either

as developers , sponsors , eva luators /inteqrators , or users.

The study has primarily sought to learn:

1. Which requ irements def ini t ion ac t i v i t i es  are
addressed , and the type of support pr~- .- ided .

2. The technical and organizational co ntext for the
requirements definition methodology produced .

3. Where the methodology is heading and its usefulness
to A IRMICS .

4. Whether there are credentials which m ake the
methodology real.

Individua l reports for each surveyed organization arc’ presented in

Appendix A. Each report is comprised of:

1 . A one-page MLTIIODOLOGY DATA SUMMARY FORM as an
overv i ew.

2. A structured set of find ings and resu l t s  te’nne’d
a METHODOLOGY RUPORT.

3-15
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These reports represent the basic data which , together w it h  t h e
authors ’ experience , are the basis for t he ohserva t ions and rvconmne ’ndat ion S
made in the next two sect ion s.

L 3- 16

-~~ _ _ _ _ _  _ _



SECTIO N 4. OBSERVATI ONs

Based on information obtained in conductina thi s survey , and the experience
of the authors in the field of renuirerrents methodolo gy , this section presents
a set of observations and related recommendations for consideration by A IRMI CS.

Because these observations are the result of a synthe sis of the find i ngs of this
study, they are not presented in any particular order with respec t to other
sections of this report. The recommendation s stated here , and those in App endix

A , are intended to be supportiv e of the conclusion d,’awn in Section ~‘ .

4.1 TIlE REQUIRE MENTS DEFINITIO N TEAM

There are problems with the Requ irements Def ini t ion Team approach. As
prev i ously mentioned , the system developer is rarely on board to participate
in the problem and system requirements definition activities. Further , users -•

who have been initially suc-veyed for needs , are ordinarily not available as
ongoing requirements compromise and modification occurs. Requ i rements team
members from the user community are not necessarily able to represent interests
outside of their own particular areas.

For these reasons it is suggested tha t a third party be included in the

composition of the requirements team. The third party would he an independent ,

non-vested , systems oriented house.

In the requ i rements phase , the third party would provide technology

suppor t  to the requ i rements team . Here, the role would be similar to that of
the developer.

The third party has another duty during the reguirencents phase. It is to
understand the issues of the users. When the developer comes on hoard , the
third party switches roles to now represent the user cocinunity . It is t he’ third

party which can provide:

1. The corporate memory.

2. The view from both sides of the fence.

It is interesting to propose tha t the third party take the structured

informational problem definition and the system requirements s pe c i f i ca t i on
back to sampling of the user community before proceed ing to detailed
design and implementation.
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The user community is respons -; ble for the needs leading to a problem
definition . F rom tha t time forward , there are managem ent and te c hnoloqy
based trade - o f f s , compromises , decis ions , and preferen ces. A user g r o u p
of some s ize  should be consult ed in a buy-off of the system requirements.

Further benefit from the corporate memory investment in the th i rd  party
can be o~ t Ci iac ~ in l a~ er dev olo ’’’ ’ent n ias ’’ . The third pa r ty  ~culd he the
natura l agent for the formulation of inteq ra t ion and te st plans.

4.2 REPI-~
[ S~ N i l NG REQU I RE M ENTS FOR A PV A NCE [) S’r ~ fEMS

Di agrania tic requirements and desi gn representat i ens are pop u l am ~ii’sp i ti’
the investments necessary to properl y support the approach. This is
because of the basic human propensi t y t oward v i s ua l  information . t~c’ can ,
however , fall victim to our e~n talents.

It must first he emphasized that graphics have indeed been found very
helpful for purposes of both data and funct ional deconiposi tion. There are ,
however , many other kinds of issues having to do w i th the natu re of
systems capita l izin g on current or nea r term technology. Fv way of
example , we ask: how does one diagra m req~Jireme nts related to:

• Intersystem communications protocol.

• Distributed system integration.

• Asynchronous pre-emption.

• Adaptive resource management.

• Prompting at a man -machine interface ; especially when the re
are potentially a grea t many possible choices of response
in a non-fixed sequence of interactions.

• Database redundancy.

• Reconfi guration.

We have learned about the representation of requirements which can he

deduced from decomposition . We now need to turn R&[) attention to the

nature of requirements which are obtained by synthesis (those which come
about only because a combination of other requirements are o p e r a t i v e ) .

4.3 PROBLEM CONCEPT DEFINITION METHODS

Methods related to Problem Concept Definition are often th e’ proprietary

product of MIS consulting firms . The Structured Analysis and Pi’sinn Tech-

ni que (SADT ) product of Softech is the leading example. Detail s of approach
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are therefore not often available. Even so, certain things are clear
with respect to the definition of general business and MIS processing
problems :

1. The user con,nunity at large should be consulte d .
2. A balanced requ irements definition team shou ld

be formed and supported .

It is the feeling of the authors that obtaining arm appropriate Problem

Concept Definition is basically a direc t management responsibil i ty , w h e t h e r

the problem lies in information processing or some other area . In fact ,

this would seem to be the major purpose of management. For this purpose ,

management has long been in the business of putting together qualified teams
and soliciting data and opinions from affected parties.

Problem-definition problem solving techniques are openly taught across
the whole of management science. It is strongly recommended tha t A IRMICS
not become mired in the perpetuated mystery given to MIS problem definition.

It is proposed that a tiger team could be formed in an expedit ious

manner to produce detailed Problem Concept Definition methods. The team

would consist of:

1 . Management consultants experienced in survey
techniques , reporting techniques , etc .

2. Experts on CSC organization , responsibilities ,
and in-place systems.

3. Users.

4. Technologists.

A newl y formed project is underway in the Navy which has a problem
area of direct interest to AIRMICS . The project is the establishment of

a central desi gn agent (COA ) in the Naval Supply Systems Command to

develop, implement , and maintain a uniform Naval Industria lly Funded (NIF)

financial ADP system for all Research , Development , Test and Evaluation

(RDT&E) activities.

The CDA is currently engaged in requirements definition. It is

suggested tha t AIRMICS be cognizant of approaches taken and problems

encountered .
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4. 4 RESOURCE AND PROJECTION MODELI NG

System resource and performance projection capability must be con-
sidered a major A IRMICS product goal. As discussed above, except for general
purpose simulation languages , interd i sciplinary , transferrabl e methodology
for this purpose is lacking.

The authors observe that for much of the problem domain of CSC respons-
ibility , machine aided model analysis may be a more meaning ful approach
than transactional simulation. The model s would he oriented specifically

to the task of system resource and performance projection in a chang i ng
mission and technology environment. It is expected that numerical solutions
would be obta i ned through recursive techniques .

It is therefore recommended tha t A IRMtCS baseline :

1. The level of modeling and simulation needs.

2. The utility of availabl e models.
3. The most promising numerical mathematical approaches.

4.5 A PER CEIVABLE TREND

There is at this time a momentum toward the use of the Problem State-
merit Language/Problem Statement Analyzer (PSI/PSA) and its derivative version
User Requirements Language/User Requirements Analyzer (URL/URA) .

The Navy is engaged in PSL/PSA support, evaluation , and dissemination

throug h the Naval Ocean Systems Center (NOSC) System Design Laboratory (SDL)
and other activities. SDL is reported on in the Appendix . The Navy , on

both coasts, is actively using PSI/PSA for requirements and design docu-
mentation. The authors are aware of this type of activity in relation to:

1. The combat system s of the nuclear guided missile cruiser ,
CGN 42.

2. The combat systems of the AEGIS guided missile destroyer ,
DOG 47.

3. A NAVMMACPAC resource and manpower planning system .
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4. Real -time range control for the Electronic Warfare
Threat Environment Simulation Range (ECHO Range)
at the Naval 1-leapons Center (NWC).

5. The collision avoidance navigation system (IIICANS)
for high speed surface craft.

F u r t h e r , only very recently, the newly formed Combat Systems Architec-
ture (CSA) Program Office has mandated that PSL/PSA documentation must
support CSA requirements and design. The CSA office is chartered to have
a sign igicant impact on the weapons system configurations and performance
for the next generation of major surface conbatants. The pos tu re  of the

CSA office is expected to promote the use of PSL/PSA in many areas of Navy
R&D. It is also important to note tha t the resulting PSL/PSA documentation
will be standarized .

The Air Force has developed the PSL/PSA derivative , URL/URA , to increase
capability. URL/URA is in current use by Air Force projects which include:

• SEEKFROST

• Joint Surveillance System (JSS)

• E3A /AW A CS System
• Integrated Computer-Aided Manufact urinq (ICAM) Project

Initially, PSI/PSA was intended for commercial applications. As example ,
the Chase Manhattan Bank and AT&T Long Lines have each been major users.
Both organizations have experience with PSI/PSA over many projects.

It is recommended that AIRMICS:

1. Note and weigh the current trend .
2. Investigate the experience of commercial information systems

users since these problem areas are directly applicable to
AIR M ICS .

4.6 INTEGRATED APPROACHES

A number of the organizati ons surveyed have , or are in the process of ,
developing an integrated approach to a battery of tools to support the
requirements (and desi gn) activities. Where this has been found to be the
case, the individual report conta ined in Appendi x A wi l l  recommend AIRM ICS
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attention to the effort. An across the board integrated approach is not
the only reason to suggest interest. Individual components of utility are
also noted . Flowever , it is important for AIR!1 ICS to be cognizant of those
e~~or~s o~ t”e sco~’e at least co-~ ar ’le to the na~nitude of the Arny
information system problem.

The components of an automated system of this kind are , in genera l
terms:

1. Inpu t language .
2. DBMS .
3. Static Analyzer.
4. Simulation generator.

It has begun to be realized tha t there are very different , valuable ,
orientations from which to define requirements. In particular , there is a
process vs. data flow distinction to be drawn . The orientation(s ) from
which to define requirements should be natural to the issues of the appli-
cation area .

The most comfortable and productive orientation by which humans can —

define requirements in an applications area is not necessarily an appro-
priate organization from which to produce analysis . For this reason , the

starting place for an automated , integrated requirements definition system

of tools is to define:

1. The information content of the automated requirements
data base.

2. The static analysis to be available.

From this , one proceeds to desi gn of a data base schema and require-
ments for a DBMS. If a (more or less) appropriate DBMS is available , an
initial , and integratab le , capability is easily obta inable. This explains
the trend toward use of PSL/PSA. The requirements definition language , PSL ,

may or may not be completely appropriate to an application ; but the data
management and static analysis capabilities of PSA have been found useful.
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Once the DBMS and data base schema are in place , and a preferred

input language orientation is kno..rn , a translator is developed as an

integration mechanism . The requirements definition input language can ,

of course , be diagramatic so long as it is machine supported.

It can even be that more than one orientation to requirements definition

is desired . In this case , severa l inpu t languages and their respective

translators must be made ava i lab le .  Consistency ~an be enforced through

the DBMS and anal ys is  capab i l i t i es .

There is no general agreement in the f ield wi th  respec t to require-
nents ~e r i n i t i on  language. The o r ientat ion , and even the kind of
specification of details to he supported depends on indiv i dual conceptions .

If the data base schema and PBMS have been cooperative ly devised
with respect to simu lati on , then automatic simulation generation is
readily obtained. Even if this is not the case , formatted con~nent entries
have been found in practice sut ficient to serve as t he mea n s for spec i-
fying dynamic pa ramete r s .

The rea l issue for the Resource and Performance Pro~iection A c t i v i t y
is in defining the type of model(s). More than one mode l may he used
to provide specifi c insights. The static analysis capabil ity can be
used to insure Consistant input sets .

4.7 A PERSP ECTIVE

It is rather easy to get carried away with respect to methodolog y in

genera l , and with respect to automated tools in particular. There is

a desire for tools to be exactl y appropriate, and to cover all aspects

of a requ i rements definition endeavor.

We can often go a long way on just a reasonabl e amount of support.

By way of analogy , let us consider automated support for document pro-

duction. To set the context, suppose tha t we are a systoms house re-
sponding to an RFP with a slam hang proposal effort. Experts contribute
to specific subsections ; revie~, teams call for re-wr i tes. Fve r~’hody uses
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the automated document production support facility and the proposal evolves.
The tools are purpos e- fully simple so that everyone can use them. Certain
nice capabilities are not provided . These mi ght include: right justi fication ,

extended svr’t~ol set , automatic Table of Contents uen~ r~it ion , etc.  But the
pri niary objectives are accomplished . ~-‘any peop le can si iul tan erusl y con-
tribute in a coordinated way; and , the p hysic ai burden to revision is
rd ie ved .

Whatever the tools cannot su~~’’rt, can be handled by the people , and

can be tolerated in comp arison w i th  a no tool environment.

The authors feel that it is important for AJ RM ICS to be oriented

toward methodo logy ob jec t i ves  to spec i f i ca l l y :

• ~ed uce rote drudgery , and

• Pr -o ”ote ccn~ istanc~ of con~nunication and coordinationamong a ll those involved ,

but most important ly to:

• Provide that level of anal y s i s  not ava ilable without
machin e support.
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SECTION 5 . CONCLUSION

It is the conclusion of this study that the state-of-the-field of
requirements definition is such that existing tools and methodology will

• be easily adaptable to the Army environment once this environment has
been carefully defined. This adaptation , however , will not be appropriate
unless it supports the process by which the Army nenerates its information
system requirements and increments implementations.

It will be a necessary condition that , owing to the scope of Army infor-
mation systems , the requirements methodology will be supported by automated
tools. To develop automated requirements data base(s), machine processab le
requirements definition language must be desi gnated. The language and
methodology would serve as the technical means of communication within
and between proponent agencies and the CSC. The Army information systems
baselines and the performance and resource—utilization projection tools
then provide the means for benefit-to—cost determinations for modifications.
The analysis tools form the basis for quality assurance with respect to
requirements for fielded systems.

Improvement of the quality of Army information systems cannot be
obtained without improvements to thc processes generating these systems.
The methodology mentioned above represents an obta inable means to si gni-
ficantly strengthen the process by which these systems are developed and
maintained . To provide such a methodology and insure its appropriateness ,
a spec i f i c  set of objectives must be accomplished in the following order:

1. Define the analysis to be performed. The types of
requirements errors and probl ems presently evidenced
by the fielded systems can serve as a guide to the
analysis to be performed once Army information systems
requirements are baselined in machine supported form .
The definition must include the information which is
to be supplied to the analysis routines as wel l as
the output results.

2. Define the types of simulation to be performed and the
information necessary as input.
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APPENDIX A ORGANIZATIONS SURVEYED

A .l ARPA System Design Laboratory Project

A .2 Ballistic Missile Defense Advanced Technology
Center (BMDATC)

A.3 Computer-Aided Design and Specification Tool
(CADSAT) Project

A.4 Computer Sciences Corporation
A .5 Hughes Aircraft Company
A.6 HOS, Inc.

A.7 Integrated Computer -Aided Manufacturing (ICAM )
Project

A .8 Information Systems Desi gn Optimization System
(ISDOS) Project

A .9 Martin Marietta Aerospace Company

A.lO Naval Weapons Center , China Lake
A.ll Softech , Inc.
A .12 Sperry-Univac , Inc.
A .13 System Development Corporation (SDC)
A .14 Teledyne Brown Eng ineering, Inc .
A .l5 Xerox Corporation
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METHODOLOGY DATA SUMMARY FORI~

1. O r g a n i z a t i o n :  ARPA System Des ign  Laboratory Project
Naval Ocean Systems Center
2/ 1 Catal ina Blvd.
San Diego , California 92152

2. M e t h o d o l o g y  In v o l v e m e n t :

I D e v e l o p e r  [ x l  E v a l u a t o r / I n t e g r a t o r

Sponsor [ J User

3. A v a i l a b i l i t y :

E x  I P u b lic Domain [~ ] In— H ou se I P u r c h a s e  or
Lease

4. Survey Veh icle :

D o c u m e n t a t i o n  ( x I P ersonal Contact

5. P o t e n t i a l  User C o m m u n i t y :

Navy Laboratories , embedded military computer systems developers.

6. M e t h o d o l o g y :

Name(s): System Design Laboratory Project (multiple methodolog ies)

Development Stage : In  partial use and evolving .

Ac t i v i t i e s  A d d r e s s e d  (Figure 3.1):

All requirements phase activities.

L e v e l  of S u p p o r t :

Automated tools provided on a distributed network with
user documentation.

7 .  U t i l i t y  to A 1 R M I C S :

I App l i c a b l e  now

X ] S h o u l d  be m o n i t o r e d  actively

I M a r g i n a l l y  u s e f u l  or not app l i c a b l e .
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METHODOLOGY REPOflT

• 1. Name and Sponsor

System Design Laboratory Project by Advanced Research Projects
Agency (ARPA) and Naval Ocean Systems Center (NOSC.)

2.  S p o n s or  G o a l s

To upgrade the technology availabl e to desi gners and develo pers
of embedded military computer systems.

3. C o n t e x t

The System Desig n Laboratory Project i s not itself a methodology
for requirements definition. It is a project which is jointly sponsored
by ARPA and the Navy to ma ke newly emergi ng systems development
technology readily availabl e to embedded milit ary computer systems
developers. Along with the task of providing this technology, SDL
also is responsible for evaluating, sponsoring , and integrating
technolo gy develo pments in areas where adequate tools and techn iq ues
are deemed to be lacking, such as i s the case for the requ i rements
speci fi cation and performance vali da tion areas.

4. Approach to Activities Support

The SDL Project has i nvolvement in all phases of system develo pment
from requirements specification through system testi ng. For example ,
in the requirements and design specif’~ation area the project has:

• sponsored development/evaluation of Higher Order Software
methodology and its specification language (AXES).

• been instrumental in the initiation of the AN/IJYK-7
version of URL/URA.

• conducted evaluative research in requirements/design
methodologies and tools includ i ng URL/URA , HaS, and
Parnas methodology.

• sponsored an ARPA- net installation of PSL/PSA.

• sponsored development of Hierarchical Design Method-
ology (HDM) and its associated tools.

• recently conducted a survey of tools and methodologies
in use in Europe (report is forthcoming).
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The above efforts were done in the project’s role as integrator/evaluator !
distributor of technology . Other work has centered on the development of
a model SOL incorpor ating these results.

5 . D i s s e m i n a t i o n / U s e

The SDL model has been used experimentall y by a few NOSC projects.
Emphasis to date has been on validation of the SIlL concept , rather than
on production of an operational SDL.

6. N e a r — T e r m  D i r e c t i o n

Attention will be turned toward producing an SDL which is operational
and usable on real large-scale projects.

7 .  U t i l i t y

The work and charter of the SDL project is in many ways similar to
that of AIRM ICS . Many of the investi gations , evaluations , and studies
conducted and sponsored by the SDL project are of direct utility to
AIRMICS.

8. Conclusions and R e c o m m e n d a t i on s

It is recomended that AIRM ICS establish l iaison with the SOL pro-
ject in order to share the results of the respective efforts of both
organizations.
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METHODOLOGY DATA SUMMARY FOR!1

1. OrganIzation: Ballistic Missile Defense Adva nced Technology Center
Post Of f ice Box 1500
Huntsvil le , Alabama 35807

2 . M e t h o d o l o g y  Involveme nt:

Develo p er [X ] E v a l u a t o r / I n t e g r a t o r

I X I Sponsor I I User

3 .  A v a i l a b i l i t y :

[X ] Pu b l i c  Domain [ X ] I n—House I I P u r c h a s e  or
Lease

4. Surve y V e h i c l e :

X )  D o c u m e n t a t i o n  [X I Personal C o n t a c t

5. P o t e n t i a l  Use r Communit y:

BMD and other real-time systems development communities.

6. Methodolo gy:

Name(s ) :  Software Requirements Engineering Methodology (SREM)

Development S t a g e :  In use

A c t i v it i e s  A d d r e s s e d  (Fi gure 3.1):
OP Requirements Structuring and Resource and Performance
Projection Act iv i t ies.

L e v e l  of S u p p o r t :
Supported by an automated tool (RSL / REVS) on CDC 7600
and TI—ASC machines .

7 . U t i l i t y  to A I R M I C S :

C X ] A p p l i c a b l e  now

C I Sh ould be moni t ored
I M a r g i n a l l y us e ful or no t app lic able.
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METHODOLOGY REPOflT

1. Name .~n d S p~’nsor

Software Requ i rements Engineerin q Methodology (SRETM) by Ballistic

Missile Defense Advanced Technology Center (BMDATC).

Sp ons~~t- ~~~~~~~ I s  -

To conduct an integrated software development research program to

improve the techniques for developing correct , reliable DM0 software .

(:~~n t  e x t

B e l l , Bixler and Dyer summari ze t h e  c o n t e x t  of SREM as fo llows :

SREM includes techniques and procedures for requirements
decomposition and for managing the requirements develop-
nient process. In addition SREM includes the Requ irement s
Statement Language (RSL), a machine processible language
for stating requirements , and the Requirements Eng i neer i ng
Validation System (REVS), an integrated set of tools to
support the development of requirements in RSL.

4 .  A p p r o a e h  t o  A~~t i v i t  i c s  S u p p o r t  
—

The underlying concept of RSL/REVS is similar to that of PSL/PSA

(see ISDOS write-up) in that it employs a machine processible language

(RSL ) as a medium of input to a relational data base called the Abstract

System Semantic Model (ASSM). A set of automated tools (REVS) are used

to analyze and report on the information in the ASSM. RSL/REVS , however ,

is more oriented toward the DP Requirements Structuring and Resource and

Performance Projection Activities than PSL/PSA , as evidenced by its

emphasis on flow-control and simulation. DP Requirements Structuring

is supported via representations of processing hierarchy called R-Nets

which consist of processing primitives called ALPHA’ s related via a

small set of control-flow primitives. Simulations can be generated
directly from the ASSM to support Resource and Performance Projection.

RSL/REVS is closely tied to the concepts -of SREM. Even thou gh the
language is user-extensible , it is inherently less adaptable than PSL/PSA ,

A .2-2
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because the core concepts of the language are given strict int erpretat ion in
SREM , whereas this is not the ca s e for PSI. As is  noted in the 1SPO~
discuss ion , this can he viewed as either beneficial or detri Tnent al

5 . t ’ t s~ .e m i n a t  ~t~n /~Tse

SRE M represents a ma ,jor ef fo r t  in m et hodo 1 oqy and tool dove 1 opmt’n t
for requirements definition. It has qa i ned rt’coqn it ion and appl i cat  ion
beyond the scope of BMD as evidenced by the fo l lowing :

• Naval Air Development Center has an RS L/ R IVS i ri’~tal  led
on a CX 6600.

• EPRI is using RSI/R~VS as a tool for rese~u’ch in “ultra —
r e l i a b l e  requ i rt’mncnts defini t ion ’ for reactor cent rol

• McDonnel Douglas Aircraft has used SR[M e\pe r imenta 11 -

• The App l ied Physics I ab , John llopk ins Un i v e r s i t y ,  Is us inq
SRFM in a V&V ro le on a major s w i t c h  i nq s y s t  em.

C .  N e ~~ t T e r m  1 ) i r e c t  t o n

Work is in progress to develop extensions to RSL /R [VS to s u p p o r t

distributed data processing.

7. Ut i l its -

RSL/ REVS has been proven to be a valuabl e too l for requirements enq i neer i nq -

The extensibility of RSL mak es it appl icabl e in mans- env iror ~u e nt  s , wit b o u t

loss of the core concepts of SR[M. The development of distributed data

processing features of the tool wi l l  he of grea t benefit to the requi re nents

definit ion community since there does not seem to be adequate support ~~
this aspec t by other methodolog ies/tools. It should he noted tha t SR[N~
is a large, Integrated system requirin g consider able machine resource - •

(128K 60 bit words of memory).

The core constructs of RSL (R-nets , Al PHA’ s , etc . ) art’ not inherently
obvious as to their meaning . This requires a certain conceptua l lea p on the
part of the users in order to relate RSL to their real-world anpi ic at  ions , which

A.2-3
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in effect limits the applicabi lity of the tool to the more conceptually oriented .
Centralized support in the form of forma l training courses and user group
con~nunication woul d help to al leviate this probl em.

8. C o n c l u s i o n s  and Recommendations

I t  is recommended that A IRMICS perform detailed investi gation with
respect to:

• Utility as a communications media among initiators and
systems engineers during the Problem Concept Definition
act iv i ty.

• The applicability of the level of the simulations.

• Resourc es required , e.g. computer , training , manpower.

• Transferability to the A IRMICS environment and potential
problems of ongoing support.
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METHODOLOGY DATA SUMMARY FORM

1. O r g a n i z a t i o n :  Computer—A ided Design and Specification Tool (CADSA 1~ r!-o~ ec t
[Sft’ 1011
Ha scorn AIB
Bethesda , Mar~ land 0 173 1

2 . M e t h o d o l o g y  I n v o l v e m e n t :

I I Di -v .- l o pe r I X  I E v l u a t o r / l t e~~: a t o r

I \ I Sp onoo r I I U ser

3. A v a i l a b i l I t y :

t \ Puhl t c  D o m a i n  I \ I I n - H o u s e  I I P u t  c h a s e  or
St .

4. S u r v e y  V e h i c l e :

( \ )  D o c u m en t a t i o n  (\ I re~rsou.i l C o n t a c t

5 .  P o t e n t I a l  User C o m m u n i t y :

A~r Force: [SD , RAD C; S-\M~0; Navy : N U SC , ICD S S A

6. Meth odology:

Name(s) : User Requirements Language/User Requirements Analv:er  (l ’ t !LR- ’~

D e v e l o p m e n t  Stage: Operational and in use

A c t i v i t i e s  A d d r e s s e d  ( F I g u r e  3 . 1 ) :
Information Structuring and Dr Requirements Struc t :irin q Ac t i v i t it ’s .

Level of S u pport:
Automated support available on IBM , Honeywell and AN/IIYK-7
machines wi th  user documentation.

7. U t i l i t y  t o  AIRMICS:

I App l icable now
I ~~~~I 

Should be m o n i t o r e d

Ma r g i n a l l y  u s e f u l  or not a p p l i c a b l e .
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METHODOLOGY R[PO1~T

1. Name and S p o n s o r

User Requirements Language/User Requirements Anal yzer (URL/URA) by
U.S. Air Force Electronic Systems D iv is ion ([SD).

2 .  S po n s o r  Coals

To provide automated tools to reduce cost and r isk in Air Force
system development projects.

3. Cont ext

IJRI/URA is an Air Force sponsored version of PSI/ PSA (see ISDOS
Proj ec t w r i t e -up ) ,  produced under Air Force contract to the University of
Michi gan. Its develop~~-nt fo l lowed vers ion 2 of PSL/ PSA and included
si gnifi can t enha ncements to the la nguage and the anal yier. (Subsequ ent

versions of PSL/PSA incl ude most of the URA analyzer capabilities 1
~PSA4.2) —

and language constructs [PSA5.l).)

4. Approach to A c t i v i t i e s  Support

[SD is in the role of providing automated tools to A ir Force system
development projects. The utili ty and flexibility of PSL/PSA was recog-
nized and so the decisio n was made to ma ke this tool available to E~D
projects. After some initial use, it was determined that Version 2 of
PSL/ PSA was inadequate for military systems , and so [SD contracted with
the University of Michi gan to add language features (primarily system
dynamics and traceability constructs) and analyzer facilities (added name
selection and reporting capabili ties).

The CADSAT Proj ect’ s approach to supporting its users is essentially
the same as ISDOS , which is to provid e the tool (URL/URA) and user document ation ,

but not to impose or recommend methodology for its use. The determ ination of
this methodology is up to the individual projects using IJRL/URA. One attempt

L 

was made to prepare a URI/URA guidebook , but project personnel do not feel
that it was successful. [SD is expecting to gather documentation on URL/LIRA
methodology being developed by contractors using the tool , and to disseminate
this as examples of such guideli nes.
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5.  : ‘ i s s t - m l n a t  i o n / t ~B e

URI/ URA has had use in several Air Force and Navy projects. Those

include:

• SU KU ROST

• Joint Surveillance System (Jss)

• [3A/AWACS System

• Integrated Comp uter-Aided Manufacturing (ICAM) rroject

URL/URA is available on IBM 3b0/31O machi ries , Hon eywell Multi cs ,

and the AN / UYK- / / S HA RE- 7 system at Air  Force and Navy fac ii i t it’s.

6. N e a r  - T e t i n  f l t t ,~~- t  ~~~~

There are no p1 .ins at th i s time for convt -i -s i on from 1 I Rt / t ’ k ~A to P’1/ } S A
Vt -rS ion 5. 1 by projec ts using the FADSAT syst em , even though t he ,IOW PSI /~ SA

version ence~ipa s ses most of t he ca pab i l i t y  of URI / CR1. At such t i me that
t he mainstream of PS L/ PSA would represent a c i  gui Ii c a nt  ~uipt-o~ e;nt’nt o~ ’ or
I1RI /URA , or ma i ntetiari ce of U4L/URA Ct’coines too costly, th is co nv er s ion
wj l l  be ons ide red . As mentioned prev io usly,  CA DS AT does tiot i it end to

en force wet hodo I oqy for us e of LIRI /E!R.A hut i-a t her to t-o 11 oct and share
mt- ‘todol og ical gu i del ines dev eloped by user projects , which is e \pc c t  od
d~~~ng the next six months to a year.

7. U t i l i t y

T he utility of URI / URA is has ica 1 ly the came as PSt / PSA w i t h  a cei i  p
of “~ce ptio i is :

• IIRL/URA is supported on a di fferent set of host
machines than PSL/ PSA.

• URI /URA is out of the mains treain of PSI / F ’SA ev e1 ut ion
and w il l  to t  includ e some new CS~ / PS A f ea t  ui -os such
a~ grap h ics  m t  erface and query capability .

8. C o n c l u s i o n s  a n d  R t - c o u m e n d . t t Ions

Becau se of the re lat ionship betw ee n CR1 / 1!RA and PS I./ PSA Ver s ion h. 1
i t  is not ftt ’t e s s a r y  tha t A IRMI CS c losely mo nito r URL/IIRA. ~1 ~N1CS should ,
however , mon i tor LIRL/ URA users as it would PSI / PSA ii st’rs , and pay ci o cc

at tout ion to these projects ’ CR1. / URA net hodol eqy gui del i ties ‘~ hen they
become ava i l ab le .

A. 3-3
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METHODOLOGY DATA SUMMARY FORM

1. Organization: Computer Sciences Corporation
65~5 Arlington Blvd.
Falls Church , Virginia 22046

2 . M e t h o d o l o g y  I n v o l v e m e n t :

L X ]  D e v e l o p e r  E ] Evaluator /Integrator

I I Sponsor [ x I User

3. Ava i l a b i l i t y :

I Public Domain [ X I In—House I ] Purchase or
Lease

4. Survey V ehicle:

X I D o c u m e n t a t i o n  [ X ] Personal Contact

5. P o t e n t i a l  User Comm un i ty~
Software system s development requiring extensive pre-del ivery
testing .

6.- M e t h o d o l o g y :

Name (s) :  Digital Systems Develo pmen t Methodology (DSDM); System
Ver ification Diagrams (SVD); THREADS

Development S tage :  In use for certain in-house projects

A c t i v i t i e s  A d d r e s s e d  ( F i g u r e  3 . 1 ) :  Probl em Concept Definition;
Information Structuring

Level of Support: Engineerin g practices manuals

7. Utility to A I R M I C S :

I ] App licable now

( j Shou ld  be m o n i t o r e d

L x  ] Marg i na l l y  u s e f u l  or not a p p l i c a b l e .
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METHODOL OGY REPORT

• N:~mc and Sponsor

Digital Systems Development Methodology (115DM ) by Computer Scienc es
Corpora t j Ofl .

Sponsor Ooa I s
To deve lop a c ~iinun i c abi e methodol ogy for soft ware (level opmen t ac t -os s

the  entire development process - The primary (1O~l I i s  more cost eti ec I ive’
sot tware devel opinen t as a cred i tabl e ca pa t-~ 11 i ty i n  the mark etplac e .

( ou t  ex t
The Compu ter Sc lences Cor iorat b r ,  is the 1 .irqest hardwa re— i udependent

software development house in t he  country . The orian i :a t ion is conipr iced of
a number of st~n i — an tonomou s d iv i s ions opera t ing from a large number o t~
dispersed of f ices.

The methodology ref lects the needs of the corporation to develop large
systems in the context of a large , fluid wor kforcc . The methodology t here-

fore focuses on very fundamental issues which we suninarize a s :

• Comunlcation between workers .

• Manageability of a development.

Manageability wi th respec t to DSDM can he translated to mean the
estab lislinent and achievement of ver i f ia b le  milestones along the dev e lopment
proCess. For each develoiwnent phase, emphasis is on verific ation of the

increments of work performed . In this context ,  the major met.hodolouy com-

pon ents are :

1. System Ver i f ic at ion Diagram (SW )) techniques.
2. THREADS , a dlaqranriatic design ve r i f icat ion

techn i que.

3. BUILDS , an approach to bottom-up ongoing te s t ing
and integration .

4 . App r o a e  It ( o Ao C l v  I t  I e S u p p o r t

The System Verification Dl aqram ( SW)) fec u n i  que i s  a d i  atiraninat Ic

prob lem definition language oriented toward the Information Structurin g Act ivity .
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An Individual SVD box represents a stimulus-response requ irement as
determinable from the (prose) requirements definition , Inputs and outputs

— 
can be data and/or events. Procedures for establishing connectivity are
provided . A connected chart of boxes is an SVD.

There is no generally available automated support within the organ-
ization for an SVD activity . Further , there is no established , practiced
discipline for decomposition/structuring . The approach seems concerned
only with path connectivity to the exclusion of the other requirements
considerations enumerated throughout the study report. The purpose served
is as the name ind icates, verification of the requirements (document).

In any large undertaking , consistency and completeness of baseline
requirements are of real value. SVDs would certainly be heloful wi th respect
to connectivity concerns as a documentation tool . So too, and in much the
same fashion, HIPO charts are of value, tie can perceive no material advant-
age of employment of SYD5 over a block diagram display such as HIPO charts.

Methods for the use Qf SVDs reflect the general concepts of good practices
in the field of requirements engineering at large. Whatever their utility
for other reasons, other requirements methodologies with diagranratic input
are available (Teledyne-Brown, Softech, Hughes, etc.), which seem more fully
thought out.

Computer Sciences Corporation methodology has the distinctive trait of
path linearization . That is, comon portions of paths are not allowed to
merge in the diagramatic techniques. This is to preserve one-to-one
stimulus-response testability . However, while this may be one valid
motivation , major problems in use occur:

1. The documentation proliferates markedly.
2. Identification of cornonalities, a key issue for

design and impl ementation , are obscured .

5 .  D I s s e m i n a t i o n / U s e

SVDs are a relatively new methodology component whose project use is not

A.4-3
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known to the authors. However, there is clear connection to THREADS in

that SVDs appear to be THREADS reformulated from a design to a requirements

context. Many of the same caments can be made for both. THREADS has

been used on a number of projects which inc l ude: DDG47, the AEGIS ship;

Carrier-based Tactical Support Center (CV-TSC); Ocea n Surveillance Infor-

mation System (OSIS); Goddard Real-Time System (GRTS).

6. Near — T erm Direction

D i ssem inate software engineering handbooks wi thin the organization.

7 .  U t i l i t y

The body of experience does not show the approach to be an acceptable

documentation aid because of the difficulties in production and maintena nce

of the diagrams.

8. Concl usions and Recommenda tions

None
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METHODOLOGY DATA SUMMARY FORM

1. Organization: Hughes Aircraft Company
- Design Analysis Section (606/K121)
Post Office Box 3310
1 901 W. Malvern Avenue
Fullerton , California 92634

2. Methodology Involvement:

F X ] Developer [ ] Evaluator/Integrator

[ ] Sponsor ( X J User

3. Availability:

[ ] P u b l i c  Domain  [ X 3 I n — H o u s e  [ 3 Purchase or
Lease

4. Survey Vehicle:

X 3 Documentation ( X ] Personal Contact

5. Potential User Community:

Experience is in embedded processing systems, but general purpose
information systems are not precluded.

6. Methodo 1.ogy :

Name(s): Design Analysis System (DAS)

Development Stage: In use and evolving.

Activities Addressed (Figure 3.1):
Information Structuring, DP Requirements Structuring, and
Resource and Performance Projection Activities.

Level of Support:
Software engineering standards manuals , user ’s manuals,
interactive graphics, automated data base and analysis (PSL/PSA)
and automated simulation.

7. Ut ility to A IRMICS :

Cx 3 A pplicable now

( I Should be monitored

[ I M arginally useful or not applicable.
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METHODOLOGY REPOflT

1. N ame and Sponsor

Desi gn Analysis System (DAS) by Hughes.

2. S ponsor  Go a ls

To develop comprehensive in-house software engineering support , corporate
development standards , and software/systems quality assurance.

3. Con tex t

Hughes has coninitted to Structured Design as its design methodology . The

approach has until now been entirely manual , but considerable experience with
Structured Design has been obtained .

Rather than simpl y develop automated support for the desi gn process ,
Hughes has internally developed an integrated approach to requirements
definition , simulation and design.

4. Appr oach to Activities Support

The Information Structuring Activity is supported by a functional flow
diagranining technique: Information Flow Diagrams (IFDs). The DP Processing
Requirements Structuring is supported by another diagramatic technique: Operational
flow Diagrams (OFDs). The OFD graphical language is supported by graphics terminals
for input . Each problem being given an OFD description ends up represented in
a PSL/PSA data base. The same approach is possible for Information Structuring
by means of IFDs. However, this activity is manual and will likely remain
so since in practice, there have been relatively few diagrams needed .

The IFD and OFD techniques have been kept purposely very simple for two
reasons.

1. So that use is easy.
2. So that comprehension of diagrams is easy for the probl em

initiator/sponsor. The methodology calls for interaction
between probl em initdators and the requirements engineers.

In support of the validity of the requirements:

• PSA is invoked for analysis.

• Functiona l simulations can be generated automatically
from the OFD PSA data base.

A.5-2
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I FDs , OFDs , and the attendant graphics , PSL/ PSA , and simulation tools
should not be viewed outside of the context of the unifo rm approach which will
provide the Structured Design Techniques with:

• Interactive graphics input.

• PSL/PSA data base.

• Distributed processing oriented automatic simulation .

5. Dissemination/Use

IFD and OFD techniques have j ust begun to have try-out experience.
Interestingly, the techniques seem applicable to projec t management concerns.

The approaches have not been tried on data oriented general purpose
information oriented probl ems. However , the authors feel that when complete ,
the total Hughes methodology will be of significant utility in information
systems applications.

The methodology is intended for in-house use, but no proprietary
posture is at present in evidence.

6. near — Term Direction

The automation of Structured Design is projected to be operational in
less than a year. All automation will be supported on an AMDAHL 470/V5 under
OS/MVS/TSO.

Projects with which to showcase the methodology are being sought.
7. Utility

The authors perceive that the Hughes methodology will have a strong
position in the embedded processing software /systems marketplace. The
methodology is not specifically geared toward the traditional general purpose
information system applications which concern A IRMICS. However :

1. Many aspects of information system requirements definition can
be supported by the methodology .

2. Advanced systems , those with relationship to comand and control
needs , will require a methodology with certain of the capabilities
emphasized by DAS .

A .5-3
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8. Conclusions and Recomme ndations

It is reconinendecj that AIRM ICS :
1. Evaluate the projected basel ine capabi lities for the nextyear of internal Hughes development against AIRMICSrequirements definitio n needs.
2. Investig ate the design support cap abilities of themethodology.
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METHODOLOGY DATA SUMMARY FORM

1. O r g a n i z a t i o n :  Higher Order Software , Inc .
806 Massachusetts Avenue
Cambridge , Massachusetts 02139

2. Methodology Involvement:

C X )  Developer I ) E v a l u a t o r / I n t e g r a t o r

I Sponsor C XI User

3. Availability:

X I  P u b l i c  Domain ( X ) In—House I ) Purchase or
Lease

4 .  Survey  V e h i c l e :

(X )  Documentation C X ]  Per sonal Contact

5. Potential User Community: Systems wi th intricate control architecture
requ irements.

6. Methodology:

Name(s ) :  HOS methodology which includes the AXES requirements
specification language.

Development Stage : In use and evolving.

Activities Addres sed (Figure 3.1): Information structuring

Level of Support: Papers in the open literature ; trained in-house
personnel .

7. Utility to AIRMICS:

I I A pplicable now

C I Should be monitored
( X I  Marginall y useful or not applicable.
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METHODOLOGY REPORT

1. Name and Sponsor

HOS by Higher Order Software , Inc .

2. Sponsor Goals

To provide a mathematical , form al approach for the specification of
system requirements.

3. Context

HOS methodology has its origins in the need for reliable space mission
software. Such software is characteristically compl ex in its real-time
inter-relationships. The mathematical formality of the IJOS approach can
be traced to the understandable desire to produce provably reliable software
systems. Toward this goal , HOS attempts to formalize the structura l aspects
of implementation independent requirements definitions.

4. Approach to Activities Support

The structuring methodology is embodd ied in project reports and
articles in the literature. AXES is a formal requirements specification
language. A compiler for AXES is in progress, but particulars are not known
to the authors.

The problem of precise mathematical formulation is a difficult one.
There does not appear to be much availabl e in the way of methods and tool s
to support a large requirements definition effort in a practical sense.
In general , HOS approaches can be characterized as abstract.

L 

5. Dissemination/Use

Higher Order Software, In’ . is a relatively new organization . HOS
methodology has been applied in a few project situations , but the particulars
are not known to the authors.

6. Near—Term Direction

Opportunity for the employiient of AXES will be sought. Methodology
R&D continues.

_____- 
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7. Utilit y

The abstractness of the HOS approach , and an apparent lack of fit
to the Army context , contribute to the judgement that the methodology is
of low utility to AIRMICS.

8. Conclus ions and Recommendations

None
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METHODOLOGY DATA SUMMARY FORM

1. Organization: Intearated Computer -Aided Manufa cturing (ICAM) Project
Air Force Materials Laboratory
Wright-Patterson AFB
Dayton , Ohio 45433

2 . Methodolo gy Involvement:

( x l  Developer [ X ] E v a l u a t o r / I n t e g r a t o r

X I Sponsor ( Xl User

3. Av a i l a b i l i t y :

I X  I P u b l i c  D o m a i n  [ I In—House I I Purchase or
Lease

4. Survey Ve hicle:

X I D ocumentation [X ] Personal Contact

5. Potentia l User Community: Aerospace Computer Aided Manufacturing (CAM)
in particular; CAM in general

6. Met hodo logy :

N a m e ( s ) :  I DEF Versions 0-2

Development Stage: IDEF Verson 0 (Functional and Data Decomposition)
defined ; automating in progress. IDEF Versi ons 1 and 2 (Information Flow
and System Dynamics respectively) under investigation.
A c t i v i t i e s  Addressed (Fi gure 3.1): Information Structuring , Data
Processing Requ i rements Structuring , and Resource and Performance
Projection Activities

Leve l of S u p p o r t :  SADT (softech) ,  DAS (Hughes) , ADBMS which is the
ISDOS DBMS graphics terminals , COC CYBER~iET.

7 .  U t i l i t y  to A I R M I C S :

I I A pplicable now

C X I  Should  be m o n i t o r e d  a c t i v e l y

I ) M a r g i n a l l y  u s e f u l  or not  a p p l i c a b l e .
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METHODOLOGY REPORT

1. Na me and S ponsor

Integrated Computer Aided Manufacturino ( ICAM) project of the Air
Force at the Air Force Materials Laboratory, Wright-Patterson Air Force
Ba se.

2 .  S p o n s o r  G o a l s

We quote objectives from the ICAM Program Prospectus:
To pe rform manufac tu r ing  technology which will:

—— Reduce defen se system s costs  by developing and
applying computer—aided manufacturing technology
to the fabrication of defense material .

—— Es tabl i sh  a model for the integrated app lication of
compute r technology to all phases of production !
manufac tu ring .

—— Improve the long—ter m competence , e f f i c i ency  and
responsiveness of American aerospace and related
industries to defense needs.

—— Provide a mechanism for  Integrated Computer—Aided
Manufacturing technology transfer to and within
American industry .

—- Validate and demonstrate the cost—saving benefits —

and flexibility of ICAM for representative elements
of Air Force Systems production .

3. Context = -

The ICAM project is one of great size and potential significance.
To illustrate the level of effort, funding is approximatel y one million
dollars through fiscal 1982.

The context of the project is made clear by the Abstract to the
Program Prospectus which we reproduce here:

The U.S. Air Force program for Integrated Computer—Aided Manu-
facturing (1CM) was brought about by needs and pressures in
state—of—the—art technologies , economics , increasing human limi-
tations , aerospace design and manufact uring comp lexity , computer
developments , and competition from abroad. These factors will
bring 1CM of the American scene eventually , with or without an
Air Force role. However , Air Force involvement is logical and
desirable because the government is a large customer of manufacturing
production , and because the 1CM program is a log ical extension of

A. 7—2
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previous Air Force work in computer—aided manufacturing. As a
primary goal, the 1CM program is a practical effort to greatly
shor t en the imp lemen tation timespan for incorporation of compatible
and standardized techniques and to provide unified direction for
industry. Of particular importance to the Air Force is surge
production capab i l i ty ,  improved c o s t — e f f e c t i v e n e s s  of weapon
system production , and flexible manufacturin g capabilities required
to maintain a credible defense posture. 1CM is essentiall y a
program and development plan to produce systematically related
modules fo r  e f f i c i e n t  m a n u f a c t u r i n g  cont ro l .  Modules may be separ-
a tel y developed , and may be indiv idual ly  implemented in industry,
with short—term gains , but the primary benefits of the nod u la r
s t r u c t u r e  wi l l  be most evident  in a f u l l y — i n t e g r a t e d  system. The
pr ivate sector is heavily involved in the program coordination , in
which a “wed ge” of sheet metal f a b r i c a t i o n  is being modeled and
developed to demonstrate coordination by computer of phases of
design and manufacturing. In addition to substantial cost savings
and improved management control , 1CM will permit designs in
which parts are computer—examined for performance evaluat ion and
economical f a b r i c a ti on , and in which the computer will permit
rapid examina t ion of managemen t cho ices in the detailed planning
of manufacturing. 

—

4 .  A p p r o a c h  to A c t i v i t i e s  S up p o r t

There is a fundamental under standing that the objectives of the project
can be reached only through a comprehen sive , appropriate methodology.
Central to this methodology is the cap ability to baseline the present aerospace
manu facturing processes , and demonstrate the effects of an integrated approach.
This is expresssed succinctly in the Septermber 1978 quarterly project
newsletter. The I CAM Project Report:

As a starting point , 1CM-I manufac tu r i ng  a r c h i t e c t u r e  must look at
two major items : existing manufacturing architecture (as a conibination
of existing systems in the aerospace industry), and the integration
goals of ICAM projects as they may impact the total scheme . The result
is a model (actually a series of models at various levels) of log ical
funct ions needed to accomplish a manufacturing objective — much like
an organization chart using production functions and interconnections
r a the r  than depar tments .

In a project devoted to developing computer aided manufacturing
methodology , it is not surprising to see e f fo r t s  in  requirements methodology .
ICAM is, at present, heavily involved in investigations across the spectrum
of requirements activities . In particular:

1. TOEF Version 0 - Functional and data decomposition using
the SADT approach of Softech. Baselines were produced
manually. Automation is in progress.

A.7-3
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2. IDEF Ver sion 1 - Information Fl ow using the Hughes DAS
system accessed via the CYBERNET.

3. IDEF Version 2 - System dynamics and the operational
view . Mo one approach is as yet disting uished ; a number
of model i ng techniques are under investigation .

It is intended that a fully automated system definition capability
be developed which will encompass:

• Graphics terminal input.

• Remote access supported by the CY BER NET.

• Many levels of static and dynamic models obtainable in an
interactive user oriented environment.

• Machine archiving .

5. Dissemina tion/Use

The ICAM project is to be a user of its own methodology . Considerable
hands-on trial of candidate methodology components is intended .

The project maintains a high level of visibility ; effort is made to
disseminate results and experience.

6. Near— Term Direction

Au t o m a t i o n  of the functiona l and data decompositions of IDEF Version 0
is being pursued . The DBMS will be ADBMS of ISDOS.

Specific models and a user (language) interface will be developed .

7. Utility

The context of ICAM is marked ly different from that of AIRM ICS . It
is fel t however , that technical accompl ishments and lessons learned by
ICAM could be very valuabl e to AI RMICS .

~3 . Conclusions and Recommendations

It is strongly recommended that act ive l ia ison with ICAM be
established .

A .7 -4
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METHODOLOGY REPORT

N - i m e  a n d  S p o n s o r

Problem Statement Language/Problem Statement Analyzer (PSL/PSA)

by ISDOS Project , University of Michi gan .

2 . S p o n s o r  G o a l s

The ISDOS project is supported by a large number of sponsors.

The long-term goal of the project is to improve the system develop-

ment process by providing (automated) tools to aid in the activities

of system development.

3 C o n te x t

The first step toward the above goa l has been the development

of a computer-aided tool for requirements documentation called PSL/PSA.

PSL/PSA is not itself a methodology for requirements definition. It

is a documentation tool which imposes structured , forma l thinking but

lacks forma l methodology for its use. Users of PSL/PSA must either

implicitly or explicitly define this methodology.

4. Approach to A c t i v i t i e s  Support

ISDOS does not have an approach to activities support , other than

to suggest the use of PSL/PSA . The tool has been supported by ISDOS

for the Information Structuring and DP Requirements Structuring Activities.

Application of PSL/PSA to the Resource and Performance Projection Activity

has been done by others (Hughes , Martin Marietta ) with little support

from ISDOS. Earlier versions of PSL/PSA were more closely aligned with

Information Structuring , than with OP Reqiirements Structuring , hut later
versions appear to be equally applicable to both act iv i t ies , due to the
addition of system dynamics description facilities.
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The basic concept of PSI/PSA is that of a formal computer-

processible language (PSL) which is used it construct a computer

stored relational data base which may be updated incrementally.

Documentation of the system description thus stored is cbtained by

generat ing reports us i ng PSA. Wh i le th i s bas ic conce pt has not
changed , the details of the language and analyzer have evolved as the

result of user impact at annual user worksho ps and project rev i ew
meetings.

PSL/PSA is highly flexible. It is this flexibility which allows

for the variety of applications and creates the need for methodology

for its use in the requirements definition process. This can be both a

detriment or a benefit. Lack of a prescribed formal methodology can
resul t i n i neff ect ive or counter product ive use of the tool , but a lso

makes the tool easily adaptabl e to a wide variety of situations.

PSA is su pported on a yariety of host machines (IBM, Honeywell ,
DEC , UNIVAC). ISDOS provides user documentation , software su pport,
training and user group comunication to the project sponsors.

5 .  D i s s e m i n at i o n / U s e

PSI/PSA has had widespread dissemination and use in both the comercial and
military coninunities. Applications have varied in activity from high level
process structuring to prel iminary design , and in level of use from small
eçperimental appl ications to full-scale uses including major modi fications
to the language and/or analyzer. Organizations (projects) which have used
PSL/PSA include :

• U.S. Air Force (Joint Surveillance System, JSS , Grand-Based
Electronic-Optical Deep Space Surveillance System CEDDS).

• U.S. Navy (DDG-47 Combat System Architecture, Restructured
— 

. NTDS , a Fleet Materiel Support Office project).
• Chase Manhattan Bank (eight major projects)

• Hughes Aircraft Company

• Southern California Edison

• Univac - Roseville

• AT&T Long Lines (41 projects)

• Martin Marietta (Space Shuttle Altitude Control System)
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6., Near—Term Direction

ISDOS is currently performing acceptance testing of PSL/PSA Version 5.1.

This version incorporates all language features of past PSI versions as well

as adding some new features. A number of existing reports have been enhanced

and new reports added. An interface to plotter graphics for generation of

structure and flow diagrams has been constructed. Plans for Version 5.2

include a query system and automated completeness specification/verification

facility .

ISDOS has no plans for developing their own PSL/PSA “methodolo gy ” ,

although the project has succumbed to user pressure to write a “PSL /PSA
Applications Guidebook”. In recognition that even more flexibility is

necessary for use of PSL/PSA with a particular methodology in a particular

environment, ISDOS has built a PSI/PSA meta-system. This meta-system

allows automatic generation of d ifferent PSL/PSA systems based on a user-
suppi led description of the particular PSI desired. The meta-system has

been used to construct a PSL/PSA system based on the NWC methodolo gy
(see appendix A.lO). This development is consistent with the observations

of Section 4.6, which discusses the importance of the DBMS and methodology

to requirements definition.

7. U t ili ty

The current revision of PSL/PSA seems to reflect the requests and needs
of the user coninunity without the need for any major change to the basic
PSL/PSA concept. The impl ementation of PSA (based on ADBMS, written mostly
in ANSI FORTRAN IV) is especially adaptabl e to varied environments. The
combination of a sound basic concept, eas i ly ada ptabl e software , and lack
of rigid methodology makes its utility as a requirements documentation and
analysis support tool extremely high.

- 
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8 .  C o n c l u s i o n s  and R e c o m m e n d a t i o n s

It is reconmiended that AIRM ICS:

• Monitor the developments of PSL/PSA related tools and
methodologies.

• Evaluate PSL/PSA’s applicability to the AIRMICS environment
with focus on:

- methodology for PSL/PSA use
- use of PSL/PSA with existing methodologies
- existing adaptations of PSL/PSA (CADSAT, RDL/RDP ,

MEDL—R , etc.)
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METHODOLOGY DATA SUMMARY FORM

1. Organization: Martin Marietta Aerospace Company
Post Office Box 179
Denver, Colorado 80201

2 .  M e t h o d o l o g y  I n v o l v e m e n t :

X ) Developer I I Evaluator/Integrator

S p o n s o r I X ) U s e r

3. Availability:

I Public Domain (X In—H ouse [ ] Purchase or
Lease

4. Survey Vehicle:

X ) Documentation [X I Personal Contact

5. Potential User Comm unity:

Experience is in real-time systems.

6. Methodology :

Name(s): No single generic name.

Development Stage: In use and evolving .

Activities Addressed (Fi gure 3.1): 
-

OP Requirements Structuring and Resource and Performance
Projection Acti vities.

Level of Support: Machine-readable structuring languages with
automated data base management; automated graphical analysis ,
automated simulation; user ’s manuals; software engineering
standards manuals.

7. Utility to A IRM ICS :

I App l icabl e nov
( X I Should be monitored

( 1 Marginally useful or not applicable.
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METHODOLOGY REPOflT

I. Name and Sp onsor

Martin Marietta Aerospace

2 . Sponsor Goals

To develop a comprehensive in-house software development capabil i ty .

3. Context

The organization has extensive software /systems experience in the embedded
processing area. The set of software eng ineering standards manua ls docunient
the corporate approach and establish development quidelines over the whole
of the life cycle.

The approach to tools automation , and methodology in general , reflects
clear in-house purposes. Short learning time , ease of use , and bounded ,
obtainable objectives are considered the important goals for the methodology .
The result is a no frills set of core capabilities with which to support the
engineering efforts.

4. A pproach to A c t i v i t i e s  S u p p o r t

Martin Marietta has been a direct sponsor of ZSDOS , and has had con-

~, derable involvement with PSI/PSA. A current project, independent V&V for
the flight and ground control software for the Air Force Shuttle, makes use
of PSI/PSA. An automated transactiona l simulation generation tool has just
recently been developed . The generator accesses the PSA data base which is
enhanced by Coninent Entries for purposes of simulation dynamics.

Another tool which operates off of the PSA data base is GAPS, a graphical
analysis tool. GAPS is used to:

• Diagram the PSL relationships .

• Display clustering and architectura l aspects for purposes
of engineering the structuring.

An IR&D effort has recently produced a requirements language, M{DL-R.
MEDL-R is supported by a relational DBMS with (‘PT interactive i n p u t  on a

A. 9- 2
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POP 11/70. The language is based on PSL . but has been modified and stream-
lined . MEDI-R is a smaller capability than PSI whose purpose is simplicity
in training and production use. The productivity gained is at the expense of
generality . The approach represents what is possible when there is a body of
experience applicable to a specific class of problems.

5. Dissemination/Use

There appears to be no direct intention to export methodology ; conversely ,
it seems doubtful that tools would be held proprietary .

Internally , MEDL-R has not yet been used in project support.

6. Near-Term Direction

It is intended that MEDL-R be exercised . MEDL-D is a companion design
language under development. It is intended that MEDL-D be completed and also
exercised.

There does not seem to be interest in diagramatic requirements input.
The methodology has not been applied to any general purpose information

system appl ication.

7. U t i l i t y

The methodology is not directly applicable nor directly transferable to
AIRMICS. Naturally, the use of PSL/PSA is an exception.

The purposes of the diagramatic analysis tool , GAPS, are too specific
for MRMICS needs. Also , it is felt that diagramatic analysis should be in
the form of analytical support to an automated diagramatic requirements language.

8. Conclusions and Recommendations

Knowledge of the techniques employed would be useful to AIRM ICS , and

further efforts should be monitored.

A.9-3
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METHODOLOGY DATA SUMMARY FORM

1. Organizat ion:  Electronic Warfare Test and Evaluation System (ECHO Range)
at the Naval Weapons Center (rIWC), China Lake , California

2. Methodology Involvement:

Developer [ ] Evaluator/Integrator

[ ] Sponsor I X I User 
—

3. Availability:

L X  I Public Domain [ I In—House I ] Purchase or
Lease

4. Survey Vehicle:

X I Documentation [ X I Personal Contact

5. Potential User Community:

Real-time and distributed applications

6.- ‘~eth odology :

Name(s): ECHO Range Methodology

Development Stage : In use

A c t i v i t i e s  A d d r e s s e d  (F igu re  3 . 1) :  Information Structuring and
DP Requirements Structuring

• L eve l  of Support: Univac 1108 and 1110 automation; structuring
technique and PSL/PSA context manual

7. U t i l i t y  to A I R M I C S :

I I Appl icab le  now
- ( X I Should be moni to red

I I Marg ina l l y u s e f u l  or not applicable.
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METHODOLOGY REPORT

1. Name and Sponsor

ECHO Range Methodology at the Naval Wespons Center (rI WC), China Lake .

2. Sponsor Coals

The Electronic Warfare Test and Evaluation System (ECHO Range) is in
the process of range upgrade. Additional range capabilities will include
real -time range control . ECHO Range staff employ methodology for purposes
of: requirements structuring , design structuring , documentation , and
comunication .

3. Context

Software development and maintenance is provided to the range by a
combination of contractor and staff personnel . In a d d i t i o n  to the range
upgrade program , the need for new tests sets ongoing requirements for
timely software modifications and additions.

Software engineering methodology was installed at the range by the
authors of this report so as to provide:

1. Technical leverage for the software personnel so
that modification schedules could be met.

2. Control over the (sometimes fractionated ) software
efforts.

4. A p p r o a c h  to A c t i v i t i e s  S u p p o r t

A real-time oriented structuring methodology was given a PSL/PSA

context for machine support. The methodology provides process flow primitives ,

and establishe s design responsibilities for inter-task communication in a

distributed environment.

The machine supported methodology runs on the ECHO Range Un ivac

1108, and on the NWC Centra l Site Univac 1110.

5. D isseminat ion/Use

The structuring methodology has been used for:

• Design verification in SURTASS.

A.lO-2
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• System requirements structuring for B-52 avionics
update. -

• Data proce ssing requirements study for the Air Force
All Weather Tactical System (AWlS).

• Air Force re-configurable missile data processing
system requirements studies.

• Air Force High Energy Laser fire control design.

The ISOOS project has used the ECHO Range structuring methodology as
a means to demonstrate the capabilities of the PSI/PSA metalanguage to
be provided with the new release, 5.1.

6. Near—Term Direction

The authors expect to add to the methodology as new needs arise. In
particular , increased information structuring capability and structuring
of operator interactions are near -term areas of intended extension.

In can be anticipated that the methodology will find other users
at NWC since it is supported at NWC ’s computation center.

7. U t i l i t y

The utility of the methodology for AIRMICS is, at present , low for
two reasons:

1. The methodology is heavily process flow oriented .
2. Documentation for the methodology is highly technical

for purposes of real-time structuring . Details on use
of the approach in a project context are not included .

However, aspects of the methodology related to distributed system
issues would be of use to AIRMICS .

8. Conclusions ai~d Recommendations

— It is reconwnended that progress in the methodology be monitored for
development of techniques in areas of importance to information systems.

A .lO-3

5- —~



r 

A.7—2

— 
- • ~

4 ’i.~L’ ” • - — -

METHODOLOGY DATA SUMMARY FORM

1. Organization: Softech , Inc .
460 Totten Pond Road
Waltham , Massachusetts 02154

2. Methodology Involvement:

L X )  D e v e l o p er I I E v a l u a t o r / I n t e g r a t o r

S ponsor [ x I U s e r

3. Av a i l a b i l i t y :

I I Public Domain [ X ] In— H ouse I X I Purchase or
Lease

4. Survey Vehicle :

I X I D o c u m e n t a t i o n  I X ] Personal C o n t a c t

5. Pote n t i a l  User Com munity :

Primarily, information systems applications

6. Methodology:

N a m e ( s ) :  Structured  Analysis and Design Technique (SADI)

Development Sta ge: Developed and in use

A c t i v i t i e s  A d d r e s s e d  (Fi gure 3.1): Problem Concept Definition ,
Information Structuring

Level of Support:

Manuals , courses; machine support via PSL/PSA on two projects

7. Utility to A IRM ICS:

I I A pplicable now

I X  I Should be moni tored

I Marg inall y useful or not a p p l i c a b l e .
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METHODOLOGY REPORT

1. N a m e  a n d  S p o n s o r

Sof tware  A n a l y s i s  and Design Techniques (SADT) by Softech , Inc.

2 .  S p o n s o r  G o a l s

To provide a comprehensive methodology to support the requirements
phase of software development.

3. Context

The methodology has evolved into an extens ive problem definition
discipline. Experience has been prim aril y with information system s in a
commercial environment. More recent efforts have included a variety of
system types.

SAUl classes are a Softech product. As such , the methodology i tself
has been clouded by the proprietary interests of the company. There is

some core of feeling among the methodologists contacted during the study
that SADT is more elaborate and complex than is appropriate.

i t should be noted that in terms of methods and procedures, th i s
methodology represents , perhaps , the most  f u l l y developed treatment of
its kind to be found .

4 .  A p p r o a c h  t o  A c t i v i t i e s  S u p p o r t

SADT takes up the people aspect of getting a problem defined . It is
intended that the methods and practices provide for communication and

documentation. Different views of the same probl em situation are encouraged .

Diagrammatic decomposition techniques support representations of the dif-

ferent views of the system . These representations hel p to bring out all of the

issues of the problem . The documentation techniques have traditiona lly
been manual. It is currently clear tha t manual approaches alone are
inadequate to the needs of decomposition verification and ongoing maintenance
for large probl ems. This would especially be the case considering that the
SADT a pproach produces v a r i o u s problem views . For problems of large size ,
automated enforcement of consistency between the decompositions representing
these views would be necessary.
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The SADT approach is quite formal , but the methodology is not oriented
to technical ly prof ic ient information systems professionals.  It is perhaps
for this reason tha t the approach can seem over done to tec h~ 

- a~ profess-
ionals. Technical professionals tend to drive toward a core of problem
requirements such as to bound the s~stern requirements. Then , they i t e rat e
between the informational def ini t ion of the problem and the data process i~ g
system requirements def in i t ion a c t i v i t i e s  as shown in Figures 3.1 through

3 . 3 .

The SADT methodology is not oriented towa rd the technical issues of
data processing systems and is not supportive of the needs of the Data
Processing Requirements Structuring Activity nor of the Desi gn Activity

as set forth by the Requirements Activities Models of Section 3.

5 .  Dis st~m in a tio n /Use

SADT has been used in a considerable number of circumstances . Examples

of current employment of the methodology are:

• A f inancial mar aqement system for a government
agency. PSL/ PSA is be ing used for machine support.

• Army training system modeling for purposes of
training modif icat ion evaluation.

• Functiona l decomp osition for the Air Force Integrated
Computer Aided Manufacturing (I CA M) project. (The ICAM project .
and its use of SADT , is reported as Appendix A .7 ).

6. Near—Term Direc tion

Softech recognizes the importance of machine support , and would intend
to find opportunity to establish connection with PSL/PSA.

7. U t i l i t y

There can be no doubt that certain of the methodological techniques in
pro ~~ definition would be valuable for AIRM ICS to incorporate. However.
it would take some effort on the part of AIRMICS to determine those

specifically appl i cable aspects of SADT and place them in an Army information
system context. -
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8. C o n c l u s i o n s  and R e c o m m e n d a t i o n s

It is recommended tha t A IRM ICS monit or SADT capabilities 3nd
autom a t ion e f fo r t s , particula rly as developed by the ICAM project.

I

I
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METh ODOLOGY DAT A SUMMARY FORM

1. O r g a n i z a t i o n :  Sperry Univac , Inc.
Post Offic e Box 394~’
~~76 Hiqhcrest  Dr is t ’
Rosev i l le , Minnesota 55113

2 . M e t h o d o l o g y  Tn volv cment:

X I Dove I op e r I I Fv .~ I m a t  o r / I n  I ~ ( or

1 1 Spon sor X ) s e t

3 . A v a i l a b i l i t y :

I P u b l i c  D o m a  in I ~ I I n  — H o u s e  I 1 P u i c h a s e  o r
t o  a s e

4 .  S u r v e y  Vehi c le:

[ X 
~~ C u rn  e n t a 1 1 o n I X 

~
‘ I o u a 1 C o u I a

S . P o t e n t i a l  U se r  Commun it y:
In—house projects .

6. M e t h o d o l o g y :

Na me ( s ) : Requirements and Deve 1 opment I anquaqe/Rt’qu i rement s ~tnd Pcvt 1 epinerl t
Processor (RDL/RI1P )

D ove lo p rne nt S t a g e :  In itial Use

A c t i v i t i e s  A d d r e s s e d  (Fi g o re 3.1):
I nfonUat ion Structuring , 1W RN]U I rements Structurin g, Re sou rce
and Performance Project ion , rr~l imi nary Pe~ i qn.

L e v e l  of S u p p o r t

ROP av a i lable on UNIVAC 1110 , user ’ s reference manual ava i lab le .

7. U t i l I t y  tm A IR M I C S :

I I A p p l i c a b l e  now

X I Should be mon1 t o ~~ed

I I M a r g i n a l l y u s e f u l  or  not  a p p l i c a b l e .
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METHODOLOGY REPORT

1. N a m e  a n d  S p o n s o r

Requirements and Development Language/Requirements and Development Analyzer
(RDL /RDP ) by Sperry-Univac , Inc .

2 . Sponsor Goa Is

To provide a single documentation medium/tool to sat is fy  documentation
requ irements in all aspects of software development.

I. C o n t e x t

ROL/ROP is based upon the ISDOS PSI/PSA. The intention , however , is for

RDL/RDP to provide for a single-source description of all aspects of software

development , including project management , requirements definition , design ,

implementation , testing, and performance anal ysis. It has been developed as

an internal tool for use on in-house projects.

4. A pp r oach to A c t i v i t i e s  Supp ort

The PSL/PSA concept of formal language/data base! analyzer is centra l to

RDL/RDP . RDL is a much more complex extension of PSI with facilities addressing

each of the software development aspects mentioned above. Neither the tool nor

methodology for its use is yet fully developed , and so the specifics of the

approach to supporting each activity of software development (not to mention

requirements definition ) is yet to be defined.

5. D i s s e m In a t i o n / U s e

RDL/RDP is at present being used experimentally on in-house projects. It

is not yet ava i la ble outs id e Un i vac.

6. N e a r — T e r m  D i r e c t i o n

Plans are to validate the RDL/RDP concept on in-house pilot projects and ,

assum ing successfu l resu l ts , make the tool available for use on customer projects
an d eventuall y become a Un iva c standar d .
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7 .  U t I l i t y

In its current stage of development, ROL/ROP is not of direct utility
to AIRMICS . It does show, however, what sort of things can be done using
PSL/PSA as a basis.

8. Conclusions and Recommendations

While RDL/RDP does attempt to address a much larger area than requirements
def ini t ion , those parts which do address th is area are of enou gh i n terest to
justify monitoring by AIRMICS. Of equal , i f not greater in terest , is the
determination of whether the underlying concepts of PSL/PSA can be successfully
extended to encompass the entire realm of software development. It is therefore
reconriended that AIRMICS monitor the progress of RDL/RDP. 

—
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METHODOLOGY DATA SUMMARY FORM

1. OrganizatIon: System Develo pment Cor pora t ion
2500 Colorado Avenue
Santa Monica , (alifornia 90406

2. Me thodology Involvement:

X ] Dev eloper I ] E v a l u a t o r / I n t e g r a t o r

I I Sponsor (X J tfser

3. A v a i l a b i l I t y :

I P ubli c  Domain [ X j  In—Hou se [ 3 P u r c h a s e  or
Lease

4. Survey V ehicle:

D o c u m e n t a t i o n  1 X j Personal Contact —

S. Po t e n t i a l  User Community:
Experience primarily with weapon systems; certain aspects have
potential for wide range of application s.

6. Methodology:

Name(s): Software Fac tory

D e v e l o p m e n t  S t a g e :  In use and evolving.

A c t i v i t i e s  A d d r e s s e d  ( F i gure  3 . 1 ) :

All requirements phase activities.

Level of Suppor t:

Procedures manuals; manual diagramming .

7 .  U t i l i t y  to A I R M I C S :

I I App l i c a b l e  now

I X  I Shou ld  be m o n i t o r e d

I I M a r g i n a l l y  u s e f u l  or no t  a p p lic able.
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METHODOLOGY RE PORT

1. Name and Sponsor

Software Factory by SOC

2. Sponsor Goals

To reduce develo pmen t pro b l ems for contracte d systems through
greater attention to the requirements phase.

3. Cont ext

Emphas i s i s on fundamentals: methods and tec hniques for tak i ng
care to do the requirements job well.

The methodology is developed and used by the Software Requirements

and Analysis (SWRA) Department. The SWRA project support responsibilities

extends actively through the design phase , and throughout the develo pment
i n a requ i rements ma i nten ance role . Ther efore , there i s attent ion to the
designability and testability of the requirements produced .

4. A p p r o a c h  to A c t i v i t i e s  Support

The SWRA approach emphasizes information structuring prior to

func ti onal flow analys is .  As further inten t to define the pro b lem ,

t he methodolo gy cal ls  for devel opment of a users han dbook as earl y
as possible. We quote from an SWRA Internal working documents:

Many experts in the systems analysis field espouse the
‘user ’s manual f irst ’ t heory. Essent ial l y, the conce pt

states that detailed func tional ana lysis cannot procee d
effectivel y unless t he pur pose or use of the dat a system
is understood. Otherwise you end up with a solu ti on i n
search of a problem. The operational concept or mission
description must describe the role of the data system.

Finally, an obsession w i t h  functionality at the ex-
pense of the data v iewpoin t has heav i ly con tr ib u ted to
system failures in the past.

The user ’s manua l here provides a relatively formal context for
Problem Concept Definition. A diagraming technique , Access Gra phs ,
supports the Information Structuring Activity . HIPO charts have been

employed in su pport of Data Process i ng Requirements Structuring .
Experience rather than developed tools seems to be at the core of

the Resource and Performance Projection Activity . However , s imula-
tion development is supported by an SDC de~ lo ped lan guage , MODLIT.
IIODLIT is an interactive dialect of GPSS.

A.13-2
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5 . Di ssem lnat ion/U se

The Software Factory Methodology has had application to various
in-house projects. Not all aspects of the methodology have been applied
i n each ins tance , but a body of corporate experience in use of its approaches

to requirements definition exists. Relevant in-house projects include:

• Moroccan A ir Defense System (MADS)

• Air Traffic Control for the German Defense Ministry (TRACKER)

• Mobile Sea Range (MSR), a real-time shipboard data acquisition
system for the Navy .

• Operational Analysis Special Intelligence System (OASIS)

• Emergency Command and Control System (ECCS) for the
Los Angeles Police Department

t~. Nea r — T e r m  Direction

The SWRA Department will be actively engaged in:

• Examining other diagramatic techniques; specifically
SADT by Softech.

• Giving automated support to their techniques; specifically
by use of PSL/ PSA.

7.  U t i l I t y

There are no specific , transferab le tools available at this time ,
The concepts and methods could be quite applicable. Near-term developments

(9 months) will produce rel evant methodology .

8. Concl usions and R e c o m m e n d a t i o n

It i s recommended that A I RM I CS :
1. Become fam i l i a r  w ith t he Software Fa ctory conce pts and metho d s .
2. Continue to monitor automation developments.

A. 1 3-3 
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METHODOLOGY DATA SUMMARY FORM

1. O r g a n i z a t i o n :  Tele dyne Brown En gi neer i ng, Inc.
300 Sparkman Drive
Hun tsv i l le , Alabama 35807

2. Met hodol ogy Involvement:

X) Developer F ] E v a l u a t o r / I n t e g r a t o r

I I Sp on sor I X I User

3. AvaIlabili ty:

Public Domain [X I In—House I I Purchase or
Lease

4. Survey Vehicle:

X) Documentation [ X 3 Personal Contact

5. Po tential User Community:

Any devel opment empThying HIPO Charts could benefit by using
this approach instead.

A Methodolo gy:

Name(s): Input/Output Requirements Language (IORL)

Development Stage: In use and evolving

Ac tivities Addressed (Figure 3.1):
Information Structuring and Data Processing Requirements Structuring.

Level of Support:

Development control procedures and (Diagramatic) Language
User ’ s Manuals; interactive graphics .

7. Utility to AIRMIC S:

I X 3 App licable now

I S h o u l d  be m o n i t o r e d

[ J Marg ina l l y u s e f u l  or not  a p p l i c a b l e .
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METHODOLOGY REPORT

1. Name and Sp o n s o r

Input/Output Requirements Language (IORL) by Teledyne Brown
Engineering (TBE).

2. Sp onsor Goals

To enhance system development by relieving the well known problems

of a good requirements definition .

3. Context

IORL encompasses a set of tabular parameter documentation methods

and functional flow diagraming techniques. It is intended that the

approach provide a consistent , evolving documentation of the development.
It is also intended that the methodology both encourage and provide a

natural env i ronment for good practices.

4. Ap p r o a ch to A c t i v i t i e s  Support

IORL is an example of a formalization of internal system engineering
procedure related pr imari ly  to weapon systems . As such , an d for the
reasons di scussed in Sect ion 3. 1.3, we find IORL much more aligned with
OP Requ i rements Structur i ng an d Des ig n than w i th In formation Struc tur i ng .

The approach strongly, and appropriatel y, focuses on the data
interfaces of functional modules. The approach also provides documen-

tation context for functional decomposition. Decomposition here simply

refers to functional and data detail ing .

IORL is basically a graphical language wi th supporting tabulation.

Further , it is functional flow oriented . As seems to be generally

the case for approaches of this kind , system con trol and other system
arch i tectural concerns are not addressed w i th a hierarch ical method-
ology. However , i t must be pointe d out that the dia gramit ic techni ques
include timing , resource and constraint considerat ions. This is in the form
of diagramatic elaborations (IORTDs) of the function flow representations
( SBDs).

A .l4-2
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The diagramatic techniques are fully supported by an interactive

graphics terminal . The terminal is a 1 7 inc h d is play w it h l i ghtpen .
The system is hosted by a POP 11/34.

• 5. Diss emin at ion/ Use

IORL had its or igi ns at Bell Tel ephone Laboratories and had been
used on a portion of Safeguard. At that time it was also used for an

MI S , the Investment and Cost Information System (ICIS).
Currently, at TBE , IORL is in use for V&V purposes on AN/TSQ() and

Patriot projects. IORL has also found use in TBE proposals for the

Battery Computer System and the Harrasement Weapon System.

6. Near—Term Direc tion

Automated Simulation and analysis is intended for the near future .

7. Utili ty

The diagramatic techniques together with their mini-computer hosted

graphics support are somewhat unique in the field. Further , the approach
is clearly alon g l ines which would support the AIRMICS problem area .

The capab i l ity as is, stands alone as a front-end requirements
documentation tool . In thi s sense, IORL is applicable to the AIRM ICS

probl em now. However, i t is also that case that in its present form ,

IORL does not provide a comprehensive methodology .

8. Co nclu sions an d Recommenda t ion s

The requirements representatio n capability of the IORL system should
be evaluated as to~its ability to fulfill the requirements input language

needs of AIRMICS .
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METHODOLOGY DATA SUMMARY FORM

1. Organization: Xerox Cor pora tion
Xerox Square 052
Roches ter , New York 14644

2. Methodology Involvement:

X) Developer I I Evaluator/Inte grator

[ ] Spons or I X ] User

3. AvaIlabili ty:

[ I Public Domain [X ] In—House I ] Purchase or
Le a se

4. S u rvey Vehicle:

X] D o c u m e n t a t i o n  1 X  I P e r s o n a l  C o n t a c t

5.  P o t e n t i a l  U s e r  C o m m u n i t y :
In-house appl ication to business information systems.

6. Me t hodology:

Name(s) :  Xerox System Methodology (XSM) —

Development Stage: Under development

A c t i v i t i e s  A d d r e s s e d  ( F i g u r e  3.1): 
.

Information Structuring and OP Requirements Structuring .Activities.

Level  of S u p p o r t :
Procedure Manual and an automated data dict ionar y .

7. U tility to AIRMI CS:

I 3 Applicable now

[ ] Should be moni tored 
-

( X J  Marg inally use ful or not applicable.

A .15—1
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METHODOLOGY REPORT

1. Na me and Sp onsor

Xerox Systems Methodology (XSM)

2 .  S p o n s o r  G o a l s

To develo p an interna l me thodolo gy wh i ch add ress eac h phase
of the life cycle.

3. C o n t e x t
Xerox un dertakes small , lar ge, and even multi -national business

information system developments. An extensive set of both technical and
management gu ides i n the form of manuals ex i sts. These manuals serve as
cor pora te stan dar ds. XSM has as pur pose su pport of the cor porate stan dards
throu gh the prov i si on of techn iques an d tool s.

4 .  A p p r o a c h  to Act iv i ties Support

Many of the system develo pments have been able to assume :

• A main-frame computer

• A commercially availabl e data base management system (DBMS)

With the system technology prescribed , the Problem Concept Structuring
Activity is accomplished by:

1 . Defining and structuring the data base.

2. Definin g ou tput reports i n terms of DBMS operat ions.

In this  way, the Problem Concept Structuring and the DP Requirements
Structuring Activities merge.

An automated data dictionary tool supports data base definition and

structuring . The automation comes from an IBM 360 hosted software package

called Datamanger and developed by Management System and Programing of

London.
Diagramatic techniques are not currently incorporated within XSM. This

is not to suggest that such techniques are disallowed . Rather , a stan dar d is not
yet determined.

A .J5 -2
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XSM has not formulated a strong approach to the Resource and Performance
Projection Activi ty .

PSL/PSA has been used by Xerox in a manufacturing process documentation
context.

5. Dissemination

XSM is , at  present , in a try-out mode of employment by several in-house
projects.

6. N e a r — T e r m  D i r e c t i o n

Graphical techniques wi l l  be evaluated. SADI is deemed as overly
complex and will not be used .

The utility of PSL/PSA will be investigated .

7. U t i l i t y

The methodology is judged as not yet meaningfully transportabl e
outside of the Xerox environment context.

8. Conclusions and Re commendations

The problems addressed by Xerox are relevant to the areas of CSC
responsibility , although tools and transferable development methodology
may come late for AIRM ICS purposes. But AIRMICS should not overlook the
degree of corporate experience in managing information system development .
It is therefore recommended that at the appropr iate point  in the AIRMIC S
program , the Xerox project management approach be reviewed .
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